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Message from the SimTecT 2016 Convenor
Welcome to the Australasian Simulation Congress for 2016.
For those who are here for the first time, SimTecT continues its tradition of showcasing the latest modelling, simulation
and decision support technology and training Australasia has to offer.
For those who have participated previously, you’ll find SimTecT continues to expand its horizons - exploring innovative
methods and applications for real world problems.
The SimTecT 2016 stream theme is LEADING FOR THE FUTURE and the Organising Committee encourages presenters
and attendees to share their expertise in leading — research, design, training and supporting technical operations in
modelling and simulation.
This year SimTecT are honoured to welcome three international keynote speakers - Professors David Snowden,
Edwin Galea and Shanchieh Yang.
The SimTecT team would also like to thank in advance a large number of invited guests, sponsors and volunteers for
their contribution and assistance in making this week a success.
Nicole Jones de Rooy
SimTecT Convenor

Message from the SimTecT 2016 Paper Committee
Welcome to SimTecT 2016, the stream for all things technical and non-technical in technology and training. The theme
this year is leadership, specifically around leading for the future, and we have a bumper crop of great papers showing
how your simulation-based initiatives have impacted and are impacting the way we operate as a community. We also
have some great workshops, and a selection of student posters with us this year too – plenty to stimulate your minds
and assuage your cravings for knowledge!
This year is massive in more ways than one – we are part of the inaugural Australasian Simulation Congress with
SimHealth and ISAGA, creating even more opportunities to connect, share perspectives across different industries, and
have fun along the way. There is much to see and hear – be sure to download the app and plan your sessions to find
which new dimensions can help you to achieve your research, education and personal development agendas over the
coming years.
We look forward to meeting you at SimTecT 2016 for a wonderful week of ideas and discussion in merry Melbourne!
Dr Anjum Naweed
Scientific Convenor, SimTecT 2016
Dr Raymond Matthews
Co-Scientific Convenor, SimTecT 2016
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Thank you for joining us.
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Message from the SimHealth 2016 Convenor
On behalf of the Organising Committee, I am delighted to welcome you to SimHealth 2016, the 12th Annual
conference for the Australian Society for Simulation in Healthcare (ASSH).
As you can imagine, the committee has worked tirelessly to craft a rich program aimed at exploring the theme
LEADING FOR THE FUTURE. What has become abundantly clear in the process of building this year’s Congress is the
leadership within the Healthcare Simulation Community as demonstrated by the quality and quantity of submissions.
We see this year’s Congress as an opportunity to gather, reflect, celebrate, explore and share new opportunities in the
quest to develop safer patient care.
To help explore these issues, we have gathered a high quality group of international speakers including Professor
William McGaghie, Dr Adam Cheng and Carrie Hamilton.
We look forward to learning from their work through the plenaries, panels and Master Classes they will contribute to
over the coming days.
This year also marks an important event as three conferences (SimHealth, SimTecT and ISAGA) come together to form
the first Australasian Simulation Congress (ASC), and of course we are in Melbourne, the world’s most liveable city!

Julian van Dijk
SimHealth Convenor

Message from the SimHealth 2016 Papers Committee
Welcome to SimHealth 2016, the Health stream of the Australasian Simulation Congress (ASC). This year’s theme is
“Leading for the Future”, an opportunity to reflect and share on how your simulation-based initiatives are impacting
on how we operate as a health based simulation community. We will hear about work that is leading the way in which
we think about and use simulation in improving patient safety, education and clinical outcomes.
Once again we have an impressive list of international and local speakers, increased numbers of interactive, hands on
workshops and an incredible collection of research, education and technology innovations to share.
The creation of the ASC as a further development of the co-location with SimTecT concept this year will include
hosting ISAGA. This produces a programme with increased opportunities for sharing experiences and perspectives
across different industries. I look forward to meeting you at SimHealth 2016 for a wonderful week of ideas and
discussion in the world’s most liveable city of Melbourne.
Robert O’Brien
Scientific Convenor, SimHealth 2016
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This amazing Congress would not be possible without the dedicated work of so many people. I would like to express
my sincere thanks to the SimHealth Organising Committee, Professor Robert O’Brien, Jessica Stokes-Parish, Dr Cyle
Sprick, Ingrid Wolfsberger, the team at Simulation Australasia, and the ASSH Executive Committee.
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Melanie Barlow

Message from the ISAGA 2016 Convenor
On behalf of the ISAGA Executive Board, the Organising Committee and members, I am excited to welcome you to this
inaugural Australasian Simulation Congress (ASC).
The Congress builds on the excellent work done over recent years to grow and broaden the participation of
Australasian simulation practitioners. The co-hosting of ISAGA further expands this diversity and adds an international
perspective ensuring that the ASC is firmly placed on the global calendar. ISAGA participants will benefit from this
opportunity to engage with the dynamic Australasian community.
It is a privilege to welcome Dr Richard Satava to open the ISAGA stream and Dr Pascal Perez as our principal Keynote
Speaker. I thank them both for their support. I also acknowledge and thank the other speakers and presenters who
have taken time to contribute to the program.
Previous participants will notice a number of changes to the program. These innovations are aimed at creating
situations where our community can collaborate, share ideas and experiences. The Congress offers many points of
crossover between disciplines, demonstrating that we have more in common than our distinct terminology suggests.
I encourage all delegates to explore areas of simulation outside their normal comfort zone and use the expanded
program of social activities to make new friends and open new doors.

Todd Mason
Convenor, ISAGA 2016

Message from the ISAGA 2016 Papers Committee
Welcome to ASC 2016 - including the 46th international ISAGA conference.
ISAGA was convened in Australia in 1999, in Sydney. That year the Olympics Games were just over 12 months away and
the theme was “Anticipate the Unexpected”. This experience of working with Simulation Australasia in 2016 is one of
those unexpected developments, which has occurred at a most important moment in time for both Organisations.
It is the first conference collaboration for both organisations. It is also the first time that a selection of the Simulation
Australasia Congress papers will be published as a book. The best full papers submitted to ISAGA will be combined
with the best Simtect full papers by Springer (http://www.springer.com/gp/) as an international book with a global
reach.
As is usual the ISAGA papers cover a diverse array of themes with intriguing and interesting papers from more than 15
countries. We are delighted to be welcoming so many international guests to the 2016 Congress and especially pleased
to be hosting a set of presentations about the use of simulation in Emergency Management in Australia.
Whether you are interested in simulation technology, the human dimensions of simulation or planning ahead via
simulation I am sure there will be much to inform, educate and entertain you.
Check out the App to plan your daily schedule - and have as much fun as you can along the way.
Dr Elyssebeth Leigh
ISAGA Scientific convenor
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Finally, I thank the Simulation Australasia Board, the ISAGA Executive Board, the Simulation Australasia Staff, the ISAGA
Team and the other ASC Convenors. I am confident the outcome of all the hard work is another positive step in the
evolution of the Australasian simulation community and ISAGA.
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Using Healthcare Error And Resilience (HEAR) Training as a working example
The leading causes of sentinel events are failures of leadership, communication and human factors. In order to improve
performance
in those areas, participants need a practice environment that:
• is psychologically safe
• turns errors into learning opportunities
• helps them to experiment with unfamiliar behaviours
• provides realistic outcomes as feedback on their actions.
Event-based simulation is the current gold standard for medical simulation to teach technical skills, protocols and procedures. The
focus is on reproducing a task as accurately as possible: any deviation represents failure. If the instructor forces an error into the
simulation participants are likely to consider this unfair. This creates an environment that is psychologically unsafe.

HEAR is a simulation-based training program that targets leadership, communication and human factors through training
heterogeneous teams in preference to homogeneous groups (e.g. single tiers of doctors or nurses). The focus is on reproducing
inter-professional and personal challenges as authentically as possible: introducing error is fundamental for the success of these
scenarios. Instead of judging participants on their ability to prevent failure, HEAR helps participants develop their ability to
identify and address error and failure.
HEAR uses a number of strategies to achieve this:
• High abstraction multi-format gaming simulation (role play and tabletop elements, in game facilitators and some
simulated medical equipment) to produce a high fidelity environment. Abstraction and in-game directors of play have
reduced our reliance upon pre-determination, allows for a higher volume and variety of difficulties and enables us to
produce a scenario that highlights the successes and failures of communication.
• The outcome of events and interactions between participants and instructors that occur throughout the scenario are
determined by a number of probability and randomization based processes that are familiar to role-playing ‘gamers’. By
delegating the creation of error prone events to dice, we protect the participants and instructors from being blamed when
things get more difficult. Using an impersonal deterministic strategy, we provide a source of error that is more likely to
be perceived as fair.
By generating a safe error rich training environment, we give participants the opportunity to practice and refine the core skills and
strategies that often fail in the prelude to sentinel events. Instead of judging participants on their ability to prevent failure,
participants develop their ability to identify error and address failure. Other industries that rely on high frequency of inter-personal
communication or incomplete or unreliable information for decisions (e.g. crisis resource and disaster management – both civilian
and military and management, political and financial or economic strategy) are invited to participate in or observe this training
and contribute other ideas and strategies that fulfil the brief of a psychologically safe simulation.
We suggest that the group will then pick up to three of the represented industries that would most likely benefit from further
development of this simulation. Candidates will then lead discussions in small group work to apply the strategies, techniques and
ideas suggested to perform safe simulation for their own profession. Finally, the group will undertake a simulation for this
industry. This will form the content of the paper.
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In industries such as healthcare where error in the form of miscommunication, system failures and misinformation occur
frequently, EBS is limited in its ability to reproduce this environment. Therefore, it does not lend itself as an appropriate tool for
developing the core communication skills in complex environments e.g. an emergency department. These cannot be taught as a
linear protocol but require an opportunity to experiment and trial different language, strategies and approaches to clinical
dialogue.
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Background. Debriefing is considered to be, by many scholars, a fundamental part
of learning through games and simulations. Despite its significance, there is a lack of
research in the area of debriefing, which results in unaddressed factors that inhibit
debriefing.
Aims. The aim of this study is to identify these factors, from literature, and
categorize them based on experts’ opinions, to determine which pitfalls have the highest
influence on inefficiency and ineffectiveness of debriefing.
Methodology. Based on 12 pitfalls identified in literature, and through the use of an
online questionnaire, facilitation experts evaluated the extent to which these pitfalls occur
due to the design or the execution of the debriefing, and the extent to which they are
influenced by the rules of games and simulations.
Results. All 12 pitfalls seem to occur in practice, to some extent, due to both the
design and the execution of the debriefing. Nevertheless, some pitfalls appear to be more
influenced either by the design or by the execution. Moreover, the results on the extent to
which the pitfalls are influenced by the rules of games and simulations are inconclusive,
due to the contradiction between the answers on the pre-defined questions and the
comments of the experts.
Conclusion. A method for further extending the list of pitfalls and verifying our
results, hence minimizing the threat to the internal validity of the study, is proposed,
which includes an even more extensive research on the literature, conducting interviews,
and organizing and participating in case studies.

1.

INTRODUCTION

To reflect is to look back over what has been done so as to
extract the net meanings which are the capital stock for
intelligent dealing with further experiences (Dewey, 1986),
and debriefing does exactly that. It is a facilitated reflection
in the cycle of experiential learning (Fanning & Gaba,
2007).
Historically, debriefing originated in the military (Pearson &
Smith, 1985) and it is generally described as a process to
elicit information pertaining to an experienced event, in
order to gain a better understanding of it (Seymour, 2012).
Debriefing has been identified to be the most important
feature of games and simulations (G&S) (Bond et al., 2007;
Cantrell, 2008; Crookall, 2010; Issenberg & Mcgaghie,
2005; Shinnick, Woo, Horwich, & Steadman, 2011) and it is
a competency that simulation educators need to master
(McCausland, Curran, & Cataldi, 2004; Nehring & Lashley,
2004). Debriefing aims at linking the content presented
during the G&S session with reality and thus, it is where
learning occurs (Barreteau, Le Page, & Perez, 2007).
Despite this fact, there are not many papers on how to
debrief, how to learn to debrief, what methods of debriefing
exist, and how effective these methods are at achieving
learning objectives and goals (Dufrene & Young, 2014). As
a result of this lack of research, several factors that inhibit
19

debriefing remain unknown, are disregarded, or are poorly
addressed. This paper aims at identifying such factors, on
the literature, and categorize them using experts’ opinion, in
such a way, in order to determine which pitfalls are
responsible for an inefficiently and ineffectively designed
debriefing. Our goal is not to create a check-list of pitfalls,
in order for the debriefer to use and avoid while debriefing,
but to propose an efficient and effective methodology for
structuring debriefing. We aim to do that by adopting 2
categorizations: 1. To what extent a pitfall occurs due to
problems on the design of the debriefing, and to what extent
due to problems on the execution of the debriefing; 2. Does
a pitfall mostly occur in rule-driven games/closed
simulations, called ‘closed G&S’ from now on, in free-play
games/open-simulations, called ‘open G&S’ from now on,
or both. Bottom line, the contribution of this paper is the
first step towards a methodology for identifying and
addressing factors that inhibit the design of the debriefing of
G&S.
In Section 2, we review the state-of-the-art on pitfalls while
debriefing from a literature study conducted 2015-2016. In
Section 3, we describe our research methodology. The
results of the questionnaire are presented in Section 4 and
we conclude the paper in Section 5.
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2.

BACKGROUND WORK

In this section, we review the literature on factors that inhibit
debriefing, which will allow us to make a list of pitfalls.
This list will be used an input for the methodology we
propose in Section 3.
Authors (2016) identified, from a literature study, 12 pitfalls
while debriefing:
1. The debriefers’ level of involvement and style is
not appropriate (Dismukes, McDonnell, Jobe, &
Smith, 2000).
2. Debriefers have lack of understanding of the
debriefing process (Arafeh, Hansen, & Nichols,
2010), which can lead into providing “easy”
solutions (Ursano et al., 1917) and/or violating the
debriefing process/plan (Der Sahakian et al., 2015).
This might occur due to lack of training and/or
interest to improve.
3. Lack of plan (Der Sahakian et al., 2015) and/or
rules (Sawyer & Deering, 2013).
4. The allocated time for the debriefing is short
(Husebø & Dieckmann, 2013) and/or the
complexity of the simulated scenarios, occurring
during the debriefing, might require repeating the
G&S or lead into violating the planned time of the
debriefing (Der Sahakian et al., 2015).

6. Lack of emotional safety of the participants; which
might be caused due to different levels of
experience between the participa nts, difference
in education, in a variety of other psychological
reasons (Seymour, 2012) or due to the fact that
debriefers might not take into account emotions
(Der Sahakian et al., 2015).
7. Factors related with the actual physical
environment, where the debriefing takes place
(Decker et al., 2013; Seymour, 2012).
8. Choosing the appropriate structure for debriefing
(Kolfschoten, 2007).
9. The tendency of the participants to assign blame
(Der Sahakian et al., 2015) and antagonize each
other.
10. Lack of trust of the participants towards the
debriefers (Dyregrov, 1997).
11. The simulation is not organized in a personal basis,
which inhibits the effectiveness of debriefing
(Petranek, Corey, & Black, 1992).
12. Inappropriate timing/scheduling of the debriefing
(Neill & Wotton, 2011).
As the above list shows, pitfalls while debriefing vary
significantly. By no means, this list can be considered
complete, but it is the product of an extensive literature
review, and as such, it contains the majority of the most
important factors that inhibit debriefing. In Section 3, we
propose a methodology for identifying the pitfalls that
contribute in an inefficiently and ineffectively designed
debriefing.
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Our approach is to categorize the pitfalls presented in
Section 2, aiming at identifying those pitfalls responsible for
inefficiently and ineffectively designed debriefings. We
choose to focus on the design aspects of debriefing because
we want to develop a methodology for debriefing, and not
just a checklist for avoiding pitfalls. Considering the
shortlist we have now, that already has a considerable
amount of underlying complexity, the list could grow quite
lengthy. A methodology would be needed both for practical
and scientific use.
The applicable methodology for debriefing might need to be
different for different types of G&S and is influenced by
factors like the participants, the facilitator and the variations
in the context of the G&S. Including all these criteria at once
would probably render a complex, difficult to analyse result.
Working with games is inherently complex and that is why
researching them is a challenge (Kriz, 2003; Leigh &
Spindler, 2004). Therefore, it is a logical step to look at
factors that a facilitator might be able to influence, such as
the design and the execution of the debriefing. Gaming is a
design science, and therefore looking at design is crucial
(Klabbers, 2009). The design of the game influences the
behavior, which influences the learning during the game and
hence
reflection
during
debriefing.
Kolfschoten
(Kolfschoten, 2007) made a distinction between the person
that designs a collaboration, which in our case is the
debriefing, and the one who executes it. Despite the fact that
in a G&S these persons might be the same, this distinction is
an indication of the different tasks and skills the design of a
debriefing requires compared to the execution. Hence, this
criterion could allow us to distinguish and focus on those
pitfalls that are mostly influenced by the design of the
debriefing.
The second criteria we use is the division between open
(free play) games and closed (rule based) games (Klabbers,
2009). In other words, whether a pitfall is more likely to
occur in a closed G&S or in an open G&S. The design of
these games, both at the opposite ends of a continuum, is
fundamentally different. In a rule based games, rules define
the actions in the gameplay, whereas in an open game there
nearly are no rules other than rules to guide ethical behavior
like “do not hurt each other” and “you may stop playing the
game at all times after deliberation with the facilitator”
(Klabbers, 2009). During debriefing looking back at the
game play is a crucial part. As such, using this criterion
allows us to identify whether, and to what extent, the rules
on a closed G&S, which constrain behavior during
gameplay, influence the debriefing. Therefore, we
hypothesize that the rules governing a game affect the
debriefing methodology. We aim at verifying this hypothesis
by conducting case studies currently and in future, which
will help us capture this process in practice, where both the
debriefing of open and closed games is qualitatively studied.
In order to verify which pitfalls contribute in an ineffective
and inefficient debriefing, and whether, and to what extent,
the rules of the G&S affect the debriefing methodology, we
built an online questionnaire. The questionnaire planning
involved the following decisions:
1. Questionnaire type (Lethbridge, Sim, & Singer,
2005). We built a semi-structured online
questionnaire, through the use of a pre-defined set
of questions to be rated on a Likert scale or through
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5. Ineffective use of audiovisual (A-V) material
(Crookall, 2010), which can lead to interruptions to
find relevant video segments (Seymour, 2012).

3.
RESEARCH APPROACH &
METHODOLOGY

boolean values, followed by the possibility for the
interviewees to comment on their response. This
protocol combines the advantages of the structured,
comparable results provided by scale-based
questions with the flexibility and richness of
feedback from the comments. Moreover, the webbased nature of the questionnaire allowed us to
approach people without any geographical
restrictions. Additionally, we added examples of
different open and closed G&S to serve as
reference point. Although not all respondents might
have know all games, in some cases it might have
made the questionnaire clearer.
2. Selection of subjects. We chose to send the
questionnaire to facilitation experts. By facilitation
experts, we mean professionals, who have been
active in the G&S field for more than 15 years and
who have been designing and facilitating G&S for
different groups, cultures, and domains. The reason
for that choice is twofold. On the one hand, the lack
of the ability for us to be present and explain any
quandary regarding the questionnaire, required for
the subjects to be particularly experienced, in order
to minimize any threat to the validity of the results.
On the other hand, the high expertise of the subjects
allows us to come into plausible conclusions, even
when the number of the subjects is relatively small.

From an epistemological point of view, our research is a
combination of interpretivism and post-positivism. On the
one hand, interpretivism enables us to incorporate the
complexity that arises from human behavior (Bredo &
Feinberg, 1982), which is the building block of debriefing
(Kriz, 2010). On the other hand, post-positivism allows us to
interpret reality (Denzin & Lincoln, 1994). In other words,
the combination of these seemingly opposed research
philosophies allows us to capture the complexity of G&S
(interpretivism), through the pitfalls, and then deduct
patterns and propose a methodology (post-positivism), by
using the questionnaire both with quantitative and
qualitative aspects to verify our hypothesis.
In the next section, we analyze in detail the results, we
obtained, from the questionnaire.
4.

RESULTS

In this section, we present the results, we obtained from the
questionnaire. This case study is still in progress and more
answers are expected in the future. At the moment we were
writing this paper, we had approached 20 subjects and got a
fully completed questionnaire from 8 of them. Hence, the
results presented in this section are preliminary and we only
consider the answers of experts that completed the
questionnaire in full. The experts’ demographics are:
• They are all ISAGA members, and some also
members of Digra and Absel.
• They all have approximately 15 years of experience
in designing and facilitating G&S for different
groups, cultures, and domains.
• 5 of them are males and 3 females.
• 4 of them are academics and 4 are professionals in
the commercial market of G&S.
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Figure 1: The questionnaire's structure for each pitfall
The number of experts does not allow us to make a
statistically reliable generalization of the results.
Nevertheless, due to their high expertise in facilitating G&S,
the results provide interesting information.
With regards to problems occurring due to the design of the
debriefing, pitfalls 3, 7, 8, 11, and 12 seem be to affected the
most, since they have an average larger or equal to 4.
Moreover, with the exception of pitfall 11, all these pitfalls
have standard deviation less than 1, showing a convergence
in expert’s opinion.
With regards to problems occurring due to the execution of
the debriefing, pitfalls 2, 4, 6, 9, and 10 seem to be affected
the most, since they have an average larger than 4. Again
here, with the exception of pitfall 10, all the rest have
standard deviation less than 1, showing a convergence in
expert’s opinion.
Two more noticeable facts that we can deduct from Table 1,
where all the results are shown in detail, are that:
1. None of the pitfall in either of the 2 options (design
and execution) scored less than 3 in average, which
shows that while a pitfall might occur mostly due to
the design or the execution of the debriefing, in the
end both the design and the execution contribute in
its existence; and
2. All pitfalls with average less than 4 have standard
deviation larger than 1, which shows a conflicting
opinion among the experts. This might be due to
the nature of these pitfalls or due to
misunderstanding on behalf of the experts.
Table 2 shows the results on whether a pitfall occurs mostly
on closed G&S, on open G&S, or both. The results do not
show any noticeable distinction between these 2 types of
G&S, but we consider the outcome inconclusive. The
reasons for that are:
• The controversy of these results when compared
with some of the comments the experts gave, where
they made a clear distinction between closed G&S
and open G&S.
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Regarding the structure of the questionnaire, for each pitfall,
its form is shown in Figure 1.

• They come from Germany, Switzerland, Australia,
Sweden, USA, and The Netherlands.

• The fact that the question is in a boolean form and
does not have any granularity, like the questions
regarding the design and execution of the
debriefing.
One of the advantages of the questionnaire is the ability for
the experts to comment freely on each pitfall. Below, for
each pitfall, we state the most important comments and we
discuss their contribution.
4.1

There is some likelihood that I will make fewer errors in
debriefing a closed game early in my learning, but that may
simply mean that I miss the potential for exploring learning
that was present but not in line with the 'closed' debriefing
format.”
Discussion:

Pitfall 1

Experts’ comments:
“My experience in debriefing practices is that the extent and
significance of the debriefing is very much dependent on the
instructor's/debriefers own attitudes towards and skills in
debriefing.”
“The execution is very dependent on the random
composition of the group in terms of temperament and
group dynamics. When you design a low involvement and
nothing happens, you have to do something. And the other
way around, when you design a high involvement in a
spirited group, a simple procedure will suffice.”
“The wrong level of debriefers involvement could destroy
the free play character. In the rule driven games, there are
much more situations fixed from the designer. So it should
be clearer for the debriefer, how to act.”

Experts believe that the attitude and the skill of the
facilitator are important factors when determining the level
of involvement and the style. Additionally, they consider the
composition of the group, and the dynamics formed within,
to be directly linked to the target audience, and as such to
influence the level of involvement. Moreover, experts point
out that the role of the facilitator is also influenced by the
rules of the G&S, hence the distinction between closed G&S
and open G&S makes sense.
4.2

Pitfall 2

Experts’ comments:
“When a facilitator is not up to the job, it is the facilitator's
fault. Nothing in the design or type of game can make that
change.”
“It has a lot to do with the 'Haltung', in which you start to
prepare a debriefing.”
“idem to pitfall 1, my experience in debriefing practices is
that the extent and significance of the debriefing is very
much dependent on the instructor's/debriefers own attitudes
towards and skills in debriefing.”

“When the debriefers level of involvement is not
appropriate, this is mostly because:
a) The design mis-directs the debriefer.
b) The debriefer implements the design improperly.
Both.

The link between debriefer error and open/closed sims is
most likely to be linked to the expertise of the person, rather
than the type of simulation itself.

Discussion:
Experts’ opinion converges towards the attitude and the skill
of the facilitator to be factors that strongly influence pitfall
2, indicating also a correlation with pitfall 1. This
convergence of opinions potentially also shows the
importance of these factors.

Pitfall

Design

The debriefers’ level of involvement and style is not appropriate.

Execution
3.5 (SD:
3.62 (SD: 1.18) 1.41)

Debriefers have lack of understanding of the debriefing process, which can lead into providing
“easy” solutions and/or violating the debriefing process/plan. This might occur due to lack of
4.75 (SD:
training and/or interest to improve.
3.25 (SD: 1.16) 0.7)
3.37 (SD:
3.87 (SD: 0.83) 1.3)

Lack of plan and/or rules.

The allocated time for the debriefing is short and/or the complexity of the simulated scenarios,
occurring during the debriefing, might require repeating the G&S or lead into violating the
4.37 (SD:
planned time of the debriefing.
3.25 (SD: 1.38) 0.91)
Ineffective use of audiovisual (A-V) material, which can lead to interruptions to find relevant
3.75 (SD:
video segments.
3.87 (SD: 1.64) 1.48)
Lack of emotional safety of the participants; which might be caused due to different levels of
experience between the participants, difference in education, in a variety of other psychological
reasons or due to the fact that debriefers might not take into account emotions.
3.37 (SD: 1.4)

4.37 (SD:
0.91)

Factors related with the actual physical environment, where the debriefing takes place.

3.75 (SD:
4.12 (SD: 0.99) 1.16)

Choosing the appropriate structure for debriefing.

4.5 (SD: 0.75)
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“In a rule driven sim, the facilitator is basically the
TEACHER. The game is a tool that helps transfer the
message. The teacher is highly involved.”

c)

That is if I am inexperienced, I will be no more - or less likely to do the debriefing well because of the nature of the
game itself.

3.37 (SD: 1.5)

The tendency of the participants to assign blame and antagonize each other.

4.5 (SD:
0.75)

4.37 (SD:
3.25 (SD: 1.28) 1.06)

Lack of trust of the participants towards the debriefers.

The simulation is not organized in a personal basis, which inhibits the effectiveness of
3.75 (SD:
debriefing.
4.12 (SD: 1.45) 1.38)
3.75 (SD:
4.25 (SD: 0.88) 1.16)

Inappropriate timing/scheduling of the debriefing.

Table 1: Results on pitfalls occurring due to the design or the execution of the debriefing
Pitfall
The debriefers’ level of involvement and style is not appropriate.

1

2

3

Experts

4

5

6

Closed Both NA Both Both Open
Debriefers have lack of understanding of the debriefing process, which
can lead into providing “easy” solutions and/or violating the debriefing
process/plan. This might occur due to lack of training and/or interest to
improve.
Both Both NA Both Both Both
Lack of plan and/or rules.
Both Both NA Both Both Both
The allocated time for the debriefing is short and/or the complexity of
the simulated scenarios, occurring during the debriefing, might require
repeating the G&S or lead into violating the planned time of the
debriefing.
Open Both NA Both NA Both

Factors related with the actual physical environment, where the
debriefing takes place.
Both
Choosing the appropriate structure for debriefing.
Both
The tendency of the participants to assign blame and antagonize each
other.
Both
Lack of trust of the participants towards the debriefers.
Both

The simulation is not organized in a personal basis, which inhibits the
effectiveness of debriefing.
Open
Inappropriate timing/scheduling of the debriefing.
Both

8

Both Both

Both Both
Both Both

NA

Both

Open NA Both Both Both Both Close

Open NA Both Both Both Both Both
Both NA Both NA

Both Both Close

Both NA Both Both Both Both Close
Open NA Both Both Both Both Close
Both NA Both Both Both Both Both
Both NA Both Both Both NA
Both NA Both NA

Both NA

Both
Both

Table 2: Responses of experts on applicability of pitfalls on open/closed G&S (NA stands for ‘Not Answered’)

4.3

Pitfall 3

Experts’ comments:
“If you are like to work after a plan, you should prepare it in
advance - in the execution it would be too late or only
standard. I have difficulties with the word plan. It could both
mean theory or methodological ideas.”
“At first glance a 'lack of plan/rules' could be primarily due to
flaws in the design that flow over into the debriefing. Similarly
the 'lack of plan/rules' could be due to the debriefer not
thinking through what might happen in each enactment of a
design. A closed simulation is more likely to have more
rules/plans in place but this is not necessarily going to help a
debriefer at all times.”
Discussion:
Experts perceive ‘plan’ as a term that could be referring both
to the methodology and the structure of debriefing.
Additionally, ‘plan’ can also be considered the application of
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theory, and as such it is more applicable to closed G&S, since
rules and theory are important components of such G&S. An
important outcome of the comment, with regards to pitfall 4,
is the fact that experts believe that keeping a strict plan could
potentially inhibit debriefing, since the debriefer might not be
able to connect and identify what participants need.
4.4

Pitfall 4

Experts’ comments:
“A good designer will provide a clear statement about
notional debriefing time, based on their beta testing regime.
This may have been longer or shorter. And it may - or may not
- have included conditions similar to the one being
experienced by any particular debriefer. Thus the designer
may under/over estimate time required, and therefore cause a
debriefer using the activity for the first time to fall into error.
This should not occur a second time for that debriefer but may
continue to occur each time a new debriefer follows the
designer's directions. Conversely the debriefer may
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Ineffective use of audiovisual (A-V) material, which can lead to
interruptions to find relevant video segments.
Both
Lack of emotional safety of the participants; which might be caused due
to different levels of experience between the participants, difference in
education, in a variety of other psychological reasons or due to the fact
that debriefers might not take into account emotions.
Both

7

over/underestimate the time required simply because of their
own prior experiences and encounter error of their own
making. For example I recently used a sim that usually takes
30 minutes to play, and generates competition and conflict.
On this occasion it took only 15 and the players collectively
deciphered the key design factors and by passed the errors
they would otherwise have fallen into. I allowed too much
time for the debriefing, because I was 'secure' in my
knowledge about how it usually takes”
“In a closed sim this pitfall can occur the first times the game
is played. because these games are quite straightforward, the
pitfall is likely to be solved quickly.”
This could relate to complexity of simulated scenarios during debriefing"
“This happens frequently to facilitators that have little or no
experience with the game in concern, and therefore are
missing the capability to speed up or slow down the game
when desired.”
“Lack of time is a real threat to the effectiveness of debriefing.
This factor also leads to problems when researching the
effectiveness of debriefing, since it it affects the amount of
time that the participants are subjected to the content of the
game. I don't know how much it differs between types of
games, but my guess is that a Free-play game or Open
simulation will be more affected by lack of sufficient
debriefing.”

Discussion:
Experts point out that reality can differ from what has been
planned, and this should be taken into account. Their
extensive experience indicates that debriefing closed G&S
usually take less time and such G&S are relatively easier to
plan because they are more predictable. Often, the complexity
of G&S scenarios causes the debriefing to take more time,
which is more applicable for open G&S.
4.5

Pitfall 5

Experts’ comments:
“This is also a pitfall I have seen in my own studies. Without
replays, the instructor can sometimes be contradicted or
challenged, lessening the impact of the game. Without replays,
the instructor can sometimes be contradicted or challenged,
lessening the impact of the debriefing.”
“It sounds like a lack of preparation. The facilitator must
have the presentation organized, if this is not the case, it is
due to the design and of the execution.”
Discussion:
Experts’ opinion, which is also supported by the literature
(Grant, Dawkins, Molhook, Keltner, & Vance, 2014;
Savoldelli et al., 2006; Scherer, Chang, Meredith, &
Battistella, 2003), shows contradicting beliefs and practices.
Several consider the use of audio-visual material to be
essential for an effective debriefing, and the effective use of it
should be taken into account while preparing the debriefing.
Other experts perceive audio-visual material to be time
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4.6

Pitfall 6

Experts’ comments:
“I have learned to choose activities with care to provide for a
safe learning context, and still get it wrong sometimes. And
each time that the 'wrongness' emerges during the debriefing
point, I can trace it back to the choice of activity and what it
brings out for one/some players. I have not yet chosen an
activity that is wrong for everyone, (I remain alert to that
possibility) but do know that when the debriefing reveals
issues of emotional safety, it is because of internal factors
unique to the individual/s not primarily because of either the
design or the debriefing process.”
“Guarding the safety is a typical pedagogical skill one may
expect from a facilitator / teacher. Even when the debrief is ill
designed, a good facilitator can keep it safe.”
“Emotional safety is such a multifaceted issue, that it is hard
to pinpoint which part of the debriefing that affects it the most.
It depends on what type of emotional safety we are talking
about.”
Discussion:
Experts’ opinion show that guarding the emotional safety of
the participants can be related to the chosen activities during
debriefing, but it can also be related to individual/group traits
that cannot be influenced neither by the design nor the
execution of the debriefing. It takes a lot of skill from the
facilitator to address this well.
4.7

Pitfall 7

Experts’ comments:
“Mostly you will have to work with a given situation and
cannot plan the perfect environment. So you will have to
improvise during execution.”
Discussion:
Despite the fact that it was perceived as a pitfall affected
mostly by the design of the debriefing (scoring of 4.29 (SD:
0.95) and 3.71 (SD: 1.25) on design and execution
respectively), albeit not with statistical significance, the only
comment that we received showed that many times having an
appropriate environment for debriefing requires improvisation
on behalf of the facilitator.
4.8

Pitfall 8

Experts’ comments:
“A facilitator can adjust the briefing process accordingly.”
“Dependent of random group dynamics.”
Discussion:
Experts’ comments show that the structure of the debriefing
can also dependent on different circumstances during the
debriefing.
4.9

Pitfall 9

Experts’ comments:
“This is very seldom due to problems in the debriefing - but
has much to do with the design and management of the
activity itself in the first instance. Where the debriefing is
concerned, problems of blame/counter blame that arise will
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“Many times there is an objective for the simulation game. By
walking around, asking questions, showing participants what
is happening, afterwards walking through a course of actions,
etc. a facilitator is able to generate discussions that will be
fruitfully in the debrief. When you do this in right way - c’est
le ton qui fait la musique- people will not experience this
behavior as manipulating. It is just curiousness.”

consuming while debriefing and less effective for handling
emotions.

less often be caused by the design of the debriefing, but will be
influenced by the implementation.”

is evaluated or when targeting an individual can have
negative social and/or emotional effects on that individual.”

“When this is foreseen a wise design can help prevent it. A
facilitator can also manage the process and try to stop it.
When it does occur in a strong way, I would say that is due to
the design of the game itself. When a game triggers fierce
emotional reactions, the game design is too competitive or
confrontational. It is not analogous enough I would think.”

Discussion:

“One of the roles of the debriefer is and should be to
counteract these behaviors, such as setting up rules for the
debriefing session (or rules of conduct for serious gaming
overall).”

4.12

Discussion:
Experts believe that not only the design of the debriefing can
cause this pitfall but also the design of the game itself. An
example of this is the Fish Banks game (Ronde, 2015).
4.10

Pitfall 10

Experts’ comments:
“This is another 'more than/less than' question and is very
dependent on the quality and capability of the debriefer. It is
also dependent on the quality of the management of the
activity itself. If the game manager makes changes or interacts
in a manner that is not intended by the designer this can
generate dis-trust that will inevitably carry over into the
debriefing.”

“Many times I have seen facilitators taking over the problems
the manager has expressed. This can devastate trust
completely.”
“In my experience, this is fairly rare, especially for
experienced debriefers.”
Discussion:
The skills and the personal traits of the facilitator are
considered by the experts to play an important role, since they
can influence for example whether the facilitator acts as an
independent person or as the extension of the management, or
whether he or she is inline with the game designer’s
intentions.
4.11

Pitfall 11

Experts’ comments:
“This is not something that 'occurs due to a problem' with the
debriefing in any way. It has happened before the debriefing
begins and will impact on the quality of the debrief.”
“Hosking and Morley state that people are both products of
the context and participating in shaping the context. In my
opinion it is not the individual that should be central, but the
relation between individual and the group. Where did you
assimilate? Where did you accommodate. People can be
accommodators in one setting and assimilators in another.”
“Depending on the game, the participants and the purpose of
the serious game (i.e. the learning goal), this isn't necessarily
something negative. In some cases, it is better to focus on the
group rather than the individual, for instance when teamwork
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Pitfall 12

Experts’ comments:
“I have heard from colleagues about all of these problems in
every combination of simulation type and originating in both
planning and execution. The biggest problem that I have
witnessed over the years is a persistent belief that simulations
do not need to be debriefed for the students to learn what was
intended by the designer/facilitator. This belief seems to be
tied up with a feeling that debriefing is a waste of time. In my
personal experience, this is very much not true.”
“Choices about timing of a debrief schedule are influenced by
a large number of factors - time available in the overall/
larger program; preceding/following activities; design of the
debrief as verbal only, verbal/written combination; written
first verbal later - etc.”
Discussion:
Experts confirm this is an important pitfall that is related to
many underlying factors, ranging from the debriefing
methodology to the importance a facilitator attaches to the
debriefing.
4.13

Conclusion of the Results

From the total amount of experts (20) we approached, more
than half found difficult to fill out the questionnaire. The
rationale behind their choice was that debriefing is a context
specific event, and as such, it depends on factors like the
purpose, the subject matter, the context, the audience, and the
type of G&S.
This interrelatedness and complexity is also confirmed, when
looking at Table 1 and the comments, which include multifaceted answers. G&S are social constructs, hence inherently
complex. Nevertheless, this does not mean that it is
impossible to extract strong, or even weak, relationships, as
we did in Table 1, where we extracted the average and the
standard deviation, enabling patterns to become visible.
5.

CONCLUSION AND FUTURE WORK

In this paper, we proposed a methodology for identifying
which factors that inhibit debriefing are caused due to
problems on the design of the debriefing and whether these
pitfalls depend on the type of G&S. Our methodology
includes a questionnaire, which was answered by G&S
facilitation experts, and it resulted in both quantitative and
qualitative results. These answers complemented each other so
the quantitative results could be interpreted and placed into
the perspective in which the answer was given. As shown in
the analysis of the results in Section 4, the conclusions we can
draw are:
1. On the one hand, the pre-defined questions showed
that most of the experts consider all pitfalls to be
relevant for both closed and open G&S. On the other
hand, the comments showed that some pitfalls
(Pitfalls 1, 3, and 4) are more relevant either for
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“This can be due to many factors. including participants
being forced to play the game by their superiors. A good
facilitator can reduce the resistance, but cannot make it go
away completely. Off course, if the players do not feel safe in
the vicinity of the facilitator, the facilitator self is the problem,
that is also possible. Then the facilitator is to blame.”

Experts state that also this pitfall depends on context factors as
well as the purpose of the game. G&S in essence are always
social constructs in which individuals have their role
(Klabbers, 2009).

closed or open G&S. This contradiction has led us to
believe that the results, with regards to this
categorization, are inconclusive. If pitfalls prove to
be independent of the rules of G&S, it will disprove
our initial hypothesis. Thus, we consider important
and interesting to research this relationship until the
point that we will be able to support or disprove our
initial hypothesis with statistical significance.
2. Despite the fact that some pitfalls seem to occur
mostly due to the design and others due to the
execution of the debriefing, all pitfalls had an average
of 3.25 or higher on both categories, showing that to
some extent, both the design and the execution of the
debriefing influence all pitfalls. This result came as a
surprise to us, since we expected, at least for some of
the pitfalls, to be independent either from the design
or the execution of the debriefing. Therefore, it will
be interesting in the future to validate these results
and understand why.
3. Both the experts that filled the questionnaire, and the
ones that did not, reported that they perceive
debriefing as a complex event due to the multiple,
context and G&S related factors it depends on.
Nevertheless, their comments gave us insight in the
relationships among pitfalls and context factors,
which we strongly believe that they can help us in the
future to model debriefing by abstracting it, the same
way a G&S abstract a real-world system.

Additionally, with regards to future work, the list of pitfalls
can be enhanced, by further researching the state-of-the-art on
the G&S field and conducting more interviews with
facilitations experts. Getting responses from more experts can
help us establish a statistical significance on the results, and
fine-tune the questionnaire wherever applicable. Moreover,
decomposing the pitfalls, into their core constituents, will
allow us to identify where and when a pitfall occurs, as well
as its origin. Finally, constructing a relationship model of
these core constituents can help us identify patterns and
propose a methodology for a more effective and efficient
debriefing. Throughout this process, conducting case studies
will be necessary, in order to verify and build up every step of
our methodology.
1.
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1.
INTRODUCTION

According to Confucius; “Tell me and I will forget. Show me
and I will remember. Involve me and I will understand”. The
power of simulation is mainly vested in experiential learning
and the debriefing process that follows which should
encourage reflective thinking and enrichment of the lived
experience. Learning in an environment that is deemed safe
and allows the learner to “fail” without catastrophic
consequences to the systems and/or outputs should be the
absolute aspiration of training. In this context, simulation is
invariably considered a “safe” learning environment, but if the
concept is re-framed and the focus becomes the simulation
participant rather than the system or output in which the
participant must become proficient, then simulation is
anything but safe. In reality, simulation can be a confronting
and very vulnerable setting for participants as they agree to
expose their knowledge, or lack thereof, to instructors and in
certain circumstances, to their colleagues and peers.
Consequently there are broadly two categories of need to be
addressed in the design and execution of simulations, i.e.
physical and psychological safety.
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1.1

Physical and Psychological Safety

For the context of this paper, the physical safety of simulation
participants will be taken to mean the hazards inherent in the
environment and any hazards associated with the “tools of
trade” used in the various domains. Additionally, simulation
will be restricted to modalities that require the participant to
actually interact with their environment and/or co-participants
and that are experiential in nature. Case based and/or
“passive” modalities will not be considered.

High fidelity simulations seek to recreate the physical
environment that the learner will confront in reality; therefore
it is probable that environmental hazards will be recreated in
the simulated environment either by design or through chance
occurrence. If simulation is in-situ then a comprehensive array
of hazards inherent to the natural setting including obstacles,
placement of furniture, and normal workflow will be clearly
evident and need to be managed. In interprofessional or
multidisciplinary simulations, care must be taken to ensure
that participants maintain situational awareness at all times so
that they do not put themselves or others in potential danger.
In addition to environmental hazards there are tools of trade
that need to be handled with care.
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ARTICAL INFO

The psychological hazards present in any simulation are
largely unknown and as varied (and potentially vast) as the
sum of the experiences of all the participants. Simulation is
confronting and weaknesses and doubts in participants’
perception of their skills and expertise are unmasked.
Unresolved issues with a similar past experience or being
challenged with situations that produce acute stress may also
cause problems. Participants may appear outwardly calm but
have many underlying issues of which they may or may not
be aware. As we are simulating workplaces, it is more than
likely that hazards inherent in normal working environments
will be common across all domains, however, each domain
will have its own unique challenges. Physical risks like trip,
slip, and fall hazards will probably be found in most if not all
work environments.
Similarly too, some psychological hazards like acute distress,
self-doubt, flashbacks to previous lived experiences with poor
outcomes and other stressors may be common. Participants
can also feel threatened by unplanned events or accidents that
may occur in simulation from time to time. Participants may
feel as if they had been set up to fail if simple things like
equipment malfunction occur during the course of a
simulation. In all cases the skilled facilitation is paramount.

1.2

Aims and Objectives

•
•
•
•
•
•
•

Health (Anaesthesiology)
Transport (Rail)

Business (Management/Social education)
Drama (Theatre)

First Aid Training

Navy (Maritime Engineering), and

Construction (Management).

Whilst this paper does not provide a definitive report on safety
in simulation, it starts the discussion about how to recognise
and identify risks associated with physical and psychological
harm to simulation participations. In the spirit of iterative
research, this paper collects the thoughts and experiences of
experts working in simulation, and represents the first step in
an engaged research agenda within the broader simulation
community. Each expert provides a vignette from within their
own context,

This paper collates the authors’ industries and specific
contexts in several ways. In the first section the vignettes of
discrete simulator scenarios report the interplay with a user
experiences as an exemplar of their domain. Each one
illustrates a break in the perception of psychological and/or
physical safety in the particular domain as way of clarifying
the relevancy of the “safe container” concept. The vignettes
convey scenarios in the first or the third-person (using
pseudonym’s where appropriate) that have been shared by
participants, or observed first-hand by the substantive author,
or inferred as a common scenario in their domain. These
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2.

VIGNETTES OF BREAKDOWN IN
PSYCHOLOGICAL SAFETY DURING
SIMULATED SCENARIOS

2.1

Health (Anaesthesiology)
“Tania is an anaesthetist who has worked in a large
public hospital for 4 years. She and a colleague, Bill,
come to the sim lab because they are rostered on for
simulation based anaesthetic crisis management
training. In the first scenario she takes the lead
confidently and effectively leads the team to a
successful outcome for a patient in serious trouble on
the operating table. In the second scenario she is
called in to help Bill who has just put a patient under
general anaesthesia. Once the patient is paralysed,
their airway collapses and Bill cannot intubate the
patient by direct laryngoscopy, nor can he mask
ventilate effectively. Tania tells the team that she will
have a go at intubating the patient. Alarms keep going
off, the oxygen level keeps falling and the carbon
dioxide level keeps rising. Tania is distressed when Bill
says they have to do a surgical airway. She wants an
Ear, Throat & Nose (ENT) specialist called and wants
to try bag masking again. Alarms keep going off,
patient’s oxygen, carbon dioxide levels and heart rate
worsen. Bill insists on making a surgical airway and
starts preparing for it. He hands Tania a scalpel pack
and she drops it. The scenario is terminated. In the
debriefing process Tania is visibly distressed and
reveals that she was called to a similar emergency a
few weeks earlier. A junior ENT trainee had nicked a
major blood vessel in the neck while making a surgical
airway and the patient died.

In our Department, we teach crisis resource management to
consultant anaesthetists. The aim is not only to improve nontechnical and decision making skills but also to increase
resilience by exposing clinicians to highly stressful situations.
In each session, two consultant anaesthetists are confronted
with managing a patient who has spiralled out of control and
needs to be rescued very quickly.

Although the “Can’t Intubate Can’t Oxygenate” scenario is
not common in the course of normal anaesthetic practice, it
can happen, especially in emergency surgery. Rescue
techniques are either a cannula cricothyroidotomy and/or a
surgical cricothyroidotomy. Both techniques have serious
risks and potential complications for the patient. Therefore
they should only be used in life threatening situations.
Surgical airways require a high level of skill as the potential
for serious adverse events, such as nicking the major arteries
in the neck, is high. Anaesthetists are not typically trained in
surgical airways but may be confronted with the need to do
one if a suitably trained clinician is not available in time.
In our simulations, we create a reasonably flat hierarchy by
including two relatively senior anaesthetists in our sessions.
This is required so that the focus is on communication,
especially sharing of mental models; decision making and
ensuring that the best person in terms of skill and confidence
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The overarching aim of the paper is to draw on and extend the
“safe container” metaphor about creating a psychologically
safe context for learning (Rudolph, Raemer & Simon, 2014)
in order to compare and contrast the common core features
associated with the safety of the simulation participant across
our domains. The authors of this paper are members of the
Human Dimensions in Simulation Special Interest Group
(HD_SIG) of Simulation Australasia. Thus the domains are
confined to those affiliated with this cohort. They consist of:

vignettes extend the aims of the paper by illustrating a
scenario and then explaining the context. The last section
summarises the relative physical and psychological hazard,
and in doing so, dimensionalises the key constituents that
need to be considered when constructing “safe containers” in
these domains and broadly generalisable settings.

is assigned and supported to perform a highly stressful task.
Apart from the usual hazards e.g. trip, slip etc. the patient
environment may also have other highly visible hazards such
as scalpels and defibrillators that may be essential for patient
survival. In anaesthesia the psychological hazards can be well
hidden and have the potential to cause emotional distress to
participants. A good facilitator and debriefer will recognise
the signs and have access to a range of people such as welfare
officers or others who can help the participant cope with past
psychological trauma.
2.2

Transport (Rail)

In rail transportation, work activities are highly rule-based and
subscription to the rail-driving task is about adhering to rules
and applying them correctly. In the context of simulationbased training, there are different learning outcomes. For
maintaining competencies, the general aim is to gain an
understanding of actions and behaviours, and test the driver’s
knowledge. This may also happen in a scenario critical for
safe driving, or in scenarios that carry high stress potential
such as a signal passed at danger incident conveyed by the
vignette. This is where the signals, which govern where a train
may move, are breeched (like a car going through a stop
light). These types of scenarios, by their very nature, have a
startle component and may involve some deception so the
User is not alerted to their presence.
The psychological safety of the user in a train simulation is
not really considered in the design of scenarios, under the
ostensible assumption that the physical safety carries over to
every possible dimension. A signal passed at a danger event is
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Given that this type of scenario may not be briefed ahead of
the experience, there are questions of user welfare. However,
briefing the user, may compromise the whole point of
experiencing the scenario. On the other hand, the attitude of
the user is a key factor, largely because train drivers equate
train driving with motion and route knowledge. Thus, if the
route is not a duplication of a real route, or if the train driving
does not feel right, the plausibility of the scenario for the end
user is affected and may diminish their investment in the
experience.
2.3

Business (Management/Social Education)
The occasion is a weekend workshop on group
dynamics and social cohesion. Jim and Toby –
respectively boss and 2IC of a small company – spend
the day at the event and decide to stay on for the
evening activity, a simulation about group dynamics
during mergers and acquisitions. They join a fivemember ‘team’ with family roles of father, mother,
teenager, pre-teen and grandparent. Jim elects to be
‘mum’ and nominates Toby as ‘dad’ saying it is a
“good chance to experience problems of leadership.”
Elsewhere Rosy, arriving late, is assigned the role of
“Dad’s girlfriend” - in a family whose ‘grandparent’
is the parent of an ‘absent’ mum and unhappy with the
idea of a ‘girlfriend’!

The simulation occurs over two rounds. For the first 30
minutes, teams fit all five members into a 3-bedroom
dwelling, by ‘furnishing their home’ using scissors and
paper. Then, abruptly, half of the families are told their
house is repossessed and they have 15 minutes to move
in with neighbours, who must accept the newcomers.
Jim and Toby’s family are paired with Rosy’s.
Deciding they are ‘better out of there’ Toby and Rosy
‘elope’ to a nearby lounge to observe.

The debriefing reveals Jim as a bossy ‘mum,’ leaving
Toby feeling completely henpecked. Rosy was not liked
by the grandparent, nor supported by the ‘dad’. The
effect of these, and related issues of family and
organisational dynamics, are explored by the whole
group. On their way home together Jim and Toby
recall their experience and Toby reveals that this
episode parallels his experience of working with Jim.
Since Jim considers himself to be a collaborative and
team-oriented boss the earlier revelations had been
shocking enough – but now this! Sitting in the car until
2am on a very cold night they build an entirely new
working relationship, delightedly informing the
facilitator about this later the same day.”
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“Jimmy has 2 years of experience driving passenger
trains. Today he has a competency evaluation. He
comes into the training centre – ah, there it is – the full
motion simulator he’s heard so much about. He’s a
good driver, never had any trouble, never had a SPAD.
(Signal Passed at Dange) The instructor gives him a
safety briefing about climbing the steps and holding
onto the rails when he boards the capsule. Always,
three points of contact. He sits down in the chair. It
looks exactly like the real thing. The screen comes on.
That’s a bit cartoony but cool all the same. The session
starts and he drives, dropping and picking up
passengers at the stations. It’s a routine task but after
20 mins the novelty is still there. He doesn’t feel sick,
they told him he might, but he feels all right - what
the?! The signal in front has just changed to red.
What-… he hasn’t got time to stop. He applies the
emergency brake, dumping all the air. The train lunges
forward and the wheels scream. His heart jumps into
his throat. He hears the groaning of the coupling as
the passenger cars bunch together. The large red orb
whizzes past him on the screen. He’s still moving with
no sign of stopping. At last it stops. He opens his eyes.
He can’t quite focus. What just happened? What does
he do? He’s gone over the points. Has he derailed?
Somehow, the phone is in his hand and he’s dialling
the controller. “Driver G-H24, you’ve just run a red
light at danger – remain where you are” says the
instructor’s voice.” A Signal Passed at Danger… He’s
had a SPAD. He laughs a little but his hands are
shaking. The instructor talks to him and says things,
but Jimmy doesn’t really hear them. How could he
have done that? His hands are still shaking when he is
debriefed and leaves the training centre.”

one of the more debilitating scenarios that a train driver can
experience in the real world. It raises questions of competency
and perceived threats of job security, with corresponding
impact on their health after the fact. In the real world, the
incident is often experienced as an acute stress response and
has psychophysiological form (release of noradrenaline),
including increased heart rate, constricted blood vessels,
change in blood pressure), and emotional irregularity
(disbelief, fear, panic anxiety) and threatens the performing
capacity of the driver by manifesting cognitively (e.g. daze,
narrowed attention, confusion, distraction, impaired judgment,
disorientation, partial amnesia), and musculoskeletally (e.g.
shaking, muscular agitation, delayed response) (Naweed,
Rainbird, and Dance, 2015). Based on data I have collected,
SPAD scenarios in the simulator can have the same effects.

Management, and related social education arenas, use
simulation to replicate social problems that human beings may
experience in particular settings. The simulation described
above, is called “Furnishing Your Home” and was designed
as a means of learning how to bring together three faiths that
chose to merge into the Uniting Church in Australia. Its
framework parallels the kinds of events that may arise when
two or more separate entities decide to merge. Whatever the
logical or financial benefits of such a decision, it will also
have potentially a serious emotional impact on all involved.
Such simulations enable individuals to experience, and reflect
on, the likely effects while in a small, relatively safe
environment, ahead of implementation of the decision.

As I was entirely unaware of these dynamics during the
simulation and afterwards, I was initially appalled that my
choice of activity had generated such potential for continuing
difficulties for them. I was relieved to learn that my work
during the debriefing had supported a positive outcome, and
also shocked to realise how much the events of the simulation
had so precisely re-created their real life experiences.

Since that long ago night I have run hundreds of simulations
in all kinds of contexts around the world and each time the
eloquent reminder from Heraclitus that ‘you can never step in
the same river twice’ (because the water you stood in has
flowed on and gone) is with me. I know that what I am about
to create and invite participants to enter is the ‘container’ of a
new simulation in a new context. No matter how often I may
have presented a particular design these participants have
never worked together in this way before, and will not do so
again, even when they continue to work together. This
experience will change them in some small or major way.
Thus simulations of these kinds will always have the potential
to generate interpersonal stressors, may recall (pleasant or
unpleasant) events from personal life histories and instigate
individual insights of both positive and negative kinds. With
regard to environmental issues, most such designs are
conducted in the relative safety of conference or classroom
spaces but even these have potential for unanticipated
impacts. In short – like life – simulations are both safe and
potentially not so. And like life, they offer learning
opportunities of rich and varied hues, requiring facilitators to
develop skills including situation sensitivity and the capacity
to fail and recover –repeatedly.
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Drama (Theatre)
“Nicole nervously makes her way to the first day of
rehearsals for a new Australian play soon to be
premiered at a local arts festival. The rehearsal room
is abuzz with excitement as she greets her colleagues many of whom she has worked with before. The
director calls everyone to order, roles are allocated
and the ensemble embarks on their first reading of the
play scenario. After, over lunch, the group discusses
the main themes, examining the motivations behind the
main characters and their actions. The work delves
into the secrets of a remote community - secrets
comprising violence and domestic abuse.

In the afternoon the director suggests they do some
improvisational exercises to explore different
portrayals of domestic violence. They gather some
rudimentary props and costumes - a jacket, an apron,
a kitchen table - and set about re-enacting (simulating)
a range of different family scenarios. Nicole draws on
an acting technique which utilises memory recall to
evoke incidents of violence that she has witnessed in
the past to inform her responses during the
improvisation. But Nicole has herself been a victim of
violence in real life, and as much as she hangs on to
her acting technique and tries to separate the two
realities, the re-enactment suddenly becomes
psychologically 'real' for her and she breaks down
sobbing.”

Theatre is amongst the oldest of crafts to use forms of
simulation and re-enactment, and over time has evolved a vast
repository of different techniques to facilitate role-play. In
conventional theatre1, the work of the actor is particularly
emotionally taxing. Actors draw on a range of methodologies
- from psychological analysis and memory recall, to physical
and vocal exercises - in order to better understand their
character and back story, and 'get into the role'. Actors are
also assisted in this process by make up, props and costumes all of which act as sensory triggers to facilitate emotional
identification. But as they strive to uncover the psychological
truth of their character, there is a danger that they may lose
psychological perspective and trigger unexpected or hidden
emotions.
The rehearsal period is therefore at once an exciting yet
vulnerable phase of the development process whereby the
actor works to deepen motivation and axes of character
conflict, key relationships and significant moments of the
dramatic action. They are required to delve deeply into their
psyches to find true emotions and ways of simulating these
emotions in a manner that will be credible to an audience.

That said, in conventional theatre, there is a tacit
understanding between actors and audience that they are
separated by an invisible 'fourth wall' that delineates the
fictional space or simulation - represented by the stage - from
the real world. But in the rehearsal room there is no fourth
wall or curtain to delineate the fictional space from reality. It
is the director who must act as the external eye and take the
position of the audience. In this way s/he also ensures that any
physical staging hazards and/or psychological hazards are
mitigated should the actor become too immersed in the
1
Today many disciplines make use of theatrical and dramatic role-play
practices for a variety of purposes including education, business training and
therapy. For the purposes of this paper, our case study refers specifically to
theatrical conventions commonly found in the entertainment industries.
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On the occasion described here the simulation was being run
as an example of such designs, rather than with any intent to
deal with real issues. However, in choosing and managing
such simulations, facilitators must always be aware that any
number of unknown and unknowable factors may be at work
as the activity unfolds. I was not yet a skilled facilitator and
Jim and Toby provided me with a profound experience whose
lessons have stayed with me. People will do what they want
to, in a simulation, and their actions will parallel real life –
often in unexpected and surprising ways. Individual decisions
for action will have an impact on others that can be harmful,
however unintentional, and such outcomes need to be
addressed at the time they emerge. During the debriefing,
Toby and Rosy’s experience was explored more in relation to
the impact on individuals in real situations. For Rosy that was
the end of it. For Jim and Toby (aliases) the outcome had a
much more profound impact. They were delighted with the
outcome of what had become a very problematic set of
conditions, and were clearly skilled enough to manage the
fallout.

2.4

process. The director is at once a side coach, a facilitator and a
guide, ensuring the actor stays focussed, safe and in character,
while maintaining technical and emotional control. It is up to
the director to set and patrol the boundary between reality and
fiction. Thus the rehearsal period is also the time when all
physical, emotional and psychological hazards are worked
through such that the actor may feel confident and safe
enough to re-enact their character's journey - no matter how
harrowing - truthfully every night, in front of an audience.

In the above vignette, the director would have stepped into the
simulation breaking the illusion of the fictional space,
removed the actor from the scenario, and coached them back
to the present utilising a range of debriefing techniques from
the removal of costumes and physical exercises, to group
reflection and feedback.
2.5

First Aid Training

In my role as the head of training at Real First Aid, we
attempt to simulate first aid and other critical emergencies.
Utilising innovative, low-tech cost-effective solutions, the aim
is to recreate the true emotions and sensations of a critical
incident, then practice within that environment. Training in
such a high-fidelity environment has clear physical and
psychological hazards. Safety is arguably the responsibility
not only of the instructor but of every student., however the
challenge is that most of the participants within these courses
have never participated in any form of immersive simulation
before. So despite being briefed on what they will encounter,
they seldom understand what it means until they experience it
for the first time. Furthermore, it is often the case that students
do not understand how their bodies will react under stress
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A comprehensive safety brief is discussed at the beginning of
each session that focuses on both physical and psychological
safety. Students are empowered to cease any scenario by
calling out “Stop Stop Stop!” in a loud voice if they see
something unsafe that is about to, has been, or is being
performed. Furthermore, they are encouraged to inform the
instructor any point at which they feel uncomfortable and/or
worried about anything they have been asked to do.
Throughout the scenario, instructors constantly reassess the
environment and observe the students’ body language for any
signs indicating an adverse reaction. The main struggle in this
context is prevention as many students do not fully understand
how they will response emotionally or psychologically, or
what flashbacks they may have to previous experiences until
they are placed in that situation.
2.6

Navy (Maritime Engineering)
“Simbasics 4 kicks off as the facilitator hands over the
shift to a novice team comprising an Engineering
Officer of the Watch (EOOW), and two additional
operators, known as the 2nd and 3rd engineers. The
team undertakes visual checks on the system mimic
screens in the Machinery Control Room (MCR). The
facilitator observes through the mirror window as the
learning outcome of ‘Initiate a planned propulsion
configuration change using the automated propulsion
control system’ unfolds.

The EOOW refers to the operating procedures folder
in her lap and then sends the 3rd engineer to the local
operating panel in another room to monitor key
equipment. She notes that he follows the safety
protocols and acknowledges his report over the phone
when he arrives. The 2nd engineer switches to the
process change over HMI and prepares to cross check.
The EOOW notes this and then contacts the bridge to
get permission to conduct the mode change. Approval
is given, and she initiates the process start at her own
HMI.

At the local panel, the 3rd engineer inadvertently
switches a pump to local control; he then quickly
switches it back to remote. The EOOW has the phone
to her ear speaking to bridge staff as the control
system initiates an auto control failure alarm and the
system freezes halfway through the change over
resulting in all three main propulsion engines
connected and driving the ship. The EOOW drops the
phone and her folder, leans over to pick them up, hits
her head and while rubbing her temple, starts to flick
between HMI screens to see what has happened. The
2nd grabs the breakdown folder, starts to read the
emergency response checklist, stops, jumps out off his
seat and picks up the Public Address (PA) system
microphone. He calls the 3rd engineer back to the MCR
and pages the senior engineer to come to the MCR. He
then sits back down beside the EOOW and starts to
read the breakdown checklist.”

This vignette of a low level procedural training scenario going
off track may seem innocuous and easily rectified by resetting
the simulation and starting over in order to meet the learning
outcome. In our Domain however this kind of incident is seen

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

“Lucy has been a secondary school teacher for the last
15 years and through that time, has been required to
complete First Aid and Cardiopulmonary resuscitation
(CPR) refresher training regularly. This year the
school decided to bring in a new provider who has
promised to make the training more realistic and
engaging. On the day of the training, the instructor
asked for volunteers, and Lucy elected to participate as
the first-aid responder. The Instructor along with the
rest of the class left the room, leaving Lucy and two
other ‘responders’ to ponder what they were about to
face. Suddenly, three people burst into the room,
agitated, frightened and panicked, and yell that
someone has collapsed in the cafeteria. They grab
Lucy by her jacket, yelling that they have to go quickly
as “she is dying.” Running out of the room and
through the courtyard, Lucy’s vision collapses, colours
lose their vividity and the distant screaming grows
louder and nearer. The sounds are frightening and as
she approaches her purple-tinged, unresponsive
colleague lying on the floor of her cafeteria, flashbacks
to her own father collapsed in her family lounge flash
through her mind. And then she smells it – the
overwhelming scent of vomit – the same odour from
the lounge. It is all too real, the sounds from the inside,
the sight of her friend, and the smell – it reeks of death.
She bends over, closes her eyes and starts to
hyperventilate. Within seconds, the Instructor realises
something is wrong and immediately ends the scenario,
takes Lucy outside and sits her down. She remains
nauseous and shakes with violent spasms. After 10
minutes or so, she calms down but the anxiety, nausea
and shortness of breath are not so quick to go.”

until they are placed in such a situation. This limits our ability
to identify those likely to experience an adverse emotional
response.

as a significant opportunity to build and enhance our
particular context of a safe container.

Our training paradigm has the safe container concept being
framed as a basic assumption about operating in synthetic
learning environments. That is; we are all here to learn, it is
safe and, we are in this together. In order to achieve this, a
number of supporting elements are in place. Scenario design
and scripting must challenge participants to the appropriate
level of dissonance in order for them to operate in their Zone
of Proximal Development (Rudolph, Raemer, & Simon,
2014). Design must also encourage participants to “think”
about their role, not merely “do” it (Stocker, Burmester, &
Allen, 2014). Lastly and we believe most importantly, the
environment must be psychologically and physically safe.
Physical safety for us is mandated and bounded by strict
organisational processes. Psychological safety is more cultural
coded and where we have the belief that interpersonal risk
taking such as admitting mistakes or speaking up is permitted,
and knowing that risk taking will not be met by resentment,
embarrassment or ridicule (Edmondson, 2002). For our
facilitators, the vignette is an opportunity for authentic
learning to take place because our approach to learning in
simulation is not about what has happened but rather what
happens next.
2.7

Construction (Management)

Today Rick finds himself at the Building Leadership
Simulation Centre attending a high performance site
leadership program. It is about 90 minutes into the
program and Rick is being briefed into his first
simulation session. Rick will soon be assuming the role
of a site manager on a 120 million dollar apartment
project. He will be replacing the previous site manager
at week 38 of the project, about half way through the
build. Rick has been informed that the project is 8
weeks behind schedule and 3% over budget, and
tensions on site are high.
Rick confidently makes his way to his site office where
he is greeted by Gerry, his general foreman. Gerry is
196cm, 120kg and clearly agitated. Aggressively he
demands that Rick stop today’s concrete delivery as an
accident has delayed the formwork. At this moment the
phone rings, it’s Vanessa from head office. She
explains that they have just received a noise complaint
from the local council. They have received reports of
an explosive sound; she needs Rick to investigate and
get back to her by 10am.

Becoming increasingly annoyed at waiting, Gerry
interrupts; he leans in aggressively over Rick’s desk;
“tell her you’re busy and cancel the concrete!” Rick’s
mind is inexplicably thrown back to his primary
schoolyard where a bully made his life a misery for 4
years. Rick emotionally and physically withdraws; his
facial expression and his eyes are blank. His tone is
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This vignette is an example of medium level construction
management conflict resolution and problem solving
scenarios. The behaviour of site personnel and office support
staff has been modelled on stereotypical responses to pressure
as identified by industry practitioners.

The construction industry is a melting pot of personalities and
competing stakeholders. These personalities come together to
perform work that can be inherently dangerous with tight
margins and deadlines. The project workforces are mainly
made up of contractors and consultants with competing
interests working on increasingly complex and technical
builds requiring specialist knowledge and skills. The leaders
on these projects must bring these personalities together to
coordinate, cooperate and collaborate if a project is to be
successful. In order to provide effective leadership resilience,
critical thinking and the ability to identify and adapt your
communication is critical.
Central to our training philosophy is the safe container, a
place where participants can gain experience and build selfefficacy through real play, practice and experimentation. As
demonstrated above, you must always be aware that
participants can experience adverse reactions to stress and
pressure in a high fidelity simulation. Simulation can blur the
lines between the virtual and real worlds, connecting real
memories that evoke feelings and emotions well beyond the
simulation. In many cases this can occur without warning and
regardless of pre-simulation activities. It is extremely difficult
to anticipate what will trigger these adverse reactions or who
is vulnerable. Our focus to date has been to prepare our actors,
observers and facilitators to better recognise the signs of
psychological stress so they may intervene or cease
simulations as soon as possible.
In the above vignette our actor recognised the adverse
reaction, and as instructed he immediately removed himself
from the scenario. Our observer then proceeded to collect
Rick and remove him from the simulation environment; he
was then taken to a private space to compose himself. The
decision to continue any interaction with the training is left to
Rick. Regardless of his decision he is closely monitored and
assessed for the duration of his training.
2.8

Discussion - Summary of Hazards

All of the vignettes presented in the previous parts of this
section highlight tangible threats to psychological safety.
Although these examples feature different domain and
industry sectors, they all share common themes that highlight
how difficult it is to screen out these variables, but at the same
time how easily these issues may be triggered in the simulated
scenarios. Table 1 lists the range of psychological hazards that
may exist to varying degrees and may manifest to
compromise and potentially harm the individual in the
simulated scenario. Based on a consensus seeking exercise to
identify and group the hazards, threats to psychological safety
are likely to exist at the (1) interpersonal, (2) individual, and
(3) historical levels. They may be broadly defined as follows:
1.

Interpersonal hazards: Hazards typically associated
with, or relating to, relationships or communication
between people;
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“Rick has always been a high achiever finishing in the
top 4 of his Bachelor of Engineering class. Upon
completing his degree Rick landed a job in one of
Australia’s largest construction companies, boasting
projects ranging from $100m to a staggering $1b
dollars. In the 5 years since Rick has been at the
company, he has risen to the position of senior site
engineer and now been earmarked as a potential
project manager within the next few years.

quiet and slow; clearly distressed he exclaims I do not
want to play anymore...Rick then breaks down crying.”
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2.
3.

Individual hazards: Hazards of self-regulation and/or
relating to a particular person; and
Historical hazard: Hazards specifically associated
with previous exposure or connected to past life
events.

Each of these hazards has the effect of causing harm to the
person in the simulation. As shown in Table 1, interpersonal
hazards such as bullying/abuse, harassment and loss of face
were common across the domains. Hazards in this category
included harm arising from exposure of weakness and skills.
Domains where chains of command-type structures are
common (e.g. Navy, Rail) included harm as a result of power
differentials. Simulated scenarios in the managerial context
(e.g. Business, Construction) included more subtle hazards
such as differences in personal style.

In the historical category, the hazards all highlight that people
are not unidimensional, but rather, are underpinned by a rich
tapestry of experience that forms part of their make-up.
Importantly, any previous experience of conditions that may
be replicated within the simulated scenario can telegraph to
the present and create significant risk of harm. This is shown
very clearly in the First Aid Training exemplar, where a very
dynamic simulation conjured flashbacks to previous traumatic
memories at a highly sensory level. While some of these
issues may be screened prior to the simulation, it is difficult to
determine how much resilience individuals may have to these
hazards. In this regard, all three levels of the psychological
hazards intersect.

Table 1 also lists the hazards associated with the physical
safety of the participant, as illustrated in the vignettes, and
more broadly within the type of scenarios in the relevant
industry setting. Generally speaking, these hazards are
associated with mobility (e.g. slips, trips, falls, physical
contact) and the kind of things in each context that would be
captured and mitigated by health and safety risk assessments
captured in frameworks such as the hierarchy of hazard
control systems (Manuele, 2008). These include collision with
trains (Transport – Rail), malfunctioning props (Theatre),
biohazards (Navy – Maritime Engineering), sharps (Health),
and vertigo (Construction).
3.

CONCLUSION

The aim of this paper was to compare and contrast common
core features associated with the safety of the simulation
participants across various domains by drawing on the “safe
container”. Whilst the aim of many of the simulated scenarios
in the represented industries is to create a safe environment
for effective learning and development of specific skills, the
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This paper collects the thoughts and experiences of experts
working in simulation, and represents the first step in an
engaged research agenda within the broader simulation
community. However, it would be very unwise to assume that
professionals who run simulation-based training courses have
all the answers and insights to sources of physical and
psychological harm. Thus, future ethically approved research
activity should also take place with participants who have
suffered some degree of trauma during a simulated event. This
will then provide the feedback that simulation professionals
need to design and build safe containers, which are
comprehensive and have relevance to participants and
practitioners across different industries.

The psychological safety imperative related to the simulated
scenarios identified in this paper makes a general argument
for more resilience training in participants. This may be one
of the ways in which we may be able to decrease the chance
of the hazards actually causing somebody harm.
REFERENCES
Edmondson, A. C. (2002, March 15). Managing the risk of
learning: Psychological safety in work teams. (M. West
ed) International Handbook of Organisational Teamwork
1-37.
Manuele, F. (2008). Hierarchy of Controls: The Safety
Decision Hierarchy. John Wiley & Sons NJ, USA.
Naweed, A., Rainbird, S., & Dance, C. (2015). Are you fit to
continue? Approaching rail systems thinking at the cusp
of safety and the apex of performance. Journal of Safety
Science, 76, 101-110.
Rudolph, J. W., Raemer, D. B., & Simon, R. (2014).
Establishing a safe container for learning in simulation.
Society for Simulation in Healthcare, 1-11.
Stocker, M., Burmester, M., & Allen, M. (2014). Optimisation
of simulated team training through the application of
learning theories: A debate for a conceptual framework.
Retrieved
from
Biomed
Central,
1-9.
http:\www.biomedcentral.com

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

At the individual level, it is apparent that many latent issues
may give rise to, or augment, the hazards existing at the
interpersonal level. These include the lack of a voice, selfdoubt, fear of discovery, and concerns for job security. Many
also point to problems with emotional regulation such as
anger, frustration, and anxiety. The risk of harm from hazards
connected at the individual and interpersonal levels may be
significant, given that the simulated scenarios are designed to
place participants under situations that challenge these very
psychological constricts. In some situations, it may be
particularly difficult to manage these hazards, for example in
the context of Theatre where emotional regulation is a feature
of the work, and therefore may open up situations where the
simulation and real world ostensibly overlap.

identified issues indicate that, for the psychological
dimension, a good baseline level of resilience and selfregulatory capacity is required to ward off risk. Clearly, it is
difficult to screen some of these hazards; whilst some of the
risk factors in the individual or interpersonal categories may
be identifiable by the assessor if not in self-reports by the
individual, it is harder to identify hazards in the historical
category because they may not be available for conscious
introspection by the participant. There is a dramatic irony
inherent to the safe container, which is that people need to
develop effective skills so that they are better able to
resist/avoid? hazards in training situations that aim to develop
effective skills. Thus, it is important to understand and to
recognise the psychological safety profile as distinct from the
environmental hazards more commonly associated with
physical safety.
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Perceived danger triggers the release of hormones and neurotransmitters preparing our
body for survival – fight or flight response. Rapid shifts in gravity can activate the sense
of danger. The inner ear is stimulated; we feel dizzy, and have a sense of our organs
moving around or being squashed. The release of adrenaline follows, causing increased
heart rate and breathlessness. Once the danger has passed, special neurotransmitters for
‘slowing down’ create a sense of peace.

This paper is a philosophical comparison of fidelity in entertainment and educational
simulation through the lens of autoethnography.
1.

LEARNING IS EMOTIONAL

When I close my eyes and quiet my mind, I can still
remember the day I heard about lifelong learning. I was an
awkward 8 year old, with complete disdain for anything pink
yet at the same time struggling to accept that girls should not
wear skirts when riding their BMX, at least according to their
father. We had made the 16-hour road trip to the lush Camden
Valley to see Dad’s grandfather for what would be the last
time.

At 98, he had slowed down considerably, and I can imagine
our boisterousness was quite overwhelming and a distinct
departure from his usual serenity. He was a short wiry man
with thick wavy white hair and bushy eyebrows. His gnarly
hands gripped the book he’d now closed on his chest in order
to visit with me. I remember kneeling on the floor next to his
daybed in the darkened parlour, and whispering with him
about life as the clock on the mantel chanted the seconds lest
we lose track of time. I was actually waiting for him to get up
and amble down the worn stone steps, past the heirloom roses
to the rickety front gate to check the mailbox for a letter (we
didn’t have a mailbox, so it was a treat to see what surprises
might have arrived by post each day). Instead, he said,

“Never stop learning. I’m still learning and I will be until the
day I die”. The vision of my preplanned life flashing across
my eyelids into oblivion will never leave me, and his words
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return to me with increasing regularity as my world catches up
with and surpasses what I think I know.

On the one hand, I became excited about the possibility that
learning might be enjoyable enough to continue it for 90
years. On the other hand, I was slightly terrified that it might
involve a lot more time sitting behind a desk on a sticky
afternoon, lazily pushing away flies and listening to the
rhythmic creak of the ceiling fan struggling to stir a breeze
overhead. (My memories of school are more Ferris Bueller
than Dangerous Minds, although this is probably unfair to my
teachers if Daniel Kahnemann (Kahnemann, 2010) is right.)

Strangely, as an adult, the seductively enchanting tan- go
features as the soundtrack accompanying my learning
experiences. It’s like a dance between two lovers; the flicker
of learning reaches out like the tentative call of first notes on a
violin, “you are interesting to me, perhaps we can learn from
each other”.

A smile evokes the playful and flirtatious seesaw of the
bandoneon’s accordion and the dancers are flung into the tango’s intimate embrace. The teacher is bold, the learner a fiery
collaborator, swathed in a cloak of cool professionalism.

But wait! A disagreement! A strumming guitar echoes the
pulsating heartbeats of the wronged partner. The once
intimate embrace fractures to a spinning stop. Eyes locked,
the dancers seek permission to proceed, but now there is
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Narrative (plots and storylines) can generate heart pounding excitement, emotional
involvement and tension by creating suspense about what will happen next. Theatrical
methods add to the believability, for example the way information is revealed
(information is kept secret from characters or from audience, and sometimes the audience
knows what characters don’t). Confrontations are staged on the villain’s territory; music
heightens the drama.

wariness and as the music once again turns to a two- step, the
collaborators must and a new groove together.
2.

AUTHENTIC NARRATIVE

When I first encountered Dr Teresa Crea, I still wore the veil
of uncertainty after desperately imploring my colleagues to try
a creative writing approach to smash through the cultural
barriers blocking our serious game design. Lists of learning
outcomes and topics to be covered had not magically
transformed into authentic scenarios. Tempers had flared and
there were tears. We were on the brink of conceding failure.
In a last ditch effort, I had scribbled words onto small pieces
of paper, crumpled them up and asked the team to draw one
each from the six piles. First there was confusion, then
nervous laughter as realization dawned around the table that
the sixth pile was for genre. How was that relevant to
learning? In one loaded word, Crea had validated my instinct:
narrative.

But I was to learn much more from this simulation newcomer,
this PhD student, this vibrant theatre director, this artist. And
we were to begin to tango, in a dance of ever-changing
partners, as we in- dividually explored the ‘unsettling
phenomenon’ of disrupted narrative in digitally driven
performances. For after all, what are simulations if not
performances?

The dancers, intimate and tentatively embracing and then
thrust apart by emerging knowledge to once again be reunited.

This is the script of learning: nonlinear, surprising,
unexpected and some- times brutal. Like the alluring
disjointedness of a Tarantino screenplay. But how does he do
it? Some say it’s his memorable characters and temporality.
Others believe the incredible dialogue – ranging from
poetically profane monologues like Jules’ Ezekiel 25,17
speech to the day-to-day small talk (Royale with Cheese) in
Pulp Fiction – creates intimacy within the narrative that
embraces viewers, seduces them, and has them reeling with
disgust as violence assumes the role of teacher.
2.1 Lessons from Hollywood
Perhaps we could think of Hollywood as a festival of tango.
Once upon a time an ordinary protagonist desired a girl. In
pursuit of her affections, secondary of course to his worldsaving mission, he encountered a series of extraordinary
events, culminating in a climactic crisis – organised by a
villain – from which he emerged a hero and lived happily
ever, or not if a sequel is planned.

The glue in a good story is the emotional connection, weaving
around the themes partnered by tantalizing musical scores.
Alongside Tarantino, Woody Allen and Francis Ford Coppola
are regarded as perhaps the greatest screenwriters of our time;
Allen for his ability to maintain an intimacy between the
viewers and the story through a series of moral dilemmas, and
Coppola for an instinctive style that is guided by passion, love
and family dynamics.
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This ‘co-authorship’ is a talent shared by the lm greats. Like
Allen, Martin Scorsese also leverages our emotional response
to morality in order to achieve narrative immersion. His
protagonist is the underdog; all-American and relatable to
international audiences. Vicariously giddy with success after
our star’s meteoric rise to fame and fortune, we are played, as
disclosure by disclosure, roles are reversed and the hero
becomes villain in a dramatic fall from grace. Dismayed,
betrayed, we withdraw to the relative safety of an emotionally
distant position from which we can judge the character in the
context of unfolding events.

Scorsese’s “stamp” lies in his camera-work; the un inching
pursuit of the character’s emotion through scenes coloured by
provocation, brutality and sometimes violence. Ultimately, his
ability to cause us to reflect, and internalize our judgmental
conclusions is at the heart of Scorsese’s best work.
But it’s not just the plot that keeps us engaged. Baz Luhrmann
is a master of cinematography. His films are a visual feast of
colour and movement. His beloved romance theme
continuously reinvents familiar memories, with unexpected
tones and beautiful madness emanating from the cinematic
chaos. And in doing so, he creates the sub- lime balance
between fantasy and reality that stirs our desires, hopes and
dreams, and hooks us in to the dance.

Juxtaposing Luhrmann’s unconventional flirtations with
romance stories, Stanley Kubrick is widely considered a
master of every genre. From period drama Barry Lyndon, to
the futuristic A Clockwork Orange, and the psycho- logical
horror that is The Shining, Kubrick was a perfectionist. So
much so that he set records for the number of takes (127 for
the axe-wielding scene in The Shining (“The Shining,” n.d.)),
his fixation on lighting is legendary (he no- ticed a half-stop
variation in the lighting on A Space Odyssey, and Barry
Lyndon had to be filmed on a NASA space camera because
the entire film was candlelit for fidelity reasons) and colleagues tired of the midnight phone calls in his pursuit of
perfecting the ‘magic’.
Kubrick is renowned for extracting the best performances
from the stars in his films, and his early career as a
photographer clearly informed his cam- era work, particularly
his use of intimate close-up shots.

Kubrick’s films are emotionally raw, described aptly by filmobsessed writer Oliver Pfeiffer as a “grand sensory
spectacle”(Pfeiffer, n.d.). And it is this delicious sensory
ingredient that we share with Hollywood ‘royalty’.
2.2 Embodied learning: the diversity of Planet Digicon

My own dance would see me partner with some straight
shooters, in a game of cat and mouse, and ultimate surrender
on the planet of Digicon. Written by Dr Elizabeth Christopher
and used extensively by Dr Elyssebeth Leigh, Digicon is a
live role playing game that is “part of a genre of management
training from the 1970-1980s with roots in drama, military
training, and research on human behaviour via ‘experiments’
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“My creative practice had brought me to a place where I felt
the need to reach inside narrative”, said Crea(Crea, 2013).
“Through my explorations I found that while our creative
narratives are conventionally constructed according to
(Aristotelian) linear, top-down hierarchical ways of ordering
information in time ... the picture of the processing brain
painted by cur- rent neuroscience is one of a complex,
dynamic emergent system: networks of synapses and
feedback loops firing at different intervals,” she said.

Woody Allen’s trademark comment on popular culture is
delivered via a dialogue-heavy script full of wacky and often
hilarious co- medic drama, underpinned by a psychological
fidelity that resonates with audiences. While his use of editing
and lighting techniques, and tight control over cast and crew
contribute to the familiar feel of his films, it is perhaps the
dissonance arising from the constant tension between morality
and desire in his narratives that people and most authentic.

like those of Zimbardo and Milgram”, says Dr Leigh (Leigh
& Hutchinson, 2014).

That a very simple narrative structure can traverse topics as
diverse as linguistic competence, learned helplessness and
behavioural inhibitions is testament to its design.

My almost decade-long tango with Leigh has reinforced over
and over again, her mantra that “Designing games for learning
is a complex process requiring deep understanding of sociocultural elements to be represented in the activity, as well as
knowledge of technologies with which to bring the action to
life.”

“Every aspect of Digicon involves ‘embodied learning’
participants live the experience through all their senses.
Players engage in vivid discussion and frantic action. The
learning space is noisy and intensely active, and the debriefing addresses both physical and intellectual experiences,”
she said.
3.

CONCLUSION

The dynamic between narrative and the fusion of conscious
and unconscious processing for cognitive sense making is
complex.

She explains that while we are “operating ostensibly within a
broad narrative construct, the actual story in live simulation
sits within the individual, who experiences and ultimately
recounts it in his or her own way... Narrative in such an
environment operates as a form of living text, simultaneously
written and read”.
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And as Dr Crea experienced, practitioners seem to be in a race
to find a technology solution for mapping “bottom-up”
instantaneous, sensorimotor responses with higher-level “topdown” reflective functions.” The tricky part of this it is
multiple layered and challenges the traditional narrative
norms of liner, represented stories.
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Among the challenges in educational technology have been high
production costs. The alternative to costly live filming is often equallyexpensive complex digital simulations. But are either indispensible?
Research has consistently shown direct instruction methods to be
superior to gamified and e-learning methods. But the corollary is that if
the e-learning is nearly as effective yet has strong logistical advantages
such as custom production, modular re-use, and online 24/7 presence, it
will fill many a niche. The medium of the current paper is its message
as the author presents this virtual paper in the form of a video, using
home consumer-level voice-synchronised avatar and common-garden
special effects in place of the traditional lecturer at podium. This
approach is quite distinct from the ubiquitous ‘recorded lecture’ as
avatars and special effects can transport the audience on quite a
different journey. The mid-20th Century merchandising cycle offers a
model: Radio and TV serials fostered playtime with open-ended
physical kits such as colouring books and secret decoder toys. The
continued popularity of books, TV reality shows, toys, and board games
shows that mere text, 2D characters, and primitive interactivity remain
engaging. The key is the script – getting people to care about the
characters and what happens. The movie version and this paper describe
a case study of a Massive Open Online Course (MOOC) produced with
software commonly found in schools and offices, hosted for free on
YouTube and the Australian OpenLearning platform. The format was a
web quest ‘meta-game’ requiring no coding of interactive game
elements. It has run for three years attracting enrolments of over 1,000
per year from 153 countries. This paper and video demonstrate and list
the
techniques
for
turning
tasks
into
games.
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1.

INTRODUCTION

instruction methods..” (Federation of American Scientists,
2006).

Simulations are indispensable if lives are at stake. The
cost is rarely too high. The high risks in exposing people and
expensive machines to hazards in real-life was an impetus for
simulation and serious games. It was natural, almost logical
for their champions to predict “... video games can reshape
education … Scientists call it the next great discovery, a way
to captivate students so much they will spend hours learning
on their own. … video games can redefine education.”
(Associated Press, 2006). Corporate and world leaders had
made similar pronouncements ever since the first PCs had hit
the domestic market. It was reminiscent of the initial 20th
Century enthusiasm for radio and television in the classroom.
But the few who actually delved into the sources of the
press releases would have read “… Poor markets … uncertain
returns …… High development costs in an uncertain market ..
too risky ... needed to demonstrate that these technologies are
equal to or offer comparative advantage vs. conventional
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TV and radio never revolutionized the classroom. The
evidence is that we cannot scale multimillion dollar games
down to the individual educator. As with classroom films
before them, there are now thousands of small ‘gamelets’
floating around the Web. Teachers collect and use them. My
research has focussed on how to turn any tasks into games in
formats that deliver most of the benefits of the expensive
simulations and commercial games but at a vastly lower cost.
It starts with analysis of the audience and goals. For
example, you as an audience have come to a conference, on a
schedule, seeking information. You may not be in the mood
for a game version to grunt through trials for each scrap of
information, battling virtual zombies to gain tokens just to
locate the restroom or where the Congress lunch is being
served. So this presentation has to balance enough direct
information to be satisfying but with clues partial enough to
make you want to explore further. The intention of the video
version is to draw you back to the detailed version in the form
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of this traditional paper and its antecedents. That mirrors what
should be the goal of games in education: to draw the student
to the course content.
Games require the full set of multimedia resources but
are overhyped and difficult to implement. The strongest
evidence is to look at the web tutorials and books of the
cheerleaders for gamification in education. They rarely if ever
use a game format for their own tutorials. Instead of
practicing what they preach most are just old-fashioned text
and chalk talks. That’s a pretty strong message in their
medium.
Five years ago I presented a paper at another
international conference in Melbourne, representing in my
role as a senior researcher for the New South Wales Education
Department. I had been charged with reviewing and applying
games and simulations. I had reviewed the department’s
popular multimillion dollar online environmental whodunit
game (Neilson, 2008, 2011) and my own alternative nationallevel on-line mystery game using freeware and low budget
technology. My results were encouraging enough to forecast
“…potential to host an international competition from a
desktop” (Benjamin, 2011).

I embedded online games within a series of MOOCs on
a variety of education and psychology topics. My follow-up
presentations became increasingly virtual, to the point that I
have gradually removed my physical presence altogether. So
five years on, instead of boarding the plane to Melbourne, I’m
presenting the results of that research virtually - from a coffee
table at home, from another state, as an avatar. The shoestring
budget medium you are viewing is its message.
“…I think it fosters this kind of participation simply
because it is a rather poor image and it involves the viewer in
a great deal of completion of the detail that is missing visually
in that image. … this medium which calls for so much
participation does not give you a completed package, a
completed image – you have to make your image as you go. …
The movie medium is, by comparison, very much a
photographic, packaged medium, which gives you a very
highly defined and a very slick complete package. (McLuhan,
1960)
This virtual paper is an incarnation of his observation. It
is an incomplete medium, requiring you “to make your image
as you go”. By contrast, simulations and games are the
pinnacle of the multimedia pyramid, as McLuhan describes, a
slick complete package like a movie. They require the player
to fill in with actions but, unlike free play with toys, the
actions are constrained by the medium.
2. TURNING ANY TASK INTO A GAME
In earlier publications I outlined procedures that could
turn tasks into games by treating the tasks as what would be
described in psychometric parlance as ‘random parallel forms’
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The ‘meta-game’ format that I subsequently coined
(Benjamin, 2007) is a broader open-ended heroes’ journey
very much more like web-quests and reality television games,
commonly seen in survivor, rally, auction, apprentice,
renovation, cooking and race shows. These string individual
‘gamelets’ (Benjamin, 2013) together in a quest or
tournament. Meta-games are also more like traditional
project-based classroom exercises and games people play at
home. A key consideration in a meta-game is to regularly
entice the participant back to the ‘control room’,
‘headquarters’ or ‘cockpit’ where they would rehearse the
target educational and vocational skills. In real life much of
the action, even in high-drama rescue, police work and space
launches, takes place in offices, in front of computer screens.
In education the goal is to harness game engagement to draw
students to the target content, workplace, and skills.
The principles had been proven, well before I was born,
in the marketplace. I call it the ‘merchandising cycle’. The
cycle began in McLuhan’s terms with a “slick” stimulus – a
movie or radio show. The listener was then called to action in
the hero’s journey by sending in a box top or coupon to obtain
a secret message decoder or cardboard ‘rocket cockpit’ to join
next week’s adventure.
Disney Corporation perfected the cycle with coonskin
caps, plastic flintlocks through to Frozen toys. Today’s
shopping mall shows the same merchandising cycle: The
initial hi-tech high fidelity version such as a movie or
videogame is followed up by lower-resolution more
traditional coloring books, toys, board games, and clothing
right down to the underwear. It is with these physical items
that the customer participates at a most visceral level. If the
initial engagement is strong – they love or hate the character –
they act it out and in McLuhan’s terms ‘construct’ their own
experience with ‘incomplete’ mediums like dress-able dolls
and coloring books.
This is playtime and also traditional education: The
student reads Shakespeare. They then write an essay about
Shakespeare, make costumes or a diorama of the Globe
Theatre and act in a Shakespeare play. The more advanced
might try and write a Shakespearean play. It is both a process
and a goal of education to get the participant to carry the
emotional and cognitive attachment from one medium to
another – from the script to the stage play, from the film
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The only change I would now make to the forecast
would be “from a handheld” – at home. – ever wider reach at
ever lower cost, from national to international. Over the next
few years I did just that, launching an online Massive open
online course (MOOC) from home. Enrolments from 153
countries must qualify as “international”.

generated through a chance process. For those unfamiliar with
the term, typical parallel forms of an IQ test would be
vocabulary test versions that employed alternate word lists
equated for difficulty so that scores between the versions
would be comparable. A game uses parallel forms randomly
generated. For example, shuffling the cards turns a memory
task into the card game Memory. Doling out letters of varying
usability becomes a game of Anagrams or Scrabble. The
format remains constant but the components vary by chance.
The injection of the chance element lowers reliability as the
sets are no longer equated for difficulty. Compensating for
this is the change in the motivational properties of the task
with Skinnerian ‘intermittent reinforcement’ and ‘cognitive
dissonance’ (Benjamin, 1980a, 1980b, 1981, 1982, 2013)
accounting for some of the engagement in game versions of
tasks. There is also the context noted by Mark Twain in Tom
Sawyer that “Work consists of whatever a body is obliged to
do. Play consists of whatever a body is not obliged to do.”

character to the coloring book, from the simulation to real life,
and vice-versa.
Rather than ‘merchandise’ I sought a more generic term.
I called it ‘integrated media’, similar to the ‘montage effect’
that Kuleshov (1918) had shown in early days of film. He
alternated a famous actor with static images such as a plate of
soup, a girl, and a coffin. The audience reported that the
actor’s expression changed dramatically with each reappearance, even though the actual footage had been merely
repeated. The viewers filled in the emotional blanks.
“… I think it fosters this kind of participation simply
because it is a rather poor image and it involves the viewer in
a great deal of completion of the detail that is missing visually
in that image. (McLuhan, 1960)”
3. MOOCS

To me that was a pretty amazing message in itself. I
could show a movie to the whole world. As a lecturer my
audience might be a hundred. At the local karaoke 50 people
would cheer, jeer or buy me a beer. But now thousands of
people were enrolling. They would be my new fans. I was
pumped like Toad in The Wind in the Willows on seeing a
motorcar: ‘Poop-poop on mere karaoke’ says I. “Here to-day
in next week to-morrow! — always somebody else's horizon!
O bliss! O pooppoop!"… All those wasted years that lie
behind me, I never knew, never even dreamt!” (Toad, in
Grahame, 1908). I’d certainly never dreamt of becoming a
movie producer. Space cadet? Oh yes. But movies were
hundreds of people in huge studios with big budgets. Yet here
I was on the web, a pop singer and movie producer.
But as with all such hype cycles the pioneers quickly
hedged their bets. MOOC founder Sebastian Thrun was
widely quoted as saying MOOCs were “a lousy product”
(Chafkin, 2014). The research had long been overwhelmingly
negative or neutral at best (Clark, 1994; Russell, 1999) yet the
evidence was ignored and educationists were by now under
immense public pressure to learn every new app, locked into a
new
round
of
the
“exhilaration/scientificcredibility/disappointment/ teacher-bashing cycle" (Cuban,
1986). Like Toad, no sooner are they enslaved by one fad than
they are swept off to another.
4. IMPLEMENTATION: THE GAMIFICATION
PROJECT
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To field-test the feasibility of low-budget custom
gamified formats for education I developed a series of
MOOCs with game elements (Benjamin, 2013). These would
dispense with the complex coding in interactive computer
games, relying instead on the ‘meta-game’ format common in
MOOCs of multimedia vignettes with accompanying offline
quizzes and activities.
As I’d forecast, the costs of hosting on YouTube,
webinar and MOOC platforms were being absorbed by their
advertising revenue. Movie editing software was free on
computer mag covers. There was no need for coding. So it
was now feasible to produce a movie series and distribute it as
a course to the world at large for less cost than traditional
journal articles, books, and conference papers. That would
become the topic of my MOOC: Gamification.
In addition to professional development for educators
and therapists, my message would be to convey the actual
international research findings regarding games in education.
The taxpayer had been paying me over many decades. I’m not
giving the money back so the taxpayer might reasonably
expect some objective reporting. My research had shown a
few positive aspects that could be messaged by the media.
The heavy lifting had been done by somebody else so it would
be running online 24 hours a day at no cost to me.
So the first stage of proof of my hypotheses came
quickly. The resources required to make the MOOC turned
out to be even simpler than expected. Among role models had
been the Khan Academy (Khan, 2009) and The Great Courses
(Rollins, 1990) that we watch at home on DVDs, a liberal arts
lecture with the occasional slide, an edited version of a
traditional lecture captured by a film crew. The lecturers are
passionate and funny. Some of them even sing.
For me to get this sort of human connection initially I
thought that a voice-synchronized avatar lecturer or even a
hand puppet would be essential. It would drop production
time and costs. It requires set up time to create the character
and map the facial features for speech. But once created, the
computer does the hard work. The sound track drives the
avatar and compresses the file. Software to do it was by this
time affordable. The advantages were many as an avatar can
be related to the topic. A human lecturer would rarely
personify their topic, but an avatar can be a talking animal,
device, tree or whatever. The avatar can be scaled to any size
or angle for zoom shots without the need for cumbersome
Chroma key green screens. Lighting is a mere special effect.
Audio is much easier to record than live video and simple to
edit with visual waveforms. Multitracking can now be done
on a handheld device. Yet despite all these advantages it was
found easier to merely take advantage of the abundance of
free or affordable clip art, archive footage, stock photos, and
special effects, making the avatar lecturer seem less essential.
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Massive Open Online Courses (MOOCs) are assembled
from the mediums developed over the preceding century.
They commonly show video vignettes which in turn were
prepared with digital tools such as clip art, live filming,
chroma key (green screen), animation, and multi-tracked
audio. They kicked off with thousands of enrolments. With
free YouTube and MOOC hosting, anyone could lecture the
world. So I was able to launch homemade MOOCs without
the need for an institutional backing or funding. I quickly
gained more enrolments from my laptop-on-coffee table home
‘studio’ than in my entire earlier formal academic career and
started to receive reviews from around the world (Duggirala,
2011; Malcher, 2014; Randell, 2015), most recently the
invitation to give the very paper you’re now receiving.

The negligible proven benefits of games were a glass
half empty. Changing perspective from benefit to benefit/cost
as concluded by Clark (1994) allowed for a glass half full:
neither were games demonstrably inferior to traditional
methods. There was ‘no significant difference’ (Russell
1999). Thus if games could be implemented cheaply and
quickly without sacrificing ‘significant’ efficacy they would
fill many a niche, particularly online.

They are what you are viewing. Khan Academy has done well
with just digital chalk.
5. METHOD

6. CASE STUDY: THE GREAT AMERICAN
BALLAD QUEST
The meta-game structure in terms of levels and
competitions is established with a series of clues with
decreasing difficulty. Participants who solved these early
difficult clues would be rewarded with a head start over their
competitors who’d have to wait until easier clues were
released in subsequent sessions (Benjamin, 2010a). So for
example one of the quests is to identify The Great American
Ballad. An avatar at a ‘news desk’ delivers clues beginning
with obscure instrumental versions of the ballad that make no
reference to the topic. The first cryptic text clue could be read,
delivered by the avatar or read aloud by a teacher or student:
“He worked with steel but was not called a steel worker.
He spent his day driving but actually stayed in the same spot
while doing it and was called a driving man rather than a
driver…”

The goal is to get them to like the topic and to do things.
Solving the riddle and defeating the steam drill might only be
one stage in the quest. The “boon” of the journey might for
example be to create their own music video version of The
Ballad of John Henry. That had been the format of The Lost
City, to create a video of their journey of discovery. The John
Henry video used special chords in Key of A, intended to
draw students to the accompanying ‘instant’ music system
(Benjamin, 2011b, 2011c, 2016). Making a music video
rehearses many generic computer skills such as file
management, conversion of formats, and general office skills
laying out timelines and scripts.
So while superficially a music game, many topics from
maths to racism to technology could be themes with this
quest. The Great American Ballad was in turn embedded as
one example into the OpenLearning MOOC of 17 videos with
quizzes (Benjamin, 2013a) which is the subject of this report.
7. EVALUATION

The visual video clues then become increasingly easier.
Many images are African-American rail workers. A “Mr
Lomax” was mentioned. By this stage anyone with an internet
connection, whether musically-inclined or not, could have
been able merely by typing in such keywords to identify the
ballad which begins with the line “.. John Henry was a little
baby …”

MOOCs are notoriously difficult to evaluate. A gamified
MOOC adds even more complexity because some will do
better than others. The unpredictability game elements might
spread out the distribution even more. In addition to the
massive MOOC dropouts, some will just not ‘get it’. If a
MOOC is free and not marked pass/fail it’s possible for
people to come away with quite the opposite messages from
my intentions. If there are too many game elements some may
just get lost. They may miss the clue, miss the chance, get it
wrong and defeat the entire purpose.

Such a quest tournament format could be applied to
many topics. The meta-game could involve physical clues in a
schoolyard, or in folders on an intranet, or scattered across
places on the Web (Benjamin, 2010a). The idea is to get the
participants to feel through their solving of clues they are the

Among traditional academic rewards are intrinsic
interest in the subject and certification of achievement.
Student participation has grown from passive essayists to
discussants and in recent decades to customers writing
reviews. All data such as raw number of enrolments houses
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The Gamification MOOC was designed to demonstrate
“integrated media” in a “meta-game” format for an online or
intranet mystery game: “cheap, easy to produce,
customisable, scalable to any size from a single classroom to
an international competition” (Benjamin, 2012). It has a
series of clues that lead the participant around the Web. The
clues are in simple static forms such as cross-words, visual
puzzles, cryptic scripts and YouTube newsroom and music
videos. The ‘digital’ element was in the production and
hosting, not full interactive gaming. Interactive ‘game engine’
software was considered too complex to be practical for
individual teachers. It also suffers from emphasis on fantasy
‘assets’ that are common to ‘shooter’ and role-play adventures
in exotic fictional worlds that can distract from educational
themes. Similar reservations applied to cloud-based and
‘academic-priced’ professional-level software. These revert to
full price outside a classroom, once a student graduates,
illegal for use in any commercial or vocational role. I
purposely restricted it to stand-alone software affordable or
common to schools such as animation, multi-track audio,
movie-editing, midi, text-to-speech, voice-synchronization
and archival public domain movies. Rather than depending on
fantasy assets these tools could easily incorporate custom
images and sounds from whatever real life, abstract, or
historical scenarios are relevant to the education. And the
software could be kept and used beyond graduation.

heroes on a heroes journey (Benjamin, 2007): “ A hero
ventures forth from the world of common day into a region of
supernatural wonder: fabulous forces are there encountered
and a decisive victory is won: the hero comes back from this
mysterious adventure with the power to bestow boons on his
fellow man.“ (Campbell, 1949). Even arcade first-personshooter tech might be incorporated in that structure. In the
John Henry example, a digital shooter or war strategy game
format could depict the contest between the steel-drivin’ man,
the steam drill hammering the spikes, and rival companies
competing on the rail lines exploiting workers or steam
power. None of this demands a multimillion dollar digital
game. Cardboard strategy board games or card games might
do, given the constraints of classroom time. The applicability
of such is left to your imagination as educators. Topics
include maths, ergonomic and strategy calculations for the
rate of hammering, hammer weights, rest periods, force, fuel
etc., not to mention social considerations relevant in the
present day, of race relations and automation versus
employment. The John Henry of today might well be an
adjunct lecturer on a casual contract facing potential
replacement by a MOOC. He could outperform the MOOC on
a given day but the machine grinds on hour after hour:
“Before I let that MOOC beat me down I’d die with this chalk
in my hand….” The investment in such game development
has to be balanced against its relevance and engagement
potential.

many motivations. It can reflect promotion and prestige of the
institution and professional development or college credit
points as much as content.
Over the period 2013 to 2016 my Gamification MOOC
had 3,593 enrolments. To put this in perspective it is quite
common for a MOOC provider to achieve more enrolments in
a year than in their entire prior academic career. Out of the
world’s 196 countries 153 were listed among my enrolments.
Not surprisingly, most were from USA (1273) and Australia
(978). Another perspective is that in my current home town
my personal total of 8,564 for all my courses over those three
years compares favorably with the 9600 reported for the entire
local higher education sector, including a state university and
technical college campus. This speaks volumes: ‘one guy
from a coffee table gets as many enrolments as this giant
campus’.
A more meaningful comparison is between my own
several MOOCs running on the same OpenLearning platform.
That holds the hosting as a constant. However, my MOOCs
were on different topics, hence promoted from different
inbound promotional links. Forensic psychology, personal
branding,
neuropsychology,
gamification,
and
neuropsychotherapy all have in common a psychological
element but participants would likely come from quite
different backgrounds. In practice out of the 8,564 enrolled
there were several hundred identifiable as doing more than
one of my courses, not always within the same topic area.

Although I created my MOOC ‘for free’ this cannot be
directly compared with the expense of national-level projects
like Murder Under the Microscope (MuMM) or Tournament
of Minds (ToM). The former is a state government initiative
with salaried staff, external contracts, and paid actors. The
latter has salaried teachers who do some of the work in class
and some voluntarily outside, with judges and administrative
volunteers who incur travel expenses, including flights and
accommodation. My own MOOC was based on resources
developed over a career that included paid public service. The
free hosting platform YouTube is subsidized by its advertising
and OpenLearning by fee-paid courses, some from
universities. So the total hidden and opportunity costs
between these may not be so different. There is no free lunch.
If teachers use my low-budget methods they still have to
factor in their time. Only to the extent that I’ve made it easier
can my methods be a saving.
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8. CONCLUSION
This paper has attempted to convey its message of
medium. My own theories regarding conversion of tasks to
games were published long ago (Benjamin, 1980a, 1980b,
1981, 1982) and successively updated (Benjamin, 2007,
2010a). A task can be converted to a game version by adding
some of these elements:
•

•

•
•

•
•

•

•

•

•
•
•

Parallel forms of tasks – puzzles, crosswords,
shooters, and strategy gamelets created from tasks
and quizzes, randomized with card draws, dice,
competitors and choices.
Meta-game from gamelets – a loose quest,
tournament, rally, auction, Olympic events format
embracing the smaller individual trials made of
parallel forms of tasks.
Brief high-tech introduction – video, newsroom
announcement or mission briefing
Diminishing difficulty – releasing difficult clues
early as an automatic reward system so that those
who solve clues or achieve tasks early get a head
start advantage for the next stages.
Choice – paths determined by decisions
Work offline – clues are researched outside the
gamelets via traditional web quests, libraries, books,
and experiments; missions may require offline
development of gadgets, plays, songs, and reports
‘Adventure cockpit’ – action may revert to a
‘headquarters’ or ‘cockpit’ that employs the usually
more mundane but utilitarian target maths or science
skills
Optimize contaminants – prior skills and individual
differences contaminate our teaching results. They
can add life to a competition but they can also
demoralize others and side track from the topic and
teaching. Use or reduce them strategically.
Levelers – ‘level the playing field’ for participants
through chance or unpredictable elements such as
cards, dice, unusual information, odd tasks, and
competitions.
Rewards – intrinsic rewards from the topic itself
should be our first choice, rather than extrinsic ones.
Immersion – give participants a first person
perspective to engage them at an emotional level
with the characters and themes.
Integrated Media – the merchandising cycle can be
applied to the above.

As best I could I’ve embedded these concepts in this
paper. The video version was an ‘incomplete’ medium
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As is typical of MOOCs, dropout rates are high.
Statistics on my Tomcomau YouTube channel show that
enrolments are not followed by views. The gamification
topics attract nowhere near the numbers I get for more
conventional videos. My standalone music video version of
the John Henry song on YouTube gets far more views (2,185
views) than the exact same video given as the ‘answer’ to the
game format (569 views on Moviestorm). I get even more
views on my entirely un-promoted YouTube music videos
such as Stand by Me (13,825 views) or standalone
documentary (Neuropsychology in 10 Minutes, 11,036 views).
Such data is clearly far too ‘noisy’ to offer conclusions about
the supposed engagement of game versions. But given the
kick start I had supported by the largest education department
in the Hemisphere and the number of teachers allegedly
seeking games it is ominous that I got far more views merely
singing Daisy, Daisy.

Simple viewer reactions as data often add little to the
point of being misleading. Within large numbers there are
bound to be outlier enthusiasts and trolls. The evaluation of
my particular MOOC was not to establish the best method.
Rather it was to see if within a low budget I could run it at all.
Salman Khan established a decade ago that digital chalk &
talk could be appealing and effective on topics that people
regard as important but difficult such as maths. But his
seemingly simple method is a form of live filming with
minimal game element. The techniques employed in the video
you’re watching might for some be even simpler to create and
scaled into games.

intended to draw your interest back to the ‘headquarters’, in
the form of this paper version. You could then adventure into
the ‘merchandise’ world of my web resources, games, courses
and earlier papers. The ‘meta-game’ format demonstrates
‘parallel forms’ as it retains a structure that can house
different ‘gamelets’ across many different topics. The video
‘integrated’ different audio visual media, carrying the themes
from spreadsheets to rock music, to give successively more
direct clues to the actual punchlines, software apps and game
development techniques. The final clues are the list of game
elements above and the apps in the Appendix. If you were
already familiar with any of the concepts or techniques that
was a ‘contaminant’ – an inequitable head start not
attributable to my message. But hopefully the playing field
was levelled by the novelty of the information. As for
rewards, saving money on your next simulation could be an
‘intrinsic’ reward from this paper rather than digital badges. I
hope you were immersed in thoughts of applying some of the
ideas to your own games and simulations. You’ve seen the
video but this traditional paper version is the ‘cockpit’ from
which you might adventure to the coloring book, records, tshirt, underwear, coffee mugs, guitar lessons and, oh yes,
creation of your own games and simulations. Isn’t that what
it’s all about?
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Debriefing Continues the Learning
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1

Simulation is a complex process which parallels life in most respects – but can be managed and reflected on in ways that life
cannot be so readily assessed or re-worked. This long workshop will introduce participants to a multi-layered approach to
conducting the debriefing process. The process assumes that participants have some knowledge of simulation structures and
processes and will use short activities to create experiences for post-action analysis.
Debriefing is a complex issue. To reduce that complexity this work introduces a 3x3 matrix aligning debriefing methods with
timing of debriefing. Participants will experience activities and be able to try out various timings and methods for conducting
debriefings.

Debriefing can be:
a) practical and physical;
b) verbal and discursive;
c) written and analytical.
This workshop takes participants on a journey through the matrix of possibilities, using a range of activities to develop insights
into which debriefing format best suits particular learning outcomes or organisational goals.
Everyone has a favourite method for debriefing. Once settled into using it, we may find it difficult to expand our repertoire or
consider alternative approaches.
Participation in this workshop will help you locate your preferred method/s on a matrix of approaches; consider how the full
matrix of options may help you to draw out more in depth learning and insights from your simulation activities: and will explore
why different strategies are needed in different contexts.
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Debriefing can occur:
a) during an activity;
b) immediately afterwards;
c) when related activities are complete.
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The aim of Citizenship education is cultivating citizens of future democratic society,
furthermore international society, based on the knowledge and understanding of social
phenomena. It is important for citizenship education to let students become aware that
society is filled with possibilities of future. What is more, students have to face the
society through communication in citizenship education. This is the very thing which
cultivates citizens of future society to arouse motivation in the students to change future
by their own communication. In this study, we insist that gaming/simulation to let
students negotiate should be effective in citizenship education. From the above, we
developed INDEPENDENCE DAY as a negotiation game usable in citizenship education,
and proved the effectiveness of the game through an experiment. INDEPENDENCE
DAY is a negotiation game for students to virtually experience diplomatic negotiation
between Japan and the United States after World War II. The results of the experiments
indicated following 3 points; 1) students actively dealt with communication filled with
uncertainty actively, 2) students gained awareness of various possibilities in future society,
3) this game aroused students’ motivation to participate positively in the society.
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1.

INTRODUCTION

The aim of this study is to demonstrate effectiveness of
negotiation games as gaming/simulation usable in citizenship
education. Citizenship education aims to cultivate citizens of
future democratic society, furthermore international society,
based on the knowledge and understanding of social
phenomena. Especially, not only specific knowledge and
skills, but also the competency of utilizing them has been
required (Rychen et al., 2003). So in citizenship education,
students have to acquire the competency of committing
themselves to future society through their own
communication.

Then, how can we design learning methods to cultivate such
competency in citizenship education? In modern society
which progresses with complexity and plurality of values, we
cannot suppose only one process that human beings must
follow. Today’s citizenship education has to cultivate the
competency to search better alternatives in various
possibilities, not with only one right answer, through
communication with various opponents (Yoshinaga, 2015). So,
this study, referring to Duke (Duke, 1974), insists that
gaming/simulation should have effectiveness in citizenship
education, because students create their own future in a virtual
world filled with various possibilities through communication
in gaming/simulation. Especially, the creation of future
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society in gaming/simulation can arouse motivation in the
students to change future by their own communication.
This study takes the stands that society is filled with various
future possibilities because society is formed by
communication filled with uncertainty (Luhmann et al., 2002).
So
we
emphasize
students’
communication
in
gaming/simulation usable in citizenship education. Already,
we have developed some gaming/simulation in which students
try to solve social problems and conflicts through their
communication, and demonstrated “Communication for Plural
Futures” is the most important thing in citizenship education
(Ohyama et al., 2015).

From the above, this study focuses on negotiation as
“Communication for Plural Futures”, and demonstrates
effectiveness
of
Diplomatic
Negotiation
Game
INDEPENDENCE DAY. Negotiation is a communication
filled with uncertainty because of incompatible interest of its
participants, so its end is varied from a breakdown to win-win
(Schelling, 1960). Such experience of “Communication for
Plural Futures” in negotiation games lets students get
awareness of various possibilities in future society, and arouse
motivation in them to change future by their own
communication.
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However, as for preceding negotiation games, they focus on
cultivation of specific negotiation skills or understanding of
social phenomena (Florea et al., 2003; Chin et al., 2009).
Preceding studies lack the point of view that negotiation as
“Communication for Plural Futures” arouses motivation in
students to change future society by their own communication.
That is, preceding studies lack the view of cultivating
citizenship.
In
addition,
preceding
studies
of
gaming/simulation’s educational effectiveness, only focus on
acquisition of social skills or specific knowledge (Greenblat,
1988; Randel et al., 1992). Thus, demonstrating the
effectiveness of negotiation games in citizenship education is
a very important theme.

The construction of this study is as follows.

1. Contents of INDEPENDENCE DAY are introduced
concretely.
2. Evaluation experiment’s methods and results are described.
2.

INDEPENDENCE DAY

2) It is a period right after a war in which A won over B. Both
A and B are damaged seriously by the war.

3) B cannot decide its own policy, because it is occupied by A.
B’s military forces are dispersed. And there are A’s troops
stationed in a lot of B’s cities, typically its capital city.
4) B has a capacity of industrial technology and production.
Exportation of industrial products is important for B’s
independence. A controls B’s capacity of industrial
technology and production with the purpose that B will not
become A’s enemy again. So, B cannot conduct the trade
freely.

5) C has come to power as a great country since the period of
the war. After the war, C is opposed to A. C wants to make a
friendly and commercial relation with B for gaining advantage
in conflict with A.
2.3 Game Flow

1) Facilitator explains player’s aim, situation and notes (about
10 minutes).
2) Both teams A and B submit a request card to their
opponents (about 8 minutes).
3) Discussion in each group (about 3 minutes).
4) Negotiation phase 1.
5) Discussion in each group. In this phase, special news is
reported. The news contents are as follows; a war suddenly
occurs in country D (supposedly Korea), and D’s army
supported by A became inferior to C’s army.
6) Last negotiation phase.
7) A and B make a commitment document.
2.4 Notes
In this game, it is needed for students to negotiate freely,
because we want students to experience “Communication for
Plural Futures”. So, the following is concretely described.
1) You must negotiate over four issues, but you don’t have to
make a consensus with all issues during the game.

INDEPENDENCE DAY is Diplomatic Negotiation Game for
students to virtually experience diplomacy in history. By not
only experiencing it in this game but also sharing each other’s
experience and results in debriefing, students can realize
various possibilities of society while ordinary history classes
make students think history has only one process. The
contents of INDEPENDENCE DAY are as follows.

3) Conflict between A and C spreads worldwide. So, you have
some alternatives for B’s trade; worldwide free trade, trade in
A’s sphere of influence and trade in C’s sphere of influence.

2.1 Players and Their Aims

2.5 Debriefing

Player: Players belong to diplomatic corps of a great country
A (supposedly the United States) or a small country B
(supposedly Japan). One team represents one diplomatic corps
and has about 3 people. About 6 people including team A and
B form one group.
Team’s Mission: The diplomatic corps A negotiates with B
considering the conflict with C (supposedly the Soviet
Union). The diplomatic corps B negotiates with A for their
country’s independence.
Issues of negotiation: 1) Independence of B, 2) A’s military
presence in B, 3) B’s own military, 4) B’s trade.
2.2 Situation
The situation is abstracted from the Cold War structure and
simplified to use in high school classes. Concrete descriptions
of the game are as follows.

50

2) Whether or not B becomes independent, both groups A and
B have to consider the relation with C and the relation
between A and B in the long run.

To realize various possibilities of future society, sharing each
group’s results is important in debriefing, because students
can realize another possibility as well as historical facts and
their own results. Procedures in debriefing are as follows.
1) Each group announces its own commitment document, and
students share various results.

2) Facilitator questions “Are you satisfied with your
commitment documents?”, and students exchange their
impressions.
3. EVALUATION EXPERIMENT; METHODS AND
RESULTS
3.1 Hypotheses

Hypotheses in this experiment are as followings.
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In this study, we demonstrated the effectiveness of a
negotiation
game
through
an
experiment
on
INDEPENDENCE DAY in a Japanese high school.
INDEPENDENCE DAY is a negotiation game to make
students virtually experience diplomatic negotiations between
Japan and the United States after World War II in abstract
settings. Followings are the reasons of the selection of this
historical facts; 1) this diplomatic negotiation is a very
important turning point in Japanese diplomacy after World
War II, 2) students can realize the various possibilities of their
society including their history by experiencing diplomatic
negotiations in historical facts, 3) negotiation between the two
nations is simple enough to use in high school classes.
Through this game, it is expected that students face a
communication filled with uncertainty and realize the various
possibilities of their future. We insist that gaming/simulation
should take a very important role in citizenship education
through the experiment of this game’s effectiveness.

1) Countries A, B and C appear in this game.

1) In INDEPENDENCE DAY, students actively experience
“Communication for Plural Futures”.

2) Students realize various possibilities of future society
through “Communication for Plural Futures”.

3) Students gain motivation for changing future by their own
communication through INDEPENDENCE DAY.
3.2 Methods

Participants: Participants were 40 high school students in the
first grade, and each group of 4 students formed a diplomatic
corps of A or B, thus making 5 groups.

Study date: INDEPENDENCE DAY was conducted on
September 29, 2014. An immediate questionnaire was
conducted on October 12, 2014. A delayed questionnaire was
conducted on September 3, 2015.

Tasks and procedures: Students played INDEPENDENCE
DAY. After the game, students’ reactions were examined
using a questionnaire. To examine students’ responses, a fivepoint scale and a free answer method are adopted in the
questionnaire. In a five-point scale, “5” means “Agree very
much,” “4” means “Agree somewhat,” “3” means “Cannot
say either way,” “2” means “Disagree somewhat,” and “1”
means “Totally disagree.”

To examine hypothesis 2, it is needed to confirm the students’
realization of various possibilities of future society through
this game. So, students’ realization was confirmed in the
immediate questionnaire using the question; “When you
listened to other groups’ commitment documents, how did
you feel?” Students’ responses to this question were examined
by a free answer method. In students’ answers, we identified
the answers as such that they realized various possibilities of
future society. In the identification process, after two of us
identified students’ answers separately, we checked the results
and reached an agreement on identification. Regarding the
disagreement on identification, we reached an agreement by
discussion.

To examine hypothesis 3, we have to confirm following 2
points; 1) students got interest in actual social phenomena, 2)
students got self-efficacy to participating in society through
INDEPENDENCE DAY. It is supposed that the motivation is
aroused by these two points. First, students’ interest was
confirmed in the immediate questionnaire using the question;
“Did you get interest in politics and diplomacy through this
game?” Students’ responses were examined by a five-point
scale with this question. Next, students’ self-efficacy to
participating in society was confirmed in the immediate
questionnaire using the question; “How did you feel about the
difference between this game’s negotiation and conventional
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3.3 Results

Game’s results: Through this game, various consensuses
between A and B were reached. Regarding B’s independence,
3 groups reached a consensus on B’s independence, 1 group
reached a consensus on B’s existence as a local government of
A, and 1 group’s negotiation was a breakdown and the
maintenance of occupation was concluded. In addition, each
of the groups was engaged in various struggles of terms about
other issues. Table 1 is representative of the commitment
documents.
Table 1: Example of commitment documents
Number
Group 1

Commitment Documents
1) B got independence from A.

2) B can have its own military forces on a half
scale of A. A and B must support D.
3) A reduces A’s stationed troops to one- half.

4) About B’s trade of industrial production, B
can trade less than the trading amount between
A and B on a worldwide scale apart from
armaments.
Group 2

1) A and B form a confederation. B holds the
right as a local government. B holds the
administrative right independently, but B’s
administration is based on the central
government’s constitution.

2) B has its own military forces. A reduces its
troops to one-half at present. After 50 years, A
will reduce their troops completely (A cannot
extend this restriction basically, but A will be
able to change this restriction corresponding to
the situation after 50 years.)
3) About the trade, A and B have a common
trade system, and the central government
controls its benefit. Although B has original
trade partners, B gives its benefit to A.

4) A supports B’s revival. B supports A’s
industrial aspects. B works for making a good
relationship between A and C.

Questionnaire’s results: Questionnaire responses examined
by a five-point scale were divided into two categories;
responses of “5” and “4” were deemed positive; responses of
“3,” “2,” and “1” were deemed neutral/negative.

Table 2 represents the results of students’ active attendance.
In the immediate questionnaire, positive responses make up a
very large proportion. And in the delayed questionnaire, there
were more positive responses than neutral/negative responses.
By calculating the direct probability of the population rate
inequalities, we found a significant difference between the
number of positive and neutral/negative responses for 1, 2,
and 4 items.
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To examine hypothesis 1, it is needed to confirm the active
attendance of students and their impressions on this game.
First, students’ active attendance was confirmed in the
immediate questionnaire and the delayed questionnaire using
two questions; “Was the game fun for you?” and “Do you
want to play this game again?” Students’ responses were
examined by a five-point scale with the two questions. Next,
students’ impressions were confirmed in the immediate
questionnaire using this question; “What was difficult or fun
in this game’s negotiation? In what situation did you feel so?”
In the delayed questionnaire, a similar question was used;
“What was fun for you in INDEPENDENCE DAY?” Students’
responses to these questions were examined by a free answer
method.

discussions that you have experienced in citizenship education
classes?” By this question, negotiation’s merits in citizenship
education are demonstrated. Students’ responses to this
question were examined by a free answer method.

fun when our group’s idea took shape in
discussion.

Table 2: Active attendance
items

P

N

1. Was the game fun for you? (the immediate
questionnaire) **

37

3

2. Do you want to play this game again? (the
immediate questionnaire) **

37

3

3. Was the game fun for you? (the delayed
questionnaire) n.s.

25

15

4. Do you want to play this game again? (the
delayed questionnaire) *

28

12

6. What was
fun for you in
INDEPENDE
NCE DAY?
(the delayed
questionnaire)

2) I understood what a diplomatic
negotiation was through my own
experience. To negotiate utilizing my
country’s situation was fun.

3) Bargaining was fun for me.

4) Expecting our opponent’s requests
was fun for me.
5) Thinking about statements to get a
consensus was fun.

6) I planned requests to which each of us
assented.

N=40, **p<0.01, *p<0.05, n.s.: not significant

P: Positive responses N: Neutral or Negative responses

7) It was fun to deal with our opponents
flexibly while we had basic options in
computer role-play games.

Table 4 represents the results of student’s realization of
various possibilities of future society through the free answers
to the question; “When you listened to other groups’
commitment documents, how did you feel?” A number of
students who are identified with realization occupied a very
large proportion. The rate of agreement in identification was
83%. By calculating the direct probability of the population
rate inequalities, we found a significant difference between
the number of realization and that of non-realization responses.
Table 4: Realization of various possibilities of future society

Table 3: Impressions on INDEPENDENCE DAY
items

responses

5. What was
difficult or fun
in this game’s
negotiation?
In
what
situation did
you feel so?
(the
immediate
questionnaire)

1) I felt that overcoming a difference
between our value and the opponent’s
value was very difficult. The reason is
that the opponent’s country was very
warlike while our country aimed at
peaceful solution.
2) Though we thought we would get
independence easily in the beginning, we
were surprised to be told by team A, “We
can compromise on several terms, but we
cannot permit your independence.” I
thought most of our independence, but
others in my team didn’t think so.
Therefore, I felt it difficult to have a
consensus in this game.

3) It was very difficult for me to
understand the opponent’s statements,
because we didn’t agree with our
opponent. It was fun for me to plan a
strategy to adopt my opinions and
become superior to the opponent.
4) If I negotiate only for our benefit, the
negotiation will be a breakdown. So it
was difficult to negotiate not only for our
benefit but also for the opponent’s. I felt

Number of
students

Realization

Non-realization

P

31

5

<.001

N=36 (missing value=4)
Table 5 is representative of the majority of responses that
students realize various possibilities of future society. These
responses represent students who realize the various
possibilities by comparing their own result with other’s results.
It seems that students got realization of various possibilities
by sharing the results of this game with other students in
debriefing.
Table 5: Representative of the majority of realization of
various possibilities of future society
items

Responses

7. When you
listened to
other
groups’
commitment
documents,
what did you
feel?

1) There were a lot of groups, and there
were various commitment documents’
contents. Similarly, I felt actual
negotiation results were varied and could
be both a success and failure responding to
the concerned countries in this age.
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2) Oh! Other groups got independence.

3) Although I expected all groups’
commitment documents would have
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Table 3 is representative of the majority of responses that
students have strong impressions on this game. Item 5 is in the
immediate questionnaire, and item 6 is in the delayed
questionnaire. Item 5’s responses show that students had
strong impressions especially on communication filled with
uncertainty. For example, responses (1) and (2) show that
students experienced such communication filled with
uncertainty of other’s responses. From the above, it is proved
that students struggled to reach compromises and construct
their own futures in such communication. In addition, item 6’s
responses show that the strong impression can remain with
students for a year afterward. These results conclude students
were actively engaged in “Communication for Plural Futures”
in INDEPENDENCE DAY.
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1) I could change a serious situation
myself.

similar contents,
contents.

there

were

various

4) I expected all groups to have full
independence at first, but I realized there
were various consensuses from imperfect
independence to close to independence.
5) Because there were various contents
which I had never thought, for example “A
and B form a confederation”, I became
interested in how they discussed. It was
fun for me to know that each of the groups
had various opinions by knowing
negotiations’ results in debriefing.

Table 6 represents the results of students’ interest in actual
social phenomena. In the immediate questionnaire, positive
responses account a very large proportion. By calculating the
direct probability of the population rate inequalities, we found
a significant difference between the number of positive and
neutral/negative responses.
Table 6: Interest in actual social phenomena
P

N

8. Did you get interest on politics and
diplomacy through this game?*

33

3

N=36 (missing number=4), *p<0.01,

P: Positive responses N: Neutral and Negative responses
Table 7 is representative of the majority of responses and
shows students’ self-efficacy to participating in society arose
through playing this game. These responses show students
had a sense of reality in a diplomatic negotiation and they
tried to negotiate as a responsible person for each country. In
addition, these responses show that students actually felt
variables of future society depending on their own
communication ways. From the above, this result
demonstrates to some extent that students can get self-efficacy
by participating in society through INDEPENDENCE DAY.
Table 7: Self-efficacy to participating society
items

responses

9. How did
you
feel
about
the
difference
between this
game’s
negotiation
and
conventional
discussions
that
you
have
experienced
in
citizenship
education’s

1) We can change the result depending on
our behaviour.

2) To make an assent with the opponents
was possible through our communication.
3) I was quite involved

4) I was more active in this class than in
any other citizenship education class. So it
was fun for me.
5) This game was filled with a sense of
reality.
6) I really got into becoming a diplomatic
corps’ member of my country.

7) I was more involved in this class than in
any other class which I had taken, because
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4.

each of us could discuss thinking about the
interest of each country.

CONCLUSION

First, hypothesis 1 is backed up by the following 3 points;
various futures were created in INDEPENDENCE DAY by
high school students (Table 1), students attended actively
(Table 2), and students had strong impression on
“Communication for Plural Futures” (Table3). Especially, it is
strongly confirmed that students experience “Communication
for Plural Futures” in a negotiation game, because the results
in the delayed questionnaire indicate its effectiveness to some
extent. The causes for these results are that negotiation is fun
and new for students, and the actual attendance in this game
encourages student’s serious communication.

Second, hypothesis 2 is backed up by the following point;
most students realized various possibilities of future society
by sharing results in debriefing (Table 4 and Table 5).
Because various futures are created in the negotiation game,
sharing each student’s experiences and results in a debriefing
is very important in citizenship education. In addition, some
students evaluate other commitment document’s content in
their responses. This result indicates that negotiation game
could have more effectiveness in citizenship education than
expected in this study, for example, negotiation games could
foster the ability of making evaluation of policies through
comparing with various possibilities of future society.

Lastly, hypothesis 3 is backed up to some extent by the
following 2 points; students got interest in actual social
phenomena (Table6), and students got self-efficacy to
participating in society (Table7). It seems that both of the
experience of “Communication for Plural Futures” in the
game and realization of various possibilities of future society
in the debriefing let students feel “We can change the result
through our behaviour”. Such motivation and feeling is very
important for democratic citizens.

Hypotheses 1, 2, and 3 are proved up, so it is demonstrated
that students realize various possibilities of future society, and
students’ motivation to participate in future society by their
own communication aroused. From the above, this study
indicates negotiation games have much effectiveness in
citizenship education.

Our future assignment would be to improve negotiation games
to let students evaluate policies in the actual society with
realization of its various possibilities. In this study, it has not
been enough to let students evaluate an actual policy. So with
improvements on debriefing, for example, by comparing their
own results with historical facts in debriefing, they could
evaluate a policy in a history with realization of various
possibilities.
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We are living in an era of diversity. The globalization has been making it easier for
people to move not just across the border but rather across the world. Thus there are many
ongoing issues about social cohesion and immigrant integration in the urban
neighbourhoods. Immigrant integration as suggested by the IOM is a two-way process
that includes both the immigrant and the host society. Many literatures have pointed out
that the promotion of diversity in local neighbourhood is one of the main solutions for
immigrant integration. Thailand is also experiencing this phenomenon, especially the big
cities such as Bangkok and Chiang Mai. However, the past evidences suggest that Thai
people have a very limited understanding of the notion of diversity, and many of them
still have the bad prejudice in regard to migrant workers. The objectives of this research
are 1) To evaluate the residents’ perception of understanding and acceptance toward the
concept of immigrant integration and neighbourhood co-existing diversity 2) To find out
the effect of gaming simulation on the resident and immigrant, and following. We
introduce Diverse Arrival Game as a game to promote diversity and immigrant
integration, consequently we implemented the gaming simulation along with pre- and
post-test questionnaire in one of the diverse neighbourhood in Chiang Mai. From the 100
sample of respondents, 50 of them are the foreigners who migrated to the area and the
remaining are the native residents of the area. The results show that the game improved
both of the groups of resident perception toward neighbourhood diversity. The game has
the ability to promote mutual understanding among the local stakeholders and prompt the
acceptance of diversity concept that stimulates a powerful dialogue and ultimately leads
to the new local initiation for diverse neighbourhood planning.
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1. URGENCY IN PROMOTING NEIGHBOURHOOD
DIVERSITY

There have been many literatures that pointed out the positive
impact of immigration on the city, Glaeser suggested that
cities are good for immigrants and immigrants are good for
cities. Immigration is essential to urban success ie, New York,
Chicago, Hong Kong, etc. (Glaeser, 2011) Howbeit, just
leaving the immigration happen naturally will not lead to a
favourable outcome. Without a sound integration policy,
Migration Policy Institute (MPI) concerns that increasing
mobility has brought not only the prosperity but also new
challenges, which are also asymmetrically distributed. Lot of
cities, even those experiencing new dynamism and growth,
have to contend with community tensions arising over the
allocation of limited public resources such as housing, social
welfare, and health services, as well as difficult-to-address
problems of poverty, residential segregation, and social
exclusion. (MPI, 2014)
One considerably aspect of immigration is the problematic
and complicated issue of segregation, which takes place in
many levels of urban setting. However, the local
neighbourhood is the main area that segregation and exclusion
take place, to encourage successful immigrant integration, we
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must focus our attention in the local level. Most importantly,
the interaction between two bodies is the key to the positive
outcome of integration 1) the immigrants themselves, with
their diverse attributes, commitments and degrees of
adaptability and 2) the receiving community, with its
attributes and its reactions to immigrant. It is the interaction
between the two that dictate the successfulness of the
integration process. Moreover, Penninx thinks that “the
receiving society, its structure and its reactions to newcomers
are consequently far more decisive for the outcome of the
integration process than the immigrants. The interaction
between the receiving society and individual migrants (and
immigrant groups) takes place in the very concrete contexts of
streets, neighbourhoods, schools, public spaces, and local
organizations.” (Penninx, 2009) But most of the time,
integration policy was developed in national level with more
broader and straightforward function. Consequently, the void
between immigrant and receiving community becomes more
and more immense.
In Thailand, there are the growing issues of immigrant
integration as well. The majority of Thai people still refer the
low-skilled migrant worker as “Alien resident” instead of
immigrant and as they have been regarding as so-called alien
residents. It is very hard for them to find a place in the
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community, immigrant integration process has never been the
main political agenda. And Thai government have not put any
effort to do so, resulting in many bad impressions and
misunderstandings of Thai people. For example, the recent
study of International Organization for Migration (IOM)
shows that Thai people still has a very bad attitude toward the
immigrant. As showed in table 1, the majority of the
respondent would like to have more restrictive migrant policy,
as they perceive that these Alien residents are the sources of
troubles and crimes, and also they rarely help immigrant
integrate to Thai society. This research has pointed out one of
the most crucial stigma that obstructs the integration process
in Thailand. Because of the prejudice thinking about the
immigrant, Thai people seldom know any migrants (according
to the report, only 17 percent of Thai people know them
personally), thereby, it is almost impossible that Thai locals
will take part in any of the integration activities. We need a
fundamental change in the way we approach immigration and
integration process altogether, we cannot ignore and exclude
the immigrant out of our urban system and planning table
anymore.

International migration today is increasingly diversified, more
complicated, temporary, circular and multi-directional. These
trends in complexity, direction and duration point out the need
for integration processes to be flexible and responsive to the
needs of each different situation, and especially to address the
specific place and role of immigrants in the receiving
community. Unfortunately, due to many reasons, Thailand

How can Thai city be reflexive and cope with the inevitable
impact of immigration? There are many clues in the resilience
researches. Resilience of an urban system as stressed by
Promsaka, is a dynamic interaction of individual and
collective processes at different levels, which contribute to the
adaptability and capability to the system to withstand changes.
Hence, components of each realm such as socio-economic
characteristics, built and natural environment contribute to the
capability of the system to turn negative circumstances to
opportunities. “This dynamic interaction between the system
and changes may eliminate or transform some components of
the process in order to maintain the system’s continuity and
growth as an entity.” (Promsaka et al., 2014)

Therefore, resilience in this research is the ability of local
neighbourhood to absorb the incoming wave of immigrant
that becoming more and more dynamic and complex in nature
and also combine itself in a way that both the local resident
and the immigrant can live together in harmony.

In summary, immigration can create the beneficial impact to
the city in the aspect of economic prosperity, socio-cultural
diversity. But at the same time if the city does not have the
valid integration policy, it can also put constrain into an urban
area in term of increasing demand of public services and
welfares. In addition, many of the cases lead to the
segregation problem and tension in the local community.
Therefore it is up to the urban policy maker and urban
designer to incorporate the concept of integration and coexisting diversity, the development of transnational and dual
or multiple identities where immigrants live in, have a sense
of belonging to, and participate effectively in two or more
societies, in the planning and design table through an
interactive and dynamic tools, to stimulate and manage the
influx of the migrant in the most suitable way.
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Thailand must admit that immigrants have differentiated
needs and that there is no “one-universal” answer and get rid
of the wronged stereotype presumption regarding the
immigrants. Integration programs that are too extensive and
do not answer the specific needs of the immigrant (which are
often the case for Thai immigrant integration process) do little
to promote integration. The government must consider about
the bad stereotype of Thai people as well.

seems to be very rigid and slow to adapt to these everchanging nature of immigration.

Table 1: Attitudes toward migrants1
Questions

Percentage of
yes answer

Government policies to admit migrant should be more restrictive

Authorized migrant workers who do the same job as national workers cannot expect to have the same pay and
working condition

89%
64%

The authorities do enough to protect migrant worker from being exploited

57%

Migrant commit a high number if the crime in this country

78%

The number of migrants is threatening our country’s culture and heritage

48%

Educated friends about some positive aspect of migrant workers

33%

Helped a migrant worker to integrate into society or get ahead at work

7%

(Hypothetical) Would you report and follow up an employer you suspected was abusing migrant workers?

41%

1

Conducted by ILO TRIANGLE project in late 2010, 1000 samples
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Ultimately, as we learn from many scholars, it is apparent that
there is the need for immigrant integration process from the
local community level (which in our case the neighbourhood
level) that several stakeholders such as the local community,
local government and the private sector, which fostering the
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notion of diverse neighbourhood to find the mutual accord for
everyone. The focusing point of those integration policies
must focus on the public realm and other place in the local
neighbourhood, which provide the chance for positive
interaction. The tool for immigrant integration process must
be implemented in the bottom-up manner and it should also
possess the reflexive ability to counter the dynamic and
complex nature of immigration likewise.

In order for us to investigate further on the relationship
between urban development and diversity issues, as we could
perceive from the existing literature that the understanding
and interpretation of the concept of co-existing diversity has
been widely elucidate in many ways across the country and
around the world. Thus, how can we successfully introduce
the notion of co-existing diversity, while we touch upon this
delicate issue of immigration, we came upon the tool of
gaming simulation that we believe it has the potential to be
implemented as the experimental tool for this paper.

As a communication tool to improve collaboration, gaming
simulation makes complex information into more simple and
understandable, GS shows more capability to consider diverse
perspectives on the problem at hand than do many other types
of media. As stated by Duke “the multilogue, variety of
interpersonal interactions (such as persuasion and negotiation)
occur quite naturally among game players”. (Duke, 1975)
Nature of gaming was very helpful when we are trying to
create mutual partnerships among a wider variety of
stakeholders. (See figure 1)

2. GAMING SIMULATION AS A TOOL TO
PROMOTE IMMIGRANT INTERGRATION

Gaming Simulation (GS) is a reproduction of reality. As a
training tool, it capacitates the player to learn through
interactive experiences. GS has elements of experiential
learning and adult learning. It is exceptionally practical for
learning about complex situations, where the problems are
unaccustomed, and where the damage of fallibility in making
decisions is likely to be costly, therefore, GS offers many
benefits. As Dumblekar quoted from Reibstein that
“Simulations accelerate and compress time to offer a foresight
of a future. They are experimental and experiential. They
promote creativity amongst the participants, who develop a
shared view of their learning and behaviors. Above all,
making decisions have no real-life cost implications.”
(Dumblekar, 2003)
On the complex relation between simulation and reality, Rizzi
described that “The one that seems to be the most appropriate
is gaming simulation: a gestalt (form, scheme and
representation) where a significant model of reality
(simulation) is working (on the basis of rules) due to
participants’ decisions (players/ roles).” The description is an
elaborated version of the definition by Duke (1974) “that
attributes to gaming simulation the function of a continuously
updated physical, symbolic, conceptual etc., map. This map
becomes the only instrument capable to reach the idea of the
present and of possible futures.” (Rizzi, 2011)

Figure 1: Duke multilogue communication
Games for ‘communication and collaboration’ help one to
comprehend and experience hidden mechanisms that take
place when one communicates and collaborates. In terms of
the experiential learning cycle of Kolb, games for
‘communication and collaboration’ are very useful in various
stages. (See figure 2)

The concept of gaming simulation that related with this study
was mainly considered in two main aspects, the first one is a
tool for learning and second one is about collaboration
improvement tool. There were many studies about gaming
simulation and many of them showed that gaming simulation
Figure 2: Kolb learning cycle
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The goal of this research is to study the possibility of the
implementation of gaming simulation as a key of meta-frame
of planning for neighbourhood immigrant integration and coexisting diversity. Consequently, there are two research
objectives 1) To evaluate the residents’ perception of
understanding and acceptance toward the concept of
immigrant integration and neighbourhood co-existing
diversity and 2) To find out the effect of gaming simulation
on the resident and immigrant, and following by that the
research questions are 1) Is gaming simulation has positive
impact on the neighbourhood perception regarding immigrant
integration and co-existing diversity? And 2) How gaming
simulation affect the resident and immigrant?

could be applied for both learning tool and communication
tool altogether; here are some advantages of GS in the aspect
of learning tool, Salas stated that “Gaming simulation is
superior to other teaching methods for helping students
develop skills such as complex problem-solving, strategic
decision making and behavioral skills, including teamwork
and organizing” (Salas et al., 2009; Thompson & Dass, 2000).
In addition to that in the view of many scholars, gaming
simulation allows participants to develop a global perspective,
to connect learning with real-world situations and to get close
to the realities of a sophisticated world (Faria & Dickinson,
1994; Haapasalo & Hyvonen, 2001; Hoberman & Mailick,
1992; Lainema & Hilmola, 2005). And because they are
dynamic, gaming simulation allows “students to experience
the impact of change over time” (Cook & Swift, 2006, p. 38).
It is also particularly useful to help students understand
systemic outcomes and unintended consequences (Machuca,
2000). Furthermore, Dieleman’s study emphasized on the
benefit of GS “We can simulate certain realities, play,
manipulate and experiment and experience what the
consequences are or what they might become.” (Dieleman &
Huisingh, 2006)
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Figure 3: Duke communication continuum

Allan G. Feldt, Mitcell Rycus, Analytical methods [in:] Hemalata C.
Dandekar, The planner use of information, APA planers press,
Washington, 1988.
Allan G. Feldt, Mitcell Rycus, Analytical methods [in:] Hemalata C.
Dandekar, The planner use of information, APA planers press,
context,
Rizzi
further elaborated that the game itself is
Washington,
1988.

In this
one kind of an alternative language “Both Duke (1974) and
Klabbers (2006) focus on the construction of a slang taking in
In this context, Rizzi further elaborated that the game itself is
consideration the concept of language as well. Most users and
one kind of an alternative language
“Both Duke (1974) and
designers from Feldt and Rycus2 to Duke point out the
Klabbers (2006) focus on the construction of a slang taking in
communicative nature of gaming simulation. Therefore, the
consideration the concept of language as well. Most users and
game has its specific value of a language and yet being a
designers from Feldt and Rycus2 to Duke point out the
language it can describe the experience of learning another
communicative nature of gaming simulation. Therefore, the
language. Nevertheless, you cannot describe the experience of
game has its specific value of a language and yet being a
learning how to use a language because to do so it would be
language it can describe the experience of learning another
necessary to imagine a state without any language, something
language. Nevertheless, you cannot describe the experience of
similar to thinking what would it is like: not to think. If a
learning how to use a language because to do so it would be
language includes all that is necessary to give symbols a sense
necessary to imagine a state without any language, something
similar to thinking what would it is like: not to think. If a
language includes all that is necessary to give symbols a sense
58

Land use transformation
(the existing phenomenon)

Urban interven+on and land use management

COMPLEX IN THE
PROBLEMS
REALITY
REALITY

A chronic problem of urban
migra3on
its inﬂuence
Land useand
transformation
on the urban
fabric
(the existing
phenomenon)

THE GAME’S
PROBLEMS IN THE
OBJECTIVES
REALITY

A chronic
problem
of urban
To increase
urban
area
migra3on and its inﬂuence
resilience
to
on the urban fabric

THE
GAME’S
CRUCIAL
CRITERIA OF
OBJECTIVES
GAME
DESIGN

STIMULATED SITUATIONS:
CRUCIAL
CRITERIA OF
GAME
SCENARIO
GAME DESIGN

immigration through
land use transformation
management
To increase urban area
(a
goal of to
the game)
resilience

To educate students/
make decision makers
understand problem of
land use/ resilience,
dynamic of urban
To educate students/
migrationmakers
make decision
understand problem of
land use/ resilience,
dynamic of urban
migration

immigration through
land use transformation
management
Arrival
City and its migrants
(a goal of the game)

Arrival Cityconceptual
and its migrants map of the arrival
STIMULATED SITUATIONS:
Figure
4: A sandglass-shaped
GAME SCENARIO
city.

Figure 4: A sandglass-shaped conceptual map of the arrival
3. GAME DESIGN AND MECHANISM
city.
The processing mechanisms of the game are as follow; 1. The
immigrants
motivated
by MECHANISM
the job and quality of living, and
3. GAMEare
DESIGN
AND
The processing mechanisms of the game are as follow; 1. The
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In stage 1, theyFigure
can be2:useful
understanding
the concrete
Kolb in
learning
cycle
experiences and the realities we observe and experience. In
stage 2, when dealing with tools and techniques, they play a
In stage 1, they can be useful in understanding the concrete
role in the selection and usage of management tools and
experiences and the realities we observe and experience. In
techniques. In stage 3, they can be extremely useful when one
stage 2, when dealing with tools and techniques, they play a
works in multi-disciplinary teams, one of the key challenges
role in the selection and usage of management tools and
of working with multiple stakeholders is to understand and
techniques. In stage 3, they can be extremely useful when one
respect each other, despite the fact that you do not always
works in multi-disciplinary teams, one of the key challenges
understand each other’s point of view.
of working with multiple stakeholders is to understand and
As seen each
in theother,
former
studiesthe
about
simulation
that it
respect
despite
fact gaming
that you
do not always
has the advantages
of knowledge
transfer tool. And it is a
understand
each other’s
point of view.
good communication tool for the players who participate in
As seen in the former studies about gaming simulation that it
gaming simulation activity. Thus, it is very suitable to be
has the advantages of knowledge transfer tool. And it is a
applied as an introduction tool to the concept of diversity and
good communication tool for the players who participate in
the dynamic of migration. The gaming simulation in this
gaming simulation activity. Thus, it is very suitable to be
research has two efficacies as follow,
applied as an introduction tool to the concept of diversity and
For
offers
the
the learning
dynamic or
of education
migration.tool,
Thegaming
gamingsimulation
simulation
in this
benefits
of two
bothefficacies
experiential
and generative learning that
research has
as follow,
provides an enhanced learning experience, which in this case,
For learning or education tool, gaming simulation offers the
it is about the concept of diversity and immigration
benefits of both experiential and generative learning that
integration.
provides an enhanced learning experience, which in this case,
For
tool, of
GS diversity
is a tool
structure
it is communication
about the concept
and to
immigration
communication
in
complex
situation,
discussion
and
integration.
brainstorming, exchange of thought, knowledge, information
For communication tool, GS is a tool to structure
and opinion. According to Duke, GS is at the most
communication in complex situation, discussion and
sophisticate end of the continuum (See figure 3), and typical
brainstorming, exchange of thought, knowledge, information
employs multiple language, multilogue and sophisticated
and opinion. According to Duke, GS is at the most
interactive combination of communication technology. (Duke,
sophisticate end of the continuum (See figure 3), and typical
1975) The community meeting was simulated and included in
employs multiple language, multilogue and sophisticated
the gaming simulation as for the players to experience the
interactive combination of communication technology. (Duke,
interaction, the reaction and phenomenon that would happen
1975) The community meeting was simulated and included in
in an actual community meeting activity.
the gaming simulation as for the players to experience the
interaction, the reaction and phenomenon that would happen
in an actual community meeting activity.

and if a game is a language, it seems useful to understand that
gaming simulation having a game among its constitutive
elements can be considered a meta language.” (Rizzi, 2011)
and if a game is a language, it seems useful to understand that
Promsaka also believed that the simulation is a
gaming simulation having a game among its constitutive
communication technique, which capable to convey a
elements can be considered a meta language.” (Rizzi, 2011)
message that falls in-between the understandable simplicity
Promsaka also believed that the simulation is a
for the public and the expert-let difficulty. Additionally, this
communication technique, which capable to convey a
simulation technique can be used as a communication tool for
message that falls in-between the understandable simplicity
urban planning and design in, which it can be transferred from
for the public and the expert-let difficulty. Additionally, this
a traditional computerized simulation into the gaming
simulation technique can be used as a communication tool for
simulation. And he further pointed out that a sophisticated
urban planning and design in, which it can be transferred from
simulation that provides a complex aspect of the reality can be
a traditional computerized simulation into the gaming
represented by a pleasant and enjoyable game. Gaming
simulation. And he further pointed out that a sophisticated
simulation offers the players a chance to play and make
simulation that provides a complex aspect of the reality can be
changes to a mock-up of the reality, in order to broaden and
represented by a pleasant and enjoyable game. Gaming
deepen their understanding about the reality that surrounds
simulation offers the players a chance to play and make
them. Besides, “the gaming simulation offers representatives
changes to a mock-up of the reality, in order to broaden and
of stakeholders the opportunity to meet each other, discuss
deepen their understanding about the reality that surrounds
and exchange their different information and opinions on a
them. Besides, “the gaming simulation offers representatives
specific issue, which enable a fruitful communication
of stakeholders the opportunity to meet each other, discuss
avoiding a risky judgment on wrong terms.” (Promsaka et al.,
and exchange their different information and opinions on a
2014)
specific issue, which enable a fruitful communication
Diverse Arrival Game was firstly developed in one of the
avoiding a risky judgment on wrong terms.” (Promsaka et al.,
ISAGA summer school by the team of Huyakorn, Rizzi,
2014)
Coyle, Toyoda and Promsaka (Huyakorn et al., 2012). The
Diverse Arrival Game was firstly developed in one of the
game developers are urban planners, engineer/ ex-military
ISAGA summer school by the team of Huyakorn, Rizzi,
officer, policy planner. The game is a board game with a
Coyle, Toyoda and Promsaka (Huyakorn et al., 2012). The
simulated situation in Microsoft excel programme
game developers are urban planners, engineer/ ex-military
(consumption, population, crimes, food supply, etc.), which
officer, policy planner. The game is a board game with a
aims to understand the dynamic of urban migration, the
simulated situation in Microsoft excel programme
relation to land use planning and the resilience of urban
(consumption, population, crimes, food supply, etc.), which
system to the complex migration phenomenon, especially in
aims to understand the dynamic of urban migration, the
the western context. (See figure 4). The first prototype was
relation to land use planning and the resilience of urban
tested with the ISAGA summer school 2012 participants (with
system to the complex migration phenomenon, especially in
engineering, game developer, policy maker background, etc.).
the western context. (See figure 4). The first prototype was
In the year 2013, the game was improved mainly in the design
tested with the ISAGA summer school 2012 participants (with
of the board and the calibration of the simulation in Microsoft
engineering, game developer, policy maker background, etc.).
excel program. We tested the second prototyped with ISAGA
In the year 2013, the game was improved mainly in the design
summer school 2013 participants (with architecture, social
of the board and the calibration of the simulation in Microsoft
science, disaster management, urban planning background,
excel program. We tested the second prototyped with ISAGA
etc.). The final prototype which was developed by Huyakorn
summer school 2013 participants (with architecture, social
was tested two times, the first time with 100 Italian
science, disaster management, urban planning background,
architecture students and then with 100 Thai urban planning
etc.). The final prototype which was developed by Huyakorn
students.
was tested two times, the first time with 100 Italian
architecture students and then with 100 Thai urban planning
Urban interven+on and land use management
students.

then they migrate to the city (Arrival city), resulting in 2. The
lack of urban resources/ utilities such as healthcare, police,
electric power, then the player need to 3. Use land use
management as a main tool to try to plan the land use policy,
develop the infrastructure and control the vulnerability and
lastly, 4. There will be a chance for every player to take part
in mayoral election. (See figure 5)
Motivation of
Immigration
Availability/
Lack of
urban
resources
Land use
management tools

Step 1
Job
Step 2

Availability or lack of resource

(2) Investor

Water
Power

Over explora0on of
urban resources

(3) Resident
Find a job and
accommodaCon

Figure 7: The simulated model.

Healthcare
School

Move to the city to
ﬁnd a job and
accommodaCon

City Center

Park

Pollution
Mayoral
Election

Take things
under control

Provide jobs and
earn proﬁts

Quality of life/living

Police

(1) Immigrant

(4) Government

Step 3
Land use planning & policy
Infrastructure development
Vulnerability control
Step 4
Electorate & Voting System

Figure 5: Processing mechanism

Figure 8: Example of option cards for the player.
Throughout the mechanism of the game, it will be very hard
for the players if they decide to play and take decision only
within the role they play, thus they need to learn to work with
each other, and eventually realize that they can also live and
work with immigrant, wherewith understand the role of
immigrant in an urban system. (See figure 9)

Figure 6: Board of the game.
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The game board is a square-shape board with the circular
shape of a town center in the middle, the lands in the game are
owned by both the public (in this case government) and
private (investor). All the players will take part in managing
the land; for their income, for their house, etc. (See figure 6)
We adjusted the topic of urban migration to international
immigration into the local neighbourhood to make it more
appropriate for the case study of Thailand. All the players
from 4 different roles of immigrant, resident, investor and
government have to take part in the development of the city
(Arrival city). The government is the main allocator of the
city policy and land management, the investor is the job
contributor in the city as well as developer of the land, lastly,
the resident and immigrant have to compete for the job and
the house in Arrival city. (See figure 7)

After all the players take action according to their roles, all
four teams have to come together to take part in city planning,
which they must try to find out the solution for Arrival city
together. Each turn, the game will be more and more
challenging as there will be more wave of immigrant coming
into the city that could cause more problem and disruption to
Arrival city.
As the player is not the expert in the field of planning, in the
game we provide the option cards for them to help them make
the decision, for example, the government team can choose to
provide the incentive to the investor, adjust the property tax or
evict the illegal settlement, etc.(See figure 8) Moreover, as the
role of government is very complex and they have to consider
many issues more than the other, the government role is
granted the access to the computerize excel sheets that
provide the detailed information of the situation of Arrival
city, such as the consumption, crime index, city
vulnerabilities, etc.

Stimulated Situations
of Game Design

Mechanisms in the game

Cause
Immigra'on

Mo#va#on of Immigra#on
Act

Over explora'on of urban
resources

Planning

Bring about

Availability of choices

(Step1)

Availability/Lack of urban resource (Step2)
Problems

Land use management tools
Mayoral Elec#on

(Step3)

(Step4)

Figure 9: Game mechanism
The neighbourhood we implemented the game was Wat-ket
neighbourhood, the only neighbourhood in Chiang Mai,
which has 4 religion buildings (Buddhist temple, Sixth
temple, Christian church and Muslim mosque) from 4
different religions. It is resided by people from many nations
such as Chinese, Thai, Cambodian, British. Traditionally, it
used to be a very harmonize neighbourhood as the resident of
all group come together to do many local activities. But
recently with increasingly diverse newcomers, the people
started to drift apart. The date of the activity was on the 7th
February 2016, and the follow up interview was on the 5th
March 2016. The main languages of the activities are English
and Thai.

There are 57 women and 43 men. Most samples are between
31-45 years of age. The second largest age group is 46-60
years old. We have also people aged 18-30 and over 60. The
youngest four samples are 18, 23 and 24 years old, while the
eldest three are 68 and 70. The group contains the people who
live by themselves, couples, single-parents, couples with
children, a multigenerational family, and people who live in a
form of shared housing (e.g. shared house with relative). The
largest groups of interviewees live alone, have a partner and
children, or are single parents with children.

In terms of the socio-economic status (SES) of the samples,
referring to income and education levels and type of
occupation, there are very diverse but the majority is in a
lower-middle or middle SES and at least high-school degree.
Albeit, as our aim is to promote the notion of diversity and
immigrant integration all of these attributes of the sample will
not be the main consideration of our research but we rather
consider each one of them as one individual, and focus on the
impact of the gaming simulation on their perception toward
neighbourhood diversity, and the different degree of impact
between immigrants and Thai residents instead.
In order to measure the impact of gaming simulation on their
perception toward neighbourhood diversity, we conduct a
pretest questionnaire asking them to rate from 1. Strongly
disagree 2. Disagree 3. Neutral 4. Agree and 5. Strongly agree
with these following quotations,
1.

It is good to live near people who are different.
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3.

We should promote
neighbourhood.

more

diversity

in

our

Urban planning is related to immigrant integration.

4.

We should be more open to immigrant.

6.

Immigrant is an integral part of urban development.

5.

Our neighbourhood is diverse.

After that we randomly assigned them to 5 groups of 20
people (10 immigrants, 10 native resident) then in each group
they formed a team of 5 people (must include both immigrant
and native) to play for 4 roles of the game. The game session
took around 2 hours for every group and after the game we
asked them again to do the same questionnaire for the
posttest. Moreover we also conducted an interview with some
of the players, to discuss about the Diverse Arrival Game, the
concept of diversity and their neighbourhood.
4. EFFECT OF THE GAME ON RESIDENT
PERCEPTION
In this chapter we will investigate the different results of
Diverse Arrival Game. As there were a huge gap between the
immigrant and native resident samples’ perception, we think it
is necessary to show three different figures, which elaborate
three sets of sample group as follow, figure 10 shows all 100
samples, figure 11 represents the pre and posttest results of
immigrant group perception toward diversity and figure 12
shows pre and posttest results of native resident perception
toward diversity.

Overall, there are improvements to all of the resident
perception toward diversity as follow 1. “It is good to live
near people who are different.” from neutral (2.50) to agree
(4.00), 2. “We should promote more diversity in our
neighbourhood.” from neutral (2.50) to agree (3.78) 3. “Urban
planning is related to immigrant integration.” from disagree
(2.49) to agree (4.20) 4. “Our neighbourhood is diverse” from
neutral (3.21) to agree (3.56) and 5. “Immigrant is an integral
part of urban development.” from neutral (2.88) to agree
(3.56). There is no significant change in “We should be more
open to immigrant.” as it remains neutral (2.50, 3.36). (See
figure 10)
It is good to
live near
people who
5

Immigrant is
an integral
part of urban

4
3
2

We should
promote more
diversity in our

1

Our
neighborhood
is diverse

Urban
planning is
related to
We should be
more open to
immigrant

Pretest
Posttest

Figure 10: Pre and posttest results of resident perception
toward diversity (N=100)
The residents perceive that there is the need to promote
diversity and living with people who are different is not such
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We tried to have as diverse group of samples for the research
as possible through snowball method. Our research samples
include people of 13 countries, who identify their ethnicity as:
Thai, Chinese, Japanese, British, American, German, Italian,
Taiwanese, Spanish, Australian, Burmese, Lao, and
Cambodian. The largest ethnic groups among the immigrants
are Burmese. Interviewees’ duration of stay in the
neighbourhood varies from a few weeks, months, a couple of
years, to several decades. The longest consecutive duration of
stay in the neighbourhood is 31 years.

2.

a bad idea. This is crucial, as we learned from the study of
IOM. We made a breakthrough if we considered the Thai
general attitude towards the migrants. Moreover, the residents
also think that urban planning connects with immigrant
integration, this change of attitude will create a huge impact
on the community. We will investigate it further in the end of
this chapter.
The starting point of the immigrant group is relatively a lot
higher than that of the native resident especially in these
categories 1. “We should be more open to immigrant” 2.
“Immigrant is an integral part of urban development.” 3. “Our
neighbourhood is diverse” (all in agree level 3.40, 3.66 and
4.00 consecutively) thus we cannot witness any major change
to them (4.00, 4.00 and 4.12). However, for the remaining
three there are significant changes 1. “It is good to live near
people who are different.” from neutral (3.00) to agree (4.30),
2. “We should promote more diversity in our neighbourhood.”
from neutral (3.20) to agree (4.38) 3. “Urban planning is
related to immigrant integration.” from neutral (2.78) to agree
(4.40). (See figure 11)

(4.00). Nevertheless the perceptions just became neutral in
these following three, we should promote more diversity in
our neighbourhood (3.18), we should be more open to
immigrant (2.72) and immigrant is an integral part of urban
development (3.00). As per “Our neighbourhood is diverse.”
there is not much change, remain neutral (2.76, 3.12). (See
figure 12)
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integral part of
urban
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Figure 11: Pre and posttest results of immigrant perception
toward diversity (N=50)
It is not surprising that the immigrant already considered that
immigrant is important for urban development. Likewise that
there are people from 12 countries among them, they perceive
that their nieghbourhood is diverse and are more open to
immigrant. But beside the three categories which they agreed
already, immigrants are even more open to live with
difference and diversity. They accepted that urban planning
relates to the integration process. The gaming simulation was
very effective to stimulate the attitude change on the
immigrant resident as the average posttest reached at least
agree-level or higher.
The native resident in our research is not that much different
to the majority of the nation when it comes to perception
toward the immigrants as well as their understanding of urban
diversity concept. We can clearly see the negative feeling of
the resident in their pretest as follow 1. “It is good to live near
people who are different.” disagree (2.00) 2. “We should
promote more diversity in our neighbourhood.” disagree
(1.80) 3. “Urban planning is related to immigrant integration.”
disagree (2.20) 4. “We should be more open to immigrant.”
disagree (1.60) and 5. “Immigrant is an integral part of urban
development.” disagree (1.76). But the game could make
them agree that it is good to live near people who are different
(3.70) and urban planning is related to immigrant integration
61

The change of attitude among the native resident is very
important, as they are the dominant resident in the local
community. Despite that many still remained as neutral, they
could link the immigrant integration with the urban planning
process and they started to accept the idea of living with
people from different background. And in general all the
negative feeling and rejection of the immigrant began to shift
into more positive and receptive.
In general, we could get the message and the main idea that
urban planning and immigrant integration is connected,
likewise generate the idea about the diversity to the majority
of the resident, however in the different degree, especially
between the local residents and immigrant residents. While
the majority of immigrants agree with all six categories the
native just remained neutral in most parts.
The differences between the immigrants’ perception and
residents’ perception are not that surprising, as support by
many literatures about immigration in Thailand. However, if
we look to the impact of change to their perception, there is a
higher degree of change in the native resident group, notably,
they could agree to live in the vicinity with people who is
different from them, nevertheless there are still reluctant to be
more open to immigrant, is this relates to the chance to
encounter and interact with the immigrant directly? These
answers might clarify that “I feel relieve to get a chance to
know the immigrant who reside in our community, before I
admit that I had some bad feelings about them, but now after
we get to know each other more, they do not seem so bad.
However, to be open for more immigrant? I cannot say until
we learn more about them (the incoming immigrant) first.”
(R14, M, 35, Native resident) or “Now I think that it is quite
good to live in the area with many different kinds of people
but we need more occasions to interact with them too,
otherwise, there will still be the bad stereotype about some of
them still” (R3, F, 27, Native resident), “Before, even though
we have been living for 4 years now, we rarely talk and
interact with the local Thais, this game event gave us a great
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1

Figure 12: Pre and posttest results of native resident
perception toward diversity (N=50)

chance to do that, and it also help us by pointing many issues
we (immigrant) have been experiencing” (R28, F, 37,
Immigrant). “I think that by playing a game, it provided us
with more of a playful and friendly environment compare to
the normal time we encounter with other people” (R45, M, 34,
Immigrant).
Wanting to learn and understand more from the
neighbourhood we also conducted several interviews with
some of them a month later, there were many notable issues
that we must mention.
1.

2.

3.

4.

5.

Many of them think that playing the game made
them begin to realize that urban planning must be
advocated very strongly in the neighbourhood, and
actually in Chiang Mai and in Thailand likewise.

They believe that with just only the immigrant and
resident, it will not be possible to achieve immigrant
integration, they want the government and other
related stakeholder to come and work with them
seriously.

After they learned that there are many things that
need to be done, they started their own local
initiation; they come together weekly during the
weekend to discuss about Wat-ket neighbourhood
plan and many ideas started to taking shape.

The gaming session have not stopped after we left
the neighbourhood, many of them took the idea home
and start playing game to promote cultural diversity
with their kids (they exchange different ideas of the
game from the diverse groups of people which are
residing in the area)

DISCUSSION

The results show that the game can improve both of the
groups of resident perception toward neighbourhood diversity.
One of the most prominent attribute of the game is the ability
to promote mutual understanding among the local
stakeholders and later on stimulate a powerful dialogue that
ultimately lead to the new local initiation for diverse
neighbourhood planning.

According to the experiment results, The Diverse Arrival
Game shows a very good potential as an education tool for
immigrant integration and neighbourhood co-exiting diversity.
Players also learn about the land use planning and its interrelation with immigrant phenomenon. It is proved to be a very
attractive tool for urban planner, to use as a tool to teach
people about land use management planning, it might be able
also to simplify and attract more stakeholders to join the
planning process.

Gaming simulation is also an excellent communication tool
due to the mechanism of the game that let the players put
themselves in other peoples’ shoes, and in our case the roles
of immigrant and resident, likewise, gaming simulation make
the environment of the interaction more relax and friendly. It
can make the majority of Thai native residents understand the
difficulty of being immigrants themselves, and then they
started to consider more about the immigrant. Moreover, as
stated by many literatures that immigrant integration is a twoway process that needs to be done mutually by both the
migrants and the receiving local entities.
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Last but not least, one of the most notable attributes of gaming
simulation as a tool for immigrant integration and co-existing
diversity is that it can stimulate the mutual understanding and
concerted respect among the resident. This is one of the ways
that we can move beyond the clichéd stigma of dissimilarity,
let it be the socio-economic, age or sexual difference and truly
pursue the notion of diversity. In the next decades to come, as
some scholars are suggesting that we are moving into
technological singularity and new virtuality, which will also
be another colossal change in human history. McGonigal
strongly believes that we are progressing into more immersive
virtual worlds that provide further compelling alternative to
reality and human will surely see the exodus from the real
world continue, this crossover of reality and virtuality will be
a new paradigm of 21st century. (McGonigal, 2011) Perhaps,
in that transcendent society, the social setting will change. We
might need to strive for new way of integration, as there will
not be only one single ideal image or small portion of them.
But rather people can accept several ideality and recognize the
differentiate entity3. Before that age comes, gaming
simulation seems to be the best tool we could turn into for the
concept of multilarity with Mitchell suggested instead of the
singularity4. Gaming simulation, with the proper development
process and implementation, can be both a technical and
mechanical filter, which can assist us for the integration of the
two visual and actual worlds altogether, in the time that the
boundary between the two reality is not so clear as it used to
be a decade ago anymore.
6.

LIMITATION AND RECCOMENDATION

Diverse Arrival Game with it complexity has the limitation in
the implementation of the game, as it needs the facilitators
who is familiar with the game (ie, excel calculation system of
the game), it is very hard to be facilitated by only one
facilitator as well. In this research we did not apply the pre
and posttest nonequivalence test with the research experiment.
It is therefore very important to try to compare gaming
simulation with other capacity building or communication
tools in order to be certain for the significant result of the tool
to promote neighbourhood diversity. We also recommend that
it is also very important to implement the game with different
neighbourhood or group of samples, to see whether, there will
be different kind of impact/ reaction or not. Additionally, the
measurement tools for the impact of gaming simulation can be
improved, in the future we would like to include other tools
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5.

After the game session, many residents started to talk
with the immigrant people for the first time and they
mentioned that they want to get to know more of
these neighbours in Wat-ket.

Just like what Rizzi and Cossu have conferred to us that we
might need not of to regenerate the traditional techniques but
instead we need an innovative planning methodologies and
approaches “by searching for those communication and
interaction techniques that really might be put inside a
planning practice that just now, and even more in the future, is
experiencing the impact of the computer mediated
relationships. One of these is surely the Gaming Simulation
thanks to its position between communication, simulation and
predictive techniques.” (Rizzi & Cossu, 2007) And as strongly
value by Duke and Rizzi, gaming simulation cans possibly be
an alternative language for urban planner/ design, which in the
case of this research the communication has not stopped after
the game session but it has been continuing and growing,
some of the residents even choose games as the way to
communicate about diversity in the neighbourhood,
specifically with the kids. This impact of gaming simulation
must be deeply studied further, in order for us to clarify and
understand the phenomenon of these non-direct impacts of
gaming simulation better.

such as a test, checklist, self-assessment questionnaire, etc.
Nevertheless, as mentioned by the Wat-ket residents, just
applying gaming simulation with the local people alone will
not solve the problem of immigration, there are still a
requirement for other set of stakeholder to take part, gaming
simulation can be an excellent tool to advocate and stimulate
the understanding and acceptance of new concept, however,
the ideal way is to include other possible tool wherewith.

4

Hidehiko Kanegae,During his discussion with Pongpisit Huyakorn
regarding the term and aim of “diversity and integration concept”,
2016.
From the interview of Tom M. Mitchell byStephen Ibaraki on
machine learning, the brain, and policy, Association of Advance
Machinery (ACM), 2014
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During December 2015 and July 2016 three Cuatro Tribus workshops were applied in the
Juvenile Detention Center in Puebla-Mexico (CIEPA). The ludic program consists of 7
workshop sessions and a final tournament session. The two main objectives of this
program were to bring a new source of entertainment and cognitive development to
interned juvenile offenders; and to evaluate the validity of this program to create
criminological profiles and significant reflections in favor of social reintegration. The
materials used were four Cuatro Tribus board games and observation guides to record
participants’ behaviors and results. The program was applied to 32 juveniles by a certified
facilitator of Cuatro Tribus and supervised by 12 interdisciplinary specialists from two
governmental entities (Sentence and Measures Bureau and General Office for
Reintegration Centers). The program was consider a valid complementary tool for
pedagogic and psychological reintegration treatment and continues to be applied at the
Center. The participants’ results of the program will be filed to be used as an additional
element to reconsider therapeutic objectives and sentence review. Nevertheless ethical
issues and data-gathering model require further analysis to evaluate the true effects of the
program.
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1.

INTRODUCTION

Games are frequently available in juvenile detention centers
or adult penitentiaries. Although most of the time these games
are presented as pastimes or recreations (De-Juanas, 2014;
Alvarado, 2012; Dubin, 2012; SAPS 2010). The systematic
and published research of how to use games as part of the
treatment is quite limited, and Chess is by far the most
popular game within penal systems in the West.

Chess has a historically strong bond with penitentiary life.
Long before Fisher’s famous simultaneous games at Rikers
Island Prison in 1960, Charles d’Orleans (1391-1465)
recorded his affection to chess during his imprisonment by the
English. Nowadays a vast number of worldwide penitentiary
facilities have chess clubs, and this ludic activity is
consistently considered beneficial for inmates’ social
rehabilitation.
For the past three years the Social and Therapeutic Chess
Association of Spain (Asociación de Ajedrez Social y
Terapéutico) has published systematic approaches on the
pedagogic and social use of chess for penitentiary treatment
(Montero, 2015). In Mexico there are various newspaper
notes about chess tournaments and programs applied in
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different penitentiary facilities, but few mention its cognitive,
clinical or social results (Gomora, 2015; Jiménez, 2015;
Vicenteño, 2015; Perez, 2014). Some of the juvenile
population subjected to this research, also participate at the
amateur chess club (no ranking nor developmental system) of
the internment center.

In consideration with other games or simulations, previous
researches consider role-playing games (Schick, 2008; Dubin,
2012) as significantly useful for inmates to open personal
dilemmas and challenges of reintegration. Also Johnson &
Nelson (1978) described how games can be a powerful
instrument to bond with inmates. Furthermore, Goldstein’s &
Glick (1994) reveal the improvements of anger management
workshops with playful techniques. Sometimes games are also
complements of more complex pedagogic programs like the
Reasoning & Rehabilitation Program (Redondo, Martínez y
Andrés, 2012; Ross & Fabiano, 1985).
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2.

CUATRO TRIBUS LUDIC PROGRAM

2.1 Introduction and Objectives.

Cuatro Tribus is an economic, politic and military strategy
board game. Matches are developed through individual turns
with a sequence of decision-making mechanics, and can be
catalogued as a Eurogame (Woods, 2012). With high drama
conditions, four players compete during approximately one
hour to individually win. Since 2007, this board game has
been used not only for recreational purposes but also as the
main tool in pedagogic workshops at high schools and during
coaching programs for managers. Cuatro Tribus is designed
to develop emotional, social and cognitive skills in the users
(Fragua, 2008 & 2009). Almost 150 workshops have been
carried out with similar results: participants refer
improvements in strategic thinking, negotiation skills and
higher tolerance to frustration (Cuatro Tribus, 2016; Atala,
2012; Fragua, 2009).

An interesting characteristic of this four-player board game is
that up to 4 boards and piece sets can be joined to create a 16player simulator. The 16 players will not be playing
individually but in teams of 4. Each team player is assigned a
specific role: President, Counselor, Diplomat and Spy. Each
role has specific missions and limitations established in the
Tournament Guide (Cuatro Tribus, 2009). This 16-player
simulator is a highly emotional and competitive novelty that
allows team tournaments in one direction, and research
around collective strategies and social behavior in the other
(Atala, 2012; Fragua, 2009).
2.2 Tool for Cognitive Development
Numerous research points in favor to games and simulators as
tools to develop mental skills. There is evidence of a direct
bond between the type of game and the skills developed
(Gobet, de Voogt & Retschitzki, 2004; Schaefer & Reid
2001). Bolshevik psychologists were the first to scientifically
research the relationship between strategic games and
cognitive development. The emphatic interest to prove chess
as a potent tool to activate the intellectual capital of army,
labor and peasant unions during USSR regime is well
documented (Hudson 2013, Soltis 2000). From there on the
cognitive effects of playing chess and other strategic games is
still studied with similar correlating results (Gobet, de Voogt
& Retschitzki, 2004; Bjorklund & Rosenblum 2001; Gray,
Topping & Carcary, 1998; Saariluoma, 1995).
In general terms strategic thinking can be defined as the
ability to organize an action plan towards a winning position,
considering the conditions of the scenario and the probable
behaviors of all stakeholders. Cuatro Tribus has a structure
and mechanic that allows it into this category. Nevertheless
Cuatro Tribus is not a pure strategic game like Chess, Go or
Owari. The rules of the game (Cuatro Tribus 2007b) and prior
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Besides strategic thinking and negotiating skills, the third
cognitive objective of this program is to develop emotional
awareness and frustration tolerance. In accordance to similar
studies (Schaefer & Reid 2001), the frequent practice of
strategic games leads to higher tolerance and emotional
awareness. This is a key element in this research since both
conditions decrease recidivism and increases reintegration
rates (Eigsti et al., 2006; Branco, 2005).
2.3 Tool for Behaviour Analysis and Modification
At the beginning of the XX century Freud’s (2000) analysis of
an infant’s game became a milestone for Psychology and
Psychoanalysis. He argued that playing is a proof of the
subconscious projective mechanisms. This means that a
patient is playing without noticing the deep and significant
psychic information being revealed.
The analyst can
intervene the patient by revealing the meaning of the game,
creating awareness and possible modification of behaviour.
The English Psychoanalysis (Klein, 1964; Winnicott, 1981)
and the Projective Psychology (Abt & Bellak, 1950) have
developed various tests and massively documented how game
contents can be analysed as projections of subconscious
conflicts. The conclusion is anxiety-generating elements must
be present in the structure of tests or games to guarantee that
subconscious projections occurs.

The Cuatro Tribus game is designed in a scarce, vulnerable
and competitive structure that ignites anxiety. As a
consequence participants deploy their subconscious coping
mechanisms (Atala 2012; Fragua, 2008 & 2009; Cuatro
Tribus, 2007b). A game facilitator familiarized with the
projective theory is able to record individual anxiety
management and how it affects decision making in the
participants. This is not a complicated matter since
subconscious mechanisms, and the coping mechanism of
failure and success behaviours are repeated habitually (Abt &
Bellak, 1950; Atala, 2012).
One of the main objectives of this board game based program
is to reveal the subconscious coping mechanisms to the player
in order to create awareness and responsibility. This
awareness is archived through verbal interventions by the
game facilitator.
There are three basic interventions by the facilitator in this
program:

a.
Group intervention: debrief of the meaning of group
behavioural tendencies. It is generally a good way to open
group discussions, questions and opinions. Most likely to
happen at the end of the session.

b.
Individual in situ intervention: the facilitator points
or questions the participant about his behaviour during the
match.

c.
Individual clinical intervention: after the match, the
facilitator shares his observations and their meaning in a
private session.

The Cuatro Tribus program has been used since 2007 for
behavioural analysis and modification in high school student
and adult management training programs (Cuatro Tribus,
2016; Atala, 2012; Fragua, 2008 & 2009). Although this is the
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The game offers a scenario of scarcity and vulnerability that
activates anxiety coping mechanisms in the vast majority of
users. This condition allows the game to be used as a
projective psychological test and a tool for clinical objectives
(Fragua, 2008; Cuatro Tribus, 2007b). To obtain deep
pedagogical or clinical results, the game is used in workshops
of 8-16 sessions of 2 hours each. A trained facilitator can use
validated observation guides to register user’s behavior and
design individual and collective interventions to create
awareness and behavioral changes in the participants (Atala,
2012; Cuatro Tribus, 2011).

research (Atala, 2012; Fragua, 2008 & 2009) show that
negation between players is equally important as piece
movements for the final result. For the vast majority of
recorded matches, communication and strategic skills are both
required to win the match.

first time applied with juvenile offenders purging internment
sentences.
3. CONTEXT AND CHARACTERISTICS OF
PARTICIPANTS.
For almost three decades economic and social stress have
embraced Mexico. Industrialization, capital accumulation and
globalization have pushed rural communities and
disadvantageous urban areas to economic exclusion. The
effects may not be obvious through macroeconomic data, but
it is evident in the Mexican penitentiary system (Carranza,
2001) and other similar underdeveloped economies
(Narkvichetr, 2008; Koonings & Kruijt, 2007). Increments of
family fragmentation, urban chaotic growth, organized crime
and absence of governmental authority are increasing juvenile
offence (Bailey & Godson, 2000).

For this Cuatro Tribus program, Staff of CIEPA invited
various interns to participate. Thirty-two accepted voluntarily,
from which 8 are sentenced for kidnap, 14 for first degree
murder, 7 for armed robbery, 2 for rape and 1 for federal
thievery. Only 3 of them were females (100% of female
population of CIEPA) and the rest (29) were males. 30 of
them showed active interest and finished the 8-session
program. In contrast to researchers prejudges, they appeared
authentically happy as any other group of high school
youngsters involved in prior workshops of this program. Still
is important to note that Rodriguez-Manzanera (2002) warns
us that juvenile offenders have high skills to adapt to
internment and can frequently appear as improving in their
process of reintegration without this being necessary true in
all cases.
4. PROGRAM AT JUVENILE DETENTION CENTER
(CIEPA)

In order to evaluate the accuracy of the program 12 specialists
from two governmental entities, Consejo General Técnico
Interdisciplinario de la Dirección General de Ejecución de
Sanciones y Medidas, and the Dirección General de Centros
de Readaptación Social del Estado de Puebla, (Sentence and
Measures Bureau and General Office for Reintegration
Centres of Puebla) were invited. The specialists represented
most areas of the Penal System: lawyers, psychologists,
educators, sociologists, social workers, criminologists,
penologists and police officers. There were 6 training
sessions exclusively for these specialists prior to the
beginning of the program.

Afterwards 16 inmates were invited to participate in the 8session ludic workshop. During December 2015 session
occurred three times a week for 1 hour and 30 minutes. All of
the session were carried by a certified Cuatro Tribus
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The CIEPA library was the ideal space and tables with four
seats each were arranged for this activity. During the first
three sessions, inmates freely chose where to seat and who to
play with. From the fourth to the seventh session participants
were rotated to play with others. The eighth and last session
was a tournament. The boards and piece sets were joined and
players were assigned randomly to a team. Forcing the
individual game style into a giant simulator of collective
strategies.

During all the sessions participants showed high enjoyment
and satisfaction in the activity. The first two sessions were
used to explain and explore the game. Behaviour records
started on the third session and wasn’t until the fourth session
that the in situ individual interventions started. At the end of
each session group interventions and discussions were
promoted.
5.

RESULTS

5.1 Significant differences to other groups.
The previously peer-reviewed Observation Guide (Atala,
2012) was used to keep the record and allowed
standardization between different supervisors’ observations.
The comparisons reported in the following paragraphs were
made from the data base of results using only same-age
groups from prior applications of the program with high
school students.

The internment file stated that 31 out of 32 participants come
from highly disadvantageous academic and economic
circumstances. In correspondence 24 of them scored slower
learning skills and weaker strategic use of rules than average.
On the other hand 6 of the participants scored faster learning
skills and deeper strategic use of rules.

Probably because the game offers a more comfortable
scenario than the scarcity and vulnerability present in the
participants’ background, 24 out of the 32 players scored
higher tolerance to anxiety than prior groups.
5.2 Game behaviour and criminological dynamics

Inmates with a record of an active and aggressive criminal
dynamic, deployed frontal and dominant strategies.
Commonly developed a game without negotiations and with a
constant body language of threat towards other players. Often
with highly successful ways to manipulate other players.
On the other hand, the inmates with a criminal dynamic of
accomplices developed strategies in which they “followed”
personalities with more active criminal dynamics. It was also
relevant that inmates sentenced for rape or robbery frequently
negotiated a fraudulent and selfish use of rules.
During the team tournaments one participant with recorded
links to organized crime developed a highly manipulative but
hidden leadership. This suggested the group of specialists that
criminal dynamic in this case could be problematically
evolving from subordination to planning and recruiting.
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For example, by 1988 there was less than 1% of juvenile
offenders sentenced for aggravated kidnapping or organized
crime; only 2% of juvenile offenders in Mexico City (the most
“violent” city of the country at that time) were sentenced for
murder or rape, and 54% of juvenile offenders purged shortterm measures and various internments during their teenage
years (Azaola 1995). Last year (2015) UNICEF independent
research portrayed a different perspective: out of four
evaluated centres, 22% of juvenile offenders are sentenced for
murder, 17% for carrying illegal weapons, 15% for
kidnapping, 10% for drug dealing and 10% for organized
crime (Azaola, 2015). As a result, most interned juveniles are
purging long-term or maximum sentences.

facilitator and the 12 specialists. At the end of each session
the specialists and the facilitator compared their observations
and shared their opinions. This process was repeated with two
more groups of 8 participants during March and June 2016.
To guarantee the methodological handout, subsequent
workshops had less involvement of the certified Cuatro Tribus
facilitator and more responsibilities for the CIEPA and
Sentence Bureau staff.

During the matches participants with semi-specialized
criminal records (medium planning, internal antisocial drive,
narcissistic motivations, low empathy for victims and low
impulse control) showed higher strategic skills and higher
motivation to “defeat” other players.

Participants with low criminal specialization (most external
and only some internal factors drove the antisocial behaviour,
poverty, low education and low satisfaction of basic needs,
generally followed orders to execute a crime) developed
medium quality strategies but low motivation to defeat other
players. Most of the players in the matches negotiated their
survival by allying with the most dominant player in the table.
When placed in a table with less dominant players, strong
alliances would not take place and the motivation to enjoy the
activity showed stronger than the motivation to win.

Participants with no criminal specialization (no internal
motivation for antisocial behaviours, highly vulnerable to
external factors, high compliment with third-party interests,
low social and moral consciousness and low skills to
safeguard themselves) consistently played poor strategies with
high rates of lost matches and almost no awareness of other
players interest or threats. They constantly showed themselves
as unskilful to negotiate and with very poor cognitive and
emotional tools for decision-making.
6.

EXAMPLES OF CLINICAL INTERVENTIONS

Four steps were found for these interventions to be successful,
First facilitators created an empathic bond with the
participants (Ryals, 2011). The second step is to obtain an
overview of the personal situation of the participant through
interviews and analysis of the criminal files. The third step is
to record repetitive behaviours. The last step is to create
verbal interventions in the form of a question. The
intervention reflects the participant to his habitual coping
mechanisms and the relationship with his criminal dynamic
history. This reflection must be empathic and intentional to
move the interned offender into an uncomfortable psychic
position to decrease the possibilities of relapse.

Examples of interventions:

At the end of the second session the facilitator asked the
group what the game was about. The first answer was: “about
planning”. When asked again what it was about besides
planning, the second answer was: “it is a game about killing”,
creating laughter in most participants. The facilitator wrapped
up the following intervention: “The game may appear like a
game about killing, but this game is about revealing how we
behave in front of an antagonist and threatening environment.
You can choose to kill but you can also choose to grow your
tribes’ economy or do diplomacies with other tribes. The
game, like life is an expression of our ways of thinking”.
Absolute silence was the answer of the group.

During the group debrief after a session with forced rotation
(players are asked to exchange tables at the middle of a game)
an inmate (sentenced for the kidnap and first degree murder of
his classmate) comments: “I hated the rotation, I had a perfect
game until you made me change tables, that’s the reason I
lost”. Afterwards the facilitator makes a group intervention:
“What you felt with this forced rotation is similar to what
your victims experienced. They were also playing their game
and developing their strategies until you forced them out”.
The silence was absolute and deep uneasiness was witnessed
in all those sentenced for violent crimes.
7.

CLINICAL CONSIDERATIONS

After these pilot workshops the clinical considerations were
highlighted by the multidisciplinary team of specialists. All of
them consented that playing styles of the interns had a direct
relationship with the dynamic of the crimes for which they
were sentenced to internment.
The observed playing styles in relation to criminological
profiles were grouped into four categories:
a.

b.
c.
d.

Dominant: characterized by the “I have to win” drive
and a constant perception of competition around
them.
Powerful: characterized by the “I deserve
everything” drive and a constant perception of
inferiority around them.

Vulnerable: characterized by the “I have to defend
myself” drive and a constant perception of threat
around them.
Scarce: characterized by the “I have nothing”
discourse and a minimum evidence of drive.
Perceives supremacy all around.

Furthermore two distinctions of playing dynamics were
established:
1.

2.

As an indicator of habitual conducts of participants.
This allows CIEPA therapeutic team to work directly
with problematic behaviors.

As a projection of subconscious impulses present in
the participant, latent but not manifested in the
criminal dynamic. This allows to integrate a new
element to the inmate file when reviewed by the
Sentence and Measurements Bureau.

Consented by both governmental entities, the participant’s
results from the Cuatro Tribus program will be considered to
modify the individual treatment plans and obtain extra data
for sentence review.
The final argument presented by the supervising specialists
confirmed a mandatory presence of a competent facilitator in
all game sessions. Facilitators must understand the basic game
structure, the theory of projection and develop a sensibility to
formulate criminological connections in order to create
meaningful clinical interventions.

Close to the end of a match the facilitator observes the board.
The female (sentenced for accomplice kidnap) who previously
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CIEPA authorities established a pilot status to this program
and limited, but not restricted, the certified facilitator to do
individual interventions. The criminal files were kept
confidential to the facilitator for the first workshop but were
well known by the observing specialists. For the second and
third workshop the validity of the finding opened the files to
the facilitator and the limits of the interventions were also
weakened. The workshops allowed researchers to realise the
potential of the interventions in favour of reintegration and
decrease of antisocial tendencies.

showed adequate strategic skills is losing the game. She seems
highly upset and tells the facilitator: “He lied to me”. Clearly
one of the players had allied before and then betrayed her. The
facilitator in situ intervenes: “When are you going to stop
working for other people?” Her face revealed a deep and
uncomfortable insight.

8.

DISCUSSIONS

Recreational chess clubs are the only evidence of a methodic
use of game or simulations in the Mexican penitentiary
system. Nevertheless the matches are not recorded or used to
understand individual criminal behavior nor evaluate chances
of reintegration.

If better chances of social reintegration and lower recidivism
rates are obtained by reducing the cognitive breaches
(Scherer, 2013; Saraví, 2007; Allen, MacKenzie & Hickman,
2001; Garrido & Sanchis, 1991), is vital to use the full
potential of games as pedagogic and therapeutic tools. It
seems appropriate to consider chess and other games not only
as recreations but as open spaces for meaningful insight. High
rates of success seem achievable when a trained facilitator is
aware of the projective characteristics of games. A highlight
of this research points to the importance opening more game
workshops for interned population, especially juvenile
offenders.

The archived objectives of this pilot program deserve further
reviews especially within the limits and validity of the
findings. For instance observation guides and procedures
were not designed for interned populations, thus some factors
are not pertinent or useless for criminal and mental illness
analysis (Kenny, Lenning & Nelson 2007). This could lead to
false relationships between observed behaviors as relevant
projections.

A ludic program based on a new board game instead of
relying on chess and previously validated reinsertion
programs constitutes a big challenge. Nevertheless the
negotiation conditions of Cuatro Tribus and the tournament
system based on collective strategies are also promising areas
of research with interned populations.

Up to this point peer-reviews from supervising specialists
were very good. The program will soon start a fourth
validation phase by repeating the workshop and tournament
with the same participants. This new phase will focus on
observing if prior clinical interventions created behavioral
changes during the game or if the criminal dynamics are still
evident thru the playing styles. An indirect objective of this
fourth phase is to complete training of specialists so CIEPA
and the Sentence and Measures Bureau can independently
operate future programs.
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1.

INTRODUCTION

The TH Köln is the largest institution of its kind in Germany
with more than 24,000 students and 1200 academic staff. The
Faculty of Computer Science and Engineering receives an
average of 390 new enrolments per semester to bachelor
degree programs such as mechanical engineering, electrical
engineering and engineering management (December 2015).
The students come from a diverse range of economic and
cultural backgrounds and have an increasingly broad range of
abilities upon commencement of their studies, specifically in
terms of academic preparedness for tertiary education and
mastery of the German language (Koeppe, Otto, Schönfeld,
2013, p. 211).
Student enrolment has reached unprecedented levels at the TH
Köln over recent years. Tertiary-level entry rates are on the
increase in Germany as a whole, which both the abolition of
compulsory military service and shortened secondary school
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duration has significantly contributed to (Koeppe et al., 2013,
p. 211). Nevertheless, while tertiary-entry rates at the TH
Köln and in Germany in general are rising, tertiary attainment
rates remain below the OECD average (OECD, 2014, para.
13).

The mean literacy score in Germany is highest among adults
who have attained tertiary education, however as per the
OECD Country Note “55% of these adults perform at or
below Level 1, compared with 39% on average among
participating [OECD] countries” (OECD, 2014, para. 17).
In recognition of these four fundamental challenges facing
higher education institutions in Germany - the percentage of
achievement variance among newly enrolled students, the
rapid increase in new enrolments, the rising dropout rate and
the decline in academic literacy levels - the TH Köln obtained
funding from the German Ministry of Education (BMBF) in
May 2011 to develop a cross-disciplinary curriculum with the
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aim of scaling project-oriented problem-based learning
faculty-wide. An article exploring the then ongoing transition
from teacher-centred to learner-centred instruction at the TH
Köln was presented at ISAGA 2014 (Bitzer, Koeppe, Stumpf,
Bagiu, Gruttauer, 2014). While the approach to scaling
project-oriented problem-based learning was praised, it was
noted that the connections to simulation and game-like
learning were implied rather than directly stated.

Taking these comments into account and drawing on Hattie's
research on high-impact teaching and learning strategies
(Hattie, 2009), this paper explores the application of gamelike learning design on project-oriented problem-based
learning for large groups of students in the context of a first
semester engineering course, "Introduction to Scientific
Research and Writing and the Basics of Project Management".
The course is designed to simulate a professional setting in
which the students improve their academic literacy and
project management skills in a challenge-based context.
2.

COURSE DESIGN

Wir behalten von unsern Studien am Ende doch nur das, was
wir praktisch anwenden.

rapid increase in new enrolments, the rising dropout rate and
the decline in academic literacy levels. While Hattie found
that the percentage of achievement variance among the
students themselves has the greatest influence on student
achievement, he discovered that teaching staff are the greatest
variable with the highest impact on student learning that can
be controlled (Hattie, 2015, p. 80). Particularly relevant to the
TH Köln, notwithstanding the unprecedented enrolment rates
of late, is Hattie's finding that teaching staff who understand
themselves as facilitators and evaluators have a significantly
higher impact on student achievement than class sizes (Hattie,
2015, p. 81).
The TH Köln obtained funding from the German Ministry of
Education (BMBF) in May 2011 to develop a crossdisciplinary curriculum with the aim of supporting academic
staff in scaling project-oriented problem-based learning
faculty-wide. The first semester engineering course
"Introduction to Scientific Research and Writing and the
Basics of Project Management" was developed to pilot this
approach. Guided by Hattie’s research on high-impact
teaching and learning strategies, the course was designed with
the following questions in mind:

[We retain from our studies only that which we practically
apply]

1.

(Eckerman, 1836, Part 1, Section 4, para. 20).

2.

-Johann Wolfgang von Goethe

Project-oriented problem-based learning, similar to game-like
learning, has one overall purpose: to allow students to set
goals, learn, try, fail - and try again. The extent to which
technology is leveraged in this process also varies. Both
approaches place emphasis on learner-peer content
interaction, a strategy that John Hattie has found to have a
high impact on learning (Hattie, 2009, p. 186).

Hattie is a proponent of ‘visible teaching and learning’, which
he argues occurs “...when there is deliberate practice aimed at
attaining mastery of a goal, when there is feedback given and
sought, and when there are active, passionate, and engaging
people (teacher, student, peers, and so on) participating in the
act of learning” (Hattie, 2009, p. 22). All of these aspects are
also central features of good game design (Lukosch et al.,
2012, p. 771). While Hattie collected data which included, but
was not limited to influences on achievement in tertiary
education, his synthesis of 1200 meta-analyses is the largest
collection to date of evidence-based research focusing on
factors that influence learning and is therefore applicable to
the primary, secondary and tertiary education sectors (Hattie,
2015, p. 80). Hattie's findings have implications in particular
for the four fundamental challenges facing higher education
institutions in Germany today; specifically the percentage of
achievement variance among newly enrolled students, the
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3.

How can we maximise surface to deep learning and
improve their ability to use the knowledge they will
gain in scientific research and project management
successfully throughout their degree and in
workplace settings?

How can we improve their ability to use the
communication skills they will gain in teamwork
successfully throughout their degree and in
workplace settings?

The course, centred on game-like learning delivered through a
series of ‘side quests and errands’, or scaffolded tasks, is
supported by a responsive assessment feedback loop which
guides the students in learning how they can influence their
assessment results with their own behaviours while competing
with other groups in 'multiplayer mode'. The students, or
'players', are required to complete the side quests and errands
to progress through the course, or 'real-time strategy game',
which is designed to simulate a professional setting.

Each semester, an average of 55 teams of five students each
are formed; approximately 288 students successfully complete
the course. The course is implemented by a team of three
professors supported by two academic research assistants and
fifteen senior student tutors. Academic research assistants
facilitate, evaluate and monitor the progress of the students
throughout the course. Elements of game design which have
been found to be particularly impactful on learning such as
feedback, challenge and practice at the right level, in addition
to peer tutoring from cross-age tutors, formative assessment,
valuing error and creating trust (Hattie, 2009, pp. 297-298)
feature strongly in the course design (see subsection 2.1 and
section 3).
2.1

Course structure

The students are required to successfully complete two 'levels'
to obtain their final grade. In order to progress to the second
and final level the students must demonstrate their mastery of
the concepts taught in the first level through a multiple-choice
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The practice of including elements of game-like learning in
course design has many pseudonyms (Lukosch, Van Bussel,
Meijer, 2012, p. 770) but one overall purpose: to allow
students to set goals, learn, try, fail - and try again. The extent
to which technology is leveraged in this process can vary.
Game-like learning in higher education is less about the
technology and more about creating a context designed
around the principles of how games work, where students are
motivated to share and build knowledge, employ problem
solving skills, and practice systems thinking and selfregulation to reach an identified goal.

How can we improve the metacognitive knowledge
and self-regulation of first semester engineering
students to increase their overall preparedness for
higher education?

test, or 'side errand'. The lower level, or 'Phase 1', consists of a
series of lectures (surface learning). The higher level, or
'Phase 2', is comprised of project-oriented problem-based
learning (deep learning). No prior knowledge of academic
writing or project management is assumed. An average of 350
students enrol in Phase 1 each semester. Approximately 240
students successfully progress from Phase 1 to Phase 2,
forming an average of 55 teams of five per semester.
Table 1: Phase 1 - Lecture Series
Week

Topic

Week 1

Introduction to
Scientific Writing 1

Week 2

Introduction to
Scientific Writing 2

Week 3

The Basics of Project
Management 1

Week 4

The Basics of Project
Management 2

Week 5

The Basics of Project
Management 3

development of metacognitive knowledge and self-regulation:
Where am I going? How am I going? Where to next?

Summative and formative assessment are conducted on a
rotating basis to maintain the challenge-based momentum
throughout the semester and engage students more in their
learning and with each other. Additional marks can be gained
through the bonus point program (see subsection 3.4). Peer
tutoring forms an integral component of the responsive
feedback loop, facilitating peer-to-peer interaction and the
development of metacognitive knowledge and self-regulation
skills.
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During Phase 1, a team of three professors provides a fiveweek lecture series (see Table 1). Phase 1 is very much
focused on producing surface learning outcomes (basic
knowledge of scientific writing and project management
methods) and some metacognitive knowledge, i.e. different
approaches that can be used for learning and problem solving.
All students are required to complete a side errand in the form
of a multiple-choice exam on the theory covered during the
lecture series; only those who successfully complete their side
errand continue to the final level for the second half of the
semester (Phase 2).

In order to successfully complete the course, students are
asked to design and implement a project in small teams of five
during Phase 2 in multiplayer mode (see Figure 1). This
requires them to transfer, apply and anchor the knowledge
they acquired during Phase 1 in a simulated professional
setting.
3.

FEEDBACK AND ASSESSMENT

In order to move away from testing as an ‘end-of-course’
measure towards testing for learning, assessment has been
reframed as a responsive assessment feedback loop. Designed
to mimic the functionality of feedback loops in game design,
responsive assessment mechanisms have been integrated into
the course with the aim of creating a learning environment
anchored on multiple sources of summative and formative
feedback. Hattie and Timperley’s (2007) model of feedback is
used to guide the professors, the academic research assistants,
the senior student tutors and the students throughout this
process. The model (Hattie, 2011, p. 3) comprises of four
levels of feedback, three of which we have integrated into our
feedback loop (task or product, processes, self-regulation) and
three feedback questions designed to encourage the
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3.1

Responsive Assessment Feedback Loop - Phase 1

During Phase 1, a continuous feedback loop aligned to the
five-week lecture series assists the students in identifying their
strengths and weaknesses while enabling academic staff to see
where students may need extra assistance (see Table 2).
Structured in-lecture questioning is conducted using Pingo
and Kahoot, online game-based learning platforms that the
students access during the lecture, using their mobile devices
as clickers to answer questions. Online quests, designed to
complement the lecture series, are made available for the
students to complete in their own time. The quests are
designed as short interactive activities that the students
complete on their mobile devices. Social networking
technologies are utilised to add a lateral plane of assessment
and create a sense of community among the students, the
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senior student tutors and the staff. Students chat directly with
the senior student tutors and academic research assistants,
read and submit content and questions on the course Tumblr
blog. Instructional scaffolding in the form of additional print
and multimedia resources on scientific writing and project
management are accessible via the TH Köln’s open-source
learning management system. Phase 1 concludes with a
summative side errand, or multiple-choice exam on the theory
covered during the lecture series; only those who successfully
complete their side errand continue to the final level for the
second half of the semester (Phase 2).
Table 2: Responsive Assessment Feedback Loop - Phase 1
Feedback
Levels

Feedback
Questions

Task or
Product

Where am I
going?
Information
focused
feedback
(e.g. correct
or incorrect)

SelfRegulation

Where to
next?
The students’
monitoring
of their
learning
processes

Online
formative
quests
(mobileoptimised)
and a
summative
multiplechoice ‘side
errand’
Formative
structured inlecture
questioning
using gamebased
learning
platforms
and the
students’
mobile
devices;
instructional
scaffolding
in the form
of print and
multimedia
resources

Phase 2 concludes with the successful delivery of the
milestone documents, film and article (see Table 1). An
external jury presentation culminating in a film premiere and
an awards ceremony is held at the end of the semester (see
subsection 3.4).
3.3 Peer Tutoring

Formalized peer tutoring from cross-age tutors can help
students learn effectively and practice guided self-regulation
(Hattie, 2009, p. 186). Each semester, fifteen senior students
are employed, trained as student tutors and assigned four
student teams to supervise. The senior student tutors function
as teaching assistants and take on a limited instructional role,
supporting the first semester students in developing their
metacognitive knowledge and self-regulation through
formative assessment. The senior student tutors are not
viewed as a substitute for academic staff, but rather as a
valuable component of the feedback loop that assists in
determining the player levels of the students during the
implementation of Phase 2. Regular meetings are held with
the senior student tutors and academic research assistants to
discuss the progress of the students.

Social
networking
technologies
are leveraged
for 'rolling'
formative
feedback and
discussion

3.2 Responsive Assessment Feedback Loop - Phase 2
Following the multiple choice exam at the conclusion of
Phase 1, the students are randomly assigned to small project
teams of five. The teams are announced at a Phase 2 kick-off
event four days after the exam. In order to successfully
complete the final level, the students are required to put the
knowledge they have acquired in Phase 1 into practice in a
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The senior student tutors provide differentiated real-time
feedback as they guide the teams through their scaffolded
quests and errands (see subsection 3.3). An online
questionnaire is used to measure both the team climate and
progress mid-way through Phase 2 (see Table 3). The students
are also required to present their research topic to the
professors and report on the progress of their team at fixed
milestone review appointments (see Table 3, Milestone II). At
the conclusion of each presentation, a one-on-one team
discussion is held with each team, the student tutor
responsible for that team and the professors to discuss the
remaining project milestones and deliverables. The Milestone
II presentation is the first public speaking experience for
many first semester students and the student evaluations
indicate that most students feel uncertain about how to
prepare for this assessment. To this end, a mobile virtual
reality formative addition to the responsive assessment
feedback loop will be rolled out in Winter Semester 2016/17.
Students will have the opportunity to practice presenting their
research topic in front of a photo-realistic audience using
Google Cardboard headsets prior to the Milestone II
appointment. Group Snapchat Pecha Kucha formative quests
are also planned to assist the students in consciously
cultivating their presentation and concept communication
skills prior to Milestone II. Both approaches have been trialled
with the senior student tutors.

The senior student tutors are required to meet the student
teams during three predetermined milestone review
appointments to support team building. This involves
evaluating student progress at regular intervals in order to
quickly pinpoint teams who are at risk of failing the course so
that targeted interventions can be implemented. Milestone
documentation, feedback on the challenges experienced and
the progress made according to predetermined checklists are
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Processes

How am I
going?
Targets
processes
used to
create the
product or
complete a
task

Assessment/
Feedback

simulated professional context, competing in scaffolded team
quests and errands under the guidance of senior student tutors.
A continuous feedback loop provides deliberate opportunities
for discussion throughout Phase 2 between both the teams and
the senior student tutors as well as between the teams and the
academic research assistants (see Table 3). The feedback loop
includes both real-time feedback from the senior student
tutors, an online questionnaire and fixed milestone reviews.

collected and discussed together with the student teams. This
assists the students in developing their metacognitive
knowledge and self-regulatory skills, an especially important
skill for students with non-academic backgrounds (firstgeneration students) and students from different education
systems (exchange students, new or first-generation
immigrants and refugees) as it teaches them the strategies that
they need to master to thrive in the German higher education
learning environment.

student grades are a combination of the individual assessment
results of each student (Phase 1), the team deliverables (Phase
2) as well as any additional marks gained through the bonus
point program, which rewards students for participating in the
campus mentoring program "Mentoring4Beginners" prior to
Phase 1 (see Koeppe et al., 2013) as well as for producing one
of the top three films during Phase 2.
Table 4: Mark Breakdown and Bonus Point Program
Percent

Feedback
Levels

Task or
Product

Processes

SelfRegulation

Feedback
Questions

Assessment/
Feedback

Phase 1
Written Exam

50%
(0…50)

Scaffolded
summative
quests and
errands
(Milestone II
presentation,
milestone
documents,
film, article)
completed
under the
guidance of
senior
student tutors
while
competing
with other
groups in
multiplayer
mode

Phase 2

50%

Milestone II Presentation
Milestone Documents
Film
Article

(0…5)
(0…5)
(0…32)
(0…8)

Where am I
going?
Information
focused
feedback
(e.g. correct
or incorrect)

Bonus Point Program
Mentoring4Beginners
Best Team Film

One grade level higher
One grade level higher

How am I
going?
Targets
processes
used to
create the
product or
complete a
task

Where to
next?
The students’
monitoring
of their
learning
processes

4.

While the course is currently on offer for the sixth time, only
the results of the first four semesters were available for
comparison and discussion at the time of writing (March
2016). Significant changes have been made to both the course
structure and assessment procedures from the time of its
inception. Two pilots have been implemented (see Table 5);
the first from Winter Semester 2013/14 through to Summer
Semester 2014 (Pilot 1) and the second from Winter Semester
2014/15 through to Summer Semester 2015 (Pilot 2).

A formative
online
questionnaire
is used to
measure both
the team
climate and
progress
mid-way
through
Phase 2
Social
networking
technologies
are leveraged
for 'rolling'
formative
feedback and
discussion
throughout
Phase 2

3.4 Mark Breakdown and Bonus Point Program

Students can obtain up to five credit points (ECTS) upon
successful completion of this course (see Table 4). The final
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COURSE DEVELOPMENT

During Pilot 1, great emphasis was placed on the bonus point
program and on maintaining a more traditional unidirectional,
vertical plane of assessment. The students attended frontal
lectures during Phase 1, completing a summative assessment
in the form of a multiple-choice exam prior to progressing to
Phase 2. In order to successfully complete the course, the
students were required to conduct exploratory research and
disseminate the results in the form of a short article and film.
The students chose their own teams prior to the Phase 2 kickoff event. Each team was assigned a senior student tutor
whose primary function was to record attendance at team
meetings. The students received a final mark based on their
performance in the multiple-choice exam in Phase 1, in
addition to any marks gained through the bonus point
program. Bonus points were awarded to students who
participated
in
the
campus
mentoring
program
"Mentoring4Beginners" prior to Phase 1 (see Koeppe et al.,
2013) as well as to those who produced one of the top three
films during Phase 2. The topics selected for the Phase 2 quest
were non-subject specific (see Table 5). This was a deliberate
decision. The course was designed first and foremost as a
remedial intervention to improve the academic literacy skills,
metacognitive knowledge and self-regulation of first semester
engineering students, rather than to impart specific subject
knowledge (see section 2).
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Phase

Table 3: Responsive Assessment Feedback Loop – Phase 2

A number of students reported difficulties in coping with
project-oriented problem-based learning, stating that they
found it rather ambiguous and challenging to make the
connection between the structure of the course and what they
were expected to do. These students also felt that the topics
Table 5: Course Development
Pilot 1 and Pilot 2
Winter Semester
2013/14

Summer Semester
2014

Phase 2 Quest
Topic

Non-subject
specific: ‘The
Fantastic World
of Engineering’

Non-subject
specific:
‘Studying at
Campus
Gummersbach’

Phase 2 Quest
Description

Interview an
engineer. Produce
a short film and
an article for high
school students
considering
studying
engineering.

Produce a short
film and article
for new
engineering
students with tips
and helpful
information about
studying at
Campus
Gummersbach.

Pilot 2

Winter Semester
2014/15

Summer Semester
2015

Phase 2 Quest
Topic

Subject specific:
‘Forces and
Movements’

Subject specific:
‘Friction – Boon
and Bane’

Phase 2 Quest
Description

Produce a short
film and article
explaining the
basic concepts of
forces and force
laws.

Produce a short
film and article
explaining how
we can use
friction to our
advantage when it
is necessary and
minimize it when
it is undesirable.

selected for the Phase 2 quest had little relevance to their
studies and that they had not developed their metacognitive
knowledge (see Figure 2).

Based on the feedback received from the students during Pilot
1 (see Figure 2) as well as the responses from the ISAGA
2014 conference, the course was redesigned for Pilot 2 to
incorporate more elements of game-like learning that have
been found to be particularly impactful on student
achievement (Hattie, 2009, pp. 297-298).
Assessment
procedures were reframed in both Phase 1 and Phase 2 as a
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An outcomes-based approach guided by constructive
alignment has been taken for Phase 2. The learning objectives
were rewritten to be more clearly measurable and the course
assignments were mapped more closely to the course
objectives. Formalized peer tutoring from cross-aged tutors
has been introduced. This forms an integral component of the
continuous feedback loop for Phase 2, which also includes an
online questionnaire and fixed milestone reviews, designed to
assist the students in understanding how they can influence
their assessment results with their own behaviours (see Figure
1). Instead of the final grade being based only on the written
exam results at the end of Phase 1 as well as any additional
marks gained through the bonus point program, the team
deliverables (Milestone II presentation, milestone documents,
film and article) are now weighted.

From the start of Pilot 2 (Winter Semester 2013/14) the final
student grades have consisted of a combination of the
individual assessment results of each student (Phase 1:
multiple-choice side errand), the team deliverables (Phase 2:
Milestone II presentation, milestone documents, film and
article) as well as any additional marks gained through the
bonus point program (see Table 4). The Phase 2 quest topics
were non-subject specific during Pilot 1 (see Table 5). This
approach was altered for Pilot 2 after receiving feedback from
the students that suggested that the topics selected for the
Phase 2 quest had little relevance to their studies. To this end,
three additional professors joined the team for Phase 2 from
the start of Pilot 2, designing a subject specific quest and
providing subject expertise and support in physics, mechanics
and mathematics throughout Phase 2.
5.

RESULTS AND PRACTICAL IMPLICATIONS

The main aim of the course is to improve the overall
preparedness of first semester engineering students for higher
education through increasing their metacognitive knowledge
and self-regulation skills. Student self-assessment feedback is
collected, measured and used by staff to plan the course for
the following semester. To this end, an anonymous Likert
scale (close-ended) questionnaire is distributed shortly before
the end of Phase 2. The students are required to submit the
questionnaire on the same date as their project deliverables. In
each question, a statement is presented which requires the
students to indicate a degree of agreement or disagreement in
a multiple-choice type format (1 = Strongly Agree, 2 = Agree,
3 = Neutral, 4 = Disagree, 5 = Strongly Disagree). The
questionnaire items were divided into the following three
categories of metacognitive knowledge according to Flavell
(as cited in Teacher Excellence in Adult Literacy (TEAL)
Center, 2012, Elements of Metacognition, para. 3):
1.

Strategy variables: how well students believe they
are able to strategically approach a task, i.e. being
aware that it is important to read strategically and
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Pilot 1

responsive assessment feedback loop, designed to mimic the
functionality of feedback loops in game design. During Phase
1, structured in-lecture questioning using online game-based
learning platforms has been introduced to increase student
participation, improve knowledge retention and assist
academic staff in better monitoring student learning. Online
quests, designed to complement the lecture series, are now
available for the students to complete in their own time on
their mobile devices. Social networking technologies have
been leveraged to add a lateral plane of formative assessment
and create a sense of community among the students, the
senior student tutors and the staff.

2.

3.

actively develop strategies to process and make
meaning out of large amounts of information in short
amounts of time.

Task variables: how students estimate their ability to
judge the nature of a task and the processing
demands required to complete the task, i.e.
recognising that writing an article is time consuming
and will take several drafts so it is best not to begin
writing the evening before the deadline.
Person variables: how students recognise and
interpret their strengths and weaknesses in learning
and processing information, i.e. their awareness of
and control over their reading skills.

At the time of writing (March 2016), only the results of the
first four semesters were available for comparison (see Figure
2).
5.1 Results

Even though we had adequate samples (n>250) to run z-tests,
variances are estimated, so we decided to conduct t-tests with
a significance level of alpha = 0.05 for our sample. The
means, standard deviations (SD), standard errors of the means
(SEM), t-values and two-sided p-values are shown in Figure
2. Levene's test rejected the hypothesis of equal variances
(significance level alpha = 0.05) for the person variables,
hence the degrees of freedom are adapted. In the other cases
there are no signs against the assumption of homoscedasticity.

Likert scale: 1 = Strongly Agree, 2 = Agree, 3 = Neutral, 4 =
Disagree, 5 = Strongly Disagree; Pilot 1 = Winter Semester
2013/14 - Summer Semester 2014; Pilot 2 = Winter Semester
2014/15 - Summer Semester 2015; a=absence of
homoscedasticity, df adapted
The responses from the first semester students of both Pilot 1
and Pilot 2 were on average positive (see Figure 2). However,
despite the substantial changes made in the course design and
assessment procedures from Pilot 1 to Pilot 2, the mean
answers to each response changed by less than 0.2 out of the 5
point Likert scale. Interestingly, the task variable was
evaluated non-significantly more negative changing from 2.25
in Pilot 1 to 2.35 in Pilot 2. This is surprising, as the strategies
that feature strongly in the course design for Pilot 2 (peer
tutoring from cross-age tutors, formative assessment,
feedback, challenge and practice at the right level and valuing
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5.2 Practical Implications

Based on the student feedback from Pilot 1 and Pilot 2, it was
decided to maintain the structure of the course as
implemented during Pilot 2 for Winter Semester 2015/16. The
final student grades remained a combination of the individual
assessment results of each student (Phase 1), the team
deliverables (Phase 2) as well as any additional marks gained
through the bonus point program (see Table 4). However,
unlike Pilot 2, a non-subject specific topic for the Phase 2
quest was selected for Winter Semester 2015/16 for two
reasons.

Firstly, although a number of students in Pilot 1 criticized the
non-subject specific topic choice for the Phase 2 quest, the
same students stated that they experienced difficulty in
making the connection between the structure of the course and
what they were expected to do. This may have influenced
their judgement of how relevant the course and the quest topic
for Phase 2 were. To address these concerns, the course was
redesigned to incorporate more elements of game-like
learning that have been found to be particularly impactful on
student achievement, i.e. assessment and feedback were
reframed as a series of scaffolded side quests and errands,
supported by peer tutoring from cross-age tutors.

Secondly, the course was designed as a remedial intervention
to improve the academic literacy skills, metacognitive
knowledge and self-regulation of first semester engineering
students, rather than to impart specific subject knowledge.
There are no indications that the subject specific quest topic
improved the quality of the course or the learning outcomes
substantially (see Figure 2). Our findings are consistent with
those of several external studies, which suggest that projectoriented learning at tertiary level can have a negative effect on
learning if implemented before students have had the
opportunity to acquire sufficient surface knowledge (Hattie,
2015, p. 85).
We are awaiting the evaluation results of Winter Semester
2015/16 to assess the impact of the realigned course with a
non-subject specific quest. We expect to see a slight
improvement in learning outcomes based on early student
indicators and the results of recent research conducted on
project-oriented problem-based learning in higher education
(see Hattie, 2015, p. 85 and Hattie, 2009, pp. 297-298) and
game-like learning in course design (see Lukosch et al., 2012,
pp. 770-774), which indicate that the features of game-like
learning that have been integrated into the course design for
Winter Semester 2015/16 such as feedback, challenge and
practice at the right level, peer tutoring from cross-age tutors,
formative assessment, valuing error and creating trust have a
positive impact on learning.
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Figure 2: Student Self-Assessment Feedback

error and creating trust) have all been found to have a high
impact on learning (Hattie, 2009, pp. 297-298). Previous
studies have shown that project-oriented learning at tertiary
level can have a negative effect on learning if implemented
before students have obtained sufficient surface knowledge
(Hattie, 2015, p. 85). This could explain why the students'
perception of their achievement did not improve markedly
between Pilot 1 (non-specific Phase 2 quest topic) and Pilot 2
(subject specific Phase 2 quest topic). Although challenge and
feedback were included in the course design, the level of
difficulty (subject specific quest topic) was not appropriate for
the level of surface knowledge possessed by the first semester
engineering students.

6.
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INTRODUCTION

In simulation games we face many trends and emerging areas,
many of them touching different aspects of gaming itself or
gaming in the context of usage variety. One of the longest
and most prolonged areas of study, research, and theory
crafting are policy and organizational games. De Caluwé,
Geurts and Kleinlugtenbelt (2012:600-602) define three main
research categories of use of gaming/simulation for research
purposes within the organization and policy sciences:
gaming/simulation for pure research, gaming/simulation for
policy development, and gaming/simulation for policy
implementation and organizational change. The third area is
especially important from the point of view of organizational
development. Organizational development is a wellestablished topic understood as a long-term systematic
approach to the organizational change management strategy
(Huczynski & Buchanan, 2001). The goals of organizational
development strategy increase the effectiveness of total
organization through an increase in the effectiveness of both
individuals and teams (Ruohomäki, 2003). Additionally,
organization members should learn how to continuously
improve their functioning (French & Bell, 1999, Mulili &
Wong, 2011). Organizational development puts a focus on
cyclical and iterative change process, which is very in line
with the use of simulation games as interventions within an
organizational space and/or change process (De Caluwé,
2007).
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2. EFFECTIVE USE OF SIMULATION GAMES IN
ORGANIZATIONS

An organization can be viewed as one big complex game
played between all of its participants and the surrounding
environment. According to Crozier (1976, p. 196), “An
organization can be thus considered as a set of games, more or
less explicitly defined, between groups of partners who have
to play with each other. These games are played according to
some informal rules which cannot be easily predicted from the
prescribed roles of the formal structure. One can discover,
however, these rules, as well as the pay-offs and the possible
rational strategies of the participants by analyzing the players’
recurrent behavior. This could eventually be formalized
according to rough game theory models.” Thus organizations,
or organizational subsystems, can be presented in the form of
games and simulations with a representation of players and
pay-offs with rules, actors, and technology (Kriz, 2003).

A simulation is a process of reflecting and copying a set of
circumstances and/or conditions in order to reproduce reality
or a certain situation. It is also an approach to solve a problem
using a mathematical model representing a given issue or a
course of events along with the potential consequences
thereof, usually using a computer as a calculating device. A
simulator is a device designed and built to reproduce
particular conditions in order to train people. On the other
hand, games, in their “pure” form, are not a copybook
reproduction of reality nor a simulation. A game has its own
reality, often based on the unreal. However, Huizinga (1985)
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1.

claimed that games are of fundamental significance to human
culture.

The combination thereof lays the foundations for decisionmaking simulation games that combine all three of the
abovementioned elements. The final combinations can be
different. There can be decision-making simulation games
with strict rules and strict division of roles, more similar to a
battlefield simulator than a managerial game, but there can
also be semi-open decision-making simulation games in
which the reality is reflected by means of a board and pieces,
where there is no strict division of roles, and the rules can be
modified as the game develops. Hence, the typical simulation
games designer’s question is: is it possible to indicate an
optimal solution and optimal combinations for a model
solution of decision-making simulation games? This issue will
be addressed on the example of the dilemma of what level of
detail of representation of the reality should a simulation
model feature.

Simulation games represent the reality at a certain level of
abstraction. The level of abstraction can be quite low in order
to provide a super-realistic reflection of reality, or it can be
very high, where the reality and the processes that take place
therein are depicted as metaphors or omitted by default and
take place as if “in the background”. Aside from the extent of
reproduction of reality, there is also the issue of the
methodology of play in a given simulation game. With the
selection of the content of a simulation game and the level of
abstraction and reality represented in this game comes a
choice of the form of presentation (including technological
form) of the game and interaction with the game since a
simulation game is delivered to a player as a set of rules and
roles along with the history and the context of the game (see
figure 1). Rules and roles constitute a platform for interaction,
but also act as ‘limiters’ of the allowed and forbidden forms
of interaction and communication within the simulation
system. These rules and roles, rather than the technical
system, define the framework of the game. The level of reality
in a simulation game is determined by means of combinations
of the content and form, whereas the technology used in the
game is a rather secondary issue. This is why the common
claim that computer games are more “real” than less technical
games (e.g. board games) is incorrect. The optimal level of
reality and abstraction in a simulation game is such that it
reduces the reality to the extent that, from the didactic point of
view, the concept or issue presented is best exposed (Kriz,
2011).
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The ideas of organization theory face the same kind of
challenges; we can see that organization understood as a
structure composed of many interrelated sub-systems arranged
in a special way (Leavitt, 1965) is different from selforganization and the ‘adhocratic’ method of formation of
social systems in games. However, as noticed by Wieck
(1979), a defined organizational structure, which determines
the way a given organization operates and is perceived by
others is a reflection of the structure of patterns of behavior of
people who create such structure. The reproduction of
organizational structures in simulation games is thus result of
collective behavior patterns in the form of a system of
interaction.

Studies of social systems examine many aspects and many
disciplines of science. From the perspective of simulation
games, the most important element of theory – and one which
needs to be emphasized – is the formation of social systems in
decision-making simulation games (see fig. 2). All games
create their own social systems whose role is to separate a
given social system/organization from the environment. Every
such social system features three layers (Klabbers, 2008, p.
39):
•

culture – standards, values, beliefs, attitudes, etc. of
actors participating in the game,

•

structure – vertical and horizontal communication
and coordination of actions,

•

technology – standard and non-standard procedures
of management of physical processes.

From that perspective, while methods of building a case study
are essentially the same, the analytical models behind case
studies must be slightly different (Ellington et al. 1984). In
regard to the sustainability of the simulation game,
researchers/designers need not only to look at the state of the
organization in the given context, but also to establish
knowledge about the social and technological dynamic system
within the analyzed organization. The main goal of such an
approach is to create an effective learning environment within
a given learning context and method (Kriz, 2003). If the
abovementioned criteria are internally coherent and applicable
to the target audience, this will create an immersive and
engaging leaning environment, leading to the experience of
the state of flow (Csikszentmihalyi, 1990) by the learners, and
thus strongly contributing to the effectiveness of learning
(Hamari, J., & Koivisto, 2014; Hamari, Shernoff, Rowe,
Coller & Edwards, 2016).
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Figure 1. Abstraction and reality in simulation games:
Source: Duke, (1974) and Kriz, (2011).

Figure 2. Layers of social systems. Source: Klabbers (2006:
39).

Identification with a social system and, consequently, with a
certain culture is a very important driving force. Making use
of the mechanisms of role-playing and of the formation of
social systems, followed by identification with social systems
formed in such a way, is one of the fundamental mechanisms
of the functioning and effectiveness of simulation games.

Woźniak (2010: 303) suggests a similar division of goals for
simulation gaming but including criteria of successful training
or successful education based on the application of decisionmaking simulation games. He proposes three groups, each
with a different definition of success:
A group of decision-makers with a common goal,
whose aim is to eliminate undesirable situations
manifested through undesirable actions taken by their
employees. They see success as eradication of these
actions by way of application of special trainings
based on decision-making simulation games.

•

A group of participants aiming to develop their own
skills and abilities in order to improve their
performance both in the existing organization and in
their future career path. This group sees success as
experiencing something exciting, which requires fun,
discussion of interesting matters, and a sense of
conviction that the newly-gained knowledge will
help them deal better with their work and problems
in the future.

•

A group of coaches who aim to achieve a balance
between the needs of the training participants and the
decision-makers. The opinion about a given training
usually depends on the opinion of training
participants, which is why their opinion is often
crucial to the selection of training priorities, even if it
is against the interest of their organization. The needs
of decision-makers can be fulfilled to a larger extent
if special tools assessing the structural outcome of a
given training are applied, as well as if decisionmakers are personally involved in the training
process.

The effectiveness of the method based on simulation games in
the context of learning is very strongly dependent on the
strategic decisions researchers/designers have to make during
the creation and development of the simulation game content
and context. The level of the simulated reality, organization
context, the number of the displayed areas, involvement of
technology, and the recognized social structures all strongly
contribute to the quality of a given simulation game and to the
learning experience offered.
3.
DESIGINIG
SIMULATION
GAMES
ORGANIZATIONAL DEVELOPMENT

FOR

The science of design is represented by two worlds (Klabbers,
2003): design-in-the-small, which uses simulation games as
artifacts to model the processes of reality, and design-in-thelarge, which uses the effects of simulation games to transform
any existing dysfunctional situations, patterns of behavior, or
systems structures into the preferred ones. Building simulation
games for learning or organizational development requires a
specific approach to situational analysis. First of all, it is
always goal-driven. Second, it requires researchers and
designers to analyze the case in many contexts. These two
elements influence mainly the effectiveness of the future
simulation in fulfilling its purpose. The suitability of games
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effect – the main effect we want to achieve using a given
game,
•

content – the ‘main theme’ of a given game,

•

context – using a given game in a particular context,

•

audience – the environment or target group a given
game is addressed to.

All games are specific with respect to these four indicators.
Particular types of experience generated by simulation games
support game participants in acquiring knowledge in the scope
of a given theme included in a given game by means of
learning-by-doing. The overriding objective is to match all
these indicators in a way that will make it possible for game
participants to immerse themselves in the interactive
environment of games through their own “gaming”
experience.
Experiencing games ‘in full’ is crucial to the achievement of
learning objectives such as development of skills, broadening
of horizons, or expanding the repertoire of reactions to
unexpected events (Klabbers, 2008). Motivation is the driving
force behind the development of skills. For this reason, a welldesigned and well-localized game should motivate its
participants. A clear, transparent structure of the game and an
attractive visual representation of results enable participants to
evaluate their achievements and are among the basic elements
contributing to the achievement of competence motivation, or
one’s belief in one’s own ability to solve the problems one
faces (Sternberg, 1998; McClelland, 1985; Bandura, 1996).
Faith in one’s own abilities and competence is the main
driving force for all humans.

In order to arrive at a proper set of elements, a simulation
game played for education purposes should be analyzed on
many levels. A simulation game can basically be viewed as a
social system. Every game involving more than one
participant constitutes a social system. We can observe and
follow models of construction and formation of social systems
in every ad-hoc game involving participation of at least two
players playing a new or an open-type game (i.e. without a set
of predefined rules). A usually stormy period of organization
and negotiation of rules and roles is followed by a period of
structuralization and consolidation of forms of social
organization. According to the definition of social structures
such as nations, companies, organizations, institutions,
collective networks, and informal groups, contemporary
simulation games reflect the general framework of a social
system composed of many sub-systems. Still, the in-game
social structures are always evolutionary forms of the people
involved and of their behavior. Social structures formed as a
result of the behavior of game participants can tell us much
about the culture and social standards of these participants.
The process of building, adapting, and evaluating a simulation
game can be shaped along many different models. The model
proposed by Kriz (2003) is related strictly to business games
aimed to support organizational change and development.
Kriz’s model concerns application of decision-making
simulation games as didactic tools (see figure 3), which can
be also useful in supporting organizational development
through modification of attitudes and improving the
competence of game participants.
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for education-related purposes depends on four main
indicators (Duke, 1974):

basis for potential corrections or – if necessary – for the
redesign of a given simulation game in order to improve the
way its content is delivered or the initially assumed effects are
achieved. A proper evaluation model is essential for the
evaluation and assessment to be performed as part of the
meta-debriefing.
4. SIMULATION
DEVELOPMENT

Figure 3. Simulation game creation as a process. Source: Kriz
(2003: 495–511).

Initially, a fragment of reality is chosen for simulation
purposes. The selection is based on the purpose and the scope
of the simulation, and should focus on the issue that is to be
represented in the simulation.

If a simulation game is designed correctly, it triggers the
effect of creation of game reality when applied to the
previously-selected target user group. The type and the impact
of this new reality depend on the game itself, on the game
master, and on the players, including their involvement and
mutual interaction. The outcome, the course, and the
processes resulting from the game are subject to a reflective
analysis at the debriefing stage. According to Kriz and
Nöbauer (2008), the summary and overview of a simulation
game is the most important element related to achieving
educational effects. The application and the summary of
simulation games pertain to the didactic model that needs to
be applied correctly in order to make it possible to achieve the
intended education-related results, including the change of
attitudes and the improvement of the competence of game
participants.
A meta-debriefing is used to let game creators and game
facilitators review and discuss a given simulation game. Such
a summary serves as a tool to discuss the course of a given
game, as well as to summarize all elements of that game,
starting from the design stage, i.e. the level of reality, roles,
interfaces, and so on. The process ends with a formal
evaluation of the whole process, followed by an assessment of
outcomes of each stage. This evaluation becomes also the
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FOR

ORGANIZATION

Simulation games can be powerful tools for organizational
development and change. The majority of leaders in
organizations see the necessity to learn and change (de
Caluve, 2007). However, the process of organizational
learning and change is never easy. One of the reasons for this
dilemma is “cognitive dissonance” (Cummings & Worley,
2001), which describes a situation when people often act in
contradiction to what they think. This leads to a conclusion
that thinking and doing are not consistent or do not happen at
the same time. Case-study-based simulation games have the
potential to bridge this gap by showing the essence of a given
problem and by combining thinking and doing in the Kolb
cycle style (Kolb & Fry, 1984) over several game sessions.
Organizations have many ways to learn, but simulation games
based on their own case studies or coming from similar
situations have the advantage of utilizing the three most
important factors for organizational learning in the most
effective way (de Caluve, 2007):
•

sense making – establishing meanings while doing,
acting, thinking, and reflecting;

•

common language – common understanding of
words, concepts, and thoughts;

•

verbalization – ability to present thoughts, concepts,
and mental models in a clear and understandable
manner.

Organizations can learn from life, models, and simulations
(see figure 4), but only simulations games offer a risk-free
environment for experimenting with new behavior or decision
patterns followed by a structured feedback. They offer the
time and space to slow down and reflect, which are essential
elements for learning (Argryis, 2004).

Figure 4. Sources of learning and their interconnections.
Source: Kriz (2011)
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The process of designing a simulation game involves reducing
the complexity of the reality to a simplified reality model.
Furthermore, in terms of organizational change and
development, the design should also take the target group of
the simulation game and the target length of the training into
consideration. A decision-making simulation game is not only
a model of reality, but also includes a game scenario and a
manual together with game mechanics and player interfaces.
The scenario provides a description of the background story
and a context for the model of reality. A simulation game
along with its mechanics and scenario form the so-called
simulation model.

GAMES

Organizations can face a lot of different problems and/or
challenges, and choosing an appropriate simulation game type
is as important as telling the right story in the case it
represents. Wenzler (2007: 68-70), based on the extensive
organizational research, describes the types of simulation
games that can be used to address different areas or points of
view on an organization:
Market simulation as a representation of the dynamic
relationships on the market or between its actors.
This simulation allows the organization to gain new
perspectives on the behavior of the actors and their
position within a certain market structure.

•

Policy simulation as a representation of the
introduction of a certain policy or administrative
rules. It will let one observe the behavior of actors in
a new situation and to monitor the direction of
interactions between them.

•

Dynamic business modelling as a representation of
the dynamic behavior of the business system
resulting from the casual relationships between
system elements. It allows organizations to simulate
how the system will react to certain disturbances,
decisions or changes within mathematically modelled
relation equations.

•

Capability simulations as a representation of
dynamic behavior of an existing or planned business
process. Organizations can simulate the behavior of a
business process based on a series of discrete events
described by decision rules and resource scarcity in
different external and internal situational settings.

•

Day-in-the-life simulations as a representation of
one-to-one particular business environments or roles.
Organizations can observe a given participant’s
behavior in this situation and in so doing can test a
new business environment, role or participant’s
abilities and skills.

•

Performance simulations as a representation of a
particular business issue or environment, with a
focus on the relationships between individual
business elements. Organizations can see how
business decisions influence performance on the
basis of path-dependent decision trees.

Figure 5. Effects of implementation of simulation gaming
among organizations. Source: Kriz (2011) after Wenzler
(2007).
Wenzler (2007), in his extensive research on change in
organizations, showed the effectiveness of gaming simulation
as a method of support in the organizational change process.
Organizations (see figure 5) that used gaming simulation
methods in the organizational change process showed much
better performance results compared to those that did not.

Addressing the needs presented from an organizational
Gaming simulations as a representation of a chosen
development perspective, we can present effects of simulation
set of key relationships and elements of a particular
games as interventions at three levels: individual level, team
issue or problem, where decisions of the players and
level, and organization level (Balcerak, 2015) with respect to
their behavior are direct results generated by the
short- and long-term effects.
rules of the game and by the interactions between the
players. However, due to the number of elements or
relationships, the environment remains metaphoric or
symbolic. Organizations can monitor the behavior of
the whole system with the directions of interaction
between actors.
Table 1. Effects of interactive simulation implementation in organizations. Own translation based on Balcerak (2015, p. 343).
•

Level
Individual

Primary effects/short-term
Building
awareness
of
own
competences and shortcomings, mental
models, and misperceptions, learning
about complex systems, creating change
necessity, creating ideas for improvement
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Recurring effects/long-term
Building habits of reflective and systems
thinking,
increasing
motivation
and
engagement,
building
capacity
for
experimenting, stimulation of creativity
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A correct and contextual implementation of simulation games
as interventions in the process of organizational development
will have an influence on the knowledge, skills, and behavior
patterns of the members of the organization. Games will also
offer a structured common language for addressing future
problems (Klabbers, 2003). De Caluve and Guerts (1998)
point out the value and role of simulation games based
intervention and its important part of the successful
organizational change: adopted reality level, repeated
experience, realistic expectations on the process, structured
feedback and learning, role switching, plenty of oral
communication, etc.

Team

Organization

of processes and structures
Modification of particular process,
team-building,
acquiring/improving
teamwork skills
Changes/modifications
to
the
organizational process and structures,
increasing organizational environment
awareness, identification of training needs

The effects listed in table 1 can be created through utilization
interactive simulations of a dynamic nature with wide
participation and an increasing self-efficacy of participants
(Balcerak, 2015).
5. SIMULATION GAMING MODEL

Choosing the right set of goals and the means to reach them
through simulation gaming is not easy. In order to simplify
this process, the author has created a new classification model
that should help establish the first course of action (see figure
6). After establishing the first idea for the simulation game
and gathering the data, researchers/designers face three major
questions:
1. What do we want the player to do during the game?

2. What should be the educational goals of the game?

3. How do we want to evaluate the performance of the
players?

From the point of view of using case-study-based simulation
games, two dimensions can be used to show the continuum of
all potential combinations.

Figure 6. Classification of games between rule rigidity and winning strategy determinants. Source: Own work.
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Gaming simulation is a powerful tool in both organizational
and academic setting. However, in order for the simulation
game method to be effective, it has to follow certain criteria
and requirements. First of all, simulation games have to be
accompanied by an instant feedback, dialogue, and reflection
(Kriz, 2003). Secondly, we need to consider and address all
three layers of the system – the social layer (culture), the
organizational layer (structure), and the resource distribution
(technology) (see figure 2). In order to simplify the game and
extract the problem or situation, we have to choose the level
of reality represented in the game and replace the rejected
elements with methods and artefacts. A very good example of
this process is developing card or board games. Such types of
games offer, in general, a lower fidelity of reality and use a lot
of metaphors and artefacts (i.e. resources are blocks or chips,
organization is a chart or space, time is metaphoric and
contractual, and so on). However, all those modifications of
card and board games have the advantage of simplified
language and can be played in almost every environment by

Change in narration and communication,
increase in team consistency, building
relationships and bonding
Changes to the organizational culture
towards open communication and knowledge
sharing, increase of innovation, discovering
talents
all groups of people because they will build their own
understanding of the game within their capability and current
situation. On the other hand, computer-aided simulation
games can offer a very high degree of realistic fidelity, but
require the resources and abilities of people to convey ideas
and knowledge through technology. In short, all games,
regardless of whether they are based on a real case-study
scenario or on the imagination or knowledge of their creators,
should be created with a goal in mind (Duke, 1974).

The first dimension is rigidity of rules, which describes the
number and the extent of inflexibility of game rules. A basic
understanding of this dimension can be associated with the
classical paida–ludus classification (Caillois, 2001), where
paida is a wild, free-form, improvisational play – here, the
rules are uncodified and based on an open model – and ludus
is a rule-bound, regulated, formalized play – here, the rules
are strict and often codified. Caillois defined the
abovementioned dimensions as continuum extremes since
many games are, in fact, combinations of paida and ludus,
containing elements of both.
The second dimension defines the ‘win state’ conditions
understood as the expected outcome (often described as the
target function), where the way players progress is judged. It
basically defines how much of in-play freedom the game
participants have, i.e. from an unrestricted creation to a
predefined outcome and progress. The judgement of the
progress is tightly connected with the goals and the needs
fulfilled by this particular type of game.
The whole continuum of games has been divided into four
sections:

In the lower left corner there are simulation games
with low rule rigidity and the goals of creativity itself
and the outcomes of the play. Here, active
participation and out-of-the-box results should be
rewarded.

•

In the upper left corner there are simulation games
with a predefined win state - with few and flexible
rules. The goals of such simulation games are
process creativity and verbalization. Here, the
progress in verbalization skills and new creative
process solutions should be rewarded.

•

In the lower right corner there are games with no
predefined win state conditions, but with a high
degree of rule rigidity. In such simulation games,
participants have the freedom to create any decision
strategy they want to, but they have to obey a large
number of rules. The goal of such simulation games
is reaching the awareness of the system’s limitations,
and realizing the potential and the flexibility of the
decision strategies within the model. In this case, the
most effective solutions and progress towards them
should be rewarded.

•

In the upper right corner there are simulation games
with rigid rules and a predefined win state.
Participants have to follow or find out the decision
strategy closest to the desired solution; the closer
participants are to the designed optimal solution, the
more effective the decision strategy becomes. The
goals of such games are shared mental models and
intelligence. The progress towards the optimal
solution and knowledge about it should be judged as
an outcome of such games.

Simulation games can have many different combinations of
rules, mechanics, and outcomes, but each of them offers
players a unique experience. Games can work as real-life case
studies, giving instant and reliable feedback to the player and
letting them reflect effectively on both the results and the
decision process. Diversity of games, simulations, and
simulation games makes it possible to apply them effectively
in virtually any education setting – both inside and outside the
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This classification framework can help organizations build
their development strategies. At first, an organization has to
choose the objective of implementing a development program
or a problem to solve. Secondly, based on the aim or the
problem, we can place those needs in the classification
framework and then work out the path the organization can
follow in order to progress.
As an explanation to the operationalization potential of the
model, let us look at some examples.

Example 1. If an organization suffers from a communication
silo problem or is ‘dispersed’ in terms of geography and
knowledge level of the employees, it might need to bring its
people on the same page as a first step of development. For
that purpose, simulation games with rigid rules and predefined
results or strategy (upper right corner of the model), fitted to
the needs of a given company, will serve the purpose of
increasing the overall intelligence of the people, and through
the simulation gaming experience in groups, also spread a
shared mental models across the organization. Further steps
can involve using games with a high level of rule rigidity and
a non-predefined outcome (lower right corner of the model) to
build conciseness and the ability to understand different
strategic options in a more holistic approach. After the people
in the organization build this capacity of flexible and holistic
thinking, the organization can move to more creativity-driven
activities such as free-form games and sand-box experience
(lower left part of the model); then, the effects of shared
mental models and intelligence, as well as flexibility of
thinking and consciousness will be used at the top of their
potential within the created space and time. Of course,
organizations with similar problems can jump straight away to
creativity and solution oriented games but, in my opinion, it
will have a limited or no effect at all.
Example 2. If an organization is knowledge driven and/or
faces the issue of decreasing performance, it can use a
different approach. Firstly, we would need a creative push, or
an idea that will be a driver of progress. Thus, creative and
free-from games and activities will be the best for this purpose
(lower left part of the model). Organizations that are
knowledge-driven will most likely not face any obstacles to
take advantage of such activities. After creating and choosing
the driving idea or objective, it will be necessary to verbalize
and present it in a structured way. Additionally, the
organization will have to figure out how to reach the desired
outcomes or goals; this is where games with low-rigidity-level
rules and a predefined outcome (upper left part of the model)
can be of great help. After the organization has both the goal
and the road thereto, this needs to be spread through the
organization and thus reach newer and higher levels of
organizational development by using rigid simulation games
displaying an exact situation and the road leading to the
situation (upper right corner of the model). Again,
organizations that are knowledge-driven, characterized by
open communication and a low hierarchical culture can use
games with high rigidity and outcome predefinition, but the
effectiveness of it can be limited in terms of organizational
development.

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

•

classroom. Even if there is no appropriate simulation for some
highly specific discipline, we are still able to develop a special
scenario or a completely new simulation game covering the
required scope of knowledge or a particular thematic area in a
relatively short time and with calculable costs. Case studies
are the perfect starting point for such simulations.

6. DISCUSSION

The model presented by the author refers to a particular
context of utilization of simulation games as an intervention
in the setting of organizational development. Almost all
authors active in that area (Duke, 1974; Kriz, 2003; Kirz &
Hanse, 2006; De Caluwé, 2007, 2008; Kortena, De Caluwé,
Geurts, 2010; De Caluwé, Geurts, Kleinlugtenbelt, 2012)
agree on the need for a structured approach to the topic of
organizational development and the role of simulation gaming
in that process. Simulation and gaming can be both very
powerful tools for organizational development, but the
effective use thereof in an organizational environment is still
evolving and should be discussed extensively. Kortena, De
Caluwé and Geurts (2010) in their research on the future of
organizational development call for more diversity and
complexity among the modern organizational approaches. The
model presented by the author is a modest proposal of such
framework, which is based on the current state of knowledge
about simulation and gaming in the context of organizational
development, as well as on the author’s own experience in
working with organizations using simulation games in their
daily work. However, the model presents also a quite specific
view on the matter, and proving its validity should be subject
to further research and discussion.
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1.

INTRODUCTION

A recent news item (ABC 2015) announced that an
Australian pilot had won the right to captain an airliner
despite having CVD (colour vision deficiency, also known
as 'colour blindness'). Beyond all the discussion about
degrees of colour blindness and its relevance to the
requirements of being a commercial pilot there lies the
question of how this pilot (and his estimated 400 peers with
some degree of CVD) gained their current status as
licenced pilots. The tribunal hearing his case noted that at
issue was the fact 'that [the pilot] had an impeccable flying
record, and his risk of having an accident whilst in
command of an aircraft is the same as any captain’.
Questions arising from interest in how a 'colour blind' pilot
could possibly become a commercial flight captain
indicates the extent of general ignorance about the physical
condition, and, more particularly for our purposes, how
pilots a) develop flying skills, b) are assessed for capability
and c) regularly renew their proficiency status.
A
significant part of the answer to the question of how all
pilots (including those with CVD) become qualified is, of
course – simulation. And this is where our exploration of
simulation for assessment begins.
Aviation is one of at least four sectors (others are transport,
health and emergency management) where formally
structured education relies on simulation to support
learning and assessment. Each has evolved a different
perspective on what is involved, and it is unfortunate that to some extent – each could be said to be myopic in its
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attention to the use of simulation within its own domain.
This condition is at best unfortunate, and at worst
debilitating and perhaps even dangerous. In this paper we
explore core concepts of simulation and consider how these
affect choices of assessment methods. This is part of a
larger project and we begin with assessment as the focus of
attention because of the way that it shapes aspects of the
debate about how/and if to use simulation when it is an
imperfectly understood tool and method.
2.

THE PROJECT

With this in mind, the project will apply a cross-functional,
interdisciplinary approach to exploring applications of
simulation in as many domains as possible. Our goal is to
begin establishing a better understanding of how
knowledge of simulation, acquired and/or developed in one
domain, can influence and assist developments in others.
An underlying motif for the work is the extent to which
simulation is 'discipline agnostic' being (among other
things) a methodology, a tool and a research strategy
having different facets that may not readily be seen to be
connected.
We begin this exploration by considering why simulation is
not more widely understood and accepted as an assessment
tool and re-validation process. An outcome of this analysis
will we hope, lead to development of pathways for
encouraging disciplines that make use of simulation, to
look across their boundaries into unfamiliar territory and
explore
how
inter-disciplinary
and
cross-sector
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collaboration may be to mutual advantage and wider social
benefit.
In future papers we plan to address how to share the present
state of knowledge about simulation as a training tool, a
research methodology, a decision support platform and a
problem solving strategy.
3.

SIMULATION IN USE
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4.

SELECTING A BEGINNING POINT

5.

WHAT IS ‘SIMULATION’?

For those, like the authors of this article, engaged in
simulation as an area of professional expertise this lack of
awareness is troubling, and our discussion about why
things are this way prompted the beginning of this work.
As professionals, we know the complexity of what is
involved in the effective use of simulation, and have
acquired a depth of knowledge about it, that now exceeds
the extent of what was our first area of disciplinary
knowledge. However, we are also aware that this could
lead to narrowing our focus to the types of simulation used
in our primary disciplinary arena, so we began this
collaboration as a way of sharing our perspectives and
exploring ways in which attitudes to simulation are the
same – and different.
Difference can indeed be a great starting point for
generating new understanding, and the very major
differences in our own professional backgrounds is
providing a rich ground for this work. We are finding that
our dialogue around questions like ‘What is simulation?’ ‘Where is it/can it be used?’ - ‘How can learning in/from
simulation be assessed?’ emphasises the diversity of our
experiences and perceptions, and generates an exploration
of beliefs, values and practices of applying simulation in
our disciplines. This continuing dialogue led to the format
of this paper, as a collaboration drawing on text from email
exchanges over a period of time. The paper, and plans for
continuing research and writing, emerged from an initial
question about how best to evaluate the learning in (and
from) simulation. We anticipate continuing this approach to
help prompt, challenge and inform a continuing dialogue,
and communicate the outcomes of our research.
A systems theory approach [8] to exploring the question of
‘what is simulation?’- is shown in Figure 1. It exhibits key
elements at three notional levels
a) container – an external barrier to holds a simulation
within the bounds of its artificial context
b) primary factors of Means, Model and Motive
c) specific components that coalesce around each primary
factor to engender the specific shape and structure of each
simulation event and influences the nature and quality of
participants’ experiences.
While this is a very useful model we remain in agreement
with the position from Box and Draper, that ‘essentially all
models are wrong and some are useful’ (1987) so use this
image as a conversation point, rather than an artefact that
has substantial ‘rightness’.
Its usefulness lies in the way in which it can be re-purposed
across all many disciplines, as a means of identifying
artefacts that are – or might be – simulation.[5], [9], [10]
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In aviation, simulation is used to both train and assess
pilots, as well as regularly review their continuing
capability for flying. The work of Ray Page [4]) and his
peers ensured a world wide application of standards for
simulation in all aspects of pilot preparation.
The news item about the CVD pilot reveals a general lack
of public awareness of simulation, and provides a starting
point for this paper, since it highlights to low level of
understanding of how simulation can be used to develop,
and assess skills and capabilities. Levels of awareness and
understanding vary greatly, among sectors, and there are, as
yet, few signposts indicating how simulation as a
teaching/learning/assessment strategy is similar across
domains of knowledge and practice.
In military contexts there is wide and historical acceptance
of the capabilities of simulation for developing operational
readiness – although the terms used to denote the various
approaches do not always clearly refer to 'simulation'. This
variety of terms also seems to have created many other
situations where those working in a sector may think they
are operating in domains that are separate and conceptually
unrelated to any others.
For example in 21st century Australia the national health
system has invested heavily in establishing simulation
centres, supporting simulation as a key application for
training, while not often acknowledging the parallels with
military uses. [5], [6] Similarly the Vocational Educational
and Training (VET) sector also uses simulation widely, [7]
although VET practitioners are less likely than those in the
other sectors, to recognise how their activities are related
to, or linked with, simulation applications.
In other sectors, including the formal education sector at
both school and tertiary level, the picture is at best
confusing. For example schools and universities each have
laboratories, conduct model-building activities, use online
role-play and other computer based learning activities all of
which are variants of ‘simulation’. However the notion that
they are engaged in ‘simulation’ is seldom understood or
acknowledged by educators in this domain.
Of course, in all these sectors, there is (as yet) no essential
requirement for educators, learning assessors or even those
commissioning simulation-based learning processes to be
qualified or even especially informed about what they are
using.
In short, simulation is in use in almost every area of human
endeavour yet far less frequently recognised as such. In
addition there are few special requirements or

qualifications linked to expectations about effective use and
maintenance of simulation-based processes.

Figure 1: a systems map

Figure 1 A systems representation of simulation
essentials
5.

SIMULATION AS ‘TRICKERY’

6.

BEGINNING A DIALOGUE

6.1
Differing Perspectives
Author 1 - Mine is an engineering perspective focused on
use of flight simulators. I am now exploring what seems to
be a very different approach in ADTSC (Australian
Defence Simulation and Training Centre) using simulation
to train military tactical and strategic planning using
(among other things) decision support software. The
problem is that this does not readily model into simulation
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6.2

Indeterminacy and Chaos

Author 2 - Thanks for all this. What a fascinating topic to
explore. I tend to begin with the work of Heisenberg
(Davies, 1990) and the 'Indeterminacy Principle' by which
he first suggested that researchers are likely to choose
research methods that appeal to their own ‘world views’. He
was reassessing research on the question of ‘what is light?’
where researchers were trying to determine whether light is
a ‘particle’ or a wave’. It turned out to be a ‘wavicle’i simultaneously both and neither [30], [31]. Then he made
his profound observation that it was the researchers
themselves who were setting the parameters. Light 'is' and
humans explore it from the perspective that suits our
beliefs, hope, stance and intentions. And Light continues to
just 'be' itself, only humans have acquired more knowledge
about what that 'be-ing' is!
This is also true of much of what is found in the arena of
simulation at its broadest. While this is neither a ‘good’ nor
a ‘bad’ thing, it is a sharp reminder of the importance of
being aware that formative experiences, coupled with what
might be called 'natural tendencies’, influence beliefs,
stances and actions. Heisenberg’s work warns against
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A key feature of the model is the systems approach it uses
to represent the elements as interconnected in ways that are
not linear. This allows dialogue to range over the whole
system and encourages exploration of simulation from
different angles and beginning points, reducing the
likelihood of claims for absolute ‘rightness’ about
particular perspectives or stances.
One cheeky definition of simulation that emerges from this
is the idea that ‘if you are tricking people, you are
simulating.’[11]–[13] This emphasises a central feature of
simulation that can be very unsettling for individuals who
prefer stability and order. Simulation does trick the senses
for a longer, or shorter, time. It does so in order to reduce
reliance on the certainties of known contexts, making
habits briefly unreliable and provoking the need to increase
contextual awareness in the moment.
And this, in turn, creates immense complexity for the goal
of ‘assessing learning occurring in such contexts’.
Conventional ‘testing’ relies for its veracity on establishing
and sustaining a totally reliable context. However
simulation accepts that nothing can be absolutely
duplicated 'as it was' so strives to create contexts that, while
never absolutely the same as the one that preceded it, aim
for highly refined replication without claiming to be
‘exactly the same’.
This means that assessment in such contexts must be highly
individualised, with a low likelihood of replicability of
exactly the same conditions, while attempting to provide
sufficient similarity to achieve some forms of measurable
results.

platforms like flight simulators which are governed by the
laws of physics and in this regard makes the distinction that
one form is linear the other is chaotic.
One of the interesting papers that I read [14] asserts that, in
simulation, the human factors are more important than
fidelity for training purposes.[14]–[16] This must be
qualified by noting that this was in regard to flight
simulators. The authors draw on results from a number of
controlled studies making the outcome interesting for
companies building $30+ million dollar flight simulators. It
seems to suggest that it is possible to get the same training
results and sometimes better depending on the context of
instruction with a desktop flight simulator as with the full
flight simulator. [17], [18] Despite this, there won't be a
quick change in the industry because CASA and FAA do
not endorse desktop simulators whereas they do endorse
full flight simulators. A lot of my time (I would say
90%) when working on full flight simulators was
maintaining fidelity, and then this had to be signed of by
CASA or DGTA (Director General of Technical Aviation
the military equivalent of CASA). What do you think?
I don't know if this would be true of say medical
simulators/simulations for surgery? The Halstedian
apprenticeship model “see one”, “do one”, “teach one” has
been the norm for centuries and has serious
limitations.[19], [20] Since late 1990’s there have been
quite a few papers drawing parallels to flight simulation for
training surgeons for example vascular surgery [21] some
argue it simulation allows students to get there “hands on
the stick” early. Other papers include endoscopy [22],
urology [23], [24], ophthalmology [25], gynaecology [26],
[27] , orthopaedic [28], minimally invasive surgery. The
same themes occur in medical simulators that there is a
spectrum of fidelity depending on the task required. For
example CRM (Crew Resource Management) or patient
management there is not a critical need for fidelity. Moving
along the spectrum to recency and proficiency or more
specialised surgery naturally there is a need for higher
fidelity. A recent review of 173 papers from 2000-2013
assessed the validity of simulation as an assessment tool for
surgery [29].

allowing one's self to be limited by prior perceptions. Yet,
inevitably we all develop our own conceptualisations. The
Cynefin
framework
(https://www.youtube.com/watch?v=N7oz366X0-8/), and
also
concepts
such
as
'situational
analysis'
(http://cmsdata.iucn.org/downloads/approach_and_method.
pdf) - suggest we have to work out where our beliefs and
ideas do/ do not match with others' beliefs and perceptions,
and then begin exploring outwards from there.
My belief is that at a certain level of abstraction all
simulations share certain key features. But then as they
move along their own trajectories each takes on specific
variables and features, to the point where it is easier to see
the differences than the similarities. This is partly what
Figure 1 is trying to show. Flight simulators and desktop
programs have all the elements included in the diagram, but
possess them at vastly differing levels of detail and
complexity. This does not make them 'different things' but
does make them different embodiments of the one thing simulation that creates a temporarily inhabited context that
is 'other than the normal world'.
6.3

‘Open’ and ‘Closed’ Simulation
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6.5

Patterns of action in simulation

Author 2 – before I try to answer your question, I need to
clarify something about the outcomes of ‘open’ simulations.
While no two runs of an ‘open’ simulation will be exactly
the same, there is a patterning of action that, over time,
becomes somewhat predictable. In effect these patterns of
action follow predictable trends, but predicting which
participants initiate which actions is impossible to do. And
this predictable unpredictability enables a learning
environment that can be shaped somewhat but is never
entirely under control. In my dissertation I argued that
‘Chaos/chaotic’ once meant only dis-order, ‘messiness’ and
unpredictability. 20th century scientific discoveries show
how order is concealed within ‘chaos’ producing richly
complex patterns when viewed from the right perspective.
… ‘chaos’ concepts can be usefully applied to open …
simulations to demonstrate how they are similarly
‘chaordic’. (Leigh, 2003)
The kind of science, or engineering, that finds this
offensive seems anchored in a belief that everything is
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One difference between flight simulation and ADSTC
requires an understanding what I call 'open' and 'closed'
modes of simulation (Christopher, 1987). 'Open' processes
are more likely at ADSTC because they cannot know in
advance - and their work will be fatally flawed if they think
they do - the precise outcomes of their activities, once they
add human beings into the mix of a mission rehearsal or
such.
'Open' processes are useful when it OK for the outcomes to
be unknown until after human beings have completed their
engagement with the simulation.
Flight can have unexpected and even catastrophic
outcomes, but the aim of all training is to predict and
prepare for these using more and more information to be
further ahead of the technical curve. However most of the
training will be 'Closed' with a focus on replication and
repetition. ADSTC, on the other hand must train for
unknowns and the 'unanticipatable'. Field Marshall
Helmuth Carl Bernard Graf von Moltke (1800-1891) wrote
that
'The tactical result of an engagement forms the base for
new strategic decisions because victory or defeat in a battle
changes the situation to such a degree that no human
acumen is able to see beyond the first battle. . . Therefore
no plan of operations extends with any certainty beyond the
first contact with the main hostile force.' (wikiquotes)
He was aware of the futility of blindly sticking to what was
'planned to happen' when what is actually happening is
deviating from that plan. Neither Moltke, nor I, are deriding
the need to plan, rehearse and train. However, the fact
remains that planning does not - itself - create the kinds of
outcomes intended. A case in point is the Australian retailer
– Coles - practice of treating certain budget forecasts as if
they were fact, and penalising suppliers if their products did
not meet Coles’ forecast sales with the result that Coles is
facing ACCC court action - a case of failing to understand
the power and complexity of simulation.
Author 1 - Thanks for the email and the systems view of
simulation. While it is interesting, it does not seem to
consider war games in which there are Live, Virtual and
Constructive activity, and the edges become blurred. A
classic example of the blurring of boundaries is told in

“Enders Game” (Card, 1985) where the main character
(Ender) thinks he is rehearsing war as simulation, until it
turns into the real thing, and he only finds this out after he
has won the war! similarly in the Star Trek the wrath of the
Khan.[32]
6.4
Boundaries in Simulation
Author 2 – I have read it. A key point that Card makes is
that assessment, via simulation, shades from full awareness
of all aspects of all other components, to no awareness even
of crossing the boundary, at least on the part of the
participants. This does not mean there is no boundary,
rather that it is not known to all. And assessment does not
necessarily need the boundary as a pre-set, and known,
parameter.
Author 1 - I like the terminology of ‘open’ and ‘closed’ to
define the two types of simulation. You are right that it is
impossible to know the outcome for an open simulation but
Defence does attack the problem analytically with some
pretty powerful mathematical artillery, fusion and other
probabilistic methods. So closed systems are deterministic,
and open systems are probabilistic which makes assessment
if what has been learned much, much more difficult.
What is great is that in a deterministic system if you
conduct after action reviews you are pretty likely to be able
to replay everything and it's repeatable. This is one of the
tenets in science that an experiment is reproducible.
However, with an open system it is quasi repeatable but if
you change a couple of the parameters you won't be able to
predict where it will end. Things could go off along a
different tangent, which is more like the nature of a chaotic
system, where small changes in initial parameters have
practically unpredictable results. I think you will find that is
quite offensive to the engineering mind, even Einstein
made the famous retort to Niels Bohr, "God does not play
dice with the universe".
Even with Heisenberg's uncertainty principle the level of
uncertainty can be quantified. With some of the open
simulation systems it becomes very difficult to quantify the
level of uncertainty. So what I am leading up to is: what is
the teaching value of such simulations if students are to
learn from their mistakes, when the simulation is not
repeatable?

predictable and controllable – which, of course life is not.
The belief systems embedded in Einstein's assertion about
‘God’ are fascinating. How does he know the ‘mind of God’
so well? I am less certain about things, which makes it
easier for me to explore the spaces between needed
certainties and actual ambiguities.
6.6

Revisiting questions of assessment

6.7

Revisiting the nature of Simulation

Author 2 – Ah! Now I see a problem of definition and
context. We are talking about the same basic concept of
‘simulation’ – but each of us is thinking of very different
examples of it in operation. Your focus is on
mechanical/computer-based simulations that are designed
to train for fast responses to predictable situations. They are
‘predictable’ even when scenarios may seem unlikely,
hence the ability of simulations to prepare pilots for ‘almost
unimaginable’ events.
In this context I like ‘Sully’ Sullenberger’s comment about
his achievement of landing a fully laden passenger jet on
the Hudson River. It was apparently impossible - yet the
only viable option he could see. Afterwards he commented
that
"One way of looking at this might be that for 42 years
I've been making small, regular deposits in this bank of
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6.7

Chaos/Complexity Theory and Simulation

Author 2 – it is not impossible to ‘replay your game’ in an
‘open simulation’ context. What will happen is that you will
not get exactly the same outcome. Think of it this way –
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Author 2 (cont’d) Your question – ‘what is the teaching value
of such simulations if students are to learn from their mistakes,
when the simulation is not repeatable?’ – is crucial. It suggests
a belief that the simulation has to be repeatable if the
participant is to learn. But is it not more reasonable to think
that participants learn by reflecting on past actions and
shaping future actions for trial in new contexts, albeit
perhaps very similar ones? In other words requiring a
simulation to stay constant – in all situations – is
counterproductive to achieving learning of a lastingly
different kind. In situations where the skills, knowledge and
affective domain issues are to be applied in contexts that
are as yet unknown, flexibility and adaptability are (or
should be) valued above rigid adherence to routines.
Thus the question needs to be re-thought so that the
diversity of learning outcomes are more accurately
represented in the thinking required to devise and run
simulations that properly assess learning.
Author 1 - I am interested in this topic for a couple of
reasons - from the simulation perspective and from a
training perspective. What is the training merit of a
simulation [that is not absolutely repeatable]? For example
say you had a flight simulator and then you make the
controls semi-random, so the trainee pilot has to guess. So
of course they are going to be a bit timid. When say they
are pressing down on the rudder, is it going to cause the
aircraft to yaw, bank, roll or pitch or do nothing?
Then - even if they have some idea what it is going to do it suddenly changes. Then when they go back to do the
AAR (After Action Review) things may be different again.
It would be like flying a crippled aircraft. Which of course
pilots learn to do but again even this is pretty well
deterministic or closed. I know this is an extreme case but I
think you understand the direction I am heading. The
reason why simulation is valuable is because it is
repeatable (closed) and we have control over the
parameters so it is deterministic.

experience, education and training. And on January 15
the balance was sufficient so that I could make a very
large withdrawal." (Newcott, 2009)
Author 1 – I am trying to put my thoughts together on the
fly. So in the case of the ADSTC (and, more generally
when human factors are included in the equation, read
‘open’) I suppose what I am saying is that we don't want
the simulation to be entirely deterministic but for training
personnel we can't have it entirely "open" this would be
"the real world". So for training purposes we probably need
something along the spectrum that is semi-open, so that we
can replay the simulation, making it ‘didactic’. This means
the instructors will probably want a system that is more or
less closed.
However, the simulation must be more like an open system
from the student's perspective making it an ‘open’ system.
As I am writing this, I am thinking that from the
instructor’s perspective a simulation must always be
‘closed’, so that the instructor can teach certain lessons and
the students can be safe in making mistakes and learning
from those mistakes.
Helicopters are inherently unstable, so they have AFCS
(Automatic Flight Control System). If this is turned off
helicopter pilots had a saying that “if this happened and you
weren't alert the sequence of events were ONE, TWO,
THREE you’re DEAD’. Instructors would induce
malfunctions, like turning off the AFCS - and you would
see the simulator suddenly wobbling around and the poor
student trying to regain control. After exercises like that (if
they ‘survived’) they came out white knuckled.
Author 1 – have a look at this article in Engineers
Australia about how to ‘Avoid the instinct of the reptilian
brain’ (Cairnes, 2014). With repeated use of a closed
simulation the learner overcomes that ‘reptilian brain’
reaction as unfamiliar territory becomes familiar. This is
one big advantage of a closed system - it can, over time,
engender the feeling of being a ‘master of the universe’ no
matter if it is only a very small universe!
Conversely an open system will allow development of
strategies for coping with the unfamiliar. As I write I
realise I can use the following analogy to articulate what I
mean a little better. Consider chess and bridge. In a chess
game you have 100% of the available knowledge in front of
you on the board. The unknown is your opponent's move
but you have a pretty good idea of the range of possible
strategies.
Now consider Bridge. You hold the 13 cards you have been
dealt. There is some information available from your
partner, and some from your opponents, via the bidding
system. So I suppose Chess would be a closed system while
Bridge is an open system. Although the possibilities of
chess are huge it is theoretically deterministic. For bridge
the same is true but it is much more probabilistic as the
possibilities are far greater and you only ever have partial
knowledge. However, even as I write, I realise that even
Bridge is not really an open system. For example the
Bridge Baron software, allows you to go back and replay
your game and even try new strategies. From my
understanding you can't do this with an open system.

6.8

Assessment Strategies

Author 2 – there’s a lot to explore. We train to manage (we
can’t avoid) reptilian/ automatic responses using tactics
designed to instil automatic responses by focusing on
ignoring the brain’s self-defence mechanisms. Often this is
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exactly what is needed, and ‘closed’ simulations are an
essential component in achieving this ‘brain shift’.
Sullenberger’s comment indicates that a lot of such training
informed his skill that day. His achievement indicates a
very spectacular ability to combine learning from ‘open’
and ‘closed’ environments, and see, in the moment, what
was ahead and eliminate all the useless options. So how can
we train for, and assess, such capabilities?
I am convinced, by my reading of much prior research, that
the approach you suggest is less viable or useful for
achieving the outcomes we both want. So if we can find,
dream up or otherwise propose novel ways of assessing
learning outcomes we will be contributing much to the
field.
A key problem with what you suggest is that it is biased
[heavily] towards conventional classroom teaching - which
is what it was designed for. What I’d like to explore is other
ways of thinking about/and assessing the learning in
simulation. Aviation after all is convinced it does the job so how has it become convinced? Why?
Military contexts similarly are convinced of the value of
‘practical exercises’. Again the question is: how did this
become accepted? Why? And what does the learner gain
from this mode that is inaccessible via conventional
teaching?
I think that both forms are necessary to achieve embedded
skills that are automatic/reflexive, as well as intuitively
original - and are available as and when each is needed.
And this means finding, developing and evaluating a range
of new assessment strategies that do not use a comparison
methodology.
While a reliance on deterministic (based on the precept that
everything must be repeatable) assessment strategies has
value in specific contexts, it cannot really help identify
what – or how – learners going through probabilistic-based
learning environments have acquired either in the moment
of completing the activity, or subsequently when they apply
what was learned in some unexpected future moment.
6.9

Agency and Structure

In an extended review of assessment Chin et al (2009)
recommend that assessment take account of the extent to which participants understand how their
choice of actions (i.e., their agency) interacts with the
structure that the game is simulating. But does what
participants are learning reflect the balance as it exists in
the world being simulated? To address this issue of
verisimilitude, we must go beyond assessing what the
participants have learned through play.
They assert, further that how this is done depends on the
nature of the simulation. And this is a whole new
framework for us to explore. Although I have never thought
of simulation in terms of ‘agency vs structure’ before, it is
closely related to my distinction between the simulator and
the user’s manipulation of it. These two concepts seem
eminently sensible, such that I feel I have hit a bump of the
‘blindingly obvious’. In effect chin et al suggest that – like
light – simulation can be assessed from more than one
perspective – but not at the same time.
This can help resolve the appearance of a paradoxical disconnect between 'open' and 'closed' simulation. 'Agent'
refers to how we use and respond to things. It implies a
choice is made from moment to moment. I can choose to
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you have already played that game, so you know the
outcome. Even if you attempt to re-play it exactly there is
that prior knowledge to be overcome. So in a ‘replay’
(unless entirely electronically controlled) you will tend to
want to improve your outcomes, and thus will make new
decisions.
Use of chaos theory (see for example Leigh 2003) helps
explore and explain the essential unpredictability of ‘open’
simulations. Up to a point they follow logical patterns but
inevitable small variations in each playing of any one
game, as with any dynamic system, produce large - and
eventually unpredictable - variations in results.
The mathematically focused meteorologist Edward Lorenz
chanced upon the concept of "sensitive dependence on
initial conditions" when an apparently simple choice, about
programming a very primitive computer, led him to
outcomes that showed the goal of achieving absolute
accuracy in long-term weather forecasting was doomed. It
also led to the concept of ‘the butterfly effect’. I chanced
upon all this via the wonderful maths of Benoit
Mandelbrot, when I took my sons to a talk he gave at
UNSW. I assumed I’d be bored – maths is not my ‘thing’,
but Mandelbrot and his fractals mesmerized me, and I
quickly understood his concepts in terms of the human
behaviour that I was observing in simulations and games.
Today, the Fractal Foundation (2009) says –
The great value of fractals for education is that they make
abstract math visual. When people see the intricate and
beautiful patterns produced by equations, they lose their
fear and instead become curious.
I missed the bit about ‘lose the fear’ back then - perhaps
because I was not ‘afraid’ of such beauty in complexity!
After that night I revelled in applying the ideas of
Mandelbrot and Lorenz (and others) to designing,
researching and facilitating the kinds of simulations I use. I
did become acutely aware that applying chaos theory to
arenas outside maths was challengeable, but was reassured
by Kellert (1993) who noted that ‘chaos theory challenges
many of our presuppositions and makes us think differently
about the world’ and I certainly want participants in my
simulations to 'think differently about the world'.
Educators, who find too much uncertainty discomforting,
try to reduce variation by applying ‘standardising’ theories
to gaming outcomes. While their intentions are honourable,
outcomes tending towards conformity eventually reduce
access to comprehension of life’s inherent complexity,
thereby rendering learners dependent on others, seeking
order and stability in a world where ‘un-order’ is more
likely to be their lot (see: Cynefin Domains of Knowledge at Cognitive Edge).
Author 1 – the author of that ‘reptilian brain’ article says
that when we hit the unfamiliar then we revert to the
reptilian brain. We have limited choices, freeze, fight and
flight. So I suppose that would be something that it may
help train. However, again this has been disputed as well
because the students know that they are in a safe
environment.

find an experience of riding an 'Oculus Rift' roller coaster
either exciting or terrifying. I choose and am the agent of
that choice. Further I can then choose what I want to learn
from the experience. This choosing and reaction is
independent of the structure of the technologies in use.
Author 1 – to return to that paper suggesting that in
simulation the human factors are more important than
fidelity for training purposes. How do we allow for that?
Author 2 - to my way of thinking they are evaluating the
structure, in terms of Chin et al's distinction between
agency and structure, and while this may imply how learner
agency will be applied when the equipment is in use, they
cannot claim to be assessing that as well, since agency
remains always and only within the power of the agent.
6.9

Multiplying the Questions
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6.10

What to measure? And how?

Author 1 - there is a quote by Lord Kelvin. "I often say
that when you can measure what you are speaking about,
and express it in numbers, you know something about it;
but when you cannot express it in numbers, your knowledge
is of a meagre and unsatisfactory kind; it may be the
beginning of knowledge, but you have scarcely, in your
thoughts, advanced to the stage of science, whatever the
matter may be."
http://en.wikiquote.org/wiki/William_Thomson
and beside the teaching aspect of simulation, there is the
matter of acquiring understanding. If we can accurately
simulate something this can give a deep understanding,
similar to the quote of Lord Kelvin.
Author 2 - while I like the quote from Lord Kelvin, it
reminds me of another quite differently focused comment
that says approximately 'you may be able to measure the
circumference of the earth but how do you decide the
radius of a beautiful sunset'. I can't find the source but I
hope it makes the point that I want. Both issues are
important: measuring the earth and appreciating beautiful
sunsets. You just can't use the same forms of measurement
to assess them both.
Moreover, as I’ve already noted, who is looking for what
and how it will be used are key factors shaping everything
that is being looked at. While your question on face value is
focused on the ‘teaching’ value of the simulation, will an
assessment process actually be about the ‘teaching’
activity, the learning process or the learning outcomes?
Will it be about the standards underling the design and
construction (the structure) of the simulation, the efficacy
of the learning experience, or the validity of its claims to be
a ‘replicant’ of a real life context/experience?
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Author 1 - I have often wondered - who really gains the
most from simulation? The instructor pilots, the student
pilots, or the engineers and technicians who maintain the
simulator? So, for example, in flight simulators, fidelity is
the big ticket item. Putting aside the limitations due to
physics - here is an example. The Sea King Helicopter
Simulator had some problems that were actually causing
negative training. For example when the real helicopter had
to start there was a very precise routine to power up ...
because of precession it was critically important to go
through the steps correctly otherwise a novice pilot could
roll the helicopter. So on the start up the pilot would have
to bring the engines up to the operational speed then engage
the main rotor and have it rotating at roughly 300 rpm very
quickly. If this was not done properly as I said the
helicopter could roll over. The problem with the simulator
was that initially it did not do this correctly. So student
pilots were instructed on how to do it on the simulator
without really understanding why they had to go through
this routine.
I mention this because in making the modifications to the
simulator I wonder who really got the most out of this (that
is learned more about the design and operation of the
helicopter - and the simulator). ... the exercise in doing it
gave quite deep insight into the operations of the helicopter.
.... So what I am saying is that the student pilots did benefit
somewhat, but the engineers and the maintainers certainly
had a lot deeper understanding of the helicopter through
pursuing the fidelity of the simulator ...
Author 2 - so a single question has just taken on multiple
identities! In this situation we can ask many questions, once
we decide what we most need to know, at this time in this
context! And (recalling Heisenberg again) it is our focus
that takes precedence since the question/s we ask will be
driven by our goals and interests - informed, of course, by
the needs of those asking for the work to be done. We can
ask, for example • Did the changes affect the learning of the student pilots?
Exactly how?
• Did making the changes improve the engineers' and
technicians'
knowledge
and
capabilities
as
aviation/simulation specialists?
• Were the changes cost effective? By what measures?
• What did each group actually learn (about which specific
aspects of the entire context of learning) from the effort
to make the changes?
• How will the identified learning - as gained by members
of each sub-group - be applied in practice?
• Can we track how that learning is implemented in other

contexts, over time?
• It is possible to frame such experiences as learning
opportunities, before they begin? And, if so, how is this
to be done? Over what period of time?
• Can any of the learning be captured retrospectively?
What would be the value of dong so?
• If this was a systemic issue how (and what) could the
larger system/s in which it occurred, learn from analysing
the events and outcomes?
• How does all (or at least some) of this challenge the
current focus on testing for recall of knowledge and
‘knowing about’ things, rather than assessing for ‘being
able to’?
Given time we could think of a dozen more questions that
could be formulated to explore the learning content and
context, experiences and outcomes from this occurrence.
So we have eventually come back to your initial question
about what is the teaching value of such simulations if students
are to learn from their mistakes, when the simulation is not
repeatable? And find that it has morphed dramatically into
questions about many more things that are potentially
assessable than the single issue of learning in unrepeatable
settings.
This is part of the magic and fascination of using
simulations for learning. There can be such unexpected and
profound learning, that no amount of planning could
actually guarantee would arrive. And yet simulation can
also be used to train for automatic predictable actions exactly as learned!

6.11

Simulation and Paradigm Shifts

Author 1 – All this reminds me of Thomas Kuhn
author of The Structure of Scientific Revolutions (1962). A
physicist by training, he spent a semester teaching social
scientists, and notes how he … was struck by the number and extent of the overt
disagreements between social scientists about the nature of
legitimate scientific problems and methods. … somehow,
the practice of astronomy, physics, [etc.] fails to evoke
[such] controversies … Attempting to discover the source
of that difference led me to recognize the role in scientific
research of … “paradigms” … universally recognized
scientific achievements that for a time provide model
problems and solutions to a community of practitioners.
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His insights have had a lasting impact on all forms of
science and include that real learning occurs when there is
cognitive dissonance. Accepted beliefs are challenged
which creates the rationale and motivation for a ‘paradigm
shift.’ He quotes Copernicus (amongst other examples)
moving from research on a geocentric universe to
awareness that we inhabit a heliocentric one. He was
followed by a sequence of scientists who all gradually
overcame their fears, and (sometimes) fearsome social
barriers to create the image we now have of our solar
system and the larger universe. But what he illustrated is
that, at each level of learning, the old paradigm had to be
discarded and a new paradigm evolved.
A recent Australian example is the work of Barrie
Marshall who had an ‘off the wall’ idea that ulcers may be
caused by a bacteria ‘helicobacter pylori’. When I emailed
him and told him I had been referred to his ‘off the wall
idea’ he replied with his version of the idea of the ‘ three
stages of truth (Shallitt, 2005)
All truth passes through three stages. First, it is
ridiculed. Second, it is violently opposed. Third, it is
accepted as being self-evident.
For a long time enterologists were not persuaded that
ulcers were a bacterial infection. Many were hostile to his
ideas, so he eventually did the experiment on himself drinking a concoction of helicobacter pylori and developing
ulcers. He and Robin Warren won the Nobel Prize for
Medicine in 2005 signalling the arrival of a ‘paradigm
shift’ in medical thinking.
This raises a paradoxical issue for simulation training,
which can be expressed like this –
If a high fidelity simulator does not behave as the real
world object it is simulating will this cause the student to
experience cognitive dissonance? And, if it does so, under what
conditions will the student/s pursue the reasons for this and
learn even more from such an exploration than if the simulator
was behaving correctly?
Author 2 – you’re turning your original question on
its head, and taking our exploration, of how and what to
evaluate and assess in/via simulation, into new territory in
regard to methods for evaluation and assessment of
learning in the ‘living’ contexts that are simulations. This is
edging towards a paradigm shift in regard to how to do this,
and why it is important to do so.
I first tried to read Kuhn in the early 1970’s because
someone said my thinking seemed like his. I confess I did
not really understand his argument for a long time, but it
had an impact on me in much the same way that it has
affected the wider research environment.
My work seemed to be constantly just that bit out of

alignment with my immediate peers, and yet readily
accepted by those further away from my ‘home base’. The
concept of ‘a prophet not without honour, except in his own
country’ (Matthew 13.57) appeals to me a lot, and may be a
biblical reference to the means of identifying those who
begin chains of events leading to paradigm shifts in
thinking and beliefs.
Author 1 - Everything I read about the Cynefin
model, and related parallels in physiology, concern the
issue of ‘control’ that theorists have known for a long time.
There is always a compromise between ‘control’ and
‘stability’. The basic principle seems to align maximum
control/minimum
stability
and
maximum
stability/minimum control.
This can be quantified in a system, for example:
suppose you have a JSF (Joint Strike Fighter) with
unprecedented control, 9G turns and so on. However, if you
turn off the control it is simply a completely unstable rock.
At the other end of the spectrum a glider has very little ‘
inbuilt control’ but if you let go of the controls it will
porpoise through the air and be quite stable. I don't think
this is a fundamental law of nature like Newton's law's or
thermodynamics but it is a law derived from other more
basic laws. Things don't go immediately completely chaotic
because that needs a lot of energy. On the other hand, order
also requires quite a bit of energy, however once
established it slowly moves towards chaotic again, unless
energy is added regularly – at least enough to maintain
stability!
Author 2 – a good example of using ideas in one
domain, to show possibilities in another. Order and ‘unorder’ (as Cynefin labels it) are not diametric opposites, but
points on an orthogonal relationship of elements, which are
most usefully considered in terms of ‘more than’ and ‘less
than’. And it requires an effort to comprehend and
appreciate this balance of forces at work. Many aspects of
human life value ‘order’ over ‘chaos’ and the tendency –
unless otherwise directed – is to assign a positive value to
one, and a negative value to the other.
Of course this happens a lot, but often in a manner
that means the one assigned a ‘positive’ value gains
‘precedence’ causing the other to defer to it. In regard to
assessment and evaluation it strikes me that we are too
often chasing the ‘positive scientific’ value of proving a
point via ‘repeatable’ experiments that blithely ignore the
actual unrepeatability of the experience. For example it is
not possible to ‘repeat’ a simulation experience with any
certainty of the kind of totality that Barry Marshall and
Robin Warren could eventually apply to their scientific
proof of the bacterial nature of ulcers.
Thus ‘social sciences’ – having borrowed the word
‘science’ to describe itself as a legitimate field of study
seems, at times, to feel it has to derive its research
processes from the field of ‘pure science’ – and then its
practices miss the underlying truth that ‘social’ is seldom
(ever?) exactly the same twice. Thus efforts to compare
what is learnt via a lecture/textbook with what is
experienced (and learnt!) in a simulation are not really
measuring the same experiences for participants, while
creating the illusion that it is possible to do so – “If we just
ensure all the technical factors are the same”. The work of
Lorenz and Heisenberg – and that tantalizing ‘sensitive
dependence on initial conditions’ illustrates how this is
going to be forever unlikely.
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1

The use of simulation and simulators for training is foundational to ensuring the effectiveness and safety of ADF personnel today.
Complex and high-fidelity simulators deliver air-crew training across the operational flight envelope of fixed and rotary wing
platforms, in normal and emergency situations. And while flight simulators are a mandatory asset for pilot procedural and
proficiency training, the focus is now shifting to a second tier of even more significant benefits that may be realised, focused on
mission readiness that contribute directly to the achievement of strategic defence outcomes.
The objective of this workshop is to provide a forum for presentation and open discussion on the challenges and opportunities
associated with making this step up from an individual training model (focused on procedures and proficiency), to one of team
training across multiple simulations and simulators (focused on tactics and mission rehearsal) and on into the Live, Virtual and
Constructive Simulation (LVCS) domain.
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As an outcome of the attending this workshop, attendees are expected to go away with:
- An understanding of the operational challenges and benefits of team training
- An understanding of the technological challenges and innovations needed for effective team training
- A recognition that it’s not just about the technology, but also its operational context
- A recognition of the changes needed operationally and organisationally as we progress towards a mature team training
construct
- An understanding of the particular challenges and opportunities that this paradigm shift will require
- A networking opportunity to establish key contacts of relevance to each individual’s particular operational context
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ABSTRACT

Article accepted:
April, 2016

Virtual reality (VR) is being used for training and research in various industries, including
the military, due to its greater immersion relative to flat screen simulation technology.
However, the effect of immersive VR displays and background storylines (i.e., narrative)
on metacognitive skills, such as sensemaking, remains unexplored. The current study
employed a 2 x 2 between-subjects experimental design to investigate the influence of
display type and narrative medium on sensemaking for an observation-based driving task.
Sixty-eight adults were screened for motion sickness susceptibility and semi-randomly
assigned to one of four conditions. Each participant received a pre-mission narrative
briefing (text or multimedia) and undertook two simulated driving missions presented via
a flat screen or VR display. Each mission was followed by a structured debriefing to
assess sensemaking in terms of frequency and type of explanation for events in the
mission. The results indicate that both display type and narrative medium influence
sensemaking in virtual environments. For explanations that related to events previously
encountered in the virtual environment, sensemaking frequency was higher in the VR
conditions than the flat screen conditions (F(1) = 9.11, p = .004, partial η2 = .15). With
regard to explanations relating to the briefing materials, sensemaking frequency was
higher in the multimedia narrative conditions than the text-based narrative conditions
(F(1) = 8.38, p = .005, partial η2 = .14). Although the findings suggest that VR displays
have cognitive benefits over traditional flat screen displays, the likelihood of VR-induced
adverse effects (i.e., cybersickness) should be managed (e.g., limiting exposure, alternate
display options available). These results indicate that narrative medium and display type
ought to be carefully considered by industries that use virtual environments for training
and research; such as health, medicine, defense, mining, construction and rail.
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1.

INTRODUCTION

The simulation community actively seeks to investigate and
exploit developments in technologies to significantly improve
training outcomes. Recent advances in virtual reality (VR)
head-mounted displays (HMDs) have generated a renewed
interest in these devices for training and entertainment
purposes. Older VR HMDs typically fell short of user
expectations and issues such as VR-induced motion sickness
(i.e., cybersickness) restricted wide spread adoption (Stone,
2004). However, new developments have made VR HMDs
increasingly affordable and more technologically advanced
than previous iterations. As such, it is plausible that the more
immersive experience offered by VR HMDs, in comparison to
flat screen displays, may provide greater training value.
1.1

Virtual Environments

Virtual environments used for training and research purposes
have traditionally been generated using flat screen displays
(e.g., Belanich, Mullin & Dressel, 2004). However, flat
screen displays have a limited field of view (FOV) and the
individual user is interacting with the virtual environment
from an external perspective. This restricted FOV issue can
be overcome through the use of VR HMDs which offer a 360degree view of the virtual environment. Key advantages of VR
101

technologies include higher levels of immersion and the
feeling of presence (see Diemer, Alpers, Peperkorn, Shiban, &
Műhlberger, 2015; Lee & Wong, 2014). Respectively, this
refers to the technology’s ability to reproduce real world
physical sensations and the individual’s sense of being within
the virtual world (Slater & Wilbur, 1997).
Evidence regarding whether VR provides better training and
greater engagement than traditional displays is mixed.
Potential benefits have been demonstrated in medical,
psychotherapeutic, construction, manufacturing, mining and
aviation settings (Choi, Jung & Noh, 2015; Dunston, Proctor
& Wang, 2014; Grabowski & Jankowski, 2015; Marion,
Septseault, Boudinot & Querrec, 2007; Riener & Harders,
2012; Seitz, Poyrazli, Harrison, Flickinger, & Turkson, 2014).
Conversely, there has also been some suggestion that VR
HMDs offer minimal, if any, practical advantage over flat
screen displays; mainly within the military domain (e.g.,
Knerr, 2007; Taylor & Barnett, 2013). Research into VR
HMDs within the military context has generally focused on
their utility for training technical and procedural skills (e.g.,
Patrey, Breaux, Andrew & Sheldon, 2001; Stevens & Kincaid,
2015; Taylor & Barnett, 2013; Wiederhold, 2005; Youngblut
& Huie, 2003). For example, Taylor and Barnett (2013)
compared VR HMDs and flat screen displays with respect to
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training retention and training transfer for simple dismounted
soldier procedures (e.g., correct grenade usage, concealment
techniques, and firing positions). They found no significant
difference in training retention, or the number of correct
actions performed in the live environment, between the
conditions. Arguably, however, the simple procedural task
used in the study did not make best advantage of the VR
HMD.
Given the immersive properties of VR HMDs, it may be that
these technologies are more suitable for tasks requiring the
individual to gather, synthesize and understand information
from multiple sources occurring throughout the simulated
environment. To the authors’ knowledge, the effect of display
type and narrative on more complex cognitive skills, such as
sensemaking, remains unexplored in the published literature.
The following sections will focus on the use of narrative and
sensemaking within virtual environments.
1.2 Narrative

The medium used to deliver the narrative should also be
considered. The literature suggests that videos can elicit
higher levels of cognitive engagement than when the same
material is presented via text (Bambrick, Whitbred, Skalski &
Bracken, 2012; Chapman, Selvarajah & Webster, 1999). It is
plausible that the level of engagement can be further enhanced
through the addition of face-to-face interactions, such as roleplay. Nevertheless, there may be instances where the
inclusion of irrelevant information in more detailed narratives
negatively affects performance. Thus, the effect of multimedia
narratives on metacognitive performance within virtual
environments remains an interesting, yet unexplored, area
within the literature.
1.3 Sensemaking
Upon exposure to virtual environments, individuals will
usually engage in sensemaking. This refers to the conscious
and deliberate metacognitive process of attempting to
understand and give meaning to one’s experience (Maitlis &
Chritianson, 2014; Weick, 1995).
Individuals typically
engage in sensemaking during periods of equivocality and
uncertainty; which in turn informs their decisions and drives
their behaviors (Weick 1979; 1993).
Importantly,
sensemaking does not focus on accurate ‘truths’, but rather on
plausible explanations for observed events (Ancona, 2012).
Thus, sensemaking goes beyond simply perceiving ambiguous
events, to actively seeking probable meaning and explanation
for their occurrence.
Situation awareness (SA), a related concept, refers to an
individual’s awareness and understanding of their
surroundings (Endsley, 1995). Endsley (2015) notes that
parallels exist between sensemaking and level two of the SA
model (Endsley, 1995). Whilst level one SA is the perception
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Within training and research settings, level one SA is often
measured by asking individuals what they observed during a
particular scenario.
Alternatively, level two SA (i.e.,
sensemaking) may be evaluated by asking individuals to
provide possible explanations for the observed scenario
events. Although some individuals may be more observant to
events occurring within the virtual environment than others, it
is unclear whether the narrative medium and display type have
any influence on sensemaking within these settings. Given the
number of industries making significant investments to use
virtual environments for research and training, this question
warrants further exploration.
1.4 Research Objective
The current study aimed to explore the effect of display type
(flat screen; VR HMD) and narrative medium (text-based;
multimedia) on metacognitive performance within virtual
environments. The primary question was whether the display
type and narrative medium influence the type and frequency
of sensemaking. It was hypothesized that the quality of
sensemaking would be highest in the rich narrative and VR
HMD condition, and lowest in the lean narrative and flat
screen condition. To support the Defence Science and
Technology (DST) Group’s ongoing program of land vehicle
simulation research (e.g., Brunner, Fidock, Temby, &
Whitney, 2015; Stokes, Johnson, Fidock & Delfabbro, 2015;
Whitney, Fidock & Ferguson, 2012), a simulated driving task
within a humanitarian aid scenario was chosen to explore the
abovementioned concepts.
2.

METHODOLOGY

The study employed a 2 (display type) x 2 (narrative medium)
between-subjects experimental design. Participants were
screened for cybersickness susceptibility and semi-randomly
assigned to one of four conditions on the basis of their
susceptibility.
2.1 Participants
Participants were 68 civilian and military Defence employees
(64 males, 4 females), aged 20 to 65 years. Individuals who
had previously experienced simulator sickness or had a
tendency to experience vertigo were excluded from
participating in the study. There was a 12% dropout rate due
to cybersickness, with eight participants withdrawing from the
study. An additional three participants requested to be
assigned to the flat screen condition during the study. Data
analyses were conducted on the 57 participants who remained
in the same condition for the entire study. All conditions had
14 participants; except for the rich narrative, flat screen
condition with 15 participants.
2.2 Equipment, Materials and Measures
2.2.1 Driving Simulator. The driving simulator consisted of
a vehicle seat with three degrees of freedom motion, a steering
wheel, and control pedals; as illustrated in Figure 1. Over-ear
audio headphones were used to deliver auditory stimuli during
the scenario. The scenario used in the study was developed
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The surrounding context is often neglected when designing
and performing tasks in virtual environments for training and
research purposes (Morris, Hancock & Shirkey, 2004).
However, learning within these settings extends beyond
exposure to the virtual environment and is inclusive of the task
preparation and reflection phases (Fiore, Johnston &
McDaniel, 2005). As such, the addition of background
storylines can enhance design and learning outcomes within
virtual settings; especially for low fidelity simulations
(Gibson, 2015). This is particularly the case within military
settings, as briefings are crucial for personnel to understand
the context and rationale for tasks.

of environmental events, level two SA involves synthesizing
and integrating this information to comprehend meaning and
relevance (Endsley & Jones, 2012). Sensemaking, however,
does not involve prospectively anticipating and predicting
future events, which is encompassed by level three SA
(Endsley, 1995).

and conducted using the Virtual Battlespace 3 (VBS3)
software (Version 3.7.0; Bohemia Interactive Simulations,
2015). VBS3 is commonly used within the Australian
Defence Organization and other military forces worldwide for
simulation-based training and research.

in character. The dialogue duplicated the information outlined
at the beginning of the lean narrative document. The same
background information was then presented to participants via
fictitious television and newspaper reports. The television
report used news footage of a riot from a commercial
broadcast with a voiceover added to outline the scenario
situation; which replicated the written background information
provided. The newspaper content was identical to the
background information provided in the lean narrative
condition, but presented in the format of an online newspaper
article. The security officer read the mission briefing aloud to
the participants, who were then given the opportunity to read
it to themselves.
2.3 Tasks

Figure 1: The Driving Simulator Set-Up
2.2.2 Virtual Reality Head-Mounted Display. The Oculus
Rift Development Kit 2 (DK2) was used in the VR HMD
conditions. Head movement enabled participants to have a
360-degree view of the three-dimensional virtual world.
Participant head and upper body movement was detected by
fixing an Oculus DK2 Positional Tracking Camera to the front
of the driving simulator. To enable the researcher to monitor
each participant’s progress in the scenario, Open Broadcaster
Software was used to display the participant’s view of the
virtual world on the flat screen located directly in front of the
participant (The OBS Project, 2015).

2.3.1 Familiarization Training. Participants undertook a
five-minute training session to become familiar with the
driving simulator and system controls. Participants who
reported adverse effects in the VR condition during this
session were withdrawn from the study, or reassigned to a flat
screen condition.

2.2.4 Questionnaires. Participants completed the Motion
Sickness Susceptibility Questionnaire Short-Form (MSSQ) as
a screening measure to assess how susceptible the participant
was to experiencing cybersickness (Golding, 2006). The
Simulator Sickness Questionnaire (SSQ) was also
administered at the study onset to provide a baseline measure
and after each simulator exposure to assess for cybersickness
symptoms (Bruck & Watters, 2009; Kennedy, Lane, Berbaum
& Lilienthal, 1993).

2.3.2 Mission One. The first mission was designed to
familiarize participants with the scenario environment and
reporting procedure. Participants were required to drive along
a predefined route and deliver medical supplies from the UN
base Camp Amy to the hospital located in Corazol, Sahrani’s
capital city. During the scenario, participants encountered a
number of significant events which correlated with the
background information previously provided. Participants
were instructed to report any unusual events and were
informed that they would undertake a report on return
debriefing upon completing the mission.

2.2.5 Briefing Materials. A detailed narrative underpinned
the study design and participants played the role of a
humanitarian aid relief worker. The backstory involved a
fictional island nation (Sahrani) regaining stability following a
United Nations intervention; despite some resistance from
loyalists to the old regime. The scenario was designed in
conjunction with a military subject-matter expert to ensure
contextual realism and ecological validity.

2.3.3 Mission Two. In the second mission, participants were
asked to return the humanitarian aid vehicle back to Camp
Amy along the same route as the first mission (see Figure 2),
but in the opposite direction. During the drive, a number of
additional events occurred which coincided with the briefing
materials and with the events encountered in the first mission.
Significant events encountered during the first and second
missions are outlined in Table 1.

All participants were given a personnel sheet which listed the
relevant identities and a map outlining the mission route. The
same background information and mission briefing content
was provided to all participants; however, the delivery
medium was alternated between the lean (text) and rich
(multimedia) narrative conditions. Participants in the lean
narrative condition received a black and white written
document outlining the background information and mission
briefing. In contrast, participants in the rich narrative
condition were informed that the study would involve some
role-play. The lead researcher (first author) then quickly
dressed into security officer attire and greeted the participants
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Figure 2: Map Showing the Driving Route and Key
Locations in the Mission Scenarios
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2.2.3 Flat Screen Display. A single 26” flat screen monitor,
mounted approximately 90cm from the participant’s eye, was
used in the flat screen condition. Participants had a twodimensional, forward-facing view of the virtual world; though
they could look left (-45°) and right (+45°) by using the
paddle shifters located on the steering wheel.

Prior to receiving the briefing materials, participants
undertook a familiarization training session in the driving
simulator. This was followed by two missions and two
structured debriefings. The tasks were completed by viewing
the virtual environment through the VR HMD or flat screen
display, depending on the assigned condition. To maintain
equality between the display conditions, participants were not
permitted to bring any briefing materials into the simulator.
Participants were instructed to drive no faster than 60 km/hr.
This was done to keep mission duration relatively equal across
the experiment and reduce risks of cybersickness.

Table 1: Significant Events Encountered During the
Mission Scenarios
Location

Mission One

Mission Two

A

Police and civilians
standing beside
vehicles. Huey
helicopter, surrounded
by military personnel,
takes off in the
distance

Second detour
involving police,
military personnel and
media. Fire truck and
ambulance present

B

Town empty

Military personnel and
vehicles located in
Everon. Two
bushmaster vehicles
drive past, heading
towards Corazol

Police and civilians
standing beside
vehicles located on
both sides of the road

D

Abandoned yellow van
located on the outskirts
of Gaula

Detour around a yellow
van. Helicopter parked
on the road with police
and media present

Explosion heard upon
departing Gaula

N/A

E

Two policemen
standing next to a 25
km/hr sign. Unattended
smoking van in a crater

2.3.4 Debriefing. Participants undertook a structured report
on return debriefing after completing each mission. The first
debriefing was designed to familiarize participants with the
debriefing process and the types of questions to expect in the
second debriefing. Two questions were asked in both
debriefings: (i) “what did you see during the mission?”; and
(ii) “what do you think is going on?”. The question sequence
was designed to assess participants’ sensemaking; with the
first question relating to the participants’ perception of
scenario events (i.e., level one SA) and the second question
requiring participants to comprehend the meaning of these
events (i.e., level two SA). All participants were probed with
the question “was there anything else?” after each question,
regardless of the response provided.

3.

RESULTS

3.1 Report on Return Debriefing
The research objective was to explore the influence of display
type and narrative medium on type and frequency of
sensemaking. This was analyzed using a mixed-methods
approach. It was hypothesized that sensemaking would be
highest in the rich narrative and VR HMD condition. As
participants’ answers to the first debriefing question may have
influenced their sensemaking in the second question, both
debriefing questions were analyzed.
The first debriefing question was “what did you see during the
mission?”. Three distinct ways of reporting emerged from the
data, as described below. The researcher coded the reporting
style for all participants, without reference to their
experimental condition to reduce bias. All participants were
re-coded two weeks later by the same researcher without
knowledge of their experimental condition, with a strong
intra-rater reliability (Kappa = .89, p<.001) (Cohen, 1960).
The first reporting style comprised general mission
observations; with no reference to the time or place that the
events were encountered. An example of a general reporting
style is as follows: “Saw road signs, background things, mail
boxes…”.
The second reporting style encompassed describing major
events encountered; however, these observations were not
anchored to other events and were often reported out of order.
An example of an unanchored reporting style is as follows:
“There was more Army personnel around. Two times the road
was blocked. One had a helicopter blocking the road and
media around…”.
The third reporting style involved systematically recalling all
events encountered in the order that they were observed.
Participants using a systematic reporting style often began
recalling the mission from the hospital departure. For
example: “After leaving the hospital, I could see the Huey
helicopter overhead. Further down the route, travelling East,
I came across an incident on the road where a helicopter had
landed...”.

2.4 Procedure
All participants were tested individually. Upon completing
the MSSQ and SSQ, participants undertook the familiarization
training session. The background information, map, personnel
sheet, and mission briefing were then provided. The first
mission commenced upon asking participants whether they
had any questions.
The average mission time was
approximately 12 minutes; though this ranged from 8 minutes
to 20 minutes as participants drove at varying speeds. At the
conclusion of both the first and second mission, participants
completed the SSQ, followed by a structured report on return
debriefing (as described in Section 2.3.4). Study sessions
typically ran for 90 minutes; however completed session times
ranged from 70 minutes to 120 minutes due to variability in
driving and reading speeds.
2.5 Data Analysis

Analyses were conducted on the data obtained from the
second mission scenario only. An alpha level of .05 was used
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Table 2: Reporting Style Frequency for the
Four Experimental Conditions
Reporting
Style

Flat Screen

Virtual Reality

Lean
(N)

Rich
(N)

Total
(N)

Lean
(N)

Rich
(N)

Total
(N)

4

3

7

1

1

2

Unanchored
Observations

8

10

18

7

4

11

Systematic
Observations

2

2

4

6

9

15

Total

14

15

29

14

14

28

General
Observations

Table 2 presents the reporting style frequency for the four
experimental conditions. A chi-square test for independence
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C

for all statistical tests. All debriefing responses were
transcribed and coded post-facto according to the type of
sensemaking. Sensemaking frequency count was also
calculated.

indicated that there was a significant association between
reporting style and display type (χ2(2, n = 57) = 10.82,
p = .004, η2 = .42, Cramer’s V = .44). The analysis showed
that display type had a large effect on reporting style, with the
display type accounting for 42% of reporting style variance.
Interestingly, only 14% of participants in the flat screen
conditions had a systematic reporting style, whereas 54% of
participants in the VR HMD conditions had a systematic
reporting style. However, an additional chi-square test for
independence indicated that there was no significant
association between reporting style and narrative medium
(χ2(2, n = 57) = .60, p = .740, η2 = .01).
3.2 Sensemaking
The second debriefing question was “what do you think is
going on?”. Responses generally fell into three broad
sensemaking categories; which were deduced post-facto. The
three categories were (i) links between missions, (ii) links
within mission two, and (iii) links with briefing materials.
Preliminary analyses indicated that the frequency of
sensemaking for the three categories was not significantly
correlated. Consequently, the effect of display type and
narrative medium on each sensemaking category was
analyzed individually.

A two-way between-groups analysis of variance (ANOVA)
was performed to investigate whether narrative medium and
display type had an effect on the number of sensemaking links
formed between the two missions. The analysis showed that
display type had a highly significant effect on the number of
associations formed; with participants in the VR HMD
conditions forming more links than participants in the flat
screen conditions (F(1) = 9.11, p = .004, partial η2 = .15).
However, there was no significant difference in the number of
links between narrative mediums (F(1) = .03, p =.857,
partial η2 = .00); nor was there an interaction effect between
narrative medium and display type (F(1) = .03, p = .857,
partial η2 = .00).
3.2.2 Making Sense of Events within Mission Two. The
second sensemaking category involved making sense of
events that occurred within Mission Two. For example:
“There were two Bushmasters on the move; possibly heading
towards the smoking van or further on up to the other detour
to investigate…”. In this example, the participant has formed
associations with the smoking van and the two Bushmasters
subsequently driving in the direction towards it.
A two-way between-groups ANOVA found that display type
had a highly significant effect on the number of sensemaking
links formed within Mission Two (F(1) = 8.59, p = .005,
partial η2 = .14). Participants in the VR HMD conditions were
significantly more likely to make sense of events that
occurred within the second mission than participants in the
flat screen conditions. Narrative medium did not affect the
sensemaking frequency within the mission (F(1) = 2.46,
p = .122, partial η2 = .10); nor was there an interaction effect
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3.2.3 Making Links with the Briefing Materials. The final
sensemaking category encompassed making sense of mission
events by forming links with the briefing materials. For
example: “I think they were endeavouring to hit a soft
target…I don’t think it was to prevent the medical supplies
from getting to the hospital but more of a political statement
on behalf of the insurgents who are disgruntled with the
regime change…”. In this example, the participant has linked
the smoking van encountered during the mission with the
disgruntled insurgents outlined in the pre-mission briefing
materials.
A two-way between-groups ANOVA found that narrative
medium had a large effect on the number of sensemaking
links formed with the briefing materials (F(1) = 8.38,
p = .005, partial η2 = .14). Participants in the rich narrative
conditions made significantly more links with the briefing
materials than participants in the lean narrative conditions.
However, there was no significant difference in the number of
narrative sensemaking instances between display conditions
(F(1) = .00, p = .961, partial η2 = .00); nor a interaction effect
between narrative medium and display type (F(1) = .41,
p = .526, partial η2 = .01). The mean number of links for each
of the three sensemaking categories across the experimental
conditions are outlined in Table 3.
Table 3: Mean and Standard Error of the Three Sensemaking
Categories for the Experimental Conditions
Condition

Links
between
Missions

Links within
Mission Two

Links with
Briefing
Materials

M

SE

M

SE

M

SE

Lean-FS

.43

.29

1.21

.42

.79

.25

Lean-VR

1.36

.29

2.43

.42

.64

.25

Rich-FS

.53

.28

1.87

.40

1.33

.24

Rich-VR

1.36

.29

3.07

.42

1.50

.25

4.

DISCUSSION

During the debriefing, participants typically made sense of
events encountered during Mission Two in at least one of
three ways: (i) by associating it with events previously
encountered in Mission One; (ii) by relating it to other events
observed during Mission Two; and/or (iii) by linking the
event back to the briefing materials. The impact of display
type and narrative medium on these three types of
sensemaking is now discussed.
4.1 Display Type and Sensemaking
As hypothesized, a two-way between-groups ANOVA
indicated that participants in the VR HMD conditions made
significantly more sensemaking links, both between events
encountered in Mission One and Mission Two, and events
encountered within Mission Two, than participants in the flat
screen conditions. Although not anticipated, there was a
significant difference in participants’ debrief reporting style
between the display conditions. Participants in the VR HMD
conditions were more likely to systematically recall
encountered events in the order that they were observed
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3.2.1 Forming Links between the Missions. The first
sensemaking category encompassed forming links between
the first and second missions. For example: “Further down
the road was a vehicle that had been destroyed in an IED. I
believe now that it was the boom I heard on the way towards
the hospital…”. In this example, the participant has made an
association between the explosion they heard in Mission One
and the smoking van they encountered during Mission Two.

between narrative medium and display type (F(1) = .00,
p = .991, partial η2 = .00).

during the debriefing; whereas participants in the flat screen
conditions were more likely to make general observations and
recall events less systematically.
Asking participants what they saw during the mission
assessed the participants’ perception of the mission events
(i.e., level one SA; Endsley, 1995). Given that participants in
the VR HMD conditions were more likely to recall the events
systematically than participants in the flat screen conditions, it
may be the case that those in the VR HMD conditions had
developed more detailed mental models of the virtual
environment. This may have assisted the recall of observed
events with respect to their location. Conversely, asking
participants what they thought was going on during the
mission required participants to comprehend meaning and
explain the observed events (i.e., level two SA; Endsley,
1995). It is plausible that the immersive properties of VR
HMDs facilitated the perception of encountered events during
the mission; thus supplementing the integration and
understanding of the information with respect to other
observed events.
4.2 Narrative Medium and Sensemaking

4.3 Interaction Effect on Sensemaking
The combined frequency of sensemaking instances was
highest in the rich narrative, VR HMD condition and lowest
in the lean narrative, flat screen condition. Surprisingly, there
was no significant interaction effect between display type and
narrative medium on sensemaking. This is potentially because
display type and narrative medium affected different types of
sensemaking, which were not significantly correlated.
Nevertheless, the only two participants to answer “I don’t
know” when asked what they thought was going on during the
mission were both in the lean narrative, flat screen condition.
4.4 Limitations and Future Research
Limitations of the study should be considered when
interpreting the results outlined above. A slight selection bias
may have occurred as participants with high motion sickness
susceptibility were assigned to the flat screen conditions; in
addition to the exclusion of individuals who had previously
experienced simulator sickness. Thus, it is likely that a purely
representative sample would experience a dropout rate greater
than 12%. Given that cybersickness symptoms have the
potential to decrease training effectiveness and amplify dropout rates, future research might explore methods to reduce
cybersickness likelihood, delay symptom onset, and decrease
symptom severity. Nevertheless, cybersickness symptoms are
generally expected to decrease with the advancement of VR
technologies.
There was considerable variability both between and within
the conditions with respect to age, VR experience, and
military experience. There has been recent indication that
task performance across visual display conditions may differ
for novice and expert populations (see Stevens & Kincaid,
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The present study primarily focused on level two SA at the
individual level. Additional studies may explore whether there
is a significant difference in level three SA (i.e., projection)
between VR HMDs and traditional flat screen displays.
Further research could also investigate the effect of narrative
medium and display type on associated concepts within team
situations, such as shared SA.
As the rich narrative conditions were comprised of several
mediums (e.g., news footage, role-play, news article), it is not
possible to isolate the effects of any one element. Future
research could investigate the effect of each element on
sensemaking frequency. Additional research should also
consider measuring for individual differences in general
intelligence and memory ability; which may be a potential covariable in the current study. Investigation into the narrative
medium preferred by personnel may also have implications
for how reporting skills could be accelerated, based on the
display type.
4.5 Practical Applications of Research Findings
The findings from this study suggest that the quality and
quantity of information provided by individuals in debriefings
can be enhanced by pre-briefing materials and the type of
display used to present information. It appears that VR
HMDs may be more suitable than flat screen displays for
tasks that require the individual to have a situational
understanding of the elements and events within the virtual
environment. This includes simulations that involve gathering
information from various sources within the virtual
environment in order to adapt to changing conditions, such as
crisis situations. Still, given the likelihood of cybersickness, it
may be appropriate to use alternate, less immersive displays
for tasks that are not dependent on the comprehension of
surrounding situational information. For example, procedural
and technical tasks where the individual’s action is not
contingent on the formation of probable explanations for
encountered events. Thus, while it may not be appropriate to
replace flat screen displays with VR HMDs for all simulationbased training and research, it may provide additional
performance benefits for tasks that have a heavy reliance on
metacognitive skills.

In addition, multimedia pre-briefings may be more suitable
than text-based pre-briefings for simulations that require the
individual to be cognitively engaged with the surrounding
context and circumstances of the simulated task. The
inclusion of mixed media pre-briefing materials may facilitate
individuals to engage in deeper metacognitive processes when
encountering elements and events in the virtual simulation.
Nevertheless, regardless of the narrative medium used, it is
important that the pre-briefing materials direct attention to the
task objectives. Given resource considerations, the decision
to use immersive technologies and incorporate multimedia
narratives will ultimately depend on the aims of the
simulation.
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As expected, participants in the rich narrative conditions made
significantly more links with the briefing materials when
making sense of encountered events, than participants in the
lean narrative conditions. It is possible that participants in the
rich narrative conditions were more engaged with the
background information and briefing materials than
participants in the lean narrative conditions (Bambrick et al.,
2012; Chapman et al., 1999); resulting in more sensemaking
associations being formed with the briefing materials.

2015). Consequently, the findings should be replicated using
a more homogenous sample.
Future research may also
consider practice effects and explore whether practice
increases or decreases sensemaking differences between the
display and narrative conditions. Moreover, a balanced
repeated-measures design could be employed to investigate
whether there are individuals that improved more or less on
the different display and narrative options.

5.

CONCLUSION

Sensemaking underpins successful decision-making and
action in a range of dynamic situations, including ship
navigation, air traffic control, military command and control
operations, and emergency response. The current study
covered novel ground and demonstrated that both the display
type and the narrative medium have implications for
sensemaking within virtual environments.
Interestingly,
narrative medium and display type influenced both the type
and frequency of sensemaking associations formed. Although
this demonstrates potential benefits of using VR HMDs over
traditional flat screen displays, it is important to ensure that
the display type relates to the purpose of the simulation.
Moreover, the likelihood of cybersickness should be managed
when using VR technologies and it may be necessary to
restrict the exposure duration and have alternate display
options available.
These findings have relevance for
industries that use virtual environments for research and
training purposes; such as health, medicine, defense, mining,
construction and rail.
6.
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Avatars have traditionally been associated with game based applications where they
enhance story-based interaction and player engagement. However, interest in accurate and
cost effective avatar development has increased in fields such as serious gaming and
simulation training has emerged. The interest from these fields stems from training needs
where avatars conveying human emotional experiences could aid in appropriate
education. The area of avatar emotional expression is not well understood, often resulting
in a feeling of uncanniness being experienced by end users that may have a negative
impact on the training outcomes. This paper aims firstly, to explore how avatar fidelity or
realism could influence the emotional experience of interactions between end users and
virtual humans. Secondly, to examine how avatar facial features displaying emotional
expressions affect participants perceived valance of the avatar. These affects were
assessed through a combination of experimental and survey methodologies. Through a
modified Godspeed survey that measures an end users’ perception of an avatars
‘humanness’, ‘eeriness’ and ‘attractiveness,’ and a three-part experiment that measured a
participants’ startle probe reflex responses to avatars with differing fidelity and emotional
expressions. The results indicated that participant gender played a role in their perception
of avatars. In addition, the gender of the avatar appeared to have a significant impact on
participant responses. Sad expressions emerged as less unpleasant and possibly less
uncanny than smiling expressions. This research represents an entry point in a broad area
of research that is cross-disciplinary. While there are important findings and a significant
amount of data generated these elements will pose questions for future work in this area.
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1.

INTRODUCTION

The need for cost-effective avatars for simulation and training
purposes is a growing need within industry. The research
reported within this paper was undertaken as part of a
collaborative project between the University of Newcastle and
the Australian Defence College (ADC) – Simulation Centre.
This project aimed to explore questions surrounding the level
of avatar realism required to effectively engage participants in
simulated scenarios, with the level of realism required likely
to impact on avatar development costs. Specifically, the
research considered if lower fidelity avatars could achieve the
same level of engagement as higher fidelity avatars, and
therefore training scenarios could be produced at lower cost.

interpreted as uncanny, which could negatively impact on
training or educational outcomes.

The Uncanny Valley is represented as a hypothetical graph
(See Figure 1 below) and was first illustrated by Masahiro
Mori (1970) in his essay, ‘The Uncanny Valley.’ The concept
describes how avatars that are close to humanlike may
produce a level of uncanniness that makes the avatar
unpleasant to view throughout the avatar-human interaction.

While avatars traditionally fulfil roles such as a tool for player
self-expression and a mechanism for story-based interactions
in games, there has been increasing interest in avatars applied
to other fields such as serious game applications. This raises
questions relating to how accurately and cost-effectively
avatars could faithfully replicate human emotional
expressions. Although rapid and cost effective avatar
generation tools, such as those using markerless motion
capture, are attractive for this purpose, there remain issues.
The suitability of avatars produced using these approaches to
convey emotionally charged scenarios is not well understood.
Concerns relate to the performance of an avatar that may be
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1.1

Avatar-human interaction

Literature considering avatar-human interaction focuses on
ways in which humans and avatars interact, and the possible
ramifications of these interactions. This extends to how
avatars can affect a human viewers’ emotional state during
interactions. For example, in their 2015 study, Wrzesien,
Rodríguez, Rey, Alcañiz, Baños and Vara demonstrate that
stylistic similarities between avatars and end users affect the
experience. This raises questions regarding the impact of
gender, cultural expression, and realism in avatars on the
affective response of viewers.

Avatars can be a medium through which human users engage
in social interaction. Harrell and Harrell (2012) suggest that
avatars can act as self-representations for players or learners
to interact within virtual worlds in order to form communities.
As this research is investigating the emotional experience of
human-avatar interaction, it is an important concept to
consider that self-expression through avatars could be seen as
a form of emotional expression on behalf of the end user.
1.2

Avatar facial emotional expression

Other areas of the literature revealed several concepts that
could potentially enhance the believability of the emotional
expressions performed by avatars. These include discrete
facial expressions and the faithful reproduction of eye
movements. In their study, Yang and Bhanu (2012) explore
subtle forms of expression through a system that constructs
minor alterations in overall facial expressions. In this system,
a single face could be segmented based on one or more
expression labels. This may allow for a more believable facial
expression to be presented by the avatar. Similarly, Wang and
Geiger (2011) contribute that eye movements could be used as
emotional signals. Their findings indicate that facial
expressions could be enhanced through appropriate levels of
fidelity or realism that could potentially lessen the
uncanniness of an avatar.
1.3

Avatar fidelity and realism

In this research, the term fidelity refers to the degree of
exactness with which something is copied or reproduced
(“Fidelity”, 2015), whereas realism is considered to mean the
quality or fact of representing a person or thing in a way that
is accurate and true to life ("Realism", 2015). These
definitions follow the standard for these terms from the
Online Oxford Dictionary.

While not formally defined within the relevant literature,
consideration of fidelity and realism in avatars revealed
several areas of interest. An important concept includes
features that could be used to enhance the fidelity or realism
of an avatar. One feature includes the use of wrinkles as a
form of expression. Courgeon, Buisine and Martin (2009)
explore the impact of these wrinkles, while the avatars’
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While these fine level animation details are a feature of high
fidelity and realistic avatars, they are generally considered to
be costly and time-consuming to achieve. However, the
impact of these aspects being included in the appearance and
movement of the avatar presented could potentially lead to a
more positive affect being experienced by the users, which
could contribute to lessening the uncanniness of the avatar.
1.4

The Uncanny Valley

Mori’s 1970 graph theorised what a persons’ response to a
humanlike robot would be. He described the emotional
experience as moving swiftly from empathy to revulsion due
to failed attempts to maintain a lifelike appearance by an
entity that represents a human being. This illustrates the
descent in eeriness as unpleasantness becomes predominate,
and thus valence, or the intrinsic attractiveness (positive) or
aversiveness (negative) emerges as a key emotional measure
for this research.
Uncanniness relates the aligning of the uncanny with the
unfamiliar. Proulx, Heine and Vohs (2010) consider
uncanniness as the feeling that is aroused by unfamiliar
experiences that occur within familiar situations. The authors
argue that within completely unfamiliar settings, expectations
for normality and predictability are lower, and therefore there
are fewer events that would disrupt an individual’s
consciousness and trigger a sense of uncanniness. Within
these settings there may be a higher level of expectation to
experience the sense of unexpectedness. This argument builds
upon Freud’s 1919 work The Uncanny, in which it is stated
that only when the unfamiliar familiar (unheimliche
heimliche) threatens established meanings, the feeling of
uncanniness is aroused.
Jentsch (1906) argues that the effect of the uncanny can be
achieved easily when an attempt to reinterpret a lifeless entity
into a poetic or fantastic way. This is especially true in
anthropomorphic terms, due to the natural tendency for
human beings to presume that these entities are animated in
the same manner as themselves. Furthermore, Jentsch
indicates that one of the predominate causes of uncanniness is
doubt as to whether or not an entity presented is a lifeless
object or is animated. This emotional experience lasts until the
doubts of the viewer are resolved and a new emotional state
takes its place. This is an important concept in terms of this
research, as the word uncanny is described by Jentsch as a
lack of orientation that correlates to the uncanniness of a
thing. If an entity such as an avatar is unpleasant, the viewer
deems the avatar to be a lifeless entity and responds
negatively to the avatar itself. It is relevant that this work
makes use of measuring perceived pleasantness of the avatars
in regards to making the viewer feel at ease with the avatar
presented to them.
1.5

Measurement of emotional reactions

Investigations in psychophysiological measurement indicate
that some emotional states can be objectively measured.
While several techniques exist, including heart rate and
galvanic skin response, we use the measurement of facial
electromyography (EMG) in this research. This method uses
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A systematic literature review was undertaken for this
research and revealed no standardised method for producing
avatar facial emotional expressions. In addition, no formal
framework for the performance or animation of facial
emotional expressions was found. With no benchmark set, this
research made use of pre-built avatars in Faceshift (Version
2014.2.01, Faceshift AG, 2015). Faceshift is a markerless
motion capture software that allows for real-time tracking of
facial expressions via a sensor (Weise, Bouaziz, Li & Pauly,
2011). This allows for facial expressions to be performed by
the researcher for the experiments in this study.

expressivity increased, the use of wrinkles did not aid in the
identification
of
emotional
expressions
displayed.
Additionally, Alkawaz and Basori (2012) argue that colouring
of the skin as a parameter effects the realism of the emotional
expressions generated. For example, the reddening of an
avatar’s face when expressing anger.

the primary physiological index of valence, that is, how
pleasant or unpleasant presented stimuli is perceived by the
participant (Lang, 1995).

Facial EMG activity is associated with contraction of facial
muscles that are closely related to the response of positive and
negative emotional states. Increased activity in the orbicularis
oculi (eye) facial muscles correspond to high valence
responses (Figure 2). Measuring the level of valence
experienced by participants is important to this research as it
provides an objective measurable indicator of an individuals’
response to an avatar presented to them. The magnitude of an
eye blink response is interpreted as a participants’ ‘valence’ in
relation to the stimuli presented to them.

1.6.2

Physiological Measurement of Emotions

The startle or blink reflex can be elicited using a variety of
stimulus including acoustic, visual, electrical, magnetic and
mechanical stimulation (Blumenthal et al., 2005). For the
purpose of this research, the startle reflex was elicited by
acoustic stimulation. A loud burst of white noise was
delivered through a set of K-55 stereo headphones attached to
an Arcam FMJ AVR380 amplifier in order for the startle
noise to be delivered without interference. In addition,
participants were asked to complete a modified Godspeed
survey.
1.6.3

Godspeed Survey

2.

METHOD

2.1 Participants
Figure 2 - Organisation of the startle reflex eyeblink and
physiological indicators (Witvliet & Vrana, 1995, pg. 441)
1.6

Tools for measuring valence of avatars

The three tools for measuring the level of valence experienced
by participants were utilised during the experiments for this
research. Firstly, the International Affective Picture System
(IAPS) established a baseline of an individual participants’
responses to standardised pleasant and unpleasant stimuli.
Secondly, an acoustic startle probe was used to measure the
EMG responses to the avatar stimuli presented. Finally,
participants were asked to complete a series of Godspeed
surveys based on those modified by Ho and MacDorman
(2010).
1.6.1

International Affective Picture System (IAPS)

The International Affective Picture System (IAPS) is
commonly used to establish participant baselines. These
baselines catalogue an individual participants affective
processing response to standardised stimuli. This system
consists of a set of normative emotional stimuli through a set
of standardised imagery within a broad range of categories
(Lang, Bradley & Cuthbert, 2007). For the purpose of this
research, three sets of 10 images were selected, with
individual images classified by “pleasantness”. Similar, to
Bartholow, Bushman and Sestir (2006), images with a valance
rating close to 1 were selected for the unpleasant category,
images with a high rating close to 9 were selected for the
pleasant category, while neutral images were rated around 4.5.
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Recruitment of participants was primarily conducted through
posters placed on the University of Newcastle’s Callaghan
campus. This research aimed for a sample size of 30
participants as a minimum, with 50 representing an upper
bound within the allowable time. These numbers were based
on Cresswell’s (2007) suggestion of between 25-30
participants for a general study. Whereby a sample size of 30
provides a conservative estimate for this research.
2.2 Experiment
This research made use of a three-part experiment, preexperiment, avatar fidelity and avatar emotional expression
(Figure 3).
During the pre-experiment stage, participants were asked to
complete the pre-questionnaire for the collection of
demographic data. Once complete, EMG electrodes were
attached to participants and tested prior to establishing the
baseline. Participants viewed a set of nine IAPS images, three
from each category, for a total of 5 seconds each with a 2-3
second gap in between.
The fidelity avatars section of the experiment involved
participants viewing a set of high and low fidelity female and
male avatars. Within this set there were four (4) avatars in
total each avatar was displayed twice, once performing a
happy facial expression and once again performing a sad
expression. All fidelity avatars were animated to begin with a
neutral expression that changed over 5 seconds into either a
happy or sad expression. The avatars utilised in this section of
the experiment can be found below in Table 2.
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The Godspeed survey (Bartneck, 2008) was originally
designed to measure the anthropomorphism, animacy,
likeability, perceived intelligence and perceived safety of
robots. Modified for avatars (Ho & MacDorman, 2010), the
survey acts as a measure of an avatars perceived ‘humanness’,
‘eeriness’ and ‘attractiveness.’ Ho and MacDorman describe
the humanness index as a measurement of the objective
humanness. That is, does the level of a generated property
such as skin texture, meet the expectation of human likeness.
Eeriness is expressed as being distinct from negative warmth,
which should be included in measurements related to the
uncanny valley phenomenon. Finally, the attractiveness index
is based upon an evolutionary cognitive and perceptual
mechanism for mate selection and threat avoidance. As this
study seeks to explore human-avatar interaction, this tool is an
appropriate measurement of participants’ perception of the
avatars presented to them.

The emotional expression stage of the experiments displayed
3 avatars. In this part of the experiment, all three avatars (see
Table 3 below) were displayed as both a still and animated
image. Firstly, the avatars were presented to the participants
as still images twice, once displaying happy and sad
emotional expressions. Secondly this process was repeated
with the same avatars who were animated to begin with a
neutral expression which transformed into a happy or sad
expression.
Table 2: Avatars utilised in Emotional Expression avatars
Avatar

Name

Category

Jacqueline
(Source: Created for
research using 3D
Avatar Store, Maya,
and FaceShift)

Fidelity = Low
Realism = Mid

Curls
Figure 3: Experiment Procedure

(Source: Created for
research using
FaceShift model)

Avatar

Name

Category
Macaw

Emily
(Source: USC Institute
for Creative
Technologies Graphics
Lab)

Fidelity = High

Ira
(Source: USC Institute
for Creative
Technologies Graphics
Lab)

Fidelity = High

Liliwen
(Source: Created
independently located on
Fidelity = Low
YouTube at
https://www.youtube.com
/watch?v=akdrHY9bBwk
By nao4288 on 26th
April, 2013)
Leo
(Source: Created for
research using FaceShift
model)

(Source: Created for
research using
FaceShift model)

Fidelity = Low

Fidelity = Mid
Realism = Mid

Both sets of avatars were displayed on a screen that is
1920x1080 pixels 75” diagonally. Participants were seated
approximately 1.5meters away from the screen facing the
centre of the screen. Each avatar was presented for 5 seconds
in total, after each viewing the participant was asked to
complete a Godspeed survey. In order to reduce familiarity
throughout the experiment the acoustic startle pulse/probe was
delivered at 3, 4 or 5 seconds after the imagery was displayed,
similar to the approach taken by Hess, Sabourin and Kleck
(2007).
2.3 Surveys

For the purpose of this research, participants were asked to
complete two surveys during the experiments. Firstly, the
participants were required to complete a demographic survey
prior to the experiment commencing in order to establish
defining factors about the demographic that had chosen to
participate in these experiments. Secondly, throughout the
duration of the experiments participants were asked to
complete a modified Godspeed survey.
2.3.1

Godspeed Survey Analysis

The results from the Godspeed survey were coded for
statistical analysis. The mean scores of ‘humanness’,
‘eeriness’ and ‘attractiveness’ were calculated based on
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Table 1: Avatars utilised in fidelity experiments

Fidelity = Low
Realism = Low

participants’ responses. These scores were then subjected to a
repeated measures Analysis of Variance (ANOVA). This
statistical test was useful as the data is examined for patterns
of change that have occurred over time for varying groups
(Urdan, 2010). The Repeated Measures ANOVA divides the
variance of the dependent variable, in this case the avatars,
while the independent variables, such as fidelity or emotional
expression, are tested for significant differences.
The source of these differences stem from the variation within
the mean scores that were generated and the within-subject
variance analysis. The differences between the avatars were
examined using a pairwise comparison, the Bonferroni
correction. As the data was subjected to multiple testing that
were performed simultaneously Bonferroni was selected as
the most appropriate correction to use. As the participant
numbers for this research were small, Greenhouse-Geisser
was utilised to test for within-subjects effects in order to
determine statistical significance.
2.3.2

valence (VanOyen Witvliet & Vrana, 1995). The exception to
this was the Ira avatar displaying a happy expression
appearing comparable to the female avatars. However, these
differences were not statistically significant.

Figure 4: Average normalised peak EMG for all participants
viewing fidelity avatars
3.2.2

EMG Data Analysis

Part one of these experiments tested for significant differences
between the participants’ perceptions of high and low fidelity
avatars. The second part of tested for significant differences in
participants’ perceptions of avatar emotional expressions
based on the stimuli presented to them.

Figure 5 shows the average normalised peak EMG readings
for the still image of avatars presented to all participants. This
graph illustrates that the still image of Curls displaying a
happy expression obtained the highest response, which is
associated with unpleasant imagery (Witvliet & Vrana, 1995).
This can be interpreted as participants perceiving this avatar
and her expression as more unpleasant than others viewed in
this category. In contrast, Curls displaying a sad expression
obtained the second lowest response. This suggests that the
facial expression, combined with the avatars appearance, has
an important impact on participant perceptions, which is most
evident in avatars with low levels of realism. Interestingly,
happy expressions appear to have a higher valance response
(unpleasant) than the sad expressions.

Finally, a series of correlations were performed in order to
determine if there were any correlations between the EMG
and Godspeed results for the participants. Correlations were
calculated in Excel (Version 15.0.4753.1003; Microsoft,
2013.)
3.

RESULTS

3.1 Participants
In total this study recruited 21 participants (n=21), with the
majority aged between 18-25. Of these participants, 43%
identified as female and 57% identified as male. In regards to
avatar interaction, 57% of participants reported engaging with
avatars for 10 or less hours per week. In contrast, a relatively
large percentage (19%) reported engaging with avatars for
more than 25 hours a week.
3.2 EMG Startle Results
The following sections present the results relating to the EMG
responses obtained for the fidelity avatars and emotional
expressions avatars.
3.2.1

EMG Startle Responses to Fidelity Avatars

Figure 4 displays the responses as normalised peak EMG
readings for participants when viewing the low and high
fidelity avatars. This graph indicates that responses were
generally higher for the high and low fidelity female avatars,
which is indicative of higher arousal and more positive
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Figure 5: Average normalised peak EMG for Emotionally
Expressive avatars – still images
Figure 6 shows the average normalised peak EMG readings
for the animated imagery of avatars presented to all
participants. In direct contrast to the still images discussed
above, Curls displaying a happy expression has the lowest
response in comparison to all other avatars in this category.
This low potentiation of the startle reflex suggests that
animated avatars of low realism may not be as effective in
communicating emotions as still images. Again, in contrast to
the still imagery of Jacqueline displaying a sad expression
obtaining the lowest response rate, the animated version
displaying the same emotion has the highest response rate.
These responses represent a participants’ response on the
valence dimension, with higher responses indicative of a
stronger, unpleasant emotional response to the avatars
presented.
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The EMG data recording of the eye-blink or startle reflex
response to the acoustic probe was recorded using Labchart
(Version 8.0.8, ADInstruments, 2015) with analysis
performed using Matlab (Version R2014b, The MathWorks
Inc., 2014) All statistical tests were performed utilising IBM
SPSS Statistics Standard (Version 23.0, IBM, 2011). Tests to
determine significant differences in mean scores of the EMG
data were run through a series of standard T-Tests.

EMG Startle Responses to Emotional Expression
Avatars

3.3.2

Emotional Expression Avatars

Humanness

Figure 6: Average normalised peak EMG for Emotionally
Expressive avatars - animated imagery
3.3 Godspeed Results
The following sections present the results relating to the
Godspeed responses obtained for the fidelity avatars and
emotional expressions avatars. The results of the three
categories of ‘humanness’, ‘eeriness’ and ‘attractiveness’ will
be reported in this section.
3.3.1

Fidelity Avatars

Humanness

Post hoc analysis revealed that the differences were between
Ira and Emily (p<.001), Ira and Leo (p<.001), Ira and Liliwen
(p=.003), Emily and Leo (p<.001), Emily and Liliwen
(p<.001), but not between Leo and Liliwen. Therefore, Emily
was perceived as the most human and both Ira and Emily
were perceived as more human than both Leo and Liliwen.
Also, avatars with sad expressions were perceived as
statistically significantly more human than avatars with happy
expressions (p=.016).

Post hoc evaluation revealed that the difference was between
Macaw and Jacqueline (p=.004) and between the participants’
perception of the ‘humanness’ of the still and animated
avatars (p<.001). There were no other differences. Macaw
with a happy expression was perceived as the most human.
Eeriness

There were no statistically significant differences between the
participants perception of ‘eeriness’ in relation to the avatars
presented to them.
Attractiveness
The repeated measures ANOVA determined that the means
for participant’s perceptions of ‘attractiveness’ of the 3 low
and mid realism male and females avatars (Curls, Macaw,
Jacqueline), were significantly different, as was their type of
imagery (F(1.00, 19.00)=5.39,p=.032) (still/animated). The
interaction of avatar and expression (happy/sad)
(F(1.73,32.88)=4.83,p=.018) was significant, but not the
interactions of avatar and type of imagery used or avatar and
type of imagery and expression.
Post hoc evaluation revealed that the difference was between
Curls and Jacqueline (p=.003), Macaw and Jacqueline
(p=.022) and between the participants’ perception of the
‘attractiveness’ of the still and animated avatars (p=.032).
There were no other differences.
3.4 Gender differences

Eeriness

There were no statistically significant differences between
participants’ perceptions of ‘eeriness’ for any of the high or
low fidelity avatars with either happy or sad expressions.
Attractiveness
The mean participant’s perceptions of ‘attractiveness’ in high
and low fidelity, male and female avatars were significantly
different. (F(2.50, 50.12)=26.38,p<.001), but not their expression,
and not the interaction between avatar and expression.
Post hoc evaluation revealed there were differences of
perceived ‘attractiveness’ between Ira and Emily (p<.001),
Emily and Leo (p<.001) Emily and Liliwen (p<.001), and
Liliwen and Leo (p=.038). There were no other differences.
Therefore, Emily is perceived as being the more attractive,
despite her expression, than all the other avatars, and Liliwen
is perceived as more attractive than Leo (i.e. both females
were perceived as attractive).
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3.4.1

Fidelity Avatars

Tests for gender differences determined if there were any
significant differences between the gender of both the avatar
presented and the participants.
The results show that there is a statistically significant
difference between female and male participants’ EMG
results to the low-fidelity avatars (p. < .001), with the mean
scores for females (M=29.09, SD=30.67) scoring higher than
their male counterparts (M=15.25, SD=18.60). Additionally,
average responses of participants to avatars of different
genders, that is, Ira (p. < .001) and Liliwen (p. = .004), were
also different. All other tests for high and low fidelity avatars
and genders were found to not be statistically significant.
3.4.2

Emotionally Expressive Avatars

T-Tests were performed on the EMG data gathered to
determine whether or not there were any differences in results
between the genders in regards to the type of imagery (still or
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A repeated measures ANOVA determined that the means for
participant’s perceptions of ‘humanness’ of high and low
fidelity, male and female avatars (Ira, Emily, Leo and
Liliwen), were significantly different. (F(2.40,47.90)=85.57
p<.001) and similarly for their expressions (happy/sad) (F(1.00,
20.00) =7.00, p=.016), but not for the interaction of avatar and
expression.

The repeated measures ANOVA determined that the means
for participant’s perceptions of ‘humanness’ of the three (3)
low and mid realism male and females avatars (Curls, Macaw,
Jacqueline), were significantly different, as was their type of
imagery (F(1.00,18.00)=19.02,p<.001) (still/animated). The
interaction of avatar and expression (happy/sad) (F(1.87,
33.69)=5.41,p=.010) was significant, but not the interactions of
avatar and type of imagery used or avatar and type of imagery
and expression.

animated) of the avatars and the gender of the avatar. The
results indicate that there is a statistically significant
difference between female and male participants when
viewing an animated version of the Jacqueline avatar (p. =
.004) All other results were not statistically significant.
3.4.3

Godspeed

There were no statistically significant differences found in the
Godspeed datasets in relation to gender. For the final section
of this results section the combined results of correlation tests
run on the EMG and Godspeed datasets.
3.5 Correlations
A series of correlations were run on the data gathered from
both the EMG and Godspeed datasets to determine if there
were any correlations between these two datasets.
Correlations were performed on the three Godspeed
categories, and for the EMG and Godspeed datasets.
3.5.1

Fidelity Avatars

For Liliwen, there were no correlations found between the
EMG and Godspeed data, or the within the Godspeed data
itself. In contrast, the results for Leo were slightly correlated
in regards to the Godspeed indices of ‘humanness’ and
‘attractiveness’ for happy r(19) = .69 , p = .004 and sad r(19)
= .55 , p = .009. Both of the results for Leo are statistically
significant.
3.5.2

Emotionally Expressive Avatars – Still Images

The results for the still image of Curls displaying a happy
expression has a slight correlation between he Godspeed
indices of ‘humanness’ and ‘attractiveness’ that is statistically
significant r(19) = .67, p = .008. Similarly, there is a slight
correlation between the Godspeed indices of ‘humanness’ and
‘attractiveness’ that is statistically significant for Curls
displaying a sad expression r(19) = .56 , p = .007. In addition,
there is a slight correlation between the Curls sad expression
EMG data and the Godspeed indices ‘eeriness’ that is
statistically significant r(19) = .64 , p < .001.

In contrast, there are no correlations between the EMG and
Godspeed data for the happy and sad still images for the
Jacqueline avatars. Finally, the results for Macaw displaying a
happy expression in a still image show that there is a slight
correlation between the Godspeed indices of ‘humanness’ and
‘attractiveness’ that is statistically significant r(19) = .50 , p =
.002. There is a similar correlation in the still image of Macaw
displaying a sad expression that is statistically significant
r(19) = .69 , p = .004.
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Emotionally
Imagery

Expressive

Avatars

–

Dynamic

The results for the animated versions of Curls displaying a
happy expression show that there is a correlation between the
Godspeed indices of ‘humanness’ and ‘attractiveness’ that is
statistically significant r(19) = .70 , p = .004. Similarly, there
is slight correlation between the Godspeed indices of
‘humanness’ and ‘attractiveness’ that is statistically
significant for the sad expression r(19) = .68, p = .006.
In contrast to the still version of Macaw happy, the animated
version has no correlations. However, there is a slight
correlation between the Godspeed indices of ‘humanness’ and
‘attractiveness’ that is statistically significant for the sad
expression displayed by Macaw r(19) = .64 , p < .001. Finally,
similar to the still images Jacqueline, there are no correlations
between the EMG and Godspeed data for the happy and sad
still animations.
4.

DISCUSSION AND CONCLUSION

While the traditional role of avatars was to fulfil roles within
game based interactive story-telling entertainment fields,
other areas have increased their interest in avatars. These
fields are particularly interested in rapid and cost-effective
avatar generation to be used in areas such as simulation
scenarios, driven by subject matter experts, for training
purposes. Questions about how accurately and cost-effectivity
avatars can convey human emotions is of particular interest.
However, the suitability of avatars being able to communicate
emotionally charged scenarios is not well understood, which
could lead to issues surrounding avatar uncanniness. This
uncanniness could potentially have a negative effect on the
training outcome.

The uncanny valley is an explanation of how close an avatar
can achieve a humanlike appearance producing a level of
uncanniness making them unpleasant to view. In order to
extend the existing knowledge surrounding avatars and the
appropriate level of fidelity and emotional expression in
relation to the concept of the uncanny valley, this research
aimed to explore two main concepts. Firstly, does the level of
fidelity or realism influence the emotional experience during
interactions between humans and computer-generated avatars.
Secondly, do the emotional expressions of avatar facial
features affect participants in relation to the level of valence
experience during these interactions.

In order to answer these questions, a mixture of survey and
experimental methodologies were implemented. The use of a
modified Godspeed survey ensured that a participants’
perception of an individual avatars humanness, eeriness and
attractiveness could be quantified. Using the IAPS imagery to
establish individual baseline responses in order to compare the
results obtained from the responses to the avatars gave a
foundation to understand how the selected demographic
reacted to the stimuli presented. Finally, the use of a startle
probe apparatus allowed for physiological measurement of the
affect that an avatar had on a participant. This allowed for
comparisons of how participants reacted to the avatars
presented to them.

The level of fidelity or realism’s influence on the emotional
experience during interactions between humans and
computer-generated avatars revealed several interesting
findings. Firstly, the higher the level of fidelity that an avatar
possess, the higher the expectation the viewer has that the
avatar will perform as humanlike. Specifically, data gathered
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In regards to Ira displaying a happy expression, there was a
strong correlation between the ‘humanness’ and
‘attractiveness’ Godspeed indices r (19) = .81. However, this
correlation was not statistically significant. In contrast, for the
sad expression there was a correlation between ‘humanness’
and ‘attractiveness’ that was statistically significant r(19) =
.70 , p < .001. The results for Emily indicate that there is a
correlation between the Godspeed indices of ‘humanness’ and
attractiveness for both the happy r(19) = .64 , p < .001 and sad
r(19) = .74 , p < .001 avatars, both of which are statistically
significant.

3.5.3

in this study illustrated that the highest fidelity avatar (Ira) did
not outperform others in regards to the perception of
humanness or attractiveness. Secondly, it is worth considering
that the digital nature of avatars may be a contributing factor
to the level of uncanniness. For example, the differences in
the tools and methods used to create Emily compared to
Liliwen are a likely contributing factor. Emily has developed
by a team with specialised equipment, whereas Liliwen
arguably was generated using off the shelf software by an
individual. Thirdly, the results show that eeriness is not
significantly different across the different levels of fidelity
avatars used in this study. This suggests that producing low
cost avatar could produce comparative results in respect to
this dimension. Finally, gender emerged as a significant
factor, with statistical differences emerging across a number
of areas. The idea that gender could potentially alter viewer
perception of an avatar should be explored in future work.

Exploring these concepts through further research could
potentially lead to a greater understanding of the role that
levels of fidelity and gender may be used to influence a
positive perception of an avatar which could then applied in
real-world practices, such as simulation training carried out by
subject matter experts. It is important to understand the role of
fidelity and gender in participant perception to minimise any
level of negativity associated with the avatar that may arise in
the end user during these interactions.
Future directions for this research will also include a further
exploration of the relationship between fidelity and genders in
positive avatar perception through a longer case study and
larger number of participants. This larger dataset will lead to
an investigation into the relationship between fidelity and
gender in avatar perception in relation to the level of
uncanniness as perceived by the end user in a 3D virtual
reality. This exploration will include testing user perception of
avatars within virtual reality, specifically considering choice
accuracy and choice speed, in order to assess psychometric
ability to evaluate a participant’s 3D understanding (Sutton,
Heathcote, & Bore, 2007). 3D understanding is crucial to
avatar-human interaction, as the ability to extract information
about the avatar’s facial features and movements from a 2D
representation of a humanlike entity is important in the design
and performance of avatars in order to positively affect the
viewer.
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Several noteworthy results emerged from determining if the
emotional expression of avatar facial features has an affect on
the participants’ level of valence. For example, it is worth
considering that different genders could be used to provoke
specific emotional responses from viewers, which should be
explored through further research. Additionally, the recorded
responses indicated that interacting with a smiling avatar was
significantly more negative than when viewing an avatar
displaying a sad emotional expression. Thus, the concept of
avatar realism and gender plays a role within the affective
experience of human-avatar interaction when confronted with
differing levels of realism and facial expressions.
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The Belief-Desire-Intention (BDI) model of agency has been a popular choice for the modelling of goalbased behaviour for both individual agents and more recently, teams of agents. Numerous frameworks have
been developed since the model was first proposed in the early 1980’s. However, while the more recent
frameworks support a delegative model of agent/agent and human/agent collaboration, no frameworks
support a general model of collaboration. Given the importance of this in the development of practical semiautonomous agent applications, such as in military war gaming and intelligent decision support in general,
we consider this to be a major shortcoming of existing frameworks. In this paper, we present a conceptual
model for general human-agent collaboration. We then consider how this model could be mapped to an
existing BDI framework, namely GORITE.
1.

INTRODUCTION

In the military domain, computer generated forces (CGFs) are widely employed in both training and research. Systems such as
VBS3 provide a rich palette of entities at various organizational levels (e.g. soldiers, sections, platoons, companies) and a wide
range of entity behaviour. However, if the entity APIs are exposed, then external processes are often able to control and augment
the behaviour of CGF entities, for example to customise entity behaviours to align with local military doctrine and terrain. The
multi-agent paradigm has achieved commercial success in this regard by using the CGF platform as essentially a visualization
vehicle for individual entities. Entity behaviour, organizational structures and organizational behaviour are then implemented
externally to the CGF platform in a separate multi-agent based application which interacts with the CGF platform through
message passing (Connell et al., 2003). The paradigm has also been successfully employed to employ realistic human (as opposed
to military) behaviour. Examples of this include the provision of realistic group behaviour for targets when fired upon (Evertsz et
al., 2014), the incorporation of fatigue and fear into NPC behaviour (Jarvis et al., 2005; Evertsz et al., 2007) and the extension of
military doctrine to incorporate legal and political considerations (Evertsz et al., 2009).
The modelling of military behaviour as referenced above has necessitated significant extensions to the BDI execution model that
was initially formulated by Rao and Georgeff (1995). In particular, the model has been extended in JACK Teams (AOS Group,
2016) to accommodate teams as distinct entities with their own beliefs, desires and intentions and in CoJACK (AOS Group, 2016)
to provide agents with an explicit cognitive architecture to ground reasoning. Also supporting infrastructure has been developed to
assist in tactics modelling (Evertsz et al., 2015). However, these extensions retain a key feature of the Rao and Georgeff model,
namely that the goals are not represented as explicit, persistent entities, but rather as transitory events. This makes reasoning about
an agent’s intentions – for example, whether to continue or discontinue with the current goal or how a goal should be resourced –
difficult. The GORITE BDI framework developed by Rönnquist (2016) overcomes this problem by introducing a new execution
model in which goals are explicitly represented. However, as with earlier BDI frameworks, the primary role of a GORITE agent is
autonomous goal achievement using BDI execution semantics and as with JACK Teams, sub-goal achievement can be delegated
to an agent or a team of agents.

While the extensions to the BDI execution model embodied in both JACK Teams and CoJACK have significantly extended range
of problems that can be effectively addressed by BDI agents, these problems remain characterized by a requirement for
autonomous execution potentially supported by delegation. The applicability of the BDI execution model becomes problematic
when human/agent collaboration is required. If the collaboration involves only simple delegation, with execution being managed
by either the human or the agent, then the delegation models supported by both JACK Teams and GORITE will suffice. However
a more comprehensive collaboration model is required if goal inspection, goal suspension and goal initiation/resumption is
required of the collaboration. The availability of such a model would enable BDI agents to participate much more effectively in

119

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

The Belief-Desire-Intention (BDI) model of agency has underpinned many successful agent applications and been identified as
one of one of the preferred vehicles for the delivery of industry strength, knowledge rich, intelligent agent applications (Jones &
Wray, 2006). The model was originally conceived by Bratman (1987) as a means to determine how an agent should act in a
situated environment. The early applications of the model reflect this focus on situated, autonomous behaviour, but within
constrained technical domains, e.g. space shuttle fault diagnosis (Georgeff & Lansky, 1986). Inspired by this early success,
researchers have applied BDI to human behaviour modelling and commercial success has been achieved in war gaming, where
credible entity behaviour is an essential requirement for an effective military game (Jarvis et al., 2012).

semi-autonomous decision making scenarios. In a military context, the provision of such functionality would significantly
increase that amount of behaviour that could be delegated to agents (and teams of agent) in theatre-level wargames, as the
puckster would have the ability to dynamically interact with the agents. Note that the collaborative behaviour that such a model
could underpin extends well beyond war gaming and into the general area of intelligent decision support. In summary, the focus
on credible autonomous behaviour rather than agent collaborations with humans has limited both the development of the BDI
model and its potential applications. For effective collaboration between humans and agents, BDI frameworks need to address the
difference in processing speeds that exists between humans and agents and also the transitory nature of real world goals.

In the remainder of this paper, we first analyse in Section 2 the BDI execution model and its limitations in terms of human/agent
collaboration. We also present a conceptual model for human/agent collaboration from this analysis and also from consideration
of work in Activity Based Computing. In Section 3, GORITE is introduced, together with a mapping of our conceptual
collaboration model to GORITE. We conclude in Section 4 with a discussion of future work.
2.

THE BDI MODEL

The BDI model is concerned with how an agent makes rational decisions about the actions that it performs through the
employment of
•
•
•

Beliefs about their environment, other agents and themselves,
Desires that they wish to satisfy and
Intentions to act towards the fulfilment of selected desires.

•
•

Only beliefs about the current state of the world are represented explicitly
Information about the means of achieving certain future world states (desires) and the options available to an agent are
represented as plans.
A particular desire may be realizable by multiple plans but an agent must select one plan to pursue.
Plans either succeed or fail; if a plan fails, then the desire which is being pursued may be reconsidered.
Intentions are represented implicitly by the collection of currently active plans
Desires are referred to as goals, which are represented as events. Goals have only a transient representation, acting as
triggers for plan invocations.

The philosophical basis of BDI is that of Bratman's theory of human practical reasoning (Bratman, 1987). Bratman’s ideas were
first formalised in Rao and Georgeff (1991). They subsequently proposed in (Rao and Georgeff, 1995) an abstract architecture in
which beliefs, desires and intentions were explicitly represented as global data structures and where agent behaviour is event
driven. However, they observed that while their architecture was an idealization that faithfully captures Bratman’s theory, it did
not constitute a practical system for rational reasoning. In order to ensure computational tractability, they proposed the following
representational changes:

These considerations lead to the following execution model:
repeat
wait for the next goal event;
select (on the basis of current beliefs) a plan to achieve the current goal;
execute the selected plan;
update beliefs;
end repeat
It is this loop that has provided the conceptual basis for all major research and commercial BDI implementations.

In this execution model (which we will refer to as the BDI execution model), plans consist of steps that are specified using a
framework dependent plan language; these steps may involve the posting of further goal events (or the reposting of the current
goal event). More than one plan may be applicable for the achievement of a particular goal – this set of plans is called the
applicable set. The selection of a plan to execute from the applicable set is based on the currently held beliefs of the agent and
may involve explicit (meta-level) reasoning.

In terms of human / agent collaboration, the BDI execution model exhibits the following limitations:
1.
2.
3.

Interruption of plans is not supported.
Goal representation is implicit and transient, with goals modelled as events that are not persisted. Consequently, goals are
not inspectable.
Depending on how beliefs are stored, they may be inspectable. However, no distinction is made in the BDI model
between individual agent beliefs, shared agent beliefs and beliefs that are shared by agents that are collaborating on a
particular goal execution.

In summary, the BDI execution model is intended to support autonomous execution by a single, situated agent. This model can be
extended to accommodate a delegative collaboration model, where an agent executes a designated goal until either the goal is
achieved or it fails. In the latter case, the goal event can be reposted, the applicable set regenerated and a new goal chosen.
However, as indicated above, the model has significant limitations if a more general collaboration model is desired.

While the BDI execution model is our primary focus in terms of conceptualizing an execution model for human/agent
collaboration, additional insight can be gained into the requirements of human / agent collaboration by considering the more
general problem of Activity Based Computing (ABC), where human / human collaboration is mediated by a shared computational
workspace. Furthermore, one can reasonably expect the key requirements for human/agent collaboration to be a subset of the
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•
•
•
•

requirements for ABC. Activity Based Computing was conceived by Don Norman, one of the pioneers of HCI. However,
realisation of the concept was left to others, most notably Bardram and his colleagues (Bardram et al, 2015). In ABC, activities are
viewed as basic computational units, rather than applications as is normally the case. An activity in this sense is seen as process
where a subject works on an object in order to obtain a desired outcome. This takes into account the entire setting in which the
activity takes place; the tools used, the people involved in communication and the sharing of resources, the rules governing the
community and how work on the activity is divided between people. In this respect, the Bardram aims to provide a platform where
the user can focus on higher level collaborative activities instead of focusing on lower level applications and data management.
ABC is of particular relevance to the current research problem because it is concerned with the support that people need when
working on a shared computational activity. While our interest is in human/agent collaboration rather than human/human
collaboration, the key requirements that ABC imposes on shared activities, namely suspension and resumption, context awareness
and inspectability also apply to goal executions that are to be shared with humans. It is also of interest that Norman (2013) has
identified goals as being an appropriate conceptualization for reasoning about activity. However, this conceptualization is not
present in Bardram’s work.
Human activity take place at a time scale many orders of magnitude greater than agent processing. Thus, agents must be able to
operate effectively within this time scale. This means that they must be able to
1.
2.

Save the current state of execution.
Restore a previously saved execution state.

3.
4.
5.

Goals need to be explicitly represented.
Goals must be able to be changed by the user
Beliefs relevant to the current execution must be able to be identified and changed by the user

6.

A user must be able to determine why an agent made/recommended a particular course of action.

Furthermore, in order for humans to influence agent execution

Finally,

Implicit in these requirements is for agent behaviour to conform to the BDI model of agency.A conceptual model meeting these
requirements is summarized as Table 1:
Table 1: A conceptual model for human/agent collaboration
Agent Artefacts

Agent Actions

Inspect, Update

Beliefs

Update

Inspect, Update

Goals

Select

Inspect, Delegate, Suspend, Resume, Cancel

Goal Execution

Suspend, Resume, Cancel, Explain

GORITE

GORITE is a Java framework that provides class level support for the development of agent applications that involve teams of
BDI agents. Agents in GORITE are modelled as Java classes that extend the structural framework classes (Performer and Team).
Agent behaviour is specified in terms of goal-based process models, which are code-level constructs that employ the behavioural
framework classes (Goal and its sub-classes). GORITE also provides class level support to model belief management. From a
development perspective, application development using GORITE is no different to using any Java framework, such as Swing.
In GORITE, goals and intentions are explicitly represented. And an alternative execution model is then required – rather than an
agent explicitly managing its own behaviour, the agent delegates that responsibility to an executor object, which then initiates goal
executions on behalf of the agent. BDI execution semantics are preserved, with the agent still able to choose between courses of
action to achieve a goal or to reconsider how a goal might be achieved. Team goals are specified in terms of roles which are filled
by team members; team goal execution is then managed by a single executor on behalf of all the participating team members.
Finally, the need to procedurally embed a plan’s hierarchy in its sub-plans is removed, as the executor object traverses and
executes explicitly defined goal/team goal hierarchies. During this process, the executor makes available to the participants in the
execution a shared data context, thus providing for a clear separation between an agent’s individual beliefs and those that it shares
with other agents involved in the goal execution.

In traditional BDI frameworks, execution is agent focused – an individual agent (or an agent team) determines what plan to
perform in order to achieve its current goal. This determination is done in the absence of any explicit representation of currently
active or future intentions. In GORITE, the focus is shifted from an individual agent pursuing its current goal to an individual
agent being a participant in the achievement of a larger system-level goal. We would argue that any practical agent framework
should provide support for both perspectives. That is, an agent needs to be able to operate as part of a larger whole while at the
same time, progressing its own goals if appropriate. In GORITE, this latter behaviour is supported through the concept of a ToDo
group. Each performer can maintain a ToDo group, which is a list of the intentions that it is currently pursuing or has decided to
pursue in the near future. Within a ToDo group, only one intention is progressed during a time slice – that is the intention that is at
the top of the list. However, prior to the executor progressing the top intention at the beginning of a time slice, meta-level
reasoning can be invoked to determine which intention is to be progressed in the next time slice. ToDo groups can also be used to
model reactive behaviour, including user interaction. In this respect, GORITE provides a Reflector class that can be used by a
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3.

Human Actions

performer to add goals to its ToDo group when particular events occur. For a more complete description of GORITE, the reader is
referred to (Jarvis et al., 2012).
GORITE has been used to successfully model the behaviour of a team of agents controlling the physical elements of a robotic
assembly cell and the dynamic reconfiguration behaviour required of sensor network teams (Jarvis et al., 2012). These case
studies also demonstrated that external parties can interact with an evolving goal execution, but further work needs to be done in
1.
2.

demonstrating that the conceptual model of Table 1 can be realized using the existing GORITE infrastructure
developing additional GORITE infrastructure to provide effective practical support for human/agent collaboration

The first step in this direction is presented in Table 2, which is a mapping of the key collaboration requirements to existing
GORITE functionality.
Table 2: Mapping of collaboration requirements to GORITE functionality

4.

Conceptual Model Requirement

GORITE Functionality

Interruption of goal execution

Reflection

Explicit goal representation

Implicit

Goal suspension/resumption

ToDo Group meta-level reasoning

Goal inspection

ToDo Group

Belief inspection

Data Context

CONCLUSION
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This paper has identified limitations in the traditional BDI execution model which restrict its ability to be deployed in applications
that require humans and agents to interact in other than a delegative manner. We have presented a conceptual model for human /
agent collaboration that is sympathetic to the BDI model of agency, but which encompasses a richer model of collaboration than
delegation. We have also shown how the key requirements of this conceptual model can be mapped to a new BDI framework,
namely GORITE. In (Jarvis et al., 2012) it has been demonstrated that the GORITE infrastructure supports the key collaboration
requirements of user intervention in and manipulation of an agent’s goal execution. However, a demonstrator that addresses the
remaining mappings of Table 1 is yet to be developed. Furthermore, there is a need to extend the GORITE infrastructure so that it
supports the conceptual model of Table 1 at a commensurate level of modelling abstraction. What GORITE provides at the
moment is what is best described as modelling primitives – e.g. goals, data context and To Do groups. Ultimately, these concepts
need to be encapsulated into a richer modelling framework. More broadly, there is an opportunity to exploit potential synergies
between Activity Based Computing and BDI agents. As noted above, Norman has identified goals as being an appropriate
conceptualization for reasoning about activity. Furthermore, Bardram has invited input from the AI community in further
developing the ABC concept. Clearly, goal based reasoning is an area for future exploration. It is also interesting to note that
Bardram’s view of an activity that transforms inputs to outputs directly mirrors GORITE’s concept of a goal. Indeed, the initial
motivation for GORITE was to provide a readily accessible framework for the modelling of business processes.
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applicability of Six Sigma and simulation techniques to understand how a certain product
or process vary and identify and test possible alternative developments. Also, integrated
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strategies in selecting projects, providing probabilistic estimates for project cost benefits,
creating virtual testing grounds for later phases of proposed processes and product
changes, predicting quality of business processes and identifying defect-producing
process steps driving unwanted variation etc.

Key words:
AnyLogic
Simulation.
Six-Sigma
DMAIC methodology
Corresponding author at
The School of Mechanical
and Manufacturing
Engineering,
University of NSW
Sydney NSW 2052
Email address:
A.F.Ahmed@unsw.edu.au.

1. Six Sigma
The concept of Six Sigma was proposed by Motorola 1980s
as a method for, improving production quality and
decreasing operational costs Bhote et al. (1991). Sigma is a
Greek alphabet symbol and statistically, Sigma (σ) is used to
measure the variation in a process as well as its output
Omachonu et al. (2004). The terminology of Sigma level
signifies the performance of a company Pyzdek et al.
(2010).Also, the level of Six Sigma refers to 3.4 defects per
million opportunities (DPMO) which means having a
process that produces just 3.4 defects per one million
products Stamatis et al. ( 2004).Brue and Howes (2005),
additionally state that Six Sigma is a management
philosophy and strategy as well as a problem-solving and
improvement methodology which could be applied to every
process to reduce the main cause of defects. According to
Pyzdek et al.( 2010) , Dale et al. (2007), Stamatis et al.
(2004) , Breyfogle et al. (2001) , they argued that an
organisation can gain benefits from applying Six Sigma such
as reducing cost, improving cycle time, eliminate defects, an
increase profits and in increasing customer satisfaction .
Markarian (2004) suggests the process improvement can be
seen in both manufacturing operations and business sectors
like logistics, purchasing, legal and human resources.
Additionally, Kumar et al. (2008) mentioned that Six Sigma
is used to reduce defects and can be applied in business
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processes and to the development new business models.
Banuelas et al. (2005) mentioned that There are other
benefits of applying Six Sigma, such as an increase in
process knowledge, involving the employees in Six Sigma
projects, as well as problem solving using statistical thinking
(Banuelas et al., 2005).
2. Lean Six Sigma (LSS)
LSS has evolved from scientific management and
continuous improvement theories by combining the finest
elements of many former quality initiatives. Snee (2010)
states Motorola was the first one to introduce the program of
Six Sigma in 1980s. In the beginning of 2000s, Six Sigma
was integrated with lean methodology. According to
Linderman et al. (2003) this introduced a roadmap for
connecting structural aims and the performance throughout
adopting Six Sigma. In initial periods of Six Sigma, many
firms aimed to improve product quality but also found it led
to an improvement in productivity and the cost of a product,
later, the firms found ways of obtaining and changing the
methodology of Six Sigma as well as the available tools to
match their own operations (Besseris, 2014). Acceptance of
the new quality improvement methodologies also causes
improvement of employee’s attitudes because it assists to
build healthy working environment (Dahlgaard and
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this model to understand the behaviour of the system and
evaluate many strategies for the operation of the system.
Simulation can assist and support Six Sigma practitioners to
comprehend the system’s behaviour and enhance the system
via different strategies in the virtual reality. The technique of
the simulation has been widely applied by many companies
to enhance their operations as well as improve their
manufacturing processes for several decades. Recently, the
combination of Six Sigma and simulation has been used to
improve control processes of manufacturing firms.
Simulation is often an appropriate tool to every stages in
Define, Measure, Analyse, Improve and Control (DMAIC)
because of the simulation’s capability to demonstrate how a
certain product or process varies and identify and test
possible improvements.
5. AnyLogic simulation
AnyLogic is a software package design for simulation tasks.
It reinforces and supports many kinds of simulation systems
like the Agent-based approach, the discrete event approach
as well as the system dynamics approach. All these
simulation types are attained by using a modelling language
and a model development environment. AnyLogic
simulation uses Java language as its development language
to translate the real behaviour to virtual and it is flexible
enough to the users to represent the heterogeneity and
complexity of business, economic and social systems.

3. The importance of statistics in Six Sigma
Statistical tools are required to make the connection between
Six Sigma and the business. The Six Sigma originates from
a statistical concept where the defects of a process
continually maintain less than six sigma defects(less than 3.4
defects per million chances). Statistics provide arithmetical
demonstration of either a problem or a solution in a
company. Also to back up any conclusions of a specific
process regarding of its efficiency or shortcomings involves
using appropriate statistics. Harry and Schroeder (2000)
mention that once people get away either from a formulas or
charts; usually they find that statistics figures make
questions or problems simpler and clearer as shown in
Figure 1.
It is actually helpful that statistics allow us to measure,
improve, and control the processes in companies. Moreover
Statistic based tools allows organizations to gather data and
then translate data to information, then the information will
be interpreted so that decisions can be made based on fact
rather than instead of using intuition or past experience.
Statistics lay the foundation of the quality and this will be
translated to profitability and productivity .The analysis of
statistical techniques permits any organisation to draw a full
and precise picture of the problems or difficulties troubling
its system. Then, these problems can be examined further by
engineers and workers to solve the problem and thus raise
the revenue and reduce of defects.
4. Simulation and Six Sigma
Shannon (1998) defined the simulation as a process which
designs a real system’ model and conducts experiments with
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Figure1: Statistics figures, XJ Technologies Company
(1992).
The model as shown in Figure 2, it simulates how the
distribution centre warehouse operates. The principal
operations are: unloading, loading, and order assembly.
Also, in figure 2 , it show the statistical plots which show ,
for example , the processing time and forklift utilization in
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Dahlgaard, 2003). According to Kumar and Antony (2008),
significant efforts have been made by many firms combining
these quality improvement methodologies to generate
improvements in industrial outlooks. Also, Franchetti and
Yanik (2011) mentioned that their study demonstrates the
improvements in results obtained post execution of Lean Six
Sigma. Al-Aomar, Gibbons et al. (2012) also proposed
outline for successful execution of Lean Six Sigma in
manufacturing environment. Laureani and Antony (2012a)
concluded that Lean Six Sigma is a methodology for
business improvement which targets to increase shareholder
value by improving costs, satisfying customer, improving
quality and speed of delivery. This was achieved by
combining the principles and tools from Lean and Six
Sigma. The authors mentioned that academic effort is
required to formulate and improve knowledge of Lean Six
Sigma (LSS) techniques towards the development of better
execution approaches. . Antony et al.( 2005) mentions that
Lean assists in removing waste by eliminating non-value
added activities, Six Sigma concentrates on counting the
number of possibilities that a process can causes defects
and thus these problems can be reduced before they are
transformed into defects . Antony et al. (2005).Lean Six
Sigma can be defined as a process which permits firms to
analytically classify the desires of their customer reducing
non-value added activities and reducing the variability in the
process.

long planned time . From these figures, we can get data
easily and quickly and then we can get a big understanding
how the whole distribution centre works.
6.
Simulation Models
Simulation modelling has a model which imitates the
operation of a real world process or system over time (Banks
et al., 2001). Basically, it takes data from the model creator
as input and this will be based on assumptions and certain
historical data. The model comprises logical relationships
and processes which are defined by the modeller. The output
contains the results based on the interacted input data within
the designed model. In many cases, it is advantageous for
companies to have a simulation model with which can show
the viewers the animated and simulated processes along with
real or virtual time data display.
Sargent et al. (2011) stated that visualization will be served
as a validation tool also visualization could assist viewers
who are unacquainted with simulation to understand the
modelled processes or products. Moreover, there are
different types of simulation like discrete-event, agent-based
and system dynamics.

The software encompasses several types of simulation
methods, such as discrete-event, process-centric and agent
based simulations. They are all generated using one
modelling language and within one development
environment. Also, the details are changeable to match many
simulation necessities. AnyLogic strengthens the objectoriented model design paradigm which creates potential
modular and/or incremental construction of large models. In
AnyLogic, the agents developed generate their behaviour in
relation to their individual built-in state chart. One of the
other advantages of AnyLogic is it can run the process in
real time and virtual time for most simulations. In real time
mode, the mapping of AnyLogic model time to the real time
is made, i.e. you link model time units to seconds but you
can link the model time units to any time base. This allows
both a model based on real time and one with time speeded
up or drawn out to be generated both of which have useful
attributes.

Figure 3: Agent based model structure (Borshchev et.al,
2004).

Figure 2: Logic figure, XJ Technologies Company (1992).
7.
Six Sigma and AnyLogic Simulation
XJ Technologies (1992) developed AnyLogic® Simulation
as a software package designed for simulation tasks. This is
an easy to use process that can be programmed either by
dragging or dropping in elements from palettes or by using
the Java language to program or any combination of these.
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7.2 Discrete-event simulation
Discrete-event simulation (DES) is an appropriate tool for
analysing the dynamics of discrete processes, such as those
found in a manufacturing system. The significant features of
discrete event simulation are its influence on the product’s
changes, the system’s changes and the probability of
reducing processing time. Many different scenarios might be
examined in a short time (Banks, 1998). The advantages of
DES are well recognized both in industry and the military
(e.g., Banks et al. (2003); Banks et al. (2001); Law &
Kelton, 2000). Hoeger et.al (1996) stated that they can
simulate the behaviour of the entities as soon as an event
happens at a distinctive point of time
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7.1
Agent based model
The traditional modelling approach deals with a company’s
personnel, schemes, customer products, and partners as
either aggregated averaged quantities or as passive entities
or resources in a process. The main feature of any agent
based model is that its control system is decentralized (XJ
Technologies, 1992). Figure 3, shows an agent based model
of a typical country’s population dynamics.

Antony, J, Kumar, M & Madu, CN 2005, Six Sigma in
small- and medium-sized UK manufacturing enterprises:
some empirical observations, International Journal of
Quality & Reliability Management, vol. 22, no. 8, pp. 860–
74
Banks, J.(Ed) (1998), Handbook of Simulation-Principles,
Methodology, Advances, Applications, And Practice,
Engineering & Management Press, John Wiley & Sons, New
York, NY
Banks J., Carson J., Nelson B. and Nicol D., Discrete-Event
System Simulation., Prentice Hall, 2001

Figure 4: Discrete Event model structure (XJ Technologies,
1992).

8. Conclusions
Simulation is a good match with Lean Six Sigma (DMAIC).
It is used by many of the world’s best companies when their
answers must be right the first time. Moreover, from a Lean
Sigma perspective, simulation is an excellent tool capable of
providing Lean Sigma quality analytical prowess. It is a 6σ
capable tool. Simulation has earned a place in Lean Sigma
culture and will continue to be a valued tool in delivering
customer focused and well defined solutions. It will continue
to help companies take small and large steps forward and no
steps backward, reducing variation through continuous
process improvement while leading teams to improved
customer satisfaction. The main impact of integrating
simulation with LSS is that it allows the decision-maker to
forecast future process performance based on simulated
events, which will reduce the risk of poor decisions and
unforeseen consequences. Many of the traditional tools often
produce sub-optimal results or cannot be used at all. For
example, if one is designing a new process or product, the
system initially does not exist. Determining current
capability is therefore not an option and so making
predictions of future performance is difficult if not
impossible without simulation.
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Morphogenetic prototyping provides a method for designers to manipulate a design over
a series of pseudo ‘developmental’ stages as if it had grown biologically. Designers can
then manipulate the development by carving the design. Carving alludes a surfer defining
a path in the water with their board. It requires an alternative design metaphor to the
antiquated drawing board metaphor used in traditional digital design systems. Therefore
this paper presents the development of a new tangible user interface (TUI) for
morphogenetic prototyping that explores the form, meaning and affordances of the
Katana as an alternative design interface. This is achieved in two stages: (1) the TUI is
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INTRODUCTION

Thanks to the biological sciences it is possible to know what
is happening at every developmental stage of model
organisms such as drosophila melanogaster (the fruit fly). In
contrast, in design we tend to focus on the documentation of
the design artefact (the biological phenotype) without
considering a coded set of instructions to grow the design
(genotype). The genotype encodes a series of interactions that
happen at specific stage in the development of the organism
[1].
There are transdisciplinary barriers to making use of this
knowledge in a design process [2]. The manipulation of these
genotypically encoded morphogenetic designs requires a new
design experience. This paper seeks to identify an appropriate
design experience to interface with these new multidimensional models. Building on a previously developed 2D
carving interface (MorphoCarve) [3], This paper aims to
identify an interface and gestures to support 3D carving.
2.

shown that a new design experience is required to support 3D
carving [3].
3.

CARVING

Carving is used here in the sense of skateboarding and surfing
culture as defining a path through space rather that its
subtractive use in sculpture. Carving is proposed as an
appropriate metaphor to apply morphogenetic ‘developmental
path’ that would need to be defined in a developing
morphogenetic prototype. An example of a developmental
path can be seen in Figure 1 in the retraction of the germ band
in development stage 9 of drosophila melanogaster
development. The retraction follows an analogous path to that
of the ‘carving’ surfer (Figure 1). The A and P in Figure 1
define the anterior posterior axis in drosophila. This is defined
in the first stage of development and forms a primary axis for
the organism.

MORPHOGENETIC PROTOTYPING

Morphogenetic
engineering
describes
the
pseudo
development of an engineered artefact with an aim to optimise
the ‘development’ of the artefact [4]. Based on morphogenetic
engineering, morphogenetic prototyping aims to reverse
engineer traditional design objects based on biological
development reference models [3]. To achieve this,
morphogenetic prototyping requires a design experience to
support the designer to manipulate a 4 dimensional virtual
artefact that ‘develops’ in a manner analogous to that seen in
biological development at multiple stages consecutively.
McGinley et al., (2015) have created a ‘morphoCarve’
interface tool for the ‘morphogenetic engineering’ of a
PackBot morphogenetic prototype based on the Beal, Lowell,
Mozeika, & Usbeck, (2011) study. However, morphoCarve is
currently limited to a 2D mouse swipe interface, this has
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Figure 1: Figure 1: Carving as in surfing not sculptural
subtraction.
Figure 2: Carving as in surfing not sculptural subtraction.
The PackBot morphogenetic engineering example uses the
creation of basal coordinates as the first stage of its process.
However it does not describe how a designer might interface
with them. In the 2D morphoCarve application this is defined
with a swipe gesture [3]. In biology the axis is created by a
gradient diffusion of Bicoid protein gradient diffusion across

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

1.

the embryo. Later stages involve the compartmentalisation
and segmentation of the organism which could similarly be
informed by a carving gesture. In this way carving is intended
to act as a ‘designerly’ analogue for the complex interaction
of forces that can be observed in biological development.
5.1

METHOD

The aim of this paper is to identify appropriate gestures for a
‘carving’ TUI. This requires that a TUI is developed so that
potential gestures can be evaluated. This is achieved in three
steps:
1. the design for the TUI prototype is produced using an
extended version of the morphoCarve tool [3] to
illustrate
the
principles
of
morphogenetic
prototyping. The TUI prototype is then fabricated
based on the design.
2. Following this the traditional katana sword fighting
gestures are defined along with a catalogue of
carving behaviours[3].
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Figure 3: The reverse engineered ‘Katana’ prototype.
Prototype.xml defines the Katana pseudo development stages
(Figure 3). Figure 3 describes the ‘reverse engineering’
process for the katana. This results in a series of
‘developmental stages’ of a katana morphogenetic prototype.
The main stages of interest that are specific to the katana are
the definition of HA (stage 4 in Figure 3) meaning blade
which is expressed on the ventral face of the Katana carving
prototype. This prototype is encoded into the morphoCarve
system in the following step. Gesture.xml records a set of
non-interface specific gestures. Behaviour.xml describes a
series of morphogenetic operations on the prototype that could
be triggered by a specific gesture at a specific development
stage.

<prototype>
<stage gid="0"
name="APaxis">
</stage>
<stage gid="1"
name="Bicoid">
</stage>
</prototype>

<gestures>
<gesture id ="0"
name ="Carve">
</gesture>
</gestures>

behaviour.XML

5.

In the first step, morphoCarve is adapted to enable the
morphogenetic prototyping of a Katana tangible user
interface. For this step it was necessary to develop a new data
architecture for morphoCarve (Figure 4). This focussed on the
creation of three files: prototype.xml, gesture.xml and
behaviour.xml.

<behaviours>
<behaviour
id="0" name
="defCoord">
</behaviour>
</behaviours>

Figure 4: Extract of the data architecture for the Katana
prototype.
The morphoCarve tool was then adapted so that it could call
the prototype, gesture and behaviour xml files.
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Tangibility increases the sense of perceived presence in a
Blended reality space, as a convergence between the physical
and virtual [6]. Contextual cues about the material, shape,
size, texture, and weight attributes of the physical object
provide an augmented improvement in a blended reality
environment [6]. Therefore it could be appropriate for carving
to identify an appropriate tangible user interface [3,7]. The
‘use of swords [..] to cut is culturally established’ [8]. A
‘carving’ metaphor using a sword based on drawing (cutting)
gestures in the morphogenetic prototyping process would
provide users with awareness, immersion, involvement,
naturalness and realness [6]. Therefore, this paper proposes
the use of a sword as an appropriate tangible user interface for
carving.
Schkolne, Ishii, and Schröder describe an example of using a
toy ray gun and sword to support the design of DNA
molecules [8]. In that case, the function of the ‘sword’
interface is to ‘move the bases into configurations based on
the topological structure of the bonds’. Therefore the sword
can support multiple gestures including move and cut. For the
purpose of this research we will focus on the gesture of
cutting and defining a path. It is therefore interesting how a
sword could be used as a ‘drawing’ tool. For instance
metaphorically a sword could be used to ‘draw a line in the
sand’. Drawing a line in the sand is a suitable metaphor for
developmental biology.
A tangible user interface for Boston Museum of Science was
developed for a Lord of the Rings exhibition which through
an Elf avatar enabled participants to use a tangible sword to
drive an Ork virtual world [9]. In the case of this research, an
avatar is probably not needed as we are just interested in the
allusion to cutting in the virtual environment which the
‘cutter’ would view in first person. Part of the challenge of the
system would be to identify the location and implied gesture
of a sword tangible user interface [10]. However the biggest
challenge is to identify the most appropriate gestures to use
with the sword. It is how these are performed with the
interface and their affordances and meaning that are of
interest to this paper [11]. To explore this, the Katana sword is
selected as an appropriate interface for carving. The following
sections document a methodology to define the appropriate
gestures for a TUI to ‘carve’ morphogenetic prototypes.

Step 1: Define TUI prototype

gestures.XML

CARVING

Finally participants are videoed in a workshop to
map traditional katana gestures to carving
behaviours.

These steps are described in the following sections.

prototype.XML

4.

3.

Figure 5: Screenshot of the MorphoCarve application [3]
adapted to support the Katana prototype and new prototype,
gesture, behavior data architecture.

5.2

Karatak
Down on
the top of
the head

Hidarikesagiri
Downward
diagonal cut
to the left

Migikesagiri
Downward
diagonal cut
to the right

Hidari-kiriage
Upward diagonal
cut to the left

Migikiriage
Upward
diagonal
cut to the
right

Hidari-nagi
Laterally at
the left side

Migi-nagi
Laterally at
the right
side

Sakakaze
Up from the
ground

5.3 Step 3: Map the morphogenetic behaviours to the
katana gestures
We used the MorphoCarve application to develop the Katana
prototype and fabricated them on a lazer cutter. These can be
seen in Figure 6.

Step 2: Define gesture and behaviour

3 example morphogenetic behaviours can be defined as:
• Coordinatise [12]: this is the opportunity to define
the anterioposterior (AP) and other axes which are
critical to morphogenetic prototyping [2]. In
drosophila melanogaster development for instance
this is controlled by the diffusion of the protein
Bicoid across the embryo from the point the egg is
attached to its mother.
• Partition: define the ‘neck’ of the prototype.
Biologically this occurs due the ‘gradient diffusion’
of bicoid which when it falls below a defined
threshold in the embryo cells below that form below
the neck and those within that threshold form the
head. The TUI carving interface would define this
spatial threshold with a cutting gesture.
• Segmentation: define the segmentation of the
prototype. This behavior should require a gesture that
could be rapidly repeated to define the segments.
In order to identify the most appropriate gesture to use for
each behavior in the morphogenetic prototyping system Table
1 describes the techniques and gestures of traditional katana
use. This illustrates that the meanings of the movements are
as important or more than their affordances. The following
section attempts to translate these katana meanings to the
meanings in a morphogenetic design processes.

134

Figure 6: Investigating the meaning of the katana gestures
and how these could be applied in morphogenetic prototyping.

Figure 7: The reverse engineered ‘Katana’ prototype
morphogenetic prototyping.
Unfortunately the 2d output of the morphoCarve application
meant that sword had a handle that was too thin. This meant
that two of the prototypes broke in the workshop. Therefore
the prototype was adapted (Figure 6), to accommodate the
realness factor required of TUI artefacts. This showed that the
handle was important to the tangibility of the Katana and was
therefore adapted by the participants in the workshop.
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Whilst the prototype file describes the katana prototype it has
been designed so that it could be adapted to explore other
prototypes in the future. It can be seen in Figure 5 that at stage
0 the basal coordinates (anteroposterior axis) are defined.
Based on the standard notation of the anterior (A) being on
the left of diagram and posterior (P) being on the right of the
diagram. The MorphoCarve application defines this stage with
a swipe gesture from left to right.

Techniq
ue and
Gesture

Technique
and
Gesture

Table 1. Katana techniques and gestures

6.

FINDINGS

8.

It was found that it was difficult to achieve multiple cuts using
the vertical (karatake / Sakakaze) gestures. Step 4 showed that
the ‘easiest’ gestures are Hidari-nagi and Migi-nagi which are
both horizontal user gestures. Therefore the nagi gestures
should be used for the more frequent lateral gestures
(segmentation). The meaning of the karatake gesture from
head down, makes this the most relevant gesture to establish
the anterioposterior axis as the gesture affords a cut from the
head through the centre of the organism / prototype. Based on
this, Table 2 describes the primary mapping and findings of
the research.
Table 2. Mapping gestures to prototyping behavior
Morphogenetic
Prototyping behaviours

Katana Gesture

Coordinatise
Partition
Segmentation
Finish / Pause

Karatake
Migi-nagi
Migi/Hidari-nagi
Sheath?

The biggest change from the original system due to the
experimentations with the katana carving prototype, is the
identification of the AP axis being defined by the Karatake
movement (down on the top of the head). Our
experimentation with gestures also showed that the nagi
gestures (lateral in biology) were easier than the karatake and
sakakaze gestures. This paper proposes the katana as a
metaphor for carving in morphogenetic prototyping. Here the
death that is represented by the katana is used in reverse to be
the first gesture that creates the first steps towards artificial
life in the form of morphogenetically prototyped designs. In
future work the physical movement of the morphoCarve
katana will be tracked by movement sensors to provide a TUI
to a morphogenetic prototyping design interface.
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During the workshop the participants became interested in
further prototyping behaviours such as finishing and pausing a
prototyping session. It was suggested that the sheathing
gesture might not end the session but simply freeze the users
interface. Any remaining participants are made aware that the
user has paused which would be useful in non-collocated
synchronous prototyping sessions. It is clear that the lateral
cuts are more numerous than the anteroposterior cuts therefore
this paper proposes that the interface should be arranged so
that the anteroposterior axis is defined with a karatake gesture
from 0 to 6 on the clock which appropriately defines a cut
down on the top of the head and along the spine.
7.
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This paper is a part of an ongoing research project focused on developing and testing a “modelling by design”
approach for building system dynamics models to support both decision making and education purposes. To
motivate the development and evaluation of the approach, we use multiple case-studies driven methodology.
Our case studies are focused in the areas related to defence capability-based planning and analysis. In this
paper, we outline the development approach, define the problem domain, and give an early glimpse on the
modelling framework, and its key components.
INTRODUCTION

2.

MODELLING BY DESIGN

System dynamics (SD), a simulation-based modelling technique, allows decision makers to analyse the behaviour of a system
over time by representing and simulating the key causal relationships and feedback interactions that influence the behavior of
interest. Despite the potential of SD to support complex decision making and organizational learning, the uptake of SD
applications is still limited (Warren, 2014). There are several methodological challenges which hinder the effectiveness and
efficiency of the SD modelling process, and therefore, its adoption. First, the modeller has the challenge of translating a
qualitative model (usually developed using a technique called Causal Loop Diagram; CLD) into an operational model in the form
of stock-and-flow representation. At the end of the conceptualization phase, where the developer is encouraged to include many
different views and elicit feedback interactions, it is most likely that the model developer will end with a complex CLD. The task
of converting this CLD into an operational model is largely an art depending principally on the modeller’s experience and domain
knowledge. There is no clear and transparent mapping from the CLD to a running SD model. Along the way, the modeller has to
make a series of judgments about what and how to include in the model, such as hardwiring the structure of alternative decision
rules into the model structure at an appropriate level of detail, and adding variables that are necessary for the inner working of the
model. According to Warren (2014) “the process is difficult, time consuming and unreliable risking serious flaws and omissions,
and producing different models for similar cases”. Few attempts (e.g. Howick et al., 2008) have been made towards providing a
transparent translation process. Yet, these processes are still time-consuming, and require the modeller to have the additional skills
necessary for running this process. Second, the focus on identifying feedback loops may lead to identifying feedback loops that
extend beyond the analysis boundary and overlooking the key causal relationships that support the decision maker’s immediate
information needs. There is also the assumption that problem owners will be able to contribute effectively to the development of
the CLD, and provide information that will help the modeller to identify feedback loops and build the model. In practice, an
expert SD modeller knows the feedback loops that really matter. On the other hand, novice modellers, who need to have extensive
experience in SD and domain knowledge to produce a high quality model to support insightful analysis, may run into the risk of
identifying many feedback loops that may not be support by empirical evidence or irrelevant for the analysis purpose. Moreover,
the assumption that the problem owner has the time, knowledge, and willingness to support the conceptualization and produce
quality insights needs a closer look (Monks et al., 2014).Third, SD model is developed to test a priori defined problem structure
(known as dynamic hypothesis). The user can run experiments to change model parameters and observes changes in the systems
performance. This can be limiting in situations where there is uncertainty about the problem structure, and the decision maker is
interested in exploring the system behaviour under a wide range of system designs and policy variants (Pruyt and Kwakkel, 2012).
The difficulty is that constructing a new model means redeveloping the model structure, bringing additional costs and time to a
modelling activity that is already too long and too early to be palatable to decision makers.

This paper is a part of an ongoing research project focused on developing and testing a “modelling by design” approach for
building SD models to support both decision making and education purposes. According to Gault et al. (1987), a ‘design’
approach has two meanings. First is to use a set of model building blocks or components to design and assemble a model the way
an engineer builds a system (e.g. car) from its parts. Second is to build and evaluate alternative futures (i.e. ‘to be’ system). This is
different from the traditional view of investigating an existing system to predict its future behavior. The design approach has ideas
from control theory, especially in relation to having a system and a control function to regulate the behavior of the system in a
desirable direction. Our proposed “modelling by design” approach has three key principles; each is informed by the relevant body
of literature. First is the development of modular domain-specific models or library of modules, which have clear specification of
interfaces and functionality of each module (e.g. McLucas and Ryan, 2005; Myrtveit, 2000). Second is a clear separation between
the physical and information elements in the model (Valentin and Verbraeck, 2002)—that is, separation between the decisionmaking rules and the structure. Third is a resource-based view of systems and capabilities, where capabilities are made up of
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assets whose performance over time is determined by different resource pools, and how they may build up/deplete in response to
different decisions, and flow-on effects on performance measures. This approach has the potential to improve the learning curve
of novice modelers by providing already-validated and ready to use blueprint to instantiate.
3.

PROBLEM DOMAIN

To motivate the development and evaluation of the approach, we use multiple case-studies driven methodology. Our case studies
are focused in the areas related to defence capability-based planning and analysis. For this paper purpose, we use the term
capability-based planning to describe the analytical and deliberative process and tools which provide decision makers with the
objective and strategic assessment necessary for proactive and robust decisions during force design and business case
development during capability planning. This scope includes decision-making areas related to planning and lifecycle management
of capabilities (e.g. equipment, personnel, supplies, organizations, information) in contexts such as: recruitment, training,
retention, design, acquisition, operation, support, and maintenance. In our modelling view, capability planning is concerned with
managing a complex network of supply-demand relationships with the objective delivering the right product (i.e. equipment,
materiel and personnel), at the right time, with the right quality (e.g. skill). SD is well-suited for describing and simulating the
cause-effect relationships that influence the dynamics of supply (e.g. acquisition contracts) and demand (e.g. maintenance and
upgrade schedules), which in effect, influence the capability performance (e.g. ability to meet operational requirements, resource
utilization). This causal and holistic approach offers the decision maker with a true ability to develop and manage the capability
rather than simply focusing on the detail of its parts (e.g. contracts, maintenance resource, and aircrafts). Motivated by this, we
select capability planning as a testbed domain for the design and development of our learning-by-design approach for building SD
models.
4.

METHODOLOGY

5.

NEEDS, OBJECTIVES AND REQUIREMENTS

The proposed modelling framework has two main objectives. First, the framework has to satisfy the need for analysing long-term
decision outcomes by capturing the whole resource lifecycle (potential, current/available, and former). Second, the framework has
to satisfy the need to examine different capability designs and management scenarios by allowing the user to configure a
capability as a composite of several assets/resources and decision-making modules interacting together to achieve a particular
objective. To achieve this objective, the modelling framework needs to satisfy the following requirements:
(1) Allow for representing the aging chain of a resource, and its variants (material delay, pipeline delay)
(2) Allow for capturing separation rates at every stage of the aging chain
(3) Allow for capturing the resource usage rates
(4) Allow for capturing the effects of reset mechanisms (e.g. maintenance) on the resource performance
(5) Allows the user to configure a capability from its fundamental resource requirements, where each of these resources has its
own supply-demand network. The user can determine the boundary of what to be included in the model by specifying the
capability in terms of its:
o breadth (i.e. the number of assets that make up the capability);
o depth or level of detail of describing the capability as a network of interdependent resources; and
o complexity (i.e. functional dependencies among capabilities)
(6) Allows the user to model different capabilities sharing/competing from the same resources.
(7) Allows the user to examine changes in the capability performance in response to changes in employed decision and/or
external drivers
6.

MODULAR AND HEIRARCHICAL MODELLING FRAMEWORK

The proposed framework consists of five module types (See Figure 1): decision-making modules, transformation/execution
modules, physical asset module, scenarios, and performance measures. Because of the limited space, we will focus the discussion
around the first three modules.
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The scientific knowledge about how to conceptualize and design simulation/model component is limited (Tucker, 2013). This is
especially true in SD modelling (Elsawah et al., 2015). Our pursuit to design the modules is guided by the iterative development
process described in detail by Valentin (2011). Although the methodology is developed for the design modular Discrete Event
Simulation models it still provides useful guidance and fits our purpose of building and evaluating domain-specific simulation
modules. The methodology unfolds through four phases: (1) determine the problem scope, (2) decompose the problem domain,
(3) design building blocks, and (3) design building block elements. In the first phase, the purpose is to understand the system
elements, class of problems, possible experimentation, and potential modelling constructs. To build this understanding, we have
undertaken a literature review of SD literature and the domain of interest. As a result, we have identified a set of design patterns as
well as the class of problems and questions of analysis relevant to this domain. This information provides the requirements for the
design of the modules. In other words, our modules should be able to be used to support modelling of these use cases. Moreover,
we engaged with problem owners and possible model users about their information needs they would like to be addressed by the
model.

Figure 1: Module types
6.1

Physical asset modules

Figure 2: The stocks and flows representation of the physical asset module
6.2

Decision-making modules

The decision-making module represents the set of formulated decision rules that can be used to control the processes that
influence resource building and depletion (i.e. controllers). A decision-making module can vary from the very simple ability to
make a parametric change (e.g. change the percentage of available spares) to a more complex module including cognitive
capability (e.g. including perceptions and information delays). At the level of options analysis, we can model the effects of
building the infrastructure on the resource flows relevant to the capability on hand (mainly the magnitude, timing, and direction of
deploying the option on the relevant process flow). In traditional SD, there are two ways of including decision making into the
model. First, rules are coded into the model structure based on the fundamental principle of closing the gap between the required
and available resource level. Second, the model receives input directly into the model (e.g. management flight simulators). Both
cases can be applied here. Through a set of well-specified decision modules, the user can select a decision-making rule or even
choose to write his/her own as long as they have the same interface points. To implement this, all stock values and flow rates are
readily accessible to the end user and the decision making modules. For example, the user can formulate a decision rule to adjust
the maintenance rate of the equipment based on the available personnel.
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The physical asset module is a blueprint (i.e. template) of the most likely physical pathways a particular resource type can take
(i.e. material, personal, personnel). The module is the fundamental stock-flow representation of the processes that influence the
availability for each basic resource type (See Figure 2). The module’s logic is straightforward. It includes four main stocks which
represent the possible states that the resource can take through its lifecycle. These stocks are: potential resource, active resource,
inactive resource, and former resource. Potential resource is the resource in the pipeline, such as the products in acquisition or the
personnel in training. The potential resource stock can be disaggregated to a chain of stocks with irreversible flow in case rework
is modelled. A potential resource enters the active resource stock as it becomes available to be used to carry out mission
operations. When a resource element exits the system for any reason (e.g. reaching its expected lifetime, retiring), it enters the
formal resource stock. Inactive resource represents a resource that is temporally unavailable for operations, and therefore able to
influence performance. In the case when delivery and exit rates are kept constant, the rates of becoming inactive and becoming
active need to be synchronized to keep the resource active stock at a steady state. Bringing an inactive resource up requires the
conduct of activities which consume time and other resources (e.g. repair). The availability of these additional resources is
influenced by internal and external drivers, such as other activities competing for the same resource. This may create a backlog of
inactive resources waiting to be processed. This interesting dynamics among stocks create the trade-offs that decision makers have
to deal with when managing flows to these stocks, such as the cost of acquiring additional supplies (e.g. increasing acquisition
rates versus the cost of increasing maintenance resources). Additionally, there are some cases where the inactive resource cannot
be returned to the resource pool (e,g. failure to repair), and therefore becomes obsolete (and therefore transitioning to a former
resource). Stocks interact in response to the combined changes in decisions (i.e. input from the decision-making module through
relevant transformation/execution module) and external drivers (i.e. input from the scenarios module through relevant
transformation/execution module) creating the dynamic behavior that derives the system’s performance.

6.3

Transformation and execution modules

Based on their definition and specification, the execution/transformation modules perform various functions in the modelling
framework. One function relates to linking the effect of a particular decision to the relevant process flow in the relevant resource
type physical flow model. Another function is to combine and transform available resources to perform/execute a particular task
which can be linked to an operational objective. For example, the ‘check resources’ module checks if the resource required to
perform a particular task is available. ‘Task execution’ performs the task given the time taken to perform it.
7.

IMPLEMENTATION AND NEXT STEPS

The technical implementation is currently underway using AnyLogic modelling environment. AnyLogic allows for building
object-oriented simulations and plug-and-play libraries, as well as offers the flexibility of using built-in function (e.g. setting
optimization experiments). A proof-of-concept of ten modules has been implemented and verified (See Figure 3). The next step is
to use these modules to engage the end user in targeted discussions around the utility of the modular approach, and how to
improve the module’s design to meet their information and learning needs. Our end users include both decision makers who can
use the modules for analysing capability planning and management options, as well as novice modellers and students who wish to
build their modelling skills.

8.
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Figure 3: A proof-of-concept implementation of the proposed framework
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Global transportation knows many different modalities – goods arrive from far away
places by ship, plane, railway, or truck. Airports and seaports both represent important
nodes within the global transportation network. Both show distinct characteristics, but
also similarities when it comes to challenges like required flexibility, robustness,
reliability and situational awareness of the stakeholders involved. In this article, we
introduce two different simulation games addressing some of these challenges in two
complex transportation nodes and discuss the qualitative results of user tests with the
games. Within a comparative section, we show how simulation games can be used to
address the challenges of multimodal transportation.
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1.

INTRODUCTION

1.1

Background

Multimodal transportation nodes like the system of an airport
or a container terminal within a seaport play a key role in the
transhipment of goods around the world (UNCTAD, 2014;
Saanen, 2004). Planning and aligning all operations in such
nodes is a difficult task (Brinkmann, 2005). All activities are
interrelated, and changes in one plan have impact on other
plans.
1.2

Problem

As already mentioned intermodal transportation networks are
complex and challenging environments. Many actors,
resources and infrastructures are involved in such complex
systems. They are dynamic, huge, and show a large number of
interrelations among themselves and with their environment
(van Bertalanffy, 1975). Collaboration of different team
members1 in the sense of alignment of plans, and planning
activities, is thus crucial for a well-functioning and
performing multimodal transportation node (Meisel, 2009).
Especially the collaboration of different team members in this
field is very important. Entire systems, such as airports or
seaports, would fail if individual optimization were the basis
for decision-making processes. Moreover, in such complex
systems, many influence factors like situational awareness
(SA) of risks, emotions, communication as well as
information sharing have an impact on the involved
stakeholders’ decision-making processes. Using for example
collaborative decision-making in the area of airport
1

In the present paper the focus will not be on the differences between
collaboration and cooperation as well as team and groups. For more
information see for example: Heese, 2005.
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When we move outside one organization, rather focusing on
the transport network as a whole, the single authority and
common frame of reference are lacking. SA has to be
distributed amongst different actors in the network. Boy
(2013) indicates that in such complex, socio-technical and
distributed settings, four concepts of information processing
play a major role to accomplish distributed situational
awareness (DSA): sharing, distribution, delegation, and
trading. In many cases, especially distribution and trading are
not sufficient. Then, trade-offs have to be negotiated between
the different actors, for which again information and
communication are crucial.
1.3

Motivation

To understand the complexity of multimodal transportation
nodes, and the possible impact of (D)SA and emotions on
decision-making, it is firstly necessary to simulate decisionmaking processes of teams. In a second step it is then possible
to analyze decision-making components as well as identify
aspects like SA or emotions. With the knowledge about the
functionality of decision-making processes in these domains,
it is not only possible to understand the system, but also to
give recommendations for an improved decision-making
process of teams. There are two general methods to simulate
these processes. On the one hand it is possible to use
conventional methods of real- or fast time simulations. A
disadvantage of such simulations is the limited inclusion or
even absence of individual behaviour and social elements, as
they are difficult to model (Barreteau, 2003). Simulations also
need experts to interpret the outcomes and to translate them to
the decision-makers (Lee, 1973; 1994). On the other hand the
simulation gaming approach is usable. With the help of
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management including the focus on information sharing had
already shown, that the punctuality of flight departures could
be increased (Ball, Hoffman, Knorr, Wetherly &
Wambsganss, 2000).
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simulations a certain procedure can be validated. In contrast to
this, the simulation game approach offers the possibility to
illustrate complex processes like human decision-making in
an abstracted reality (Kriz, 2003). By doing so, simulation
games can also be used for the design of complex systems.
Simulation games are more intuitive and managers as well as
decision-makers can understand them more easily (Zhou,
2014). When real decision-makers successfully participate in
simulation games, the chance is big that they learn about the
system and change their mental model (Rieber, 1996), leading
to a different approach towards the complex system. Mental
models are one of the basic cognitive structures to understand
complex systems (Cannon-Bowers, Salas & Converse, 1993),
and key in developing SA (Endsley, 1995). As the focus in the
present paper is on human decision-making in complex
systems, the simulation game approach was used in favour to
‘pure’ simulation.
1.4

Structure

2.

THE USE OF SIMULATION GAMES AS
DESIGN TOOL FOR COMPLEX SYSTEMS

As training and learning tools, simulation games have a long
tradition in education, military, and business (Sitzmann,
2011). As those games show more and more emergence and
receive a broader acceptance as tools, research efforts
increase, too. This can be seen in e.g. in the increasing
number of game-related journals and special issues.

In general a simulation game is characterized by a number of
main aspects, such as being based on roles, rules and
resources (Klabbers, 2006). Simulation games are designed
for a certain goal or purpose, like learning and training,
analysing, or raising awareness (Abt, 1970). To increase the
engagement of the player, the aspects of competition or
challenge are a further important topic of many simulation
games. Games enable an interactive way of experiencing the
complexity of a real system (Kriz, 2003). The game represents
a safe environment, where players are aware of the fact that
they have entered a game experience, which is not reality
(Klabbers, 2006). Moreover a simulation is characterized by
an abstracted degree of reality. This reduced complexity is
necessary thereby players can learn the game in an easier way
(Abt, 1970).
In our research, we use simulation games to firstly simulate
certain situations and in a second step to identify challenges in
complex systems, and to enable stakeholders to design new
policies and strategies for complex systems. A de-briefing of
the game experience is a crucial element in this process (Kriz,
2003; Crookall, 1992). Before we exemplify how we adopt
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3.

THE MULTIPLAYER GAME DECISIONS
BASED ON COLLABORATIVE INTERACTIONS
IN TEAMS (D-CITE)

At an airport different stakeholder groups are part of the
system (e.g., airlines, airport agent, ground-handling, air
traffic control). They have to aim for not only safety but also
an efficient and environmental friendly mobility. Therefore,
they must continuously optimize processes. One possibility of
this optimization is to foster the collaboration of the different
stakeholder groups including their decision-making.
With the help of a simulation game approach it is not only
realizable to validate complex operational concepts in airport
management, but it is also possible to analyze human
decision-making in teams.
3.1

General information

In the following subsections the objective, the involved roles
as well as the game play of the round-based multiplayer game
D-CITE will be presented.
3.1.1

General Description and Game Objective

In a first step, D-CITE was developed as a research
instrument with focus on collaborative decision-making. For
this reason, it is possible to simulate and moreover analyze
decision-making of teams.

D-CITE is a multiplayer game for four to five player.
Furthermore in the actual development as a research
instrument, the role of the moderator is a central element in
the game play. At the beginning of the game, the moderator
sets the duration of the game by specifying a number of
rounds. In general, D-CITE consists of five rounds, but it is
possible to play a fewer number of rounds if needed.
Therefore, it is necessary to know that the complexity
increases with the number of rounds. The goal of the players
is to manage an airport as well as to reach the highest possible
numerical team-score. To achieve this, the team has the task
to collect money and gain customer contentment points. The
more the players share information, the easier it is to get more
points. As every player has only limited knowledge about the
system of the other players, it is necessary to communicate
with each other during game play (Freese, Meinecke & Drees,
2015; Freese & Drees, 2015).

During the game play of D-CITE, the focus is not only on the
goal of the whole team (achieve the highest possible teamscore), but also the individual score of every single player is
relevant. The players have the task to attain the highest
possible economic success (Freese, Meinecke & Drees, 2015;
Freese & Drees, 2015).

Furthermore there is the competition aspect between teams.
At the end of the game the team gets a team-score, which
describes how the team works collaboratively. Therefore, the
team-score is put in relation to other scores within a collected
range system (Freese, Meinecke & Drees, 2015; Freese &
Drees, 2015).
In summary D-CITE is a simulation game for the area of
airport management. As one important criteria of a
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After discussing the use of simulation games as a design tool
for complex systems, two simulation games are presented.
First, the serious game D-CITE (Decisions based on
Collaborative Interactions in Teams; Freese, Drees &
Meinecke, 2015) will be shown. It was developed at the
Institute of Flight Guidance (German Aerospace Center,
2015) as a tool to analyze complex and collaborative decisionmaking in (airport management) teams. Second, the
multiplayer yard crane scheduler game (YCS3; InThere,
2015) will be presented. The Delft University of Technology
and the game development company InThere developed this
one. Both games will be discussed as well as first results of
user tests will be shown. In the conclusions section, the
usability of simulation games as design tool for complex
systems will be analyzed based on the two cases illustrated.

this way of designing and using simulation games as design
instruments, we provide an introduction on airport
management and the need for decision-making. After this,
container transportation and the need for SA within this
complex system will be explained.

simulations game, in this case it was especially necessary to
reduce the degree of complexity of an airport. Otherwise it
would not be possible to analyze the human decision-making
processes.
3.1.2

the highest possible team and individual score (Freese,
Meinecke & Drees, 2015; Freese & Drees, 2015).
All in all, after the whole team finishes one round of the
planning phase, the second (simulation) phase will start. In

Roles

D-CITE is playable for four players but it is also possible to
add a fifth player. In Table 1 the roles of the D-CITE players
are depicted.
Table 1: Roles of D-CITE (adapted from Freese & Drees,
2015)

Roles
Airline yellow

Description
Placing a certain number of airplane cards

Airline salmon

Placing a certain number of airplane cards

(+ Airline
lightblue)

(Placing a certain number of airplane
cards)

GroundHandler

Moving busses (for passengers) as well as
pallet trucks (for cargo)

Airport

Opening and closing the security checks

Moderator

Supervising the game

3.1.3

Figure 2 the game board of the simulation phase is shown.

Game Play

The game play consists of two phases. The first phase is the
planning phase. In Figure 1 the main element of the planning
phase is depicted. The Airport Operation Plan (AOP)
functions as the game board of the first phase, which is
available to all players. One round consists of seven steps.
This game board is divided into three main rows (blue = flight
routes [Standard Arrival Routes], green = parking positions
[Stands], grey = departure time [Take-Off]). The task of the
players is to adapt the AOP because of the influence of critical
events (e.g., thunderstorm) (Freese, Meinecke & Drees, 2015;
Freese & Drees, 2015).

Each player has his or her own area depicted in the game
board. In the upper area the airside is depicted. There are four
different flight routes (Standard Arrival Routes) plus the
critical zone (Terminal Maneuvering Area, [TMA]) shortly
before the landing process is visible. This area is relevant for
the Airline Agents. Furthermore, there are three parking
positions (Stands) for the airplanes. The Ground-Handler has
the task to control this area as well as the depot consisting of
busses and pallet trucks on the right side. At least there is the
waiting hall system in the middle of the game board. This area
belongs to the Airport Agent. This player has the task to check
the waiting halls for the outgoing passengers including the
security checks. During this phase the last planning round will
be shown. Every token is placed automatically (Freese,
Meinecke & Drees, 2015; Freese & Drees, 2015).

After finishing the simulation phase, the next round of DCITE starts. The players plan their actions for the next seven
steps. After rescheduling the AOP, the simulation phase
follows. At the end of the game, which is set by the moderator
at the end or during the game, a result screen of all players is
shown. This is based on the one hand on the money collected
by each player during the game and on reported passenger
satisfaction (Freese, Meinecke & Drees, 2015; Freese &
Drees, 2015).
3.2

Study

To determine the quality of D-CITE as a research instrument,
a study has been conducted.
3.2.1

Figure 1: Screenshot from the Airport Operation Plan (Freese
& Drees, 2015).
Therefore, every player must react and change certain plans
concerning the critical event(s). The focus during D-CITE
should be on the collaborative decision-making process. So it
is necessary to share information with the goal of achieving
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Participants

The sample consists of eight airport managers (female = 1,
male = 7; R = 29-52 years, M = 41,00 years, SD = 6,76 years).
Two teams with four persons per team were tested. One team
consists of two Airline Agents, one Airport Agent and one
Ground-Handler-Agent. The further sections will describe the
study as well as the results.
3.2.2

Research Instruments

There were several research instruments used in this study.
Some selective quantitative research instruments are:
• NEO-FFI-30 (Körner et al., 2008)
• STCI-T(60) (Ruch, Köhler & van Thriel, 1997)
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The game starts with an introductory stage consisting of two
main elements. During the first phase, with the help of a
tutorial the players get familiar with the game surface. The
second phase is an active training scenario. Here, the players
learn the game interface and how they have to play the game.
After finishing the introduction, the actual game play of DCITE begins.

Figure 2: Screenshot from the Game Board of the simulation
phase (Freese & Drees, 2015).

FIT (Mohiyeddini, 2001)
A-DMC (Bruine de Bruin, Parker & Fischhoff, 2007)
pre- and post-questionnaire about simulation games
(modified from Maij, Nieuwenhuisen, Aalmoes &
Faber, 2015).
Moreover there are qualitative research instruments like video
recordings of the two teams. The focus in the present section
will be on the questionnaires about the simulation games.
•
•
•

3.2.3

Experimental set-up

In general the experiment took about four hours. There were
in sum six sections. In the following a brief overview will be
given. During the briefing a first get together was important to
get to know the other players. Moreover a questionnaire about
the demographical aspects was distributed. During the first
preparation phase questionnaires concerning the topics
personality and teamwork had to be filled out. In the second
preparation phase D-CITE was introduced. Therefore, a
power point presentation as well as the tutorial and training
were given. Then the actual experiment started, consisting of
three rounds of D-CITE, in which the player did not know
about the number of rounds beforehand. During the debriefing
the team score was analyzed and put in relation to the other
scores within the collected range system. Moreover a face-toface interview with each player took place. In the evaluation
phase questionnaires about the perceived teamwork, workload
as well as team contentment were distributed.

Furthermore in the area of collaborative decision-making the
question about the awareness was focused. In Figure 5 the
results are depicted. It is visible that relevance of information
sharing in this area with a help of a simulation game could be
shown.

Results

In the following Figures (3-6) the main results are depicted.
The stakeholders gave an answer on a five-point-scale ranging
from “applies fully” to “does not apply”. On the vertical axes
the frequencies (number of stakeholders) are shown. In Figure
3 the question was about the idea of the game. It is visible that
8 of 8 were really interesting in the idea.

Figure 5: Interview - Awareness (The other categories are
not depicted because they were not selected by the
stakeholders.).
Last but not least the question was about the abstracted
degree of reality (see Figure 6). The stakeholders could
image the use of simulation games in the area of airport
management.

Figure 3: Interview - Idea (The other categories are not
depicted because they were not selected by the stakeholders.)
The next question was about the fact, whether D-CITE was
motivating to deal with the topic of collaborative decisionmaking. In this case, the results are very positive (see Figure
4).
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Figure 6: Interview - Tool (The other categories are not
depicted because they were not selected by the stakeholders.)
All in all, the results show that the development of the
simulation game was valued as suitable for the topic of airport
management, and that the reduced degree of complexity was
correct. Moreover the results support the use of this game as a
research instrument. During the experiment the different
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3.2.4

Figure 4: Interview - Motivation (The other categories are not
depicted because they were not selected by the stakeholders.).

stakeholder recommend the use not only as a research but also
as a training instrument.

presented as second example of a simulation game as design
tool for complex systems.

3.3

4.

D-CITE as a training instrument

As already mentioned this simulation game was meant to be
used to show the relevance of collaborative decision-making.
The next step is to develop D-CITE from a research to a
training instrument with focus on training the awareness about
the relevance of information-sharing in the collaborative
decision-making process. The general aspects of collaborative
decision-making are already implemented in D-CITE
(collaboration, information-sharing, feedback) (see Table 2).
Table 2: Aspects of collaborative decision-making
implemented in D-CITE2
Gaming
components

Learning
components
Awareness
about
the
relevance of informationsharing
during
collaborative
decisionmaking

Collaboration

Influence
of
critical events

Information
sharing

Individual task
menus

Limited knowledge about
the systems of the other
players (players have to
share information to get a
higher team score)

Feedback

Feedback
about points/
team score

Optimize the score of the
own teams, competition of
different teams

It has shown to be beneficial for airport stakeholders to work
collaboratively as well as to share information (Ball,
Hoffman, Knorr, Wetherly & Wambsganss, 2000). The team
members must decide which situation including a solution
could be the best for the whole team. Therefore, criteria like a
common database and feedback are considered. Moreover the
players have the possibility of communicating to each other.
Getting feedback is one further aspect of collaborative
learning. This was already realized in D-CITE. For example
the critical events and the consequences are shared among the
players. Furthermore a further focus should be on a debriefing to analyze the game situation and the benefit for the
real working environment. The de-briefing is one of the most
important points when using a simulation game, as it enables
the players to reflect on what has happened during game play
and to transfer what has been earned to the real system (Kriz,
2003; Crookall, 2014). The concrete de-briefing of D-CITE is
currently still in development.

All in all, the first evaluation shows that D-CITE is usable as
a research instrument. Further experiments are planned to
answer the question, whether it also works as a training
instrument. In addition to this, numbers of relevant
communication sequences have to be focused. Nevertheless in
both cases the decision-making processes are in the
foreground. One most important aspect with regard to
decision-making is the communication aspect. The degree of
existing information has an influence on the decision-making
process. As another example for this general concept the
multiplayer yard crane scheduler game (YCS3) will be

2

4.1

General information

In the following subsections the objective, the involved roles
as well as the game play of the multiplayer game YCS3 will
be presented.
4.1.1

General Description and Game Objective

The multi-player Yard Crane Scheduler game or YCS3 (see
Figure 7) is a follow-up of single player game known as YCS
(for details refer to Kurapati, Groen, Lukosch & Verbraeck,
2014).

Figure 7: Screenshot form the YCS Microgame.
The objective of either game is to manage the yard and align
various planning and resource allocation activities in the
container terminal. Both games have been developed to
address the interrelatedness and challenges of planning tasks
within a container terminal. The various planning tasks of
terminal operations were handled by an individual player in
YCS to understand the interdependencies among the distinct
planning tasks in container terminal operations. To extend this
knowledge to a more realistic setting, a multi-player version
known as YCS3 was developed, where a team of 4 players
need to make coordinated efforts to align all the planning
tasks in the terminal. We will discuss about the roles and
game play, in the following subsections.
4.1.2

Roles

The four roles represented in the YCS3 game are described in
Table 3.
Table 3: Roles of YCS3

Roles
Vessel
planner

Description
Vessel planner’s task is to plan the order in
which containers are unloaded from the ship

Yard
planner

Yard planner is responsible to plan the location
of containers of the arriving ships in the yard.

Berth
planner

Berth planner has to plan and allocate the quay
cranes on each ship to facilitate the unloading
of the containers.

For more information see: Freese & Drees, 2015.
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Aspect

THE MULTIPLAYER YARD CRANE
SCHEDULER GAME (YCS3)

Controller

4.1.3

Controller’s task is to plan and allocate yard
cranes for the containers that need to be
unloaded onto their pre-allocated positions in
the yard.

Game Play

The multi-player Yard Crane Scheduler game is a four player
online game. It is similar to the single player YCS game in
terms of layout and game play but has some variations
regarding roles, especially the vessel planner. Unlike YCS,
the YCS 3 game doesn't have export containers and trucks that
carry yellow containers into the hinterland.
The four roles represented in the game are vessel planner (V),
yard planner (Y), Berth planner (B) and controller (C) as
shown in the main screen of the YCS 3 in Figure 8. Each of
the players should choose their pre-defined roles by double
clicking on their respective role alphabet, until it turns green.

4.2

Study

The use of this game as a research and design tool is
illustrated in the following subsection.
4.2.1

Participants

The sample population of this study was drawn from students
of the Master program of Transportation, Infrastructure and
Logistics at the Delft University of Technology. A total of 26
students participated in this study.
Of the 26 students, 11 were female and 15 were male. The
mean age of the participants was 23.3 with a standard
deviation of 1.7. The majority of the participants were Dutch
(20), followed by three Chinese students, and one each from
Belgium, Mexico and Greece. The students received partial
course credit for their participation. The researchers acted as
'guest lecturers' and were not in a direct power relation with
the students and were not involved in the evaluation of
students for the partial credit. The following subsection will
describe the various research instruments used for the study.
4.2.2

Research instruments

4.2.3

Experimental set-up

The research design is a quasi-experimental one, since the
sample population was not randomly drawn. The experimental
session begins with a short briefing lecture explaining
operations in container terminals and the various planning
roles involved to manage these operations. All the participants
are provided with laptops. They are directed to play the single
player YCS game. YCS game acts as a tutorial to the players
before they play YCS3, so that all the participants are on an
equal footing to play YCS3. After playing YCS, participants
are divided into teams of 4. There are 7 teams in total. Each
team is seated around a table in a bridge game format (Figure
8).

Figure 8: Impressions of the YCS3 game play session.
Participants start the experiment by answering a pre-survey
that collects demographics, professional, simulation gaming
experience and personality type information. Each team has to
play the YCS3 game at varying levels of SA: individual SA,
shared SA and distributed SA. The YCS3 game has different
scenarios for the three levels of game play with the same level
of complexity in order to control for learning bias. After every
level of game play, the SA of the participants is measured by
the SART questionnaire. The various levels of game play are
further explained as follows:
Individual Situation Awareness (SA) level of game play
In the individual SA level of the game play, all the players are
required to plan their activities individually with the available
information, without interacting with other team members.
This level of game play sets the base line for team
performance, based on individual decisions of the team
members with no means of communication or interaction.
Shared Situation Awareness (SSA) level of game play

The study included quantitative and qualitative research
instruments.
The quantitative research instruments used in this study
include a pre-survey that collects the demographic
information of the participant, TIPI (Ten Item Personality
Inventory to measure personality type, Gosling et al., 2003),
SART questionnaire that measures the Situation Awareness of
participants (Taylor, 1990), and a post-game survey that
measures team performance indicators (TeamSTEPPS Team
Perceptions Questionnaire [T-TPQ], Battles & King, 2010).
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In the SSA level of the game play, participants are provided
with materials that can help them create a common
operational picture of their activities. The materials include a
printed A3 size sheet of the layout of the container terminal as
represented in the game (except the cranes and ships), 6
conversations bubble sticky notes per player, and several
colored stickers to represent containers. The sticky notes can
be used to pass messages between players, while all team
players can view the messages since they can be placed on the
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In the YCS game, an individual player could view all plans
and operations of all the roles, whereas in the YCS3, each role
has different access to different planning and operational
tasks. The berth planner can only access the quay cranes,
while the controller can only access the yard cranes. The yard
planner can plan the containers from the ship to the yard, and
the vessel planner needs to decide in which order the
containers need to be unloaded. The controller cannot allocate
yard cranes if the yard planner didn't make a yard plan, and
the berth planner cannot unload the ships if the vessel planner
hasn't allocated an unloading order.

The qualitative research instruments included video recording
of two teams. Although we produced both quantitative and
qualitative results from this study, we will focus on the
qualitative results, given the scope of the paper. We will
explain the experimental set-up designed for this study in the
following subsection.

common sheet. The stickers can be used to communicate
regarding the container positions in the ship, and the yard. The
materials provided for the players in the SSA level are shown
in Figure 9.

translation or transformation of sound/image from recordings
to text (Duranti, 2006). The process is a selective one where
only certain features of talk and interaction in the recordings
are transcribed based on the research objective (Davidson,
2009). Selectivity in transcription is a practical necessity
because it is impossible to record all features of talk and
interaction from recordings (Davidson, 2009). Given our
research objective we chose to focus on the following points
for our transcription,
In the individual SA level of game play, the players
are not allowed to interact with each other. All the
game related information is logged in an online
database, so the transcription is limited to events
where participants don't follow rules, and if the
moderator has to interrupt their activity. The
ethnicity, gender, and the workstation number of the
participants have to be noted down. This information
will not change in the next two levels.

•

In the SSA level of the game play, participants
interact with each other using various stationary
materials like stickers, notes etc. The transcription
procedure in this level is to note down who sends
information to who, where do they place the
information (on the common board or to a specific
recipient), and what time to they perform this
transaction. Interruption by the moderator, or any
other event that interrupts the normal flow of the
game play has to be noted down.

•

In the DSA level of the game play, players are only
allowed to communicate verbally. At this level, the
transcription procedure is to note down the
participants involved in a conversation, direction of
flow of information (two-way discussion or
negotiation, one-way direction), general topic of the
conversation, and time of the beginning of the
conversation. Similar to previous levels any
interruption to the game play and team activity has to
be noted down.

Figure 9: The materials provided to the players during the
SSA level of game play.
Distributed Situational Awareness (DSA) level of game play
Distributed SA is based on the premise that all team members
need not have shared awareness of the team activity, but can
interact with each other regarding a specific task, exchange
relevant information to enable appropriate decision- making
(Stanton at al., 2006). In the DSA level of the game play, the
materials shown in Figure 9 are removed. Participants are
allowed to communicate with each other, without having
access to a shared platform that represents their team activity.
To control for a bias related to the order in which the
participants play the game, we divided them into two groups.
Teams 1, 2, 3 and 4 belong to group 1 while Teams 5, 6 and 7
belong to group 2. Group 1 played the game in the order of
individual SA, SSA and DSA level of game play. Group 2
played the game starting with individual SA, followed by
DSA and finished with the SSA level of game play.
After finishing the 3 levels of the game play, the participants
were asked to fill in a post-game survey consisting of a SART
questionnaire, as well as T-TPQ questionnaire to measure
their SA as well as their perception of communication,
situation monitoring and mutual support during the game
play.
4.2.4

Results from the Qualitative Analysis

The qualitative results are based on the video recordings of
the game sessions, as well as the material used in the game
play such as sticky notes, stickers representing the containers
and the descriptive comments of the participants on the score
sheets. We analyzed the three levels of game play of two
teams; team 1 (group 1) and team 5 (group 2), in order to
substantiate our findings from the qualitative date. We chose
one team each from group 1 and 2, to control for the bias in
the order in which both teams play the YCS3 game. The
following subsections give an overview of the data gathered
from the video recordings, as well as the materials used
during the game play.
4.2.5

Following the above guidelines, we have transcribed the video
recordings of the 3 levels of YCS3 game play for teams 1 and
5. We have also summarized the essence of the transcription
as an analysis, which is presented in the following paragraphs.
Analysis of the transcription of the video recording of team 1
(group 1)
Team 1 had a balanced composition of two male and two
female members. All the members were from the Netherlands.
The position and seating of the team members can be seen in
Figure 10.

Overview of the video analysis

We analyzed the videos to understand the differences in
performance, and the factors affecting performance of one
team at various levels of SA. We transcribed the data based on
this research objective. Transcription can be defined as a
147
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•

During the individual SA level of the YCS3 game play, all the
members of team 1 focused on their individual task of the
YCS3 game on their computer screens. At two instances the
moderator had to remind the team not to talk, as it was not
allowed in the individual SA level of the game play. The team
score at this level was 5586.
The second round represented the SSA level of the YCS3
game play, where players of team 1 wrote down messages on
the sticky notes provided to them and passed on to their team
members. The flow of messages was predominantly between
the Berth planner (B) and Vessel planner (V) as well between
Controller (C) and Yard planner (Y). The majority of the
messages were from the vessel planner aimed at the berth
planner. There were only instance of message exchange from
the controller to the yard planner. Although the messages
were aimed at single recipient, some of the notes were placed
in the middle of the table on the common A3 sheet. The team
players were often curious to look at the shared messages. The
team score at SSA level was 5755.

Analysis of the transcription of the video recording of team 5
(group 2)
Team 5 had 3 male participants, all Dutch and one female
participant from China. The set-up of the team during the
game play can be viewed in Figure 11.

The second round of game play for team 5 was set at the DSA
level. Even before the game began, the team members,
particularly the yard planner negotiated game play strategies
with the controller, and asked her about her preferred planning
methods. During the game play, the yard planner emerged as
the most pro-active team member. He constantly told about
his plans to the controller, as well as advised her regarding her
planning. The conversation between yard planner and
controller was largely one directional, with the controller
following the advice of the yard planner. In addition, the yard
planner also asked the berth planner a couple of times to
check if he has planned his berth cranes properly. The other
prominent conversational pair was that of berth planner and
vessel planner regarding the unloading plan of containers and
position of berth cranes. Their conversation was twodirectional. They mostly discussed their plans with each other,
rather than follow each other's advice. The team score at the
DSA level was 3067.
The third and final round of the YCS3 game play for team 5
was that of the SSA level. In this level, the yard planner
passed the highest number of notes to the controller (unidirectional), and the berth planner and vessel planner equally
exchanged notes. Although the SSA level had a common A3
sheet, the team members did not make use of this resource.
The only shared aspect of this level for team 5, was when
berth planner passed a note to vessel planner, who in turn
gave it to the yard planner. The team score at SSA level was
2190.
4.2.6

Summary of the video analysis of teams 1 and 5

We can observe that team 1 steadily improved their scores
from the individual SA (5586), SSA (5755) and DSA (9692)
level of game play. The best outcome was that of the DSA
level of game play. Given the time pressure of the game,
which lasted only 9 minutes on average, the team could not
make the best use of the stationary materials and
communicate sufficiently in the SSA level, to significantly
improve their score from the individual level. However in the
DSA level, there was meaningful two-directional exchange of
information between the right persons at the right time. The
group was well balanced since consisted of 2 male and 2
female participants who all belonged to the Netherlands,
which could also be a factor for the effective communication.
Contrasting team 5’s performance with team 1, team 5
performed the best at the individual SA level of game play
(3520) and did worse in the other two collaborative level--SSA level (2190), DSA level (3067). This could be partly
attributed to the communication style of the team members.
During the SSA level, the communication was uneven and
was heavily between two players (B&V). The other players
did not make use of the sticky notes to communicate and
share information. In the DSA level, although berth planner
and vessel planner communicated a lot, they also disagreed a
lot on their joint plans, which led to late decision and lower
scores. The yard planner was very enthusiastic and was

Figure 11: Composition of Team 5.
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In the DSA level of the YCS3 game play, the players talked to
each other about their plans. This was the third and last round
of game play for team 1. Similar to the SSA level, the
conversations were mainly between Berth planner (B) and
Vessel planner (V) as well between Controller (C) and Yard
planner (Y). Between B & V, the main topic of conversation
was the order of unloading of the containers. As soon as a
new ship arrived, the vessel planner would plan the priority of
unloading for the containers, and would recite her plan to the
berth planner. The conversation between them was mostly
uni-directional during most of the game play, with vessel
planner telling her plan to berth planner. The topic of
conversation between yard planner and controller was about
the positioning of containers and cranes in the yard. The
conversations between Y & C were less frequent than B & V.
They mostly discussed about the problems they were facing
rather than their plans. The team score at DSA level was
9692.

The individual SA level game of YCS3 of team 5 was very
similar to that of team 1. All the team members focused on
their individual tasks, with only one interruption by the
moderator reminding the team not to talk. The team score at
this level was 3520.

involved in a one-way conversation with the controller, who
took orders from the yard planner without giving her opinion.
This might also be attributed to difference in culture between
the Dutch yard planner and Chinese controller.
Additionally, regardless of the order in which both teams
played the YCS3 game, the DSA level scores of both teams
are higher than their SSA level scores, which might lead us to
a concluding remark that given the time pressure, sharing all
the information may be less efficient than seeking information
at the right person at the right time by transactions and
negotiations during a complex planning process. Also team
composition may play an important role in determine the
performance of teams involved in complex planning
processes.
5.

DISCUSSION AND CONCLUSION

Furthermore, both games show that it is rather important to
decide on which information is necessary for other actors
involved in the complex systems than to pass over all
information available. They also show that this is the very
first decision one actor in a complex system has to take, and
that prioritizing of information can be a challenge for players.
Players also have to decide who is the right receiver of the
right information. Especially when disruptions of a ‘normal’
situation occur, and the stress level increases, this becomes a
challenge. Both games illustrate how useful simulation games
can be to make people becoming aware of such challenges of
complex systems, which could lead to adapted behaviour in
the real system, contributing complex systems design through
new ways of decision making.
How these look like for our research and what our conclusions
are, will be content of our future research. Additionally,
together with the results, we are aiming at developing a
systematic design and implementation concept towards
simulation games as research tools.
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When using simulation games, it is necessary to have some
test rounds with smaller groups before serious collection of
data starts in order to be aware of risks, challenges, and
problems to solve. A well-prepared script including all tasks
and roles of the research team is very helpful for everyone
involved and decreases the risk of failure during the collection
phase of valuable data, which maybe cannot be repeated.
Low-fidelity, paper-based simulation games as well as first
digital prototypes allow insights in the actions and decisionmaking processes during a highly dynamic game situation.
This set-up requires experienced observers, and a group of
available researchers and/or instruments such as audio and
video recorders to allow for objective observation. Computer
based simulation games provide the opportunity to collect
digital data instantly. This data can be used for player
feedback within a de-briefing, but especially for research
purposes.
The two games illustrated here show that a multi-player set-up
can support the design of complex systems, as it enables the
players directly to develop an understanding of the situation,
and an awareness for its complexity as background for
decision-making processes. The round-based game play
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1.

ECO DRIVING

Improving energy efficiency is a major challenge for railway
transport operators for a variety of reasons. Firstly, even
though trains are already considered an ecological means of
transportation, reducing their carbon footprint can further
increase their attractiveness in that dimension and help their
popularity. Secondly, energy costs constitute a large part of
yearly budgets for most railway companies (usually between
10 and 20%) [PKP SA 2014, p. 47; Przewozy Regionalne
2013 p. 12]. Therefore, any substantial savings on consumed
energy lead to significant improvement of the company’s
financial situation. These reasons cause operators to seek
ways to improve efficiency, however, most of these methods
like rolling stock modernisation or procurement, voltage
increase or changing from DC to AC traction are either very
expensive or impossible to implement. One method that does
not require substantial capital expenditure and promises
numerous benefits is called eco driving or energy efficient
driving. It is important to remember, however, that energy
efficiency is not the top priority in railway transport.
1.1 Principles and strategies of eco driving
In railway transport there is an order of priorities, to which
both the train driver and company have to conform. The first
and foremost of them is safety - due to the limited steering
and braking ability of trains and the fact that rail accidents are
much more dangerous than road crashes. The second priority
is punctuality, especially in passenger transport (in most
countries passenger transport is prioritized over freight with
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the exception of the USA, where most track is owned by
freight companies). Only when these criteria are satisfied can
the train driver think about driving as efficiently as possible.
This is one of the main problems with eco driving
implementation - it must not prevent drivers from performing
their primary duties safely and in a focused manner.

Energy efficient driving is an idea directly connected to
schedule padding. Schedule padding is a time reserve put into
a train schedule allowing trains to achieve greater punctuality
at a relatively small time cost (for example in Poland in
intercity trains it is set at about 3 minutes per 100 km). This
reserve makes it possible for trains to make up delays caused
by issues such as unusually long passenger exchange or
technical problems - by accelerating as fast as possible,
travelling as quickly as possible and braking as late as
possible, the train can usually reduce its delay with each stop.
This means, however, that when there is no delay to make up,
travelling with the highest average speed usually leads to
trains waiting futilely at stations. This time reserve can be
used to travel more slowly, but also more efficiently.
There are three main techniques of energy efficient driving all of which achieve higher efficiency by lowering the average
speed of the train. These strategies are:
- reduced acceleration rate,

- reduced top speed,

- coasting (travelling at speed with engines off).

Reducing acceleration rate causes the train to achieve its top
speed after a longer time, reducing the average speed. The
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second strategy, reducing top speed, is actually widely used in
road freight and has led to widespread speed control
implementation. The third strategy is a rail-specific technique,
due to the fact that the friction coefficient between rail and
steel wheel is an order of magnitude lower than the coefficient
for rubber on asphalt, which means a train can travel very far
just by using its momentum. It is also a strategy more efficient
in electrical engine operation, because in those engines no
energy is wasted while not driving wheels, whereas idling
diesel engines still consume considerable amounts of fuel.
1.2 Eco driving approach in road transport

1.3 Eco driving approaches in railways
One well known approach to eco driving is called the Driver
Advisory System and is based on installing a special device
inside the train cab, which collects GPS position, energy use
and other significant information and displays information
concerning driving efficiency. This can be implemented in a
number of ways - some systems simply advise the driver
when to coast, brake, or accelerate [Knorr-Bremse,
LEADER], whereas others [TransRail, CATO] show the
whole desired speed profile and how well the driver is
adhering to it. Installing these systems requires very accurate
and frequent data about energy use, track profile and train
location. When this information is unavailable, an alternative
approach is to use information from electricity meters to
evaluate drivers based on the routes they travelled. This
approach has been implemented in Deutsche Bahn.
The eco driving project implemented at a major Polish
regional railway operator can be assigned to the second group
of systems, although with significant modifications, which are
a trade secret of companies Audytel and REDS. It is important
to note, however, that in the end drivers receive information
about how much energy they have used and how efficient
their work was.
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MOTIVATION

There are two key problems in energy efficient driving
implementation. The first one concerns information - many
companies do not have the possibility to precisely determine
how much energy each driver is using, whereas not all those
that are able to measure energy use per driver provide that
information to them. Without that sort of feedback any
meaningful eco driving program is impossible. However, it is
not enough to provide the drivers with information concerning
their efficiency performance and teach them the methods of
efficient driving - the goal of eco driving is to make them
want to drive using as little energy as possible. The problem
that arises is therefore: how to motivate train drivers, how to
make the company and environmental benefit something
important enough for them to try to improve their efficiency?
2.1 Behaviourist and cognitivist approaches
The most common distinction of motivation is between
intrinsic and extrinsic. Motivation is called intrinsic when
people want to do something - this description stems from the
fact that for those people motivation lies inside that activity.
Extrinsic motivation, on the other hand, is present when
people feel then need to do something - for these people
motivation lies outside of the activity [Werbach 2012, p. 53].
Extrinsically motivated people engage in behaviours in order
to obtain rewards and praise or to avoid criticism and
punishment [Vallerand, Ratalle, p. 43]. These conclusions
have led to the so-called behavioural approach to motivation.

According to behaviourists the most effective way to achieve
the required response is through punishment and reward and
using these stimuli to further the organisation’s goals
[Werbach 2012, p. 56]. Punishment serves as a negative
stimulus and its purpose is to make unwanted actions less
attractive or even repulsive for its recipients. Reward on the
other hand increases the desirability of the proper course of
action. Both of these tools influence people in an external way
- which means they are extrinsic motivators. Numerous
incentive systems implemented in companies and
organisations have achieved some success, it soon turned out,
however, that simplifying the way humans think and learn can
lead only to a time-constrained, limited response. It might
encourage desirable behaviour and can lead to improvement,
but often these changes affect only a small part of the group,
which limits potential gains.

As research into human psychology developed a second,
completely different approach was envisioned - cognitivism
[Strelau 2010]. According to cognitivists any attempt to
influence human behaviour must take into account the way
people think, understand and act - which is much more
complicated than a simple aversion to negative stimuli (lossaversion) and desire for positive ones. One of the most
important theories of cognitivism is Self-Determination
Theory (SDT).
2.2 Self-Determination Theory premises
SDT is founded on the premise that all human beings,
regardless of their education, social background or profession,
are driven by an inner desire to continue developing their
personality, competence and relationships. That internal need
to progressively become someone better, someone more
complete and more in line with who people want to be is an
essential element of a new approach to motivation developed
by SDT authors.
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Energy efficient driving is an idea already well known in the
road transport business. It has been implemented in the
context of passenger vehicles in the form of numerous
advisory or gamification systems mounted in modern cars,
like Nissan Leaf [Nissan Leaf case study]. The problem has
also received attention in road freight [Stam 2012], where
multiple driver efficiency programs have been implemented
with positive results. The main concept is based on evaluating
driver performance in terms of fuel usage and then using this
information to improve inefficient driver performance through
teaching and incentive systems. Implementing this solution in
a railway environment is similar as far as the method itself is
concerned but considerably more difficult due to the
differences between the road and the rail transport industry.
Rail vehicles are significantly larger and heavier than their
road counterparts which means longer braking distances
(exceeding 2000 meters for heavy freight and high speed
trains). In order to provide safety in those circumstances
railway signalling and traffic control are much more
complicated and regulated - training a train driver takes
hundreds of hours of rides with an instructor and requires the
trainee to learn numerous codes, signals and regulations. The
differences in equipment are also considerable - most
locomotives and MUs (multiple units) are not equipped with
electricity meters (for electrical vehicles) or fuel flow meters
(for diesel vehicles). It is only after energy consumption
becomes measurable, that energy efficiency can be
implemented.

2.

Figure 1: Motivation spectrum
[on the basis of: Ryan R.M., Deci E.L. 2002, p. 16].
According to SDT, intrinsic and extrinsic motivations are not
two opposing, contradictory states, but rather form a
continuum. This continuum starts with amotivation, which is a
state of no motivation, and then goes through extrinsic
motivation, where people are motivated by external stimuli, to
end with intrinsic motivation, where people do things (work,
play, learn) for the sake of simply doing them. The whole
continuum is presented in Figure 1.

2.3 Basic human needs in SDT
SDT is centered on three fundamental psychological needs of
human beings: competence, relatedness and autonomy and it
is by satisfying these needs that motivation can be
internalised, leading to increased engagement in the project
[Deci, Ryan 2014]. The term competence encompasses
everything related to how people feel about their
achievements, work, skills, relationships and also their ability
to reach their goals [Williams 2002, p. 235]. Ryan and Deci
also refer to the subjective feeling of dealing with the
surrounding professional and social environment in an
efficient manner. It is in search of that feeling that human
beings pursue challenges that are optimally suited to their set
of skills, traits and customs, and, through these challenges, to
enhance those skills [Ryan, Deci 2002, p. 7]. Relatedness on
the other hand is the feeling of being connected to a
community, belonging to society, having meaningful and deep
relationships with others. Ryan and Deci also mention
“feeling connected to others, to caring for and being cared for
by those others, to having the sense of belongingness both
with other individuals and with one’s community.” [Ryan,
Deci 2002, p.7]. Autonomy meanwhile refers to the feeling of

154

It is only by influencing and responding to all of these three
basic needs that a proper intrinsic motivation can be achieved.
Stimulating only one of these needs usually fails to lead to
motivation internalisation [Dysvik, Kuvaas, Gagne 2013]. In
order to design a properly working system to increase
employee motivation it is necessary to take into account SDT
findings and try to appeal to every worker instead of only
those, who respond well to extrinsic motivation.

SDT has been shown to work in various areas, for instance:
education [Reeve 2002], sport, health care [Williams 2002;
Ng et al. 2012], environmental issues [Pelletier 2002] and
employee motivation [Baard 2002; Nukta 2011]. People
oriented towards intrinsic values experience greater wellbeing than people oriented towards extrinsic values [Kasser
2002, p. 134]. Educational benefits shown by autonomously
motivated students compared to control-motivated ones were
immense [Reeve 2002]. Not only were their academic
achievement and perceived competence significantly higher,
they were also more positive emotionally and had a higher
self-esteem. The students had a preference for optimal
challenge, reported pleasure from optimal challenge, stronger
perception of control and showed greater creativity and higher
rates of retention. These results were achieved through 186
teachers supporting student autonomy - that autonomy was
encouraged by actions such avoiding giving directives,
praising mastery, avoiding criticism, giving ready answers
less often, responding to student-generated questions and
communicating statements rich in empathy and perspectivethinking.

Using the cognitivist approach to increase employee
motivation requires the managers to respond to all three basic
needs of human psychology. In order to support autonomy,
managers need to the optimise the subordinate’s control and
influence, ameliorate internal and external pressure, reduce or
eliminate excessive rules and allow self-selection for tasks.
They should also permit failure, try to take their subordinate’s
perspective, use an assertive communication style and
especially provide feedback [Baard 2002, p. 263]. Supporting
competence requires appropriate training, preparation and
support of employees, removing barriers to efficient
performance, agreeing on achievable goals, helping
subordinates define reasonable goals and providing optimal
challenges. Managers also need to keep critical comments
balanced, avoid overloading their subordinates with negative
feedback and encourage self-discovery of errors [Baard 2002,
p. 265]. Stimulating relatedness calls for regular meetings,
setting reward structures supporting cooperation, avoiding
triangulation (speaking negatively about an absent party),
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As seen on Figure 1, amotivation occurs when there is no
regulation whatsoever and behaviour quality is completely
non-self-determined. Introducing external regulation (i.e.
incentive systems, punishments and rewards etc.) is the first
step towards achieving a desirable change in behaviour. The
next stage towards more self-determined motivation is called
introjected regulation. It is the first step in the process of
internalisation, where individuals start to bring the signals
from the environment inside themselves [Vallerand, Ratalle
2002, p. 42]. When the reasons to engage in an activity
become internalised in a way that makes the activity so
valuable in the eyes of the person that he or she will perform
this activity with a sense of a choice, then this kind of
motivation is called identified regulation. This is a relatively
high level of self-determination [Koestner, Losier 2002]. The
most internalised form of extrinsic motivation is called
integrated regulation. This is a type of motivation where the
choice to engage in the activity is coherent with internal
desires and plans.

control and responsibility for one’s actions and behaviours
[Williams 2002, p. 235].

sharing information whenever possible and conducting teambuilding exercises [Baard 2002, p. 267].
3.

GAMIFICATION

Collecting data about train energy use and driver efficiency is
not enough to implement eco driving. The second, key
component of a successful implementation is convincing
drivers to perform their duties in an efficient manner. The
traditional approach to this problem is to create incentive
systems returning some percentage of savings on energy to
drivers. However, this solution is problematic, because
external motivators are not necessarily the most effective way
to influence people in the long term. According to Deci and
Ryan [2002, p. 11], in many cases tangible rewards decrease
intrinsic motivation. However, there are some stimuli that
enhance rather than undermine intrinsic motivation, such as
positive feedback (verbal reward, praise). Therefore, in the
project described in this article it was decided that driver
motivation will be achieved through a specially designed
gamification framework which should influence the process
of motivation internalization among train drivers.
3.1 Definition

Gamification has already been implemented in the transport
industry. Stam [2012] describes a system developed by Scania
Benelux aiming to reduce fuel consumption by engaging truck
drivers in a portal game, where the fleet goals were
personalised toward driver goals. The main idea of the project
was centered on “infotainment”, a mixture of information how
to drive effectively and how energy efficiency influences the
environment, and entertainment - the gamification portal,
where drivers competed with each other. Incentives were
added in the system, albeit in a way that kept them in touch
with the intrinsic motivation of the employee. The overall
effects of the projects were positive - driver motivation was
substantially increased (they reported feeling enthusiastic
about the game and feeling excitement about the ability to
challenge other drivers).
3.2 Gamification mechanics and components

Werbach [2012] names five main elements of game dynamics.
These elements are constraints (game limitations, forced
trade-offs), emotions caused by playing the game (curiosity,
frustration, happiness, competitiveness), narrative (ongoing,
consistent storyline), progression (player’s development) and
relationships (social interactions generating feelings of
camaraderie, status, altruism).

Ten game mechanics are mentioned and are generally
accepted in the gamification community. These mechanics are
challenges (puzzles, task to solve etc.), chance (elements
depending on random events), competition (pitting players or
groups of players against each other, usually in a zero sum
game), cooperation (players have to work together in order to
achieve a shared goal), feedback (current information on how
the player is doing), resource acquisition (getting hold of
useful or collectible items), rewards (obtained for desired
behaviour or achievement), transactions (in-game trade
between players, either direct or through intermediaries), turns
(sequential participation in the game by players as opposed to
simultaneous access) and win states (objectives that determine
who is the winner - draw and loss states ale related concepts).
Underneath dynamics and mechanics are the rudimentary
elements making gamification possible - components. The
most important game components are: achievements (defined
objectives), avatars (visual representations of the player’s
character), badges (visual representations of achievements),
boss fights (especially hard challenges at a level’s end),
collections (sets of items or badges to collect), combat,
content unlocking, gifting, leaderboards, levels, points, quests,
social graphs, teams, virtual goods.
3.3 SDT in accordance to gamification
In accordance with SDT, in order to effectively influence and
enhance employee intrinsic motivation, gamification
mechanics and components ought to relate to the three main
psychological needs - autonomy, competence and relatedness.
Table 1 assigns the aforementioned gamification elements to
these needs.
There are a few game elements that can be used to influence
employee behaviour and contribute to the process of
motivation internalization.
3.3.1

Game elements supporting autonomy

The first gamification element supporting autonomy is the
voluntary character of a gamification system. This makes
individuals feel volitional and responsible for the initiation of
their behaviour, influencing their autonomy need [Williams
2002]. Another component often used to enhance user
autonomy perception is called an avatar.

Introducing game elements into a professional context
requires inventing the whole structure of how the players will
collaborate with them. In the game-design industry this
structure is called mechanics. Mechanics decide how players
interact with each other and their game environment, how
players progress through the game and how they get rewarded
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According to Hamari [2015], using game design to internalise
motivation is a rising trend at the moment. The idea of using
game elements and design in order to increase intrinsic
motivation is based on observing the surprisingly high and
passionate engagement people seem to demonstrate whilst
taking part in theoretically unimportant or unrealistic
recreational routines like board or computer games. This
game-related motivational trend is relatively new. The term
gamification was first used in 2008 in a blog post by Brett
Terrill. According to Huotari [2012, 2016], gamification
refers to a process of enhancing a service with affordances for
gameful experience in order to support users’ overall value
creation. A different definition given by Detering [2011]
refers to the use of game design elements in non-game
contexts. Meanwhile Werbach [2014] defines gamification as
“the process of making activities more game-like” - adopting
a designer point of view.

for certain actions, decisions or achievements. In other words,
mechanics describe the goal of the game, how the players are
to achieve it and what will happen when they try to [Schnell
2008]. Mechanics are based on components which define the
game basics, and everything that happens when players
interact with mechanics is called game dynamics- this is the
highest level of abstraction.

Table 1: Game elements and human needs

GAME MECHANICS

GAME COMPONENTS

AUTONOMY

COMPETENCE

RELATEDNESS

Resource Acquisition

Challenges
Feedback
Rewards
Turns

Competition
Cooperation
Transactions
Feedback

Achievements
Badges
Content Unlocking
Leaderboards
Levels
Quests

Avatars
Quests

Gamification systems often create quests that users can decide
to take part in. These can be random challenges or plotderived tasks, the completion of which is rewarded with
awards, point or badges. Each quest has an objective related to
the general target of gamification implementation. The
voluntary character of these quests also responds to the need
for autonomy.
3.3.2

Game elements supporting competence

Responding to competence needs of human beings requires
making them feel challenged, effective and able to progress
further in the process of fulfilling tasks and self-improvement.
One of the most important game elements supporting that is
feedback. Constant, timely feedback is of the utmost
importance in gamification systems. Every player activity has
to be properly rewarded or (in some instances) punished.
Rewards motivate participants to repeat desirable behaviour,
while punishments (a lack of reward also serves as a
punishment) inform users that a certain action should not be
repeated. Positive feedback is especially significant, because
receiving favourable reviews, evaluations or marks fulfils
competence needs.

Another way to enhance users’ competence is to offer them
rewards. Rewards form an indispensable element of any
successful gamification system. Users need to be awarded for
behaviours, actions and achievements that relate directly or
indirectly to the project’s goal. In order for rewards to be
effective, they have to conform to the following requirements
[Marczewski 2015, loc. 1255]: they need to be related to the
system’s context, content and objectives, they need to be
delivered within certain, reasonable time limits, so that users
can know why they have been rewarded and what behaviours
are desired, they need to be important for users - distributing
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unimportant rewards will minimize the chances for user
engagement.

It is also important to define win states, described by Chou
[2015]. Every game has clear and well-defined victory
conditions - it can be anything from achieving a determined
number of points to completing a certain set of missions. In a
gamified system these conditions also need to be well defined,
so that users can understand what is expected from them.
Achieving certain objectives makes users happy and
motivates them further to engage in the system and complete
new tasks, stimulating their competence need.

Points are another of the primary components implemented in
gamification systems. They appear in the vast majority of
gamified systems, although it is not unusual for them to be
visible only for system designers. Points are a numerical value
awarded to the user for completing certain tasks. They allow
both users and system designers to track their progress and
check whether objectives have been met, influencing users’
competence need. Some systems introduce karma points (also
called altruism points) which can be given to other users.

Badges form the second element of the “PBL” (Point, Badges,
Leaderboards) triad and fit well within competence supporting
game elements. They represent user achievements visually in gamified systems the terms badge and achievement are
often used interchangeably. Badges are a form of feedback
rewarding users for specific actions: unique achievements (i.e.
shortest time to achieve target), exceptional achievements (i.e.
the highest number of points in a given area), number of
actions (i.e. 100 postings on a forum) [Werbach 2012].

Leaderboards are another element taken directly from games,
that can be implemented in a gamification system and
stimulates competence well. A leaderboard is a simple list of
users with their results attached, usually ordered in a way that
puts the best users on the top of the table [grywalizacja24.pl].
Users are usually compared on the basis of the number of
points they acquired, although it is also possible to compare
them using badges, completed tasks, acquired levels etc. It is
important to compare users using a metric that relates to their
behaviour and whether that behaviour conforms to system
objectives.
Levels are another game element stimulating competence.
Levels are a component based on character development in
role-playing games. Their purpose is to show the user how far
he has progressed on his way to achieving mastery and to
encourage users to keep developing their skills. A different
variant of this solution is called a progress bar. Progress bars
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Another popular autonomy-supporting component is resource
acquisition. Humans are known to be collectors - collecting
items is a very basic instinct and can be found among most
people, be it post stamps, post cards, souvenirs or Starbucks
mugs. It is also difficult for most people to let go of things.
Because of these observations, resource acquisition serves as
a great encouragement to use the system and at the same time
make it psychologically harder for engaged users to stop using
it (“I will lose all these things/rewards/badges I worked so
hard for”). When resource acquisition is combined with the
ability to buy certain goods (real or virtual), the need for
autonomy is also satisfied.

Gifting
Leaderboards
Social Graphs
Teams

serve to inform users how well they are progressing. It is a
graphical representation of their progress and shows how far
they are from achieving their objectives. Progress bars also
appeal to users’ competence [Zichermann 2011].
3.3.3

Game elements supporting relatedness

In order to properly support relatedness, a gamification
system needs to create both group cooperation and
competition. The most common way to achieve that goal is to
divide users into teams. Teams are groups of people formed to
complete a certain task, achieve a common objective. Using
teams in a gamified system can enhance participant
relatedness and increase their intrinsic motivation to achieve
system objectives by helping their team.
On the other hand, teams can be used to enhance intrinsic
motivation by creating inter-group competition. This solution
works perfectly with the help of leaderboards focused on team
results, keeping users aware that their individual contribution
influences their team success.

(without any sort of incentive or punishment) has a placebo
effect on efficiency (energy use reduction exceeding 8% has
been measured on a pilot railway line). It is of utmost
importance that the results published in the system are
verified and trustworthy - driver engagement will be
dramatically reduced if they do not believe efficiency data.
This phase appeals to autonomy due to its voluntary character
(every user can log in and track his progress but there are no
negative consequences of not participating in the program),
while direct, only positive information concerning energy use
and badges (related to user engagement mainly in this phase)
stimulate competence. Relatedness is influenced by
widespread information that all drivers are in the system
(using the system is voluntary, but everyone’s information
will be in the system). Positive effects of using the system will
also be discussed on regular driver meetings.

Points can also support relatedness. This will happen if they
are also awarded for regular interaction with the system and
allow users to thank other users for help or cooperation.
4. GAMIFICATION FRAMEWORK DESIGNED FOR
A POLISH REGIONAL RAILWAY CARRIER

ISBN 978-0-9925960-2-6

A large Polish regional railway carrier has decided to
implement energy efficient driving techniques among its
drivers. Until the introduction of Eco Driving system
developed by Audytel and REDS companies’ drivers had no
information whatsoever regarding their energy use. In order to
engage drivers and increase their motivation, a gamification
approach based on Self Determination Theory was chosen for
implementation together with eco driving system. Its goals are
to provide feedback to the drivers, while internalising their
motivation by appealing to three main human needs of
competence, relatedness and autonomy.

Designing a gamification system for train drivers in a railway
company had to take significant constraints into account.
Train drivers do not work directly with computers (as opposed
to office jobs), it is therefore critically important to create
engagement sufficiently high for them to want to check their
results and use the portal as often as possible. The portal in
question has been designed as a web application with a
possible mobile devices application planned for development
if that need arises. In order to achieve these goals, the whole
gamification process has been divided into 4 main parts, to be
introduced sequentially, after a 2-3 month period each. This
implementation order targets continuous, high employee
engagement- when users progress in a satisfying manner, new
mechanics will be introduced accordingly. The objective of
that approach is to optimise demanded competence level in
order to keep drivers in the “flow” part of engagement,
avoiding both boredom (when tasks are too easy) and
frustration (tasks are too hard).

Figure 2: Gamification framework.
4.2 Phase 2: Comparison

4.1 Phase 1: Feedback
The first phase is based on feedback. Its purpose is to create a
habit of checking energy results as often as possible.
Reporting their efficiency to drivers in a timely manner is
very important for the project, because after 1-2 days it is
difficult for drivers to remember the precise reason, why so
much (or so little) energy has been used. Making drivers
aware that their efficiency is being measured and monitored
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After 2-3 months of the feedback phase, when drivers become
accustomed to checking their results and used to the new
system, the second phase should be implemented. This phase
is based on introducing gamification elements supporting
comparison between drivers. In that phase accurate
information on driver energy savings will be published and
missions and challenges (i.e. save at least 100 kWh this week,
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improve your average energy consumption by 5% on each of
the routes you are driving on) will be used to encourage
efficient driving. It is also in that phase that the incentive
system, rewarding the best and the most improved drivers will
be introduced. Choosing challenges and missions by
themselves will appeal to driver autonomy, while new badges
focused on route efficiency (for saving a determined amount
of energy, travelling a route in a most efficient way etc.) will
stimulate competence and the feeling of progression,
achieving the next level. Relatedness will be approached by
showing driver results compared to the general average
(visualised in the form of bar charts showing driver result
against the route average) and by publishing the best results.
4.3 Phase 3: Cooperation & group competition
Phase 3, planned for implementation 2-3 months after phase
2, is focused on increasing intrinsic motivation via team work
and team spirit induction. Drivers will cooperate in groups (to
which they are assigned either by their instructors or their
depots) in order to achieve certain team objectives (i.e. save
10,000 kWh in a month) and compete against other groups.
This phase naturally appeals mainly to relatedness through a
group approach (group challenges, missions and badges), but
group rankings will also influence the need for competence.
4.4 Phase 4: Society & mastery

5.

CONCLUSIONS

At this moment only preliminary conclusions can be derived
from that project, as its implementation is ongoing. It can be
noted, however, that when designing gamification systems,
whose goal is to influence the level and quality of employee
motivation it is worthwhile to take scientific research on
motivation theory into account. Self-determination theory has
helped to create a system that responds to all three main
human needs in terms of intrinsic motivation. Every game
mechanic employed appeals to autonomy, competence and
relatedness and this should help the company achieve both its
energy and motivation goals. The system is planned for
implementation in mid-April of 2016, while first results
should be available in May 2016.
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Interactive virtual reality (VR) is the most recent technology used to train workers for
extreme event scenarios. VR training occurs in a safe and controlled environment and has
the added benefit that it allows replicable testing of such scenarios. Like any other
training method, VR based training must be evaluated. This study investigated the extent
to which virtual training environment is able to address the training needs of the mining
industry and overcome onsite (real world) training constraints.
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1.

The present study was conducted with Coal Services Pty Ltd, a pioneering training
provider for the coal mining industry in NSW, Australia. The research focussed on
specific training programs developed for the mine rescue brigades. These brigade teams
are made up of highly specialized miner volunteers who provide the primary response to
major incidents. The research framework examined the adequacy of training needs,
technological capabilities and the implementation of interactive simulation. The research
outcomes provide evidence-based information on the advantages and limitations of VRbased training for mining rescue brigades.

its ability to offer systematic opportunities for training, testing
and knowledge creation.

INTRODUCTION

Current vocational training systems often fail to satisfy
their training requirements – the result being that trainees do
not reach their full potential (Pithers, 1998). Organizations
may invest heavily in their training systems, but despite this
expenditure, as well as the time and resources devoted, they
still may not achieve their training objectives. The need for
effective workplace learning has encouraged different
industries to utilize various technologies (Pithers, 1998).
Storytelling is an effective approach for training and a
good simulation can present a believable and interesting story
(Newton, Hase, & Ellis, 2002). Simulation has been defined
as any attempt to mimic a real or imaginary environment
which can serve two purposes: scientific and educational
(Rieber, 1996). Simulation can help scientists to deeply
investigate and refine existing theories, while educational
simulation can help trainees to see the direct consequences of
their actions/decisions (either in real or slowed time) and
receive a feedback from experts. According to Fox, Arena and
Bailenson (2009) Virtual Reality (VR) environments allow
users to recreate real/fantasy worlds, and then explore them
and gain new experiences.
VR technology is not only a linear extension of existing
training technologies. What makes this environment unique is
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Traditional non-VR training approaches have often been
criticized for engaging costly resources or promoting passive
training (where the trainees are listeners rather than
doers/active learners). While the implementation of actual
resources and environments may enhance fidelity/realism it
can be very expensive. For example, fire departments might
set fire to an entire building for a training exercise (Bliss,
Tidwell, & Guest, 1997). Such training is costly and often
may not be possible/feasible.
Another problem with
traditional approaches and using actual resources is the
physical danger involved. Exposing trainees to degraded
environments such as smoke, haze or heat is risky and this
risk increases significantly when training less experienced
employees. Moreover, to optimize training fidelity, the
training needs to be as realistic as possible, but such facilities
might not be available at any time.
Therefore, in recent years, high risk industries have
become more open to using simulations as a way of dealing
with the problems associated with traditional training
approaches. Simulation has the potential to overcome many of
the obstacles to the effective training of extreme scenarios
(e.g. it enables trainees to experience dangerous scenarios

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Key words:
Virtual Reality
Training
Mining
Competency
Safety

without the fear of putting anyone’s life at risk or damaging
any equipment).
2.

VIRTUAL REALITY AS A TRAINING TOOL

However literature investigating and evaluating the
impact of VR-based training programs on industrial safety and
productivity is limited (Tichon & Burgess-Limerick, 2009).
This study proposed a qualitative evaluation framework
to investigate to what extent virtual training environments are
capable of delivering successful training.

2.1 VR-based Training for Rescue Brigades in Coal
Services Pty. Ltd.
Misanchuk (1984) lists the three main factors used to evaluate
the quality of a training session or program: (1) the
employee’s ability to accomplish the assigned task, (2) the
relevance of the training materials to what trainees are
expected to do, and (3) the employee’s motivation to
undertake training.
Figure 1 shows how Coal Services Pty Ltd develop the
content for their VR training sessions and how they attempt to
measure training outcomes via the annual underground coal
mine competitions.

Figure 1: Training Scenario Development and Evaluation
Training requirements and guidelines are based on Australian
Coal Mine Health and Safety Acts and regulations. Hence,
training transfer is evaluated against the following criteria:
team performance, team effectiveness, pre-use equipment
checks, fresh-air base, trauma management, use of the
compressed air breathing apparatus and fire-fighting skills.
However, because the rescue brigades receive 6 rounds of
training per year (a mixture of traditional training sessions and
VR training), it is not possible to evaluate the effectiveness of
VR as a training tool based on the outcomes of the
competition. Thus, there was the need to develop an
evaluation framework which solely focused on VR training
and its outcomes. To this end, we developed the qualitative
evaluation framework outlined below.
In the next section a systematic approach is proposed
which should enable industry to investigate and clarify the
role of VR as a training tool (i.e. to determine whether it will
fulfil the training requirements and identify its shortcomings).
This approach: (1) identifies the specific training needs, (2)
identifies any issues that will be faced if trainers choose to
adopt a “real life training approach” and (3) informs trainers
what the VR’s capabilities are and (4) what the users’
opinions are of VR’s identified capabilities.
3.

Coal Services Pty. Ltd. VR training centre

This study focussed on four training facilities located in
Woonona, Lithgow, Newcastle, Singleton (NSW) operated by
Coal Services Pty Ltd, an Australian service provider.

Coal Services has developed various simulation environments
(as well as a non-virtual/physical mock mine environment). In
this research our focus is on 360-VR theatre Figure 3.

Figure 3: 360-VR environment
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The use of VR as a training tool began in the military
and has spread to a variety of industries. There is abundant
literature on Virtual Reality (VR) environments (Bell, 1991;
Burdea & Coiffet, 2003; Fox et al., 2009; Furlong, Vance, &
Larochelle, 1999; Jou & Wang, 2012; Rickel & Johnson,
1998), VR-based teaching and training programs (Moreno &
Mayer, 2007; Moreno & Mayer, 2002; Salzman, Dede, Loftin,
& Chen, 1999) as well as their application in different
industries including medicine, pilot training, surgical skills,
driving, train driving, rehabilitation, educating children and
others (Bakken, Gould, & Kim, 1992; Deaton et al., 2005;
Filigenzi, Orr, & Ruff, 2000; Orlansky & String, 1977; Rai &
Wong, 2010; Schmitt, Agarwal, & Prestigiacomo, 2012; van
Wyk & de Villiers, 2009).
This increase in the popularity of VR as a training tool
has occurred because:
• Time and cost often impose major limitations to use
real life training. There are also an infinite number of
scenarios to train workers for, and it is not feasible to train for
all of them in the real world.
• It is either not feasible or impossible to duplicate
extreme scenarios in physical world. For example there may
be serious risk involved (e.g. training miners for when the
ceiling of the mine collapses).
• There is no guarantee that successful training will
occur in a single session, and as a result, the session might
need to be repeated. In VR trainees can experience and repeat
scenarios as often as they need to master them and there is
always room to make mistakes.

The 360 Theatre is a 10m diameter, 4m high cylindrical
screen that displays a 3D stereo, 360 degree virtual
environment – this allows participants to be fully immersed
within the environment.
The large area within the theatre allows for a mixed reality
experience, with participants able to interact with props and
people, to ensure that appropriate motor learning and reflexes
are included as part of the training experience.

4.

METHODOLOGY

The framework (Figure 2) includes four nested layers of
analysis

4.4 VR Utilisation
Over a two-year period, 280 rescue brigadesmen were
followed through their training programs across four training
facilities (Wollongong, Newcastle, Singleton and Lithgow in
NSW). Each trainee had to complete a short questionnaire
before and after each training session in order to record their
expectations and self-assessments of their individual
experiences in VR. Equivalent questionnaires were provided
to the trainers as well.
After trainees attended the training course in 360-VR
environment they were asked to answer the following four
questions:
1.
2.
3.
4.

Figure 2: Evaluation Framework

4.1 Actual training needs
Need is defined as a problem of the target group which
can be solved (McKillip 1987). It was crucial to identify the
characteristics of a successful training tool/environment from
different points of views in order to be able to compare it to
alternative tools/environments to determine what features
were missing or needed to be added or modified.
4.2 Real world training constraints

It was crucial to identify the limitations associated with real
world (onsite/underground) training. This is so that we could
compare real world training with the current capabilities of
VR as training tool, in order to identify whether VR could
overcome these limitations.
VR developers need to identify (1) Current capabilities of VR,
(2) the limitations of VR and potential for upgrade, and (3) the
relevance of VR technology features for training purposes.
The objective was to identify: (1) the role of simulation
features and resources in overcoming the identified training
challenges, and (2) the challenges of using each simulation
feature.
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What opportunities does Virtual reality provide as a
training environment/tool?
What would prevent the use of Virtual reality as a
training environment/tool?

In order to analyse the collected data we are using Strength,
Weakness, Opportunity and Threat (SWOT) analysis.
SWOT analysis will enable us to determine: (1) whether the
VR training solution is actually working from users’ point of
view; (2) to what extent the identified training needs have
been addressed by the VR training; and (3) whether real life
constraints have been resolved by using VR as a training tool.
In SWOT analysis knowledge is gathered by asking
users to provide their opinions on the VR training session, the
method of the training and the features affecting the process.
Then, this collected data is analyzed in terms of VR’s
Strengths, Weaknesses, Opportunities and Threats. In this
context “Strengths” are defined as the ability of VR to serve
as a safety training tool to achieve the training objectives.
“Weaknesses” refer to any limitations of VR which impede
trainees reaching the training objectives (e.g., experiencing
simulator sickness or perceiving a lack of realism).
“Opportunities” refers to what the VR training environment
can offer or provide more effectively than traditional training
(such as the opportunity to conduct relatively low cost but
effective training). “Threats” refer to any unwanted or
unplanned situations that might arise using VR which creates
barriers to achieving effective training.
Even though this technique does not reflect on knowledge
creation and training transfer, it provides insights into the
perceived current utility and the possible future of VR
training. Therefore, for those who are willing to employ VR in
a more systematic and meaningful way it could be of added
value to inform the decision makers, strategy planners and
training coordinators to what is possible to achieve with VR
and what it holds for future.

5.

4.3 VR Capabilities

What were the weaknesses of Virtual reality as a
training environment?

PARTICIPANTS

This study includes 280 Brigades men who were
experienced underground miners and voluntarily joined the
mine rescue brigades. Moreover, VR development team and
trainers (10 trainers) have been interviewed.

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

The outermost layer of the framework corresponds to actual
training needs. Interviews with trainers and trainees constitute
the main source of this information. The second layer focuses
on the constraints associated with traditional, real-world
training. The third layer focusses on capabilities associated
with VR technology. In-depth interviews with VR designers
will help to better understand potential and actual use of this
technology. Finally, the innermost layer corresponds to the
learning process experienced by trainees. Over a two-year
period, multiple rescue brigades have been followed through
their training programs, focusing on VR-based training
sessions.

What were the strengths of Virtual reality as a
training environment?

6.

RESULTS

6.1 Actual training needs

6.3 VR-based training capabilities

Trainees and trainers identified the following needs for
mine safety training (i.e., regardless of whether the training is
conducted underground, in classroom or technology based).
Table 1 summarizes these identified training needs:

Interviews were also conducted with VR designers to identify:
(1) the current capabilities of VRs, (2) the limitations of VR
and potential for upgrade, and (3) the relevance of VR
technology features for training purposes.
Table 3: VR training environment capabilities

Table 1: Training needs

Identified VR Capabilities

Identified mining safety training needs
1.

2.

The training environment needs to recreate the real
conditions (e.g., smell, noise, temperature, dusk)
The training environment needs to allow physical
activity
The training needs to provide exposure to a variety of
scenarios and mine environments

4.

The trainees need to experience hazards and danger

5.

The training environment needs to minimise
distraction

6.

The training need to be readily accessible

7.

Trainees need the opportunity to repeat the drills and
to learn from their mistakes

6.2 Real-world’s training constraints
Focus groups, made up of trainees and trainers were
asked to identify the constraints associated with real-world
training. As can be seen in table 2, traditional on-site training
(pit training) presents several constraints and challenges:
Table 2: Constraints of real world training

2.

VR allows safe training on high-risk activities

3.

Consultation between SME, RTO, industry and
customer ensures quality training content

4.

When VR is done properly, simulation complements
an already existing quality training program

5.

Simulation allows an additional form of training that
can catch anything that may be missed by traditional
methods

6.

VR allows regular refresher training in a time and
cost effective manner

7.

VR allows the use an agile development method to
be flexible and deliver on a guaranteed shift in
customer demands

8.

VR development includes collaboration with training
authorities ensuring that training meets standards

9.

By using blended learning, you ensure that all
trainees get an opportunity to learn based on their
own skill level

10. VR can replace chunks of classroom learning and
compliment practical training
11. VR saves time and money while providing a wider
variety of training scenarios
12. VR will create better trained crew who have been
exposed to a wider variety of training systems
13. VR provides the opportunity to get into simulation
on the ground floor and get experience in best
practice

Identified onsite training constraints
1.

Pit training is physically demanding

2.

Limited access to the pit and difficulties obtaining
consent from mine operators

3.

Pit training has logistical and time constraints

4.

Pit training occurs in a high risk environment

5.

Pit training allows limited opportunities
reviewing during the training session

6.

Pit training provides only a limited variety of
scenarios and environments

7.

Pit training is expensive and engages actual resources
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VR is a powerful training tool when used correctly

for

14. If developed in a flexible manner, VR can allow
customised training scenarios to cater to different
trainees needs
15. VR allows users to learn from any mistakes and
make the business more productive
16. By introducing simulation as a compliment to
traditional training, you minimise risk of intimidating
resistant trainers/trainees.

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

3.

1.

6.4 VR-based training utilisation from various point of
views

Table 5: SWOT analysis (Trainers’ analysis)

This section presents a summary of different viewpoints
gathered from the three main VR stakeholders: VR
developers, trainers using VR as a training tool, and trainees
being trained in VR.

To begin with Table 4 summarises the feedback from trainees
regarding the strengths, weaknesses, opportunities and threats
associated with 360 VR environments for training purposes.
While the reported strengths and weaknesses often reflected
their own personal experiences during training sessions, the
opportunities and threats mentioned typically reflected the
broader consequences of this VR training, as well as
generalisations and assumptions about VR in this context.
Table 4: SWOT analysis (Trainees’ analysis)
SWOT analysis of the interviews with trainers showed high
agreement with the trainee data. However, two main
differences were noticeable:
1.

Trainees were more negative about the relative
passivity of the current 360 VR environment and
scenarios (compared with a real pit training) while
they were more positive about the ability of 360 VR
to promote better concentration on the tasks at hand
or better engagement with the trainers.

Table 6 summarizes feedback from the VR developers
regarding the strengths, weaknesses, opportunities and threats
associated with 360 VR environments for training purposes.
As expected, they provide a richer and more nuanced SWOT
analysis compared with those from the trainees and the
trainers.

Table 5 summarizes feedback from trainers regarding the
strengths, weaknesses, opportunities and threats associated
with 360 VR environments for training purposes.
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2.

The trainers articulated more clearly that the 360 VR
provides high fidelity scenarios (a strength) that are
probably realistic enough to replace theory-based
classes (an opportunity) but probably not adequate
(yet) to entirely replace traditional underground
training despite all its logistical constraints.

Table 6: SWOT analysis (VR Developers’ analysis)
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In 2007, I walked into a hornet’s nest. The Minister was demanding to know why $3.5
million worth of heavy equipment simulators had been ordered from an overseas supplier
when there were local options. Australian companies, frustrated that millions of
government dollars had left the country, took great delight in helping me to understand
why our acquisition was a ‘mistake’, apparently because there were higher fidelity
simulators available here. Looking back, I can see that our investment was perhaps
misguided, but not for the reasons they thought.
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Simulated mining machines
Fidelity
Simulation acquisition
Motion fidelity

As I learned more about our simulators, I suddenly found myself balancing on the edge of
a metaphorical abyss. How could we avoid being swallowed up by the swamp of
confused fidelity that was between our commercial reality and our customers’ perceptions
of the requirements for optimal learning? There was much talk about the superiority of
our simulators’ 6-DoF motion, force-feedback steering, interchangeable OEM cabs and
fully customizable graphics, but behind the scenes we were scrambling to access 25
square metres of dust-free enclosed space with reliable three-phase power.
With hindsight I can say that most of the machines we were simulating possibly did not
require fully immersive motion bases, or at best only needed 3DoF. Several in fact, really
just needed higher fidelity haptics.
This paper is an autoethonography exploring the motion fidelity in the context of other
senses as relevant to heavy equipment simulation in mining.
1.

STIMULATING THE SENSES

And so we enter the Bermuda triangle of vehicle simulators,
where the focus is typically on immersing a person in a virtual
environment that provides the right fidelity and right
resolution for a particular purpose. According to CAE’s Chief
Engineer, Jawahar Bhalla, “Getting the fidelity and resolution
of the simulation right (and this is my personal belief), comes
back to how our senses can be stimulated, individually and
collectively, allow for the right immersion.”

It is difficult and not always necessary to stimulate all of our
senses completely, and so the challenge is to decide which of
the senses need to be stimulated at a particular point in time.
“There is research out there on specifics, but in general, when
it comes to virtual training, sight, sound and motion are the
three that take priority. Sight is by far the lead (what you see
or the replication of the equipment the environment),” says
Bhalla.
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Sebastien Loze from D-Box also says that there’s a strong
correlation between motion and learning. “Education and
training theorists all agree that education needs to stem from a
complete set of modalities in order to ensure an effective
transfer of the training curriculum from trainer to trainee.
Securing trainees’ engagement and stimulating their muscle
memory achieves this.

In broad terms, one might say that training a person to operate
a machine effectively progresses through some theory, to
practicing specific elements or procedures, then training
across a scope of possible scenarios like inclement weather or
breakdowns and finally specific operational or mission
rehearsal related practice.

“Most operators are multimodal trainees—they learn better
when they see, hear, and feel during their training. In addition,
they are more deeply engaged when they ‘feel’ the ‘real
thing.’ In an efficient training simulator, the core simulation
solution is built out and communicated to the trainee in four
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I had suddenly become the proud ‘owner’ of four electrically actuated motion platforms
and eleven interchangeable consoles that would simulate eight huge mining machines,
and I was running blind. One of the platforms needed to be mobile. None had been
delivered; and the mining industry was still wrapping its head around simulation, and how
to rapidly onboard and develop a burgeoning workforce.

modes: visualisation, sound, instruction, motion. The only
way to provide efficient mixed modality training is to
associate these four elements,” he said.

Roger Mulligan, a helicopter simulation specialist who’s spent
most of his career in Defence, agrees. “Chris Ryan, from
Ryan Aerospace has some very decent fixed base procedural
trainers.” But the two main reasons for using motion are to
enhance the learning transfer and to avoid simulator sickness.
He says these are both linked. “The main driver for motion
selection is that there is no external fixed frame of reference
matching your body’s motion, for your body to latch onto. It’s
got to do with the interaction between our eyes and our inner
ear, and we’ll get to that later. The next question is ‘how
much do you need?’”
2.

MOTION FIDELITY

A high fidelity motion simulator typically consists of a
hexapod cell on six moving legs, giving it six degrees of
freedom (6DoF): linear or two dimensional (2D) movement
known as heave (up and down), surge (forward and back),
sway (side to side); and three dimensional (3D) movement
known as yaw (rotation left and right from the centre of
gravity), pitch (tilt upwards and downwards from the centre of
gravity) and roll (flip left and right from the centre of gravity).

Unsurprisingly, NASA has gone one (or three) steps further.
Mr Mulligan informs me that the Vertical Motion Simulator at
NASA’s Ames Research Center in California’s Silicon Valley
is the largest motion base in the world. Housed in a ten-story
building, it offers an unequaled range of motion, moving its
70-ton 6DoF platform as much as 60 feet vertically and 40
feet horizontally. “The NASSA AMES simulator has waaay
more motion range than a traditional 6DoF platform, and is
still considered as ‘almost good enough’ for serious helicopter
flying,” he says.
So along with big screens to see you with, and sound effects
to hear you with, vehicle simulators deliver “feel” via motion
platforms and haptic technologies like the ‘rumble packs’ sold
with video game consoles. (Haptics tanslates from the Greek
word haptikos which is derived from ἅhaptesthai “to touch”).
But of course, it didn’t start there. A quick retrospective
explains why certain characteristics of motion platforms are
highly prized, and highlights the intricate relationship between
motion and haptics.
2.1 Motion technology
Man’s desire to harness the freedom of flight has been a major
driver of industrial motion simulators since 1909, when the
engineers from French airplane manufacturer Antoinette
invented the ‘Antoinette barrel trainer’ to help train pilots in
the use of a new two-wheel steering system in their light
aircraft. Pilots reported that the round-bottomed cockpit
provided the most beneficial motion cues (stimulating the
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As the possibilities of aviation grew, so too did the means for
training pilots in this wondrous world of flight. Bringing more
than music to their ears, organ builder Edwin Link reimagined
the pumps, valves and bellows he knew into the ‘Link
Trainer’, the first commercially available device that could
train pilots to fly by instruments. The movement created with
rolling base of the Antoinette and the universal joint of the
1910 Sanders Teacher certainly enhanced pilot training. But
relating the motion to pilot controls was hardly precise. The
Link Trainer’s ability to translate commands from the
instrumentation into motion ratcheted up the fidelity to levels
that were acceptable for commercial markets.

Years later, the entertainment market followed Link’s lead. In
1995, a coin-operated jukebox and slot machine manufacturer
burst onto the arcade video games scene with a bang and a
crash, after years of warring with Nintendo on games console
design. Tokyo-based SEGA led the resurgence of video
arcades with titles like Virtua Fighter and Virtua Racing. The
latter was one of the first racing simulators that included
hydraulically actuated motion on a 3DoF platform (providing
pitch, roll, and heave movements). At the time, the industry
was focused on graphics, led by the transformational shift
from raster to 3D imaging and dramatic improvements in
processing and display technologies. While it was generally
agreed that the availability of 3D graphics had revived the
flailing video games industry, SEGA had set a new
benchmark. Their games included higher fidelity experiences,
with the use of motion and motion activated inputs like the
leaning motorcycle console seen in the Daytona USA racing
game. Nintendo would trump this almost three decades later
with wii, but that’s another story.

Long before video games were even conceived, the genius of
the Link Trainer – its pneumatic actuators – would also prove
to be its Achilles heel. The bellows arrangement could only
handle a limited payload, and after World War II, full replica
cockpit simulators for both military and commercial aircraft
were readily available. But they were heavy, some up to
14,000kg, and well beyond the lifting power of a modified
organ. A modified device from Dunlop Tyres’ factory in
Birmingham would become the basis for a new generation of
motion platforms. Originally called the Universal Rig, the
Steward Platform is a platform raised on six hydraulic jacks,
designed to test tyres under combined loads. It was the
brainchild of British automotive engineer Eric Gough and
later modified by Stewart, and is still in use in many motion
systems today… as well as docking spacecraft and procedures
to correct bone deformities. Despite raising more than half a
million US pilots-in-training, air power lost its status in the
motion stakes. The era of smelly, messy, hydraulic powered
systems had dawned.
With the acceptance of standardized high fidelity simulators
right across the airline industry since the mid-1970’s (courtesy
of Ray Page and his colleagues), simulation companies could
get down to the business of improving simulator efficiency
and effectiveness. And they did. Hydraulic rams rose to
become the heavyweights of motion platforms, retaining
preferred status as the fall back for heavy payloads even as
efficient, reliable and safer electric systems became prevalent.
As Mr Mulligan explains, “Although hydraulic can lift
heavier platforms, their responses are generally not as good as
electric; but the weight is not the only consideration. The
weight of the platform is a function of its dynamic load; range
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Industrial research and development has seen the addition of
other features to the traditional hexapod arrangement to
provide enhanced movement. For example, the Daimler AG
driving simulator at the Mercedes-Benz Technology Centre in
Sindelfingen – which is used to test design elements at all
stages of vehicle development – is a 6DoF hexapod mounted
on 12 metres of rail, allowing it to travel laterally up to
36km/hr to support scenarios like double lane changes. It’s an
innovative way of overcoming lateral movement limitations
of a traditional hexapod setup borrowed from flight
simulators.

senses and reflexes) for learning to control Antoinette’s
counter-intuitive steering mechanism.

of movement is a function of required rate and duration of
momentary acceleration; its dynamic weight is a function of
its mass and the speed at which you wish to accelerate it.”
Vis-a-vis, a motion platform can lift a certain weight but it
may not be able to move it very quickly.

optimising physiological responses to motion cues requires
skill, and failure can have some scary consequences, as he
learned the hard way.

Electric systems charged forward, requiring less space and
resources than their hydraulic counterpart. In 2009, motion
component manufacturer MOOG announced the full
replacement of hydraulic actuators by electric in full flight
simulators. CAE uses MOOG platforms and according to
Bhalla “Electric is certainly coming of age – it’s more energy
efficient and environmentally friendly”. In Mulligan’s mind
though, it can be a cake-and-eat-it-too situation. “Electric
reciprocating ball motors make more noise in the legs, which
can transmit to the platform. But this is a minor trade off,” he
added.

3.1 Motion sickness

There are other considerations too. Waving around a 14-ton
hexapod requires not only a strong lifting capacity; it also
takes up a lot of room. In addition to the physical space
required to accommodate the moving hexapod and its legs, the
hydraulic pumps and oil tanks need to live somewhere nearby.
“Electric generally takes up less facility space”, says
Mulligan. “Hydraulic needs a sound proofed room and
associated plumbing for the pump and fluid reservoir. The
electric systems need floor space for the cabinets (usually
located close to the motion platform) but no special
environmental requirements.” Electric also has less workplace
health and safety implications, as there is no hydraulic fluid
under pressure, no pressure vessels. “Although it does usually
have a substantial Uninterruptible Power Supply with
(generally) lead acid batteries, to lower the motion if facility
power fails,” he said. “In short, electric has lower running
cost. Less maintenance, less consumables.”

The catch with electric platforms, particularly in industrial
applications was, and still can be, power supply. Systems that
need to move a lot of weight around need a lot of energy, and
thus often have a three-phase requirement. But as Mr Paul
says, “being limited to three-phase can make installation
expensive. Thankfully, options are now available for
electronic control of voltage and current.”
3.

DO YOU NEED MOTION?

Today, despite the advances in technology, we see the
question being asked more and more: “Do you need motion?
Train simulators, like those developed by Sydac for the
London Underground are fixed base, that is, they have no
movement at all, relying solely on the illusion created by good
visual stimulation. According to Paul (and he’s certainly not
alone), “Motion is not an absolute requirement to achieve
basic instructional outcomes. The addition of motion can be a
distraction at basic stage, however it provides sensory
feedback for performance based instruction where smooth
rapid accurate responses may be required.”

Mr Mulligan says it’s not that simple. Walking the proverbial
tightrope to balance what’s technologically possible with
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And that is what causes motion sickness. Bhalla agrees,
warning, “When we do include motion, we need to ensure that
the magnitude and frequency of cues are right, and that they
‘integrate’ with the cues being delivered to the other senses
being stimulated (predominantly sight and sound). The human
body typically detects a motion stimulus before sight, so we
need to get the sequencing and timing right as well. Getting it
wrong will detract from the immersion, and may cause
negative outcomes, such as motion sickness.”
The main culprit for motion sickness is matching between
visual image perception of motion and the vestibular (inner
ear). When we move, our inner ear has an acceleration
detection resolution that drives the eyeball to maintain a
stationary observation point. We did this as kids- spinning
around and then stopping… and falling over as our bodies
involuntary responses failed to match the real world. (We are
not made to spin around consistently without the “whipping”
head movement displayed by professional dancers). Our
perception of sustained constant movement is actually a
learned visual thing. It arises from changes in perspective and
relative movement of objects in the foreground and
background of what we’re observing.

To see how subconscious this is, look at yourself in a mirror.
Now rapidly move your head around whilst maintaining eye
contact. Check out how the muscles move your eyes! For
more, watch someone’s head in a car as it drives along a
rough road. Note the head remains stationary whilst the body
responds to movements of the car. It’s involuntary. We need
both; our inner ear can’t cut it on its own. The inner ear only
detects acceleration; constant velocity means there’s no
acceleration, therefore the inner ear doesn’t detect movement
and the sense of motion is removed. Less than six seconds is
all it takes for a pilot entering zero visibility without
instruments to be completely out of control.

In Mulligan’s view, it’s the fully immersive, large field of
view (FoV) visuals, where your point of physical reference is
significantly moving, such as the aircraft moving relative to
the earth in nape of the earth flying, fighter aircraft, and most
helicopters, that most need a corresponding actual motion
sensory input.
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And so, most industrial simulators have motion systems with
6DoF electric platforms. Pneumatic systems seem to have lost
the race. “Pneumatic rams can be problematic and relatively
high maintenance; electric servos do the best job provided
they do not get out of calibration or lose signal” advises
mining and construction trainer, Rob Paul, who researched a
smorgasboard of options when selecting simulators for a
construction training facility.

It seems there’s a sweet spot for motion, somewhere between
low fidelity simulation for basic skills training – where the
motion creates a distraction or the costs can be challenged by
the economic viability of using actual, perhaps scaled down,
equipment – and elitist skills development for high cost
operations. Because, contrary to popular perception, the
branch of aviation that represents the epitome of flying, fast
jets, doesn’t use motion either. Raytheon maintenance
technician Paul Baxter confirms this. He says the fidelity is
“hard to replicate for a fighter jet, so we don’t bother due
negative training effects”. Mulligan explains this is because
the technology still really can’t deliver sustained acceleration.
“Generally we do sharp instantaneous accelerations above the
threshold of perception, and then ‘wash out’ back to the
midpoint at a rate below the threshold of perception. As long
as the visual cue matches the attained ‘attitude’ the body will
pretty much accept it and the platform is positioned for
another go…”

He believes that simulation works because the physiology of
the human body has not evolved to deal with any ‘alternate’
reality and accepts as ‘real’ anything that is ‘close enough’,
even if we consciously know it’s a simulation. “We are
literally hardwired for the real world. We have adapted to
shortcutting ‘sure things’ and our subconscious makes
thousands of assumption every moment,” he says. “When we
fake or remove sensory cues (especially motion) we risk
running afoul of those involuntary subconscious
assumptions… and getting it horribly wrong.”

He also says that many people will say otherwise, and his
response is that they are wrong. After spending several hours
on the floor of the simulator he’d been working on, unable to
walk out because his eyes and inner ear were telling his body
conflicting information, his advice to others is this. “Fully
immersive, large FoV visuals, without corresponding
vestibular and other motion inputs, will screw up the
accompanying subconscious reflex responses. Usually this
results in incorrect learning, and an associated “sickness” as
the body tries to work out what the shit has gone wrong. YOU
know you’re in a simulation… but your body doesn’t care.
(It’s also why roller coaster rides are such a rush!! Watching
football on TV can make our adrenaline and heart rate goes
up! And don’t get me started on horror movies…or intense
sex scenes…)

4.

CONCLUSION

Back in the mines, our fully immersive simulators would have
been prime candidates for motion sickness without the motion
platforms. In the haul truck, dozer, loader and grader
simulators, the sheer size of the vehicles relative to the
landscape meant that seemingly small bumps or uneven
terrain would dramatically shift the horizon, like being on a
ship. So the motion had an important part to play. That they
perhaps didn’t need to be immersive is another thought
entirely. As Caterpillar has since demonstrated using low and
medium fidelity simulators, a smaller field of view can
overcome the disconnect created by the loss or reduction of
motion cues. On the other hand, the cost of including motion
on the dragline was probably unwarranted, since its primary
movement was lateral, and therefore less likely to create the
same perceived changes in depth of field that cause motion
sickness.
But that wasn’t the real issue. While everyone was being
seduced by the 6DoF fully immersive environment and its
interchangeable OEM cabs, the real star of the show, haptics,
was forgotten. As any operator of a digging or scraping
machine will tell you, efficient operation is performed largely
not by sight but by feel, through the seat and hands. Yet here
we were with dozer and grader simulators with no haptic
feedback. The feeling as the tracks went up and down on the
undulating ground was ever so realistic thanks to our 6DoF,
but I knew something was wrong the minute I pulled the lever
to lower the blade of this 104-ton monster to the ground and
felt…nothing.

In an extreme case, (and I have had this happen, says
Mulligan), prolonged exposure to large visual motion cues
without a corresponding physical cue, results in the body
‘switching out’ the ‘failed’ sensory perception. “It’s fine
whilst you remain seated in the simulator, but replace the
virtual visual input with the real thing and try to move? That’s
a whole different game. You can’t stand up or walk or move
without involuntary and incorrect auto motor responses
resulting in you lying down. You have zip balance. It will
reset but can take up to 3 days.
Mr Mulligan believes the next step in flight simulation will be
3D visual. “But for that you really will need motion. We are
happy to lose a lot of motion cue when our only depth
perception cue is monocular. But give us full stereopsis and a
moving reference and most people are very uncomfortable.
This is pretty much why 3D TV hasn’t taken off. It makes
20% of the population really sick and about 50 % are
uncomfortable. Our hard wiring will accept monocular as a
failure mode and will downgrade the other cues along with
it… but 3D overrides that.”
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What happens is that our other motor responses have shown to
be exaggerated without effective motion because we don’t get
the expected feedback to null out the perceived movement.
We can (and do) adapt to it very quickly though. Mulligan
says once we have learned to live without the other motion
cues and then re-enter the real world, “we are in all sorts of
trouble, ESPECIALLY if it’s a violent reflex action that’s
required – like ducking an object thrown at you... been there,
done that, it’s really funny if it’s not you.” Unfortunately with
simulation, it can create incorrect muscle memory; negative
learning that is especially dangerous for pilots, as the
exaggerated movements of their hands and arms become
habit. He says other physiological responses are also learned.
“We get sick because the body doesn’t understand what is
happening, and the nearest thing in the real world we have
evolved to recognise is poisoning, so we get nauseous and
chuck...”

So, the impact of using a fixed base simulator, or with the
motion turned off? “You can get away with it with limited
fields of view, and limited simulated motion activity; the
adverse effect is lessened with shorter durations. But even in a
modern full 6DoF motion system there is still an effect… it’s
just less noticeable (or even negligible depending on usage
and duration) and varies between individuals. At best your
time in it is really limited. Most operators, including Defence,
have mandated rest periods between simulation sorties and the
real thing, often a number of days.”
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The Australian Department of Defence leverages the US DoD Joint Live Virtual
Constructive (USJLVC) federation of modelling and simulation technologies and systems
as the primary platform for building distributed simulation solutions for Defence training
and experimentation. However, the direction that the US DoD is taking the JLVC has the
potential for it to diverge from Defence’s unique requirements. Defence training and
experimentation using new generation platforms demands greater resolution, better
performance, higher fidelity and greater realism from its simulation capabilities which
JLVC may not be able to meet. A future Australian JLVC (AUSJLVC) federation is
required to meet these requirements and could be acquired by either sourcing a new
simulation architecture through Joint Project (JP) 9711 or by using the modularisation
features of JLVC to extend and augment the federation’s attributes and utility. An
approach similar to that taken for the NATO Training and Experimentation Network’s
Federation Architecture and FOM Design presents an exemplar for Defence. By
extending existing JLVC FOM modules and introducing new modules, a unique
AUSJLVC distributed simulation federation could be designed and deployed before the
delivery of JP9711 and meet the more immediate requirements and to assist the transition
to JP9711. The AUSJLVC could meet Defence’s training and experimentation
requirements while maintaining interoperability with simulation federations operated by
the US DoD, other allied defence forces and with other government departments as their
capabilities mature.

Key words:
JLVC
FOM Modules
HLA Evolved
NETN FAFD
Distributed simulation
Corresponding author at:
Australian Defence Simulation
and Training Centre
PO Box 7940
Canberra ACT 2610
Email address:
steven.foley2@defence.gov.au
1.

INTRODUCTION

The Australian Defence Force’s simulation capability has
progressed significantly since the United States Department of
Defense (USDoD) and Australian Department of Defence
(Defence) announced a cooperative training initiative in 2004
and raised the Joint Combined Training Capability (JCTC).
This initiative fast-tracked a home grown Defence simulation
services capability which was proven with the delivery of
distributed simulation services for the combined US and
Australian Exercise TALISMAN SABRE 2007. These early
distributed simulation solutions for military exercises relied
heavily on US assistance to generate the scenarios, the
computer generated forces and the synthetic terrain used
during the exercises. US assistance was also necessary for the
management of the simulation solution during the exercise
and in helping the exercise planners to utilise simulation to
achieve the training objectives.
Through the JCTC initiative, Australia was given access to
US DoD modelling and simulation (M&S) tools, data and
expertise, meeting Defence’s requirements while it grew its
capability. But as Defence’s M&S capability matured so too
did Defence’s demand for M&S mature, to a point where the
continued suitability of the present approach and the tools
used may no longer be optimum for meeting Defence’s
emerging requirements.
Aim. The aim of this paper is to assess the Defence
simulation architecture (DSA) and its suitability for meeting
Defence’s future requirements. The paper is provided as a
discussion paper only.
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2.

THE CURRENT SITUATION

Defence uses a range of simulation systems primarily to
support training and experimentation. Out the window,
immersive virtual simulators are used for individual and small
team training, which is the responsibility of the three services:
Army Navy and Air Force. Constructive simulations are
used mainly for command post exercises and training
headquarters staffs. Simulation is also becoming increasingly
more important for supporting Defence training and doctrine
development required to deliver and maintain the advanced
military capabilities planned in the Defence White Paper.
New capabilities such as: the Air Force’s F- 35A Lightning,
EA-18G Growler, P-8A Poseidon, MQ-4C Triton and new
surveillance and space systems; the Navy’s helicopter landing
ships and air warfare destroyers; and Army’s amphibious
force, growth in special forces and new fleet of armoured
vehicles are transforming Australia’s warfighting capability.
These platforms are more lethal, networked, expensive to
operate and as a result fewer in number. Consequently, they
are likely to be less readily available for training purposes,
although the training need is increasing due to their
complexity and broader utility for military operations.
Simulation is a vital component for maintaining Defence
preparedness. It is able to fill the gaps in platform availability
and is comparatively cheaper than using the referent
capability to meet many of the required training objectives.
Importantly, simulation can expose training audiences to more
lethal levels of conflict without exposing them to the risks of
damage or injury.
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ARTICLE INFO

The Australian Defence Force trains as it fights and the way it
fights today is dispersed, interconnected and alongside allies.
Besides preparing individuals and small teams for tactical
level tasks, simulation is used in command post exercises to
prepare headquarters and command and control cells in
making decisions and controlling operations. The training
role is well understood however, exercises are also being used
for mission rehearsal and analysis, to test plans and
procedures and to certify the preparedness of individuals,
small teams and command and control elements. These new
requirements are placing demands on simulation solutions for
greater resolution, better performance, higher fidelity and
greater realism. The current Defence approach to delivering
simulation and its heavy reliance on the USDoD capability
could limit the response to these demands.
Broadly, Defence’s emerging requirements for its future
simulation enabled training capability would include:
•
•
•

•
•
•
•
•
•

•
•

•

The US JLVC embraces a service-oriented architecture (SOA)
by utilising the high level architecture (HLA) defined in IEEE
1516. Although the aim of a SOA approach is to loosely
couple member systems, the USJLVC federates are tightly
bound by the federation’s architecture. The core components
of the federation are:
•

•

3.
THE USDOD JOINT LIVE VIRTUAL AND
CONSTRUCTIVE (JLVC) FEDERATION
In raising the JCTC, the USDoD and Australian Defence
signed a memorandum of understanding which gave Australia
access to the US JLVC including its many tools used to
support US joint and combined training and exercises. To this
day, the USJLVC remains the backbone of Australia’s
Defence joint and combined exercise and training simulation
capability.
The USJLVC federation arose from Millennium Challenge
2002 an experiment in which the US tested new technologies
to enable network centric warfare. Rather than invent an
entirely new capability platform to unify the various single
service capabilities the development team took an integrating
approach and assembled a composite of available tools.
Continued development of the federation remains true to the
original design, which sought to (JLVC Federation Integration
Guide P 2- 4 – 2.6):
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Use service simulations and tools in a cost effective
and efficient manner to accomplish training objectives
and provide realistic training.
Represent individuals, vehicles, aircraft, and vessels
with sufficient granularity and fidelity.
Promote interoperability of instrumentation equipment,
virtual simulators, and constructive simulations in order
to allow all training environments to train in a common
synthetic battlespace.
Support federation interoperability over a distributed
architecture.

•

•

Federation Object Model (FOM). The FOM
describes the data that is exchanged by the federates
(the actual simulation systems). The USJLVC FOM
leverages the Real-Time Platform Reference Federation
Object Model Version 2 (RPR FOM). Examples of
other federations that use the RPR FOM include
(Moller et al, RPR FOM 2.0):
o USAF Air Force Modelling and Simulation
Toolkit (AFMSTT)
o US Army Joint Land Component Constructive
Training Capability (JLCCTC) Entity Resolution
Federation (ERF) and Multi-Resolution
Federation (MRF).
o US Marines Deployable Virtual Training
Environment (DVTE).
o USN Navy Training Federation. (NTF)
o NATO Education and Training Network’s
Federation (NETN)
Run-Time Infrastructure (RTI). The RTI is a SOA
enterprise bus, the software component that interprets
the FOM to broker the data exchanges between the
federates. Since the upgrade from JLVC 5.3 to JLVC
6.0 (JLVC 2020 V0.6) the USJLVC uses RTI-Stow
which was developed by the US Navy Warfare
Development Command (NWDC) for the Navy
Continuous Training Environment’s Navy Training
Federation.
Federation Agreement. This is a series of documents
that describe the rules and workarounds in which the
federation operates that are not encapsulated in the
FOM and RTI.
The Federates. These are the actual systems and
applications that can join the federation. In the
USJLVC they represent various single service
applications such as the Joint Semi-automated Forces
(JSAF) used by Defence for the maritime domain, and
the Joint Conflict and Tactical Simulation (JCATS)
used for the land domain. Although federates perform
a number of roles some are earmarked to perform a
specific function. For example: the JCATS low
overhead driver (JLOD) generates population and
crowd effects for the federation while the Joint
Deployment Logistics Model (JDLM) is required for
high fidelity logistics play (JS J7 JLVC Integration
Guide pp 5 – 23).
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•

Sufficient resolution and fidelity to support target
audience certification and individual and mission
qualification training.
Sufficient agility to support mission rehearsal, analysis
and compressed planning timeframes.
An ability to conduct simulation supported activities at
differing security classifications including restricting
access to selected audiences.
Efficiency in that the services extend to as wide an
audience as possible and that they support multiple
functions.
Economy of effort – data, scenarios and synthetic
operational effects are re-usable and easily generated
and consumed.
Modelling fidelity is validated and verifiably accurate.
Interoperability with the US and other allies.
Interoperability with a range of simulation federations
and simulation systems used within Defence and the
Australian Government.
Flexibility to meet changing requirements.
Supportable using Australian based support and
maintenance.

2
•

•

•

The USJLVC has evolved substantially since its first foray on
Millennium Challenge 2002. Its development continued
through to Version 6.0 but was interrupted by a change in US
policy direction, which introduced the Joint Training
Enterprise Architecture. This initiative focussed on delivering
web based, composable training services, directly accessible
by trainers located in home stations. This new approach to
training forced a change of direction in the JLVC which was
coined JLVC 2020.
JLVC 2020 aimed to leverage SOA, web delivery, common
correlated dated and ‘canned’ scenarios to allow trainers,
using on-line tools, to assemble and program the training
effects required to support their training outcomes. The
business requirement required ‘turbo tax’ like tools, which is
the tool provided by the Internal Revenue Service to allow tax
payers to prepare their annual tax return on-line. Key features
of JLVC 2020 included:
•

Correlated data evolving from the present JTDS service
but including other data which may be required in
support of a training event. The JTDS service has been
upgraded to process the common database (CDB)
format to allow terrain data to be readily processed by
the federates and provides the potential to stream or
change terrain data at run-time.

•

Leveraging ‘big-data’ technologies (graph and
document databases, search tools and communications
technologies such as AMQP and restful services) to
allow the effects to be rapidly generated and
distributed.
A focus on the centralised middleware integrating
architecture which streams the required scenarios and
correlated data to the federates that are owned and
managed by the single services and other capability
managers.

•
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3

The JLVC 2020 V0.8 FOM released in 2015 has been rebadged as JLVC 2015 in keeping with descoping of the JLVC
2020 program. Despite this, the US intends to further develop
the JLVC architecture to embrace a ‘cloud based’ service
delivery model.

Defence’s Joint Project (JP) 9711-1 which aims to transform
the core simulation capability, has many similarities to JLVC
2020 in that it aims to leverage a ‘cloud based’ SOA service
delivery model. The continued reliance on the USJLVC
raises a number of questions in light of the direction that the
US is taking the federation:
•
•

•
•

Will a cloud based services approach couple
Australia’s simulation services even more tightly to the
US capability?
Will Defence be able to ‘Australianise’ its solutions to
meet the needs of Australia’s future warfighting
capabilities particularly the evolving requirement
towards certification and mission rehearsal?
Will Australia be able to re-use US produced canned
scenarios with their encapsulated tactics, techniques
and procedures?
Will US correlated data be releasable to Australia and
if not will Australia be able to replace embedded data
with a surrogate data set?

4.
A UNIQUE SIMULATION ARCHITECTURE
FOR AUSTRALIAN DEFENCE
There is potential for the US and Australia to have diverging
requirements. For example, the US focus is to provide a joint
training integration architecture with interoperability with
Korean Command as the paramount consideration. Ensuring
no harm to the Korean Command federation was a key design
criteria during the development of the KORCOM bridge
which necessitated some changes to the USJLVC federation
(Uphoff et al, M&S Training Transformation: Bridging the
Next Generation Joint LVC). A Defence response to the risk
of diverging requirements inevitably requires reducing its
dependence on the USJLVC. There are two options that
could be considered to establish a unique Australian JLVC
federation (AUSJLVC):
•

Develop an entirely new architecture, or

•

Extend the current USJLVC based architecture to meet
Australia’s requirements.

Developing an entirely new architecture would be a major
undertaking but feasible given the scale and scope of JP97111. A number of options could be taken by either sourcing a
solution from industry or re-purposing a federation already
delivered elsewhere. Either way, a HLA based approach
would most likely be followed and the RPR FOM, which is
used by most Defence communities, would be re-purposed.
Specific gateways and bridges to connect to other federations
would need to be developed and a data model implemented
and managed.
Federates would need to be selected and
optimised to run in the federation. Overall, developing a new
architecture would be costly, take some years to be developed
and be unavailable in the shorter-term to meet Defence’s
current and emerging requirements.
An alternative approach of extending the current USJLVC
capability takes advantage of the intellectual and financial
capital that Defence has already invested in USJLVC. It
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Joint Training Data Service (JTDS). JTDS
generates order of battle and terrain services for the
federation to ensure that a distributed simulation
exercise uses correlated data. Defence has no access to
the terrain generation service due to licensing and
releasability constraints concerning the source data.
Each object (platform, interaction type) used in the
federation must have a unique LVC identifier which is
assigned by the JTDS Order of Battle Service. (JS J7
JLVC Integration Guide pp 5 – 16)
Gateways. Other distributed simulation federations or
simulators are unable to exchange data with a USJLVC
federation unless they are using the same FOM, RTI
and data or through a dedicated gateway or bridge
designed for the purpose. The USJLVC addresses this
primarily by using the Alion JBUS which enables
connections to other HLA federations such as the JSAF
NWDC. JBUS also enables connections to Distributed
Interactive Simulation (Standard IEEE 1278) capable
simulations; Test and Training Enabling Architecture
for instrumentation systems; and connections to some
C2 systems. US DoD also commenced work in
USJLVC V 6.0 to build the KORCOM bridge which
provides a connection between the USJLVC and the
Multi-Resolution Federation (MRF) used by the US
Korean Combative Command (KORCOM) (Uphoff et
al M&S Training Information: Bridging the Next
Generation Joint LVC).

would also allow the USJLVC to continue to be used as
Defence’s working federation until it is either migrated to or
supplanted by JP9711, currently scheduled for delivery
around the end of this decade. Consequently, unless replaced,
the USJLVC will remain Defence’s working federation for
some time.
Whether an option to develop an entirely new architecture is
taken or not, the present USJLVC federation used by Defence
will need to adapt to Defence’s evolving requirements. The
modularisation of HLA with the introduction of IEEE
1516.2010 (HLA Evolved) presents a development
opportunity to extend the USJLVC architecture until the
longer-term issue is resolved and to provide a development
path which is likely to be consistent with future plans.
JLVC 2020 V0.6 introduced an architecture compliant with
HLA Evolved. The previous versions, based on HLA 1.3
loaded the federation as a whole whereas HLA Evolved
structures the FOM as modules and loads the modules
sequentially. Modules can be swapped out, extended or
additional modules can be added to the FOM. (Moller et al,
Processes and Tools for Management and Reuse of FOM
Modules)

•

•

•

•
•
•
•
•

•

•
•

Figure 1: RPR-FOM 2.0 Modularisation
A description of the modules follows (SISO-STD-001-2015,
pp 36 – 140):
•

•
•

MIM. The MIM defines the structure of the FOM, and
the relevant object and interaction classes. It is unlikely
that the MIM would need modification for the unique
AUSJLVC federation, at least initially.
Foundation Module. Defines the data types for the
FOM. The Foundation Module is unlikely to need
changes for the unique AUSJLVC.
Enumeration Module. Enumerations are a means of
describing the characteristics and attributes of objects
and entities used in the simulations. The RPR FOM
aligns to the enumerations defined in the DIS protocol.
A future AUS JLVC could have a number of
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Enumeration Modules delineated by security
classification or types of simulated military forces.
Base Module. The Base Module provides a common
base for the RPR based FOM modules. The base
module and the higher modules are interdependent and
form the basis of the FOM specialisation. An
AUSJLVC will most likely need a modified Base
Module.
Switch Module. Defines the switches to be set in the
FOM which regulate the behaviour of optional actions
that can be performed by the RTI such as requesting
object attribute updates. The Switch Module may
require extensions for AUSJLVC.
Physical Module. Provides object class definitions for
representing physical entities including aircraft, ground
vehicles, ships, life forms, ammunition etc. In addition,
it provides interaction classes to signal collisions
between entities. The Physics Module and other higher
modules may require changes to support an AUSJLVC.
Aggregate Module. The Aggregate Module provides
the object class definition for representing aggregates
of entities.
Synthetic Environment Module. This module relates
to the simulation of the environmental information in
the form of both objects and processes.
Minefield Module. This module describes the
minefield types simultaneously at both the individual
and aggregate levels.
Communications Module. This module is used to
simulate radio communications.
Distributed Emission Regeneration Module. This
module involves representation of lasers, active
electromagnetic emissions, acoustic emissions and
active counter-measures.
Underwater Acoustics Module. This module
provides definitions for the objects and interactions
required to share acoustic signature state with
distributed simulation federates.
Warfare Module. This module defines the interaction
classes related to weapons, expendables and to any type
of explosion whether or not it is related to munitions.
Logistics Module. The Logistics Module defines
interactions that represent repair, service and resupply
logistic activities.

A dedicated AUSJLVC could be built by extending some of
the USJLVC RPR FOM modules and introducing new FOM
modules to address the unique Australian requirements. This
is the direction adopted by NATO which faced similar
challenges and chose to build on the RPR FOM modules.
The NATO Education and Training Network’s Federation
Architecture and FOM Design Version 2.0 (NETN FAFD)
extends the Base FOM Module, some of the higher FOM
modules and introduces new modules with the unique
characteristics required by NATO exercises, particularly
NATO’s command and control and logistic arrangements.
The NETN FAFD modules are shown in Figure 2 (NATO
Standardisation Office NETN FAFD V2.0):
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This is consistent with the USJLVC development path that
aims to deliver a cloud based SOA architecture. Together
with the CDB terrain format, which like FOM modules loads
elements of the data file in modules, the modularisation
approach provides flexible and changeable data that can be
tailored to better suit the needs of the target audience. Hence,
by utilising the FOM modularisation features, the JLVC FOM
can be tailored to meet Defence’s unique requirements. The
modular structure of the RPR FOM Version 2 on which
USJLVC is built is shown in Figure 1.

4

5

presented in this paper equates to DSEEP step one – defining
the simulation environment objectives. The next step would
be to undertake conceptual analysis by developing Defence’s
requirements for its simulation environment and to develop a
conceptual model or architecture.
6.

Figure 2: NETN FAFD V2.0 Modularisation
The NETN FAFD leverages new standards such as the
Military Scenario Definition Language and Coalition – Battle
Management Language, which the RPR FOM predates and
are designed to promote coalition interoperability. The NETN
FAFD also supports multi-resolution modelling (MRM) by
providing an MRM pattern for aggregation and disaggregation
of simulated aggregate units and physical entities. The MRM
pattern is recommended where distributed simulation
federations require models of varying levels of resolution.
(NATO Standardisation Office, NETN FAFD V2.0).

5.

Transformation of the ADF, its warfighting systems and a
greater training need for mission rehearsal, mission analysis
and certification of organisational elements and individuals
demands greater realism, fidelity and performance from
Defence’s simulation architecture. The present reliance on
the USJLVC simulation federation and the risk of its
development diverging from Defence’s requirements
questions the suitability of the current Australian Defence
approach to delivering a simulation capability. But the
modularisation features of the USJLVC presents an
opportunity to develop a unique Australian JLVC that can
better meet Defence’s emerging requirements while
maintaining interoperability with other distributed simulation
federations. The NETN FAFD proves that the modular
approach is viable and provides insights into a federation
architecture suitable for Australia. The recommendations are
that Defence:
•

Utilise the modularity feature of HLA Evolved to
develop a unique Australian JLVC with the USJLVC at
its core.

•

Leverage the NATO effort and experience in
developing the NETN FAFD federation and the work
of the NATO Modelling and Simulation Working
Group 136, to accelerate development of the
AUSJLVC.
Utilise a DSEEP methodology to develop the
AUSJLVC with the next step to determine the specific
requirements and develop a conceptual architecture.

•

NEXT STEPS

Defence should consider developing FOM modules to extend
the USJLVC federation to accommodate unique Australian
requirements. A number of federation architectures may be
required to meet various purposes and releasability and
interoperability with the USJLVC becomes an issue
predominantly of version control. By taking this approach,
Defence can build on the substantial investment already made
into the current simulation capability with the USJLVC at its
core. The Australian extended JLVC FOM (AUSJLVC) can
be used to meet Australia’s joint collective training and
distributed mission training requirements but also rollback to
the mainstream USJLVC version when required or for
Exercise TALISMAN SABRE. Alternatively, and has been
the case in recent years, Exercise TALISMAN SABRE can
be used to release upgraded versions of the USJLVC allowing
participants to exercise in an effectively new federation.
An AUSJLVC will not negate the requirement for gateways
and bridges to be used in the federation architecture. Future
Defence requirements to stimulate new C4I systems,
incorporate proprietary virtual simulators, introduce
experiments and support single service technical divergence
where it is unavoidable makes homogenous federations
unlikely. However, control over the development of its LVC
architecture will give Defence the capability to develop its
own gateways and allow simulation architectures to closely fit
the needs of Defence’s simulation architecture.
The Distributed Simulation Engineering and Execution
Process (DSEEP) (IEEE 1730-2010) is a suitable
development model to develop an AUSJLVC. The discussion
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1.

INTRODUCTION

Containers are process execution environments that provide
isolation from other applications running on a host. A process
running within a container appears to be running in its own
execution environment with a dedicated filesystem, memory
and process space. The operating system kernel manages
resources to allow multiple such containers to run
simultaneously on a single computer.

Virtual machines (VM) provide similar isolation to containers.
However, each VM provides a complete operating system that
needs to be booted each time it starts. A hypervisor is required
to share computing resources between multiple VMs running
on a single computer. In contrast, containers run within the
context of a single operating system with its kernel being
shared by all containers. In effect, the operating system acts as
the hypervisor for containers. This results in startup and
shutdown times for containers being significantly faster than
for VMs.

A common use case for containers is the packaging and
deployment of an application inclusive of all its dependencies.
This allows multiple applications with different dependencies
to be run on a single computer. This is particularly beneficial
when applications have a dependency on the same third party
product but at slightly different versions. Deploying those
applications in containers allows each to have the version of
the dependency they require and removes the need for the host
system to have multiple, potentially conflicting, dependencies
installed.
This encapsulation also allows a host computer to be
minimally configured before being ready to run an
application. A host need only have the necessary container
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runtime engine installed to be able to run containers. This is
particularly useful in a cloud computing environment where
computing resources can be provisioned on the fly with a
minimal standard configuration and be ready to run a wide
variety of applications.

These benefits of containers provide the motivation for
looking at the technology for use in the support of High Level
Architecture (HLA) [1] [2] [3] federations. The HLA is an
IEEE standard for modelling and simulation (M&S). It is
designed to be agnostic to any particular M&S domain and is
therefore applicable to a wide spectrum of M&S tasks. It
supports both realtime and constructive simulation. In
particular, the HLA enables distributed simulation and, thus,
the application of container technology is an interesting topic.

In the terminology of the HLA, a complete simulation is
called a federation and individual applications within the
federation are federates. Distributed HLA federations have
typically been built as individual applications (federates) that
are networked using a middleware. One question that needs to
be kept in mind while discussing how federates and
federations fit into containers is: do we need to change how
we design and develop federates and federations to support
deployment in a container ecosystem? The guidelines
presented throughout this paper are partial answers to this
question.
While the concept of containers has a long history, it has only
been the introduction of Docker [4] in 2013 that has seen the
technique gain widespread use. This is attributed to Docker
providing a user friendly interface for the creation,
management and sharing of containers. Because of Docker's
popularity and the maturity of its container technology, in this
paper we provide specific container examples using Docker's

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

A R T I C LE I N F O

tools and semantics. However, container technology from
other providers, such as rkt from CoreOS [5], will have
technology and techniques similar to those described in this
paper. In fact, both Docker and CoreOS are founding
members of the Open Container Initiative (OCI) [6] which is
tasked with developing industry standards for the use of
containers.
We structure this paper as follows:
•

Section 2 provides an overview of Docker,
introducing key terminology and tools;

An image is formed from layers of filesystems. Each layer
adds to the functionality of the one below. This approach
allows common functionality to be captured in images and
then reused and extended in the creation of new images.

Containers are the running instantiation of an image. A
container is created by adding a writable filesystem layer on
top of the image’s filesystem stack. This layer captures any
operations, like writing log files, performed by the process
running within the container. This container filesystem layer
exists only as long as the container exists.

•

Section 3 presents a general discussion on the
architecture of using containers for deploying and
running HLA federations;

•

Section 4 describes how Docker images can be built
and provides guidelines for building images that host
HLA federates;

•

Section 5 tackles the topic of providing configuration
and input files to, and capturing output from, a HLA
federate container;

•

Section 6 looks at networking issues when using
Docker for HLA federations;

•

Section 7 addresses the issue of accessing the user
interfaces provided by any HLA federates;

Container

•

Section 8 shows how Docker Compose can be used
to describe the execution configuration of a HLA
federation;

Add
Tomcat

•

Section 11 presents a short glossary of key
terminology used in this paper.

Containers are providing benefits in the development of web
applications as enabling technology in the deployment of
microservices. Bringing the container technology to HLA
federations is a first step in rethinking how federations are
designed and deployed with an end goal of enabling ondemand access to and execution of simulations to those in
need of the answers the simulations deliver. Such users
include organizational leaders who need to make decisions
with timely and correct information. Containers and HLA
based simulations add another source of information to these
leadership decisions.
DOCKER OVERVIEW

Before getting to the details of Docker it is important to note
that Docker containers are presently only able to run on Linux
kernel based operating systems, although official support for
Windows is in development and experimental support exists
on other platforms such as FreeBSD. This Linux focus is due
to features available in the Linux kernel that support the
execution and isolation of containers. Windows Server 2016
has also introduced support for container execution hence the
intent for Docker to be run on that platform. Since
applications deployed in Docker containers make use of the
operating system running on the host computer, at present,
such applications need to run in a Linux environment.

The main concept in the Docker world is that of an image. A
Docker image is the basis for everything that is deployed and
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Alpine

Alpine

Container
Ubuntu

Linux Kernel
Figure 1: Filesystem layering in Docker Images and
Containers

Images can be shared through a central registry. The Docker
Hub is a public image registry for Docker users. Within this
library are hundreds of thousands of images providing
functionality including: Linux distributions like Ubuntu and
Alpine; base platforms to be used for developing or running
applications for a variety of programming languages such as
Java; and prepackaged applications providing web and
database servers.
The management of containers is provided by the Docker
Toolbox: a collection of tools providing specialized
functionality. The Docker Toolbox consists of:
•

Docker Engine: the workhorse of the Docker
ecosystem. It is responsible for the creation and
execution of containers on a host computer.

•

Docker Machine: a tool for provisioning machines
locally or in the cloud that are setup running the
Docker Engine ready to run containers.

•

Docker Compose: supports the definition and
launching of multi-container applications.

•

Docker Swarm: provides
container scheduling.

•

Docker Registry: provides an open source server for
image hosting.
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Section 10 summarises the guidelines for using
containers in support of HLA federations.

Add
MySQL

Image

•

Add Java

Container
Image

Section 9 considers the use of Docker Swarm to
deploy a HLA federation across a number of hosts;

This concept of a stacked filesystem for images and
containers is illustrated below in Figure 1. Three containers
are illustrated, created from three different images. Two
images are based on the Alpine minimal Linux distribution.
This commonality is exploited by that common filesystem
layer being shared by both containers when those containers
are run on the same host. The dashed boxes represent the
writable filesystem layer created when a container is
instantiated.

Image

•

2.

run with Docker. It is the storage format of the process
environment created when a container is run and is the unit of
distribution when deploying a containered application.

•

Kitematic: a desktop GUI for managing and
visualizing the operations of a Docker Engine.

Docker Engine provides its functionality via a RESTful API
accessed via a socket interface. Kitematic makes use of this
interface to provide a GUI to Docker Engine functionality.
However, the original, and still extremely useful, interface to
the Docker Engine is a command line tool named docker.
The docker tool provides a number of subcommands for
working with containers. Some of these subcommands are:
•

docker run creates and runs a container given an
image name. If the image is not available locally, an
attempt is made to download it. Only filesystem
layers that are not already available locally are
downloaded.

•

docker logs fetches the logs of a container,
which includes the standard output of the process
running in the container.

•

docker stop stops a running container.

•

docker images and docker ps lists locally
available images and running containers respectively.

•

docker rm and docker rmi removes local
containers and images respectively.

•

docker build takes a Dockerfile and attempts to
create a new image.

•

docker tag assigns a label to a local image.

•

docker push sends a local image to an image
registry.

•

docker pull downloads an image from an image
registry without creating a container.

•

docker
objects.

docker volume manages Docker volume objects.

•

docker inspect returns low-level information
on a container or image.

There are several more subcommands to docker and some
of these, like docker network and docker volume,
have further subcommands.
3. CONTAINER ARCHITECTURE FOR HLA
FEDERATIONS

Fed 3
LRC

CRC

Figure 2: Conceptual Model of a HLA federation
Figure 3 illustrates the entire HLA federation as a container.
While this is possible, the general advice is to only have one
process executing per container and to build up a multiprocess application by using multiple containers. Deploying a
federation as a single container limits configurability of the
federation. A change impacting a single federate requires the
redeployment of the entire federation. This federation as a
container concept is not considered further in this paper.

Fed 1
LRC

Fed 2
LRC

Fed 3
LRC

CRC

Container
Figure 3: Entire HLA federation as a container
Figure 4 illustrates the case where the individual federates
(and potentially the CRC) are deployed as their own
containers. This provides a much smaller level of granularity
when software needs to change. It also provides greater
potential for composing arbitrary federations out of a library
of federates (assuming interoperability is taken care of). This
is the main architecture we’re interested in for this paper.

Fed 1
LRC

network manages Docker network

•

Fed 2
LRC

Fed 2
LRC

Fed 3
LRC

CRC

Figure 4: Individual federates and CRC as containers
The final container architecture is illustrated in Figure 5. Here
only a subset of the federates/CRC are containerised and these
need to interact with a non-containerised federate. We’ll
consider this architecture briefly in the discussion of
networking.

Fed 1
LRC

A conceptual model of the HLA federation we’re interested in
containerizing is shown in Figure 2. The three federates
communicate via a Runtime Infrastructure’s (RTI’s) Local
RTI Component (LRC). The LRC is typically a dynamically
linked library included with the federate. An RTI may or may
not have a Central RTI Component (CRC). If it does it may be
a separate executable. This is indicated by the dashed
“lollipop” in the figure.

Fed 2
LRC

Fed 3
LRC

CRC

Figure 5: The federation partially containerised
4.

BUILDING IMAGES

Each federate, and the CRC if present, is packaged into an
image to be deployed and executed via container instantiation.
Each image contains dependencies and the files necessary for
federate execution.

179

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

•

docker commit saves changes made in a
container’s writable filesystem layer to create a new
image.

Fed 1
LRC

Examples of three image structures for a Java based federate
are illustrated in Figure 6. The first builds a federate image
from a generic Linux distribution (Alpine) as its base. Java is
added followed by the LRC of the RTI being used for the
federation. Finally, the federate itself is added to the image.

Add
Federate

Add RTI
LRC

Add
Federate

Add Java

Add RTI
LRC

Add
Federate

Alpine

Java

RTI LRC

Figure 6: Alternative federate images

Since creating images for Java applications is common, a base
image exists with Java already installed. The second image
structure above makes use of this by basing the federate image
from such a Java image base. The third image stack posits a
future state where an RTI vendor distributes an RTI LRC
image to be used as a base for federate images. This approach
is developed further by van den Berg et al in [7].

However, this approach for image creation is not
recommended since it is a manual process and a recipient of
such an image cannot verify that there are no security risks
present. These two concerns are addressed by describing an
image’s content in a Dockerfile and having the image built by
a trusted source.
A Dockerfile is a way of declaratively specifying the content
of an image. A Dockerfile is supplied to the docker build
command and results in a new image.

The Dockerfile language supports a number of commands that
are used to build up the image. Each line of the Dockerfile
results in a new filesystem layer in the resultant image. In
effect, as the Dockerfile is processed, each line causes the
creation of a new container, the Dockerfile command is
processed within that container, and then the result is saved as
an intermediate image. These intermediate images and
containers are removed as subsequent commands are
processed.
Some of the commands that can be executed in a Dockerfile
are:
•

•

FROM: This is a mandatory command for all
Dockerfiles and must appear as the first command in
the file. It specifies the image from which the new
image will be based. The three images illustrated in
Figure 6 would each use a different base: Alpine for
the first, Java for the second and RTI LRC for the
third.

ENV: Sets environment variables.
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EXPOSE: Opens ports on started containers.

•

VOLUME: Defines a filesystem location within the
container to mount into the host filesystem. In this
case, the Docker creates a randomly named folder
within a specific sub-tree on the host filesystem as
the mount point.

•

RUN: Executes commands within a container shell
and stores the results. It is common to run a system
update (such as apt-get update && apt-get
upgrade) in order to get the most up-to-date base
system.

•

ADD/COPY: Used to copy files from some location
into the image. ADD can specify a remote location to
copy from.

•

WORKDIR: Specifies the working directory of
containers launched from the created image.

•

CMD: Specifies the process executable to be launched
when a container is spawned.

The Dockerfile approach is favoured since it is an automated
way of building images and, to a certain extent, is repeatable1.
The Dockerfile can be submitted to a trusted third party that
can build the image independently, providing assurance to any
subsequent users of the image.
With respect to building images for federates, it is
recommended that intermediate images containing the LRC
libraries be first created. This is the third image stack
illustrated in Figure 6 above. These LRC images can be
reused across multiple federate images. In fact, should Docker
be deemed useful for HLA federations, it would be beneficial
for RTI vendors to provide authoritative images of their LRCs
in the Docker Hub.
Another consideration is the command to be executed when a
container is created from a federate image. The natural
process to launch would be the federate itself. However, there
is commonly a need to modify the container based on some
runtime information potentially supplied on the command
line. This can be achieved by creating an intermediate
process, possibly a shell script, that first parses the runtime
environment, makes necessary modifications to the container
and then launches the federate. A common runtime
configuration task is the modification of LRC parameters.

Once an image has been created, it can be tagged and pushed
to a central registry for use by others. Tagging assigns custom
labels to an image that can help in identifying correct image
versions. The most common tag is, in fact, some form of
version identifier. An image can have multiple tags. For
example, a Java image might be tagged with a generic ‘8’ or a
more specific ‘8u63’. This allows image users to be as
specific as needed when referencing an image. If no tag is
defined, the tag latest is assumed.
In a continuous integration environment, it can be helpful to
make use of latest tagged images. A new federate image
tagged latest can trigger the testing of the entire federation
to quickly identify if it breaks the federation or not. However,
when compiling a federation for a specific experiment, it is
always recommended to use specific version tags to ensure
the exact federation can be recreated.
1

The individual commands must themselves be repeatable. For example,
ADDing a remote file in a repeatable manner requires that remote
file to be unchanged from one invocation of docker build to the next.
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Docker supports building these images in two ways: by saving
container state or by declaratively specifying the image. The
first approach starts by creating a container from some
suitable base image (e.g., Alpine), making modifications
within the container—by installing software (e.g., Java, RTI
LRC), copying files, setting environment variables, etc—and
then saving the resultant state as a new image. Saving the
container state as a new image is performed using docker
commit.

•

5.

DATA MANAGEMENT

Special consideration needs to be given to the provision of file
based configuration of federates and the capture of logs and
output files written during federate execution.

By default, a container only has access to the isolated
filesystem within its scope. This implies that any
configuration files that may be needed by a federate need to
be loaded into the image from which the federate container is
spawned. As a result, any change to the configuration files of
a federate would require the recreation and redeployment of
the entire image.
Logs and output files generated by a federate during execution
are only retained in a container while it exists. Once a
container is deleted, its contents are lost. If the files generated
during federate execution are to be retained they need to be
moved from the container, perhaps using the docker cp
command to copy them to the host’s filesystem.

Docker Volumes provide an alternative to handling
configuration and output files. A location on the host’s
filesystem can be mounted into the container’s filesystem.
Files in that location on the host’s filesystem are accessible
within the container. This allows a federate’s configuration
files to be stored and modified on the host system, external to
the image definition. Also, files written to the mounted
filesystem within the container will appear in the host’s
filesystem and will remain after the container is removed.

Another approach to managing federate configuration files is
to create a dedicated image just for storing these files. This
data image allows the federate configuration to vary
independently of the federate image. It also allows for the
creation of multiple data images that can be selected amongst
when composing a federation. For example, multiple images
could be created each containing different terrain datasets. A
specific terrain image is selected based on federation
requirements.

The Dockerfile for a data image would consist of commands
to load the configuration files into a known location within the
image and then a VOLUME declaration to expose those files to
the host system. Running a container from the data image will
create a mount point on the host system into a location
determined by the Docker Engine. A federate container reliant
on the data image would be created using docker run
... --volumes-from=data-container .... The
Docker Engine ensures the location on the host filesystem is
mounted in to the correct location in the federate container.

While there are definite benefits from using data images, they
create dependencies between the federate image and the data
image. As a result, configuration management is required to
ensure the correct configuration files are used with the
launched federate container. Configuration management is
supported through tagging images and through custom labels
using the LABEL Dockerfile command. Mismatches between
federate and data images should be caught through adequate
version control, testing and continuous integration practices.
Data images are also only appropriate for supplying files to a
federate. Capturing files generated by a federate during
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To close the topic of data management we consider whether
the file based approach to configuring a federate and
capturing its output is appropriate in a container based
environment. As this section has shown, there are a number of
ways to address the topic, although none is ideal. Things to
consider include specifying configuration via environment
variables that are easy to define and override when starting
containers. However, this is only suitable for simple
configuration data. Larger configuration files and log and
output data could instead be sourced from and sent to a central
network location rather than from/to the local filesystem.
6.

NETWORKING

Federates in a HLA federation typically rely on network
connections to enable communication. Depending on the RTI,
a mixture of connection and connection less and directed or
broadcast connections may be used. Docker provides a
number of default networking options by default and the
ability to write custom network plugins where required.
Docker supports several different methods for networking
containers: host, bridge, and overlay.

The host networking option has containers share the host’s
network configuration including IP address, port space and
MAC address. This results in federation connections akin to
non-containerised federations. Host networking is a more
performant option than bridge or overlay networking.
However, care must be taken with this approach to ensure
multiple containers share the port numbers available on the
host. This approach also limits containers to having the same
MAC addresses as their hosts (whereas, with bridged
networking, it is possible to explicitly specify a MAC address,
or have a random one assigned), which has implications for
applications that are license locked based on MAC address.
Bridge networking is particularly useful for communication
between containers running on the same host. This form of
networking is the default. The Docker Engine creates a virtual
Ethernet bridge named, by default, docker0, and connects
each container started on that host. The Docker Engine also
connects the host’s network interface to the docker0 bridge
to allow containers to call network services external to the
host.

Overlay networking creates a communication substrate that
maintains knowledge of the containers being started across
multiple hosts and supports routing between them. This
networking allows a container on one host to address
containers on another host by name without special
configuration.

Overlay networking is a recent addition to the Docker Engine
and is not quite as mature as third party overlay networking
options such as Weave [8]. Weave, for example, supports
multicast networking where Docker Engine currently does
not. This support for multicast networking is particularly
useful in cloud computing environments that have multicast
disabled since it allows the use of RTIs, such as Portico, that
use multicast. Weave is also able to expose the overlay
network between containers to the (Linux) host operating
system, allowing non-containerised applications to connect to
the same network as containerised applications.
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However, this solution is not ideal. When the container host is
a virtual machine that is dynamically provisioned, we have the
additional burden of ensuring that the federate’s configuration
files are loaded onto the virtual machine before the federate
container is started, and we are again faced with the need to
copy output files before the virtual machine is removed.

execution requires a different approach. An example solution
may be creating a mount point to a network or distributed
filesystem, although consideration would need to be given to
the performance impact of this.

Bridge networking can be used for multi-host containerised
(and partially containerised) federations, but requires
significant manual configuration. The Docker Engines on
each host need to have mutually exclusive IP subnets and host
routing tables need to be manipulated to allow addressing of
containers that are otherwise inaccessible behind the
docker0 bridge. If a multi-host federation is desired, the
recommendation is to use overlay networking.
Bridged and host networking are the two default options
available for the partially containered federation architecture
illustrated in Figure 5. A fully containerised federation
architecture (Figure 4) has the additional option of using
multi-host, or overlay, networking, although, an overlay
network using Weave can also support a partially
containerised federation.

Federates that support external network connections, for
example, a HTTP connection to query federate state, need to
expose ports in their federate containers. A host port can be
mapped to a different container port, for example, port 80 on
the host can be mapped to port 8000 in the container, resulting
in connection arriving to the host on port 80 being passed to
the container where it views the connection as arriving on port
8000.

and the user interface can be accessed with, for example, a
web browser.

Figure 7: Typical Guacamole deployment.

On the container side, an X11-VNC server needs to be
installed. An X11-VNC server allows a user to view and
interact with real X displays via any VNC viewer, using a web
browser like Chrome.
A typical Docker deployment of Guacamole such as shown in
Figure 7 will involve three separate containers, linked
together at creation time:

7.

SUPPORTING GRAPHICAL USER INTERFACES

So far we have not discussed the topic of user interfaces.
Some federates running in a federation may well have GUIs
that we want to view and interact with during federation
execution. This section presents approaches for accessing
these user interfaces.

In a Linux environment many of these user interfaces are X
Window based. One approach is to install a complete X server
environment in the container (making the container image
larger) and use an X client to access the user interface from
some remote host. This may be fine for Linux users that have
X installed on their host. However, Windows and Mac users
must resort to applications like Xming and Xpra to be able to
access the container’s X-server and the user interface.

A container running on a Linux host can avoid running an X
Server by mounting the host’s X11 Unix socket (at
/tmp/.X11-unix) into the container and by setting the
container’s DISPLAY environment variable to match that on
the host. These configuration changes essentially allow the
container to directly access the host’s windowing system and
any GUIs established in the container will appear on the
host’s desktop. This solution is only valid if the display is to
be shown on the same host as is running the container.

Another approach is to use Guacamole [9] and an X11-VNC
Server. Guacamole is a clientless remote desktop gateway that
supports standard protocols like VNC and RDP. We call it
clientless because no plugins or client software are required

182

•

glyptodon/guacd: Provides the guacd daemon, built
from the released guacamole-server source with
support for VNC, RDP, SSH, and telnet.

•

glyptodon/guacamole: Provides the Guacamole web
application running within Tomcat 8 with support for
WebSocket. The configuration necessary to connect
to the linked guacd container and MySQL or
PostgreSQL database will be generated automatically
when the container starts.

•

mysql or postgresql: Provides the database that
Guacamole will use for authentication and storage of
connection configuration data.

An administrator can configure (through a web browser) users
and assign rights to access the user interfaces of applications
running in certain containers.

An alternative to exposing a federate’s GUI external to its
container is to not have a GUI at all, at least in the regular
sense. Instead of having a GUI built up out of widgets
supplied by a host operating system, a federate developer
could consider a network accessible API for querying and
accessing federate state. An example might be embedding a
HTTP server within the federate and exposing a RESTful API
to be accessed via a web browser.
8.

DOCKER COMPOSE

Using the techniques described so far, we would need to start
a federation by starting each federate container manually
using docker run. This is time consuming and error prone,
especially when each federate has specific federation
requirements. Docker Compose can be used to simplify the
starting of a federation. Compose is a tool for defining and
running multi-container Docker applications. The multicontainer application (federation) is defined in a Compose file
(a YAML formatted text file). The Compose file can define,
as the top level keys, services, networks and volumes.

The Compose file is a natural way of describing a federation
through the definition of the federate (and CRC) services.
Each service entry describes a federate or the CRC (and any
other support services like data images).
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Guidance for networking of fully containered HLA
federations is to use overlay networking where possible.
Consider using host or bridge networking only if
measurement indicates that the overlay networking is causing
performance degradation. A partially containerised federation
should use bridge or overlay networking as this provides
greater security to containers running on a host. If
performance is found, through measurement, to be a problem,
then host networking can be trialed. As a final step, Docker’s
networking feature is plugin based allowing a custom
networking architecture to be implemented if needed.

The command docker-compose up (assuming a default
Compose file name of docker-compose.yml) will result
in Docker Compose attempting to start all the defined
services. The command docker-compose down will
attempt to stop them.
Service definitions can reference an explicit image to be run
or point to a Dockerfile to have an image be built on demand.
Startup order is derived from explicitly stating dependencies
using the depends_on key and by implicit dependencies
created by volumes_from and links. While containers
will be started in a particular order, it doesn’t guarantee that
the service or application running within the container will be
running before other containers are started. The applications
(federates) within each container need to be designed to
account for this if it is important.

Many of the options available when invoking a container
using docker run are available as keys when defining a
service within a Compose file. These include ports,
expose, environment, entrypoint, and cmd.

Docker Compose has additional functionality to dynamically
scale a service by starting additional container instances. For
example, additional instances of a web service can be started
using docker-compose scale web=3. Although, if
five web instances were currently running, this request would
actually reduce the number of web instances to three.

9.

DOCKER SWARM

Docker Compose can be used to start a federation on a single
host. How do we start a federation across multiple hosts? We
could deploy the Compose file to each host and use dockercompose to start selected services, but this requires manual
intervention to ensure the correct subset of federates are
started on a particular host. An automated approach to
deploying a federation across multiple hosts is provided by
Docker Swarm.

Docker Swarm turns a pool of Docker hosts into a single,
virtual Docker host. Docker Swarm serves the same standard
Docker API as is provided by the Docker Engine. As such,
any tool making use of the Docker API, such as the docker
command line client and Docker Compose, can use a Docker
Swarm to transparently scale to multiple hosts.

A Docker Swarm consists of a manager and multiple agents.
The functionality of the manager and agents are actually
provided as Docker containers. Docker Machine can be used
to provision computing resources such that they are
automatically setup to be Swarm managers or agents.

Pointing a Docker client at a Swarm manager gives that client
access to the entire swarm. Issuing docker run will result
in the created container (federate) to be run somewhere in the
swarm cluster. Similarly, issuing docker-compose up
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Applications will sometimes have constraints on where they
can be run. For example, a federate container and a data
container may need to run on the same host. These constraints
are
defined
implicitly
through
declarations
like
volumes_from (which would be used in this case) or by
setting environment variables on the container to be run that
define constraints as to suitable Swarm agent hosts.
Constraints can take many forms and can restrict containers to
run on hosts with particular hardware requirements or on
hosts located in particular geographical regions. The
information to constrain against can be sourced from the
Docker Engine (see docker info) or can be manually
provided by adding labels to a docker daemon.
Docker Swarm provides a potentially simple means of
deploying a federation execution, described in a Docker
Compose file, across multiple available hosts. Dependencies
and constraints between federates need to be carefully
considered, especially if data containers are being exploited.

One particular federation function that becomes more
complex in this context is the capture and recording of any
output and log files created by federates. This was touched on
in Section 5 where the solution was to mount the host
filesystem into the container filesystem in order to persist the
output. This is still possible in the Swarm context, although
now the output is persisted to some Swarm agent in the
cluster. It is possible to find out which Swarm agent a federate
container ran on, and then manually copy output files to some
permanent storage, but this is less than ideal.

A better solution requires thinking about federate design.
Instead of individual federates writing to local log or output
files, it would be more manageable if they could be
configured to write to a centralised network service. This
could be a federate participating in the federation and
dedicated to logging the usual federation activity. A Logging
FOM module could be developed to support federates in
recording information not otherwise captured. Having a
central place for collecting federation output makes persisting
this data easier.
10. CONCLUSIONS
This paper has provided an introduction to Docker container
technology and how this technology can be exploited to run
HLA federations. In many cases there is an obvious and
immediate benefit to using Docker in support of HLA
federations. In other cases, there is some thought to be given
in terms of federation and federate design to better take
advantage of Docker and its capabilities. A number of
suggestions and guidelines have been proposed for the use of
Docker in support of HLA federations. These are presented in
summary below:
•

RTI vendors should create and deploy authoritative
images containing the LRC for their RTIs. These
images should be made available in the Docker Hub.

•

Until authoritative LRC images are available, users
should create local LRC images and build their
federate images from those images as their base.
Prefer building images with Dockerfiles as opposed
to using docker commit.
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This scaling capability of Docker Compose has interesting
implications for the design of HLA federates. The federation
needs to be able to support late joining and early resigning
federates, and the federation needs to be designed to make use
of these additional resources (federates) as they become
available. HLA Ownership Management could play a role in
this context with newly joined federates requesting to take on
the workload of objects extant in the federation. HLA Data
Distribution Management may also play a role by allocating
DDM regions to a service as they are instantiated. While the
HLA standard supports these concepts, the extent of their use
in existing federations is not known.

will start the multi-container application (federation) using
some scheduling strategy implemented by the Swarm
manager.

•

•

Configuration and other input files to a federate can
be packaged into their own data images and
connected to federate images through volume
mounting. This separation allows greater scope for
composing federations.

Consider making federate output accessible via
network connections rather than writing files to the
container’s or the local host’s filesystem. This makes
collation of federation output easier and is persistent
across removal of containers and virtual machine
hosts.
Develop a standard Logging FOM Module to support
this centralised, network based logging guideline.

•

Use overlay networking for multi-host federations
and bridge networking for single host federations.
Consider using Weave as the overlay network as it is
more mature than the native Docker overlay
networking at the time of writing, and supports noncontainerised federates to connect to the overlay
network.

•

There are techniques for accessing federate GUIs but
rearchitecting federates to interact with them via
network endpoints should be considered.

•

The design of federations need to be considered in
light of the dynamic scalability possible with Docker
Compose and Docker Swarm. Federations need to
support both early (before there is a CRC) and late
joining as well as early resigning federates.
Federation operation needs to be able to take
advantage of federates started at runtime.

11. GLOSSARY
Term

Description

Container

A process execution environment isolated
from other containers. Enabled by features
present in the Linux kernel.

Image

The storage format for a container’s
environment. A container is created from an
image.

Docker

A particular implementation of container
technology.

Docker Hub

A central public repository for the sharing of
Docker images.

Dockerfile

A means of declaratively defining the
contents of a Docker image.

Docker
Engine

Responsible for the management of images
and containers on a host system. Interacted
with via a command line or graphical user
interface.

Docker
Compose

A tool for
applications.

Docker
Swarm

A tool for deploying a multi-container
application across a number of hosts.

High
Level
Architecture

An IEEE Standard for Modelling and
Simulation. In particular, it supports the

managing

concept of distributed simulation.

Runtime
Infrastructure
(RTI)

The software implementation of the HLA
standard. Supports communication between
federates in a federation.

Local/Central
RTI
Component

A federate communicates with other
federates via a LRC library. Communication
may be supported by a CRC.
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1.

INTRODUCTION

For more than half a century, educational games have been
commonly used in higher education. Even in now, many
people are spending much effort to develop new ideas into
new games. However, how many games are still active? How
many games have been used independently from original
developer? From the viewpoint of original author, it is great
pleasure that many students welcome games in education.
However, making a record or document of previous game is
less interesting than improving future games and so game
sustainability is often compromised. Throughout continuous
feedback from users and other developers, the game
‘snowballs’ becoming larger and more complex.

This is a barrier for newcomers as it is difficult to use the
game. With less motivated newcomers, an author is required
to spend a lot of time teaching the basics of the game.
Consequently, in the field of gaming, precious intellectual
assets are disappearing. Are there any methods to break out
from this cycle?

The author considers that this problem can be partially solved
by introducing a method applied to large software engineering
projects. Generally speaking, business software is well
planned before construction. For development, they can use
templates, and libraries as a legend of previous works and
thus engineers can combine and customize to satisfy
customers' specific requirements. It is group work, sometimes
it requires hundreds of workers. It is common for engineers to
resign or leave their job. However, manuals and documents
are prepared and staff succession is planned for from the
beginning of the project. So anyone can take over the
development or maintenance. It is also easy to adapt to
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different language platforms making extensive international
distribution possible.

Now, many games are confronting the problem of
sustainability. Common practice in Software Engineering
might provide a tip towards a breakthrough. This paper aims
to discuss the development process of games and software,
and to examine the possibility of merging ways of developing,
to reduce the number of disappearing games, and thus sustain
intellectual assets worldwide.
2.

LITERATURE REVIEW

There is much literature in the field of game design
methodology. In 1970s, gaming was recognized as a “future
language” providing positive meaning to game play as a
process to “gestural communication mode” and defining the
process of game design. Phases to create a game can be
separated into three steps; 1) Design, 2) Construction and 3)
Utilize (Duke, 1974). In the1980s, Duke’s theory widely
applied to game design and improvement. Other developers
separate the process of development into five steps; 1)
Purpose and definition of condition, 2) Development of model
and decision of format, 3) Decision of style, 4) Construction,
and 5) Amendments (Greenblat, 1988). In recent days, game
construction has become more sophisticated. 1) Actors 2)
rules and 3) resources are recognized as important factors at
the process of game design. The process was then separated
into further, more detailed phases; 1) Specification, 2)
Conceptual Design, 3) Instrumental design, 4) Test, 5) Try, 6)
Training of facilitators, and 7) Maintenance. (Klabbers, 2009).
Separation between the phases is not fixed and there is some
debate about the phases required. For example Nodolski et al.,
(2008) propose four steps to create serious games; 1) Defining
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the method, 2) Selection of materials, 3) Development, and 4)
Operation. To reduce the cost and time, they also proposed a
toolkit called EMARGO. However, we can find three
common steps applied to all game development 1) Design, 2)
Development, and 3) Play.

There were many Publications during the 1980s focussed on
software development (Humphrey, 1996; Sommerville, 2016;
Vliet, 2008). They are frequently updated and commonly used
as a core textbook for software engineering.

Conversely there are few publications for the similarity of
gaming and software development. Considering the reason for
this, the biggest factor is that most business games were
computer based games and were considered same as generic
game software. However, there is a work which compared
development methods of video games with general software
engineering (Kanode and Haddad, 2009). There is also a work
with broader viewpoint which includes software engineering,
and tried to categorize game developing and research
processes. This work emphasized that making a prototype and
repeated testing, are key phases of the product cycle of the
game (Eladhari and Ollila, 2012).
3.

SUSTAINABILITY OF GAME AND SOFTWARE

3.1 Game; Vulnerability

Scenario 1

Professor A had used a business game in his lecture. He
reached retirement age and Professor B was hired to take over
his work. Generally speaking, in such a case, how to manage
lecture X is up to Professor B. No one will compel B to use
A’s game. Even if B wishes to use A’s game in his lecture the
knowhow to operate game Y remains with Professor A.
Without collaboration of Professor A, it is not easy for B to
use the game. Therefore, B will avoid using game Y, or he
will use game Y in different way. It is thus no longer the
original game.
Scenario 2

Professor T has an engineering background and has developed
a game designing platform and requires his graduate students
to develop at least one new game. He orders students to return
source code and manuals, but many students forget and leave.
Dr. T has a lot of “dead stock” which is no longer possible to
play.
Scenario 3

Dr. H opens business game seminar regularly, and he gathers
questionnaires to ascertain teaching effectiveness and
interviews participants to improve the game. Ignoring a good
idea which he has learned is against his ethics of researcher.
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Maybe you have heard similar story. Lack of sustainability is
a critical topic, and Gaming society should have to provide
adequate solutions.
3.2 Software

There are some intellectual assets which are not affected by
changing actors. Software is an example of this. For example,
Universities sometimes investigate information systems
designed to is to manage grades, evaluate teaching
performance, salary calculation, and other administrative
tasks. Those kinds of investments start from notifying IT
vendors and a call for proposals from several companies.
After the deadline date, those proposals will be discussed by
committee and a contractor will be decided upon.

Vendors will develop and submit the software to a previously
defined deadline. Generally, a university doesn't commit to
the system development processes. The only commitment of
the University is to define the specification and testing. After
delivery, software operation will be carried out by university.
The vendor usually supports the customer with a maintenance
contract, but this is not always required. An expert third party,
who is not an author of a problem can manage and operate
such system. Why such are such activities possible? Beside
the program, there are, detailed manuals, and well trained
staff. When resignations or job rotations for staff has been
decided, the next person will be appointed immediately, and
they will share enough time to take over. While, the system is
under operation, the operation system or programming
language may be updated. Product life cycle in those days
also recognized and updating of the system is usually planned
previously, and always kept refreshed. Adopting this way,
effective information systems will be created. Information
systems work well and will contribute to the efficient
operation of an organization and ensure sustainability within
its product life cycle.
4. TO APPLY SOFTWARE METHOD ON GAME
DEVELOPMENT; HYBRID METHOD

Both games and software are based on the knowledge and
skills to solve problems. To satisfy such demands, they create
a system, people will operate the system that is intuitive and
enjoyable to use. There are many similarities between games
and software. As the author discussed, the game is in a cycle
which it cannot break out of in terms of sustainability. Good
games lose heirs and disappear. On the other hand, there are
no similar problems in software. Is it possible to apply
software method? By applying software method, is it possible
to provide games and stability and sustainability? To answer
this, we have to discuss objectives, to clarify who creates,
why they create, how they create, and how to operate, how to
improve games. We are going to discuss the experience of
BASE business games (Hamada et al. 2009; Hamada, Hiji,
Kaneko 2014; Kaneko, Hamada, Hiji 2016). Then, we must
discuss deeply the software development process. We will
apply business software, by using the water flow model as a
typical example. Merging identified merits, we will discuss a
hybrid model to create games, which is possible to export
sustainably.
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There are many application for games in higher education.
Some believe that some theory or domain knowledge is
correct, and to prove its accuracy, they create a computer
simulation. Someone may create a game simply to improve
his teaching effectiveness. In many cases, it is an individuals’
work, not the work of a large group. It is rare to see that
gaming is applied at the organizational level. This fact does
not mean individual work does not have value. Individual
journal papers or books may survive even when the author has
passed away. However, compared with those things, games
are vulnerable in terms of sustainability, since games are
usually closely linked with the author’s specialized
knowledges skills. The scenarios below show typical
examples of vulnerabilities.

He added new functions and rules after every event and his
game gradually became larger and more complex. Dr. H
cannot remember every revision and minor rule any more. He
facilitates the games based on his ad-hoc idea, thus, no one
can understand his game.

5.

ORIGIN AND MOTIVATION OF DEVELOPMENT

5.1 Game; Personal enthusiasm and Curiosity

What is the motivation of game development for individuals
or small groups? Is it money or glory for the academics?
Indeed, those things will contribute to improve author’s
motivation. However, it is not all. To express their emotion is
very important which we must not forget. When game has
been delivered to a third party, and they can share delight and
joy and which for many programmers is more important than
money or glory.

5.2 Software; Money and Skill
What is are the motivations to create a software for the
software vendor? The most important factor might be money.
Toll free, dismissing charge, and ignoring breakeven is
against the discipline of capitalism. Secondly, a company
must also invest to improve their technology strength. Any
company has strengths and weaknesses. Company A may say
“our strength a is strong financial system” from this we may
infer that, company A has some advantage that originally
came from curiosity in financial system leading to knowledge
and successful exploitation of that knowledge. To summarize,
we can say that the basis is money, and based on the
company’s strategy, some curiosity will be attached. This will
be completely independent from emotions, like or dislike.
6.

PURPOSE OF DEVELOPMENT

6.1 Game; Teaching Effectively
University teaching staff have strong motivations to teach,
and everyone wants to improve the quality of their teaching.
Faculty Development requires that there are some activities to
improve educational skills at group or department level.
However, improvement of lectures is the responsibility of
individual teachers. They recognize traditional, conventional
“one way teaching” is out of date, and must transform it into
active learning. So that, based on their ideas, they create their
own business game and positive effects might be confirmed
by themselves immediately. It is rear to consider that
department or school will encourage gaming, or disturb it.
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It is quite clear customers have some specific needs. To solve
their requirement, vendors plan to create business software,
not for the vendor itself, but for the client. Sometimes, the
company does not know the client well. Once it has been
accepted development work, it would be separated into many
parts, and each engineers have few opportunities to meet and
learn from clients. Ensuring good communication is therefore
a key part of the development process.
7.

CONSTRUCTION

7.1 Game; Maximize individual’s talent
There are many books on how to make a game, and
gamification of your idea. However, in many cases, teachers
are not familiar with the literature before development.
Instead, they try to develop the software and resolve the issue
urgently. They then drops directly into prototypes. The
prototype will be tested carefully and minor adjustments will
be attached. Considering the conditions, format is not
important and strict, and there is no delivery limit. The budget
is their salary, and any output is regarded as a part of their
own research.

Generally, there is no final version of the game. Because, with
only one person or within a small team it is impossible to test
effectively. They should have to use “forever prototype” in
actual lecture repeatedly. Later versions will be improved by
acquiring feedback from students. Our case is a typical case of
this kind of development, it is worth reconsidering. Let me
introduce three episodes of the BASE Project.
Episode 1; Creating diverse people’s community

The BASE Project has been conducted from 2007 - 2014 in
Tohoku University, Japan. Since 2014, it has been continued
in Sirindhorn International Institute of Technology,
Thammasat University, Thailand. The aim of our work is to
develop analogue business games. At this moment, we have
12 different types of business games in 6 different categories.
Total participants is over 1400, and committed students as
developers are 55 in 13 different generations including
Japanese, Thai, and Chinese, also undergraduate, graduate,
and post graduate students.
Episode 2; Freedom for Creativity as core Value

In 2007, we created our first game, “BASE hospital
management game”. Most of the developers were students.
They are alumni of previous business game seminars in 2006,
they strongly impressed and so they joined our project. The
BASE project has a culture of respect and freedom for
creativity. This policy stimulated students’ and gave them
strong motivation to take over their seniors work. We believe
this framework was the biggest reason that BASE could create
outstanding business game within next 8 years.

Episode 3; Problems in Management; One-man exclusive trap

Student C loved development and test playing, but was less
motivated to create documents for someone else, because he
knew the program intimately. Here another serious problem
appears. Relying too much on individual talents, when an
author has graduated or left the BASE project, it is not
possible to operate or maintain any more by other members.
We called this issue “one-man exclusive trap”. Under these
circumstances it is too difficult to follow and understand the
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Attitudes toward a game can be similar to the endless
curiosity of a traditional scholar’s interest. However, in many
cases, a game is for non-academic people. Conversely, a
traditional scholars’ interest is focused only for professionals.
Games were basically developed as an alternative way to
conventional and traditional lectures. So, for students, it is
possible through gaming to understand key concepts, because
the distance between game and students is closer than in a
traditional lecture. Therefore, there are many possibilities to
obtain satisfaction and gratification and thus there are a lot of
supporters for gaming as a teaching platform. Professional
satisfaction will further stimulate the teachers’ motivations. In
contrast, conventional scholars’ attitude is only for
professionals and never spread to common people. A
researcher of chemistry who is doing research of catalyst, will
seldom gain the publics’ attention. Similarly, most members
of the public will never purchase specialized scientific
journals like Nature or Science. In contrast games are a media
to share fun and delight between developers and common
players.

6.2 Software; Customer Satisfaction

outstanding game later. Sometimes it is impossible or quite
difficult, takes long time and cost.
Those stories highlight some important points.

1) To develop a good game, the idea is most important.

2) Idea must be expressed, and not only stored in
someone’s brain.

7.2 Software
Generally, it is a group work. The power of team is greater
and it is possible to do a big job, which is definitively
impossible for individuals to complete. There are several
methodologies and the most famous model is water flow
model, followed by seven steps. See Figure 1.

This is a sophisticated process. However, the commitment of
individual programmer to whole process is small, and
assigned job may be too easy and the programmer may
become bored. Thus we cannot always guarantee that the
engineers’ interest and motivation to the product is high,
therefore, it is sometimes difficult to apply this model to
create interesting game.

Figure 1: Water Fall Model commonly recognized

Step 1 is a definition of the customer’s demand. Step 2
conceptual design including business surface. Step 3 detail
design mostly focused on technological specification. Step 4
is program development. Step 5 is testing, Step. 6 is
installation and implementation to customer’s computer.
Lastly, a maintenance contract night be attached. The Project
manager generates a Gantt chart, to control the progress of the
work and budget. The document is updated at every step. Here
is a typical Scenario.

Software vendors are always seeking new opportunities to sell
its software. When a sales persons find some potential
demand for software development from his client, he visits
them with an engineer, and summarizes the requirement of
software and creates a document called specification (Step 1).
Clients often cannot express their demand correctly. In such a
case, vendor might propose some ideas. After a specification
document has been completed, the vendor will create a
document detailing how to realize that demand in current
technology and business culture (Step 2). Then, the work will
be estimated by using summing “man months” or “man day”
and multiply the average price of an engineers’ wage and a
total price will be estimated. If we take into account the
number of engineers and total man months required, it will be
possible to forecast how long it will take this is designated as
the delivery limit (Step 3). After a client has accepted this
proposal, the contract has been officially established and
vendor will start actual programing. A Project Manager will
be assigned and he will control the developing process and
assign work to individual people and divisions. Sometimes,
the project manager uses sub-contractors (Step 4). It is rare to
develop something new from 0 to 100%. It is common to use
some program source code and they are referred to as the
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7.3 Comparison

Software development is team work compared with
educational gaming and is systematic and heavy. Undefined
jobs are not permitted in the water flow model. Inspiration is
not required. Generally, if a company invests more money it
will be strict and high-end software will be created.
Paradoxically, as the number of participants increases, the less
the satisfying the project will be to the individual programmer
and so quality may decrease. BASE is a place that permits
developers to do anything they like. However, if the developer
has graduated or moved away from the area, its improvement
may be suspended. In BASE business games, player’s
manuals are usually comprehensive, but maintenance and
updates to operation manuals do not receive much attention.
8.

OPERATION

8.1 Game

In case of games, development and operation cannot be
separated. Basically, the operator is the developer
himself/herself. The game may be difficult to operate. Since
developer himself/herself will play the game repeatedly and
operate he has a rich know-how. The method of operation is
not strictly fixed. Based on the situation it is possible to adjust
the rules to maximize the students’ satisfaction. However,
such operation causes “one-man exclusive trap”. This means
no one except original author can modify the idea any more.
Sometimes, they skip rules. His/her operation only becomes
passed on by word of mouth and direct contact with the oneman programmer. All manuals are in effectively in his
memory, and not transcribed to a manual. Such ad-hoc
operation sometimes makes students who read the rule book
carefully and try the business game lose their motivation.
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From Step 1-5 is called upper stream and from 6-7 are called
downstream.

Scenario 4 How new software will appear

package. There are many functions which make it a highly
flexible platform. There is no requirement for programmers to
have knowledge of specific programing languages. The
progress of the work should be reported, by document, to the
project manager and project manager will manage the budget
and delivery limit. To combine those documents, the Project
Manager must prepare manuals which are to be read by client.
Once software has been completed, they will introduce
“dummy” data and they will test the various program
parameters (Step 5). If the result is satisfactory, they will
deliver the software and documentation to the clients. The
team will visit the client, they will install the software to the
clients’ hardware, and the client will test the new system for a
while, to make sure it will work (Step 6). It is quite common
to find mistakes or errors at the beginning during the training
period, this is called initial failure, and the vendor must repair
or adjust this problem. After some period, the system should
become sustainable and it will be accepted officially, and the
client will start the payment process. After this process,
vendor and clients usually start discussions for a maintenance
contract. (Step 7)

8.2 Software
The most important requirement for software is operational
stability. The operation of the software is done by clients
themselves by referring operating manual. Even Though
he/she has not committed to the development itself, it is
possible once it has been ultimately optimized. As a backup it
is common to create a contract of maintenance by vendor. The
client will continuously pay maintenance fee. If a contract
exists, vendor will cooperate and reply to the claims.
Maintenance, should include updating the manual. For the OS
or platform version up, or improvement on hardware, those
manuals must also be created.
9.

FEEDBACK AND IMPROVEMENT

9.1 Game; Suffered by Snowball effect

9.2 Software; No snowball effect
The main reason that games become too complicated is that
there was no clear specification document before developing a
game. The software coverage area is defined by the document
and it must be strictly adhered to. The software should never
be delivered incomplete. It must always be delivered as the
final version. Generally, maintenance contract is to make
problem and continue working and it doesn’t mean to attach a
new idea which didn’t describe on the specification document.
In such a case, vendor will propose different contract. So that,
business software will never be like a snowman. Instead, there
are some computer systems which are unable to catch up the
request of recent days called “legacy systems” still exist.
10. HOW TO APPLY SOFTWARE DEVELOPING
METHOD TO MAKE SUSTAINABLE GAME
10.1 Summarizing current problems
Most current games cannot be sustained for a long time. Most
games are operated by teacher himself/herself as a developer,
considering age, previous knowledge, educational purpose,
number of students and time has been recognized by
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10.2 Outline of Hybrid Development model
How we can sustain the game for next generation? We can
define “hybrid model” as our solution from previous
discussions as Table 1 shows.
Table 1: Hybrid Development Model

Action
Problem
Motivation
(Sec.5)

Game
Enthusiasm,
Curiosity

Software

Hybrid

Money
Skill

Curiosity

Purpose
(Sec.6)

Teaching
Effectivene
ss

Customer
Demand

Demand
of students
Teaching
effectivene
ss

Constructio
n(Sec.7)

Individual
Free
Creative

Large
Team
Document
Not fun

Small
Group
with
Least
documents

Operation
(One-man
exclusive
trap, Sec.8)

Free
Flexible
One-man
Exclusive

Stable,
Manual
Based

Based on
least rule
with wide
margin

Unlimited

Within
specificati
on

Define
important
Specificati
ons only

Improveme
nt(Snowball
Effect,
Sec.9)

(Underlined items indicate better ideas)
A creative and focussed individual is important in order to
create a good game from the beginning. Once we had decided
to develop a business game we had to get out from individual
level thinking, instead, we should create small group. Close
communications are required. Someone had to accept a role of
project manager. We had to accept the idea that once a project
has been completed there is no further role for the developers.
We have to understand and embed the idea that original
author must leave the project, the OS or platform must be
updated, and class room environment might be changed. The
game should be carefully designed that third party can
operate, update and maintain it. We should prepare manuals
without being that are easy to use. It is much better to write a
document after the components of the game are established.
Fortunately, for any game there is a “one-in-a- million”
business software user, i.e. a player who plays the game is
besides the developer. The player’s fun and delight is
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A game is not usually in its final version because it is always
improving. Teachers observe the target of the game and they
work with it every year. Using the understanding this gives
them they often create new ideas and areas for improvement.
It is against ethics of researcher to dismiss new findings.
Therefore, even if the game was light and easy to play at the
beginning, it will become heavier with continual updating.
This will increase the burden of players. We called this
dilemma the “snow ball effect.” Once difficulty of game in
increased to a level higher than the understanding and ability
of students the game becomes more difficult to teach and a
delay will occur as student struggle with the complicated
program. Lecture time is strictly limited. Teacher must
encourage students hurry. However, to force students to hurry
is stressful and may be counter-productive. The game has
become more complicated because the content has been
enriched. However, the satisfaction rate has dropped. It is a
commonly observed pattern. When a game becomes too large
and unwieldy it is beyond being controlled by their third party
such as an outside IT contractor. The developer may
himself/herself forget the details, and some day, the game will
become inoperable and it will be disposed of. Some
developers return to the origin and make a simple game again
but those effects are often unoriginal. This is not good for
sustainable culture.

himself/herself, but not optimized for others. In such case, no
one can use the game later. For instance, BASE business
games have internationally famous, however, as far as we
know there is no other group using BASE business games
other than us and there is no derivative work from our
business games. Additionally, the game is getting more
complex by the “snowball” effect and the risk of falling into
the one-man exclusive trap is increasing. Therefore, we are
sure that BASE project is impossible to maintain or sustain
without a change to our mindset.

sometimes enough to encourage developers. Even Though
protocol of development is little bit complex, and may not be
an organic process. Developers will see operators directly and
will be playing together. The role of players and the role of
teachers are different, and teachers should never forget the
feelings of players, should not be inflexible. We should define
upper limits of updates and improvements, before the
development to avoid the “snowball effect”.
11. HOW TO REDUCE THE WEIGHTS OF
SOFTWARE MODEL ON HYBRID MODEL
APPLICATION

To increase the uptake of the hybrid model, we have to act
positively. However, it is easy to imagine a negative response
to hybrid model.
11.1 Large scale software development model is too heavy
Is applying the large software development model to game
development model difficult? Is it difficult to write a manual
which covers everything? Are we sure that maintenance a
manual is useful or effective as well?

11.2 Studying from history of Software development
As the BASE experience (Episode 1 to 3) indicated, freedom
will increase the motivation of people. In the BASE project
we did not apply strict rules for students and after they created
a business game, they can see their results immediately. Thus,
BASE analogue game development has been used to good
effect. Large software development is sometimes inorganic
and impossible to see whole development and far away from
the perspective of fun and delight. But we can learn solutions
from the history of software development.

Historically, the development of software was the same as
programming. A person who has an outstanding sense in
programing could create effective program earlier than their
rivals. He knows everything about that program. So that he
wrote a manual for non-expert users. However he has no need
to write complete explanations for problem. During that time
it was possible to store most programs on one floppy disk. So
that it was possible to control everything by himself. The
problem in this age is that in terms of their behaviour, it is
similar to the game developer in previous days. Those
programmers welcomed that their software will be widely
used. They disclosed their programs on the internet without
charging. They did not claim copyright or intellectual
property rights. Most developers welcomed feedback from the
users. Even if it was negative feedback, they considered that it
is an evidence to that the software has become commonly
used, even though they cannot gain any benefit they spend a
lot of effort to version up positively.

However, this time is over. Specification has become much
more complex often comprising an over one million in source
code, it is beyond individual work. Software development has
become not only a technological matter. It includes also
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Within this text, there are some ideas aimed at sustaining
games. The reason programing has not been interesting is due
to the reduction of the task in smaller parts that may be
unengaging to individual programmers who do not see the
whole picture. The burden of maintaining the system becomes
too heavy. In gaming, we have not developed our style to be
like general software development yet, so we can define our
direction as we like. Respecting inspirations comes out from
pure white mind. Maintaining a small team, keeping
transparency, sharing the fun and delight culture, like the
system of development in the old days might be a good
solution.
12. CONCLUSION

Similarity between educational games and computer programs
has not been a target of academic research. Like BASE
business games which authors have created, pure analogue
games are fun but difficult to learn. On the other hand,
business software is correct and fine but however, it
accompanies a large set of manuals and the development
activity may lack satisfaction for the individual programmers.
So, for the development of gaming we need more systematic
approach. On the other hand, for the software development
method we have to reduce the burden to a certain extent using
the hybrid style that we proposed in previous paragraphs. By
applying a hybrid method we can deliver gaming as a precious
intellectual asset to the next generation without being
forgotten. Our research is in the proposal stage of the new
framework. We have to consider intellectual property and
contract related problems to avoid counterfeits. We are going
to proceed our research in more detailed level and we wish to
deliver high quality games as long as possible.
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rapidly growing research trend. In the literature, there are

INTRODUCTION

different definitions of the Digital Game-Based Learning

The effectiveness of mobile game learning is an
important issue. For last 10 years, the market of mobile games
has enjoyed the highest rate of increase in the whole segment
of educational games (Takahashi, 2013; Greer, 2013), and
forecasts point to further rapid growth in the next few years to
come. The growing usage of digital educational platforms
raises the question of the effectiveness of education delivered
through mobile technology (Schmitz, 2014). In previous
article we compare effectiveness of mobile learning games
(henceforth referred to as MLG) and textbook learning
(Podgorski, Wardaszko, 2015). In this research we check if
there is any difference in learning process if the feedback in
the games was given by attractive character and unattractive.
To compare those two option we used a learning curve.

(hereinafter DGBL). Erhel and Jamet (2013) described the
DGBL as a competitive activity, in which students pursue
educational goals exactly in the same way as they acquire
knowledge and develop their skills within the virtual
environment.

Other

authors

provided

more

tangible

definitions (scientific explanation); e.g., Mayer and Johnson
(2010) defined a DGBL environment as a set of rules and
constraints with a dynamic response to user actions, a
sufficient level of challenge for a higher sense of self-efficacy,
and a gradual, learning-oriented outcome. The aforementioned
description is closely related to the idea professed by both
Prensky (2001), whose concept of learning digital natives was
the marriage of learning and digital entertainment, and
Vygotsky (1978) and his theory of the zone of proximal
development. All of the theories and definitions, which were
presented, precisely identify the role of digital learning games

2.

as acting as an entertainment platform designed around the

LITERUATURE REVIEW

cognitive learning process of its users. Most of research
The development of learning strategies by using

papers prove that games attracts more interest towards

digital tools is one of the most significant topics/issues in

assessment (Calderon, Ruiz, 2015). Hamari, Shernoff, Rowe,

modern education. Within the area of application of digital f

Coller,

the avatar and his in games in the learning-teaching process

engagement in the game has a clear positive effect on

sand also in the field of learning effectiveness (its

learning.
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1.

The primary aim of this article is not to answer the
question whether the presented method is effective, but rather
how to increase the effectiveness of learning by using games.
As it was mentioned before, the main tool, which is used to
find the way how to influence the engagement of playing, is
mobile education game designed by our team – Smart Leo.
Certainly, Smart Leo has few mechanisms, which can be
taken into consideration as drivers: a transparent and goodlooking layout, a competitiveness, and mini games. What if

Figure 1

Figure 2

Figure 3

Figure 4

there are other factors related to the instincts such as an

Attractive Woman

Unattractive

Attractive Man

Unattractive Man

Woman

attractiveness of a game character, which could also have an
impact on the increasing interest in playing? Follow the works

To confirm classification characters as attractive or

of Cornelissen, Hancock, Kiviniemi, George and Tovée

unattractive we conducted a survey with four questions:

(2009), who proofs that waist-hip ratio is an important part of
attractiveness.

Furnham,

Lavancy,

McClelland

1.

(2001)

sympathy?

discovered that facial attractiveness seems to be much more
significant in assessing attractiveness and moderately more
important in judging healthiness and fertility than waist-hip
ratio. Collins (2012) proves that the average face is attractive.

2.

To what extent the characters awaken your trust?

3.

To what extent are the characters attractive?

4.

The extent to which the characters seem to you
competent?

The main research question was: “Is the attractiveness of

ISBN 978-0-9925960-2-6

Questionnaire has been built in accordance with the

character giving feedback in game improve learning process

Likert scale of 1 indicate a negative response to 5, meaning a

and engagement in playing?”
3.

To what extent these characters arouse your

positive response. Age of respondents was similar to the age
of the respondents were people aged about 20 years. Table 1

PRE-RESEARCH

presents the results of surveys.

Experiment have got two stages. The first stage of
Table 1 Results of survey

the auxiliary which has been verified as the attractiveness of

Question

the game characters. The second stage, the main experiment,
1

based on the learning curve for the two subgroups using one
with

characters

unattractive

and

Population

attractive

characters.
To define attractiveness we choose five elements

Attractive

application

2

waist-hip ratio, facial attractiveness, healthy, neatness of dress

4

59

Average

4.12

3.80

4.12

4.15

Standard Deviation

0.87

0.87

0.79

0.85

Age

and hair. In both pair of characters any of those features

3

20.76

wasn’t extreme, that’s meets with Collins (2012). All four
Population
Unattractive

character are presented on figures 1,2,3,4.

57

Average

2.23

2.21

1.58

2.51

Standard Deviation

0.89

0.88

0.86

1.00

Age
Difference between average
attractive and unattractive

20.88
1.89***

1.59***

Source: Own collaboration
* denotes statistical significant at the 10% significant level
** denotes statistical significant at the 5% significant level
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2.54***

1.64***

*** denotes statistical significant at the 1% significant level

Source: Own collaboration
* denotes statistical significant at the 10% significant level

From the table 1 we see as expected, respondents
positively assessed as attractive, unattractive and negative.

** denotes statistical significant at the 5% significant level
*** denotes statistical significant at the 1% significant level

Difference between average attractive and unattractive
character has statistical significant at the 1% level. Analysis
based on 59 surveys for attractive characters and 57 for
unattractive. Interesting results were obtained on the second
question in the case as attractive because it rated at 3.80, the
answers to the other questions indicate the attractiveness of
the form of above 4. For other questions, the answers were 4
or higher. The next step was check the difference connect to
gender of respondents, which is presented in table 2.

4.08

3.85

4.04

4.19

Standard
Deviation

0.93

0.54

0.82

0.85

20.85

Average

2.21

2.39

1.96

2.75

Standard
Deviation

0.88

1.07

1.00

1.00

Difference between
average attractive and
unattractive

20.89

1.86***

1.45***

the

specificity of the group of men that are competent, often
assessing their level 4. In the assessment of the attractiveness
of the group as unattractive the average score is less than 2,
this in turn women gave lower values of the scale. The biggest
difference between both of groups is scores for question 3.
Male respondents gives average scores the unattractive of
character 1,96 and female respondents score then on 1,21. The

Having assessed the attractiveness of the form, they
were uploaded to the application and proceeded to
experiment, in which was verified the effect of attractiveness
as giving feedback on the learning curve.
4.

28

Age

found

MAIN SAMPLE
In the main experiment, it was attended by 236 students

the first year of college finance and management Kozminski
University in age from 19 to 21 years. The research group was
divided into two subgroups. First as a form of guiding in the

2.07***

1.44***

game was alternately appear attractive man and an attractive
woman, the size of this group is 116. In the second research
group similarly displayed was a pair of unattractive size of
this group is 120.

Female

The main issue, however, prepared the experiment was

Question
1

2

3

Attractive

Population

4

originally built-in game, which was aimed at neutralization
phenomenon discourage the players publication low results. In

33

Average

4.15

3.76

4.18

4.12

the case of verifying the progress of acquiring knowledge

Standard
Deviation

0.83

1.06

0.77

0.86

through the application, this has resulted in gaps in the data, it

Age

significantly depleting. Unfortunately, only some of the

20.70

participants of the experiment would write every result. From
Unattractive

Population

the database were removed also results in extreme cases

29

Average

2.24

2.03

1.21

2.28

where at least one game gave the result of the mean plus or

Standard
Deviation

0.91

0.63

0.49

0.96

minus 3 standard deviations. As a result, research sample was

Age
Difference between
average attractive and
unattractive

limited to 13 games played with players for the version of the

20.76
1.91***

1.72***

attractive 58 and 61 with unattractive.

2.97***
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Attractive

4

Average

Population
Unattractive

3
26

Age

respondents

of answers to each question at the level of 1 %.

Question

Population

unattractive

hypothesis in testing the significance of differences in the case

Male

2

as

most important fact is that the possibility of rejecting the null

Table 2 Results of survey in group of male and female

1

For

5.

RESULTS

themselves in the better view. Secondly, even when instructed
to save the score from every attempt they have been

Due to the problems associated with built-sampled to

neglecting it and proposing that they will save the game score,

apply on its basis must be approached with caution.

when it will be “good enough”. This effect, however, has

Nevertheless, it is worth considering the results obtained, as

never been of an issue when we used mobile game version

well as the whole process of the experiment.

with university animal mascot – lion.

Basic

was

conclusion that maybe the process of data collection and

establishing knowledge about correlation between feedback

effects measured should be addressed in a different way than

providing avatar attractiveness and learning effects in the

in this experiment.

mobile

research

game.

In

goal

this

of

the

experiment

Which led us to

comparison

method

study

The observations during the experiment was seen

(Vandercruysse, Vandewaetere & Clarebout, 2012) we

more interest among the participants of the experiment game

wanted to see the differences in dynamics of repetitive

with characters attractive. Evidently willing they played

learning with mobile quiz game as an avatar attractiveness

another game. This is also confirmed for the next series of

(see figure 5).

games. After the 13 Game Played 58 players with attractive
group and 61 in the player group with unattractive. However,

Learning curve

in the case of versions of the game with attractive figures

1000

close to 18% of the players in the analyzed sample of the

900

research have played 30 parties, while the version unattractive

800

it was less than 10%.

Points to win

6.

600
500

SUMMARY
Results show that there is no evidence or statistical

400

significant dependency between attractiveness of the feedback

300

providing avatar and learning effectiveness with the mobile

200

quiz game. However, the experiment showed some flaws to

100

the research process, which largely have set the results into

0

1

2

3

4

5

6

7

8

9 10 11 12 13

A5empts on game
Avg. Not-a5racCve

question. The first error, which in theory was supposed to
favor the learning process, the voluntariness of saving the
game results and publish them on Facebook. Saving the low
scores of the game clearly acts negatively. Visible it was also

Avg. A5racCve

Figure 5. Learning curve in the mobile game in groups.
Own elaboration.

during the experiment, as participants clashed hide behind.
Unfortunately, in comparison with the analysis of the learning
curve, this parameter must be in future versions of the
application nuanced. The second mistake created in the design

Looking at the results we can say that we have not

stage of the game was the similarity of one of the form to the

found any evidence or statistical significant dependency

teacher. And it was not as a result of Easter egg in the game

between attractiveness of the feedback providing avatar and

by other members of the research team identified a very

learning effectiveness with the mobile quiz game. Both

interesting way, namely comic edition teacher even though it

groups of students were learning with the mobile game more

might seem narcissistic it raised the interest in the game.

or less effectively. However, we saw mainly two flaws in the
collected data sample. First of all, students were so engaged

Reference by Endnote

with the game that not always were saving all the attempts to
the game or there were saving only good scores to show
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Agile software design and development has been likened to a cooperative game, in
which users and developers play at communicating and constructing in a resource
constrained environment. This paradigm acknowledges that development is often
iterative, entails a balance between immediate development requirements, long term reuse
of artefacts and team learning, and combines the cooperative development of a solution
with the competition of individual agendas. Simulation necessitates extending this view
beyond software development to include scenario development and database
construction. Complex simulations are often developed iteratively, with many uses in
mind. There is often a high demand for simulation reuse, in the form of multiple
scenarios, and data reuse beyond a single simulation system.
This presentation will take the game development construct and explore
implications for management processes and team leadership. The presentation will begin
with a description of Cockburn’s game development model, including the concept of
cooperative resource constrained games, finite and infinite games closed and open games.
This will then be considered in relation to the issue of applying the model to simulation
development. The focus question is -How is simulation similar/ different?
The next step introduces developers and users as players from the perspective of
building a development team based on Bartle’s taxonomy of player types. This leads to
the idea of tuning competition vs cooperation.
Finally involving management as a player raises questions of whether management
is a ‘player’? A tentative answer is that it is but is usually forgotten. Management will
often be distracted due to competitive (infinite) agendas. Management is often focused on
the resources aspect of the game. So ongoing questions concern ways of engaging
management, and assisting management to improve development.
.
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Simulating Safety in Simulation – a Live Immersive MultiDisciplinary Simulation and Workshop on Creating a Safe Container
Dr Teresa Crea1, Ben Krynski2, Kevin Heveldt3, Marc Lyons4, Anna Maria Carrera5, Cameron Knott6, Dr
Anjum Naweed7

University of Canberra, 2Engineering Simulator Training Centre, 3Building Leadership Simulation Centre, 4Royal Adelaide
Hospital, 6Monash University, 7CQUniversity

1

Part 1:
An interactive live simulation which will engage attendees by inviting participation in a range of mini-simulations run by various
industry leaders.
The focus of these simulations will be facilitation of prevention and management of a physical or psychological injury during
simulation in different industry contexts.
The mini simulations will be debriefed and the similarities identified between industries used to trigger discussions in part 2.

A panel discussion - led by a cross industry team from the Simulation Australasia Human Dimensions Specialist Community
Committee - with the aim of identifying common terminologies and strategies around the management of safety in simulation.
This discussion will feed into a broader research paper being developed by the committee to address trans-industrial shared
training needs.
The Main Aims of the Workshop are:
•

To demonstrate the potential physical and psychological dangers of simulation

•

To practice ways to prevent, mitigate and manage different types of simulation safety issues

•

To participate in a live exercise

•

To deepen research and understanding of the terminology and strategies used in diverse industries to manage safety
issues

Audience:
The intended audience are those with a role in simulation development, operation, or leadership who are interested in simulation
safety and standardisation techniques and terminology in the simulation sector.
The expected benefits of participating in the Workshop:
•
•
•

Gaining an in-depth understanding of psychological and physical injuries which can occur during simulation.
Observe new multi-disciplinary approach of preparing for and managing such situations.

Observing and participating in a live experience.

•

Experiencing a simulation ‘gone wrong’, and having to manage the situation.

•

Learning how to practically create a safer simulation environment with techniques and terminology which are
transferable throughout the simulation world irrespective of industry.
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Part 2:

Tuesday, Session 3, Room 207

SimHealth
Free Papers

Patient Safety

Simulation to Inform and Improve Hospital
Cleaning and Food Services Delivery in High Risk
Patients: A Quality Improvement Initiative (637)
Nadine Sarah Gwendoline Alcorn
Using Simulation to Support Practice Change in
Workflows with the Introduction of Electronic
Medication Management (612)
Rachael Worthington

Is the Assessment of Physiotherapy Practice Tool
Valid in Clinical Simulation? (487)
Belinda Karyn Judd

201

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Pilot Testing of a National Multidisciplinary
Operating Room Simulation Intervention to
Improve Patient Safety (593)
Jane Torrie
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Simulation to Inform and Improve Hospital Cleaning and Food
Services Delivery in High Risk Patients: A Quality
Improvement Initiative
Nadine Alcorn1; Terri Cripps2; Marino Festa3

Kids Simulation Australia; 2Sydney Children’s Hospital; 3Sydney Children’s Hospitals Network

1

Aim of the Education Program.
At Sydney Children’s Hospital, patient service assistants (PSA) are an integral part of the health care team,
undertaking a number of duties central to patient care, including environmental cleaning, internal transportation and
food services. In Australia, the Clinical Excellence Commission sets standards for minimum requirements for hand
hygiene and the cleaning of patient rooms. In particular, children undergoing bone marrow transplant (BMT) require
high quality daily and weekly room cleaning. Assessments based on these guidelines are used to improve healthcare
delivery and form an important element of organisational accreditation. Currently, simulation is rarely utilised to
assist in the training of non-clinical staff involved in patient support roles. Therefore, an opportunity was seen to
develop a novel simulation training program for PSAs, designed to inform and overcome challenges in the
implementation of local guidelines and to improve the quality of care that children receive.

The PSA simulation program was designed to address areas for improvement in the maintenance of rooms
accommodating children who have undergone BMT. In achieving this, understanding current processes for the
cleaning of BMT rooms, including participants’ needs and expectations was essential. The scenarios were designed to
focus on specific areas identified for improvement in hand hygiene and cleaning of BMT patient rooms and were
informed by results of a time in motion study, hospital infection rates, hand hygiene audits and a review of cleaning
logs. The main areas for evaluation and improvement focused on within the training included: room cleaning, waste
removal and food entry, and the negotiation of cleaning requirements with the child’s family. A simulated ward with
two isolation rooms was required to capture the realistic movement of staff between patient rooms whilst engaging in
multiple tasks. One simulation room consisted of an ante room and ensuite bathroom to further understand the
sequence of duties and the relationship that practice has in encouraging an environment of risk. Hospital cleaning
equipment, checklists and room signage were utilised. PSA duties were undertaken in real time and with normal staff
rostering. All simulations ran twice to maximise PSA interaction with the simulation space and to test modifications
to existing patient care processes proposed during scenario feedback
Evaluation Data from the Program.
Evaluation of expected verses actual practice was explored by the utilisation of video and an advocacy-inquiry
approach to debriefing, as well as a questionnaire using a 5 point Likert scale (1-Very poor to 5-Excellent) to evaluate
the relevance of simulation to practice. 80% of participants (n=8) completed the evaluations. All participants rated a
greater acknowledgement of their role within the healthcare team and improved understanding of their role in
preventing infection. Specific changes to existing practice were agreed in the simulation environment, including a
change to the method employed for room entry and exit during waste removal. Following this change in work
practice, improvements in hand hygiene were observed with an increase in doffing potentially contaminated gloves
prior to room exit
Conclusions and Recommendations for Future Use and Development.
The use of simulation in informing organisational practices in healthcare is often limited to clinical staff, even though
it is identified that non-clinical healthcare staff also occupy an integral role in improving patient care and outcomes.
This program emphasises that simulation training can enhance quality improvement by demonstrating the effect of
altered work practices on improving hand hygiene compliance in improving cleaning and food service delivery in
high risk patients.

202

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Methods Adopted.

Australasian Simulation Congress
www.simulationcongress.com

Using Simulation to Support Practice Change in Workflows with
the Introduction of Electronic Medication Management (eMM)
Alice Polak1; Rachael Worthington2; Victoria Feehely2; Ingrid Wolfsberger1; Marino Festa1;
Dorothea Hamilton2
Kids Simulation Australia; 2The Children's Hospital Westmead

1

Aim of the Education Program.
In 2014, the Sydney Children’s Hospital Network (SCHN) launched the MEMORY project which included the
introduction of Electronic Medication Management (eMM) and Electronic Medical Records (eMR). The overall aim
of the project was to introduce a single, unified electronic patient record, to reduce the risks and inefficiencies in
service delivery by eliminating storage of isolated patient information.
Kids Simulation Australia (KSA) worked closely with the project team to undertake a series of clinical scenarios in
both the simulation center and in situ within the clinical environment. The aim of the simulations was to identify how
changes in clinical practice and workflows would occur with the introduction of eMM, use of electronic devices, how
staff would become familiar with the eMM program and how best to prepare users for numerous changes to their
daily practice.
Methods Adopted.

When creating simulated scenarios, clinical staff and the project team were able to evaluate and test clinical
workflows resulting from the introduction of eMM. Through utilisation of simulation, clinical staff were able to gain
more confidence and familiarity with the proposed changes by getting practical exposure to workflow changes. The
scenarios engaged a number of clinical staff within the hospital and enabled them to increase their knowledge and
understanding regarding eMM.
Evaluation Data from the Program.
By simulating scenarios in the clinical environment, staff translated the proposed changes into their clinical practice,
in a familiar and realistic environment and 89 % of staff involved reported that the simulations were extremely
beneficial in improving their understanding of how eMM would change workflows. Following the simulations,
further requests were made for additional scenarios to be undertaken including; the administration of complex
medications, administration of medication in isolation and multiple medication administration replicating a busy
clinical environment.
The project team review the simulations including the impact of change in both system and environment, which
ensured patient safety was addressed prior to implementation. The simulation also assisted in the build of the system
features in conjunction with clinical staff and the project team. By simulating real patient scenarios, staff confidence
in the use of the system and devices was increased without the risk of compromising patient safety.
Conclusions and Recommendations for Future Use and Development.
Simulation is a valuable change tool to enable users to visualise and practice new workflows in a realistic clinical
setting. Additionally, simulation supported and facilitated changes to the eMM system through the identification of
problems in the scenarios, resulting in optimal patient safety, increased staff confidence and eMM workflow changes
in the clinical setting.
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Several simulations occurred which prepared and supported staff in work practice changes with eMM. These
scenarios focused on changes which would occur as a result of the introduction of eMM and included; medication
administration, clinical documentation, nurse handover, nursing admission assessment tool, administration tasks and
environmental processes including hand hygiene and infection control. By undertaking simulations in both the clinical
environment and within the simulation centre, the process was able to be replicated in two different environments and
addressed different purposes. By simulating the scenario in the ward environment this enabled staff to see how their
workflows would change and alter, creating a realistic and relatable environment for staff. Whilst scenarios
undertaken in the simulation centre enabled both the project change management team and members of nursing staff
to evaluate workflows and troubleshoot system changes required to be integrated into the build of the system.
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Pilot Testing of a National Multidisciplinary Operating Room
Simulation Intervention to Improve Patient Safety
Jane Torrie; Jennifer Weller; Ian Civil; Arden Corter; Dominic Madell; David Cumin; Alan Merry
University of Auckland

Aims.
To explore the experiences of participants following a multidisciplinary one- day course (MORSim): how they
subsequently implemented changes in clinical practice; problems encountered; and suggested strategies for upcoming
national implementation.
Background.
Unintended treatment injury contributes to poor outcomes for surgical patients and often reflects failures in
teamwork1. To address this we developed the Multidisciplinary Operating Room Simulation (MORSim) intervention
and piloted it in preparation for national implementation throughout New Zealand over the next 5 years. MORSim
comprises a full day of simulations and debriefs for operating room (OR) staff aimed at improving informationsharing and promoting a shared mental model to facilitate more effective teamwork and patient care. It includes
realistic interactive surgical models integrated with an anaesthesia simulator.

We recruited 20 full operating room teams (120 participants) from two major hospitals2.
Using a semi-structured approach, we interviewed a random sample of participants 3-6 months after they attended
MORSim. Interview data were recorded, transcribed and analysed using a general inductive approach.
Result.
In total, 48 interviews were conducted with 11 specialist anaesthetists or final year trainees, 10 anesthetic technicians,
20 nurses and seven specialist surgeons. Themes arising from the 48 interviews focussed on: changes in attitudes and
behaviours translating into clinical practice; adoption of new information sharing strategies; observed changes in
other’s work styles; sharing learning with staff members; effect on patient management/outcome; and barriers to
implementation in clinical practice. Interviewees described adopting into practice many of the elements of the
MORSim intervention, and reported positive experiences of change in communication, culture and collaboration.
They described sharing MORSim concepts with colleagues and incorporating them into their teaching and orientation
of new staff.
Reported barriers to uptake included uninterested colleagues, limited team orientation, communication hierarchies,
insufficient numbers of staff exposed to MORSim and failure to prioritise time for team information sharing, such as
pre-case briefing.
Discussion.
The themes identified by a cross-section of OR personnel usefully inform the upcoming national rollout of the
MORSim intervention.
Conclusions.
MORSim had lasting effects on attitudes and behaviours in clinical practice which support improved teamwork and
communication. Factors leading to future successful national implementation will be high staff exposure to MORSim,
buy-in from clinical leaders and cultural change to acknowledge the importance for patient safety of communication,
coordination, and cooperation in the OR.
References.
1.

Sutcliffe KM, Lewton E, Rosenthal MM. Communication failures: an insidious contributor to medical mishaps. Academic
Medicine 2004;79(2):186-94.

2.

Weller J, Cumin D, Torrie J, et al. Multidisciplinary Operating Room simulation-based team training to reduce treatment
errors: a feasibility study in New Zealand hospitals. New Zealand Medical Journal 2015;128:1418.
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Is the Assessment of Physiotherapy Practice Tool Valid in
Clinical Simulation?
Belinda Judd; Justin Scanlan; Professor Jennifer Alison; Professor Donna Waters; Christopher
Gordon
University of Sydney

Aims.
The aim of this study was to determine the validity of the Assessment of Physiotherapy Practice (APP) tool to assess
the competency of physiotherapy students in simulation-based clinical education.
Background.

Methods.
The validity of the APP in four different assessment formats was investigated using Rasch analysis; a longitudinal
assessment of students following one week and two weeks of simulation-based clinical education; a short-form
assessment of students in a single 25 minute practical exam; and a comparison of the APP when used following the
longitudinal assessment of students after 5 weeks in a hospital or clinic-based placement. The participants were
undergraduate and graduate-entry master physiotherapy students from two large Australian universities. The Rasch
analysis determined the construct validity of the APP in simulation by examining the fit of the APP to the
expectations of the Rasch model, the uni-dimensionality of the tool and the overall validity of the tool for use in
simulation settings.
Results and Discussion.
A total of 1260 APPs were collected, 971 from students in simulation and 289 from students in clinical placements.
Overall, the APP in simulation proved a good fit to the Rasch model. When used as a longitudinal assessment of
professional competency, all 20 items demonstrated appropriate fit and targeting. During the short-form assessments,
nine of the 20 items had more than 25% of the scores allocated by educators as ‘not-assessed’ for these items,
indicating that this form of assessment did not provide an opportunity for students to demonstrate these skills.
Conclusions.
The APP is a valid assessment tool when used to assess the competency of physiotherapy students in longitudinal
simulation-based clinical education. For a short-form single assessment of students, a revised APP is suggested due
the lack of applicability of some items for this format.
References.
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Whilst the adoption of simulation-based education in physiotherapy is growing rapidly, there are no validated tools to
assess overall student competence in simulation settings. The APP is used extensively for assessment of professional
competence of physiotherapy students on clinical placements in Australia and has been demonstrated to be a valid and
reliable measure [1, 2]. However, the validity of the APP tool in simulation settings is not known. The APP is a 20
item tool, scored from 0-4 on each item by educators. It covers competency of areas such as professional behaviour,
assessment and treatment skills, risk management and patient goal setting.
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A Swot Analysis of Virtual Reality for Safety Training in the
Context of Mining Industry
Shiva Pedram
University of Wollongong (SMART Infrastructure Facility)
Brief outline.
Interactive virtual reality (VR) based training is being used to train those who work in dangerous/hazardous
conditions (by enhancing their competencies to deal with extreme events in safe and controlled environments).
However, this VR-based training must be assessed to determine its benefits and limitations compared to more
traditional training approaches. Our research aims to design and implement a framework to evaluate the impact of
VR-based training programs developed for high risk industries (such as the mining industry). The outcome of our
SWOT (Strength, Weakness, Opportunity and Threat) analyses will help organisations to take advantage of this new
technology for training purposes and make the most of its capabilities.

The study:
1) Provides the first evaluation of VR training for the mines industry.
2) Is based on data from 288 experienced miners, collected before and after participating in actual mines rescue
training sessions.
3) Reveals (for the first time) the strengths, weaknesses, opportunities and threats provided by this VR mines
rescue training.
4) Will help organisations to take advantage of this new technology for training purposes and make the most of
its capabilities
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The methodology presented here (SWOT analysis) is commonly used in business to identify strengths and
deficiencies of a company to develop appropriate strategies. Here instead we used SWOT analysis to study the
simulation training solution for underground miners in NSW, Australia. The aim was to identify the Strengths,
Weaknesses, Opportunities and Threats of implementing this type of technological training solution. The results
presented were collected from 288 trainees (all were experienced underground miners who had voluntary joined the
Mines Rescue Station).
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1.

Optimisation of the training schedule for Defence aircrew carries complex and novel
features that set it apart from Job-Shop scheduling and course scheduling in other
contexts such as schools or universities. A range of required aircrew skills, flexibility in
timing of “short” courses, which are mandatory but with limited prerequisite structure,
result in a large optimisation problem. Student-to-course allocation forces an approach
that combines simulation with optimisation. The aim of optimisation is to provide each
student with a credible schedule of courses while minimising idle periods between
courses. In this paper we adopt a Tabu Search approach to the optimisation and
simulation to provide relatively fast results. This aspect has the added advantage of
allowing operators to explore a range of options that depart from orthodox approaches,
and to quickly reconfigure for changed circumstances.

INTRODUCTION

The Training Authority Aviation (TA-Avn) is an organisation
within the Royal Australian Navy (RAN) responsible for
managing aviation-specific training for all RAN personnel,
who are to be employed in an aviation-related job category.
TA-Avn maintains responsibility for individual student
aircrew, engineers and technicians throughout their journey
through the relevant training continuum until their posting to
an operational squadron. By way of example, after their
initial officer training, candidate aircrew in the pilot stream
will complete Basic Flying Training School (BFTS), after
which successful graduates will progress to advanced training
at 2nd Flight Training School (2FTS) both of which utilise
fixed-wing aircraft. Students who successfully pass the
fixed-wing flight training courses then proceed first to basic,
and then to advanced rotary-wing training at the RAN’s 723
squadron. Finally, pilot candidates are posted to a squadron
where they conduct Operational Flying Training (OFT),
which includes conversion to one of the RAN’s front line
helicopter types. Similarly, students undertaking training as
Aviation Warfare Officers (AvWO)1 commence training in
the Basic Observer Course (BOC) utilising fixed-wing
aircraft, followed by OFT. This, again, includes specific types
conversion courses as well as advanced training in tactical
aircraft employment and operation of aircraft systems.

1

AvWO are non-pilot aircrew responsible for the
employment of aircraft sensors and weapon systems and
tactical coordination of the aircraft’s mission.
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Students in the final aircrew category, Aircrewmen,2
complete basic rotary wing training at 723 squadron before
posting to an operational squadron for OFT.

In a temporal sense, the bulk of aircrew training consists of a
sequence of major, structured, courses such as those
mentioned above. While these constitute the backbone of the
Navy training continuum, students also have to complete a
number of mandatory short courses that are limited in
prerequisite structure. Furthermore, these courses are often
run by other military or external organisations where TA-Avn
has little influence over the scheduling of dates and allocation
of places within the course. Dates for courses therefore may
not be known more than twelve months in advance. In the
case of military agencies, this occurs because of continually
changing and competing demands on limited infrastructure
resources as well as uncertainty in the availability of required
and suitably qualified instructors. Conversely, the precise
resource demands associated with short courses means that
they are particularly vulnerable to the high fluctuations in
failure rates associated with aviation training.
These
vulnerabilities expose Defence to potentially large costs
brought on by delays in aircrew training due to the
cancellation and rescheduling of courses or under-utilisation
of resources in running courses for very small numbers of
students.

2

Aircrewmen are employed as sensor operators on
naval combat helicopters before potentially moving to
become loadmasters on maritime support helicopters.
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The difficulties in managing the aviation training continuum,
particularly for officer aircrew3 are further exacerbated by the
high and extremely variable course pass rates mentioned
above, making it difficult to construct reliable predictions of
numbers of students feeding into operational squadrons for
OFT. Currently, the comprehensive scheduling and planning
of an individual’s specific training continuum is undertaken
manually using Excel spread sheets. Furthermore, the staff
with responsibility for this high level planning move on from
these roles approximately every two years in keeping with the
Navy’s posting cycle. As a result, the manual nature of this
detailed training continuum planning makes it particularly
vulnerable through the handover and early succession period.
In addition, during this period the process slows considerably
as new staff become familiar with both the process and the
corporate knowledge required to understand the complex
interaction of all elements of the system. This paper is
motivated by the need to mitigate such problems. In
particular, it describes the development of an automated
solution that addresses the above mentioned challenges in
planning and scheduling of the Navy officers through their
training career. The current manual approach inherently
focuses on finding a single feasible solution rather than
searching for an optimal one.

This paper focuses on assignment of students within a
specified course schedule in a way that attempts to minimise
idle time. Considerations of course scheduling, failure rates,
management of supply, and aggregate flow constraints are
topics of other on-going projects.
2.

LITERATURE REVIEW

Scheduling of this kind is a challenging problem in
Operations Research. Generally, combinatorial optimisation
problems are known to be computationally very difficult;
technically they are NP-hard in the sense described by
Lawler, Lenstra, Rinnooy Kan, and Shmoys,(1985). Garey,
Johnson and Sethi (1976) discuss this issue in the context of
similar scheduling problems to ours where a variety of suboptimal search methods have been developed to handle them.
Tabu Search (Glover, 1986, 1989, 1990, Battiti and
Tecchiolli, 1994) has been used in various scheduling
problems with similarities to ours; for example, Job Shop
scheduling (Amico and Trubian, 1993; Hertz and Widmer,
1996; Nowicki and Smutnicki, 1996) and timetabling
3

Pilot and AvWO aircrew categories are only
available to officers and annual student numbers tend to be
smaller that the technical trades fulfilled from the enlisted
ranks.
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Timetable generation is a constraint satisfaction problem,
where both soft and hard constraints occur. Timetable
scheduling has been widely studied and applied on a range of
problems, including employee timetabling (White and White,
2003; Adamuthe and Bichkar, 2012), examination timetables
(Alvarez-Valdés et al., 1997; White and Xie, 2001), and class
timetable generation (Mushi 2006; Sonawane and Ragha,
2014; Deeksha et al. 2015).
White and White (2003) present a program that uses
constraint logic formalism to define scheduling rules and the
Tabu Search algorithm to produce schedules for doctors and
medical students who trained with them at clinical training
units. Deksha et al. (2015) presented the hybrid use of genetic
algorithms and Tabu Search to automate the process of
timetable generation for a college department, taking into
account semesters, subjects, labs and teacher availability as
inputs to generate a schedule that satisfies a set of predefined
hard constraints.
In the military domain, Tabu Search has been applied in
solving military logistics problem of supply distribution both
at the strategic and operational levels (Weber and Bojbuj,
2006). Operational planning consists of the allocation of
supplies and personnel between different locations within a
theatre, while strategic planning involves distribution of
supplies, personnel and other transportation assets between
different theatres of operation. This search technique was
applied for scheduling and re-scheduling of combat aircraft
for air campaign planning, taking into account the changing
conditions in the dynamic, time-critical air battle environment
(Calhoun, 2000).
3.

TABU SEARCH

Invented by Glover (1986, 1989, 1990) Tabu Search is a
metaheuristic optimisation technique that has been applied to
a wide range of large optimisation problems. A key
differentiator of Tabu Search is the use of flexible memory
structures to control moves from the existing "best solutions"
to proposed replacements so that, for instance, a particular
solution is prohibited from revisitation for a specified number
of moves. This memory structure is claimed to prevent
convergence to a local minimum.
More specifically, Tabu Search explores candidates via
specific dynamic queues defined by adaptive memory
structures. These enable the performing of neighbourhood
searches using information gained throughout the search
history. Usually four different types of memory are used:
•

•
•

Frequency memory: tracks how often attributes
change (transition frequencies), or the durations that
attributes have occurred in generated solution
(residence frequencies)
Recency memory: tracks solutions attributes that
have changed in the recent past
Quality memory: differentiated the quality of
solution by identifying common elements within
good solutions
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The solution proposed here combines simulation with
optimisation. The final solution when provided to TA-Avn
will also include a web-based graphical user interface directly
linked to the relevant underlying personnel and training
databases. This will reduce manual inputs resulting from both
short and long-term changes and updates to Defence
infrastructure and policies. The Australian Defence Force is
always evolving, seeking efficiencies, and improving
business practices throughout the organisation. As such the
aircrew training continuum exists within a constantly
evolving frame of reference. Facilitation of automatic
updates would therefore reduce gaps and minimise the
consequences of staff rotation. Improvements like these are
critically important as the TA-Avn organisation manages a
relatively small number of students.

problems. One of the defining features of Tabu Search is the
use of “hard” and “soft” constraints to provide, on the one
hand, the delineation of the feasible space of candidate
solutions, and, on the other, an objective function to
determine the best timetable from an optimisation viewpoint.
Ultimately, the entire search is concerned with minimising
the objective function and as a result satisfying the
constraints.

•

Influence memory:
stores information on the
contribution of an attribute to the quality and
structure of the search process.

Frequency memory falls under the category of long term
memory, whereas clearly recency memory is short term.
Depending on their use, quality and influence memory can
fall under either category. Quality and influence memories
simply provide information about areas of the search space
that may be suitable for finding improvements on the current
solution, given that there is a queue based on the more likely
short term and long term known solutions values. Mixtures of
these kinds of memories permit searches to focus on areas of
the search space where improvements are more likely.
4.

IMPLEMENTATION DETAILS

The Tabu Search algorithm is implemented as a Java
application based around the Optaplanner toolkit4.
Optaplanner is a constraint satisfaction solver primarily
focused on business resource planning and, as such, was an
obvious candidate for this work. In general, Optaplanner
offers a wide range of exhaustive search, constructive
heuristic, and metaheuristic algorithms that can be combined
to create a planner that behaves well for a specific problem.

To model constraints, OptaPlanner has a three-level scoring
system for "hard", "medium" and "soft" constraints. In our
case, hard and soft constraints proved sufficient to describe
the course-scheduling problem, and the medium constraint
feature was not used. The objective is to minimise the total
length of the training time aggregated over all students. While
this might conceivably result in a solution that results in 90%
of students having a relatively short training time and 10% of
students having extremely long training times, this is not
borne out in practice. Bearing in mind that training path
length varies with student types (i.e. pilot, observer,
aircrewman, etc), in scoring solutions, training times were
normalised as percentages of busy and idle training periods.
The program runs by taking the students in order and
attempting to allocate them to courses. As this partial
assignment proceeds, scores are kept for each student and
aggregated. Use of the Tabu specific memory structures
detailed earlier inhibits repetitions of previously used
assignments. Once a feasible solution is found (that is, one in
which all students are assigned to courses in a way that
satisfies the hard constraints, described later), new ones are
generated by swapping students in courses, and the revised
cost calculated, where solutions with worse scores are
discarded.
To improve computational efficiency, partial solutions (that
is, partial assignments) were discarded as soon as their score,
aggregated over the currently assigned students, was worse
than the current best. While this might, in principle, permit
4
5

Optaplanner [http://www.optaplanner.org/]
Drools [http://www.drools.org/]
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Furthermore, the algorithm has been designed to rapidly
decrease the score so that most of the inconsistencies (those
legislated out by hard constraints) are largely eliminated early
in the search. This was achieved via the preliminary “greedy”
search procedure and appropriate rule-weighting updates.
This enables early client-controlled termination of the search,
if the client is satisfied with the sub-optimal solution
presented.
4.1 Constraint Classification and Weighting Criteria
As outlined earlier, the RAN’s aircrew training continuum
comprises a set of “Long” and “Short” courses. The
schedules for the long courses are established well in advance
to constitute predetermined, fixed courses. This creates a set
of inter-course timeslots into which a set of small short
courses must be allocated. Short courses are generally offered
several times each year, allowing student choice between
offerings.
Students are classified according to their future aircrew roles
as Pilots, Observers, Aircrewmen/Sensor Operators, each of
which requires a set of competencies identified in the
associated training syllabus. Consistent with that role, and
training syllabus students are allocated to the required courses
by TA-Avn.
In this work, hard constraints were used to eliminate
impossibilities and so to provide as much freedom as possible
to the planner. In addition, hard constraints were used to force
satisfaction of organisational and operational needs.
Medium constraints could have been used to maximise the
number of students trained within the time window, but
because of lack of predictability arising from extremely
volatile failure rates, this was not done.
A detailed list of constraints and criteria is given below.
Hard Constraints
H1 – No student can be allocated to two or more courses
simultaneously;
H2 – No student can be assigned to two or more repetitions of
a given course;
H3 – A student cannot be assigned to a course which has
already reached its maximum capacity;
H4 – Students cannot be allocated to a course that is not on
their syllabus.
Soft Constraints
S1 –Penalise longer total training times over all students. As
the length of training varies on type of aircrew in
question, the total training time was normalised as a
percentage of the total duration of allocated courses. In
consequence, longer syllabuses allow more idle time than
shorter ones.
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The constraints themselves are written in the Drools
language5, a sister project to Optaplanner, for a variety of
reasons. Firstly, Drools provides a range of optimisations of
rule/constraint development that would require a non-trivial
amount of work if developed directly in Java. Secondly, after
the learning hurdle is overcome, because it is a domain
specific language, rules expressed in Drools are easier to
understand than in the equivalent Java code.

the search to stay in the attractor of a local minimum, the
overall “softness” of the constraints in Tabu Search does
allow for some movement between basins of attraction and
this appears to be enough to prevent the local minimum
phenomenon. During the implementation, and as will be
discussed further in the results section, we have performed
some randomisation experiments that effectively allow
random jumps to different parts of the search space to address
concerns about the local minimum issue. In addition, to
validate this property we have compared our results with
another approach, Simulated Annealing, which is much
slower, but offers some assurances of global optimality
(Granville et al, 1994).

Weighting Criteria
The behaviour of a Tabu Search, i.e. the types of solutions it
favours, can be controlled by adjusting the relative magnitude
of individual constraints, thus making violation of certain
constraints costlier in relation to others.
•
•

•

Each constraint is implemented by making violations
contribute to the overall score.
The contribution of constraint violations to the score is
in terms of the number of violations. For instance, a
move that makes one student complete the course
schedule 100 days earlier while making another 99 days
later is a net reduction in the score, and thereby a better
solution.
Prerequisite violations trigger every time a student has
a course that has a prerequisite that is not finished
before they start that course. We also count all
composite prerequisites (that is, Course A requires
Course B which in turn requires Course C). Thus one
course with 2 direct violations and 10 resultant
composite ones counts as 12 violations making later
courses more expensive ibn prerequisite infringements.

4.2 The Tabu Search algorithm
Figure 1 illustrates the flow of this implementation of Tabu
Search. Initial constraints and their associated initial weights
must be provided in addition to the data, typically leading to
an initial estimation of the timetable/schedule.

Constraint weights are selected and the Tabu algorithm runs
in order to derive the lowest acceptable score. The score
corresponds to the degree to which all constraints are
satisfied. This includes the soft constraint of aggregated idle
time minimisation while still generating a timetable/schedule
for each student. This optimisation while simulating a
credible timetable is a key component of our approach.
5.

SIMULATIONS AND RESULTS

Our results are based on 30 students across a number of
cohorts in the system, simulated over three years. Of these
30, 12 are pilots, 9 are Aircrewmen/sensor operators, and 9
are AvWOs. Theoretically, the optimal score would be -100
for each student (with a total therefore of -3000 for this
scenario), meaning that each student had no idle days and the
allocation was totally efficient.
In this scenario, short courses were run three times a year
with a courses limit of three students per course. Aircrew
training syllabi specify a large number of short courses; the
sensor operator syllabus for example identifies the
requirement for 25 separate short courses. As a result,
students spend significant time waiting for courses, and
scores that approach the theoretical optimal are not
achievable. However, a fast 30 minute Tabu Search yields a
score of -27259, which is approximately representative of the
current, albeit limited, historical data.

(b)

(c)

Figure 1: Shows how Tabu Search is implemented in this
application for course scheduling.
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Figure 2: (a): Shows Course Supplied Timetable (time X
axis, course openings Y-Axis). (b): Shows examples of
constraints including time conflicts and prerequisites. (c):
Shows a Tabu Search derived timetable for a student
(yellow).
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(a)

Figure 2 provides a schematic of the student allocation
problem and an example solution generated by Tabu Search.
Along with a list of students to be allocated to courses, the
planner takes the supplied timetables of all courses as its
input. The course timetables are represented in Figure 2a with
each course along the Y-axis periodically repeating as time
passes, shown as blue boxes along the X-axis (time).
Figure 2b shows how constraints are taken into account. Once
a course is chosen (red box), its repetitions are not considered
(highlighted in yellow). Courses that have time conflicts
(grey boxes) with the chosen course are identified and
weighted according. Similarly, those that have unsatisfied
prerequisite conditions (dark blue) also weighted according to
the specified weighting.
Figure 2c shows a Tabu Search derived timetable for one
student (in yellow), which has the lowest weighting score.
The Figure shows the student is allocated to all courses on the
training path. The waiting time between courses can vary;
however this solution is the lowest after all the hard
constraints were taken into account and, therefore, was
deemed optimal in this particular search.
Concerns that the Tabu Search may not escape from the
attractor of a local minimum were addressed in two ways:

These comparisons were done on the basis of “soft” scores.
Table 1 below provides this comparison between local
minimum avoidance methods.
Table 1: Comparison of indicative average “soft” score
achieved with different search methods
Search Method
Average “Soft” Score
Basic Tabu Search

-27259

Randomised Tabu Search

-27452

Simulated Annealing

-27481
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Notwithstanding, the results provided did show that a basic
Tabu Search derived essentially the same solution as the
randomised approach and Simulated Annealing. Both
findings confirm the stability of our approach.
6.

DISCUSSION AND CONCLUSION

In this preliminary investigation we have shown how a Tabu
Search can be used to provide solutions to the complex
problem of aircrew course timetabling. Our approach is able
to produce schedules with reduced idle time over those
completed manually using Excel with a few minutes of
computational time compared to weeks of manual effort. The
interplay between optimisation and simulation plays a key
role in this contribution, demonstrating how the simulation
can produce schedules that satisfy the optimisation aim of
minimal training time. We have demonstrated that Tabu
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minima.
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random ordering of students for the assignment process.
This would have the effect of moving the descent part of
the search to a very different part of the search space.
2. Our basic Tabu searches were compared with results
from searches using a Simulated Annealing approach.
The latter is described in detail by Granville, Krivanek,
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conditions, to converge to the global optimal.
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Virtual Possibilities: Future Directions for Research and Training in
Virtual and Mixed Realities
Susannah J. Whitney, Justin J. T. Fidock
Defence Science and Technology Group

A range of low cost and commercially attractive Virtual Reality (VR) and Mixed Reality (MR) technologies
are entering the market. These products have the potential to generate engaging research and training
environments due to their increased level of immersion and realism. This has created considerable excitement
about the possibilities these products offer. However, there is a risk that the full potential of these
technologies will not be realised if relevant human factors considerations are not addressed. The Defence
Science and Technology Group is engaged in an ongoing program of work examining the training potential
of novel technologies. Under this program, several evaluations of VR have already been conducted, and an
MR capability is under development. This paper identifies some of the lessons learned, and identifies high
priority, high payoff areas for future research. This includes differentiating between individual technology
and general capability issues, reducing the occurrence and severity of simulator sickness, understanding
fidelity requirements when using gaming products and add-ons for research and training, and understanding
how to use VR and MR for collective tasks. These areas form part of our future work program, which will
help the Australian Army better understand how Virtual and Mixed Realities can increase their capability.
1.

INTRODUCTION

1.1 Definition and current state of the market

Virtual and Mixed Realities can be thought of as points on a spectrum (Milgram and Kishino, 1994) (see Figure 1). At one end is
Reality, the real, everyday world seen around us. At the other end is Virtual Reality (VR), a completely artificial world where
nothing is real. Augmented Reality (AR) and Augmented Virtuality (AV) sit between these two endpoints. We use the term
“mixed reality” (MR) to cover both AR and AV.

AR displays elements of a Virtual environment into the real world; such a capability already exists in, for example, technologies
such as parking assist to help car drivers reverse into a parking space. AV projects elements of the real world into a Virtual
environment. This might include projecting real-world photographs onto an avatar in a virtual environment to create a figure that
is recognizable as a certain individual. A fictional example is the Matrix film series, where the character Neo finds that his
everyday world is a virtual environment, and that he and all other people within the environment are avatars.

Reality

Augmented Reality

Augmented Virtuality

Virtual Reality

Figure 1: The Reality-Virtual Reality spectrum
Examples of commercial applications of VR and AR include head-mounted displays such as the Oculus Rift (VR), HTC Vive
(VR), Microsoft HoloLens (AR), and the Sony PlayStation VR. These systems are either recently released, or soon to be released,
although development versions of some systems have been available for several years1. There is considerable enthusiasm for these
technologies. We are told that VR will ‘change our lives’ (Deffontaines, 2015), that this will have an impact on a wide variety of
human activities from tourism to art to architecture (Bolton, 2016). Researchers are beginning to use VR in ways that they have
1

There are also VR systems that are not head-mounted, such as 360° domes or CAVE projection systems. However, in this paper we focus on head-mounted
display systems given they are comparatively cheaper and more widely available commercially.
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The last few years have seen a rise in the development of commercially available Virtual Reality, Mixed Reality, and other
immersive simulation systems. While these are not new capabilities, the current generation of technologies are available at a
relatively lower cost and with a broader consumer appeal than earlier technologies. Due to their ability to provide highly
immersive 360° environments, these systems can potentially be valuable tools for education, training, and research. However,
relevant human factors considerations must be taken into account to optimize their use. The Defence Science and Technology
group has an ongoing program of work exploring the training potential of novel technologies. In this paper we highlight some of
the lessons learned so far, and identify areas for future research. The paper begins with a short overview, then discusses key areas
of differentiating between capability and technology, simulator sickness, fidelity requirements, and collective tasks. The paper
concludes with next steps. We anticipate providing an update on our research at a future SimTecT conference.

previously used other forms of simulation, with similar justifications, e.g. VR is more realistic than conventional forms of
training, provides greater trainee or participant engagement, and provides access to a wider variety of scenarios (Gavish et al.,
2015, Huber et al., 2015, Ragan et al., 2015, Sheehy et al., 2016). However, as highlighted by prominent VR researcher Bob Stone
(Stone, 2014), researchers, developers, and practitioners need to address fundamental human factors considerations in order for
the current generation of VR and MR technologies to reach their full potential.

Researchers within the Defence Science and Technology Group are engaged in an ongoing program of research examining the
efficacy of novel technologies for military training. The majority of our previous research has focused on areas such as the
affordances and constraints of flat screen simulation, team performance in simulation, and the role of motion in simulation
Whitney et al., 2011, Whitney and Fidock, 2013, Whitney et al., 2009, Whitney et al., 2010), and how there affects its training
potential. Recent studies have begun to explore the use of VR, with an MR capability in development. Based on our team’s
previous research and future work program, we suggest that understanding and addressing the following areas are critical for
effective exploitation of Virtual and Augmented Reality capabilities.
1.2 Differentiating between individual technology vs general capability issues

There are only a small number of commercially available VR and MR systems. It is likely that when an individual is exposed to
VR or AR through research and experimentation, this may be their first exposure to such capabilities. What this means is that
when evaluating systems, researchers need to be careful to differentiate between issues specific to a system or level of
technological maturity, and issues generic to VR or AR as a whole. The former may be fixed with further technological
development and computing power, while the latter may not be as straightforward to address. In addition, in some cases it may be
easy to identify which category an issue falls into, while in other cases it may not.

To illustrate this further, in our research using a specific commercially available VR system, users have identified a number of
factors that they feel require improvement, including the pixelated nature of the graphics display, or the inability to see elements
of the real world within the virtual environment. The graphics quality of this system is an attribute of its current technological
maturity and computing power, and we believe that subsequent iterations of the system are likely to show great improvement.
However, the inability to see elements of the real world is generic to all head-mounted VR systems, not simply the one we use. If
seeing elements of the real world is a requirement, other capabilities such as MR may be more appropriate than VR in this case.

1.3 Reducing occurrence and severity of simulator sickness

The occurrence of simulator sickness (also referred to in the literature as cyber sickness or motion sickness) is not limited to VR,
nor is it a new phenomenon (Davis et al., 2015; Kolanski, 1995). However, rates of simulator sickness appear to be higher in VR
than in other forms of simulation. For instance, one study found that up to 80% of users experienced at least mild simulator
sickness (Cobb et al., 1999). While this was not problematic for most, a smaller percentage of users can experience such severe
levels of simulator sickness that they must cease using VR. In one study specifically attempting to induce simulator sickness, 66%
of participants were unable to complete a 14 minute VR rollercoaster ride due to nausea. Some withdrew after as little as two
minutes exposure (Davis et al., 2015).
In our own research, we have implemented a range of countermeasures designed to reduce rates of simulator sickness, including
limiting the exposure time in the virtual environment to less than half that recommended by the manufacturer; screening out
participants with a history of motion sickness, and designing scenarios to minimise rapid or uneven movement across terrain.
Despite these strategies, in two completed studies, one published and one in preparation, between 10-20% of participants
experienced sufficient levels of discomfort and nausea to necessitate withdrawal from the study (Hibbard, 2015). Data on rates of
simulator sickness in MR technologies do not appear to be widely reported.

These high rates of simulator sickness present a challenge to the use of VR for research and training. The implication is that there
is a strong onus on researchers and trainers to identify people who may be at increased risk of simulator sickness, and to adopt
appropriate mitigation and treatment strategies. This will include technologically-oriented solutions such as improved sensor
latency and reduced pixilation. It should also include habituation, addition of a fixed point of reference, or other techniques
(Brown, 2015, Cobb et al., 1999). In addition, they suggest that scenarios need to be designed to be minimise the likelihood and
severity of simulator sickness.
Most importantly for researchers and educators, the higher rates of simulator sickness caused by current generation VR suggest
that it cannot be used on a like for like basis with desktop or flatscreen-based simulation. For instance, best practice guidelines for
one commercially available VR system recommends users take a 10-15 minute break every 30 minutes (Oculus, 2016b), which is
substantially less than the amount of exposure to flatscreens experienced by users in typical training or experimentation sessions.
This means that researchers and educators will need to distinguish between the highest priority and payoff items most appropriate
for training in VR, and other items which can be satisfactorily trained through other means. It also means that the continued
improvements in technical mitigation of simulator sickness will play a part in determining when to potentially invest in the
technology.
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The implication for researchers and designers is that they need to be nuanced in measuring users’ reactions to VR or MR.
Measurement needs to be sufficiently specific so that it is clear if constraints experienced in a VR environment are a result of
individual technology issues (which may be addressed with further development) or indicate that the VR capability is not the most
appropriate to use. While this delineation is sometimes easy, in other instances it is more challenging to determine. One example
of this is simulator sickness, which is discussed in the next section.

1.4 Understanding fidelity requirements when using gaming products for research and training

Many of the VR and MR products currently coming onto the market are designed for gaming or entertainment. This is comparable
to the early days of dismounted simulation-based training, where Commercial Off the Shelf (COTS) games were repurposed for
professional education and research. These early attempts to use COTS computer games for training and research experienced
difficulties due to mismatches between attributes that made a game fun and entertaining, and attributes that made it appropriate for
research. Some games used for previous research included fantasy elements such as flying goblins, lack of impact on physical
performance from being wounded, inaccurate ballistics models, and the presence of weaponry that was banned under international
human rights conventions (Barlow and Morrison, 2005, McNaughton, 2011, Morrison and Barlow, Tarr et al., 2002, Weil et al.
2005). While these may have contributed to an entertaining gaming experience, they detract from the ability to use the game for
military training and education purposes.
Over time, researchers developed an understanding of how to identify and quantify the relationship between desired training
outcomes and the elements of the simulation environment needed to support this (Salas et al., 1998, Visschedijk, 2010). These are
a good starting point when considering the features of VR and MR environments that may or may not be required to facilitate
training outcomes. However, there are also some unique affordances of VR and MR environments that researchers, industry, and
users, need to take into account when considering if these game environments can be used for training and research.

For instance, how is avatar motion represented in the virtual environment? Is this consistent with movement requirements for the
research of training scenario? A game that allows players free movement throughout the terrain with little or no risk of tripping
may not be appropriate for military personnel rehearsing movement through crowded or uneven terrain. Another area to consider
is, how realistic is the look, feel, and function of 3D aspects of the virtual environment? If real-world activities rely on the use of
walls, trees, and other terrain objects can provide cover and concealment, the virtual environment needs to be able to replicate this
in sufficient fidelity so that users can take advantage of these features.

In addition to the rise of commercially available VR and MR products, there has been an increasing trend for developing products
that integrate with VR headsets. Some of these are intended to facilitate more realistic experiences within the virtual environment,
such as treadmills or chairs to facilitate movement, tracking sensors and cameras to incorporate real world hand movement in the
virtual environment, and increased sensory input such as small bursts of heat or water2.

1.5 Understanding how to use Virtual and Mixed Realities for collective tasks

Given that many military tasks take place in teams, it is important to understand how VR and MR may contribute to or detract
from teamwork and collective task performance. Current commercial technologies tend to focus on single-user environments with
only a small number of exceptions, such as a multi user gaming experience in Melbourne (Zero Latency), and US Army research
initiatives examining the use of AR for collective training (Stevens & Eifert, 2014). Studies of team performance in virtual
environments have tended to focus on characteristics of successful teams (Bozanta, Kutlu, Nowlan, & Shirmohammadi, 2016;
Roberts, Wolff, Otto, & Steed, 2003), but we are not aware of any studies examining the affordances and constraints of VR or MR
technologies in supporting collective tasks.
There is a conflict between a VR environment’s tendency to immerse users and isolate them from the real world, and a collective
task’s requirement for shared communication, awareness, and understanding. Members of a team may be able to see other team
members’ avatars in the virtual environment, but this may not give sufficient contextual detail for awareness and communication,
e.g. it may be difficult to identify which avatar belongs to which team member, and communication will be unable to use nonverbal cues such as body language and facial expressions. A MR capability may be better at allowing communication between
team members.
There are a number of environmental, task and team factors that may enhance or detract from the ability to perform collective
tasks in a virtual environment. These may include the team’s experience in working together in the real world, the extent to which
the task is reliant on non-verbal communication, and the extent to which the virtual environment can support task performance,
such as operating a particular control interface requiring hand-eye coordination.
2.

NEXT STEPS

The development of new VR and MR technology brings with it considerable potential for use in research, training, and education.
However, there are a number of human factors considerations that need to be addressed in order to make sure their capability is
fully realized. We can take note of the lessons learned from previous applications of VR, and from the introduction of simulationbased training. However, we also need to identify and exploit the unique affordances of VR and MR, those aspects that
2

See, for instance, http://www.virtuix.com/, http://www.theverge.com/2016/1/7/10727852/samsung-rink-motion-controllers-gear-vr-ces-2016, http://storeworld.leapmotion.com/, and http://www.cinemablend.com/games/FeelReal-An-Oculus-Rift-Add-Lets-You-Smell-Virtual-Reality-70580.html.
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However, the development of some of these products do not appear to be consistent with manufactures’ recommendations or the
evidence base supporting their use. For instance, manufacturers and researchers note that standing and moving in VR is
problematic due to the potential for disorientation. They recommend that head-mounted displays are best used in a seated position,
or, if standing, in a position with support and movement restraint (Oculus, 2016a, Stone, 2012). In addition, while these products
may increase the gaming experience, it is unclear how these may add to the sense of realism for research or training purposes.
Previous attempts to increase sensory input through the use of scents or electric shocks (Delgado, 2009, Patton, 2014) did not add
to training outcomes in simulation and virtual reality. These findings suggest that researchers, industry, and users need to work
together to make sure that the development and use of add-on products is consistent with recommendations, supported by
evidence, and contribute positively to trainee or user outcomes.

differentiate it from flatscreen or non-immersive simulation. The DST Group’s ongoing program of work in support of novel
training technology aims to identify and address these issues in order to continue to provide expert support to Army. We extend an
invitation to potential partners to contact us to discuss possible collaborations.
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Workshop Overview.
Simulation can offer a highly complex cognitive experience that may overload a learner’s working memory. This
course offers an introduction to Cognitive Load Theory to assist educators to create optimum learning experiences
being mindful of memory limitations.
Expected Outcomes.
•
•
•

Detailed Description.
Working memory is our short term memory that transiently holds and processes new and old information for
comprehension and problem management. Elements processed by the short term memory are packaged and
transferred to long term memory. We rely on this working memory when approaching educational initiatives to help
create long term memories that can be retrieved during patient care. When individuals are approaching new
problems, there is a limited capacity of our working memory that is available to manage these new elements. Novice
learners whose working memory is overwhelmed may underperform and walk away from an educational experience,
confused, having not met the learning objectives of the curriculum. This poses a threat to their practice and to patient
safety. Elements within the flow of a curriculum, time constraints, depth of a topic and level of the trainee can further
impede learning and overwhelm the working memory.
Considering the complexity that simulation training can offer, an educator’s understanding and management of these
factors in a curriculum is imperative.
The workshop will offer a constructive approach using case based collaborative learning to take learners quickly from
an introduction to the ideas, to an application of the concepts. Learners will first be introduced to the concept of
working memory and think about how their own simulation-based courses may be either overwhelming or too simple
for their students. They will then be introduced to the different elements of an intrinsic and extraneous load tool kit as
well as discuss the challenges around the expert versus novice learners. Through a case-based process, participants
will work together to apply the tools of the toolkits to developing elements around a curriculum.
By applying concepts from Cognitive Load Theory to simulation curriculums, educators are armed with a toolkit to
manage the balance between immersive simulation experiences potentially high element interactivity and limitations
of the working memory.
Evaluation.
As this is an interactive workshop, participants will be given intermittent feedback throughout the session as they
work through the cases presented to them. A written evaluation will be offered at the end of the workshop for the
presenters to understand how well the learning objectives were met. The following questions will be asked:
1.
2.
3.

Rate the knowledge of the presenters on the topic. (Likert Scale)
How might you apply the Cognitive Load toolkits provided toward your next curriculum?
What challenges, when considering cognitive load, exist when comparing novice versus expert learners?
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Understand and demonstrate the limitations of working memory
Illustrate practical applications of Cognitive Load Theory concepts to decrease distracting elements in a
simulation curriculum which may inhibit learning
Analyse the differences in educational approaches toward the novice learner and expert learner when
considering cognitive load.
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Workshop Overview.
This ‘hands on’ workshop will guide participants through the stages of scenario design from identifying potential
subject matter, refining scope and objectives, use of templates and effective implementation.
Target group (size and experience level):
•
•
•

Health care clinicians, educators and managers
Up to 35 participants
All experience levels.

Expected Outcomes.
The expected learning outcomes are:
Acknowledge the possible range, scope and sources of contemporary simulation scenario topics
Understand the components of scenario design which contribute to authenticity
Contribute to the creation of a contemporary simulation scenario which addresses an agreed clinical issue
Explore the options for sustaining and evolving simulation scenarios.

Detailed Description.
The development of new and innovative simulation scenarios which connect patient safety imperatives with
contemporary practice issues forms a key component in the implementation of simulation based teaching and learning
activities.
This session will provide participants with practical solutions to enhance their scenario development skills and
highlight any commonly encountered ‘road blocks’ or problems in turning fledgling ideas into robust scenarios. The
session will explore with participants the essential components of scenarios and how to ensure the scenario is
contemporary and authentic. Further, consideration will be given to discussion of the sustainability and future
evolution of the scenario based component of their simulation programs in the wider context of organizational and
resource issues.
The key areas of initial idea generation, use of templates and implementation across various practice/education
settings will form the foundations for the workshop content. The workshop will be interactive guided by the
facilitators so that participants can share experiences, practice scenario development and receive feedback.
Participants will take away strategies to implement or further develop scenario based simulation activities in their
workplace into the future. In additional scenarios developed in the workshop can be shared amongst participants with
the aim to develop these further to advance clinical practice and improve patient outcomes (Kelly & Fry, 2013).
Evaluation.
Participants will be asked to complete a short evaluation at the conclusion of the workshop based on the learning
outcomes. Where relevant, questions will take the form of point Likert scales with the following options: Do not
agree; neutral; partially agree; fully agree; N/A.
Additional questions will ascertain participants’ views on the following:
•

Comment on your capacity to now create (or refine) a contemporary simulation scenario relevant to your
own work context.

•

List the key points for sustaining and evolving simulation scenarios in your own work setting or local area.

•

I will connect with ______________________________ to extend my support network in developing and
delivering simulations
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1.
2.
3.
4.
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Aim of the Education Program.
1.

Gather an understanding of the current use of simulation based education and research in the Clinical
Schools of the Melbourne Medical School.

2.

Inform the development of a strategy and research agenda for the use of SBE and a research in the
Melbourne Medical School and affiliated hospitals.

Methods Adopted.

Melbourne medical graduates are equipped to become outstanding doctors and world class leaders in different fields
of medicine. Students benefit from the University's strong partnerships with excellent general and specialist teaching
hospitals, as well as some of Australia's finest Medical Research Institutes.
As part of the education methodology utilised the MD program incorporates a range of SBE activities to assist in
developing the technical and non-technical skills of medical students. It is recognised that SBE assist in providing
opportunities for students to practice without the possibility of causing harm to patients. This methodology could be
utilised more extensively. It is also acknowledged that SBE has a place in the development of a range of research
activities to assist in improving patient outcomes.
A qualitative study was undertaken in which focus group interviews were undertaken with the five metropolitan based
clinical schools. These interviews included 2-6 participants at each clinical school. Questions focused on the
following areas:
•

Current simulation based education programs in the Clinical School Curriculum

•

Factors that are contributing to success of the programs

•

Barriers to the use of SBE in the curriculum

•

Identified areas for future development

•

Current undertaking of SBE in research

•

Possible future areas for SBE in research to improve clinical outcomes.

This data was then used to assist in developing a SWOT analysis of the used of SBE in the curriculum and research
initiatives.
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The Melbourne Medical School is internationally renowned for its global leadership in teaching and training, and
health research, policy and practice. As part of the University's strategic plan for undergraduate 'New Generation'
degrees leading to professional entry courses, in 2011 the Medical School introduced a new medical course. The
Doctor of Medicine or MD qualification has replaced the previous MBBS course with graduation of the last cohort of
MBBS students in 2013.

Evaluation Data from the Program.
Qualitative data was analysed through a thematic approach for individual clinical schools and also for a overall
compiled comments. The data was then categorises into the framework for a SWOT analysis to assist in informing
future directions for the use of simulation as an education methodology and as part of an approach to research into
clinical improvement.
Conclusions and Recommendations for Future Use and Development.
1.

Use of SBE in the medical curriculum is widespread and predominantly non manikin based

2.

Focus on SBE is on non-technical skill development.

3.

Faculty development, training and availability are the major barrier to the utilisation of SBE.

4.

There is sufficient access to SBE facilities but high cost remains a significant consideration for utilisation.

5.

The use of SBE in research into improving clinical outcomes is a priority; however, remains an area of
uncertainty.
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Promoting Professionalism: Using Simulation to Develop
Critical Reflection.
Dr Andrew Stuart Lane

Sydney Medical School Nepean Hospital
stuart.lane@sydney.edu.au
Aims and Background
Mistakes are common within healthcare, especially mistakes involving the prescribing of medications.
Many of these errors have potential for severe harm to patients including death. Open disclosure is a policy stating
doctors should apologise for errors, discussing them with the harmed parties. Many junior doctors take part in
open disclosure without any formal training or experience. Simulation is a training and feedback method in
which learners practice tasks and processes in lifelike circumstances using models or virtual reality, with
feedback from observers to assist improvement in skills. However how do participants of simulation make
sense and utilise their educational experience?
Methods.

Result.
One superordinate theme was labelled Reflecting on simulation, which describes how the medical students reflected
on the simulation session over time. The theme Learning of value described how their cognition was affected at the
time. The debrief reflection is metacognitive in nature and was aligned with clinical reasoning, however with expert
facilitation this moved towards mindfulness and deeper critical refection. The theme Reflection of value described
how their cognition was affected currently. It highlighted the need to go beyond the descriptive, aligning with
Jarviss theory. The theme Professionalism described how the simulation session will affect their future
cognition. Participants needed to align reflection with their future colleagues and future practice, and the
participants demonstrated a need for ‘belongingness’. It also highlighted the need to reflect with the correct people in
the correct manner to avoid ‘Facebook reflection’.
Discussion and Conclusions.
Medical students and junior doctors possess defects in their cognitive frames that lead them to make incorrect
actions, and therefore achieve poor results. Their actions are often rationalised, therefore avoiding the learning
experience they require to avoid repeating these mistakes. Utilization of the competency matrix the gives
facilitators a powerful tool to promote critical reflection and the development of professionalism. As junior
doctors and students negotiate the competency matrix they become aware of their unconscious incompetence. This
move into conscious incompetence often requires expert facilitation, and this facilitation is further required to inspire
the participants to personally move through the competency matrix to attain the level of unconscious competence.
This inspiration is the instillation of reflective competence, and it is the reflective competence that allows the
participants to develop their professional identity and notions of professionalism.
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By referencing the theoretical frameworks of apology by Slocum et al 1, and thinking fast and slowby Kahnemans 2,
we conducted a Phenomenological study of medical students who had been involved a high-fidelity
simulation session based on open disclosure after medication error. Eight medical students were selected using
purposive and criterion-based sampling, and they underwent four immersive mannequin simulations followed
by focus-group discussions. Follow up occurred during their intern year with face-to-face semi-structured
interviews illuminating their experiences, and interpretation of the clinical scenarios and focus-group
discussion. The data was coded and analysed using Interpretative Phenomenological Analysis, which identified
three super-ordinate themes.

The simulation session enabled learners to complete their introductory experiential learning cycle when they were at
the level of unconscious incompetence on the competency matrix. However, it was the installation of critical
reflection by the facilitators that enabled the participants to achieve outcomes that were ‘not non-learning’, which
resonated with Jarvis’s 3 rather than Kolb’s theory. The installation of critical reflection by the facilitators also
promoted the development of a growth mindset which resonated with Dweck’s Theory 4. This enabled participants to
consider aspects of their professionalism and professional development due to increased cognitive resilience.
Expert mentorship by clinical supervisors and medical educator is required to instil the ability and promote the
ongoing personal desire to develop reflective competence. This translates pragmatically to doctors reflecting with the
right people, at the right time, in the right manner. Lack of expert mentorship leads to cognitive rationalisation
techniques, and an inability to progress beyond the stage of unconscious incompetence when negotiating the
competency matrix. The inability to develop the critical reflection required to develop appropriate professionalism
has been labelled ‘Facebook reflection’.
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Does Authenticity in Moulage Matter? Results of a Systematic
Review
Jessica Stokes-Parish; Robbert Duvivier; Brian Jolly

University of Newcastle
jessica.stokes@newcastle.edu.au; robbert.duvivier@newcastle.edu.au; brian.jolly@newcastle.edu.au
Aims.
The aim of this research is to review current evidence on moulage authenticity and its impact on simulation.
Background.

Methods.
Ten databases (CINAHL Complete, ERIC, Embase, Medline, PsycINFO, SCOPUS, Web of Science, Proquest,
Science Direct and SAGE) were initially searched using the search terms “moulage”“simulation”“authenticity” and
then “moulage” with “realism” and later “fidelity” with Boolean combinations AND and OR, however this generated
zero (0) results. Revised search terms of “moulage” and “simulation” still returned low (< 500 total articles) numbers
of results. We explored other search terms, such as “makeup”, “art”, “special effects”, with no relevant documents
found. To ensure all potential opportunities were explored, we broadened the search strategy again to use the single
term “moulage” in abstract, title and keywords, resulting in a total of 1352 articles at 1 March 2015. Inclusion criteria
were set for English language, within 10 years of publication, peer-reviewed journal article and moulage-related
empirical study. After revision (inclusion of non peer-reviewed articles) due to limited results and a snowballing
search of reference lists, a total number of 9 articles were deemed appropriate for the study.
Result.
The resulting papers were assessed for quality using the Medical Education Research Study Quality Instrument
(MERSQI). Two of the studies were unable to be scored with the MERSQI due to the nature of their report. All
studies were single-site, with varied measures of reporting. Only one of the studies was a randomised controlled trial.
Some studies (44%) included content validity, however none reported on internal structure.
Enrolled participants in the studies varied from 12 to 190, with two of the papers not reporting on participant
numbers. The types of participants were varied, including both undergraduate and post-graduate learners. Study
locations were mainly university-based (n=4), one hospital based, one at a conference and the remaining studies (n=3)
were unspecified. Notably, five of the studies were on dermatology.
Three studies indicated that moulage influenced memory retention in learners (Garg et al 2010; Goulart et al, 2012;
Jain et al, 2013), whilst another concluded in review of their study that moulage may have improved learner
performance (Hernandez et al, 2013). Researchers noted their limitations were the authenticity of moulage.
Specifically, that the moulage was not validated prior to use (Garge et al, 2010; Goulart et al, 2012; Jaine et al, 2013).
Only one of the 9 papers (Langley et al, 2009) set out to assess the validity of moulage. Langley et al (2009) did not
use the word authenticity, however used realism – which could be used to indicate levels of authenticity. Specialists
rated the moulage as realistic, with Langley et al (2009) indicating they would assume transfer of learning would be
increased as a result. However, the study did not include any research to achieve this. In some cases, there was no
mention of validity of the prop at all, other than simply stating moulage was used (Foot, 2008; Atlas, 2005; Taylor,
2014 & Smith-Stoner, 2011).
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Simulation is becoming commonplace due to its ability to closely resemble real-world situations, enable safety in
practice and guide learning in stages. Research shows, regardless of level, the success of simulation is dependant on
participant engagement and effective debriefing (Hayden et al, 2014; Hotchkiss et al, 2001; Roberts et al, 2011;
Rodgers, 2007; Seropian et al, 2004). Participant engagement is enhanced by fidelity, realism, authenticity and the
presence of salient ‘cues’ in the simulation setting – such as moulage techniques (the recreation of physical signs
using makeup and/or prosthetics Diamond et al, 2011). Originally from Egypt and involved in the preservation of the
deceased, moulage is currently used to add realism to the simulated environment.

Discussion.
It seems that using 3D moulage as opposed to 2D (images) could cause better retention of knowledge (Garg et al,
2010). Perhaps this is an indication of the impact of realism – decreasing the cognitive load, allowing the learner to
engage. A number of assumptions could be made here. Firstly, that 3D moulage does indeed improve learning
outcomes. Or was it that the lecture style was not learner-centred and therefore not engaging enough? Interestingly,
Jain et al’s (2013) research found that their students often dismissed the 3D moulage due to the high level of realism –
students assumed it was a real melanoma. This begs more queries. Were the students briefed adequately? Was there a
glitch in the instructional design – i.e. perhaps the learner was inadequately prepared as opposed to related to the
representation of the melanoma. Does this mean that authenticity can inhibit learning? We were unable to draw
meaningful conclusions from these papers due to the lack of detail included.
Conclusions.
Firstly, limited literature resulted in an inability to generalise or provide recommendations for practice - despite the
broad search of literature. Secondly, the majority of research was poorly constructed; studies were small and limited,
mostly with minimal comparison or quality data (eg. Only post experiment surveys of participants were used).
Thirdly, due to the poorly constructed design or reporting, the studies were not replicable.
Despite this, there is a clear assumption by authors of these studies that moulage is essential in simulation-based
education for improved realism and therefore learner engagement (Foot, 2008; Atlas, 2005; Taylor, 2014 & SmithStoner, 2011). Due to the lack of evidence, it is apparent that research is warranted to explore the authenticity of
moulage and its impact on learner engagement...
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Simulation as a Pivotal Learning Modality Within a Blended
Delivery Curriculum for Postgraduate High Acuity Nursing
Programs
Joannet Hardenberg; Kathleen Tori
La Trobe University

Aims.
The aim of this cross sectional, cohort study conducted at the LRHS during 2015 and continuing through 2016, has
been to gain insight into the quality of learning experiences as perceived by students. “Does simulation complement
theory in an effective manner and provide a positive learning experience for students?”
From the above research question a number of objectives arose.
Do students find simulation activities a positive learning experience?
Do scenarios replicate the real world effectively?

Background.
In the beginning of 2013, postgraduate nursing programs at La Trobe University underwent a curriculum review with
the goal to incorporate a blended delivery approach. This resulted in a shift from centralised classroom based
education toward distributed e-learning accompanied by workshops. As a consequence students who now enrol in the
Master of Nursing (Acute care and Critical care) at the La Trobe Rural Health School (LRHS) are presented with
advanced theoretical concepts via an interactive on-line learning platform. Theoretical principles are then
consolidated within four face-to-face workshops at the LRHS clinical school. Simulation is used as a pivotal learning
modality during these workshops.
The impetus behind the research was to initially formally evaluate the curriculum that had been implemented and this
has been achieved during the 2015 academic year. The investigators have found it important however, to continue
researching the students’ experiences and the value of simulation within the curriculum as the academic program
continues to evolve.
Methods.
This study has followed a cross sectional, cohort design. The sample has been purposive and drawn from the first year
of Master of Nursing (HMN) in Acute Care and Master of Nursing (HMN) Critical Care during the 2015 and 2016
academic years. QualtricsTM software (March 2016) has provided the interface for collating data.
Questions addressing student attitudes towards simulation have been embedded in the survey following a Likert scale
with five choices ranging from ‘strongly agree’ to ‘strongly disagree’. Comments boxes have been included within
choices to allow students to elaborate on their answers or provide reasons behind choices selected.
Prior to, and on conclusion of simulation sessions, students also receive an on-line knowledge quiz created within the
survey software. This has allowed a snapshot of concept understanding after receiving on-line theory (pre-simulation),
after a guided simulation case study session (post-simulation) and 8 weeks post the activity.
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Does simulation consolidate theory presented in the e-learning platform?

Result.
In 2015, a total of 29 of the 37 high acuity nursing students responded to the initial survey; representing a 78%
response rate. Whereas 23 students, or 62%, responded to the final survey during the post simulation phase of the
study.
Results so far have indicated that 56% of students agreed strongly and 22% agreed that the provision of simulation
into the curriculum offered a “good learning opportunity”, a theme which has remained relatively consistent across
the pre and post simulation activities.
The majority agree that the scenarios replicate the real world effectively with 62% of students strongly agreeing and
38% of students selecting ‘agree’.
Results have indicated that across the time line student retention was greatest immediately following the simulation
with an average score of 9.7 out of a possible maximum of 12, as opposed to the pre simulation exercise with original
average score of 7.8. Minimal noticeable difference was identified at the eight week mark.
Discussion.
Results have suggested that students appreciate the value of simulation and agree that it complements theory well.
Overall the median response for all questions in the surveys provided thus far have included ‘ agree’ and ‘ strongly
agree’ which depicts a favourable attitude towards simulation as a learning modality. Additionally, outcomes so far
support the premise that theory is consolidated and knowledge gained when students partake in simulation in a
stepwise manner from practice stations, to guided case scenarios to immersive simulation sessions. This study
continues into 2016 and more results are forthcoming.

This study has been valuable in presenting a formal evaluation of the blended delivery curriculum. It has assisted in
informing the researchers and curriculum designers in regards to what is required for these post graduate nursing
students. However, it provides information on knowledge gains and attitudes in a select group of students only; Those
students engaged in a Master of Nursing in Critical Care or Acute Care at the LRHS in Bendigo, Australia.
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An Evaluation of a Course on the Scenarios Development for
Clinical Simulation in Nursing Education
Tulay Basak; Vesile Unver

Gulhane Military Medical Academy
Aims.
The purpose of this study was to explore the nurse educators' views on a course about scenarios development for
clinical simulation in nursing education.
Background.
Development of clinical simulation scenarios are essential for simulation based education.Nurse educators
should write objective-driven scenarios to provide efficient simulation activities. In healthcare education, a
scenario defined as a patient case with a main storyline and having the aim of bringing out specific learning
outcomes for the participants and observers. Scenarios used in education contexts help students synthesize theory and
knowledge in relation to a clinical example.

The study was designed and performed as a descriptive study. The participants in the study were nursing
educators at a nursing school in Turkey. Eighty–four nurse educators participate in a two-day in-service course
organized by authors. On the first day of the course, a two-hour training session on the “development of clinical
simulation scenarios” was delivered to all of the nurse educators. Later, the nurse educators were divided into
fourteen equal groups. Each group consisted of approximately six nurse educators. Fourteen cases were developed
by the nurse educators who participated in the course. “The South East Thames Interactive Course Evaluation
Instrument (SETh-IKD)” scale was administered to the nurse educators at the end of the course. The scale included 18
items, each of which was responded by one of the five choices and rated between 1 and 5. A mean score above 3 was
considered to reflect a positive opinion. The data were evaluated by using the SPSS (Statistical Package for Social
Sciences) for Windows 15.0 (SPSS Inc., Chicago IL. USA statistics software. Means, standard deviations, frequencies
and percentages were used in the descriptive analysis of the data.
Result.
Among the nurse educators who participated in the study, 97.4% were women, and 2.6% were men, and their mean
age was 34.40±8.79 (Min: 28; Max: 64). The overall mean score of course evaluation was 4.30.
Discussion.
Interest in simulation-based education has been increasing in Turkey. However, since the one of issues about
simulation based nursing education, a course on the scenarios development have not been performed yet.
The aim of the course was to develop simulation scenarios development for undergraduate nursing students,
which will help them to develop communication, decision-making, problem-solving, teamwork, and skills that
are required to be achieved when the students graduate. The responses to Item 13 (I want to know more about
this subject) received an average score greater than 4 points.
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Methods.

Conclusions.
The feedback from the nurse educators was considered to reflect a positive opinion about the course. Also
they satisfied with the course, and recognized the importance of objective-driven scenarios, and reported that
this course was useful to design clinical simulation. This study will need to be replicated with other types of
courses about simulation based education in nursing education and with larger numbers of nurse educators
before it will be possible to generalize about the effects of the course evaluation.
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Using Child Actors as Simulated Patients Within Nursing &
Midwifery Higher Education
Natasha Budd; Penny Harrison
University of the Sunshine Coast

Research Question.
How might the inclusion of ‘child client’ simulations in nursing curricular enhance student learning?
Methodology (proposed).
The ontological approach of this study is based in Donald Schön’s (1973) ‘the learning society’ It is a practical
concern regarding the ongoing improvement of learning environments and the processes that facilitate them. With this
approach guiding the inquiry the study employs ‘action research’ (McNiff and Whitehead 2006) as the primary
research strategy. Action research is an iterative process that emphasises systematic reflection before, during and after
practical work. Schön (1983, 1987) defines these reflective phases as ‘for-action’, ‘In-action’ and ‘on-action’.
Together they form a cycle that is repeated in a process of refinement. This project is designed in two research cycles
undertaken over an 18-month period and is positioned within a constructivist epistemology.

Analysis of data will be focussed on identifying key aspects of student and performer experience and simulation
efficacy. Data from observation and focus groups will be analysed using qualitative content analysis. According to
Wilkinson (2004), content analysis “is based on examination of the data for recurrent instances of some kind; these
instances are then systematically identified across the data set, and grouped together by means of a coding system.
Results.
The first cycle of simulations will take place in June 2016. Results from the June cycle of practice will be
incorporated into the Work in Progress presentation
Questions for the Audience.
1.

Are you aware of any research projects exploring the use of child performers in health simulation either
current or otherwise?

2.

Would the outcome documents (policy doc and training manual) be of interest to your institution?

3.

Do you have experience of a need in this area of research?
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Soft Overcomes Hard: Simulation Leadership as Mediation of Choice
Architectures
Cory Wright-Maley
St. Mary’s University.

ABSTRACT

Article accepted:
(May 2016)

Teachers, many of whom are trained to lead their students through learning activities, as
director of the learning process may find that they struggle to use simulations.
Simulations—dynamic, chaordic, and often unpredictable—tax this model of leadership;
they require instead a leadership model that is flexible, responsive, and equally dynamic.
Simulations are activities that typically represent processes or systems that flow and
develop from their own inertia. Teachers who use this approach to learning need not be
involved as overtly in the process of the simulation as they do with more traditional
teaching activities. Yet, it can be difficult for teachers to reimagine a leadership role that
largely removes them from the activity. As a result they may impose themselves in ways
that are disruptive to the natural flow of the simulation. In this paper, I propose a
conceptual framework to help teachers reimagine their role as leaders in simulations. This
framework draws from the field of behavioral economics to help enable teachers to
engage in the simulation leadership process less directly and yet more effectively by
adopting a leadership approach based in libertarian paternalism through the use of design
architectures.

Key words:
Simulation
Social studies
Libertarian paternalism
Nudge
Teacher control
Corresponding author at:
St. Mary’s University
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1.

2.

INTRODUCTION

Conceptions of leadership require a deep understanding of
what is being led. While this statement may appear to reflect
common sense, even to the point of banality, teachers who use
simulations often fail to recognize the importance of this issue
when considering their role within the simulations that they
employ. Many teachers are accustomed to leading their
students through learning activities, directing each step of the
process of their learning. Simulations do not, however, work
effectively within this model of leadership. Simulations are
activities that typically represent processes or systems that
flow and develop from their own inertia. Because this is so,
teachers need not be involved so overtly in the process of the
simulation itself. Yet, it can be difficult for teachers to
reimagine a leadership role that largely removes them from
the activity. As a result they may impose themselves in ways
that are disruptive to the natural flow of the simulation.
It is here that Lao Tsu’s (1993) wisdom comes to bear on the
issue of leadership. He argued that the best leaders are ones
whose actions are effectively invisible to those whom they
lead and to such an extent that the people believe themselves
to have taken action without interference or molestation. It is
this “soft” approach to leadership that I am proposing as a
framework for leadership in the implementation of
simulations, one that is simple and yet so difficult to attain.
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SOFT OVERCOMES HARD

In a recent paper I theorized that we can view teacher
intervention in their simulations using a framework of soft
and hard forms of control (Wright-Maley, 2015a). To do so, I
borrowed from Joseph Nye’s (1990) conceptualization of soft
and hard mechanisms and manifestations of power. In this
paper, I will expand upon this theory and research to develop
further a way of thinking about teacher leadership for
simulation management and to develop a framework for
training teachers and instructors to act invisibly in the
processes of their simulations. In the proceeding sections of
this paper I describe the interrelated nature between
conceptions of hard and soft control that ground this
theoretical approach and the manifestation of teacher
resistance and reticence to utilize soft control. I will then
argue for a multi-staged approach for developing teacher
leadership capacities that is predicated on libertarian
paternalism, as articulated by Richard Thaler and Cass
Sunstein (2009) in their bestselling book Nudge. In borrowing
this concept from behavioral economics, I argue that we may
be able to help teachers to more effectively implement and
manage simulations.
2.1 Hard and soft control
To develop this framework I borrowed Nye’s (1990)
conceptualization of hard power (forcing other nations to act
in accordance to your preferences) and soft power
(influencing others without force, or threat of force, to ally
with your interests). Just as nations do, teachers exercise
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power over their students by way of their status, the structure
and culture of schooling, in their role as evaluators, and so on.
This power is deployed for the purpose of managing (i.e.,
controlling) students in their classrooms. My adaptation of
Nye’s terminology is only slight: hard control, “refers to the
teachers’ efforts to exert overt control over students as a
means of compelling them to act in particular ways within the
classroom; soft control refers to the exertion of their efforts to
influence the dynamics of classroom events while maintaining
student autonomy” (Wright-Maley, 2015a). I contend that the
latter approach is pedagogically preferable, yet constitutes a
transgression of teachers normative and default practices.
2.1.1. Hard control as default practice

This tendency to gravitate to default practices is reified by the
chaordic nature of simulations. Because it is much easier for
teachers to see the apparent chaos of an enacted system when
viewed as a single entity, and much more difficult to see the
order inherent in the constituent actions of individuals within
the chaotic system, teachers are more likely to view it as outof-control. Once teachers have come to this conclusion, they
are likelier still to default to hard control in order to lead
students out of the chaos in order to restore order. But in
doing so, they undermine the process upon which the
simulation is predicated.
2.1.2. Seeing order before chaos
Before teachers can alter how they engage with
simulations, however, they must first and foremost become
attuned to the ways in which order is occurring rather than
chaos. Only when they are able to do so, will they come to
recognize that simulations have structures built in to their
architecture that create order from chaos that does not
necessitate this kind of overt interference on the part of the
teachers. Developing a leadership of non-action is neither
intuitive nor easy, even while it is pedagogically imperative.
2.1.3. Student perceptions of teacher control
Research on the matter of student perceptions of teacher
control is enlightening, and helps to inform a different
approach to simulation management that eschews hard
control. Scholars have concluded that student achievement is
lowest both in classes where teachers are perceived as having
little control over the classroom and when teachers are
perceived as being preoccupied with control (Eshel & Kohavi,
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If we can help to prepare teachers to lead simulations in ways
that abandon the hard control default in favor of methods of
soft control, such training will help to free them of the
responsibility of directing the simulation as a means of
producing an experience for their students. This has the
additional potential to enable teachers to redirect their
energies toward helping individual students who may be
struggling with the simulation, or to redirect students in more
fruitful directions.
2.1.4. Teacher as mediator
No longer leader of the classroom, teachers become the
invisible hand of the simulation, mediating students’
experiences and learning with great stealth (Wright-Maley,
2015a). The question in this arrangement of course is how
does the teacher intervene to prod their students in specific
directions without seeming to control the students who are the
recipients of their attention? Like anyone else, students want
to have autonomy over their lives and their learning. And
although we have a responsibility for shaping the learning
experiences of students, we would be wise to do so in ways
that respect that need for autonomy. The field of behavioral
economics may provide an important tool to help them to do
so more effectively.
3.

ENTER THE NUDGE

Behavioural economics is not a new field, but one that is
beginning to be recognized for its contributions to other
domains of practice. Two books in particular have helped to
bring to light the insights garnered from decades of research
in this area: Dan Ariely’s (2008) Predictably Irrational and
Thaler’s and Sunstein’s (2009) Nudge. One of the key
insights, perhaps the key insight that both authors expound
upon is that human beings are not rational: they will not make
rational decisions even with perfect information. In fact, these
authors argue convincingly that not only are people not
rational, but inevitably think and behave irrationally in
predictable ways that can be shaped and manipulated by
external forces.
3.1 Humans as error-prone processors
In various domains people make common errors, make
choices based on the placement of products, conflate ideas
that are not actually connected, and act in ways that belie the
way they believe they will respond to a given stimulus. This is
because people use two different cognitive systems for
decision making, an automatic and a reflective system; and all
too often it is the automatic system that that is responsible for
our decision-making. This is our default system, the one we
use when we make decisions in the moment. To process
information quickly and to react in a timely manner, we rely
on rules of thumb when utilizing the automatic system. But
because of this reliance on cognitive shortcuts, the automatic
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We know with some degree of certainty that social studies
teachers tend to default to hard control and have difficulty
considering alternatives to traditional forms of classroom
management (Apple, 2004; Giroux, 2010; Kaufman & Moss,
2010; McLaren, 2003; McNeil, 1982, 1986; Pace &
Hemmings, 2007; Ross, 2010). Pierre Bourdieu (1977)
attributed this inertial tendency to the habitus that individuals
inhabit. In other words, the culture of teaching (the habitus)
inhibits change by delimiting what practices are preferable, or
even possible. This means that these practices are limited by
something of a horizon that prevents alternative visions of
practice. One’s habitus forecloses professional imagination
beyond those boundaries. For example, the habitus of hard
control makes it difficult for teachers to overcome traditional
approaches to leading student learning. Consequently, a
teacher, bound by a delimited habitus can be their own
impediment to using simulations as effectively as they
otherwise might.

2003; Kiany & Shayestefar, 2011; Pace, 2006). Pace (2006)
found that the latter condition led to increased student
resistance to learning. This may be particularly true when
students perceive that teacher control leads to diminished
student autonomy. When considering simulations, which
hinge on dynamism (often) mediated by student autonomy in
decision-making, instantiations of hard control can arrest what
might otherwise be fruitful pedagogical experiences (WrightMaley, 2015a).

system is also susceptible to cognitive biases and errors as
well as a tendency to rely on default positions (e.g., habits).
These failures might be apprehended by the reflective system
if we allot sufficient time and energy to the decision;
however, we frequently do not (Thaler & Sunstein, 2009).
Take for example of the vertical handle on a push door. Thaler
and Sunstein use this image to illustrate how our automatic
system can lead to failure repeatedly. Even when people know
that they need to push the door inward, the signal that they
receive from the design of the door’s handle supersedes our
reflective system that would help us to recognize that we have
to push the door to open it. One of three classrooms I
regularly teach in is designed this way and I invariably try to
pull the door open even when I’ve reminded myself to push it
only moments before. These scholars argue, “the idea is that
you want the signal you receive (the stimulus) to be consistent
with the desired action. When there are inconsistencies,
performance suffers and people blunder” (p. 84).

A less capable teacher might have told his students that they
could not collude, or that they were not acting in the spirit of
the simulation. But doing so could have what I referred to as
attenuation effects, on student flow states, student desire to
participate freely in the simulation, and on the learning
potential of the simulation (2015a). Instead, this teacher
suggested to these two groups of students that if they really
wanted to work together they could always show each other
their nations’ secret goals—these included oil production and
national income goals as well as how much oil their nations
had really (as opposed to what they claimed to have) produced
in previous rounds. This would be rational, but [[Insert
Name]] was aware that his students’ irrationality was
predictable: they refused his offer (their choice) which
undermined their efforts to collude (his preference). By
intervening in this way he maintained the integrity of the
simulation’s choice architecture, but also impelled students to
make choices that furthered his pedagogical aims.

3.2 Choice architecture to mediate leadership

4.

This approach could help to strengthen, rather than diminish
the leadership role of teachers within simulations. Because
humans are irrational, prone to errors and biases, and are
subject to automaticity in decision making, the design of even
well-considered simulations are unlikely to be foolproof.
When these glitches in the matrix reveal themselves, the
teacher needs to act to reorient participants so that they are
able to return to their flow state (see Shernoff &
Csikszentmihalyi, 2009) with minimal disruption.
If teachers lack the capacity to do so, they may try instead to
control (hard control) the flow of the simulation. This, in my
experience both as a researcher and as a facilitator of
simulations, serves only to hasten the collapse of the
simulation. At the very least, such intervention seriously
handicaps its pedagogical potency (Wright-Maley, 2015a).
The simulation leader, steeped in an understanding of choice
architectures can instead insert themselves momentarily in
order to nudge participants in more fruitful directions.
Take by way of example how a participant in one of my
studies succeeded in redirecting students during his simulation
of OPEC. The purpose of this simulation was to illustrate the
difficulties that oligopolistic cartels have in maintaining
control over markets. [[Insert Name]] recognized that students
were colluding too effectively, which did not reflect the
realities of OPEC, nor would it help to reveal the underlying
processes of game theory and the free rider effect that come
into play in oligopolistic markets.
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THE MACHINATIONS OF MANIPULATORS

This pedagogical move makes some scholars uneasy. What
does it say about our professions if we imbue our practices
with pedagogical approaches that necessitate manipulation?
This is especially distasteful for those whose philosophical
stances wax critical and emancipatory or libertarian (whether
from the Left or Right). But as Thaler and Sunstein (2009)
point out, this is based on the false premise that the
curriculum choices we make as well as the choice
architectures into which we thrust our students are not already
manipulative, or are somehow free of coercion. Apple (2004),
Giroux (2010) and others have continually reminded us of this
fact. In other words, we should not pretend that the
manipulations we enact to nudge participant actions are of a
different quality than those that the designers of the
curriculum we teach or the simulations we use put into place
for us; it is only that we believe that we can plausibly deny
our own culpability for the latter.
Take for example the choice architecture of the supermarket.
Our eyes are drawn to items located on some areas of the shelf
or aisles as a natural function of how we scan our
environments. A random placement of items leads people to
choose certain items over others as a function of their location
in the architecture. By consciously using those same locations,
choice architects will lead people to choose different items by
taking advantage of the preferred locations. The architecture
has not changes, but how those in charge of organizing or
arranging that architecture choose to utilize it can lead to very
different outcomes (Thaler & Sunstein, 2009). This is just as
true of curriculum and teaching as it is for product placement.
4.1 With great power comes great responsibility
We would be abrogating our responsibility for student
learning if we were to ignore our power to influence their
behaviors within our simulations, but we must be mindful
about how we do so. Thaler’s and Sunstein’s (2009) Nudge is
predicated upon a commitment to libertarian paternalism,
which they admit might elicit initially negative feelings on the
part of readers. Nevertheless, they argue that this concept
provides a framework that safeguards the chooser’s (the
students’) autonomy, while also helping to ensure for the
choice architect (the teacher) that students meet certain key
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What Thaler and Sunstein propose is that we give greater
consideration to a “choice architecture” (p. 83). Doing so
enables designers to more seamlessly direct people to navigate
these structures. In the same way, teachers who come to
understand the choice architectures of simulations are likelier
to be able to trust in the process that the simulation’s choice
architecture provides as a mechanism for guiding students
toward the teacher’s learning outcomes. This study of choice
architectures must take into account the fallibility and
susceptibility of our students’ choices; the biases, errors, and
default positions that tend to guide them; and the ways in
which teachers can lead them to alter their behaviors within
the system with subtle, but influential nudges.

learning outcomes. In light of this framing, teachers as choice
architects must take pains to maintain student choice while
also embracing their role as a mediator who can, and perhaps
should, seek to influence those decisions by taking advantage
of the choice architecture to shape student learning.

simulations. To design these experiences effectively, teachers
need to be able to think through how their students are likely
to make choices, which is where the other nudge
considerations can help teachers to develop and make use of
effective structures.

Let me return again to the OPEC simulation example I used
earlier. Josh Pollan placed in front of his students a choice that
they were not considering, or were at least tacitly agreeing to
ignore (sharing their secret goals and production numbers
with each other). In exposing this possibility, his students
were obliged to make a choice about whether or not to share
this information with each other. This choice was consistent
with, and already present in the architecture of the simulation.
Although students could have chosen to share (collude) or not
(compete), he nudged them to make an explicit choice that
helped him to achieve his pedagogical aims: his students we
now forced to confront game theory in practice and to
consider whether to competition or cooperation was the most
rational decision for their respective nations.

5.3.1. Incentives

5.

SIMU-LEADERS AS CHOICE ARCHITECTS

Given the arguments I’ve laid out above, I contend that
teachers who use simulations may be able to shift away from
the traditional measures of control by seeking to develop
effective strategies through the lens of libertarian paternalism.
To do so effectively with simulations teachers need to follow
four imperatives:

2.
3.
4.

Create Simulations as Effective Choice
Architectures
See Order in Chaos
Respect the Sanctity of Flow
Nudge only when necessary

It is sometimes easy for students to recognize their incentives,
but it is also important for teachers to recognize that how the
incentives are revealed to students will help determine how
they make those choices. For example, if students are
presented with the offer of a prize (which is the case in
[[Insert Teacher Name]]’s class) for anyone who achieves
their goals for the whole game, the way they will view that
incentive will be different than if the teacher offers a prize for
just one group or individual or offers stratified prizes. By
mapping out how one presents these incentives, teachers can
more effectively influence both the direction and intensity of
student decision making.
5.1.3. Defaults

Teachers and designers of simulations not only have to
consider the ways in which the simulations we use represent
real life, promote dynamism, are inclusive of our students, and
achieve our pedagogic aims (Wright-Maley, 2015b), but how
we best achieve those within the structure of the simulation
itself.
5.1 Considerations for Teachers Using Choice
Architectures

Choice architects need to consider relevant student defaults
carefully. These defaults are “unavoidable” insofar as any
“choice architecture system…must [have] an associated rule
that determines what happens to the decision maker if she
does nothing” (p. 83) Designers have to consider how
participants who opt for inaction will be affected, and how
those impacts will be communicated. For example, in the
OPEC simulation, the default option is zero oil production.
The students cannot meet their income goals if they do
nothing, and in more complex versions of the game, may have
to deal with civil unrest in their nation if they do not meet
those goals.
5.1.4. Feedback

Thaler’s and Sunstein’s (2009) framework provides further
insight here. They argue that effective choice architectures
must include a consideration of several features that the
helpfully present as a mnemonic:
iNcentives
Understand mappings
Defaults
Give feedback
Expect error
Structure complex choices
Taken out of order, the most obvious of these considerations
with regard to simulations is the structuring of complex
choices. When choices are too superficial or simplistic, there
is no room for students to find flow; students require
sufficient complexity within their zone of proximal
development to fall into a flow state (Shernoff &
Csikszentmihalyi, 2009). But the complexity of these choices
is mediated by the choices we make as designers about how
our students encounter the phenomena embedded within our
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5.1.2. Understanding mappings

This brings us to feedback. Students need feedback
throughout the simulation in order to determine whether they
are making effective choices, and this includes the do-nothing
option. In the OPEC simulation, students receive feedback in
the form of the price of oil at the end of each round. If they
collectively overproduce oil, the price of oil can be
dramatically lower than what they had forecasted, leading
them to miss their income targets. Human decision making is
predictably irrational in many cases, and in these cases it is
easy to build into the simulation feedback to reflect these
predictable choices.
It is ideal if the teacher/designer considers in advance how the
simulation system will provide that feedback. But it may also
be necessary at times for the teacher to move in to support
students who do not appear to be learning from the
simulations internal mechanisms of feedback. This might be a
simple as noticing, “I see you keep trying this strategy, and it
does not appear to be working,” or prompting students to
articulate what their goal is. It may also be more active and
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1.

How are students incentivized within the structure of the
simulation? For example, are students incentivized to
cooperate or to maximize individual gain? In the case of the
OPEC simulation, cooperation is only a means to the
maximization of individual gain. If students are rewarded as a
group, the outcome and lessons will likely be different from
one that rewards individual achievement.

supportive, in which the teacher may need to actively scaffold
the participation of higher needs students.
5.1.5. Expect error
At times students will make decisions that we fail to predict,
or ones that are based on a misunderstanding of the choices
available to them within the system. Simulation design simply
cannot account for all of the vagaries of human choice. This is
where the teacher must be prepared to watch patiently and
intervene when necessary to nudge students back into the
framework of the system. For example, if students do not
understand the law of supply and demand, or are making
errors in their calculation it is incumbent upon the teacher to
intervene.
These errors should not, however, be confused with students’
efforts to try to subvert or supersede the structure of the
system. A well designed system is unlikely to be undone by
such actions.

5.2 Nudges in action
Nevertheless, teachers might nudge students by reminding
them that the incentive can only be won by a single individual
or group, or that there are no international monitors in place to
determine how much oil they actually produce. The teacher
might also inform students that will collect their production
totals privately from each group at the end of the negotiation
round. None of these nudges tell students what they must, or
even should, do.
The implication, however, is clear that alternative choices to
the ones they have established exist within the choice
architecture of the simulation. After Josh Pollan provided one
such nudge, an exasperated student exclaimed, “Mr. Pollan,
you’re such an enabler.” He replied with faux innocence that
he was only providing them with an idea he thought might be
helpful and that it was they who made the choice. It is in this
simple interaction that reveals the power of a libertarian
paternalist style of leadership in simulations.
In the same instance, this moment demonstrates how, in the
words of Lao Tsu (1993), “soft overcomes hard,” and how
[[Teacher’s Name]] “Nothing” suggestion could “conquer so
easily” his students will to collude, and without the use of
force to control them or the choices they would ultimately to
make (78).
6.

CONCLUSION

In this paper I have sought to illustrate the ways in which the
insights of behavioral psychology may offer a path forward
for training teachers to be more effective implementers of
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To be sure, much work has yet to be done to test this
theoretical conjecture. Nevertheless, if this approach were to
demonstrate even moderate improvements in simulations
pedagogy, this framework could enable us to promulgate the
use of simulations in contexts that have traditionally found
limited success with simulations or avoided them altogether.
Nudge.
7.
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Take for example students’ decisions to share collectively
their secret goals with one another. Interfering would be
counterproductive because it would disrupt students’
autonomy, and potentially subvert their motivation to continue
their participation in the simulation. But such intervention is
likely unnecessary because the design architecture is such that
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and game theory. These economic imperatives, motivated by
the incentives for personal gain will almost certainly
undermine students’ solidarity over the course of the
simulation.
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This study provided an opportunity to look across disciplines and beyond
regular roleplaying and standard digital-environment-based business games to
a successful, long-running. unique blended simulation in a different yet related
field. The lessons learned from the “anywhere anytime” simulation design for
undergraduates in Political Science at McGill University in Montreal, Canada,
provide guidance for the design of a similar simulation model for use in
undergraduate business management and leadership courses.
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1.

INTRODUCTION

This study highlights innovations in blended simulation
design. Students use their own mobile technology to conduct
the simulation both on-line, primarily through emails, and
face-to-face over seven days in an “anywhere anytime”
format. No complex or propriety software is required. The
immediacy of business communications is successfully
modelled and students produce a wide variety of material on
websites and social media.
2.

OBJECTIVES

The overall goal of this research was to add to our
understanding of blended education simulation design with
the end goal of designing a new simulation for an introductory
business management and leadership class. The study built on
the extensive research on educational simulations generally
and undergraduate business simulations specifically. A
blended real time model, the Peace-Building Simulation
(PBSim), a component of an undergraduate political science
course at McGill University was formally investigated for the
first time to determine elements to incorporate into future
simulation designs.
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The study provided an opportunity to look across disciplines
and beyond regular roleplaying and standard digital--based
business games to a successful, long running. unique blended
simulation in a different yet related field. Anecdotally, the
Peace-Building Simulation resonates with students. Why? The
study explored the PBSim to determine what can be learned,
how it fits within the literature and how we can extend our
knowledge for future design efforts. The potential for
adaptable, personalized, and engaging learning experiences in
business education and education generally is only growing
with our increased ease with and use of digital tools. The
Peace-Building simulation design has the potential to be
adapted for other courses and disciplines.
3. PEACE-BUILDING SIMULATION, POLITICAL
SCIENCE 450, MCGILL UNIVERSITY
“By far the best educational experience I have had at
McGill”
Student in the Peace-building Simulation, March 2015.
The simulation, which the course instructor and simulation
designer, Dr. Rex Brynen, has run since the late 1990s, takes
place over a week long period at the end of each term of
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The results of the data collected through surveys, focus groups, interviews and
field observations during the weeklong simulation suggest that students are
highly engaged and productive with this blended simulation format.
Interestingly participants anticipated they would be both highly engaged and
highly stressed during the experience, and those expectations were realized. A
community was created during the week and the instructor involvement and
modeling positively influenced the outcomes. Some gender differences in
expectations and engagement were found. Sixteen design principles were
distilled from the study for use in a future simulation designed to immerse
student managers into a complex business environment.

Political Science 450. The students take on roles in the civil
war taking place in the fictional country of Brynania (based
on multiple real and current conflicts) where a peace treaty
has just broken down. No formal classes are scheduled during
this time. Each student either is selected (through an interview
process for some larger roles) or chooses a leadership role
beforehand, ranging from the President of a country in
conflict, to a U.N. agency head to the leader of a rebel group.
Students receive detailed information on their roles and
formulate goals for themselves before the simulation begins.
Each day represents one month in the life of the conflict.
Information, via e-mail, is disseminated to participants
formally every morning (e.g., updates on refugee camp
conditions, locations of insurgencies, donations from NGOs)
and continues through out the day in the form of bulletins,
“press releases” or specific communications to groups and
individuals. Students must decide what actions to take (often
what money to spend and how to appeal for more funding).
They communicate with their own groups and other agencies
through emails as well as social media (i.e., Twitter) and build
websites to publicize their agendas.
The Peace-Building simulation was studied for this education
doctoral thesis due to some of its interesting and possibly
unique characteristics, and its potential applicability to a new
business simulation design.

RELATIONSHIP TO BUSINESS

The modern business simulation has roots in war games
modeling developed during WW2
(Faria, Hutchinson,
Wellington, & Gold, 2009). The content and skills addressed
in the PBSim (i.e., looking at the aftermath of war/conflict)
include topics such as planning, strategy, negotiation, team
dynamics and general management as well as skills such as
budgeting and communication.
These are topics also
commonly addressed in standard undergraduate business
courses. The PBSim offers an exciting opportunity to look
across disciplines at a “mature” simulation that covers many
of the same topic areas as business.
The PBSim has some interesting features relevant to business.
Students are involved in it for a full week. Participants may be
called on at any time to communicate, meet, review
information and make decisions. The immediacy and time
pressures make this simulation very realistic and there are
obvious parallels to operating in the modern business
environment.
Standard
technology
is
used
with
communication to students via e-mails and social media using
cell phones or laptops. The students are given more
information than they need – they must sift through it to
determine what is relevant. Participants also meet face-toface and may make formal presentations to other groups. This
simulates the modern business world where communication
takes place through a variety of methods, and can be
overwhelming, requiring continual attention to determine
what is important. Participants in the PBSim must
communicate across cultures to negotiate peace, once again
providing a comparison to the modern global business
environment with all of its cross-cultural complexity.

“The Brynania simulation is intended to recreate many of the
issues, challenges and operational dilemmas confronting reallife decision makers concerned with war-to-peace transitions.
Participants (or teams of participants) will assume the roles of
the various parties to the conflict, regional actors, selected
external states, international organizations and NGOs. The
simulation is largely conducted by email, supplemented by
occasional face-to-face or online meetings.”.

The PBSim makes use of standard technologies to create realtime immediate situations that the students must address, and
to which they respond using regular technology. No
complicated advanced or customized software or technical
knowledge is required making this simulation potentially
replicable anywhere there is internet availability. It is easy for
both students and faculty to administer.

The simulation starts with a breakdown in negotiations and an
outbreak of civil war and hopefully ends with a negotiated
settlement between the factions. A special meeting room is
available for the students throughout the simulation and they
often dress in costume for meetings.

5.

The popularity of the simulation at McGill University has
grown significantly since its introduction. The course is now
capped at 100 students, with demand being much greater, and
the PBSim has been featured in McGill University
promotional material. Students report high engagement in the
simulation and according to Dr. Brynen it has received high
satisfaction scores in student evaluations. He has provided an
overview and summary of the simulation in Political Science
& Politics (2010), outlining the benefits and encouraging
other political science instructors to consider using
simulations. In a guest editorial to a special edition of
Simulation and Gaming, he offers further thoughts on the
design approaches and benefits of educational simulations
(Brynen & Milante, 2013).
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THREE FOCUS AREAS

In order to narrow the focus of this research, three areas of
focus with strong implications for design were chosen: student
expectations, engagement and communication. The study
examined the expectations of students about the simulation
and the effect of those expectations on their experience. There
is evidence that adopting a systemic approach and paying
careful attention to each phase of learning in a simulation will
pay dividends (Salas, Wildman, & Piccolo, 2009). Simulation
designers need to consider the wider context in which the
simulation is taking place and provide a supportive
environment (Faria 2009). Salas et al., offer guidelines for
designing simulations in management education, emphasizing
the importance of setting up positive expectations about the
experience for students. As the PBSim is well known and
respected at McGill, the effect of positive expectations should
be (and was) evident.
The literature on student engagement is vast, beginning with
attempts to fully define the concept. There is now a subset of
literature focusing on the type of engagement that participants
experience specifically in simulations. Bouvier’s theoretical
model proposes four types of engagement in simulations –

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

The real-time nature of communications, using regular
technology, is of particular interest. The course website,
www.brynania.wordpress.com describes the objective of the
simulation as follows:

4.

social, action, environment and self (Bouvier, Lavoué, &
Sehaba, 2014). This recently developed theoretical model
was tested here with survey questions designed to assess to
what extent these various forms of engagement exist in the
PBSim simulation. Survey questions relating to Kahn’s
definition of engagement (1990), suggesting that full
performance must involve the concepts of physical, cognitive,
and emotional engagement were also incorporated into the
survey items.
An area of particular interest was the use of real-time
communication in this simulation. To date, research on using
this type of mobile, anytime/anywhere communication in a
simulation is limited to non-existent. Technologically we have
only recently been able to attempt simulations such as these
that rely on students having easy access to cell phones and
laptops. As stated previously however, these are the real
world conditions we want in a good simulation. Exploring the
students experience with this real time simulation led to some
useful suggestions for future designs.
6.

METHOD

7.

RESULTS

The results suggest that students are highly engaged and
productive with this blended simulation format. Interestingly
participants anticipated they would be both highly engaged
and highly stressed during the experience, and those
expectations were realized. A community was created during
the week and the instructor involvement and modeling
positively influenced the outcomes. Some gender differences
in expectations and engagement were found.
The similarities found between the learning outcomes for this
undergraduate Political Science class and a standard
undergraduate Business Management class make an
adaptation worthwhile (ie planning and strategy,
communication skills, budgeting, negotiation and conflict
resolution, operations management, human resources issues
such as team building and performance management).
Sixteen design principles were distilled from the study for use
in a future business leadership simulation, including:
Use a variety of naturally blending communication
channels and a flexible time period for the simulation.
Plan for multiple forms of engagement – all of
Bouvier’s four elements of engaged behavior were
found in the PBSim.

Create multiple opportunities for systemic thinking.
Incorporate teambuilding skills preparation prior to
the simulation.
Allow for a thorough debrief at the end.
Look for opportunities to create community.
Be aware of potential gender differences in
expectations and experience.
8.

FURTHER RESEARCH

This study touches on numerous areas worthy of further
research. Gender differences, the links between
engagement and stress, instructor influence, the pace
and amount of information provided, communication
formats, feedback mechanisms, teamwork vs individual
learning and simulation objectives are all areas to be
further studied.
Simulations and simulation design can be complex, time
consuming and ultimately costly. The more empirical
findings we have to apply to future simulation designs
the better a job we can do. Looking outside the confines
of my own discipline was an enriching experience. I
encourage others to consider doing the same, so that we
continue to strengthen the learning experiences we offer
students.
9.
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Plan for intensity –student engagement may also
include some stress – the positive pressure paradox
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A mixed method design with both quantitative and qualitative
research approaches was used for this research and design
project. The quantitative research method employed pre- and
post-simulation self-report surveys, focus groups and
interviews of the approximately 100 students registered in the
Political Science 450 course who participated in the
simulation as a regularly scheduled event in their class during
March,2015 at McGill University. A literature review and
summary of the research on simulation design informed the
survey questions to be asked. Field study observation added
depth to the analysis.

Be aware of mediating instructor influence.
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The Hobart Class Air Warfare Destroyer (AWD) will represent one of
the world’s most advanced multi-purpose warships, providing the Royal
Australian Navy (RAN) a capability across the spectrum of joint
maritime operations, from area air defence, escort duties, to peacetime
national tasking and diplomatic missions. Its Hobart Class Destroyer
Combat System, incorporating the Aegis Weapon System, includes the
AN/ SPY 1D(V) phased array radar, providing an advanced air defence
system capable of engaging aircraft and missiles at extended ranges.
Such a sophisticated, capable platform requires a commensurate training
s y s t e m , e n a b l i n g i t s s a f e a n d e f f e c t i v e o p e r a t i o n t h r o u g h p r edeployment training of the crew on a representative system in a
controlled environment. The Hobart Class will be delivered with a
comprehensive training suite covering the spectrum from individual to
collective training, with the latter aspect fulfilled by the Hobart Class
Command Team Trainer (HCCTT). With a requirement to follow in the
tradition of land-based team-level training as practiced by the RAN
with their ANZAC and FFG class ships, the HCCTT is the only landbased collective training device of its kind in the world incorporating
an Aegis Weapons System, capable of standalone or collaborative
training with joint or coalition partners. This paper will provide an
overview of the approaches taken to the HCCTT development – from the
scoping and definition of its required capabilities, to its architecture,
process of selection and integration of subsystem components from a
necessarily heterogeneous suite of options, highlighting the need for
close and effective relationships with the vendors. This undertaking
emphasised the need for a Mission System Integrator (MSI) to be
managing the process, playing the key roles of Systems Engineer,
Architect and Systems Integrator, from the HCCTT’s inception to
ensure timely and cost-effective development in keeping with the
RAN’s needs.
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ABSTRACT

The paper examines the theoretical aspects of games designing in the context of
training managers and leaders. Currently, researchers point out that becoming a leader is
a process of learning from the experience (Hill, 2004). According to Shaffer and
coauthors (Shaffer, Squire, Halverson, & Gee, 2005) games provide ‘learning by doing’
experience,
which is much more effective for meaningful learning of leadership. Hence,
Keywords:
in the pedagogical sciences the increasing number of publications signify the expanded
Games classification
Management training
role of games and simulations as an effective instructional instrument to form leadership
Games theory
competencies. A huge meta-analysis research developed by Faria and coauthors (Faria et
al, 2009) identified 9 basic reasons why games could be used to train leadership,
including experience they bring to the participants, instructing participants on strategy,
Corresponding author at:
teaching decision-making, promoting teamwork.
(Add address here)
Over the last 30 years, the boom within educational game research can be largely
Email address:
explained by the rapid increase in the number of different game formats. The diversity of
nisaeva@hse.ru
game formats is a result of willingness to ensure that student`s meet expected learning
goals. Teachers, trainers and facilitators face the dilemma of choosing the right game for
specific, concrete educational purposes. Thus, mapping the ‘landscape’ of educational
games is a topical issue and attracts attention from many researchers. Current attempts to
classify games are commonly based in practice. The most familiar games classifications
were developed within the field of Game theory. A number of attempts exist to define
particular game types in relation to their market orientation (Chen, Michael, 2005).
Another basis for classification is the purpose of its use (Djaouti, Alvarez, Jessel, 2011).
The most famous approach to categorize games is to divide them into ‘genres’:
simulations, role-playing games, strategy games, debates. Format-based classifications
include face-to-face (live) games, computer games, board games. A most interesting
spectrum, in terms of the training of leaders, is the open-closed dichotomy, proposed by
Christopher and Smith (1987).
However, existing game classifications fail to give an answer to the question of why the concrete nature of the game is
suitable for training leaders. So, we propose a new classification based on Bakhtin`s theory, which distinguishes between
‘ventriloquistic’ and ‘polyphonic’ games. We examine and describe the proposed types and argue that this classification makes
sense for leadership development. There are a few key characteristics of polyphonic games, which emphasise their potential for
leader`s education. Firstly, the core element of the game is a problem situation, which reflects reality. Secondly, it is dialogue
created by the interaction of several players, which is characterized by the possibility to separate role tasks from the individual
player`s goals. In other words, the player can ‘violate’ the assignments of the role. Thirdly, the most important element is a
flexible design with the opportunity for transgression, changing the rules during the game, which allows players to implement
positional strategy more effectively. This flexibility leads to equality between game designer or facilitator and participants directly
involved in the game. In contrast, ‘ventriloquism’ games are designed to place the director as leader of pre-planned scenario-based
unfolding of the game. In this format, players only play their roles as puppets in the puppet theater. This dichotomy has a lot in
common with Christopher and Smith’s classification, but from our point of view, Bakhtin`s dichotomy provides more explication
power.
Article accepted:
(July 2016)
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Simulation and gaming are widely used as educational tools, nowadays. Games can be
used as a powerful motivational tool for employees to perform well in organizations.
Business firms can use games to solve marketing problems. They can also use it as a
decision making tool. The wisdom of employees can be considered as a precious
intellectual asset for a company. However, there is a gap between employer-employee
relationships in most business firms. If business firms can get the involvement of their
employees in business decision making processes, this gap can be reduced to a certain
extent. Marketing is one of the main functions of businesses. New Product Development
(NPD), which is an important part of marketing strategy, is vital for an organization in
order to stay ahead of competitors. Some components of marketing are essential for the
NPD process. Idea generation and screening are the initial steps of this process. If firms
select weak ideas to proceed with, all resources spent to develop these ideas, are wasted.
To select the most feasible new product idea in a short period of time, the authors suggest
a new game. All the employees in the organization can participate in this game. This kind
of game will attract employee interest for the organization. Then the distance between
executives and employees could be minimized. Further, time as well as cost spent on idea
screening process can be reduced. There have been a few research studies on assessing
the applicability of simulation and gaming in marketing, especially for NPD. The
purposes of this study are, to review the recent literature on simulation and gaming in
marketing, and to introduce a new game for idea screening.

Key words:
Business game
Marketing
Idea screening
New product development
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1.

INTRODUCTION

1.1

Background

Business games, which include many aspects, such as
production, marketing, finance etc., are already recognized by
many researchers. In early stages of simulation and gaming
history, the main consideration was board games and war
games. The history can be traced to 5,000 years ago,
according to Wolfe (1993), and Hodgetts (1970). The first
business simulation was developed in 1932 (Faria,
Hutchinson, Wellington, & Gold, 2009), which was used to
train managers for handling production problems. Games in
the past seem simple, but after the introduction of computers
they became complex.
1.2 Rationale
Simulation and gaming techniques are widely used in
organizations, to train employees. However, the literature on
the usage of gaming in business decision making is rare.
Usage of simulation and gaming for educational purposes can
be found in the literature. The usage of simulation and gaming
in early stages of the New Product Development (NPD)
process was hard to be found in previous research. Therefore,
the authors believe that this review would stimulate
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researchers to come up with innovative business games
relating to NPD. The main purpose of this study is to review
the recent literature on simulation and gaming with special
reference to marketing and to introduce a game, to be used in
business decision making.
An overview for this study is shown in the following figure.
Simulation
and
gaming
Classroom/business
education
Idea screening of
New Product
Development

Business decision
making

Literature
review
All employees

New game
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Most feasible new
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Figure 1: Overview of the study.
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2.

BUSINESS SIMULATION GAMES IN
MARKETING

2.1 Recent Studies

Wellington, Hutchinson, and Faria (2014), conducted a
research to examine how decision making, gained during the
play of a marketing simulation game, impacts game
participants’ perceptions of their decision making abilities. As
per the results, simulation experience “shook” the confidence
of many students in their decision making ability. The reason
is there was a remarkable negative change in perception of
decision making abilities over the course of the simulation
competition among poorly performing students. Positive and
significant change in perception of the decision making
abilities could be seen among good performing students. It is
reported that well performing students could develop decision
making systems, and have a strong understanding about the
simulation experience, compared to poor performers. Marriott
and Marquardt (2013), introduces an exercise used in
principles of marketing courses at two universities.
Wellington, Hutchinson, and Faria (2013), done a different
study, considering undergraduate marketing teams. In their
study, they have considered four different competing
marketing simulation games, used in multiple classes over a
span of 15 years. Participants were undergraduate marketing
simulation teams. “Performance ranking” curves, were plotted
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There are many games developed by researchers to study
various aspects of marketing. Most of the previous researches
have introduced many marketing games to be used in the
classroom. Business simulations and games used in the idea
screening stage of the New Product Development is hard to be
found in the literature. The following sections describe some
of the literature relating to new products.
3.

IMPORTANCE OF NEW PRODUCTS

New products are important sources of revenue for
businesses, which bring high sales, increased customer
loyalty, and finally high profits. New products can be new-tothe-world and products which are new-to-the-market, for
example, innovations (Cooper & De Brentani, 1984), and
products, which are new-to-the-firm (Rochford, 1991). The
New Product Development (NPD) process is a great
competitive advantage for a company. No businesses can be
sustainable with same products forever. Business
organizations should identify the changing nature of customer
needs and wants, and they should respond to them by
developing new products by modifying present products
whenever necessary. Otherwise, customers will switch to
competitive products to satisfy their needs and wants. NPD
involves multiple stages. Therefore, it is a time consuming,
costly process, and success cannot be guaranteed.
3.1 Idea generation and screening
Generation and screening of new product ideas are done in the
initial stage of NPD, which is called opportunity
identification. Rochford (1991), has studied about various
internal sources of ideas, such as employees, internal market
study reports, etc., and external sources, such as customer
needs, competitors, etc. Idea generation and screening are the
most important steps in the NPD. Ideas are generated by
customer feedbacks, distributors, suppliers, and the company
employees including Research and Development employees,
etc. Screening of these ideas is the next step. Companies do
not have enough resources to proceed with all ideas.
Therefore, the most feasible product ideas are selected at this
stage and the weak ideas are dropped. Cooper and Edgett
(2008), have done a study with 160 firms, to identify
popularity and the effectiveness of various idea sources. Three
main categories of the ideation (ideas come into a funnel
before evaluation) methods were covered in detail, in their
study. Those are voice-of-customer methods (ethnographic
research, customer visit teams, customer or user designs, etc.),
open innovation methods, such as scanning small businesses
and startups, external submission of ideas, and other methods,
such as peripheral vision, internal idea capturing, etc. They
have concluded the study, by introducing a diagram called the
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Business simulation and games were used in the past, mainly
as an educational tool, in the classroom to teach students
various aspects of marketing. Alves (2016), introduces a
classroom game for brand management. To teach the students
about dynamics of new markets, Nunes and Xexeo (2015),
have introduced a game called “New Space Race”. Cannon,
Cannon, Koksal, and Johnson (2014), have done a study about
incorporation of theory of transaction cost into a cost function
and the usage of relationship marketing to reduce the cost. As
per their views, a marketing simulation game was built, using
the two concepts. It gives an experience for participants about
the transaction cost in marketing strategy, as well as they
could experiment with a new model which uses relationship
marketing to reduce transaction cost. Chuang, Ho, and Hsiao
(2014), introduced an international business game called,
“Asia Marketing”. It is regarding a small size laptop
manufacturing industry. Players are given a challenge of
making synergies, related to logistic and international
competition in the Asian region. Wellington and Hutchinson
(2014), have done a study among marketing students,
considering two factors namely, indecisiveness and
competitiveness, to examine how the decision making
experience gained by participants during the game impacts the
above factors. Remarkable reduction in indecisiveness and
increase in attitude towards simulation could be seen as
results. Significant differences could not be found in pre-test
indecisiveness and attitudes towards the simulation (based on
ending rank order performance). However, a remarkable
difference in simulation performance could be seen between
highly competitive students and low competitive students. The
post-test measures (indecisiveness, competitiveness and
attitude toward the simulation experience) showed a
remarkable difference (based on ending rank order
performance). A remarkable reduction in indecisiveness could
be seen by participating in a marketing simulation game. The
characteristics of well performed students were “less
indecisive” and “more competitive”.

in the study, using the correlations of ending rank order
performance of teams, with period by period rank order
performance. According to the plots, the strength of
correlation increased overtime. Final performance ranking
was considered at the fifth period. The conclusion of the study
was, marketing simulation competitions (which focus on
performance outcomes) are unlikely to produce remarkable
improvements in performance related benefits after the fifth
decision period. Boehner and Gold (2012), have studied the
“impact of marketing mix on diffusion of demand for new and
innovative products”, using the framework developed by
Frank Bass in 1969. Cannon, Cannon, and Schwaiger (2009)
have done a research to study combining customer lifetime
value into marketing simulation games.

“magic ideation quadrant” which gives a good view of the
popularity and effectiveness of each idea source.
Another study was done by Cooper and De Brentani (1984),
to assess which criteria managers use in screening new
industrial products. The most dominant criterion was financial
potential. Profits and sales growth, market share and market
growth are the most important variables in evaluating product
ideas. Other important variables are: technological skills,
knowledge, and production facilities of a firm. Project
financing, the importance of outside funding for a project, was
not an attractive factor, according to their study. By looking at
the above mentioned facts, effective idea screening is a
critical factor for a firm’s overall performance.
Jespersen (2007), has critically assessed the product idea
screening methods of different large companies and studied
whether there is a relationship between product design and
idea screening. It was concluded that the screening of product
ideas has no clear relationship to the design of an NPD
process. However, market conditions faced by individual
companies have a great impact on the design of an NPD
process. The paper uses a common belief supported by many
past research, which is that new product decision criteria is
supported by the NPD design process.
3.2 NPD Practices

Instances where games, used in NPD, are rare phenomenon.
Takeuchi and Nonaka (1986), have studied a game used in
Japan and USA, for NPD. According to them, companies in
those two countries are using a holistic approach like a rugby
ball game. In the old approach, a group consisted of functional
specialists, passing the baton to another group, like a relay
race. Product development was done in a sequential manner
from NPD phase-to-phase. Under the “rugby ball approach",
products were developed by multifunctional teams. For
example, product is designed by a group of engineers before
they see the results of feasibility tests. A team may reconsider a decision, based on the results of later information.
It is stated that, the new approach is quick and flexible. It
stimulates new thinking of employees at different functional
levels. The authors have mainly considered multinational
companies like Fuji-Xerox, Canon, Honda, Epson, etc. After
conducting interviews with CEOs and young engineers of
those companies, the authors have identified six
characteristics of their NPD processes, such as instability
(built-in), project teams (self-organized), and development
phases. The authors have described those characteristics in
detail in the rest of the article, taking examples of those
multinational companies. In those companies, top
management gives the product idea with required features to
the project teams, who design the product. The product teams
consist of members from each function such as research and
development, production, and sales.
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SUGGESTIONS FOR A NEW GAME

Considering the above literature, business games relating to
the idea screening stage of New Product Development (NPD)
are hard to find. Therefore, this paper introduces a new
business game. It is a mobile application. Using this game,
managers of a company can get ideas from their employees
for NPD. When there are many competitive new product
ideas, selection of the most feasible new product idea is a big
challenge faced by the management of a firm. Due to lack of
resources, most of the companies are not in a position to
develop all the new product ideas. Employees of a firm are
encouraged to participate in this game since it is a simple
mobile application. They are expected to rate new product
ideas based on various attributes. These attributes are to be
determined by the management team of a company.
Nowadays, almost all the employees of business firms use
smart phones. If managers of a firm can allow the employees
to play the game in a controlled environment, within a short
period of time, they can obtain employee views on new
product ideas. Employees may feel that they are an important
part of the company decision making process and also their
sense of belonging is increased.
5.

CONCLUSION

Much literature can be found, related to simulation and
gaming in marketing. Some games describe New Product
Development. No similar game could be found in simulation
and gaming literature, regarding the “idea screening” stage of
NPD. Considering these factors, the authors propose a
business game to screen new product ideas which will be
elaborated in authors’ future publications. Gaming is one of
the most suitable methods for idea screening. Finally, it can
be concluded that, simulation and gaming can be used as an
effective educational tool for learners, as well as a business
tool for decision making purposes. Learners can learn more in
less time, and decision makers can take quick decisions, if the
players are exposed to a gaming environment.
6.

FURTHER RESEARCH

The proposed new game for idea screening of the NPD
process has not been finalized. Planning, construction of the
game, examination, try-out, and feedback are the most
important stages of the new game development process.
Authors expect to introduce the complete game in the near
future.
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In the Japanese milk supply chain, a huge quantity of milk is wasted every year. This
wastage is a combination of several factors, including a decreasing trend of milk
consumption, opposite seasonal tendencies of milk supply and demand, purchasing
behavior of consumers and current business practices in the milk supply chain. Each milk
package has a best-before date of approximately 15 days after production, and retailers
have to sell the package within this time period. Packaged milk cannot be delivered to any
supermarket after the corresponding sell-by date, which is set to be a third of the period
between its production and best-before date. Furthermore, any milk packages with a
specific best-before date may no longer be delivered if at least one package with a newer
best-before date is shipped. The effects of such factors on the wastage are mediated by
various interacting decisions made by stakeholders in the milk supply chain (dairy
farmers, milk manufacturers, supermarkets, and consumers). As a result, the mechanism
of how milk wastage occurs and devising effective countermeasures to limit the waste
cannot be understood in a straightforward manner. Thus, as a means to investigate the
mechanism and to test the effectiveness of potential countermeasures to limit the waste,
we have developed an original simulation game that simulates the manner in which a milk
supply chain is operated as a result of the interacting decisions made by its stakeholders.
In the proposed game, dairy farmers and consumers are modeled as computer agents and
the roles of milk manufacturers and supermarkets are taken by human players.
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1. INTRODUCTION
Despite the availability of milk-based drinks in the market
and the fact that milk provides nutrients including calcium,
which most Japanese people are said to lack—and hence, is
recommended to be regularly taken— there is a decreasing
trend in the consumption of milk, and a large amount of raw
milk is reported to be wasted every year. For example, in 2006,
as many as 1,000 tons of raw milk, with an economic value of
approximately 76 million yen, was wasted. The “Survey on
Consumption Trends in the Milk and Dairy products” issued
by the Agency of Agriculture and Livestock Industry
Promotion reported that the drinking frequency of milk was
3.4 days per week on average in 2014, which is significantly
lower compared with an average of 4.7 days in 1999. Thus, in
recent years, the drinking of milk is shrinking. The percentage
of daily consumption of milk also decreased in two periods,
1999 and 2014 (Figure 1).
The high amount of wastage of raw milk is owing to a
number of other factors. The production volume of raw milk
decreases in summer and increases in winter because the body
condition of a cow is weakened by the summer heat and is
recovered in winter. On the contrary, the demand for milk
from consumers increases in summer and decreases in winter.
As a result of these opposing seasonal tendency of supply and
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demand, a large amount of raw milk is surplus from winter to
spring, which easily spoils and is difficult to preserve for long
time periods. The surplus could be used as feedstock, but its
price is substantially less than that of drinking milk due to the
severe competition from imported feedstock raw milk. Thus,
in the current situation, if domestic raw milk is used as
feedstock, its production cost can only be recovered with the
help of a government subsidy.
Furthermore, in 2000, a food poisoning incident was
reported in the Osaka factory of Snow Brand Milk Products
Co., Ltd. In this incident, more than 13,000 people were
affected by a pathogenic toxin present in the milk. Since then,
the consumers’ level of concern regarding the quality of milk
has risen; consequently, their purchasing behavior has
changed. According to Sugiura and Murota (2009),
immediately after the incident, milk consumption in areas in
the vicinity of Osaka decreased; however, in areas further
away, such as Tokyo and Hokkaido, the impact was not
significant. However, Ujiie (2007) revealed that this incident’s
impact on the loyal layer consumers who frequently buy milk
belonging to a particular brand was high. After the incident,
those consumers shifted their preferences to local brands,
indicating that they sought a sense of security through a closeknit relation with the local manufacturers.
According to research conducted in 2004, the important
factors that consumers consider when selecting milk shifted to
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Figure 1: Consumption of milk in Japan in two
periods, 1999 and 2014
2

NECESSITY OF THE ORIGINAL GAME

In recent years, simulation games have been effectively used
in the field of manufacturing and supply chain management.
Using a game to reproduce a real-world supply chain;
observing the process of how human decisions are made while
operating the supply chain is possible. Moreover, different
players will provide different results, and comparing the
results will lead to insights on good practices. Learning from
failures is not recommended when managing an actual supply
chain, but failures pose no risk when playing a game that
simulates the operation of the chain. For example, the Beer
Game, developed at MIT, is used for company training and
teaching students regarding supply chain management
(Sterman, 1989). This game is focusing on the structure of a
supply chain that affects human behavior and is simplified so
that it can easily reproduce the essential parts of supply chain
dynamics. However, the Beer Game and several other existing
supply chain management games, such as those covered by
Hofstede et al. (2003), are intended to capture certain general
aspects of supply chains, and hence, are not suitable to
specifically address the wastage problem for a milk supply
chain. Thus, this paper focuses on the supply chain of the milk
industry in Japan and develops an original serious game to
deepen the understanding of the problem and provide ways for
arriving at solutions.
3

JAPANESE MILK SUPPLY CHAIN

The structure of the milk supply chain in Japan is shown in
Figure 2. Raw milk is delivered from dairy farmers to the
specified organization on a daily basis, and the specified
organization sells it to the milk manufacturers. Raw milk
needs to be quickly sold to the milk manufacturers because it
turns sour soon. As the bargaining power of individual dairy
farmers is small, the specified organization instead negotiates
the price of raw milk with milk manufacturers. Currently,
there are 10 specified organizations in Japan, and each of
them purchases raw milk based on a monthly contract from
dairy farmers. Milk manufacturers purchase raw milk from the
specified organization in accordance with the component
values of the raw milk. For example, the costs to be added to
the standard price of milk are determined as follows. Standard
milk is 3.5% FAT (milk fat) and 8.3% SNF (non-fat solids);
40 yen is added to the price for every 0.1% increase in each
component.
The market shares of milk manufacturers in Japan are as
follows: Meiji Dairies Corporation (20.0%); Morinaga Milk
Industry Co., Ltd. (15.7%); and Nippon Milk Community
(11.1%). These three companies account for approximately
50% of the market. According to the milk dairy statistical
survey of the Ministry of Agriculture, Forestry and Fisheries
in 2014, there are 594 milk factories in Japan; among these,
293 process less than 2 tons per day, 66 process more than 2
tons and less than 10 tons per day, 67 process more than 10
tons to less than 40 tons per day, 114 process more than 40
tons per day, and 54 have no processing capacity. This
indicates that there are many small-sized dairy manufacturers
in Japan (Figure 3).
2
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taste (62.6%), freshness (61.8%), price (56.6%), and safety
(47.0%). Hence, taste and freshness are deemed to be most
important. The freshness of milk cannot be determined by its
appearance unlike other food items like vegetables and fruits.
Therefore, the best-before date functions as a primary
indicator when consumers buy milk. Accordingly, in a
supermarket where milk packages having different best-before
dates are sold, consumers tend to buy the ones with the newest
best-before date and older products will remain unsold or
must be sold at a discounted price. This is a major cause of
milk wastage.
The supply chain of milk is made up of various stakeholders.
For example, the price and amount of raw milk purchased by
a milk manufacturer are determined via negotiations with an
association of dairy farmers, which is called a specified
organization. The milk manufacturer processes the raw milk
into milk packages and sells them to supermarkets. Then,
consumers buy and consume the milk. In the current business
practice, packaged milk cannot be delivered to any
supermarket after the corresponding sell-by date, which is set
to be a third of the period between its production and bestbefore date. Further, any milk packages with a specific bestbefore date may no longer be delivered to a supermarket if at
least one package with a newer best-before date is shipped.
Hence, it is difficult for a milk manufacturer to sell milk to
supermarkets without generating waste. According to a report
by Matsumoto (2009), it takes 10 to 14 days to produce
packages of milk from raw milk. Changes in the market trend
during this period may cause excess inventory or stock out.
Furthermore, in recent years, milk is treated as a discountable
item in supermarkets, making it difficult for a milk
manufacturer to control the selling price of milk.
It seems that a huge amount of milk wastage is caused by
several factors such as the decreasing trend of milk
consumption, opposing seasonal tendencies of milk supply
and demand, purchasing behavior of consumers, and current
business practices; their effects are mediated by various
interacting decisions made by different stakeholders in the
milk supply chain (dairy farmers, milk manufacturers,
supermarkets, consumers). As a result, the mechanism of how
milk wastage occurs and devising effective countermeasures
to limit the waste cannot be understood in a straightforward
manner. Given this background, to investigate the mechanism
and to test the effectiveness of potential countermeasures to
limit the waste, we have developed an original simulation
game to simulate the manner in which a milk supply chain is
operated as a result of the interacting decisions made by its
stakeholders.

School meal
Dairy
farmer
group

Milk
manufacturer

Milk Shop

Small shop

Supermarket

Vending machine

Customer

Dairy
farmer

Figure 2: Milk supply chain in Japan

4

GAME SCENARIO

The game scenario is shown in Figure 4. The major
stakeholders in a milk supply chain include dairy farmers,
milk manufacturers, supermarkets, and consumers. A group of
dairy farmers forms an association called a specified
organization and act in a coordinated way as a single entity,
and no competition among different specified organizations
need to be considered. Thus, only a single specified
organization is incorporated in the scenario, and it is modeled
as a computer agent. In the game, there needs to be many
consumers and they are also modeled as computer agents.
However,
competition
among
manufacturers
and
supermarkets will significantly affect the manner in which
milk wastage occurs; also, human decisions made in a
competitive environment are difficult to capture as a simple
algorithm. Thus, three manufacturers and three supermarkets
are considered in the scenario and their decisions are carried
out by human players in the game. The schedule of the milk
supply chain is shown in Table 1, and the daily schedule of
the milk supply chain is shown in Table 2.
Dairy
Farmer
group

Milk
Manufacturer1
Milk
Manufacturer2

Supermarket1

Consumer 1

Supermarket2
Consumer2

Milk
Manufacturer3

Supermarket3

Figure 4: Game scenario

Number of factories

4.1 Specified Organization

Year

Figure 3: Milk factories in Japan in 2010 –2014, number
and capacity
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A specified organization (an association of dairy farmers) is
incorporated in the game as a computer agent and will
automatically receive orders for purchasing raw milk from
manufacturers. The order is accepted from each milk
manufacturer twice a week—on Tuesdays and Fridays. Raw
milk corresponding to the order received from a milk
manufacturer on a Tuesday is delivered on the Thursday of
the same week to the manufacture. Raw milk ordered on a
Friday is delivered on the next Monday to the milk
manufacturer. The price corresponding to each order will be
automatically decided according to a specified increasing
function of the amount of milk ordered.
4.2 Milk Manufacturers
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A milk manufacturer receives orders from a variety of
retailers (food supermarkets, convenience stores, etc.); on the
basis of the orders, it plans daily production, packing, and
delivery. The milk manufacturer, while protecting the delivery
management deadline, must keep the best-before dates on the
packages of milk in mind so as not to deliver newer bestbefore-date milk before any older best-before-date milk.
A supermarket displays packages of milk with several
different best-before-dates. Often, packages with older bestbefore-dates remain unsold, unless the supermarket
implements a discount of 10%–30% on remaining packages
with older best-before dates in order to sell them. If packages
remain unsold nevertheless, the milk will be wasted.
According to a questionnaire conducted with supermarkets
buyers in Japan, when asked “what category of cost do you
think should be reduced in the milk supply chain?”, 36% of
the buyers responded to “Collecting and delivery costs of raw
milk,” and “Costs of milk waste” was pointed out by 35%.
This demonstrates the importance of reducing the price of raw
milk as well as reducing milk wastage at the stores.
Most consumers (66.9%) buy milk at a supermarket. A
survey conducted in 2004 in Japan shows that consumers
often emphasize the freshness of milk. However, consumers
who consume milk in greater quantities, such as housewives
with large families, tend to focus on the price of milk.
Moreover, the number of elderly and single consumers has
increased in Japan, and they often focus more on the brand
than the price of milk. Therefore, supermarket buyers need to
consider the different consumers’ purchasing behavior.
The consumers’ behavior after the purchase is also
important. Sometimes a person purchases a new package of
milk while an unfinished carton remains in the refrigerator.
Then, at some point, the best-before date of the older package
is passed, and the milk is wasted.

There are three milk manufacturers in the game and each
manufacturer’s role is played by a human. The tasks to be
carried out by each player include:
!

!

!

Negotiate the price, best-before-dates, and amount of the
packaged milk to be delivered with each supermarket
every Monday to Friday
Make a production plan and place corresponding raw
milk order to the specified organization twice a week on
Fridays and Tuesdays
Make delivery plan every day

Profit = the amount of sales − the purchase cost of raw
milk − the penalty cost − the cost of waste

Profit = the amount of sales + the penalty cost from
milk manufacturer − the purchase cost of packaged
milk − the cost of waste.

(2)
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The milk manufacturer players determine the order
specifications such as the price, best-before-dates, and
quantity of the packaged milk to be delivered on the next day
to every supermarket by negotiating with the supermarket
players. This negotiation is conducted every day—Monday to
Friday—and is modeled as a double-sided auction in the
game. Furthermore, each milk manufacturer player makes a
production plan and places a raw milk order to the specified
organization on Fridays and Tuesdays. The corresponding raw
milk arrives on the next Monday and Thursday. The raw milk
can be used for production the next day after receiving it.
When the next order lot arrives, the remaining older raw milk
will be wasted, so it is necessary to use the milk before the
next lot is delivered. The factory is operated only Monday to
Friday, but the delivery operation of packaged milk is
conducted every day. The production yield may not be 100%
due to defects. Thus, the player needs to make a delivery plan
every day; furthermore, if accepted orders cannot be fully
satisfied, a pre-specified amount of penalty cost will be
incurred.
It is important for the manufacturer player to make good
decisions for churning high profits. The profit of a
manufacturer is calculated as follows:

Friday—and the milk corresponding to an order is delivered
two days later. The milk is delivered in the morning, and the
shelf display of milk can be changed thrice a day. If the milk
on the shelf has not been sold out by evening, and the bestbefore date of the remaining milk is approaching, the player
can discount the price of the milk. When the supermarket is
closed at night, the player decides whether to dispose of the
remaining milk. It is important for the supermarket players to
make good decisions for churning high profits. The profit of a
supermarket is calculated as follows:

(1)

4.3 Supermarkets

There are three supermarkets in the game. The role of each
supermarket is taken by a human player. The tasks to be
carried out by the player include the following:
!

!
!
!

Negotiate the price, the best-before-dates, and quantity
of the packaged milk to be delivered from each
manufacturer every day—Monday to Friday

		

Move some packaged milk from the warehouse to the
shelf thrice a day

Discount the price of some packaged milk on the shelf
once a day

Remove some packaged milk from the shelf and dispose
of it once a day

Supermarket players make the decisions listed above by
properly estimating the demand for milk from consumers.
There is competition among the supermarkets; therefore, each
supermarket player has to differentiate himself by properly
controlling the brands, prices, and best-before dates of the
milk displayed on the shelf. Each supermarket player places
an order of packaged milk every day—from Monday to
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Table 1: Order and delivery of the milk supply chain in a week

Specified
organization

milk
manufacture

Sat.

-

Waste
=0

Sun.

Mon.

Tues.

Wed.

Thu.

Fri.

Waste =0

Waste =0

Tank
Waste
raw milk
The first
tank
(receive the
raw milk)
The second
tank (make
the milk)
Waste
raw milk

Waste =0

Waste =0

Waste =0

Waste =0

Waste =0

Waste =0

Holiday

Holida
y

Holiday

Holida
y

-

Holiday

Holida
y

Warehouse

-

Holiday

Holida
y

Waste milk

-

Holiday

Holida
y

Truck

-

-

-

Warehouse

-

-

-

Display

-

-

-

Waste milk

-

-

-

Behavior

-

-

-

Not buy

Waste milk

-

-

-

Waste =0

Waste=0

Waste =0
Waste =0

Waste =0

Not buy

Customer

Waste =0

: Raw milk: The number from 0 to 6 means different day of raw milk
: Waste raw milk

: Milk
: Waste milk
5
Different color of milk means the different best before date.
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Supermarke
t

Fri.

Table 2: The schedule of milk supply chain one day

8:00–9:00
Specified
organization
(dairy
farmer)

13:00–
5:00

9:00–13:00

Deliver the
raw milk

April 1(Friday)
15:00–17:00

21:00–22:00

Receive the order
(April 5–7)
Check the amount of
the order and bestbefore- date
Pack and print the
best before date
(Production plan
made on March
29)

Stock the milk
in the warehouse
(Made on April 1)

1. Production plan
make for 3 days
(April 4–7)
Milk
manufacture

17:00–21:00

Production
preparation

Raw milk order to
Specified
organization
(April 5–7)

Check the
inventory in the
warehouse

2.

Check the
amount of milk
waste

3.

Check the
profit

ISBN 978-0-9925960-2-6

2. Prepare the
delivery of milk
(Received the
order on March
31

1.

4.
Negotiation with
supermarket buyer
(milk price, amount)
1.

Supermarket

Deliver
the milk
from
milk
manufac
turer.
(Made the
order on
March 30)
2. The
milk
display
on the
superma
rket
(First
time)

The milk put in
the truck and
send to the
supermarket
(Received the order
on March 31)

The milk
display
on the
supermar
ket
(twice)
Open

1.

Check the
inventory in the
warehouse

2.

Make the order
to the milk
manufacturer
(Delivery on
April 5)

1.

2.

The milk
display on the
supermarket
(third)

Decide to
discount or not

1.

2. Check the
best before
date and
decide to
waste or
not
3.

Consumer1

Go to the supermarket

Go to the
supermarket

Close

Check
the
profit

Consumer2
This is an example of the time schedule in the specified organization, milk manufacturer, supermarket, and consumer.
The specified organization and consumers are using the computer system, and the players are working for a milk manufacturer
6
257

2016 - Congress Proceedings

and supermarket. Consumer visiting to the supermarket will buy the milk at random. The job of each player in the same
column will be sequentially done under steps 1, 2, and 3.

Check the “best-before date” of the milk

Drink

Not drink
Waste

Go to the
supermarket

Buy milk

Not go to the
supermarket

Not buy milk

Go to another
supermarket

ISBN 978-0-9925960-2-6

Buy milk

Not go to
another
supermarket

Not buy milk

The new best before date milk
put in the refrigerator
Reduce the amount of milk in the refrigerator
Figure 5: Consumer behavior in the game

4.4 Consumers
There are many consumers in the game; they are
incorporated as computer agents with milk consumption and
purchasing behavior models. An outline of their behavior
models is shown in Figure 5. Two classes of consumers,
which are labeled as “single men” and “housewives,” are
assumed, and their consumption behaviors are captured as
described in sections 4.4.1 and 4.4.2. The purchasing behavior
model is composed of two layers. The first layer checks the
best-before date of the milk and determines whether to drink it.
The second layer chooses the milk that the consumer buys
using a logit choice model depending on the class of the
consumer.
4.4.1 Single Men
In our scenario, single men get up around 6:00 A.M. in the
morning and drink a cup of milk before going to work. There

are also days when they drink milk at 9:00 P.M or later—after
returning home. They usually buy milk from a supermarket on
their way home. In their refrigerators, there may be one new
and other open packages of milk.
4.4.2 Housewives
A housewife in our scenario typically has four people in her
family, i.e., two children, herself, and her husband. Every
family member drinks a cup of milk at breakfast. After the
children and husband go out, she engages in housework (from
around 1:00P.M. to 3:00P.M.) and then goes shopping. She
may drink a cup of coffee or tea at lunch and may snack with
a cup of milk. Since the amount of milk consumption is large,
she tries to buy milk as cheaply as possible. Thus, she buys
milk not only from a nearby supermarket but also at a larger
grocery supermarket on the weekends. In her refrigerator, two
new and one open package of milk are often present.
7
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CONCLUSIONS

This paper firstly pointed out that the huge amounts of milk
wastage in Japan are caused by various factors and their
effects are mediated by interacting decisions made by
different stakeholders in the milk supply chain. Accordingly,
it is unclear how the milk wastage is caused, which makes it
difficult to devise suitable countermeasures to limit the
wastage. Since a simulation game is an effective tool for
deepening the understanding of the mechanism, this paper
proposed a design of an original simulation game that
simulates how a milk supply chain is operated through
interacting decisions made by its stakeholders. The next step
of this research will be to implement the game as a web
application and test it in a laboratory and in the field.
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1.

INTRODUCTION

Whenever ethics is focused on magazines a huge sense of
morality comes together. This conjunction of principles is
highly related to cultural issues as well. These three
dimensions on critical news reinforces a common sense of
justice and ethics. The large range of points of view is not
uniform as well within any country`s population due to
individual beliefs and as a result, it is relevant to understand
the starting point from where ethics` teaching and learning
will build the professional behaviour.

The construction of professional ethics is based on what is
society`s expectation on each profession. Additionally,
traditional teaching of ethics can be somewhat dry and boring
due to the need to understand its fundamentals. Textbooks
used to teach ethics are not only disengaging for the students
but also difficult to understand because of the assumption that
there are few previous relevant beliefs applicable to the future
professional actuation. Ethics learning is not different than
other fields learning in the sense that the teaching will be
processed in their minds considering previous knowledge
either changing of adapting with new information.
In experiential learning activities, collaboration occurs in an
intellectual and social level as they are responding to other`s
ideas and contributing to their teams (Oldfield & Slessor,
2010). Individual`s engagement towards a team better
performance is enhanced in the case of summative assessment
and in this case the competitive context of a business
simulation game where better performance is related to
student`s grade some ethics or moral issues may overcome.
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Shades of grey happens when students need to apply conduct
codes to situations where critical perspectives on ethical
issues shows the existence of no right answers (Oldfield &
Slessor, 2010). Along the use of business simulations that are
not intended to teach about ethics is not uncommon that these
shades of grey overcome as part of the dynamics however the
objective of that specific activity is not always to teach ethics.

Simulations specifically conceived to teach and develop
critical thinking on ethics have this subject as the central focus
offering the situational contexts where students act. The basis
for teaching ethics through business simulation games are that
this kind of educational artefact is best used to teach ethical
principles and this is best accomplished by presenting students
with ethical dilemmas. Another approach to teach ethical
principles is to induce students to certain thought processes,
not to simulate business situations (Buck, 2014).
This second approach considers that simulations should have
been conceived and designed in such a way that decisions are
close enough to reality to be analogous to those in the
business environment. The dilemmas are presented without a
right or wrong answer to promote thinking about it, balancing
risks to others and benefits for oneself (Buck, 2014).

Any of these approaches consider that the activity is driven to
the subject however in everyday work ethical and moral
considerations are not at the top of mind when decisions are
done. In a general management simulation where teams
compete for best performance there is no doubt that some
teams usually try to get some essential information from the
other teams. Even cheating the game is part of the game. That
is the dynamics reproduce a real world for the only existence
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of a competition and if no rules to avoid that was previously
stablished there is a great chance it occurs in the dark of the
scene.

Furthermore, consider it is true that beside competition there
may happen actions that could be questioned from the point of
ethical or moral issues. In this case, are students aware that
this dimension of learning is in the objectives of the learning
activity if no one says anything about it? In other words, if no
one says about ethics in a management process along a
simulation, does it emerge from the simple activity?
This question will be easy to answer after business students
have been introduced to ethics in a specific course. The ethics
issues along their relations are part of their knowledge
whether from their learning or from the discussion about it.

It is known that whatever approach used, students tend to
consider the activity as game with few or no serious
consequences for their decisions (Buck, 2014; Reall, Bailey,
& Stoll, 1998). This gap between reality and the simulation
adopted may influence their behaviour to pretend attitudes
that accomplish to the perceived objective. By the way, no
approach may be good enough to stimulate real discussions
about ethics because the simulation is focusing it in a nonserious pattern. For this reason, maybe using a business
simulation competition where ethics is not on the focus there
should happen the real context for ethical issues running
beside concrete decisions on a virtual context.

Assuming that activities along business simulations have
always any ethical issue in the decisions the problem is how
to use this to start the discussion about this subject. Or in the
other hand, why not to use this tangent issue in the early
learning process. The point is that the learning objectives
should always be in mind at the selection of a device (Peach
& Hornyak, 2003), but nothing is said about tangent
objectives.
This paper investigates whether the sense of management
ethics can be taught beside a simulation activity that is known
to have another learning objective. The experiment was run at
the fourth round out of 10 and after 2 previous training
rounds.
Methods

The objective of the simulation is to present for first year
students the first insights about systemic comprehension of
organisation management. It is also considered as a good way
to engage them to the next years at the business school.
Systemic thinking learning includes at least three dimensions:
locus of attention, inter-relatedness and flexibility (Halpin &
Kurthakoti, 2015). For this research, ethics is seen as part of
the flexibility to make decisions along an organisational
context where conflict is tangent to any decision process.
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There are no explicit rules at all in the simulation that happens
in a standard classroom with computers for every student. For
this reason, students don`t follow any restriction. Each one
has a personal login and password but it is noticeable that
generally they prefer to use only one login and register all
decisions using the same login. Some teams talk to others
about their decisions and sometimes it is possible to see that
they do agreements just like companies in real world do to
increase market share compared to others outside the deal.

Two training rounds are followed by competitive rounds in a
number that can go from 8 to 12. After the fourth round they
were presented to a survey with three situations where
questionable decisions where taken by one member of a
hypothetical simulated company as theirs. They are asked to
answer how much they agree with that answer in a scale from
1 to 10 where 1 represents strongly disagree and 10 means
strongly agree.
The English version of the situations are:

In a team formed by the president and finance directors,
marketing and operations, decisions are taken on computers
remotely over the Internet. Each of these officers use their
personal computers to, every Friday morning, make business
decisions for the next week. The system was created so that
each answer for their decisions gaining more grading or losing
bonus to grading, depending on the outcome of decisions. The
marketing director travelled and left the password with others.
None of the other directors could make decisions because the
demand forecasts were not in the system. Assessing the
situation, the president preferred to use the absent officer`s
password to enter a demand forecast than harm all because of
the lack of that decision. There is no rule that prohibits it, but
the system was made so that each one has to enter personal
password to input decisions in the system.
1) How do you assess the decision of the President?

To launch a new brand, Joe got the information on how the
competitor will spend advertising for each brand, in a
management simulation. What happens is that with this
information, the team will win the market because can spend a
little more and will sell more. Joe discovered this because he
is the other team member friend and think he does not care if
one knows this information, but Joe knows it will benefit the
company because he may make a better decision. As the result
of the company performance, Joe can get a better grade and
decided to share the information with the rest of his team.
After the decision was made, Joe regretted what he did
because it would hurt the friend's team and even affect their
friendship and ended up telling his friend how much your
company will spend. And so felt better about all that.
2) How do you assess Joe's decision to tell his team how much
the competing team would spend in order to have a better
result?
3) How do you evaluate your decision to tell the other team
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Ethics is part of a formal discipline and needs to be
understood in contrast to morality understood as an everyday
understanding about things. Morality concepts result from
social conventions or agreements that belongs to each culture.
It is part of the society’s shared and stable beliefs about what
is right or wrong according to rules, values and customs. A
main characteristics of ethics is to provide procedurally just
and transparent process for decision making that goes ahead
of moral (Ortmann et al., 2016). This is particularly useful in
strong cultures where morality is highly considered in daily
life.

The simulation runs in a cloud based software where students
register their decisions after in class decisions. At this
simulation a group of four students occupy positions in the
simulated company and have to do decisions that can easily be
done for the other. This means that anyone can do others
decision in the same company to fill the absence at the class
or just for making things happen. The positions at the board
are president (CEO) and directors of operations, finance and
marketing.

Table 1 - Data demography
Group

Quantity
(n)

1

54

2

60

Total

114

Gender
Male 32
Female 19
No answer 3
Male 38
Female 14
No answer 8

School (Group 1) and the second to college students at the
first months in a regular school (Group 2):

Age

The first group was divided in two classes and the second
group in three classes. There could have communication
among students within each group but not between the two
groups because they were from distant places.

Avg 19,47
Sd 2,52
Avg 15,38
Sd 0,67

114

how much would spend, after he repented?

The business simulation that worth grading for students is in
the final round. This round will determine who will gain the
highest score which will be the winning team. The company is
at the first place and a friend of the president is in fourth place
and if he doesn’t place at least the seventh, he will flunk the
course. However, if the president makes a wrong decision, the
most that will happen is that the team fall one or two positions
and the grading will decrease, but because of that, the friend’s
company may rise some positions and it will save his grading.
The president decided to make the wrong decision to help the
friend's grading, without telling the team. The entire staff was
impaired, but all ended up going with good grades.
4) How do you assess the decision of the President?

The second situation is a little more conflict because the
manager took competitor information and used internally. It's
something that happens in the real world but results in many
questions about how far does the ethics of competitiveness in
the business world. In the concrete business simulation where
students were performing no prior restriction regarding this
situation it was not made. In fact, nothing has been banned or
encouraged regarding the exchange of information although it
is known that the students say to each other as they are
participating in the simulation. The dilemma then refers to the
use of confidential information. Secondly, it asks about how
the reaction of repentance that he used confidential
information and made a new breach of confidentiality. This
time, opening inside information to compensate for the
damage he had done to the competitor. The first case is
something that can be questioned from an ethical point of
view, but is more related to the type of industry and the
culture in which the company operates. The second case is a
serious issue, although it also has components related to moral
and culture.
The third situation is both a context of cooperation between
classmates and a betrayal of own teammates. It is a moral
rather than ethical issue, although from the point of view of
ethics in management is a serious fault.
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Figure 1-Question 1 frequency

The next situation has two questions. The first is about the
action itself and shows the same pattern with no relevant
differences along answers:
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Figure 2-Question 2 frequency
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For the second question in the second situation, there was
more answers closer to a central position to a total
disagreement. This means to say that the action taken after
regretted and tried to reverse the previous action was not
likely to be good.

Results
The total of 115 surveys were used after eliminating the ones
that haven’t fulfilled the four questions. Two group of
students answered the survey as follows. The first group refers
to undergraduate students at the first months in a Business
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In the first situation, the dilemma between the common good
and the unilateral decision is in the question. The system was
set up so that the individual decision is transparent and
traceable and the decision by the president changed a stream
of previously decided decisions.

The results for each of the four questions about the three
situations are in the following images. Data presentation as
frequency was the option since that there was weak
correlation between the answers to age, gender or selfdeclaration about having or not a job. The first question shows
a quite equal level of frequency (%) along all agreement or
not opinions.

discussion itself was the point for understanding the possible
positions. The same survey was applied again with the
difference that they were asked to answer just if their personal
positions changed about their previous answer.

Ques0on 3 frequency
30

At the first time 35 students answered the survey and 30 were
used in the analysis after exclusion of the not complete whole
questions. At this time 15 surveys were fulfilled and the
results are in Table 3.
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Figure 3-Question 3 frequency

The same general pattern was perceived in the third situation
as in Figure 4:

Ques0on 4 frequency

The data average suggests that a few difference of change is
perceived after the debriefing. This is not an indicator that
debriefing is not useful for learning. It is really a consensus
that debriefing is a great component in this didactic
methodology (D. Crookall, 1992; David Crookall, Nice, &
Antipolis, 2000; Kriz, 2008; Nicholson, 2012).

However, what is not told widely is that the simulation should
be objective driven to the subject to be learned. It is common
not to find in research publications the reason why the
simulation was chosen for a specific use.

This discussion about the fact that the correct use of a game
simulator is a key point as important or more than the
debriefing process. The used simulator has its own objective
that is not about ethics and even if ethical issues are present
along the class dynamics, it was not specifically designed for
this use.
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Figure 4-Question 4 frequency

There was a central-to-total-disagreement about the action
taken.
The only relevant difference observed in the data comes from
the groups of students:
Table 2 - Answers by group

Question

Group
1
Avg
1
Sd
Avg
2
Sd

2

3

4

6,71

4,07

4,36

3,89

2,31

2,62

2,44

2,57

5,57

4,45

4,77

3,68

1,80

2,29

2,59

2,17

As a hypothesis the average age of students for each group
could explain such differences.

Debriefing

The next week after the survey, students from one class in
group 1 took part of a debriefing session about the ethics. An
initial presentation showed the official professional ethics
code applicable to the management position stablished by the
Brazilian government. After that each context used in the
survey was pointed as an example of ethical or moral issue. At
this point students were asked to talk their position about
possibilities and why to take one or another decision. It was
told that there is not a right or wrong answer but the
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Two main points derives from this research. The first point
isthat even the best debriefing cannot supply learning if this
simulator was not objectively designed to that focus. That is a
new finding that suggests that this can be the reason why, in
some cases, experiential learning can be told not to be
effective. Not always a debriefing style or technique will
apply to every simulation or game. It would be useful to think
about adequate debriefing actions even while designing first
concepts of the game, not after it is ready to play. This can be
a new issue to future researches in depth.
The second is that the choice of a simulator should consider
the learning objective. This is not a new finding but shows the
relevance of choosing the correct tool for each didactic
objective. Adaptations may be not a good option.
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1.

INTRODUCTION

Serious games are a phenomenon that have existed as a
learning tool for over a half of century if we will consider
only digital ones. Starting from 1955 with the logistic
simulation developed for the US Air Force by RAND
corporation (Raghothama, Meijer, 2014) its efficiency of
learning quickly transferred to business schools as for
example, with Top Management Simulation and later to other
areas of training of education (Woods 2004). Today serious
games have broad meaning that includes many subgenres like
advergaming, edutainment, edumarket game, diverted game
and simulation game (Alvarez, Rampnoux, 2007). What is
differentiating them from entertainment digital games is that
primary purpose is other than pure entertainment (Chen,
Michael, 2005), although it has video game structure (Djaouti,
Alvarez, Jessel, 2011). That naturally influences design
process of serious games and have its implication on the game
and gameplay itself. There has to be right combination of
educational values and video game design elements that are
fun and engaging (Schell 2015).
What the authors observed form their practice with
business simulation games is that a common feature is their
lack of fun and entertainment such as that which can be found
in video games. That lead the authors to the idea of
developing a management simulation which will engage users
because more effort has been put into creating experience
similar to what can be found in off-the shelf productions of
games. Authors put stress on good look and feel of the game,

265

easy to understand navigation of the interface and engaging
storyline. Following paper will describe how design science
research was used during development of the game and game
structure itself. Closing chapter of this paper will present
conclusions of used methodology and state some open
questions for further research.
2.

DESIGN
SCIENCE
RESEARCH
SIMULATION DEVELOPMENT

IN

Design science as a research methodology is oriented on
problem solving and improvement of current solutions. Roots
of the methodology are in classic work by Herbert Simon –
The Sciences of the Artificial (1969). A characteristic of
human beings is that we can create and use tools for tackling
obstacles. By doing that we explore new areas and disciplines.
Now almost the same process was restructured into generating
new knowledge. Design science research has its base in
already created knowledge and transfers that into construction
of artifacts that serve people. Main difference between design
science and analytical science is the characteristic of
knowledge generated during research. In explanatory science
the research is perceived as seeking of truth (van Aken 2005).
Outcome of such research can be a theoretical model that
describes rules, patterns and relations of observed
phenomenon. Design science has a more pragmatic
characteristic. In this context research is a search for
understanding and improvement of performance in different
contexts.
Design is also an inherent and important step in creating
Information Systems (IS). It is treated as part of IS research
cycle that creates and evaluates IT artifacts intended to solve
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of their paradigms and those who pay attention to reconstruct
the past. Design science (or community of practice) aims for
shaping future. Using knowledge from community of
observers is desired as long as it contributes to building the
artifacts (Klabbers 2006).
3.

FOUNDATION OF THE ARTIFACT

The starting point for creation of Authors new game was
maladjustment. Already known simulations and decision
games that explains business concepts and problems are
almost always tremendous systems of interrelated variables
and functions that with guidance of arbiter can provide
learning outcomes. Another thing is that it is hard or
impossible to play decision games like total management
simulation in solo mode – either just for fun of playing or to
experiment with different set of decisions than in first attempt.
Final problem that we identified is aversion for outdated user
interfaces and user experience in general in most of business
simulations. People used to fancy smartphone GUI of modern
operational systems are mostly disengaged when they have to
work on something which is basically ugly and hard to
operate.
In 2014 one of the Authors started his work with new
game that would deal with identified problems of business
simulation games. Second Author joined him as a consultant
in 2015. Game was part of bigger project financed by
European Union which aimed for creation of internet platform
for distribution training and educational games. Coffee Noir is
first title available there. Direct inspiration for the game were
computer strategy games of the genre called Tycoon, which
can be synonymous to Total Enterprise Simulation. Innovative
element of it is expanded narrative structure that have impact
on overall gameplay.
Knowledge base and substantive layer (economical
model, educational written content, decision-making logic,
negotiations) was created during researchers done by
researchers from Economical University in Poznan, Poland
with cooperation of game designers, developers, players and
testers. Whole written content was made by person with
professional writing experience.
Main goal of the project was to achieve higher

Figure 2: Force-feedback model
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identified problems (Hevner 2004). Hevner’s framework of
Information Systems Research describes how environment
and knowledge base influences design and development of IS.
When it comes to environment it has to be considered what
people, organizations and technology will be taken under the
scope. By doing that one can assure relevance of research. On
the other side the upkeep of rigor when choosing applicable
knowledge from overall knowledge base is crucial for
appropriate research. Selecting and applying related
foundations and methodologies influences quality of research.
Next research step is to develop artifact (or theory) and assess
it by evaluation in form of experiment, case study or
simulation. That leads to refine of research development and
working tool that is built on existing business needs with use
of applicable knowledge. If needed – process of assessment
and refinement can be repeated and later on can contribute to
environment (by creation of proper solution) and knowledge
base (by addition of new knowledge) (ibidem). Hevners’
framework applies in building information systems. That
process can be transferred to simulation games, which design
base on practice experience and knowledge bases.
But how one can use design science research when it
comes to simulations and gaming? Klabbers defines design as
invention of courses of action aimed at changing existing
situation into preferred ones. He describes two dimensions of
design: “design-in-the-small (DIS), referring to simulation
game design as such, and design-in-the-large (DIL), referring
to changing existing situations into preferred ones” (Klabbers
2003). Both DIS and DIL are in close relation and effects on
one level influence everything on second one. DIS focuses on
design, implementation, observation and improvement of
examined game. Then DIL after observation of what
happened during DIS will formulate conclusions, create
generalisation and describe it as a knowledge contribution.
In his follow-up article from 2006 Klabbers constructs
framework for linking the analytical science and design
science to help with cooperation and understanding between
practitioners of both research paradigms. Secondly it is a
powerful tool for advanced research of information systems
and simulation games as well. Analytical sciences (or
community of observers) are presented here as obeying rules

engagement into learning by doing with use of educational
computer game. Authors assumed that well-made narration
and main story plot will influence growth of engagement.
Second assumption was attractive and theme-stylized graphics
layer with user friendly interface will add to engagement. All
of that was aimed to make the business simulation as close to
computer games as possible with keeping quality educational
values at same time.
4.

GAME DESCRIPTION

Sales – creating offers, meeting customers.

That module has also two other important elements:
• Narrative elements – overview of gathered clues and
other elements needed to solve the case,
• Random events – additional challenges that influence
players company.
By optimization of every area in the company player has
opportunity to open conversation module, gather new contract
and get more clues for the case. If company situation is better
than expected, then player have additional perks to use during
the conversation.
Second module focuses on negotiations techniques.
Player needs to discuss contracts and agreements conditions
during simulated talk with Non Playable Character (NPC).
The better shape the company is in – the better opportunities
of conversation have player. Each conversation has three
phases:
1. Entry talk (how to behave before showing offer)
2. Offer submission and set of details,
3. By using negotiation techniques player can influence
talker to give better conditions of contract.
After successfully finishing negotiations player is back
to first module with addition of new income from just signed
contract, new client for future cooperation and probably new
clues for case.
Two modules of the game could be separated and exist
as separate games. What is used here is kind of forcefeedback of input and output data between modules. That
strengthens the idea of better performance within each of
modules so it can be easier to go through next one. The player
spends more time in the company simulator module and
negotiation module can be treated as a reward for well-played
rounds. It is also some diversity for players – whole
simulation module takes 48 rounds to complete. Good
performance in both modules gives player feeling of having
control. If there is poor performance, then player gets
notifications about possible changes he can do.
4.

DESIGN AND DEVELOPMENT

According to Klabbers framework authors created an
artifact that is focused on local knowledge and unique

Mo d u le u n l o c k

Pro p er tim e m anag em ent ;
p rodu c t ion opt im iz at ion, t ask
m anag em ent u n lo c k s t h e
m o d u le
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I

G a m e Mo d u l e
II

S im u l a t o r P e r f o r m a n c e C o n v e r s a t io n P e r k s
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Simulator
C o n v e r s a t io n P e r f o r m a n c e S y m u la t o r P e r k s
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The game is situated in noir-like fictional retro-futuristic
city of London 2021. Player is a private detective that got an
assignment to find a businessman from coffee industry. To do
that players task is to blend-in that specific business
environment and look for clues. For camouflaging purposes
player is ought to open new coffee distribution business,
survive on the market and solve the case at once.
Coffee Noir is a single-player experience divided into 48
rounds. Players task is to analyse market data and transfer that
into proper business decisions to make the company running.
Simultaneously player has to look for clues which is hidden
under negotiation module. Players character talk with main
suspect undercover by different goals (making new contracts
for company).
Game has two main modules – enterprise simulation and
conversation module. Both are closely interrelated (figure 2).
What happens inside one of them have its outcomes in
second. It is impossible to skip one of this modules – to
progress player needs to make decisions in both.
First module keeps player to manage different areas of
company:
• Production optimization – setting volumes of
production,
• Marketing campaigns – choice and calibration of
promotional campaigns that increase demand for
coffee,
• Managerial practice – task assignment for
employees, mostly accounts that search for new
clients,
• Finances – costs supervision, loans,
• Human Resources – employees’ competences
development,

•

circumstances. The knowledge contains of theory behind
negotiations, econometric model and video game design.
Circumstances like new generation of students and rapid
development of how we interact with modern software. That
lead Authors to designing innovative simulation game which
will bring new knowledge of how this specific design works
in terms of learning outcomes and students engagement.
Following DIS and DIL relation of simulation design
Authors are now in third round of DIS cycle. First was done
by themselves and it put stress on creating and combining two
main modules of simulation. Then after evaluation of first
simple tests of how works interrelation of them we made
some adjustments which were mainly connected to
econometric model. Second round, with revised game
features, was conducted with external testers. That lead to
outburst of identified insights and problems basically with
every aspect of the game. After dealing with feedback from
second round of tests and implementing that during second
DIS Authors are right now before releasing Early Access of
the game, open for everyone interested. Adjustment of game
will be made on the go, which means many small iterations
rather than releasing one big new version of the game.
5.

WG 5.7 Workshop on Experimental Interactive
Learning in Industrial Management, Stockholm,
Sweden, June 24-28, 2013. Revised Selected Papers
Schell, J. (2015) The Art of Game Design. A Book of Lenses.
Second Edition. CRC Press.
Woods, S. (2004) Loading the Dice: The Challenge of Serious
Videogames. Game Studies volume 4, issue 1,
http://www.gamestudies.org/0401/woods/ retrieved 26
February 2016
Wolfe, J. & Crookall, D. (1998) Developing a Scientific
Knowledge of Simulation/Gaming. Simulation and
Gaming, 29, 7-19

CONCLUSIONS AND FUTURE RESEARCH
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Using design science research methodology while
creating Coffe Noir provided a logical structure for the overall
project. With methodological approach Authors were more
sure that final product will fulfil their assumptions of creating
fun and engaging simulation. Force-feedback model is most
explicit outcome of that research that can be used in later
phases. First reactions of players after releasing the game to
the broad public are very positive.
Further research will deal with answering the question if
business simulators like Coffee Noir are better in generating
knowledge transfer than games well known on educational
field but without elements like strong narrative or forcefeedback model of players’ engagement. Next step can be
addition of interactions between players, how competitive
elements like comparing best results of different players can
influence engagement and gameplay.
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SysTeamsChange ® – Simulation Game for Leadership and Change
Management
Willy Kriz, PhD; Werner Manahl

University of Applied Sciences Vorarlberg, Austria

The gaming simulation SysTeamsChange® is constructed on a modular basis and takes 2 to 5 days depending on the stipulated
training requirements. 4 to 6 participants per team slip into the roles of a team of consultants or a “change agent team” (it is being
possible to have several teams playing in parallel), and they have to make joint decisions, which refer to the development of a
simulated organization in a transformation process. While doing so they receive not only substantiated background information
about ways and means of intervening but also about typical problems (resistance, dealing with power and leadership, etc.) that can
occur in an organizational development process.

We discuss the design, facilitation and debriefing of the simulation game SysTeamsChange. Participants will have the opportunity
to have a short demo play experience. We will present several case examples of the application of the game for university
students, change management consulting in companies, executive training, leadership coaching and for the support of large
transformation processes of organizations. We show how the game artefact (design in the small) is interconnected with the change
of organizations and dysfunctional situations (design in the large) according to Klabbers terminology. We will discuss how the
design was carried out according to the model of Duke and Geurts. Finally, we show different facilitation and debriefing options
for different learning goals and target groups.
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Considering the state of development of the simulated actors concerned, their degree of motivation and forms of resistance, the
“right” measures have to be planned and implemented, keeping budget constraints in mind. Overall the actors being simulated
should be accompanied from the shock phase, over the stage of rational insight and emotional acceptance through to the
integration of the change (due to an underlying 7 step model of psychological change phases). The gaming simulation is flexible,
because every action and practice module can be chosen as reinforcement as the team thinks fit, and further customized actions
and modules can also be integrated into the gaming simulation model. If required, the features of the organization from which
players come can also be built into the gaming simulation model and the simulation. Besides the relationship to real case studies
and research results, the gaming simulation has a theoretical basis, since approximately 30 current theories about organizational
development, change management and leadership with their cross-connections are simultaneously simulated. These theories and
research studies can be then possibly processed with additional modules for reinforcement. As a type of gaming simulation it can
be classified as multi-modal medium, a tactile board game with a board, figures and further symbols, in combination with a
computer simulation.

Wednesday, Session 1, Room 207

SimHealth
Free Papers

Undergraduate Simulation
Undergraduate Students’ Experiences of Being ‘in
role’ in Simulated Nursing Practice as the Recipients
and Providers of Nursing Care (513)
Nancy Lorraine McNamara
A Staffed High-Technology/Fidelity Simulation
Re-Do Station – Does it Increase Nursing Students’
Learning? – A Topic Review (476)
Liz McNeill

Student Led Scenarios: The Undergraduate Student
as Simulation Teacher (479)
Andrea Thompson
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Undergraduate Students’ Experiences of Being ‘In Role’ in
Simulated Nursing Practice as the Recipients and Providers
of Nursing Care
Nancy McNamara; Kerry Reid-Searl; Trudy Dwyer

Waikato Institute of Technology; Central Queensland University
Aims.
The aim of this study is to gain some insight into the experiences of student nurses ‘in role’ in simulated nursing
practice as both the providers and recipients of nursing care.
Background.
In undergraduate nursing education such things as decreased government health budgets, higher patient acuities and
increased student numbers result in a reduction in the availability and quality of clinical placements (Cangelosi, 2008;
Levett-Jones, Lapkin, Hoffman, Arthur, & Roche, 2011; Wilford & Doyle, 2006).Simulation, is an innovative
educational strategy designed to address these concerns (Adamson, 2010).

Role-play is not a new concept in nursing education and forms an integral part of all simulation (Nehring & Lashley,
2009; Reid-Searl et al., 2011). Students involved in role play are actively involved in the construction of their own
learning hence enabling multi-level brain processing of experiences (Clapper, 2010; Levitt & Adelman, 2010;
Nehring & Lashley, 2009). Role-play also engages the motor and cognitive systems which, according to research
allows the entire brain to be engaged in learning (Clapper, 2010). Emotional learning whereby reflecting on
emotional experiences and relating them back to the source of information further adds to the benefits of role play.
(Clapper, 2010; Gordon et al., 2010; Kolb, 1984; Lewis et al., 2013). The benefits of role play, although clearly
evident rarely include a student as the recipient of nursing care (McNamara, 2015; McNamara et al., 2014).
This study therefore sought to gain an understanding of the experience of participants partaking in a simulated
practice programme whereby participant had an opportunity to experience the roles of both provider and recipient
within the same clinical simulation.
Methods.
Grounded Theory provided an appropriate methodology to understand participants’ experiences. Following ethical
clearance, 16 self-selecting year one undergraduate nursing students took part in the study. Data was gathered through
semi-structured interviews until saturation was reached. Data was analysed through the constant comparative method
and the process of open, axial and selective coding.
Results.
Four major themes: personal engagement, learning from one another, simultaneous perspectives and changing
considerations emerged from the data in this study to answer the question ‘What are undergraduate nurses’
experiences of being in role in simulated nursing practice as the providers and recipients of nursing care’.
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Simulation encompasses techniques, from low fidelity role-play and scenario setting to high fidelity silicone masks to
computerised manikins. All simulation however involves students engaging in role play (McNamara, Reid Searl, &
Dwyer, 2014; Reid-Searl, Eaton, Vieth, & Happell, 2011).

Discussion.
Participants in this study, through experiencing both the recipient and provider roles developed the ability to consider
simultaneous perspectives in nursing practice.
Increased patient empathy and a deeper insight into the recipient experience facilitated more patient focused care in
subsequent nursing practice.
Conclusions.
This mode of simulated nursing practice may provide a highly effective, low cost adjunct to year one undergraduate
nursing programmes. Through experiential learning, simultaneous provider recipient perspectives may emerge to
influence and guide nursing practice toward more patient focussed care.
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A Staffed High-Technology/Fidelity Simulation Re-Do Station
– Does it Increase Nursing Students’ Learning? - A Topic
Review
Nina Sivertsen; Liz McNeill

Flinders University, School of Nursing & Midwifery
nina.sivertsen@flinders.edu.au; liz.mcneill@flinders.edu.au
Aims.
To explore benefits to student learning by adding a staff member to our re-do action review stations.
Background.

When in the sim suite, students self-allocate the roles of primary nurse/team leader, treatment nurse, documentation
nurse and observers. Following the high-fidelity scenario, consisting of briefing, simulation scenario and debrief, the
students proceed to an after action review at the re-do station. This is supported by Lin (2001), Vincent et al. (2002)
and Wang and Reeves’ (2007) studies that reveal student learning by reflection in areas of simulation can have
positive outcomes. After Action Review is a repeat process during an educational experience consist of more than
reflecting upon and avoiding making the same mistakes once more. Scoresby and Shelton (2014) demonstrated how
students can improve their learning when they are thinking about their thoughts and become more aware of their
reflective abilities and how to apply those abilities (Scoresby & Shelton 2014).
Our presentation at the SimHealth Conference in 2015 laid the foundation for this 2016 inquiry and change in this
nursing topic. Overall, simulation satisfaction in 2015 resulted in a 68% positive experience compared to 25% in the
2014. When the 2015 comments were explored in more depth, a common theme arising related to lack of staff at the
re-do station and difference in the level of technical fidelity of the re-do manikin.
Methods.
Previously an RN confederate was present in the sim suite, following student feedback the RN confederate was
moved to the re-do station. The students in the simulation suite were directed to used phone support as needed, with
the re-do station now a direct copy of their previous station in the sim suite with the same level of technical fidelity in
the manikin.
Result.
Overall simulation experience:
Overall approximately 72% of the students felt that simulation was extremely helpful to their learning in general.
Feedback included that the best part was the debrief and re-do station and that it allowed linking the readings and
concepts to practice in a safe environment, making them more prepared for placement and working after graduation.
Negatives related to individual preferences and facilitator differences, large groups of 5 when it would be better
having 2 people, limited time and not enough scenarios and being an observer
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The Flinders University’s School of Nursing and Midwifery recently revised the curriculum with a desire to increase
simulation across the undergraduate nursing curriculum (School of Nursing and Midwifery 2012). At the time of this
review, the simulation suite, which uses SimMan was well-established, and was being used at both a second and third
year level. As a part of the simulation-based activities in this topic, the students are required to demonstrate their
ability to communication with patient and health professional, appropriate use of ISBAR, work as a team, identify and
respond to changes in the patient's condition, evaluate the patient’s response to interventions, and provide
documentation in the patient’s bed and case notes.

The observer role:
The observer role remains a contentious issue with many students not appreciating the learning opportunities it
provides. Only 60% saw it as positive even when we moved them into the control room. Positives included the
students being able to see the scenario from the tutors’ perspective, easier to pick up little things when not in the same
room, far less pressure, being able to learn from fellow team members.
The remaining students were seeing it as a more negative role due to not being able to help their team members when
they were struggling, getting no hands on experience, not really learning, and critiquing team members in debriefing.
Staffed redo station:
Student satisfaction with the staffed redo stations was approximately 62% with supporting comments focusing on the
tutor helping to make sense of the theory, giving real life examples, discussing faults until they could understand why
corrections were needed, ability to ask for clarification, much better than without a staff member.
The negative comments included only doing the scenario once as a redo and the other times prior to sim due to
rotation, tutors only talking and not actually redoing the actual scenario, some students didn’t feel it was necessary
after the debrief, the redo tutor didn’t see them do the original scenario so didn’t know how they worked as a team.
Discussion.
(included in results above)
Conclusions.
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Reading through the student feedback, the topic still has room for improvement. Whilst we recognize that we are not
able to please everyone, we do appreciate some of the key issues as those which are modifiable and within our
control. We are trying to increase the understanding of the benefit and learning attached to the observer role as well as
improve the continuity and consistency of the teaching methods and procedures in the redo station.
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Six Steps to Coaching Oscar Performances from UnderGraduate Nursing Students in Simulation: An Action
Research Study
Dr Gwen Erlam

Auckland University of Technology
gerlam@aut.ac.nz
Aims.
The aim of this research is to highlight successful strategies discovered upon collaborating with 161 undergraduate
nursing students in an action research study. Educators had been given a mandate to use simulation with no
training in the pedagogical underpinnings necessary to support this learning tool. This research aimed to
discover pedagogical practices which could improve the implementation of simulation in both effect (clinical
judgement) and satisfaction (student confidence) with undergraduate nursing students.
Background.

Methods.
After ethics approval (ethics application #12/208) three action-research cycles unfolded in order to observe current
practice, and to improve simulation design and implementation.
The goal of the first action cycle was to
observe current practice and obtain student feedback about the effectiveness of simulation on both learning
and self-confidence. Two focus groups involving students (n = 15) were instigated. Descriptive thematic analysis
using the research question as a guide yielded student suggestions which were then employed to design a simulation
scenario.
The second action cycle involved implementing the new simulation from cycle one with a larger group of
students (n = 125). These students were given a pre-post simulation survey in order to discover what they
valued most and least in the revised simulation along with any other changes they might view as helpful to
their learning and self-confidence.
The third action cycle emerged as a result of suggestions from cycle two. Students requested a simulation suite be
developed for final semester students in preparation for professional practice. This suite consisted of three
scenarios involving patient deterioration (Bogossian, Cooper, Cant, Porter, & Forbes, 2015), and the students (n =
21) were administered pre- and post-simulation tests in order to determine the impact of simulation on content
knowledge (Flood & Higbie, 2015). The simulations were filmed and student performance evaluated via the Lasater
clinical simulation rubric (Ashcraft et al., 2013; Lasater, 2007) in order to determine development in clinical judgmen.
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In 2012 it was noted that many of the students in a large undergraduate school in Auckland were calling in sick and
purposefully avoiding simulation sessions. Upon further investigation, it was discovered that the students were
not finding the current simulation programme helpful or supportive. In answer to this problem an action research
study was undertaken in order to investigate current practice in simulation and to discover ways in which this problem
might be mitigated in order to improve the overall simulation experience in the undergraduate programme. The
research question was, “How can pedagogical practices be improved with undergraduate nursing students in
simulation?” Action-research was the chosen methodology due to the need to give students a voice and to make
change in current practice (McNiff & Whitehead, 2010, 2011). It is this change process which was sought in order to
find answers to the current simulation problem.

Result.
Four themes emerged in the second action cycle which students stated improved their performance.
These in order of value were: (1) modelling of expected performance by simulation facilitator; (2) being allowed to
repeat their performance after feedback; (3) a safe and constructive debriefing; and (4) being taught to use the
I.S.B.A.R. tool to structure communication and elicit assistance. In the third action cycle, simulation as a
teaching/learning tool was found to not only improve content knowledge, but enhance clinical judgment (n = 21).
These results can be seen in Figure 1 according to each category of the Lasater Rubric.

Average scores by scenario

Process by Scenario with 95% Confidence Intervals
14
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8
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4
2
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Shock
Croup
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Interpreting

Responding

Reflecting

Categories of Lasater Clinical Judgment Rubric

Discussion.
Dewey (1922) explains that the work of teachers is to create rich, educative experiences for students. The
method of an educative experience is defined as critical thinking (Dewey, 1916). Genuine education comes
through experience, but not all experiences are educative (Dewey, 1938).It is the job of the educator to
design experiences which are educative. This action-research project aimed at determining how best to create
educative environments using simulation. After three action cycles of investigation, six strategies were
highlighted which proved helpful in coaching Oscar performances out of undergraduate students. These strategies
were: 1) Highlight what is known and what is unknown by the student. This was done using pre- and post-tests in the
third action cycle. When students saw for themselves their uncertainty as to the correct answer, they seemed more
open to learning. 2)Work with students in the room. This allows students to interact with a matured social medium
(Dewey, 1922, 1938) in order to modify their performance and thinking. Some (Benner, Sutphen, Leonard, & Day,
2010) call this form of interaction situated teaching. 3)Model the expected behaviour: Modelling can inspire
students to do as well or better than their teachers, steering them in a manner which becomes educative and
leads to further growth (Dewey, 1938). 4)Allow for repetition of the simulation: This assists students with cementing
of new knowledge into cognitive schema for storage in long-term memory (Sweller, Ayres, & Kalyuga, 2011).
5)Create roles for each student:This helps to reduce cognitive load on working memory during the simulation
(Fraser et al., 2012). 6)Debrief students following the simulation:This allows students to reflect with the facilitator as
to how they might improve their performance (Levett-Jones & Lapkin, 2014). pt.
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Figure 1: Lasater scores by category

Conclusions.
Simulation as a teaching/learning tool can have a powerful effect on content knowledge, clinical judgment, and
student confidence. However, appropriate pedagogical underpinnings must be employed in order to maximise
simulation’s impact.
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Student Led Scenarios: The Undergraduate Student as
Simulation Teacher
Andrea Thompson, Critical Care Simulation Program Coordinator^, Simulation Nurse Educator*;
Assoc Prof Leo Nunnink, Critical Care Course Coordinator^, Staff Specialist Intensive Care*
^University of Queensland School of Medicine; *Princess Alexandra Hospital

Aims.
To develop the students’ teaching skills while consolidating their knowledge of management of the critically unwell
patient, by writing and facilitating high fidelity patient scenarios. The program promotes reflective exploration of
clinical events, including clinical assessment and management as well as the professional and behavioural elements of
care.
Methods.
Participants are final year University of Queensland medical students undertaking the Critical Care Rotation at
Princess Alexandra Hospital. Students attend simulation training that comprises both procedural skills and immersive
scenarios.

The scenarios are delivered at the end of the rotation, with their peers as scenario participants. With the technical
assistance of a simulation co-ordinator, students take the roles of scenario controller, debriefer, patient voice, and any
confederate roles in the scenario.
Although peer assisted learning is recognised as increasing the clinical and teaching skills of the student “teachers”, as
well as the learning for their students (1-5), there have been no published papers reporting students designing and
delivering their own simulation scenarios. Student written scenarios have been validated as an assessment tool in a
trauma rotation (6), however these scenarios were not delivered. This program supported medical students to develop,
deliver and debrief their own scenarios.
Result.
Fifty one students completed post course evaluation forms. Ninety percent agree that developing, delivering and
debriefing the scenario all increased their knowledge of the topic, and ninety eight percent said the activity increased
their confidence to manage the event. 100% of peer participants in a student led scenario agreed that the scenario
enhanced their clinical ability and confidence to manage the event. 100% of participants agreed that the student
instructors were well prepared and had good knowledge of the subject
Conclusions.
Student led scenarios allow the students to obtain a 360˚ view of the clinical event, identifying perspectives from the
patient, the clinician, and the healthcare team. Development of the scenario allows them to explore the complexity of
a patient’s medical condition, the variability of clinical presentations, and the expected patient management. The
students need to provide any supporting documentation, including chart paperwork, pathology or imaging results, and
to consider the impact of the learner groups’ actions or inactions on these results and on patient outcomes.
Manufacturing relevant vital signs and investigation results forces the students to have a detailed understanding of the
pathophysiology underpinning the simulated condition.
When delivering the scenario, the students need to consider the patient’s experience, level of understanding, and
varied responses to their healthcare encounter. Acting as confederates, they become aware of the impact of
communication and professional relationships on outcomes.
Feedback from students is positive. This has proved a worthwhile activity; however it does require significant support
and guidance from an experienced simulation and clinical faculty
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After their first day of scenarios as participants, they are introduced to the task of writing and facilitating their own
simulation scenario. They are provided with scenario and chart templates. In groups of 3-4, they identify a scenario
topic based on a clinical event they have observed and then develop a scenario script and all supporting patient
documentation. The students workshop their scenario with the support of the simulation faculty.

References.
1.

Protty MB, Mann J, Mohammed MA, Holder R, Wiskin C. Students as teachers: the impact of a near-peerled didactic teaching model on tutee confidence. Medical Teacher 35(11) 2013

2.

Wong J, Waldrep TD, Smith TG. Formal peer teaching in medical school improves academic performance:
The MUSC supplemental instructor program. Teaching and Learning in Medicine 19(3) 2007

3.

Blank W, Blankenfeld H, Vogelmann R, Linde K, Schneider A. Can near-peer medical students effectively
teach a new curriculum in physical examination? BMC Medical Education 13(165) 2013

4.

Qureshi ZU, Gibson KR, Ross MT, Maxwell S. Perceived tutor benefits of teaching near peers: insights from
tow near peer teaching programmes in South East Scotland. Scottish Medical Journal 58(3) 2013

5.

Nelson AJ, Nelson SV, Linn AM, Raw LE, Kildea HB, Tonkin AL. Tomorrow’s educators today?
Implementing near-peer teaching for medical students. Medical Teacher 35(2) 2013

6.

Steinemann SK, Berg BW, Turban JW, Hara KN, Alfrey PA. Student-written simulation scenarios: A novel
cognitive assessment method in a trauma curriculum. Hawai’I Medical Journal 70 2011
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Medical Student Preparedness for Internship Improves after
Interprofessional Simulation-Based “Ward Calls” Course
Jane Torrie; Tzu-Chieh Yu; Gihan Ganesh; Tanisha Jowsey; Jennifer Weller
University of Auckland

Aims.
Evaluate the medium-term effect of an educational intervention on medical students’ skills and attitudes.
Background.
For newly-qualified doctors, responding to acute medical problems in ward patients is a significant cause of anxiety
and many report feeling inadequately prepared1,2. To address this, in 2014 a compulsory two-day simulation-based
course (WardSIM) commenced at the University of Auckland. During the course, teams of 5th year medical, final
year nursing, and final year pharmacy students are immersed in simulated ‘ward calls’ requiring application of
clinical skills and effective interprofessional teamwork under time pressure. End-of-course questionnaire responses
were overwhelmingly positive in 2014 but we sought to find what longer-term effects, if any, the course might have
on the medical student participants.

The 2015 cohort of 6th year medical students, who attended WardSIM as 5th years, was compared with the 6th year
students of 2014, who did not. Approximately 8 months into their 6th year, both cohorts were invited to complete an
anonymous online questionnaire. The 2015 cohort were also asked to participate in a focus group concerning their
attendance and involvement in ward calls, their confidence and perspectives on personal preparedness for clinical
practice. Focus group transcripts underwent thematic analysis.
Result.
Seventy-seven questionnaires were returned from 6th year students in 2015 (response rate 37%) and 87 from the
control cohort in 2014 (response rate 45%). WardSIM participants reported greater confidence in reviewing patients
described in clinical vignettes and were more likely to have attended real-life ward calls to review patients, both with
and without direct supervision. Focus group participants described improved confidence and clearer expectations
around attending ward calls, which led to the students actively seeking out more opportunities to assess and manage
patients with acute medical problems in the real-life clinical setting.
Discussion.
Attending WardSIM was associated with improved 6th year medical student confidence and knowledge around ward
calls, and increased participation in learning opportunities. In New Zealand, 6th year medical students take on a
limited clinical load under close supervision, before transition to internship the following year. Increased participation
in ward calls in 6th year may well potentiate effects of WardSIM by repeated practice of the systematic and
interprofessional approach taught on the course.
Limitations include the use of a cohort control with the possibility of confounders, and the self-reported nature of the
responses.
Conclusions.
A simulation-based interprofessional course for medical students has significant potential to assist students with the
transition to internship.
References.
1.

Dason E. Evans & C. Michael Roberts. Preparation for practice: how can medical schools better prepare PRHOs? Medical
Teacher. 2006;28(6): 549–552

2.

Gome JJ, Paltridge D, Inder WJ. Review of intern preparedness and education experiences in General Medicine. Internal
Medicine Journal. 2008;38(4):249-53.
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Development of an Interprofessional Simulation (IP-sim)
Program for Rural Based Medical Students Using the Plan Do
Study Act Cycle
Vanessa Ryan; Lucie Walters; Elena Rudnik; Stef Lobzin; Peter Burns; Sandra Crockert; Rachel
Hampshire
Flinders University Rural Clinical School
vanessa.ryan@flinders.edu.au

Background.
At Flinders University, medical students can choose to spend their penultimate year in the Parallel Rural Community
Curriculum (PRCC). Students who elect into the PRCC are based in rural practice in one of four rural regions in
South Australia. In addition to supervised learning in a rural practice, students are involved in weekly formal
education facilitated by University employed rural doctors, nurses and allied health clinicians who worked as Clinical
Educators. Learning activities, such as clinical simulations are facilitated during this time.
Intervention.

The Interprofessional Simulation Program (IP-sim) aimed to deliver a clinical simulation program “to prepare medical
and health professional students for rural practice and improve their capacity to provide quality and safety of
healthcare by: supporting these students to learn with, from and about other health professionals and people in our
communities.”
Evaluation Methods.
Over a two-year period, Flinders University Rural Clinical School implemented a Plan Do Study Act (PDSA) process
to evaluate and improve the IPE delivered to rurally based medical students.
The PDSA cycle process involves developing a plan to test and demonstrate change (Plan), implementing the changes
(Do), observing and measuring the effect of the changes (Study), before reviewing all steps to identify and modify
actions for further improvement (Act) (Deming,1982). A feature of the PDSA process is the inclusion of at least one
quantitative measure that is repeated at intervals throughout the process to identify whether change is occurring
(Nakayama et al, 2010).
The PDSA cycle was utilised to measure incremental change and enable continuous quality improvement in the
simulation program by shifting the focus of simulation from skills training to patient safety, and collaborative team
practice.
Results.
Student feedback on simulation sessions was very positive. Comparing pre and post PRCC program results for 2014
PRCC students, the IP-Sim intervention had a significant impact on self-reported interprofessional practice skills
[F(2) = 16.70, p < 0.001]. However these results were not significantly different to the results of PRCC students at the
end of 2013 prior to the introduction of the formal IP-Sim program [Mean Difference = -0.100, 95% CI -3.09 to 2.89,
p = 0.947]. Further results for 2015 cohort will be presented.
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In October 2013 PRCC implemented a pilot scheme to increase the provision of interprofessional education (IPE)
within the PRCC curriculum. Clinical simulation was identified as one of the most obvious educational activities to
place, deliver and assess the effectiveness of increased IPE within the curriculum.

Conclusions and Recommendations for Future Use and Developments.
Over a two year period Flinders University Rural Clinical School has implemented a PSDA process to improve the
quality of IPE provided to medical students. This presentation will describe the iterative and consultative process
undertaken to develop this Interprofessional simulation program for rurally based medical students and explore the
value of Plan-Do-Study-Act cycle in incremental educational change in clinical simulation.
References.
Deming, WE, 1982 Quality, Productivity and Competitive Position Cambridge, MA, USA: Massachusetts Institute of Technology
Center for Advanced Engineering Studies.
Nakayama, DK, Bushey TN, Hubbard I, Cole D, Brown A, Grant TM, & Shaker IJ, 2010, ‘Using a Plan-Do-Study-Act cycle to
introduce a new service or service line’ AORN, vol.92,no 3, pp335-43.
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Development, Delivery and Reflections of an InterProfessional Neonatal Simulation (NSP) and Simulation Train
the Trainer (STTT) Program in India
Jenni Sokol; Kishore Kumar

Royal Children's Hospital; Cloudnine Hospitals
Aim of the Education Program.
To design, develop, and deliver culturally and educationally appropriate neonatal simulation and train the trainer
programs in India, in order for local healthcare workers to utilise simulation based education as an education tool.
Methods Adopted.

Evaluation Data from the Program.
60 participants attended one of three NSP (n=60) and 42 of these attended one of two STTT programs, in 3 different
Indian cities over a week. Participants included 3 Neonatal Fellows, 11 Neonatal nurses, and 46
Neonatologists/Paediatricians. Of the NSP, 100% of participants returned evaluations, although not all questions were
completed, with 1-2 failing to complete satisfaction with the content of the simulations. Learning objectives around
human factor training were achieved with many commenting on learning the ‘new concept’ of ‘human factor’ training
and how they envisaged it to impact on their patients’ outcomes. Future requests focused on further training with
smaller groups with more preparation, regular simulation sessions, and wishes for simulation training to become
standard practice. Of the STTT program, 100% of participants returned evaluations. Evaluation was also
overwhelmingly positive with requests for longer courses particularly focusing on more extensive debrief training, but
also acknowledging the possibility of utilising the debriefing techniques not only in simulation, but also in their
everyday work. There were also a number of comments acknowledging the benefit of the inter-professional
education, something they had not experienced previously. Reflections by the facilitators included the need for more
widespread needs analysis prior to the program, the need for more time for the STTT, and smaller groups for both the
simulations and the training program. The STTT program was able to be changed between the first and second
programs based on the evaluations. There were also a number of interruptions during the programs as a result of local
meetings which shortened the training time, emphasizing the need for more effective communication and planning of
the programs, but also the need for an adaptable program.
Conclusions and Recommendations for Future Use and Development.
Simulation training is a reasonably recent concept in education for the Indian healthcare workers. It was overwhelmingly
felt to engender learning around clinical error, human factors, and clinical scenarios. Training of local facilitators and
provision of simulation equipment at a cost equitable with the Indian economy is imperative in order to implement
simulation as an educational tool in this environment. On-going training is planned with the aim to facilitate the
development of local simulation educators.
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The NSP and STTT Programs were adapted from established programs developed in Melbourne, Australia, and were
delivered by an Australian trained Simulation Facilitator with the assistance of two local Indian simulation
facilitators. The NSP took place in situ within the birthing suites of each hospital, and involved a one hour
interactive workshop on human factors followed by 4-6 immersive scenarios (utilising high and low fidelity
mannequins), each of which were followed by a 30 minute debrief. The STTT program involved delivery of 4
modules: simulation learning theory, developing a simulation program: framework and scenarios, and debriefing in
simulation. In addition there was mentoring and further training of three local participants after attending the STTT
program. Each program was evaluated both quantitatively (utilising Likert scales), examining satisfaction with the
program, content of and confidence scales with simulation scenarios and human factors, and delivery of the program,
whilst qualitative data examined learning outcomes and future needs of the participants. Reflective comments by the
facilitators were also documented.

Australasian Simulation Congress
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The Transformation of Paediatric Resuscitation Training in a
Mixed Emergency Department Using Simulation.
Ben Lawton1; Louise Dodson1; Kate Stock2; Paul Holmes1
Children's Health Queensland; 2Logan Hospital

1

Aim of the Education Program.
Logan hospital is a level 5 facility in an outer metropolitan area with an ED census of 75,000 presentations annually.
Logan opened a physically separate paediatric emergency department in late 2014. Both adult and paediatric EDs
operate 24hrs a day and are staffed by common medical, nursing and administration cohorts. Care of high acuity
paediatric patients was identified as a learning need on a strategic level. The education program aimed to improve
knowledge and skills in paediatric resuscitation amongst multidisciplinary participants. The program aimed to identify
and address deficits at both individual and system levels.
The abstract should not exceed 600 words. The abstract is in single column format, fully justified, and extends across
the page. There is a 12 pt. space before and after each paragraph.
Methods Adopted.

A constructivist approach to course design was taken with skills and concepts building in complexity throughout the
day. The course utilises multimodal pre-learning, short lectures, skills stations, case-based discussions and immersive
scenarios to enhance clinical knowledge, practice technical skills and explore CRM principles.
The course prepares participants for seizure management, modified rapid sequence intubation, mechanical ventilation
and inotrope use in paediatrics. Participants become familiar with locally used procedures and equipment.
Pilot courses were run with senior clinician participants in order to check the content for factual accuracy and clinical
relevance, and with a target cohort to assess accessibility and logistics.
Evaluation Data from the Program.
Evaluation was considered in terms of participant experience, behaviour change and cost. Evaluative data collection is
ongoing and aims to explore participant, systems and patient oriented outcomes.
Conclusions and Recommendations for Future Use and Development.
We have developed a relevant and adaptive simulation based course in high acuity paediatric care. This course is well
received by participants and is deliverable within the resources of our large outer metropolitan emergency department.
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In order to identify learning needs we conducted a department wide learning needs analysis using a modified
Hennessey-Hicks tool. We reviewed this data in combination with information from our patient safety service’s
adverse event reporting system and the governance meetings held jointly with our regional paediatric intensive care
retrieval service.
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Simulation - a Profession?
Jan Roche

Chameleon Simulation Centre, University of Newcastle

Simulation is rapidly becoming recognised as an integral part of the future in industries to reduce risk through experiential
education and training; decision support; piloting innovative processes and to measure the benefit versus risk, (Hayden, Smiley,
Alexander, Kardong-Edgren, & Jeffries, 2014). As wide use of simulation across these industries is rapidly developing, those
involved in them are required to have skills, attitudes, ethical values and knowledge to design, produce and direct simulation
activity. Increasingly industry bodies, specialist organisations and tertiary studies centres have offered courses in simulation. The
diversity of curricula results from the variety of accreditation processes, multitude of design, execution and delivery approaches
and the complexity of risks associated with simulation. Professional groups historically have established shared understanding and
accreditation process to reduce risk and optimise outcomes. Professions Australia defines a profession as:
“A disciplined group of individuals who adhere to high ethical standards and uphold themselves to, and are accepted by,
the public as possessing special knowledge and skills in a widely recognised, organised body of learning derived from
education and training at a high level, and who are prepared to exercise this knowledge and these skills in the interests of
others.”

This workshop will use a DELPHI to guide documentation and discussion within an expert group to identify and prioritise the
issues in order to obtain consensus. Greenwood (1957) and Miller (2006) suggest a profession attributes include education, ethics,
experience, examination and entity.
This workshop will explore expert opinion using a modified Delphi technique to establish a shared understanding of the concepts
and issues of simulation professionalism. It will assist in constructing a framework encapsulating “simulation the profession.”
Linstone and Turoff describe Delphi as:
“Delphi may be characterized as a method for structuring a group communication process so that the process is effective
in allowing a group of individuals, as a whole, to deal with a complex problem. To accomplish this “structured
communication” there is provided: some feedback of individual contributions of information and knowledge; some
assessment of the group judgment or view; some opportunity for individuals to revise views; and some degree of
anonymity for the individual responses.”
This interactive session will involve development of ideas and participants will be invited to give informed permission for future
contact and involvement and use of data generated.
The workshop will be run in 4 stages over 90 minutes:
1.

Orientation and explanation of a Delphi (15minutes)

2.

Survey for participants to complete individually with collection and collation-with permission. (30minutes)

3.

Facilitated discussion to discuss participants survey contributions (30minutes)
Summary and invitation for further contact Following the discussions, participants will be invited to complete a 2nd
round of survey after the conference. (15minutes)

4.

Evaluation
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The question is, is there an expert group identified as a simulation professional with common attributes, knowledge and skills
transferable across industries nationally or internationally (American Institute of Chemical Engineers., 1970; Neal & Morgan,
2000; van Zanten, Boulet, Norcini, & McKinley, 2005; Wilensky, 1964).

The questions include:
Demographics: Name, contact, industry group, role within the industry group, years in simulation
Survey:
What industry do you perceive you represent?
How is simulation used in your industry?
What do you use simulation for?
How long have you been using simulation in your industry in this context?
What is simulation to you? [How do you delimit simulation?]
What isn’t simulation to you?
What are the benefits and barriers for simulation from the perspective of your industry?
Professionalism – what it is and is not
How do they measure /assess professionalism?
What factors are essential for professionalism?
Looking at your industry, can you identify your role is in simulation – as a profession? (explain)
Do you have standards of practice in simulation in your industry?
Is there evidence standards of practice improve outcomes in your industry?
Does your industry have simulation standards?
Is there evidence that standards improve outcomes in your industry?
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Professionalism in simulation remains a complex and intangible area. As an expert in your field, the benefits of participation
include an opportunity to contribute to development of the profession.
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A How to Guide: The Design, Implementation and Evaluation of 24
Hours of Concurrent Process and Educational Simulation Activities
to Train and Orient Staff Prior to a New Hospital Opening
Robyn Dickie; Pauline Lyon; Melanie Barlow; Stephanie Barwick; Sharon Clipperton
Mater Education, Mater Health Services

When opening a new healthcare facility, there are many operational, human resource and patient related considerations.
Historically, new hospitals transfer existing organisational policies and procedures to the new location, predicting that workflows
and patient activity flow will reflect similar processes. Mater Health Services (MHS) incorporated process and education
simulation activities as part of the new hospital orientation at Mater Private Hospital Springfield (MPHS).

The learning outcomes for this workshop are:
1.

Determine the key drivers for using simulation for process testing in healthcare settings

2.

Identify common barriers to process testing and generate potential solutions

3.

Reflect on current uses of simulation process testing within healthcare and consider other uses

4.

Identify a suitable improvement framework to ensure simulation results are accurately and reported in a timely manner

5.

Network opportunities with like-minded simulation educators facing simulation issues in their own context.

The participants will hear the Mater Education Practice Improvement Centre (MEPIC) educators outline their experiences
undertaking process simulations in the healthcare setting:
1.

Where do I start? Engaging with the right people at the right time to ensure project success

2.

Meeting client expectations- Establishing key outcomes for the process simulations

3.

How many people do I need to run my simulations? Recruiting, training and supporting consumers and other clinical
educators to run the simulation activities

4.

Putting the jigsaw together – Designing and implementing 24 hours of process and educational simulations

5.

Staff engagement- How to create a safe container to maximise staff involvement during process simulations

6.

How do I report my results to key stakeholders? The design, implementation and review of a reporting template

7.

How do I implement recommended changes to process? Who is responsible to follow up recommended changes?

8.

Evaluation of the activities – Deciding what evaluation measurements and instruments to use for process testing
simulations

The issues reflect the main areas our simulation team dealt with during our simulation process journey to open MPHS. The
presentation is designed to generate discussion and allow participants to reflect on their own process testing issues.
Following this 30 minute presentation, participants will be able to indicate which of the 8 areas they would like to further explore
in small groups.
Within the faculty-facilitated small groups, participants will have 20 minutes to discuss process testing successes and lesson
learnt. Participants will have an opportunity to examine their own process testing simulations, generate/ receive feedback and
discuss potential solutions to any issues that arise.
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Whether it is opening a new service, a new building or an entire hospital process simulation testing is an ideal way to ensure
patients and staff are able to effectively journey through the healthcare environment. In this ‘How-to’ workshop, our simulation
team will share their experiences coordinating the simulation activities for MPHS, as well as their engagement in other process
testing areas across Mater Health Services. Following this presentation, the team will facilitate participants to ‘workshop’ their
own process testing issues. A template to design, implement and evaluate their own simulation testing opportunity will be
provided as utilised in the MPHS project and other projects.

Following the group work, groups will report back to the larger group. At this time, the larger group will be able to comment
further and develop additional strategies to improve process testing simulation across the 8 key areas. This facilitated discussion
will allow participants to hear information from other groups, as well consolidate components of their own process testing
opportunities.
At the conclusion, workshop facilitators will compile a list of common issues and proposed solutions/local successes from all the
groups that will be distributed to the larger workshop group following the workshop’s completion. This formal dissemination will
allow fellow simulation educators embarking on process testing to link in with each other and also the MEPIC team promoting
further networking.
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Rehearsing the Very Technical Skills of Communication in
Breaking Bad News: Analysis of Medical Student
Performance.
Pam Harvey1; Marita Chisholm1; Justin Moir1; Pamela Snow2

Monash University Rural Health; 2La Trobe University
pam.harvey@monash.edu; marita.chisholm@monash.edu; justin.moir@monash.edu; p.snow@latrobe.edu.au
1

Research Question.
What is the effect of a teaching intervention involving rehearsal of communication skills for breaking bad news with a
simulated patient on medical student performance in a practice Objective Structured Clinical Examination (OSCE)?
Methodology (proposed).

Analysis (proposed).
18 separate skills from the medical interview guide has been assessed and data collected from six GP assessors
viewing the videography of nine medical student practice OSCEs. Four students were in the intervention group and
five students were in the control group. The 18 skills were marked by the assessors against a four-stage scale from
‘not well at all’ to ‘excellent’ with the opportunity of also selecting ‘not applicable’. Each skill will be analysed
separately but also within the five domains assembled from SPIKES. Comparison of student groups will be made
across the domains.
Results.
This presentation will focus on the results from the data analysis and provide insight into the impact of rehearsing
communication skills with a simulated patient for the event of breaking bad news. Of particular interest is student
performance in the domains considered more difficult for a practitioner but very important for the patient – patient
perceptions and student empathy.
Questions for the Audience.
1.
2.
3.

Which key communication skill from the SPIKES domains does the audience suggest are critical for
effective communication in breaking bad news?
What skill/domain should be the focus of research in about communication in breaking bad news?
Are there any suggestions for other ways of collecting and analysing performance data?

References.
1.
Baile WF, Buckman R, Lenzi R, Glober G, Beale EA, Kudelka AP. SPIKES - a six-step protocol for delivering bad news:
application to the patient with cancer. The Oncologist. 2000;5:302-11.
2.
Kurtz S, Silverman J, Draper j. Teaching and learning communication skills in medicine. Second ed. Oxon:Radcliffe
Publishing; 2005
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Rural medical students in their first year of clinical placements (their third year of MBBS) received a standard
interactive lecture on using guiding communication frameworks, with a focus on SPIKES1, when breaking bad news
(BBN) to a patient. The group was then divided into two. One group participated in the intervention – a four-hour
communications workshop in classes of eight during which students had the opportunity to rehearse BBN with a
simulated patient. Volunteer students from both groups were then videotaped during an eight minute practice OSCE
in which they had to break bad news about breast cancer metastases to a simulated patient. The videography was
marked by GP assessors against performance criteria based on the Calgary-Cambridge medical interview guide2. The
performance skills was grouped into domains representative of those in the SPIKES acronym (set-up, patient
perceptions and invitation, delivery of knowledge, empathy and consultation summary)..

Australasian Simulation Congress
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The Perceived Effects on Final Year Medical Students’ Clinical
Practice Following an Immersive Simulation Program on the
Deteriorating Patient.
Adele Callaghan; Pamela Harvey; Julia Harrison; Cameron Knott
Monash University

Research Question.
How does a six week simulation-based deteriorating patient safety and clinical skills program influence final year
medical students to recognise, respond and manage deteriorating patients in the acute clinical context?
Aims: 1. To evaluate the impact of 6 x 3 hour deteriorating patient simulations for final year students in recognising
and responding to the deteriorating patient prior to the arrival of the medical emergency team.

2. To evaluate the impact of these simulations on managing deteriorating patients in clinical practice for final year
medical students.
Methodology (proposed).

Analysis (proposed).
The focus groups will be recorded and transcribed verbatim. A constructionist theoretical framework will underpin
the thematic analysis of the data to identify themes. The analysis will be processed using a line by line inductive
process. An analysis template will be developed by two authors using Excel 2013 and all themes will be verified the
authors.
Results.
Results will inform future curriculum simulation scenarios, learning outcomes and content. This presentation will
provide insight into the focus group interviews conducted thus far. A small sample of the results will be presented.
Questions for the Audience.
1.

What are the audience experiences with deteriorating patient simulation scenarios with undergraduate or
post-graduate medical students?

2.

What key clinical skills should be included in immersive simulations designed for final year medical
students that address deteriorating patient recognition, response and management?

3.

Is there any similar research currently being conducted in medical programs across Australia?

4.

Do any of the audience participants’ know of deteriorating patient simulations programs that have explored
the transference of skills to practice for medical graduates?

5.

When is the best time frame to complete focus groups?
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This project will use an interpretive qualitative methodology to capture participants’ insights, experiences and
perceptions of the simulation program’s influence on their clinical practice. Three focus groups will be conducted at
the end of each six week simulation program in 2016. Up to eighteen focus groups with eight participants in each will
be conducted. Semi- structured interviews will be conducted, exploring the impact of the simulation program on
participants’ clinical placement practices.

References.
Andrews, T. (2012) What is Social Constructionism. Grounded Theroury Review. 11(1): 39-46.
Australian Medical Council, (2012) Accreditation Standards for Primary Medical Education Providers and their Program of Study
and Graduate Outcome Statements 2012.Australian Medical Council Limted.
Australian Commission on Safety and Quality in Health Care. (2012) National Safety and Quality Health Service Standards.
ACSQHC: Sydney, NSW.
Braun, V., Clarke, V. & Terry, G. (2015) Thematic Analysis. In Qualitative Research in Cliniclal and Health Psychology. Eds.
Rohleder, P. & Lyons, A. Palgrave MacMillan: United Kingdom.
Carling, J.E. (2010) Are graduate doctors adequately prepared to manage acutely unwell patients? Clinical Teacher. 7(2): 102-105.
Confederation of Post graduate Medical Education Councils. Australian Curriculum Framework for Junior Doctors. version 3.1
2009 [cited 2015 24/02/2015]; 3.1:[Available from: http://curriculum.cpmec.org.au/introduction.cfm.
Kelly, D. (2011) The knowledge of medical students and newly qualified doctors concerning the specialty of intensive care
medicine. Journal of the Intensive Care Society. 12(2): 98-106.
Laack, T., Newman, J., Goyal, D. & Torsher, L. (2010) A 1-Week Simulated Internship Course Helps Prepare Medical Students
for Transition to Residency. Simulation in Healthcare: The Journal of the Society for Simulation in Healthcare. 5(3): 127-132.
Matheson, C. & Matheson, D. ( 2009) How well prepared are medical students for their first year as doctors? The views of
consultants and specialist registrars in two teaching hospitals. Postgraduate Medical Journal.85(1009): 582-589.
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Development, Implementation and Evaluation of an Integrative
Approach to Patient Centred Clinical Communication
Education for First Year Nursing Students
Debra Kiegaldie; Elizabeth Pryor; Jennifer Jennings; Steven Goldsmith; John Elias; Bob Ribbons
Holmesglen Institute
Research Question.

1. Does an integrated, patient centred clinical communication skills curriculum develop students' perceived
knowledge of, and confidence in performing patient centred clinical communication strategies?
2. Does simulation assist students to apply core communication skills?
3. What are the perceptions of Holmesglen teaching staff on students' development of clinical communication skills in
the skills laboratory and simulated setting?
4. What are the perceptions of clinical placement supervisors on students' application of clinical communication skills
in the clinical placement setting?

Methodology (proposed).
To evaluate the outcomes of the intervention, a mixed methods longitudinal evaluation has been devised.
Pre and Post-test student surveys
Surveys administered at 3 time points - week 3 of Semester 1, at the end of the teaching period and on completion of
the student’s first two week clinical placement. Quantitative and qualitative data will measure:
•

Demographic information about the cohort and how they define communication

•

Students agreement on general communication issues using a 5 point Likert scale

•

Students rating of confidence in being able to perform a range of communication skills linked directly to the
curriculum using a 10 point rating scale.

•

Students views on the integrative teaching methods (5 point Likert scale).
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The Bachelor of Nursing (BN) programme at Holmesglen Institute is underpinned by a Fully Integrative
Teaching model (the FIT curriculum). The FIT curriculum is based on a view that knowledge and skills can be
structured and delivered in a way that maximises the ability for learners to draw strong links between theory and
practice1. A curriculum review of the first semester of the BN provided an opportunity to embed the model with a
new patient centred clinical communication skills teaching programmethat was fully integrated across all semester
subjects. Curriculum planning approaches included appointment of a communication skills expert, establishment of a
cross functional teaching team, collation of common themes across four subject areas, identification of a
communication skills framework, development of a core communication skills curriculum for novice nursing students
and development of appropriate teaching methods including interactive lectures, case-based tutorials, role-play, skills
laboratories and three immersive simulated learning scenarios. The topics selected in the curriculum were guided by
the communication curriculum wheel developed by v. Fragstein et al2. The work of Stein-Parbury3 and the CalgaryCambridge Model4 informed the selection of the core sets of communication skills needed for safe, patient centred
care3. The main communication task for the students in Semester 1 was the Health Assessment Interview. To
investigate whether the new integrative approach to communication skills training assisted. students apply theory to
practice, four research questions emerged

Simulation evaluations

Surveys administered post the three immersive simulations using quantitative and qualitative data will measure
student perceptions of the feedback received from simulated patients, the learning experience overall, and their
confidence in applying the communication skills in each scenario.
Focus group interviews with Holmesglen teachers at the conclusion of the semester will explore teachers’ views on
student’s development of core communication skills.
Clinical placement supervisor surveys to measure how well the students perform communication skills with real
patients in the clinical setting.
Analysis (proposed).
•

Descriptive statistics will analyse demographic data and responses to items on all Likert scaled surveys.

•

Paired sample t-tests will be used to compare within groups to see if there is a significant difference between
mean scores pre and post the intervention at the 3 time intervals.

•

Qualitative data from surveys and interviews will undergo thematic analysis checking for commonality of
themes.

Results.
Some results will be available to report at the conference.

1.

What is the nature of your clinical communication skills curriculum?

2.

What teaching strategies do you use to empower learners to have confidence in being effective
communicators?

3.

How do you measure your learners’ ability to communicate effectively with patients, family and other
members of the healthcare team in simulated and real clinical environments?
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Wakey Wakey CO2
Kim Heaslip
Clinical Skills Development Service
Background.
Emergence from anaesthesia is a critical time in the management of a patient. An Anaesthetist will be looking for key
indicators that their patient is emerging from the effects of an anaesthetic. One of these indicators is the carbon
dioxide (CO2) trace or the capnography waveform. Most patient simulators are unable to replicate the breathing
pattern produced when a patient emerges from anaesthesia. The team’s goal was to develop a simple system that
would enable spontaneous breathing to register on the patient monitor capnography waveform between controlled
ventilation breaths to mimic rebreathing during emergence from anaesthesia.
Materials and Methods.

Evaluation of the Innovation.
Developing the ability to simulate spontaneous patient breaths into a controlled ventilation capnography trace has
helped increase the level of immersion for participants. It is well established that raising the signal and dropping the
noise creates greater immersion for learners during simulation. We no longer require to provide a verbal cue to inform
participants that the ‘patient is breathing up’. The simulated spontaneous patient breaths are easily identified by
learners as a signal that the patient is emerging from the anaesthesia. Further the waveforms generated achieve facevalidity for expereinced anaesthetic faculty.
Lessons Learnt and Recommendations for Use.
This system was developed using equipment that is readily available in most clinical areas. We found the diameter of
the tubing connecting the self-inflating bag to the anaesthetic circuit was crucial. It had to deliver the correct volume
of gas at an appropriate pressure. Changing the I:E ratio for a longer expiration pause gave us extra time to deliver our
spontaneous breaths. An Additional benefit of this system is the ability to create movement in the manual bag of an
anaesthetic machine to indicate spontaneous breathing. This system should be considered in all simulation education
events requiring the use of an anaesthetic machine.
References.
1.
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A system was devised that enabled ‘extra’ breathes to be added into the anaesthetic machine that the manikin would
register and then display on the patient monitor. A T-piece is introduced into the inspiratory side of an anaesthetic
machines breathing circuit. A length of bubble tubing is connected into the T-piece and the other into a self-inflating
bag situated in the scenario control room. We removed the pressure release valve from the bag to enable air to be
‘pushed’ into the anaesthetic breathing circuit. This volume of air manifests itself as a spontaneous breath on the
capnography trace indicating to the anaesthetist that the patient is emerging from the anaesthesia.
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Using a Low-Resource, High Fidelity Education Model to
Enhance Skills, Knowledge and Confidence for Maternity
Clinicians to Perform Episiotomy when Clinically Indicated
Grace Crowe

The Royal Women's Hospital
Aim of the Education Program.
The use of episiotomy in Australia has evolved significantly over the last two decades, with the current
recommendation being restricted use of episiotomy based on a clinical indication, as opposed to routine1. A recent
study consistent with other midwifery training in Australia revealed only 42% of midwives at Monash Women’s
Hospital Melbourne received formal training in performing episiotomy in their undergraduate or postgraduate year2.
These findings may significantly impact midwives’ ability to perform episiotomy. The Maternity Services Education
Program (MSEP) has developed a low resource high fidelity model and training resources to support clinicians to
develop their knowledge skill and confidence to perform episiotomy. In particular, the resource includes tools to assist
clinician awareness of the technique for perineal infiltration and performing the surgical incision at the correct angle.
Methods Adopted.

Evaluation Data from the Program.
Following the session, the participants were asked to complete an anonymous post evaluation survey using a five
point Likert scale. The post evaluation survey focused on assessing the relevance, value and usefulness of the session.
Overall, post evaluation results indicated the majority of participants strongly support the value to practise skills; and
that the session had improved their confidence to perform episiotomy, revise post birth care and clinical assessment of
the perineum following birth.
Conclusions and Recommendations for Future Use and Development.
Due to the use of episiotomy shifting from routine to only when indicated, some maternity care clinicians may not
have had the opportunity to develop their individual confidence and competence to perform episiotomy. The decision
to perform episiotomy may have implications for both the mother and baby; given midwives are present at most births
in Victoria this is an important issue in terms of the undergraduate and post graduate education currently available to
support this skill. The potential for maternity units to use this model as an ongoing resource for developing skills
required to perform episiotomy is significant; as the model is low resource and simple in its construction and various
simulated components. MSEP plan to offer this training to all publically funded maternity services to enhance their
ability to implement the initiative and improve clinical care and perineal outcomes in Victoria.
References.
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Overall, 28 midwives have had the opportunity to participate in training using this model and resource tools at two
separate maternity units. The workshop consisted of two parts; the first being a didactic session which revised
anatomy and physiology, detailed the theory, indications, technique and limitations for performing episiotomy and
included perineal care post birth. The second included a simulated demonstration and hands-on workstation including
perineal infiltration and performing an episiotomy on the model.
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Establishing Content and Construct Validity for an Advanced
Paediatric Surgical Laparoscopic Model (LIDH).
Sam Alexander1; Damir Ljuhar2; Mark Lym1; Ramesh Nataraja1,2
Monash University; 2Monash Children's Hospital

1

Aims.
To assess the construct and content validity of a novel inexpensive, easily reproducible and portable laparoscopic
(key-hole) bench trainer model for use with paediatric surgical simulation training. This model should have a high
fidelity for both skill acquisition and task completion for paediatric laparoscopic hernia repair (inguinal and
diaphragmatic hernia.
Background.

The types of laparoscopic simulators include virtual reality simulators, box trainers and augmented reality trainers
(2,6,7). The eoSimTM is a form of box trainer aimed to be an inexpensive and portable simulator to improve access to
simulation using the box contents and a tablet, laptop or smartphone (2). This trainer also has the advantages of being
used as a home-based modality for the acquisition of laparoscopic skills.
Paediatric surgical laparoscopic procedures are now becoming routine but due to the rare nature of congenital
conditions such as congenital diaphragmatic hernias (CDH) there is a need for a simulated laparoscopic model to
acquire part procedural competency prior to paediatric patient contact. This also has various patient safety
implications. This would be combined with a more commonly performed operation; laparoscopic inguinal hernia
repair (IH) to increase its application into clinical practice. This model has been adapted from a previously published
version (8). This combined model is the Laparoscopic Inguinal & Diaphragmatic Hernia model (LIDH).
Methods.
A total of 14 subjects were involved in the study. These were divided into two groups: 1. Volunteer medical students
from Monash Medical school, Monash University; 2. Surgical consultants from the Department of Paediatric Surgery,
Monash Children’s Hospital. Basic demographic data was collected from the participants in the form of a
questionnaire. Subjects were shown a pre-recorded video of both exercises. All subjects completed two validated
eoSimTM tasks prior to commencement of the LIDH model. This acted as “warm-up” exercise prior to the task
completion.
LIDH were created using easy to find and inexpensive materials. The model was composed of an easily collapsible
wooden frame. Latex glove fingers were passed through holes created in one side of this frame to simulate the internal
inguinal rings of an inguinal hernia. A small segment of neoprene was cut out and attached to the opposite side to
simulate a diaphragmatic hernia defect. The assessment exercise involved: 1. Closure of the simulated hernial orifice
with a purse-string suture; 2. Closure of the simulated diaphragmatic deficit using an interrupted suture with a slipknot. A scoring system was created to score the participants with a maximum score of 21 for the inguinal hernia
model and 15 for the diaphragmatic hernia. A likert-style scale between 0-5 was used to assess the future training
modality potential of the models and also the realism for task completion. 5 on this scale was strongly agree.
Statistical analysis was performed using an unpaired t-test with a p-value of <0.05 being significant. Results were
expressed as a mean (± standard deviation).
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There has been a recent dramatic increase in paediatric surgical advanced laparoscopic (key-hole) procedures (1).
While aspects of surgical training are still primarily conferred in an apprenticeship-style manner and acquisition of
skill is through in-vivo hands on experience, laparoscopy is an area that stands to benefit from simulated practice (2).
With 2-dimensional operating, counter-intuitive movements and impaired tactile feedback, simulation is becoming an
increasingly important part of surgical education, particularly laparoscopic training (3). This is becoming increasing
important in the current climate of decreasing work hours, increased work intensity and also medico-legal litigation
(4,5).

Result.
The scores for each group and exercised are summarised in Table 1.
Table 1: Score comparisons for medical students and consultant surgeons for congenital diaphragmatic hernia (CDH)
and inguinal hernia (IH) models

Medical
students
(n=9)
Surgical
consultants
(n=5)

Mean (±sd)
3.1 (± 4.0)

CDH
Median
1

Mean (±sd)
4.8 (±2.5)

IH
Median
5

14.8 (±0.4)

15

20.2 (±1.1)

21

Both aspects of the LIDH model (IH & CDH) revealed a statistical significance between the scores obtained by the
two groups of subjects. Laparoscopic competent surgeons scored significantly higher than medical students in both of
the LIDH models; 14.8 vs 3.1, p=0.0001(CDH); 20.2 vs 4.8, p=0.0001(IH).
Content validity for the competent laparoscopic surgeons revealed that there was a high score for the training
modality potential of both aspects of LIDH (4.8 & 4.8). There was also a high level of fidelity for the task completion
(4.0 & 4.0).
Discussion.

Conclusions.
This inexpensive, easily reproducible and implemented model for laparoscopic training can accurately predict prior
surgical experience and as such has been validated for use in simulation based laparoscopic training.
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In this study we have demonstrated both the construct and content validity of the LIDH model for both laparoscopic
IH and CDH repair. It was able to successfully differentiate between the expert and novice laparoscopic surgeons.
The two models also scored highly on the content and therefore these are potentially high fidelity models for use with
laparoscopic surgical simulation. This model can also be used in a paediatric laparoscopic skills based acquisition
training programme that due to the portability of the eoSimTM trainers can be used as a self-directed home-based
simulation education programme.
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A Pilot Study to Develop and Evaluate a First Person
Perspective Video to Teach Medication Administration
Skills to Bachelor of Nursing Students
Dr Jill Stow; Ms Monica O’Halloran, Dr Robyn Fairhall
Monash University, Faculty of Medicine, Nursing and Health Sciences
Jill.Stow@monash.edu
Background
Safe and effective medication administration is a complex nursing skill requiring mastery of cognitive and
psychomotor skills. Video is an established technique used to provide students with experiential learning
designed to develop perceived self-efficacy in selected clinical skills prior to clinical practice 1. Conventional
video positions the student as an outside observer. Developments in digital video camera technology now
facilitate the capture of video from the first person point of view (FPPOV) allowing students to view the
scenario from the perspective of the expert 2. To date whilst FPPOV has been used extensively to capture
recreation and sporting images, there are few studies reporting its use capturing clinical skills in health
education.

We developed a medication administration script and used a head mounted GoPro™ (Hero 3) camera to film an
episode of oral and inhalation medication administration with a simulated patient using the FPPOV. Ethics
permission was granted to pilot test the video on year one undergraduate Bachelor of Nursing and Bachelor of
Nursing/Bachelor of Midwifery students. The quality and content of the video was appraised using purpose
designed pre and post-test questionnaires.
Evaluation of the Innovation
Students appraised the video positively and gave useful free-response feedback on image and audio quality.
Medication administration self-efficacy was tested pre and post-video using a 10 item self-efficacy scale. There
was a statistically significant increase in the total mean Self-Efficacy score from 6.40 (pre) to 7.52 (post), p=.00.
Lessons Learnt and Recommendations for Use
The results support the further development of FPPOV clinical skills video. We are using the student feedback
to refine the video footage. There is the potential to include additional expert commentary audio. We aim to
compare the FPPOV with conventional video in a larger cohort of students.
References
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Materials and Methods
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Self-inflicted Gunshot Wound: Realistic Simulated Gunshot
Wound
Colin King; Daniel Host; Davin Arthur; Marissa Alexandra; Luke Wainwright
Clinical Skills Development Service

Background.
Delivering simulation in a high-fidelity mode has been well-validated as an educational tool in healthcare training.
However, the ability to suspend disbelief and engage in simulation often still presents as a significant obstacle for
individuals. The ability to manipulate the perception of realism within a simulated environment has therefore been
identified as key to the success of simulation events (Hotchkiss, et. al., 2002; Rudolph, et. al., 2007; Sarlay, 2012). A
number of authors make the reasonable assumption that simulation is likely to be most effective when individuals
perceive it to be legitimate and authentic (Dinker and Singh, 2012; Hotchkiss, et. al., 2002).

Materials and Methods.
The wound was created with the use of a Laerdal ALS Simulator manikin’s head, as well as a range of common
simulation supplies. The lower section of the manikin’s mouth and jaw were drilled out to create the injury of the
exiting bullet. A silicone flap was added from the inside of the left cheek to the outside of the face to simulate the
fragmented oral cavity. Silicone paints were added to simulate the blood and tissue. Some small incisions were added
to the nose and sections of teeth were removed to complete the visual effect. The moulage was evaluated by experts
of different specialities including Anaesthetists, Australian Defence Force personnel, and simulation specialists.
Evaluation of the Innovation.
The consensus from the experts was that the recreation of the self-inflicted gunshot wound was an accurate
representation of the expected injuries.
Even though this scenario was initially designed for the Australian Defence Force, the moulaged gunshot wound has
been incorporated into multiple immersive scenarios within CSDS. Both participants and faculty have given
favourable feedback to the realism of the scenario and the simulation staff have observed that on each occasion, this
moulage elicits a significant emotional response from participants. Additionally, the immersive simulations were
delivered successfully as the ‘wound’ gave the appropriate clinical and physical cues that allowed participants to
rapidly and accurately assess the patient’s condition and plan their care accordingly.
Lessons Learnt and Recommendations for Use.
In conclusion, there were extensive resources in creating this injury which led to additional cost and setup time;
however the outcomes of high participant engagement, emotional investment and positive faculty feedback lead to an
effective immersive scenario that met the learning objectives.
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The service has refined a number of simulation techniques to produce effective high-fidelity, immersive training for
healthcare clinicians. We collaborated with the Australian Defence Force to develop a pre-deployment crisis resource
management program. The program included immersive scenarios, based on real events that prepared participants for
the events that they may experience on operational deployment. This poster presentation focuses on the gunshot
wound scenario and the preparation that was required to create a high-fidelity moulage effect utilising an advance
patient simulator. The selection of the type of wound was to emphasise the difficulty in airways management
experience with facial wounds.
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Bespoke Manikins For Trauma Simulation- Build Your Own!
Clare Scott – Simulation Instructor / Technical Equipment Manager
Gold Coast Health Simulation Service
Clare.scott@health.qld.gov.au
Background.
Building ‘bespoke’ manikins for trauma simulation can enhance realism and accommodate a range of invasive
procedures required by the case(s). This flexibility is generally not possible within commercially sold manikins
without significant expense. This custom designed approach requires thinking “outside of the box” and a thorough
understanding of the trauma care desired to be simulated. This project involved the creation of a peri-mortem
Caesarean section (resuscitative hysterotomy).
The Gold Coast Hospital run trauma simulations involving paramedical and hospital services participating in the
patient journey. The aim is to improve trauma system performance, especially through communication over the
interfaces between teams. Achieving engagement with such a broad range of staff requires a high level of physical
realism and task fidelity of the simulation. Example cases using bespoke manikins include paediatric extradural case,
gunshot to the chest with intra-abdominal and thoracic organs damage, and a blast injury with stridulous airways.

Materials and Methods.
The SimMom manikin was the starting point for the customised simulator as its full body, airway features, ECG
rhythms and pulses were essential components. The abdominal wall was created using parts of a washing basket, duct
tape, foam and string. The patient’s skin was constructed using vinyl material, with zip lock bags filled with blood
adhered to the underside, to simulate bleeding when a surgical incision was performed. Anatomical points were
painted onto the skin such as the linea nigra and hair to the pubic area. Other facial, chest and leg bruising with
lacerations were applied before the customised manikin was dressed with her wig and torn clothing to add realism.
Within the abdomen a modified uterus was created to hold the unborn baby. This was made using a limp Mama
Natalie baby, with a balloon filled with hot water to simulate the amniotic sac and placing it inside a tightly sealed
clear plastic bag filled with blood. Finally, the manikin was paired with its simulated patient monitor and instructor
PC.
Evaluation of the Innovation.
The objective to design a manikin capable of allowing complex assessment and interventions was successfully
achieved. Participants were presented with a badly injured 36/40 pregnant patient with critical hypotension which
progressed to a PEA arrest. Staff performed CPR whilst, the obstetrician successfully performed the resuscitative
hysterotomy. The simulated skin bled, the amniotic sac burst, the baby was delivered and the umbilical cord cut. The
baby delivered into the midwife’s hands was easily switched to the SimNewB and successfully resuscitated. CPR
continued on the mother until the scenario ended.
The simulation debrief focused on the high acuity and complexity of care plus the emotional distress for staff. A
number of comments made related to the high perceived realism of the scenario.
From a financial perspective the total cost of one packet of balloons, a clear bin bag, one washing basket, vinyl, zip
lock bags, string, homemade skin and blood came at a fraction of the cost in comparison to the commercially made
equivalents- which may not feature the desired capabilities this level of simulation require
Lessons Learnt and Recommendations for Use.
Bespoke manikin design is necessary for many simulations especially those involving high acuity invasive
procedures. Initial design requires thinking outside of the box for appropriate materials, and a thorough understanding
of the requirements for the case to be simulated. Sharing the recipes significantly reduces the time and expense for
others.
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In November 2015 the simulation service were asked to create a manikin capable of simulating a peri-mortem
caesarean and deliver a scenario involving the care of both mother and unborn child involved in a high speed motor
vehicle accident. Staffs from Queensland Ambulance Service, the emergency department, trauma services, women’s
health and the paediatric services were involved.
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Better for Less. Effective Chest Compressions Save Lives but
They Can Also Save Money too. Translational Research
Project Delivers Better Outcomes at a Lower Cost
Amanda Peat; Matt Johnson; Jo Miller; Tanya Warren; Jo Schlieff
Cabrini Institute

Aims.
To develop and implement an evidenced based Basic Life Support Program that improves healthcare professional’s
competence in the provision of cardiopulmonary resuscitation.
Background.

Methods.
Previous studies at the centre identified that the current BLS training program did not enable staff to perform chest
compressions at the standard recommended by the American Heart Association .The studies also found observational
assessment by trained assessors was not sensitive in identifying poor chest compression performance. An analysis was
conducted to determine the costs of deliver and administration of the existing BLS program. This was compared with
the cost of introducing a computer supported training system that also recorded performance results on a dedicated
Learning management System (LMS). The new BLS program was introduced prior to a national accreditation round
in 2015 with six adult resuscitation mannequin carts and two paediatric mannequins circulating through four
campuses across the organisation. The carts operate without educator supervision. Staff log onto the LMSlinked to the
resuscitation mannequins and complete their chest compression and ventilation assessment within the clinical setting.
During the skill assessment staff receive verbal and visual feedback on their performance from the mannequin so they
can individually critique their performance to achieve a pass rate >80%. The staff assessment results are then
uploaded automatically to the organisations learning management system for reporting purposes. In addition to the
insitu assessment, staff are required to complete an online BLS learning package and a peer to peer automatic external
defibrillator assessment utilizing and approved assessment rubric.
Result.
Since the implementation of the new BLS program staff chest compression assessment scores have improved from an
average score of 24% to >75%. The analysis of the initial BLS program found that a total of 750 hours were spent
training the BLS assessors within the organization. These trained assessors then spent a total of 2600 hours assessing
cardiopulmonary resuscitation. Overall this required a total of 4800 hours and cost $308,000 annually. In addition to
having a large time and monetary cost, the research study identified that this assessment model produced poor staff
competency outcomes (that were previously not measureable nor reported on). In contrast the total cost of the new
BLS program has been approximately $178,000 since its commencement.
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The delivery of effective chest compressions is the single most important factor in positive patient outcomes
following cardiac arrest (Kern et al, 2002; Iwami et al, 2012). Recent changes to Australian, American and European
Resuscitation Council guidelines reinforce the need to deliver quality, uninterrupted chest compressions. Currently,
all clinical staff in a major Australian private hospital are required to gain annual accreditation in basic life support
(BLS). Previously, selected clinical staff were trained to assess their peers in BLS performance, however there was a
lack of evidence to support whether these assessors could accurately grade the quality of chest compressions.
Therefore, a study was conducted to compare assessor scores of chest compression performance with those generated
by a mannequin. This study identified that trained BLS assessors are not able to accurately assess poor quality and
competency in performing chest compressions. Based upon the findings from this study, it was identified that the
current model of assessment within the organisation was insufficient in assessing and maintaining competency of staff
in BLS.t.

Discussion.
The insitu training program provides real-time, objective feedback to improve staff competency in chest compression
and ventilation skills. Since the introduction of the program an overall staff competency level has reached above the
benchmark and has enabled the organization to report on these benchmarks and overall staff compliance. The
program has also highlighted the issue of staff inability to perform chest compression due to disability or impairment
and how this impacts their practice within the clinical environment. The new model also allowed training to occur at
any time rather than when trainers were available. Analysis of training records found 34% of training on the new
system occurs in times when BLS assessors were not previously available. The implementation of this innovative
program has also resulted in a significant cost reduction within the organisation, concurrent with an improvement in
competency and reporting. This cost reduction is primarily due to the annual BLS assessments being embedded
within the normal work hours of staff and the reduced hours to deliver, administer and regulate the program across the
organisation.
Conclusions.
The development of a new BLS program within the organisation has improved capacity and reliability in detecting
poor chest compression competence amongst staff by offering real time objective assessment and feedback. The
program is also cheaper and a more sustainable solution moving forward and can ultimately have a positive impact on
patient survival from cardiac arrest. .
References.
AHA (2010) American Heart Association Guidelines for CPR & ECC. Circulation, 122 (s250-s275) Australian Resuscitation
Council (2014) ARC Guidelines. Retrieved from: http://www.resus.org.auAccessed 15.5.14.
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The Take Home Box Trainer Project: Trainee Evaluation of the
First Year
Sarah Janssens; Erin Wilson; Luke McLindon
Mater Mother’s Hospital Brisbane

Aim of the Education Program.
To evaluate gynaecology trainee participation in and experience of a take home box trainer project.
Methods Adopted.

Evaluation Data from the Program.
Seventeen trainees were provided with a training kit. 12 (71%) completed the evaluation survey. Eight (67%)
respondents reported less than weekly use with one reporting no use at all. Only two (15%) trainees reported using
the trainer more than three times a week. When rating the utility of the components of the program, accessibility and
demonstration videos were rated highest and metrics and software provided rated lowest. (Table 1).
Table 1. Trainee rating of utility of program components
Reported barriers to training included “no spare time” (n=7) and “shift work” (n=6) “studying for exams” (n=4)and
“difficulties with software set up” (n=4). Free text responses for those indicating “other” barriers included “life
events” (n=1) and “difficulty keeping up with the weekly tasks” (n= 2).
Six of the 12 respondents were in the mentor group, which required mid-weekly feedback. Mentored trainees
compared to non-mentored did not report significantly different mean motivation scores (5.67 vs 5.17 p=0.70) or
training related improvement in laparoscopic skills (6.83 vs 5.67 p=0.71) despite half of the mentored participants
rating feedback as “extremely useful”.
Conclusions and Recommendations for Future Use and Development.
Participant engagement in the program was lower than expected. The project team has limited ability to respond to
barriers such as trainee time, rosters and “life events” however these initial data have been used to redesign the
program in 2016. The curriculum has been redesigned to an 8 task curriculum with monthly rather than weekly tasks.
The requirement for use of metrics and complex software has been withdrawn but the video upload to mentors for
50% of the group will remain. The project continues to collect data on trainer use and objective skills measured on
both a high fidelity laparoscopic trainer and a standard box trainer task.
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Trainees in Obstetrics and Gynaecology at the Mater Mothers’ Hospital Brisbane were invited to participate in a
home-based laparoscopic skills development program between September2015 and January 2016. Participants were
provided with a training kit consisting of a portable low fidelity laparoscopic box trainer (eoSim Pro Trac),
instruments and disposables for use at home with written and video-based orientation materials. Trainees were to
undertake a ten week curriculum of set tasks with demonstration videos and stratified achievement targets.
Participants were provided an e log book, software to measure metrics from instrument tracking and ability to upload
videos for mentorship. Half of the participants were randomly allocated a consultant mentor, with the expectation of
providing mid-weekly feedback on performance prior to the whole cohort’s routine video upload of weekly tasks.
Trainee evaluation of the program was by anonymous online survey (Survey Monkey) assessing frequency of
training, utility of program components and barriers to training. Trainees were also asked to rate on a 10 point scale
their motivation to practice, the degree to which they felt the program helped improve their laparoscopic skills and
(for those in the mentor group) the utility of remote mentor feedback.

Discussion.
The results of this study have the potential to contribute to an area of simulation research where there is a lack of
consistency in the approach to realism assessment. Realism assessment is important in determining the appropriate
level of fidelity for training a simulated task, and this may vary depending on the level of experience of the clinician.
Conclusions.
Data gathered from this study will determine which particular features of simulator design are more strongly related
to a perception of overall realism and acceptability.
References.
1.

Hill A, Horswill MS, Plooy AM, et al. Assessing the realism of colonoscopy simulation: the development of an instrument
and systematic comparison of 4 simulators.Gastrointest. Endosc. 2012; 75: 631-40.

2.

Bajka M, Tuchschmid S, Streich M, Fink D, Szekely G, Harders M. Evaluation of a new virtual-reality training simulator
for hysteroscopy.Surg. Endosc. 2008; 23: 2026-33.
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Innovating a Paediatric Robotic Motion Arm for Neurological
Sensory Feedback Response
Nadine Alcorn1; Matthew Johnson2; Ingrid Wolfsberger1; Marino Festa3

Kids Simulation Australia; 2Sydney Children's Hospital; 3Westmead Children’s Hospital

1

Background.
Simulators are designed with specific features that allow for learning which can transfer to actual patient care.
However, learning from a simulator is limited as it can often fail to emulate the realism and relationship found within
the context of clinical practice1. In particular, it is difficult to replicate an effective neurological response with
realistic limb movements in a paediatric simulator due to the limitation of space, location of other aspects to patient
assessment such as cannulation and pulses, as well as cost. The presence of the right cues for learning in the
simulation environment is known to allow for appropriate realism and clinical authenticity as they can influence the
transfer of learning in simulation to the context of a real-life situation1. Therefore, the rationale for the development
of a mechanical arm was to allow for an authentic replication of motor limb flexion and extension responses during
neurological assessment in a paediatric patient.
Materials and Methods.

Evaluation of the Innovation.
Utilising the motion arm in varying scenarios of the conscious and unconscious patient is planned to allow for a
comprehensive review of clinical authenticity. Evaluation includes subjective interpretation of limb movement with
participants asked to provide responses to open-ended questions before rating their patient assessment conclusions
according to level of consciousness using the AVPU pneumonic and Glasgow Coma Score. Sedation and pain
assessment scores provided by the participants will be reviewed by utilising the State Behavioural Scale and MAPS.
Further evaluation will occur via objective review of whether patient management is influenced as a result of
assessment information interpreted by use of the motion arm.
Lessons Learnt and Recommendations for Use.
Novel engineering solutions that create a more realistic clinical response, increase the potential for participants to
interpret and treat the manikin according to features and cues found in the simulated learning environment, without
detracting factors such as voice over descriptions, or reliance on alternative cues such as physiological parameters.
The Kids Simulation Australia paediatric robotic motion arm is able to deliver appropriate realism essential for
accurate neurological assessment in children and has the potential to improve the transfer of learning to clinical
practice.
References.
Norman, G., Dore, K., & Grierson, L. (2012) “The minimal relationship between simulation fidelity and transfer of learning,”
Medical Education, vol. 46, no. 7, pp. 636-647.
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Engineering fidelity was an important concept in the development of design which included a process of consultation,
manufacturing, testing, evaluation and re-testing. It was essential that the development of appropriate fidelity was
replicated as it would aim to translate the authenticity of neurological assessment by reflecting the right cues at the
right time in delivering an appropriate level of realism and therefore, influencing meaningful psychological fidelity. A
right arm from the Laerdal® ‘MC Kid Trauma’ moulage kit was utilised which enables the limb to be easily
transferrable between low and high fidelity paediatric manikins. The arm was modified to insert a linear actuator with
a customised metal elbow pivot joint inside the arm cavity. This allowed for the lifting force and pivot required to
enable realistic limb movement. Critical to the design of the simulator was that it required elements to accurately
simulate the specific behaviours of motor response and associated limb movement during neurological assessment.
Therefore, utilising push button and joystick controls, movements can be generated as required and controlled to
accommodate changing scenarios, including motor response associated with fluctuating levels of consciousness. The
range of motion achieved includes varying degrees of flexion, extension and rotation from the elbow.
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Development and Use of a Digital Patient - A Virtual Resident
with Dementia: for the Practice of Empathy and
Communication Skills
Janet Beilby; Jade Cartwright; Shelley Brundage; Joshua Spitalnick

Curtin University; University of Melbourne; The George Washington University; Citrine Technologies
Aims.
This project aimed to improve practice of the intended skills of empathy so the same techniques and meaningful
learning could be generalized and applied into real world clinical moments.
Background.

The clinical and research team include clinical psychologists, speech pathologists, seasoned software engineers who
specialize in simulation-based training, and experts in clinical training and education who worked together at each
stage of development to create digital content that is contextually relevant. The Empathy Simulator™ employs highly
life-like animated characters with cutting edge technology for lip-syncing capabilities and some of the most
sophisticated 3D animations and images, along with 3D directional audio. This project developed an interactive and
ecologically valid method of training to enhance the delivery of empathy skills.
Methods.
Research Projects:
1. In the first research study, 62 third year undergraduate allied health university students were randomized to one of
three communication partners with whom they established rapport and conversationally engaged: a patient in a
nursing home (n = 21); an elderly trained patient actor (n = 22); or a virtual patient (The Empathy Simulator™) (n =
19).
2. The second research project consisted of a prospective, mixed-methods design which was used to evaluate shifts in
conversation interaction skills, knowledge, and confidence of residential aged care staff and family members (n = 28)
who worked and lived with metropolitan and country elderly residents. Their responses were evaluated pre and post
VLE (The Empathy Simulator™) practice and exposure. The level of satisfaction and benefit perceived by
participants was also examined.
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The Empathy Simulator™ is one of the first avatar-based patient simulators to offer training targeting the basic yet
foundational skill of clinical empathy which better equips students for their face to face clinical practicums. This in
turn means that such students probably will not require the same amount of time in community facilities. A significant
cost saving benefit of fewer costed clinical hours may ensue. The software program is individualised and unique and
emphasises the major benefits known to simulated training of medically challenging communication skills, including
professional introductions and role descriptions, emotionally engaging scenarios, interactivity, and breaking bad news
to the client. Unlike previous simulation training offered in medical education, this moves beyond role-playing,
patient simulators, actors, and the Dzrobot- likedz quality of second life, to much more detailed, realistic and life-like
avatar interactions. DzJimdz the digital patient is seated in a wheel chair and in the Virtual Learning Environment
(VLE), the student walks down a small corridor, opens the door, closes it behind them and then finds DzJimdz in his
wheelchair at a table in the Virtual clinic room. DzJim’sdz verbal and non-verbal responses have been individualised
and his comments, utterances and expletives have been recorded in an Australian accent which matches the
demographic of the character design. Through a response menu choice, the clinical educator can make the avatar
respond emotionally to unpleasant news, become agitated or unhappy, be challenging and confronting by asking the
student about their age and whether or not they drink or be sympathetic and obliging. All of which are very life-like
scenarios for allied health students to encounter and subsequently manage. Through the benefits of confidential and
repeated practice opportunities these unique tailor made experiences aimed to improve the foundation of meaningful
learning which is individualized for each student.

Result.
1. All three groups reported significantly higher knowledge, skills and confidence post-placement (Median d = .58),
while the degree of change did not vary as a function of group membership (Median η2< .01). Furthermore, although
students found conversing with the virtual patient more challenging, and less ‘real’ compared to conversing with a
nursing home patient or actor, they derived just as much knowledge, skills and confidence out of the experience.
2. Participation in the VLE resulted in immediate shifts in interpersonal communication self-efficacy following the
repeated exchange and provision of personalised feedback; with benefits achieved for a wide range of staff. Results
indicated that the VLE provided a safe and authentic medium to practice and acquire interpersonal communication
skills that was also perceived positively by the participants.
Discussion.
1. We argue that these findings provide support for the integration of more sustainable, simulation-based placement
models into allied health training programs.
2. Results indicated that the VLE provided a safe and authentic medium to practice and acquire interpersonal
communication skills that was also perceived positively by the participants.
Conclusions.
The findings from both studies support the expansion of the innovation in simulated learning contexts and the
implications for the use of VLEs to support communication skills training in a future projects will be discussed.
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Collaboration in Maternity Care to Improve Outcomes in
Maternal and Newborn Resuscitation
Caprice Brown1,4, Bree Bulle1,5, Grace Crowe1,3, Kathy Evans1,3, Tanya Farrell1,4, Avril Mclean2,
Robyn Smith2, Marta Thiolluch1,2,6, Jacquie Whitelaw2

The Royal Women’s Hospital; 2The Royal Children’s Hospital; 3Deakin University; 4La Trobe University; 5Monash
University; 6University of Melbourne

1

Aim of the Education Program.
Over the past 12 months, there has been an increased focus on quality, safety and clinical governance in Victorian
maternity services following an extensive review in one Victorian maternity service1. At a national level, Health
Workforce Australia (HWA) strongly encourages the uptake of simulated learning environments across a broad range
of health professions, in particular the need for more realistic high fidelity simulation education2.

Clinicians attending the program participate in simulated maternal and newborn emergency scenarios conducted onsite in their own clinical environment. In addition, participants are involved in developing a site-specific action list to
identify clinical issues highlighted during the scenarios, with the goal of improving maternal and newborn outcomes.
Each participant is responsible for overseeing the implementation at least one item from the action list with a focus on
quality, safety and clinical governance issues within their health service.
Methods Adopted.
Using a five point Likert scale, pre and post surveys are completed anonymously by participants and include a selfrating of how well the workshop assisted their individual knowledge, skills and confidence to provide care for a
mother and newborn requiring resuscitation, stabilisation and transfer.
Evaluation Data from the Program.
Analysis of the evaluation data will focus on:
1.

Clinical content of the workshop.

2.

Changes implemented to improve quality and safety in maternal and newborn resuscitation.

3.

Most significant change at an individual, organisational and intra-organisational level as a result of the
program.

Conclusions and Recommendations for Future Use and Development.
Survey analysis provides an ideal opportunity to identify components of the program that best meet individual and
team learning required to support maternity care in regional and rural Victoria. The Department of Health & Human
Services (DHHS), Victoria strongly supports access to the combined program particularly for smaller rural services
with planning to ensure all Level One and Level Two sites receive the program over the next 18 months.
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In support of the vision of these initiatives, the Maternity Services Education Program (MSEP) has facilitated
multidisciplinary maternity education for the past ten years in regional and rural health services in Victoria, Australia.
Over the past five years, MSEP have collaborated with the Paediatric Infant Perinatal Emergency Retrieval service
(PIPER) and Ambulance Victoria (AV) to provide a combined maternity and newborn emergency program for
multidisciplinary teams in maternity care settings. Clinicians participate in simulated scenario’s focussing on
stabilisation and transfer of an unwell newborn and mother to a regional or tertiary hospital within Victoria.
Workshops are tailored to meet service’s needs, align with the capability framework3 and available resources, utilise
onsite high fidelity simulation, teach procedural skills, clinical management, teamwork, decision making and
communication skills.

References.
1.

Victorian Department of Health & Human Services (2015) Maternity services at Djerriwarrh Health Services, Victoria,
Australia. Accessed 30th March 2016 from: https://www2.health.vic.gov.au/hospitals-and-health-services/qualitysafetyservice/djerriwarrh
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Health Workforce Australia (2010) Use of Simulated Learning Environments (SLE) in
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Victorian Government Department of Health (2010) Capability framework for Victorian

Professional Entry Level Curricula of selected professions in Australia.
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Simulation Platform: Enabling the Rapid Development of
Immersive 3D Simulated Learning Experiences
Ivan Bindoff; Tristan Ling
University of Tasmania

Background.
Educators have attempted to harness the power of video game technology to create compelling simulated learning
experiences since video games emerged into the mainstream in the 1980s. Since then a broad range of experiences
across many disciplines have been created. Unfortunately, very few of these solutions have proven successful.
Due to the specialised nature of these products, high development costs, a skills shortage, and the many historical
failures, it has become difficult to make the case for investing in projects in this space. However, times have changed.
The game development industry has gone through a transformational period with the rise of the independent studios.
Professional grade development tools are now being made freely available, vibrant online communities are offering
support and expertise, high quality game development and interactive arts degrees and diplomas are readily available
and are producing many skilled graduates, while global online marketplaces such as the Unity asset store specialise in
the production and sale of affordable digital assets for game development.
This new look industry can now produce compelling, high quality and immersive gaming experiences at a fraction of
historic prices. This has made the development of specialised and niche products more viable.

Materials and Methods.
The Simulation Platform has been designed to allow an educator to independently create and deploy comprehensive
and dynamic simulated scenarios. These scenarios can take place in a variety of 3D environments, and involve any
number of characters. The author can configure the characters complete with a dialog, mood and animation system,
the ability to interact with objects in the environment, and the ability to react to events. Every interaction is associated
with feedback and a scoring system so that the player is given the opportunity to learn from their actions.
The underlying platform includes a base set of generic tools and features that allow a wide range of simulated
scenarios to be created and distributed. More specific use-cases, such as interacting with custom equipment or tools,
can also be catered for. The framework is designed to be entirely extensible, so that a developer can easily add their
own custom features, without needing to make any changes to the base systems.
Evaluation of the Innovation.
We have used the simulation platform as the basis for developing two simulated learning experiences thus far.
Pharmacy Simulator is a comprehensive simulated community pharmacy environment that allows pharmacy students
and registered pharmacists to play through a wide range of scenarios that can occur in the community pharmacy
setting. Pharmaceutical Representative Simulator is a relatively simple simulation that allows pharmaceutical
representatives to practice interacting with medical professionals in a professional and ethical way for their role in
pharmaceutical sales and education. Both of these simulated learning experiences are due for launch in the second
half of 2016.
Lessons Learnt and Recommendations for Use.
Although there has been significant overhead during the design stages to cater for such a broad and complex problem
space, we believe that the benefits of creating these powerful, flexible, and extensible systems is now paying off.
Using our platform, a demonstrable pilot of Pharmaceutical Representative Simulator with two basic scenarios was
created by two inexperienced people in only a few weeks. Our goal is to use this platform as the basis for a whole
range of simulated learning experiences, even inter-professional multiplayer team-based experiences.
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To take this revolution one step further and make the creation of simulated learning experiences particularly easy and
affordable, we have developed a “Simulation Platform”. A framework for the Unity® game engine that is specially
designed to streamline the creation of immersive 3D simulated learning experiences.
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Maritime Platform Model for Vulnerability Analysis
Philip Samuel Ashton Wallace
Swinburne University of Technology
Brief outline.
During a summer vacation scholarship with the Defence Science and Technology Group, I developed a standard
maritime platform model that could be freely shared with international partners in order to facilitate collaboration in
the area of ship vulnerability analysis. This model was based on a combination of legacy and current RAN platforms
and included all the necessary structure, components and systems required to simulate a ships vulnerability to weapon
strike.
No model of this type and fidelity exist in this area of research, for this purpose. Its development allows DST Group
to lead collaboration with international partners by providing the tools that can facilitate it.
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In order for this model to be freely and easily shared with international partners, all of its data needed to be
unclassified. However, to ensure it would still yield useful and realistic results, an innovative approach was required.
Rather than designing a fictitious ship for this purpose, designs and specifications from legacy and current platforms
were used where appropriate and applicable. The result is a model that has the technical detail needed to provide
realistic simulation data, whilst maintaining information security.
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Simulating to Stimulate
Thomas Hollitt
University of South Australia
Brief outline.
‘Simulating to Stimulate’. Simulation is a powerful tool to excite, inspire and train the next generation of STEM
students. Through my experience in participating in STEM competitions such as the F1 in Schools Competition and in
subsequent roles such as volunteering with the Science and Engineering Challenge I’ve been able to see the
excitement that students have for the STEM and simulation industry. I aim to present on the power of igniting that
same passion that was started in me in new students and talent and the potential opportunities that will then provide.
This will fit into the overall theme of ‘Leading for the Future’ as the poster is cased around the topic of leading the
current students and the next generation to get excited about all of the fantastic opportunities and projects going on
within the simulations space.

My aim is to inspire engagement from new students and to entice current members of the community to engage the
next generation as they will be able to help us shape what our tomorrow will become.
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This poster will be original as it will be aimed at selling the industry and engaging people in stimulating the next
generation to come up with new and innovative ideas that no one has ever even considered. New technology is great
but new talent and ideas are what generate new technology.
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Modelling the Future of Airport Management
Maria Freese1, Thorsten Mühlhausen1, Sebastian Schier1
German Aerospace Center (DLR), Braunschweig, Germany.

1

A R T I C LE I N F O

ABSTRACT

Article accepted:
June, 2016

The European Operation Concept Validation Methodology describes a transparent and
structured validation methodology in the context of Air Traffic Management. The focus is
on the development from a research idea to a real implementation of the initial idea. To
do so, the methodology requires tools and procedures to perform concerted validations on
different technology readiness levels. That said, this paper gives an overview on this
approach and how the Air Traffic Validation Center of the German Aerospace Center
DLR supports it. In particular, in the context of airport management the Airport Control
Center Simulator is one interesting part. In this center, different methods have been
already tested. The core of the paper is to present the serial development of methods with
respect to the European Operation Concept Validation Methodology. Firstly, the serious
gaming approach will be presented. In a second step, real time/ human-in-loop
simulations will be the focus of research.

Key words:
Air Traffic Validation Center
Airport Management
Validation Methodology
Gaming
Simulation

1.

INTRODUCTION

Today’s air traffic is pressed by high demands on safety,
reliability and economy. Especially the last mentioned aspect
leads to an optimized use of capacity in all areas.

Particular at large hub airports all involved actors like airlines,
air navigation service provider, airport authority, ground
handler, and security make use of their resources in a way,
optimized to the air traffic schedule. But this process holds the
risk that disturbances like bad weather events have significant
impact on the reliability of the operations at airports (Günther
et al., 2006). For mitigation of this aforementioned risk as
well as for mitigation of the impacts of disruptions all
involved actors have to be included in a common solution.

One possible concept includes the introduction of a real or
virtual Airport Operation Center (APOC), where
representatives of all involved stakeholders are attendant and
bring in their view and expertise in a collaborative decisionmaking process (Günther et al., 2006; Jipp, Depenbrock,
Suikat, Schaper, Papenfuß, Kaltenhäuser & Weber, 2011,
2011). This approach will help to improve the situation at the
critical traffic nodes, but in future even a network of APOCs
is foreseen to guarantee safe and smooth air traffic.

In general, the main goal is to reach for a safe, efficient and
environmental friendly mobility. This is also described in the
European Flightpath 2050 document (Advisory Council for
Aviation Research and Innovation in Europe [ACARE],
2011), which emphasized the need
•

To increase the level of technology investment

•

To enhance its competitiveness in world air transport
markets

•

To accelerate the pace of policy integration.
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The achievement of these targets can be supported by the
development and optimization of different concepts in a new
way. One cornerstone is an iterative validation of these
concepts as described in the European Operation Concept
Validation Methodology (E-OCVM) (EUROCONTROL,
2010). With the help of a sophisticated validation research
facility it is possible to do research in different areas of
aviation.
1.1

Validation Research Facility

For the validation of concepts like this, the DLR Institute of
Flight Guidance operates the Air Traffic Validation Center. It
provides scientist with the infrastructure to test and evaluate
new ideas and technologies for all areas of Air Traffic
Management (ATM).

Depending on the certain research question, researchers can
make use of different models. The human-in-loop models are
shown in Figure 1. In particular these are
•

GECO, the Generic Cockpit Simulator, capable of
providing airliner and helicopter cockpit environment
to pilots.

•

Test Aircraft, like a A320, a Do228, a KC-135 or a
Bo-105, allowing to test the developed concepts and
tools in real flight trials.

•

Research Airport, with facilities like a Datalink,
MLAT (Multilateration), WAM (Wide Area
Lateration), Remote-Tower-Operations camera or
GBAS (Ground Based Augmentation System) to
perform the real flight trials in a high end
environment.

•

ATS, the Apron and Tower Simulator, which
provides the air traffic controller a 360° outside
view. Associated to the ATS is the TowerLab, which
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is a more flexible facility to model controller
working positions.
•

ATMOS, the Air Traffic Management and
Operations Simulator, which is the airspace
equivalent to the ATS.

•

ACCES, the Airport Control Center Simulator,
which provides a flexible environment for all kind of
management and control center activities.

In addition, the Air Traffic Validation Center has also model
based components like fast time simulation models. All these
can be interconnected and by providing several interfaces to
the outside, different external facilities can be embedded to
the Center.
For the purpose of the collaborative decision-making, the
ACCES can be configured to integrate several support tools as
well as to model different settings for different concepts
evaluation (DLR, 2012).
1.2

Airport Management

In former days, the different airport stakeholders put their
focus solely on their business, as they don’t want to give away
knowledge, which might be helpful for competing companies.
But with rising traffic (Mensen, 2013) and increasing
economic and environmental challenges, the understanding
for shared information distribution and common decisionmaking is growing.

Test Aircraft

The stakeholder tools provide the users with all necessary data
of their own business and with an interface to information of
other participating stakeholders, which are of use. Team
related tools merge information from different sources to give
an overview on complex interrelations or even the overall
airport system. Concept developments consider the hierarchic
structure in the APOC as well as the means and flow of
communication among the stakeholders.
The aforementioned ACCES provides the necessary
environment to validate concepts from early stages to
feasibility proof and technology development and
demonstration. The general methodology as well as two
concrete procedures is described in the following section.
2.

METHODS

The E-OCVM was developed for the sake of a common
understanding of validation methodology in ATM. It is used
as a framework to provide structure as well as transparency in
the validation process. The general goal is to support transfer
from research and development to implementation of
operational
concepts
in
the
domain
of
ATM
(EUROCONTROL, 2010).
2.1

European Operational Concept Validation
Methodology

The validation process of European air traffic system follows
the standard procedure of E-OCVM. E-OCVM defines
validation steps (see Figure 2) according to the maturity of the
system or concept under test. For each validation step certain
methods are suggested to be used (EUROCONTROL, 2010).

Research Airport

GECO

ATMOS

ATS

ACCES

Figure 1: Human in the Loop models of the Air Traffic Validation Center (DLR, 2015).
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As a result many airports operate a so called A-CDM (Airport
Collaborative Decision-Making) system, which allows the
participating stakeholders to share information and
consequently increase the efficiency of their operations
(EUROCONTROL, 2006; Günther et al., 2006). The next step
in this direction would be a Total Airport Management
(TAM), which implements an APOC. This center can be a
real facility at an airport or a virtual one via computer
network. Current research focusses on the necessary tools for
each stakeholder and for the team as well as on the concept

for collaborative decision-making.

them, then it is necessary to reduce the degree of complex
aspects, because otherwise the gaming approach would be too
complex and this is not the primary goal of this kind of an
approach. It has already been shown that the gaming approach
offers the possibility to illustrate complex human decisionmaking in an abstracted reality (Kriz, 2003). As already
mentioned different stakeholder groups work at an airport.
Therefore, it is relevant that the involved stakeholders share
information and work collaboratively.
3.2

Figure 2: The Concept Maturity Model (EUROCONTROL,
2005).
For the earlier phases of concept definition (V1/ V2), fast time
simulation and gaming are suggested among others. For the
later phases (V3) human-in-loop simulations are
recommended. As a result, the German Aerospace Center
(DLR) decided to integrate fast time simulation, gaming and
real time/ human-in-loop simulation into their validation
chain.

Serious Gaming in the area of Airport Management

In the area of airport management one important aspect for
efficient work situations is the collaborative decision-making.
Analyzes have shown, that the use of collaborative decisionmaking in ATM results in a higher accuracy of flight
departures. Moreover more timely flight cancellations can be
noticed (Ball, Hoffman, Knorr, Wetherly & Wambsganss,
2000).
To analyze it, the serious game D-CITE (Decisions based on
Collaborative Interactions in TEams, see Figure 3) was
developed at the DLR (2015). All criteria of a serious game
are considered. Detailed information about these aspects can
be found by Freese and Drees, 2015.

3.
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In the following two main sections the focus will be on two
already used methods at the DLR. On the one hand the serious
gaming approach and on the other hand the human-in-loop
simulations will be presented.
SERIOUS GAMING APPROACH

In general, serious games are games with focus not only on
entertainment. Very often they have a pedagogical
background. Their roots are in the context of military and
education. In both contexts they are used as a training
instrument (Abt, 1970).

If you have a deeper look at certain characteristics, you can
find a sum of aspects, which are necessary for the
development of a serious game.
As Sauvé, Renaud, Kaufman and Marquis (2007) mentioned,
there are six essential attributes of educational games:
•
•
•
•
•

3.1

Number of players

Situation of conflict/ cooperation/ collaboration1
Competition between single-players or teams
Rules

Figure 3: Screenshots of D-CITE (Freese & Drees, 2015).

Predetermined goal of the game

•

Artificial situation/ characters

•

(Educational character, which depends on the
background of the game).
General Overview

As mentioned in the E-OCVM, the DLR decided to use the
serious gaming approach for proving feasible concepts in the
area of airport management. To develop an airport
management serious game, in a first step analyses of real
airport processes have to be made. With the knowledge about
1

In general, it is a round based multiplayer game for four
players plus the moderator of the game. They have the task to
manage an airport with respect to critical events (e.g.,
thunderstorm). During several rounds the players collect
points, which result in a team-score. This score describes how
well or bad the players shared information during the game. It
is really important to exchange (only) relevant information
because every single player has limited knowledge about the
functionality of the systems of the other players. With the help
of the team score, it is possible to compare different teams
regarding the collaborative decision-making aspect. In Figure
4 impressions of a game session are shown.

The differences between cooperation and collaboration will not be described
in this paper (see for example: Heese, 2005).

324

2016 - Congress Proceedings

As results already have shown (Freese, Kurapati, Lukosch,
Groen, Kortmann & Verbraeck, 2016), the gaming approach
is a feasible method to proof initial concepts (e.g.,
collaborative decision-making in teams). Especially real-life
situations where a number of team members have to interact
with each other are suitable to implement in a serious gaming
approach. As mentioned in the E-OCVM, this approach is
appropriate (EUROCONTROL, 2010) if the focus is on
human interactions as well as on the analysis of feasible
concepts.

Figure 4: Game Session at the Airport Control and Center
Simulator (DLR, 2016).

4.

SIMULATION

The next step would be to integrate the collected knowledge
in the V3 phase and to develop a real time simulation. These
simulations are important to provide human-in-the-loop
experience of a certain concept in a controlled environment.
The E-OCVM document emphasizes that an extensive
training of the involved stakeholders is necessary to get
familiar with the implemented concept as well as the
simulation tools.
4.1

General Overview

Simulation design focusses primary on defining a sufficient
model for the selected system. In terms of airport
management, the air traffic at the airport and the supporting
processes (e.g., turnaround process, boarding process, etc.)
have to be emulated by the simulation (Narayanan &
Kidambi, 2011). Modelling all these processes can easily
exceed a manageable level of complexity as each process
contains sub-processes and additional systems to be modelled.
Taking the arrival process of an aircraft at an airport as an
example, this process includes initial, intermediate and final
approach (Federal Aviation Administration [FAA], 2007;
2015). Regarding the aircraft in these phases it can either be
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4.2

Simulation in the area of Airport Management

To keep complexity at a manageable level, the DLR decided
to reduce the simulation model to the necessary minimum.
Therefore, the defined airport management process for
European airports was analyzed. EUROCONTROL (2012)
defined a basic set of information and steps which have to be
generated and performed for each flight to be handled by
European airport management (EUROCONTROL, 2012).
Based on this so called milestone approach, a simulation was
implemented, providing timestamps for each step of flight
(e.g., departure, begin of approach, landing, gate reached,
etc.). Additionally limited resources (e.g., runway system,
aircraft stands, ground handling resources, etc.) have been
modeled into the system. As soon as a flight requests for a
resource that is currently used by other flights (e.g., the
runway), it is delayed. Regarding this very basic model of
time steps and resources, it is fairly easy to calculate a great
number of flights. As such fast time simulations are now
possible where a full day of operations is calculated in less
than 10 seconds.

This quick calculation cycles are only possible due to the
reduced level of detail within the simulation. To support
validations where a higher level of detail is requested the DLR
milestone simulation can be connected with more advanced
and complex simulation models (e.g., Narsim [Ten Have,
1993]). The process parts to be simulated with higher
accuracy are simply switched off and connected to the
mentioned more advanced models in the milestone simulation.
Additional simulation tools can provide more precise timings.

Providing a full fast and real time simulation system for
airport management, DLR was in the position to build a
human-in-the-loop simulation. For this purpose, the milestone
simulation was equipped with user interfaces of the airport
stakeholders. Defining these interfaces, a balance between a
close to reality look alike and a generic usability had to be
found. Therefore, a use case and existing systems review had
to be performed (Schier, Pett, Mohr & Yeo, 2016). In the end
user interfaces for airline operations, ground handling, air
traffic control and airport operations could be defined.
5.

RESULTS

Based on the E-OCVM development process, gaming and
simulation tools were defined and integrated into the facility
ACCES. In the last year, there were several projects which
focused on different validation phases and made use of this
integration.
In the area of gaming there are two relevant steps: Using DCITE as a) a research and b) as a training instrument. Freese
and Drees (2015) have already shown, that the development
of D-CITE as a research instrument was successful. Positive
feedback (Nnon-experts=31) about the game, the role and the
design of D-CITE support the better understanding as well as
the flow of the game. This is an important base for using a
game in the area of training or education. Furthermore, the
quality of D-CITE as a research instrument was evaluated by
airport managers (Nexperts=8) (Freese, Kurapati, Lukosch,
Groen, Kortmann & Verbraeck, 2016). In this study questions
about the general idea, the motivation to deal with the topic of
collaborative decision-making, the awareness of the relevance
of information exchange as well as the further use of serious
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As results already have shown (Freese, Kurapati, Lukosch,
Groen, Kortmann & Verbraeck, 2016), the gaming approach
is a feasible method to proof initial concepts (e.g.,
collaborative decision-making in teams). Especially real-life
situations where a number of team members have to interact
with each other are suitable to implement in a serious gaming
approach. As mentioned in the E-OCVM, this approach is
appropriate (EUROCONTROL, 2010) if the focus is on
human interactions as well as on the analysis of feasible
concepts.

understood as a low complex indivisible system or as a high
complex connection of sub systems such as flaps, gear, slats
and engines.

gaming as a simplified tool were asked. In general, the results
of the experts are comparable with the feedback of the nonexperts concerning the questions about the development of DCITE as a research instrument. The game seems to be wellsuited for research. The next step was to develop D-CITE
from a research to a training instrument. Therefore, Freese
and Drees (2015) as well as Freese, Kurapati, Lukosch,
Groen, Kortmann & Verbraeck (2016) identified game and
learning mechanics, which are relevant for adapting the game.
The focus is on the training of the relevance of informationsharing and the benefits of collaborative decision-making. A
first study (Freese, 2016) tried to answer the question of
whether it is possible to use game-based learning scenarios as
a way for improving collaborative airport management
processes. Firstly, it has shown, that the attitude of airport
managers (Nexperts=4) towards the suitability of serious games
can be changed positively. This is an important aspect for
conducting the actual training. If the players have a positive
attitude toward the method, it is easier for them to learn.
Secondly, it seems that the experience of playing D-CITE has
a positive influence not only on serious gaming, but also on
A-CDM. This was measured by questionnaires, collected
feedback, and observations. Thirdly, during an intensive
debriefing phase, the relevance of shared information and the
benefits of collaborative decision-making could be trained.
Another project at the DLR deals with the analysis of
influence factors on decision-making. Therefore, serious
gaming is a method of simulating on the one hand decisionmaking and on the other hand interactive group dynamics in
teams. But it is also possible to change the focus of the game.
In a further project, the question focuses on, which influence
short- and long-term predictions of bird strikes has on the
planning activities of different stakeholder groups. Results are
presented in Metz, Freese and Schier (2016). All in all, it is
possible to use the gaming approach for analyzing the
feasibility of individual concept elements (e.g., collaborative
decision-making).
Of course the second reported method, the human-in-loop
simulations, were already used successfully. In this case the
validation of a cooperative concept was in the foreground.
The focus is not only on the earlier validation phases, but also
the third phase was used at the DLR. That said, also the
validation of airport monitoring tool was examined.
Here the trials (Piekert, Schier, Marsden, Carstengerdes &
Suikat, 2015) have shown that airport management validation
is an important part in the development of new concepts. An
important result is, that the method how to implement and use
the developed concept and tools need to be explored in detail.
This includes the achievement of the desired effects by the
appropriate scenario design as well as the extent of the
recorded data and the debriefing procedures.
This is supported by literature studies and judgmental
techniques in the early validation phases. This is needed to
define the requirements for developing the gaming and
following simulation environment. In later validation phases,
shadow trials are a preferred approach, although they have
high demands are complicated to conduct.

puts the focus on the validation of concept integration. By
providing questionnaires to the participating experts as well as
from their feedback, this benefit has been confirmed.
To make full use of these capabilities, further experiences in
usage of the methodology and the developed environments
need to be gained. Especially the gaming approach offers new
possibilities to validate the early concept development phases.
But to do so, the methodology has to be specified in more
detail. In particular game learning and debriefing processes
have to be clarified to make the best use of this methodology.
Furthermore, the transition from gaming to simulation
experiments needs further research. Possible questions are the
level of maturity, which is best suited to switch from gaming
to simulation, or the use of gaming results as direct input for
the next step, i.e. the simulation trials.

6.

Freese, M., Kurapati, S., Lukosch, H. K., Groen, D., Kortmann, R.,
& Verbraeck, A. (2016). Addressing Challenges of
Planning in Multimodel Transportation Nodes with
Simulation Games (submitted paper).

With the aforementioned simulation environments, DLR is
now able to support the validation chain up to phase V4 (see
Figure 2) in the area of airport management. While the newly
developed gaming approach has been proven to be perfectly
suited for initial concept validation in phases V1 and V2, the
already established human in the loop simulation approach
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Integrating Sensors to Improve Situational Awareness for
Emergency Managers, SAR Teams and First Responders
Gino Hodges

PLEXSYS Interface Products, Inc.
The recent increase in the use of small Unmanned Aerial Vehicles (sUAV) in support of emergency response
operations has brought into focus the value they can provide emergency managers through increased
situational awareness. With an ever increasing variety of payload types, ranging from high resolution visible
spectrum and thermal imaging cameras to atmospheric sniffing sensors and precision survey LIDAR pods,
UAVs will not doubt increase their role supporting Emergency Management and Disaster Response
activities. The addition of UAVs as an operational tool for Emergency Managers/First Responders brings
dynamic challenges on how to safely and efficiently integrate these systems with existing assets.
Consequently, operational command and control displays and software used by personnel in support of
incident response will need to provide operators with accurate, relevant information to assure the safe
execution of coordinated recovery operations. PLEXSYS Interface Products, Inc has identified this need
early on and has leveraged their decades of Command and Control Training and Simulation experience to
meet the needs of UAV asset integration.
1.

INTRODUCTION

Figure 1: Incident Command System
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In January 2014 PLEXSYS began evaluating the potential civilian applications of their existing military radar, communications
and command and control simulation products. At about the same time, civilian sUAV’s were beginning to make their mark in a
myriad of applications ranging from agricultural research to search and rescue operations (SAR). Civilian emergency response
agencies saw sUAV’s as an inexpensive, flexible alternative to conventional manned aircraft and began to integrate sUAV’s into
their Incident Command System (ICS) structure Air Operations Branches. It was the ICS’s need for increased situational
awareness of ground and airborne assets that drew a direct correlation to products that PLEXSYS had already developed for the
military. Civilian Incident Command Systems contain virtually identical functions as any military functional organization. The
only real difference between the two as seen by the PLEXSYS study was that civil agencies lacked the tools necessary to
accurately depict an operational picture that informed decision makers of asset employment. In effect, technology had provided
more assets for civilian incident managers to employ, but they had no means to monitor and manage them. As a result, instead of
the UAVs being seen as a viable tool, many Incident Commanders experienced added mission stress to field operations and any
benefit provided by the sUAVs was overshadowed by the chaos that ensued from a lack of situational awareness and UAV
integration into the Incident Command System. The PLEXSYS product known as OnScene Commander was designed to fill the
void of situational awareness and help bring order from chaos by performing both operational and simulation training roles as per
this papers title.

2.

MEETING THE NEEDS
2.1 Effective Small Unmanned Aerial System (sUAS) Mission Integration

PLEXSYS undertook a study observing existing Emergency Management Departments in the Midwest Region of the United
States. The studies primary purpose was to identify the operational and training voids that required attention, with the goal of
providing solutions to fill the identified voids. The U.S. Midwest is close to PLEXSYS research assets and provides a “disaster
rich” environment on a fairly predictable basis due to the regional prevalence of seasonal tornado, flood and wildfire activity.
Emergency Management and Search and Rescue elements are present in virtually all levels of civic infrastructure with the
majority being at the county level. The following points were identified as a result of the PLEXSYS study.
i) sUASs are being employed regardless of FAA approval of use at the time of the study
ii) Some Emergency Managers included UASs within the ICS and place them under the control of the Air Operations
Group. This provided effective asset management in concept.
iii) Some Emergency Managers did not understand UAS capabilities, don’t include them in the ICS but may allow their
operators to fly missions without coordination.
iv) Local residents not being aware of an established ICS frequently operate rogue “free-lance” UAS activities without
the knowledge or coordination of the Air Boss of the Air Operations Group. This creates a potentially dangerous
condition whereas rouge UAVs interferes with known air assets.
v) None of the Incident Command Systems observed were equipped with a means to track UAVs in the air
vi) None of the Incident Command Systems observed were able to correlate ground assets with UAVs on a common
display.
vii) Few training opportunities were conducted that included the UAS or their operators. No means of providing a
simulation of assets to conduct emergency response scenario training events.
These study findings clearly indicate that there are significant shortfalls in sUAS integration into the ICS. In spite of these
shortfalls, there is a strong willingness for Emergency Managers to use sUASs, and operations may take place even when
FAA approvals are lacking. And finally, that overall, the majority of ICS elements are ill equipped to effectively integrate
and manage UAVs in an incident response scenario.

The Incident Commander must be aware of all asset locations as they relate to mission objectives such as a search grid or potential
threats like a changing fire line. The ability to see team assets as they relate to mission objectives is a primary feature of OnScene
Commander. This is accomplished through the implementation of the following functions:
1.
2.
3.

Map display of the real time airborne location of an assigned sUAS via direct telemetry downlink.
Map display of the real time location of beacon equipped ground crews and vehicles via a satellite downlink to a server.
Rapid importation and display of ESRI/GIS data for accurate location of critical mission relevant objects including: Power
transmission lines; Fire hydrants; Storm shelters; Oil, gas and water cutoff valves; Hazards; and any other desired
positional data

Figure 2: OnScene Commander Map Display
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2.2 Increased Situational Awareness

2.3 Communications and Warning
The ability for ground crew members and the Incident Command Center to communicate with each other independent of standard
terrestrial radios is also vitally important; which is accomplished via the satellite Personal Accountability Warning System
(PAWS) beacons. PAWS, allows text messages to be exchanged bi-directionally between the OSC interface and the ground crew
beacons through the satellite relay. Warnings from ground crews can be manually triggered and displayed on the OSC map
display by the activation of a SOS button. Or automatic warnings and alerts can be generated by conditions established by the
Incident Commander. These conditions include but not limited to:
1.
2.
3.

No movement exhibited by a beacon within an established time period
Entering an established geo-fenced area on the OSC map display
Exiting an established geo-fenced area on the OSC map display Tables

ISBN 978-0-9925960-2-6

Figure 3: Communication and Warning
2.3

INFORMATION SHARING AND CONTROL

The distribution of real-time UAV video to the ICS decision makers and action teams is critical. Typical UAV Ground Control
Station configurations tend to “stove pipe” the real-time UAV video feeds to the UAV operators, forcing reliance upon verbal
conveyance of the video content to those who need the information. This obstacle to situational awareness is overcome via the
use the OSC Video Distribution and Recording System (VDARS). VDARS combines the live video feed with a live capture of
the OSC map display and relays the combined picture to a networked DVR as well as any authorized PC or iOS device. This
allows the live UAV video to be seen in context with the operational map picture by everyone that could benefit from this
information instantly. All mission video is also stored as a video record for archival purposes.
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The ability to provide effective, repeatable training scenarios that employ significant numbers of UAV and ground assets must be
achievable without actually relying upon the availability of these assets. This is accomplished via the Distributed Interactive
Simulation (DIS) interface of the OnScene Commander software. Using PLEXSYS off the shelf DIS Computer Generated Forces
software such as SIMWORKS, users are able to create robust emergency response scenarios complete with role playing features
and scripted voice communications. SIMWORKS applications communicate to the OnScene Commander software via the DIS
interface and provide a virtual disaster response scenario. Using the DIS features of OnScene commander means users can
conduct combined training events over a distributed environment allowing role players to inject inputs from various locations
simultaneously. Training scenarios can be modified, saved and shared between users as desired. OnScene Commander when
paired with SIMWORKS provides for the ability to mix simulated entities with live when appropriate and enables a unique Live,
Virtual and Constructive training capability. Using the simulation capabilities contained within OnScene Commander will allow
Emergency Managers to effectively conduct emergency response rehearsals that will provide Incident Command Staff the ability
to become aware of UAS capabilities and limitations by simulating their presence in training events. These training events can
and should include live, virtual and constructive participants to enrich the training event.

Figure 5: Virtual and Constructive Training
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Figure 4: OnScene Commander Video Distribution And Relay System (VDARS) as deployed to U.S. Emergency
Managers
2.4
REPEATABLE TRAINING

3

CONCLUSION
3.1

LESSONS LEARNED

Immediately following the first deployment of the OnScene Commander situational awareness software, it became evident as to
the narrow scope of features that initially provided by the system. This was primarily a result of first contact with the customers
that actually operate Incident Command Systems and execute the missions that OnScene Commander was designed to support.
While the basic premise of providing increased situational awareness and high fidelity simulation for emergency management
training is still valid, the scope of mission and subsequent list of requirements has grown and shall continue to do so. The addition
of improved UAVs, extended flight times, as well as newer sensor payloads will add more and more mission support requirements
to be managed and displayed coherently. Systems will need to incorporate these tech advances in both the operational and
simulation configurations to maintain relevance in the civil emergency management venue.
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A new space rover type, known as a hedgehog, has been proposed for
exploration of asteroids and other small planetary bodies. These could
be used as a swarm to cover asteroid surfaces efficiently and robustly,
given the unknown terrain and potential for the failure of individual
rovers. This paper discusses the challenges of how to set behaviour
rules for the swarm so that they move efficiently over an unmapped
asteroid surface. A swarm rule-set was tested through simulation, using
the swarm simulation tool Netlogo. The simulations used a combination
of repelling and attracting rules to move the swarm about the asteroid
surface, with a view to cover a large percentage of the surface in the
fastest time possible. It was found that increasing the number of rovers
in the swarm led to diminishing returns with respect to ground explored
per rover. It was also found that when there were greater numbers of
rovers in the swarm, the optimal strength of repulsion was lower. Future
improvements have been suggested for simulations to test the swarms
on different asteroid types.

Key words:
Netlogo
Swarms
Asteroids
Corresponding author at:
UNSW Australia
The School of Mechanical and
Manufacturing Engineering
Level 1, Ainsworth Building
(J17) Kensington NSW 2033
Email address:
w.crowe@unsw.edu.au
1.

INTRODUCTION

Several research groups have designed rovers that are
specialised for conditions on small planetary bodies such as
asteroids where there is microgravity and low surface friction.
Study of the structure and history of asteroids may provide
vital clues to understanding the origins of the Solar System
(and perhaps all planetary systems). But, prospecting asteroids
for various minerals has recently also become of interest to
the wider community. Rovers are particularly useful at
investigating the surface of astronomical bodies and so
development of rovers suited to traversing asteroids will aid in
their characterisation.

Figure 1 shows the internal mechanism of one type of rover
known as a “hedgehog”. The hedgehog moves through use of
a combination of momentum wheels and brakes, rather than
through the use of conventional wheels, tracks or legs.
Prototypes have been developed at the Jet Propulsion
Laboratory (JPL) and at Stanford University. The dynamics of
these two rovers have been well described by these research
teams (Reid et al., 2014). A range of other low-gravity robotic
rovers have also been researched (Koenig et al., 2014), which
attempt to address microgravity and surface friction in other
ways. Robots with similar mechanics to the hedgehogs have
been researched for use on Earth (Gajamohan et al., 2012),
which use reaction wheels with greater momentum and faster
acting brakes.
Figure 2 shows the three different states of motion of the
hedgehog known as pivoting, slipping and hopping. These are
equivalent to rotating on the plane of the surface, rolling
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Figure 1: A rendered model of the hedgehog rover, without
avionics or solar panels, image: JPL (Reid et al., 2014)

across the surface, or leaving the surface for a period of time
in a ballistic jump. As all of these states require the slow
increase and then rapid release of inertia (by way of the
momentum wheel and braking system) they move in a
discrete way, where a movement is followed by a time
interval of no movement. The rover uses three flywheels that
are mutually orthogonal. At each discrete time period, the
rover can slip or hop about one of two orthogonal axes, or
pivot about the other axis. The external faces of the rover
measure 150 millimetres each side and have an array of four
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spikes on each face which protect the platform during motion
and act as contacts to the surface to create movement.

One way in which hedgehogs could be used to explore the
surface of an asteroid is as individual agents within a swarm
(Crowe et al., 2015). A swarm in this sense is a collection of
robots which use a set of simple rules to interact with each
other and the environment about them. Swarming has found
greater use in technologies with a large number of individual
units, for distributed UAVs (Cheng, Page, & Olsen, 2012) and
satellite systems (Cheng et al., 2014). This could expand the
rover range across the asteroid to, enable a faster exploration
time, simplify the central control required, as well as improve
the robustness of the mission.

a

to observe if the nature of the repulsive force
between the rovers forcing them to diverge reduces
the time to cover an area
• to observe the consequences of including an
attraction (summoning) point, where one rover finds
a point of interest and calls all other rovers to it.
To characterise the efficacy of the rule set, multiple
simulations using different configurations are required. The
program Netlogo can be used to simulate swarms (Tisue &
Wilensky, 2004) and has been modified for this research to
represent the environment and movements that are specific to
the hedgehog rover and this rule set. The program has a useful
toolkit which allows for a graphical user interface to be
created and the strength of the rules to be modified.
This paper consists of three further sections. Section 2
discusses the methods of localisation used to gather data by
the hedgehog swarm and then how this is transmitted back to
the Earth. Section 3 describes the simulations that have been
conducted in this research along with a presentation of the
results. Section 4 is a discussion about the swarming strategies
used and how these can be built upon for further research and
future applications.
•

2.

b

LOCALISATION AND DATA TRANSMISSION

c

Figure 2: The three motion states – (a) pivoting, (b) slipping
and (c) hopping.
A swarm must be governed by a set of simple rules that
dictate the behaviour between each rover and the
environment, as well as with one another. The strategies are
numerous and are generally based upon interactions found in
natural swarms or physical processes.

In this research, the rules have been modelled upon “polar
interactions” as described in previous studies (Higuchi, 2015).
Polar interactions cause homogenous swarming agents to
repel one another, as they have the same sign. This polar rule
was chosen to test whether they would result in a faster time
to cover and ultimately map the asteroid, in a test of the
effectiveness of different configurations of the rule.
The aims of this research are threefold:
• to observe the effects of varying the number of rovers
on an asteroid surface,
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It is assumed that at least one spacecraft, a “mothership”,
would deliver the hedgehog rovers to the asteroid and would
remain in orbit around the asteroid while the rovers are in
operation. It is also assumed that the mothership would have
similar capabilities to those that have carried out missions to
asteroids and comets already. Two recent example missions,
which both had lander components, include the Hayabusa 2
mission (Tsuda et al., 2013) and the Rosetta mission
(Glassmeier et al., 2007). The instruments they carried
included high gain antenna for use between the mothership
and the Earth, a low power antenna for use between the
mothership and the agents, lidar for ranging measurements
and an optical navigation system to find its position relative to
the asteroid. In past missions, spacecraft such as these have
been able to navigate autonomously through the combination
of optical navigation and lidar (Dionne, 2009).

A mothership with these capabilities would be able to use the
optical navigation system to locate the agents that lay within
its line of sight. The agents would have to be visible for this to
be workable, but low-powered lights on the agents would
show up well against the often dark exteriors of asteroids.
Distinguishing between agents could be challenging and use
of separate lighting patterns or augmentation by radio signal
would be required.
All of the agents should be fitted with a low-powered radio
transmitter for data transfer. This could be used for ranging
from the mothership and the other agents, where accuracy on
the metre scale would be enough to distinguish agents from
one another and to provide approximate location of sampling.
Most of the agents would be out of sight of one another, but a
radio beacon would allow for some indication of position,
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The measurements of each swarm agent should be made with
an attribution to a point on the asteroid surface. This problem
could be stated as one of Simultaneous Localisation And
Mapping (SLAM), used widely for robots investigating areas
of unknown terrain.

where a beacon from just one other agent would provide an
area of possible locations, two agents would pinpoint two
possible locations and three agents would provide almost
exact position.

A low-powered radio device should be capable of sending the
small amount of data produced to the mothership, but line-ofsight is required. It is possible that the agents might buffer
data before transmitting it when unable to contact the
mothership. Due to the power and size of equipment required,
the mothership would need to transmit all of the data gathered
from the swarm to Earth.
3.

SIMULATIONS

Several simulations were run using Netlogo to test the
swarming rule set. The simulations were set up to mimic a
simple asteroid environment and the interactions that could
take place between swarming agents. Each simulation was set
to finish when the swarm completed investigation of a defined
portion of the surface of the asteroid. The time required to do
this is a measure of the effectiveness of the rules with respect
to the number of rovers used and their separation.

Two of the motion states of the hedgehog rover were used in
these simulations, being the hopping state to cover distances
and the pivoting state to turn. As both of these motion states
are discrete, they lent themselves well to simulation through
Netlogo. Netlogo simulates through a series of “ticks”, which
were used in this case as discrete units of time.

swarm agents would repel each other, as well as the attraction
of the summoning function.

The starting configuration of the agents was set within a circle
on the asteroid surface, where the circle radius could be
defined through use of a slider. The number of swarm agents
was also set using a slider, where a pop-up window would
appear if the number of agents selected would not fit within
the selected radius, as shown in Figure 4. The exact location
of the rovers within the circle and the orientation of each
rover were selected by the program at random. Each rover
was also assigned a random colour by the program.

Each unit of time (tick), either a pivot or hopping movement
was conducted in accordance with the hierarchy of the rules.
This movement would continue from the start of the
simulation until the defined proportion of the surface had been
reached by the agents. Each agent would be aware of others in
fields of view that swept ninety degrees in front or to the right
of each agent, at radii dictated by another slider on the user
interface. This would enable the effective repelling rule of the
swarm, where agents detecting others in their field of view
would act to avoid them and so move away. The rule
hierarchy dictated how the agents would move at each tick, as
displayed in Figure 3.

Is there an agent in the
front field of view?

no

Hop forward

The environment was constructed to represent an asteroid as a
grid that could be wrapped about a solid. The simplest solid
was a cylinder, which has been used for mapping asteroids in
the past (Miller et al., 2002). For the map produced in this
paper, Netlogo allowed agents to cross over the left or right
and then appear again on the other side. Agents that made it to
the top or bottom of the map were turned back in a reflection
of its motion. This map style bears resemblance to
conventional topographic maps, where a spheroid is
approximated to a cylinder and then flattened to a rectangular
map. On an asteroid, the relevance of a cylinder is greater, as
many have distended shapes that can be better approximated
by an ellipsoid rather than a spheroid. The map contained a
grid, with each square in the grid a separate “patch” which
needs to be sampled by an agent.
A single map was used to test the rule set and swarm size –
one with 32 patches on each side. This map did not
approximate further shape distension or surface features and
composition that might change the way that the agents cross
the surface, although these are highly variable and are
additional to the goals of this research. The map was coloured
green, with patches turning black when crossed by a rover.
The map allowed that agents that came to the left or right map
extremity would continue in the same direction at the opposite
extremity, continuing about the cylinder. Rovers that came to
the top or bottom extremity would be reflected back away
from that extremity.

yes
Is there an agent in the
right field of view?

no

Hop right

yes

Pivot 90 degrees
clockwise
Figure 3: Movement rule set flow chart.
The summoning command allowed the simulation user to
choose a point on the map that would attract the agents. This
point was represented as a single red square on the map that
would cause all agents to move towards it when made active.
The movement rule hierarchy continued to be enforced during
the summon, meaning that the agents could only move as
close to the attracting point they could without having other
agents in their field of view.
3.3 Results

3.2 Swarming Rules
The swarm rules were implemented, with sliders used to
modify their strength. These rules are built to replicate simple
physical interactions between agents in the swarm that
combine together to form complex group behaviours. The
rules dictated the starting configuration of the swarm, how the
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This simulation generally contains a group of agents that take
a period of time to exit their starting circle, as seen in Figure
4, frame b. This is then followed by a largely rapid rate of
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3.1 Environment

b

c

d

Figure 4: several frames of a simulation in Netlogo, showing (a) the initial conditions, with a circle superimposed over the swarm
starting formation (b) the start, where the repulsive force creates movement in the agents in a web-like way (c) the summoning
point creates an effective reset and (d) the swarm has investigated most of the map and the time required to map each further patch
increases.
discovery, whose rate of deceleration increases as more and
more of the surface is covered. Finding the last few uncovered
patches can take a very long time, as seen in Figure 4, frame
d.The results that are specifically displayed in this paper are a
very small subset that can be taken as somewhat
representative of larger trends. They are necessarily a closed
subset, as the number of variables is large. Some interesting
results that deviate from the subset have been shown as well
to illustrate some of the possible limitations of swarms used in
this way.
Having a summoning point could possibly assist the swarm to
discover the whole of the map within a shorter time frame.
This is because there could be an effective “reset” of initial
conditions.

Figure 5 shows that the “strength” of the repulsive force
impacted the time to explore the asteroid. In this case, where
29 agents were simulated, an intermediate value achieved
better times than weaker and stronger values. This was less
relevant when smaller proportions of the asteroid were
required to be explored, where the time to explore was more
consistent. More agents would generally decrease the time
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required to map a surface, as shown in Figure 6, but the
payback of time saved per rover added decreased over the
study space and extreme examples showed that there was a
limit to how many agents could be added before the payback
became zero. In fact, for some numbers of agents in
combination with a high repulsive force can result in it being
impossible to map the entire surface.

4.

DISCUSSION

The research described lays out a strategy that could be used
to have agents move over the surface of an asteroid in an
effective manner.

There are a number of factors that will affect the ability of the
swarm to adhere to the best set of rules as produced by these
simulations. These factors include the curvature of the
asteroid, as well as surface features and natural barriers to
signal transmission, which could reduce the distance over
which the force could be transferred effectively.
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a

the rule could lead to an ineffective swarm in these cases, as
the swarm would spread and then the rovers rotate for an
infinite amount of time to comply with the rules.

The summoning rule as designed in this research was
effective at calling all of the agents together quickly without
crashing into each other. The rule may not lend itself to use in
reality, due to the computation required. This function could
be useful in searching across very long asteroids especially, as
using it could effectively recreate starting configuration at a
second point of time, where a tight ball of agents could repel
each other to reduce the time required to discover the entire
asteroid.

a

This representation of an asteroid in two dimensions was used
as a sandbox to test swarm strategies for use on asteroid
surfaces. It is a way of testing ideas before using more
computationally intensive simulations in further dimensions
and with more realistic rendering. As asteroids encompass
such a great range of sizes and shapes, having a tool that is
fast to use is important in producing many iterations quickly.
From this research, the sandbox was created and simulations
using a certain rule set were used to discover how effective
different configurations of those rules might be.

b
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1.

INTRODUCTION

Internationally standardised electronic navigation systems will soon be compulsory on all vessels that weigh over ten thousand
tons (IMO, 2009). This standardising of the digital display of nautical charts and a wide range of real-time sensor data, warnings,
and path planning tools and related information stands to potentially drastically improve maritime safety and efficiency. The most
important aspect of these systems is the standardisation of the wide variety of sensors on board of ships, all of which communicate
using standard NMEA strings. It is these global standardisations that pave the way for globally applicable software solutions for
improving accuracy, information display and decision support services.
Navigation technology is increasing at a fast rate and recent advances are widely used throughout the world. The last two decades
have seen the rise of a number of global navigation satellite system (GNSS), the Automatic Information System (AIS), the
integration of Automatic Radar Plotting Aid (ARPA) with traditional radar displays, and Electronic Navigational Charts (ENCs).

These many technologies are bringing many advantages to maritime safety and navigation. These include up to date accurate
charts, real time position information of own ship and other vessels, the ability to overlay radar on top of navigational charts,
provide a range of route planning tools, navigation warnings, and more. The wealth and accuracy of information available to
today’s pilots and Vessel Traffic Management (VTM) is unprecedented and continues to grow.
Despite these huge advances in technology the rate of ships subject to IMO conventions being lost at sea is still increasing (IMO,
2012). A significant contributing factor to this is, that the global shipping industry has not been in any way immune from the
weaker global economy over the last few years, but despite this the global fleet is still growing (UNCTAD, 2015). As a result,
while shipping lanes and ports are getting more and more congested (Tsou, Kao, & Su, 2010), tough economic times are driving
competitiveness, which in turn demands tighter operating condition with smaller safety margins. These in turn place higher
demands on navigational accuracy and efficiency.
In addition to this, while new technology is providing more real time information than ever before, this can have the disadvantage
of increasing the complexity of navigation and the risk of information overload, misinterpretation, and malpractice.

Addressing these issues in electronic navigation and ship handling aids is attracting an increasing amount of attention. However,
much of the promising research carried out academia remains theoretical or is implemented in in-house or environment non
similar to current navigation systems (e.g., (Hugues, Cieutat, & Guitton, 2014; Kao, Lee, Chang, & Ko, 2007; Li, Chen, & Li,
2015; Liu, Zhao, & Pan, 2014; Tsou & Hsueh, 2010; Tsou, et al., 2010)).
2.

MIDDLE-WARE ARCHITECURE TO IMPROVE NAVIGATION SYSTEMS

La Trobe University has partnered with Pivot Maritime International to investigate improvements to navigation systems
information display and other research avenues. Pivot Maritime International provide high quality maritime simulators that are
integrated with a range of industry standard equipment and simulated sensors. These simulators are utilised for a range of
purposes including training, feasibility studies, and now research and development at La Trobe University.
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Maritime simulation that incorporates real navigation system can provide an environment for developing and
testing a wide range of middleware solutions for improved accuracy of maritime information, improving the
display of relevant information, and providing valuable decision support that could be directly applicable to
any maritime system in the world. The new Pivot Maritime Simulation Laboratory at La Trobe University is
exploring how current global standards in data communication can be utilised to find broadly applicable
solutions for navigation decision support and information display. We have developed a generic architecture
to intercept and process the NMEA strings, a standard for data communication incorporated in navigation
equipment, generated by ship sensors before they are passed to the navigation system in order to provide
additional maritime navigation support within the current architecture. Within this architecture, we have
developed artificial intelligence techniques to analyse this information and provide navigation, information
display and safety support. We have applied this approach to AIS transmission from the perspective ships
coming into Port Melbourne Bay demonstrating that the system can trigger a COLREGS warning for a ship
coming close to another ship. With these new techniques being designed to slot into the current maritime
electronic navigation architecture, these tools should be instantly applicable to most navigation systems, with
minimal effort and no need to redefine the standards.

We are currently exploiting the potential of tools and artificial intelligence algorithms for intercepting and processing the NMEA
strings generated by the physical and simulated ship sensors. This can provide range of maritime navigation support, which can be
achieved within current standards for electronic navigation systems architectures (see Figure 1 and Figure 2).
Electronic Navigation System Architecture

Data
Display

NMEA
Radar

GPS

AIS

etc.

Figure 1: High level view of current Navigation components on maritime vessels
Our initial investigations are focusing predominantly on AIS related data as the source of knowledge for the decisions support and
additional information display. This is due to the accessibility of AIS data (from web based services or directly from antenna
arrays) and the universality of AIS. In addition to this, the minimum level of information transmitted by AIS units is sufficient to
identify and asses many situation covered under COLREGS guidelines. Obviously many situations (e.g. those relating to being
constrained by draft) will be unidentifiable on AIS data alone, but so long as the limitations are known, it should still be possible
to offer useful information to pilots.

Electronic Navigation System Architecture
Radar

GPS

AIS

etc.

Navigation
Display

NMEA
Navigation Aid Middleware
Database of past
readings and
ship tracks

Behaviour Recorder/predictor
Situation Aware Data Filter

COLREGS
Rule Base

Etc.
Figure 2: Hi-level view of middleware and it fits into the current standard architecture
Figure 3 shows a visualisation of preliminary results from processing of AIS transmission from the perspective of a ship coming
into Port Melbourne Bay. The positions of the two vessels (the blue ‘own vessel’, and the red ‘other vessel’) are drawn at their
closest point of approach, which is less than a distance of 500m. This distance (represented by the circles) is currently the distance
that will trigger a COLREGS for any ship. Future iterations of the system will adopt a distance that is based on the details of the
ships in question and better reflects a ‘safe distance’ between the two ships. COLREGS rules 13, 14, and 15 are then used to
determine which vessel was supposed to give-way and which was supposed to be the stand vessel.
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Software capable of predicting the behaviour of other ships based on AIS data will incorporate many components that each tackle
a small part of the larger problem. We are storing data transmitted by AIS and investigating methods of identifying situations
where vessels could be considered at risk of collision (i.e., invoking COLREGS). Then each of these incidents will need to be
assessed to establish which COLREGS rules apply, what action appears to have been taken by the ships involved, and whether
these actions are in agreement with the COLREGS; at least to the extent that can be established based on the available
information. This first phase will rely primarily on rule base systems.

Figure 3: Visualisation of the detection and categorising of an instance where COLGES has been applied
Once the collection and assessment of AIS data can be shown to be reliable and efficient then investigation can commence on
structures capable of predicting behaviour based on the current situation. Different AI techniques will need to be tested to
establish which are the most suitable in terms of practicality, reliability, and efficiency.

Future work will investigate the inclusion of weather and other environmental data in behaviour prediction models. Many of the
rules in COLREGS apply after the point that the ships can ‘see’ one another, either on instrumentation or visually. As these can
both be affected by weather conditions, it would be fair to assume that any reliable navigation aid that learns from past data on
other ships would need to take into account the weather conditions at that time. It is expected that the inclusion of this additional
data could make predictions more accurate but may also lead to increased memory demands and processing required in making a
prediction.

A testing framework for these new techniques is currently under development that will utilise both the Pivot Maritime
International simulation and real-world AIS data (see Figure 4). Tests with real-world AIS data should allow us to verify modules
that rely primarily on AIS, and test their application in real world situations. The use of fully immersive simulation will allow us
to test the utility and usability of the techniques and verify that the normal functions of the overall electronic navigation system
are not impeded. In addition to this the scenario editing and management tools within the simulation will be able to test specific
situations where it is believed that the additional information provided would be necessary or useful.
Electronic Navigation System Architecture

AIS
Data

Radar

GPS

Real-World AIS processor

Raw AIS feed and/or processed
data from a web based service

Simulated
AIS

etc.

AIS logs

Navigation
Aid
Middleware

Databases

Navigation
Display

NMEA

Figure 4: The architecture that will facilitate the testing of new navigation software within the simulated environment.
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In tandem with investigating AI structures that can provide reliably accurate information/prediction there will be investigation into
how this information will be conveyed into the electronic navigation system using current standards. We are exploring the
limitations of the current standards and will need to make sure that there are viable avenues for additional information
transmission that do not conflict with all the other navigation information or prevent other sensors and equipment from
performing its normal situation evaluations and recording of any logged data.

3.

CONCLUSION

Research into improving electronic navigation aids could improve maritime safety by reducing the frequency and severity of
collisions, which in turn benefits maritime companies and the environment. The more broadly applicable these improvements are,
the larger the impact they could have. This is why we are aiming to work within the current architecture of electronic navigation
aids on board ships, to produce complimentary solutions that can provide useful additional information and filter unnecessary
information so mariners can make informed decisions with confidence in a timely manner.
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The battlespace is increasingly dynamic and challenging. The volume of information
available to decision-makers is ever increasing. The uncertainties about the battlespace,
whether due to cyber attack, miscommunication, mechanical fault, or other problem,
prevents rapid, effective, informed decision-making. The mere application of so-called
“big data” technologies cannot address the scope of the coming problems. In an
environment with great uncertainty and large amounts of data, autonomous intelligent
agents can provide an invaluable aid for observing, planning, integrating, and interpreting
to achieve mission goals. In the paper we discuss cyberspace intelligent agents and
simulation’s role in bringing about their next generation. The paper discusses the
technical challenges faced in the development of cyberspace intelligent agents, the
challenges of cyber situation awareness, and the intelligent agent development issues that
must be addressed. The paper discusses the roles that simulation should play in order to
research, develop, and integrate intelligent agent technologies into operational practice.
In the paper we introduce the practice of exploiting use cases, threat cases, and cyber asset
valuation to guide the intelligent agent knowledgebase development process. Finally, the
paper discusses the use of simulation technologies to assess and refine intelligent agent
performance.
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1.

INTRODUCTION

Situation understanding and adaptivity are the putative
hallmarks of the modern information enhanced battlespace.
However, the advantages and improved decision-making
promised by information systems have not materialized, due
in no small part to the volume of data to be digested as well as
the persistent threat of cyberattacks that corrupt the data. The
problems are compounded by the rate of change of
information coupled with the unchanging human capabilities
for information assimilation and comprehension. A person’s
brain cannot be immediately changed, but the manner of
information presentation and the tools provided to assist each
individual in maximizing their personal abilities for
information assimilation and comprehension can be improved
and tailored to each person’s preferences and capabilities. All
systems are equal in their ability to convey to users the
information they need in specific decision contexts or in the
degree that the decision support system is compatible with
basic human information-processing abilities.
Data is the objective of all cyberattacks. A cyberattack has no
purpose unless is can somehow maliciously manipulate or
copy data. A cyberdefense that can always protect its data is a
success, otherwise it is a failure and of little worth or use.
Our goal is to have a cyberdefense that is so complex that a
cyberattacker cannot reasonably expect to penetrate the
defenses and reach the data while simultaneously insuring that
the computational cost of the cyberdefenses is low enough so
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that they will be used. The cyberdefense must be capable of
managing multiple simultaneous cyberattacks from a variety
of sources while insuring that the human component of the
cyberdefense is not overwhelmed with irrelevant information.

The severity of the threat posed by cyber attacks was
obliquely implied by the exploitation of information to
leverage operational performance in the Network Centric
Warfare (NCW) paradigm [Alberts, 2001; Alberts, 2003;
Alexander, 2002; Cook, 2010]. The improvements in shared
situational awareness and group decision-making enabled by
Network Centric Warfare capabilities ought to increase
military effectiveness by reducing decision-maker information
uncertainty and by maximizing information sharing between
and among decision-makers. However, cyberattacks and the
vast amounts of information presented to the decision-maker
have limited the benefits of NCW. The importance of data to
the success of NCW made data a natural target for an
adversary. NCW makes information, computers, software,
and the network profitable targets for attack because they
enable information exploitation. The vulnerabilities exploited
by cyber warfare are intrinsic to the technologies used to
achieve the advantages of NCW. The realization of the
importance of data to any successful activity has turned all
data into a target for cyberattacks. As a result of cyberattacks
against data, we should expect that penetration and
exploitation cyberattacks will continue to increase in quantity
and sophistication. In response to cyberattacks, cyberspace
dominance must be achieved. Cyberspace dominance is
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critical because cyber space dominance enables effective
decision-making due to reliable data. Cyberspace dominance
insures that accurate, trustworthy, relevant information is
provided to the decision-makers.
Because cyberspace
dominance is clearly not assured; systems and decisionmakers must be prepared and equipped for cyberattacks
designed to undermine decision-making ability by attacking
data. There are two needs to address. The first need is to
prepare decision-makers for the confusing, contradictory, and
misleading information presented to them during a cyber
attack. The second need is to prepare decision-makers to
exploit cyber space dominance by effective employment of
trustworthy
information
analysis/comprehension,
and
information interaction/management technologies.

To overcome inherent human limitations in information
acquisition, information understanding, and situation
assessment, decision support systems have to be built with
user information understanding limitations as well as
capabilities for minimizing taskload in mind. In information
intensive environment, humans are forced to employ
intelligent agents to achieve improvements in situation
awareness and decision-making. One of the most challenging
decision making environments is the cyber warfare
environment, due to both the volume and pace of data change.
The challenges faced in the extremely information intensive
cyberwarfare environment are exacerbated by the lack of tools
to support situation awareness in a distributed cyber
environment. The paucity of tools for cyber situation
awareness coupled with the volume of data calls for the
development of intelligent decision aids to assist humans in
understanding and acting within the cyber battlespace.
However, the decision support and situation awareness aids
will require intelligence and autonomy as well as the
capability to analyze and react to unforeseen events.
Intelligent agents require situational awareness to be effective.
Simulation environments can be used to safely create and test
the required cyberspace intelligent agents decision support
and situation awareness aids.
In our approach to developing intelligent cyberspace agents,
we propose using simulation environments and a wide variety
of scenarios to determine the value of various pieces of
information for situation awareness development, and
decision-making by the intelligent agent. Additionally, the
determined information value would be of use in determining
the defensive priorities for our own data as well as giving
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To complement the benefits gained by the use of intelligent
agents for situational awareness assistance and cyberdefense
control, we use dynamic layered cyberdefense. Dynamic
layered cyberdefense is a fluid cyber defense capability that
allows us to change our cyber defenses in real-time in
response to cyber attack and in light of the importance of the
data/software being attacked. Cyber attacks continue to be
successful and our current approaches to cyber defense do not
have a noticeable impact on the permeability of cyber
defenses to attack. Current defenses do not work for the life
of the system they protect, or even for an appreciable length
of time after deployment of the system. However, there are
multiple implementation possibilities for an architecture or
design. Cyber defenders have implementation flexibility and
we propose exploiting this flexibility to improve cyber
defenses. We propose changing system development so that
implementation alternatives, especially in the final stages of
software system development, are not only explored but also
implemented and deployed at unpredictable times.
To maximize the deployment flexibility of the cyberdefense
options, we encase cyberdefense capabilities as well as
computational activities within virtual machine, dynamic
layered cyberdefense, and container technologies, as
illustrated in Figure 1. The virtual machine and container
technology used to encase cyberdefense software makes
alteration of the virtual machine or its enclosed software
easier to detect and enables the detection of the change in
appearance (pattern) of the software and its attack surface in
real-time. We prefer using a cloud computing environment to
host the storage and execution of the virtual
machine/container pairs as the cloud relies us of concern for
storage and enables us to generate multiple copies of each
virtual machine/container pair so that we can have a pair at
hand as required for any cyberattack eventuality. The virtual
machine/container pairing allows us to place a number of
special purpose and general-purpose intelligent agents within
each container, which permits use of the virtual
machine/container pair best suited to the needs of a
cyberattack situation.
When a virtual machine and its
container are not in use, they are protected from inspection,
tampering, or alteration by encrypting them.

The challenge faced by decision support system designers
when developing intelligent aids, usually called intelligent
agents, lies in insuring that they provide useful, timely, and
transparent support for situation understanding and decisionsupport despite rapid change and multiple, simultaneous
cyberattacks. As will be discussed in the next section,
intelligent agents have been a significant research topic for
decades but much remains to be done if they are to be useful
within future cyberspace information environments.
Intelligent agents for cyberspace decision-support and
situational awareness can complement and increase the
effectiveness of cyberdefenses.
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The tools and training needed to prepare decision-makers for
the challenges of cyber conflict must address three classes of
cyber situations that they may face: 1) operations during
normal conditions, 2) operations during a cyber attack, and 3)
operations after a cyber attack. The training, techniques, and
tools needed by decision-makers in these three circumstances
can be developed using simulation environments designed to
achieve the following goals: 1) to improve understanding of
the challenges posed to decision-makers during a cyber attack,
2) to test and evaluate the cyber defense tools, techniques, and
training, 3) to practice using cyber defense tools and
techniques, and 4) to determine information value during a
wide array of circumstances in order to deploy cyber defenses.
However, the variety of cyberattacks and the requirement for
a rapid, effective response to cyberattacks in all situations is
difficult due to inherent human cognitive and information
understanding limitations.

insight into the data that would have the biggest payoff when
the enemy’s equivalent information is attacked. We must
determine how to identify cyber attack objectives, not just
avenues for cyber attack, if automated cyberdefenses are to be
successful. Use cases and threat cases allow us to identify
cyberattack objectives in broad and can be used to link types
of cyberattacks to objectives.

Within
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Process
Process
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Process
Process
OS

Secure VM Images
for Each
Encrypted Container/
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Figure 1: Overall Cyberdefense Approach.
In addition to being capable for decision-support and
situational awareness assistance, the cyberspace intelligent
agents must be robust, resilient, and able to withstand
cyberattacks and shield the users cognitive activities from
attack [Arabnia, 2010; Banks, 1991; Boytsov, 2011; Ceballos,
2007; Endsley, 1995; Endsley, 1995; Gerken, 2010; Guang,
2011; Habibi, 2011; Holsopple, 2010; Jacobson, 2008; Jones,
2011; Lan, 2010; Ma, 2008; Sanz-bobbi, 2010; Shan-Li, 2004;
Soliman, 2011; Sow, 2010; Voos, 2000]. As a result, the
desired intelligent agents must not only be able to distill and
present data relevant to the user’s decision-making context,
the agent must assess the information received in order to
determine if the data or the data acquisition environment have
been compromised. Achieving the desired combination of
goals is beyond the capability of traditional intelligent agent
systems. A new intelligent agent architecture coupled with a
new approach to developing the required knowledge bases is
required.
Employing intelligent agents to improve situation awareness
(SA) and decision-making in the cyberspace does not relieve
the user from the need for acquiring deep, situational-oriented
understanding and action. Instead, the user must learn to
focus their thinking upon strategic cyberdefensive goals while
relegating the tactical and machine-time operational goals and
actions to the intelligent agents.
In general, situation
awareness (SA) begins by perceiving information about the
environment
and
coupling
that
perception
with
comprehension of the meaning of the information in light of
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the goals. Situational awareness requires more than merely
being aware of all of the data in an environment or all of the
most pertinent pieces of data. SA requires an understanding
of the significance of the actions occurring and that are
available in a situation, which requires developing and
maintaining a mental model of the situation even as the
situation evolves. Maintaining a mental model of the situation
requires estimating the likely future state(s) of the
environment as well as developing a model of the likely
progression of the situation toward those state(s). In a
complex environment, SA cannot be achieved without
training to prepare the user for both the breadth of the
situations that can be encountered as well as the pace of
change in the development of cybersecurity situations and the
number of cybersecurity situations that can be active at any
point in time.
Even with intelligent aid assistance, human and intelligent
agent situation awareness-oriented training must focus on
training operators to identify prototypical situations associated
with different types of cyberattacks/cyberthreats by
recognizing critical cues and what they imply about the
objectives of the cyberattacker. Decision-makers must learn
during training that situation awareness is not a passive
process. To attain and maintain situational awareness,
decision-makers must actively seek out and comprehend the
information they require. Training can help decision makers
to develop the situation recognition and behavioral skills they
need. However, user training should serve to complement and

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Process

exploit the tactical activity of intelligent agents. Because of
the challenges that decision-makers face, intelligent agents
must be designed to support user situation awareness
development and maintenance as well as manage
cyberdefenses.
The situation awareness (SA) challenges faced by cyberspace
decision-makers are complicated by the characteristics of the
environments they operate within. Cyberspace is a highly
dynamic and uncertain environment. In such an environment
an intelligent agent should have the capabilities for integrated
observing, interpreting, communicating, planning, decisionmaking, and otherwise working to reduce workloads for the
human cyber decision-maker.
In a highly dynamic
cyberspace, momentary lapses in human SA can have
catastrophic repercussions as illustrated in the Fukushima
plant or Chernobyl failures. Incorrect presuppositions about
the future state of the cyberspace can have disastrous
consequences; nevertheless the cyberspace decision-maker
must decide and act. Additionally, a lack of operator
knowledge/preparation or poor procedures will result in
failure in the face of unexpected system conditions despite the
best technologies for acquiring and distributing data.
Conversely, procedures, training, and preparation can not
overcome failures in technologies for acquiring data,
displaying relevant data, and/or failures to develop accurate
shared situation awareness as attested by the Air France 447
crash or the USS Vincennes incident or the Three Mile Island
incident.

2.

BACKGROUND

The objective for cyberspace intelligent agents is to improve
cyberspace situation awareness. However, to improve SA, the
intelligent agents (IA) [Arabnia, 2010; Banks, 1991; Ceballos,
2007; Jacobson, 2008; Sanz-Bobbi, 2010; Shan-Li, 2004;
Soliman, 2011; Sow, 2010; Voos, 2000] must behave in a
manner that enhances development and maintenance of
situation awareness, allow users to concentrate on significant,
strategic aspects of cyberspace and not on the IA, and thereby
serve to reduce the user’s taskload. First, though, a short
discussion of SA in light of current cyber warfare technology
is warranted [Banks, 2013; Banks, 2014; Boytsov, 2011;
Endsley, 1995; Endsley, 1995; Gerken, 2010; Guang, 2011;
Habibi, 2011; Holsopple, 2010; Jones, 2011; Lan, 2010; Ma,
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Endsley [Endsley, 1995; Endsley, 1995] defines individual
situational awareness (SA) as the following: the perception of
the elements in the environment within a volume of space and
time, the comprehension of the elements’ meaning, the
projection of the evolution of the elements’ status into the
near future, and the prediction of how various actions and
changes in the elements’ status will affect the fulfillment of
one's goals. Situational awareness is a rapidly changing,
ephemeral mental model of an environment that must be
assembled over time and continuously updated. Assembling
the mental model requires knowledge of the current state of
the environment. SA arises from perceiving information
about the environment and coupling that perception with
comprehension of the meaning of that information in light of
achievability of cyberdefense goals. SA requires more than
mere awareness of all of the pieces of data in an environment,
the significance of the elements (individually and in
combination), or even all of the most pertinent pieces of data
in an environment. SA requires an understanding of the
situation, which equates to developing and maintaining a
mental model of the situation, including likely future state(s)
of the environment as well as a model of the progression of
the situation toward the future states. The challenge faced by
the decision-maker is placement of the observations regarding
the cyberspace environment into a meaningful, coherent
pattern, which yields a holistic picture of the environment that
helps the decision-maker in comprehending the significance
of events. Because SA is time-dependent, the individual must
refresh their SA as the environment changes. SA does not
only refer only to static factors such as the knowledge of
established procedures, doctrine, and skills; SA also refers to
a user’s perception of the dynamic state of the environment.

As illustrated in Figure 2, many structural and situational
factors can cause degradation of individual situational
awareness of cyberspace. Additional factors that affect
cyberspace SA include the following: 1) ambiguity (arising
from discrepancies between equally reliable sources), 2)
fatigue, 3) expectations and biases, 3) prior assumptions, 4)
psychological stress, 5) misperception, 6) task overload (too
much to do), 7) boredom (not enough to do on the tasks to
maintain focus), 8) information shortage, 9) information
overload, 10) information interruption, 11) irrelevant
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This paper discusses development of cyberspace intelligent
agents and simulation’s role in bringing about their next
development. The work presented in this paper builds upon
our previous work in this area [Banks, 1991; Stytz, 2012;
Banks, 2013; Banks, 2014; Stytz, 2015]. Some content from
these previous works is presented in this paper for the readers’
convenience. This paper introduces the employment of threat
cases, use cases and cyberspace asset valuation to guide and
focus the intelligent agent knowledgebase development
process. The paper addresses enduring significant challenges
that arise when developing cyberspace intelligent agents to aid
the user in situational awareness and decision support. The
paper discusses the roles that simulation can play to aid in the
development of cyberspace intelligent agents. In the next
section we discuss the challenges of situation awareness and
the roles that intelligent agents can play in building and
maintaining situation awareness. In the third section, we
discuss the uses of simulation, threat cases, use cases and
cyberspace asset valuation to develop improved cyberspace
intelligent agents. Section four contains a summary and
conclusions.

2008; Nwiabu, 2011; Parvar, 2010; Potter, 2006; Rahman,
2011; Stanton, 2010; Sulistyawati, 2006; Ting, 2010; Woods,
2005; Vachon, 2011; Xi, 2011; Xiaobin, 2009].
The
development of the concept of information warfare and of
modern electronic networking technologies has given rise to
the implicit assumption that military staffs will be able
quickly to access information and rapidly develop a shared
situational awareness that facilitates decision-making
[Alberts, 2001; Alberts, 2003; Alexander, 2002; Cook, 2010].
The presumption is that information processing capabilities
permit a faster response to challenges by reducing the
response time and complexities of the cyberattack response
within a command structure [Alberts, 2001; Alberts, 2003;
Alexander, 2002; Cook, 2010]. The belief is that modern data
processing and data presentation technologies will permit
staffs to perform those duties in a distributed environment as
efficiently as in a collocated environment. Exploiting
information dominance is more difficult than expected,
especially in the face of cyberattacks, which will obviously
adversely affect situation awareness. As noted previously, the
promise of NCW has not been fully realized due to
cyberattacks and inherent human limitations.

information, 12) mission complexity, 13) fixation/attention
narrowing, 14) erroneous expectations, and 15) lack of
experience [Arabnia, 2010; Banks, 1991; Boytsov, 2011;
Ceballos, 2007; Endsley, 1995; Endsley, 1995; Gerken, 2010;
Guang, 2011; Habibi, 2011; Holsopple, 2010; Jacobson, 2008;
Jones, 2011; Lan, 2010; Ma, 2008; Sanz-bobbi, 2010; ShanLi, 2004; Soliman, 2011; Sow, 2010; Voos, 2000].
Situational awareness is currently understood as the result of a

dynamic process of perceiving and comprehending events in
an environment. Comprehension yields projections as to
possible ways that environment may change and permits
predictions concerning outcomes in terms the mission, as
illustrated in Figure 3.
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Figure 2: Factors Affecting Situation Awareness Development.
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Figure 3: Situation Awareness Environment and Situational Awareness Development Cycle (Based on Endsley, 1995 and
Endsley, 1995].

USING SIMULATION FOR
INTELLIGENT AGENT DEVELOPMENT
3.

As described in Section 2, developing and maintaining SA in
the face of time pressure and attacks upon information is
extremely difficult. Simulation environments provide the
accuracy, variety, and repeatability required to develop
intelligent agent systems with the capabilities required to
assist decision-makers in developing and maintaining
situation awareness and in managing cyberdefenses in realworld situations. To develop intelligent agents for use to
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provide cyberbattlespace assistance, knowledge bases to
support the operation of the cyberspace and real-world agents
are needed. The cyberspace intelligent agents must be
designed and deployed with user support as the primary
purpose and with the capability to continuously provide
assistance in all four components of SA. Without proper
support from the intelligent agent(s), the decision-maker can
be overwhelmed with information from the cyberbattlespace,
where not all of the information is either accurate or pertinent
to the decision-maker. Additionally, the decision-maker can
be faced with the additional task of requesting information
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about cyberspace activities and status that the decision-maker
may deem to be appropriate. Useful intelligent agents for the
cyberbattlespace assist the user by minimizing the taskload
associated with acquiring information, assessing information
accuracy, assessing information relevance, and in presenting
the information in a manner that aids the user in developing
cyberspace and real-world situation awareness.
The
cyberspace intelligent agents are tasked with assessing
accuracy and security of the information used by other
cyberspace intelligent agents and providing direct support to
the decision-maker.

The cyberspace intelligent agents are broadly tasked with
determining the security state and data reliability of the
decision-maker’s sources of information as well as directing
the activities of their cyberspace intelligent agents in their
activities to secure data sources and to inspect the sources for
indications of tampering, evidence of decreased data
reliability, or inaccurate data. The cyberspace intelligent
agents use data acquired from available, sufficiently reliable
sources in conjunction with the decision-maker’s plans and
objectives to drive decision-support systems activities. When
evaluating the intelligent agent’s performance, we use both
the decision makers and subject matter experts to determine if
acceptable performance has been achieved.
The cyberspace intelligent agents must perform a broad
variety of tasks and must operate in a number of ways to
support the decision maker. The intelligent agents must act to
support development and maintenance of situation awareness
by the decision-maker. SA development and maintenance
support requires user assistance for maintaining a “current”
SA model. The cyberspace intelligent agents should maintain
a watch for indicators of malware infestation and data
corruption as well as act to insure data security, reliability,
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Clearly, building the knowledge bases required by all of the
intelligent agents is a significant challenge. An obvious first
step is to interview subject matter experts (SMEs) to extract
relevant guidelines and rules for the cyberspace intelligent
agents. Use cases and threat cases aid in determining the
scope of action and responsibilities for the intelligent agents
in a variety of circumstances. The SMEs are employed to
develop use cases and threat cases that the intelligent agents
must address and to determine the value of the assets
defended by the intelligent agent. The intelligent agent
knowledge bases are enhanced by successive refinement
based upon the performance of the various intelligent agents
within simulation environment based scenarios as regards to
the use/threat cases as well as the value of the defended assets.
To refine the knowledge bases, we enhance each intelligent
agent’s knowledgebase in turn.
The intelligent agent
knowledgebase refinement process is prioritized based upon
protected asset valuation; the intelligent agents that defend the
higher valued assets are given the highest priority for
knowledgebase development, which requires the development
of additional use/threat cases for them as well as additional
simulation-based training and evaluation scenarios that are
derived from the use/threat cases.
Prioritization of
knowledgebase development allows us to focus on the
intelligent agents most critical to successful SA and decision
support as well as making the higher priority intelligent agents
useful and robust in a wider variety of cyberspace situations.
Asset valuation allows us to focus our intelligent agent
development efforts; without such a focus the number of
use/threat cases and scenarios would make meaningful
progress difficult if not impossible due to the scope of the
cyberdefense problem. Figure 4 presents the knowledgebase
development process for the cyberspace intelligent agents.

The content of the knowledgebase and accuracy of the
intelligent agent’s decision-making processes are determined
by the functionality that each intelligent agent provides to the
user as well as the use/threat case(s) that the intelligent agent
must address. To assess and augment the content of each of
the knowledge bases, we insert the intelligent agent into a
simulation environment and associate a knowledgebase with a
single intelligent agent. Each intelligent agent/knowledgebase
pair is augmented in turn. Augmentation is accomplished by
presenting the knowledgebase and intelligent agent pair with a
set of custom scenarios. The scenarios are executed within
the simulation environment, thereby providing fidelity and
complexity in scenario execution with a minimum of
development and minimal risk of exposure or compromise
due to a real-world scenario mishap. While one intelligent
agent/knowledgebase pair is being exposed to its custom set
of scenarios the content of the knowledge bases for the other
intelligent agents are frozen. When the performance for an
intelligent agent and its knowledgebase is satisfactory, the
particular intelligent agent/knowledgebase pair is frozen and a
different intelligent agent/knowledge base pair is chosen and
presented with its unique set of scenarios.

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Because intelligent agents are used to assist the decisionmaker in mission accomplishment and to minimize the
decision-makers taskload associated; intelligent agents should
aid the decision-maker in all phases of situation awareness
development.
The phases include perception and
comprehension of the situation, projection of future status,
correlation of goals and objectives with the situation,
development of alternatives in light of the mission, goals and
objectives, monitoring of the decision, monitoring of actions,
assessment of actions, and assessment of the environment
reaction to the decision. The human decision-maker is always
the key actor; responsible for not only developing and
maintaining situation awareness of cyberspace but also for
using the mission as the foundation for developing and
maintaining objectives and plans for activities in cyberspace.
The decision-maker’s perceptions, preconceptions, abilities,
experience, and training should influence the behavior of the
intelligent agents that are aiding the decision-maker. The
objectives and plans are affected by activities in cyberspace as
well as the interplay between plans for real-world and
cyberspace objective accomplishment.
With cyberspace
objectives in hand, guidance and tasking for the intelligent
agents can be developed, with the results of their activities
serving to support the decision-maker. Furthermore, the
cyberspace intelligent agent must use its knowledge about the
state and security of the cyber battlespace to inform the
decision-maker about the reliability of the data they are using
and thereby constrain their data scope to the data that has the
lowest probability of having been tampered or altered. The
intelligent agents must be able to adapt to the user, infer user
plans and objectives, and adapt to changes in cyberspace.

availability, and timeliness. The cyberspace intelligent agents
must act and cooperate to help the decision-maker maintain
appropriate focus of attention in cyberspace. The cyberspace
intelligent agents must be able to reason about the
environment and the unfolding circumstances without
requiring the decision-maker to actively engage the IA
systems to alter their behaviors. Communication between
intelligent agents is secured and authenticated within each
intelligent hierarchy and between hierarchies.

The use cases and threat cases for each intelligent agent serve
several purposes. The use/threat cases determine the activities
and decisions that must be performed. In conjunction with the
asset valuation process, the use/threat cases allow us to
determine which intelligent agents have the most important
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Figure 4: Cyberspace Intelligent Agent Knowledgebase Development Procedure Overview.
By assessing the complexity of each of the use/threat cases for
the intelligent agents in conjunction with the human decisionmaker’s roles, we develop sets of subsidiary use/threat cases
that address variations of the basic use/threat cases for the
most critical intelligent agents. The subsidiary use/threat
cases are, in essence, variations on a theme. The goal of this
effort is to identify variations in inputs, initial intelligent
states, and cyberattack vectors that the intelligent agent must
be able to successfully address. Once a broad set of
subsidiary use/threat cases are developed, we use them to
develop scenarios that address as many of the combinations of
inputs, states, and vectors as possible. At least one scenario
and generally many more are required in order to insure
adequate coverage of the range of possibilities that the
intelligent agent can face for a given base use/threat case.
However, not even the pruning that results from the use/threat
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case evaluation combined with asset valuation will always
produce a manageable set of scenarios. In the cases where the
number of scenarios for a set of use/threat cases becomes
unmanageable, we focus on the most likely cyberattack
scenarios for intelligent agent training.

The use of protection rings greatly assists in the asset
valuation process. Because the importance of a cyberspace
asset directly corresponds to the protection ring in which it
lies, items of equal value are in the same ring and assets of
highest value are placed in the innermost ring. However, the
asset valuation also precludes the “movement” of cyber assets
between rings in response to changes in cyberattack threats
and/or technologies. As a result, the cyberspace asset
valuation reflects the most likely valuation across all of the
use/threat cases that apply to a system.
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roles to play. The agents with the most important roles
receive the most knowledgebase development effort in terms
of simulation allocation and scenario development (in terms
of breadth and complexity.)

4.

SUMMARY AND FUTURE WORK

Intelligent agents are a technology that promises a means for
improving situation awareness and decision-making in
cyberspace. However, to achieve their promise, an approach
for the development of the complex knowledge bases for
cyberspace intelligent agents is needed. In this paper we
presented an approach to the challenge that relies upon a
decomposition of the decision-maker’s real-world SA,
cyberspace SA, and decision-support needs by employing use
and threat cases in conjunction with cyber asset valuation.
The hierarchical and breadth-wise decomposition of the
intelligent agent decision-space allows for the separate
development of required knowledge bases for the intelligent
agents.
The approach uses simulation to present the
intelligent agents with scenarios to evaluate each intelligent
agent’s operation and decision performance and to aid us in
determining when knowledgebase development for a given
intelligent agent should cease.
The approach supports
successive refinement of intelligent agent knowledge bases
and testing of the performance of integrated intelligent agents
systems in their support of decision-maker SA in cyberspace.
Finally, the technique allows the development of intelligent
agents that can aid in the management of multiple,
simultaneous cyberattacks against a target.

In our future work we plan to address several outstanding
issues.
We plan to improve the scenario fidelity by
incorporating existing simulation scenarios, thereby reducing
scenario development time. We plan to extend the situation
awareness and decision-support capabilities provided by the
intelligent agents by investigating their use in developing and
maintaining group situation awareness in cyberspace. A third
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challenge we plan to address is developing distributed
cybersecurity capabilities that operates across multiple clouds
and takes advantage of software defined networking
capabilities. We hope to develop a system for determining
user training scenario complexity so that we can both
gradually introduce user to complex scenarios and determine
if an intelligent agent scenario is too complex because it
addresses a situation that a user would not encounter. Finally,
we plan to develop metrics for assessing intelligent agent
performance. Our current approach is too subjective, even a
rudimentary objective performance assessment would be
valuable for knowledgebase development and for insuring that
their knowledgebases adequately address the needs of the
most important intelligent agents.
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Cultural Amalgam: Diversity Within Sim-Teams and Diverse Student
Cohorts - How to Achieve Best Learning Outcomes?
Dr Balakrishnan Ashokka1; Dr Narendiran Krishnasamy2; Dr Kathy Brotchie3

National University, Singapore; 2Taylor’s Institute, Malaysia; 3Griffith University, Australia

1

The workshop is planned to provide an overview of the influence on cultural dimensions in the conduct of high fidelity
simulations sessions. The participants will be introduced to concepts in working with the two dimensions namely 1) the cultural
adaptability within the simulation faculty team (between facilitators and simulation technical support staff) and 2) collaboration
between multicultural student cohorts.
The participants will be given situations in simulation scenarios, where the learning outcomes are compromised due to
modifications to suit cultural adaptations and they will be guided to reflect on the problems. The workshop would highlight some
approaches and tips to enhance overall learning experience in these situations.
The participants at the end of the workshop will be able to:
Gain an overview of the two dimensions in cultural diversity: within sim-teams and within student cohorts

2.

Achieve an understanding of dynamics of sim team: sim tech, teachers, culture and backgrounds

3.

Handle conflicts in conduct of simulation sessions and engaging the student cohort

4.

Understand multicultural student cohorts: dominance, passivity, shared team activities, level/ standards

The purpose of this workshop is to get the participants to understand the nature of cultural perspectives that influence outcomes in
simulation sessions. The workshop is designed to introduce the participants first to the two major dimensions of cultural
variability namely the differences in student cohorts and the often forgotten and underplayed cultural diversity in the simulation
faculty team.
Simulation faculty includes the facilitators and technical support team and how they interact with each other on make an effective
platform for students to learn through simulation. As facilitators they need seamless coordination in planning props, interventions,
prompts, assimilating student actions and planning the subsequent steps for the session to be meaningful. Differences are visibly
noted when the team of different cultures have to appraise the student performances and decide ongoing rewards or deteriorations
for the various states of simulation. While the outcomes are fixed, the thresholds at which they address the possibility of
satisfactory completion of mandatory tasks in simulation vary. Deciding on this within the frame and pressure of time can be a
source of unrest and professional friction within the simulation team faculty. The introduction of simulated videos of staff
communicating during the simulation session will be shown at the workshop and the participants will be encouraged to identify
ongoing conflicts and be prompted to address the concerns.
Student cohorts can be diverse and how they interact in a multicultural context can influence learning outcomes. High fidelity
simulation sessions tend to measure collective competencies wherein, as a team they achieved optimal patient outcomes. When
students of various nationalities and cultures mingle it is difficult to control the extent of participation by each student in the
simulation scenarios. Most of these simulations are time/session-limited and tend to be one-off learning activities for the specified
content. Achieving individual competencies through team simulations are challenging especially when faced with issues like
dominance and passivity of some students. Understanding how the various cultures authentically communicate, collaborate and
accommodate differences in opinions and push each other to achieve the main aim of patient outcomes is worth understanding.
These concepts will be presented to the participants at the workshop with the aid of simulated videos of student communications
through actors for the participants to analyse and reflect on what could be done to improve.
The workshop would conclude with practical tips on enhancing student and simulation staff collaboration, stimulating
expressivity of some students and ways to enhance learning outcomes. The participants will be guided on how to improve the
communication within the sim-team facilitators, how to put the student learning outcomes in the forefront and how to make an
inclusive team that shares one another’s experience, expertise and principles in having an enjoyable session teaching the students.
The workshop evaluation would include questions on the content, the learning value, the positive aspects that enhanced their
understanding of the topic and suggestions for improvement.
Entire workshop is planned to be interactive with concepts discussed and experiences shared with and from the workshop
participants. No form of participant evaluation would be conducted.
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Preparing for Peer Review - What Do Reviewers Look for?
Dr Stuart Marshall
Monash University

This workshop will prepare the participants for the submission, peer review and response process.
The workshop will explain what reviewers look at when examining a “submission” for a publication or conference. It will suggest
how to do justice to the hard work of designing a study or education program by describing your education and research in a way
that engages the audience to find out more.
Participants will have the opportunity to practice reviewing and re-crafting a simulated abstract.
Group and individual exercises, along with discussion.
This will allow participants to share experiences and knowledge around the peer-review process.
Typical abstracts will be presented on research and educational interventions for them to appraise

1.

Describe the structure and essential components of an abstract submitted for peer review

2.

Describe the cycle of peer review of a submission for a conference or journal publication

3.

Identify features of effective and ineffective abstracts

356

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

At the end of the session participants will be able to:
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Evaluation of the Austin MET-Sim Project: A Self-Improving,
Inter-Professional Medical Emergency Team Simulation
Education Program
Dr Maurice Le Guen; Dr Cameron Knott; Michelle Topple CCRN; Carmel Taylor CCRN; Dr Sam
Radford
Austin Health, Heidelberg Melbourne
maurice.leguen@austin.org.au

Aim of the Education Program.
Medical Emergency Teams (METs) are becoming a ubiquitous component of hospitals’ approach to recognising and
responding to acute in-patient clinical deterioration (1). The majority of METs include an intensive care registrar (2)
yet clinicians do not routinely receive any specific training with regards to MET calls (3).
Our aim was to deliver a sustainable simulation-based education program with the capacity for iterative improvement
aimed at intensive care registrars. We sought to develop their clinical and team management skills in relation to
Medical Emergency Team calls. The inter-professional element was aimed at ‘learning with’ and ‘learning from’
nursing experts. Learnings from the simulation sessions are aimed at individual, team, simulation and hospital system
improvement.

The initial education program included two 4-hour education sessions, delivered to a total of 10 intensive care
registrars. Each session included a combination of orientation and induction to MET systems and tools, brief
presentations on team roles and goals, small group case-based discussions, and high-fidelity simulations. Each
component of the education program was designed to be sustainable and transferable to other hospital settings.
Intensive care nurses trained in providing MET clinical care were involved as clinical experts and ‘confederates’
during the simulation sessions to ensure an inter-professional team experience.
The high-fidelity simulations involved testing complex knowledge and intervention skills required by intensive care
registrars during MET calls: knowledge of MET systems, personnel and trolley; MET syndromes; complex clinical
inter-team decision-making; ward intubation of the critically-ill patient; intra-hospital transfer; and team management
skills in ad-hoc team environments.
Integrated evaluation of the sessions identified simulation lessons and potential hospital system improvement
opportunities to be developed for future implementation into simulation and clinical practice.
Evaluation Data from the Program.
We have successfully completed our first cycle of this ‘self-improving’ teaching program. The learners’ evaluation of
the program was assessed using a seven point Likert scale (1 Strongly Disagree to 7 Strongly Agree). Learners
unanimously assessed the program as having increased their ability to deal with common MET scenarios and the
specific clinical situations of preparing for intubation on the ward and patient transfer to the ICU (Figure 1). They also
reported that the program increased their awareness and skills in the non-clinical and team management aspects of
MET calls.
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Methods Adopted.
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Devloped my skills in
prepara@on for pa@ent
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Figure 1. Feedback on the clinical aspects of the scenarios

Conclusions and Recommendations for Future Use and Development.
We developed and delivered a simulation-based inter-professional MET education program to intensive care
registrars that is appropriate for their learning needs. The program was evaluated as having increased MET team
clinical and team management skills. Further development of the program will target recurrent sessions per year,
increasing inter-professional simulation teaching capacity and addressing emergent problems (for example,
advanced clinical reasoning skills, staff moral distress and end of life care arising on MET calls). We plan on
widening the scope of the education program to include undergraduate medical students and potentially other
health care settings to identify and address hospital system issues based on National Accreditation standards (1).

1.

Australian Commission on Safety and Quality in Health Care. (2012) “Safety and Quality Improvement Guide
Standard 9: Recognising and Responding to Clinical Deterioration in Acute Health Care,” From
http://www.safetyandquality.gov.au/wp-content/uploads/2012/10/Standard9_Oct_2012_WEB.pdf. Accessed March
2016.

2.

Jones D, Drennan K, Hart GK, Bellomo R, Web SAR. (2012) “Rapid Response Team composition, resourcing and
calling criteria in Australia,” Resuscitation, vol. 83, pp. 563-567.

3.

Australian Commission on Safety and Quality in Health Care. (2014) “National Safety and Quality Health Service
Standards: Training and competencies for recognising and responding to clinical deterioration in acute care.
Consultation
paper,”
From
http://www.safetyandquality.gov.au/wp-content/uploads/2014/05/Training-andcompetencies-for-recognising-and-responding-to-clinical-deterioration-in-acute-care-consultation-paper-Apr2014.pdf. Accessed March 2016.

359

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

References.

Australasian Simulation Congress
www.simulationcongress.com

An Interprofessional Transition Program: Using Simulation to
Support and Train Novice Health Care Teams
Robyn Dickie

Mater Health Services
Aim of the Education Program.
Interprofessional Education (IPE) has predominately occurred with pre-qualification student groups in the higher
education setting (Curran, Heath, Kearney and Button, 2010). Following graduation from their health discipline,
graduates are historically supported within discipline specific silos during their first year of clinical practice.
Commencing in 2014, an interprofessional (IP) simulation curriculum was developed, implemented and evaluated for
graduates and interns at Mater Health Services, South Brisbane, Australia. All disciplines within Mater Health
Services have been invited to attend these simulation sessions as part of the transition to practice program. Research
indicates that teamwork and communication skills require deliberate practice, with simulation providing an
appropriate platform to achieve this training (Van Soeren, Macmillan, Cop, Kenaszchuk and Reeves, 2009). The
purpose of the education is to support transitioning graduates using a simulation-based, IPE program in a post
graduate setting, addressing clinical and non-clinical skills.
Methods Adopted.

Evaluation Data from the Program.
Evaluation has been conducted using validated self-report tools, observational teamwork behaviour assessments, and
the review of relevant clinical and safety data to determine if patient outcomes improve within the health service.
Since its implementation, various factors have influenced program success including changing program content,
timing of content delivery together with resource allocation. Six monthly curriculum reviews have occurred to
determine effectiveness. Like undergraduate IPE initiatives, logistical barriers continue to exist. Preliminary data
analysis suggests a positive reaction to the program, with attitudes and perceptions about IPE and teamwork
improving. Further analysis of 2015-2016 evaluation data is currently occurring, with results to be presented.
Conclusions and Recommendations for Future Use and Development.
PE simulation programs, while requiring lengthy engagement across a number of key stakeholders, provide
opportunities to deliver education to different health professionals to ultimately improve patient care outcomes. The
ability to provide education across disciplines has the potential to provide economic benefit for the organisation, with
service initiatives along with discipline specific learning objectives embedded within the program. Each organisation
will need to consider implementation of interprofessional simulations differently as per their organisational
requirements.
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The IP curriculum was developed in alignment with National Health Priorities, National Safety and Quality Health
Service Standards, and Mater Health Services strategic plan. IPE Curriculum was developed by a small
interprofessional team of educators, and subsequently forwarded to a group of interprofessional and clinical experts to
determine if the curriculum was relevant and met the needs of various health professionals and the health service. All
graduates and interns across disciplines are invited to attend study sessions aimed at developing interprofessional
health care teams using simulation education methodology. The curriculum consists of simulation role plays,
simulation ward rounds, recognition of deteriorating patient simulations, and case preparation and presentations. The
combination of both low and high fidelity simulations, together with the use of simulated patients has allowed
participants to experience various methods of simulation training that meet the curriculum learning objectives. The
implementation of the curriculum has varied from cohort to cohort, depending on the organisational priorities at the
time. Participants are invited to complete a questionnaire pre and post education to determine shifts in attitudes and
perceptions towards interprofessional education as well as a program evaluation.

References.
1.

Curran, Heath, Kearney and Button (2010). Evaluation of an interprofessional collaboration workshop for post-graduate
residents, nursing and allied health professionals, Journal of Interprofessional Care. May;24(3):315-8. doi:
10.3109/13561820903163827.
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care Practices through clinical simulation, Journal of Interprofessional Care, 23(3): 304-306.
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Leading Thomas Up the Garden Path: Developing an InterProfessional Audio Visual Simulated Learning Resource
Ms J Coffee; Ms E Giles; Dr S Mackintosh; Dr K Thoirs; Dr B Parker; Ms D Ogilvie; Ms J Childs;
Dr C Nottle; Ms L McGee; Ms J Hutchison; Ms C Rees; Ms L Williams; Dr G Cross; Ms H Timms.
University of South Australia
jane.coffee@unisa.edu.au

Aim of the Education Program.
To develop a multimedia based simulated learning resource which chronicled an older person’s experience of the
health care system after a hip fracture with the intent to include interactions of multiple health professionals for interprofessional teaching purposes.
Methods Adopted.

Evaluation Data from the Program.
Staff involved in the development and implementation of the AV resource were invited to complete an online
evaluation survey. The 20 respondents, representing 9 disciplines, had collectively contributed to activities including:
compiling clinical documents, writing and editing scripts, consultation with health providers, acting, preparing actors
or site for filming, and attending meetings or email communication about the project. A contribution of up to 2 hours
for each activity was made by 79% of respondents. The majority of these activities were deemed easy. The most
difficult activities were sourcing and employing actors within our University processes, acting, and preparing a site
for filming. Eighty-five percent of respondents rated the project as either extremely or very valuable in terms of value
for money/effort. The most valued learning objective was: Understanding the role of multiple disciplines involved in
Thomas’s care. In total, an estimated 1,422 hours of individual’s time were required to complete the resource (330
hours of academic staff, 360 hours of administrator, 150 hours of paid actor, 216 hours film crew, 360 hours of
editing).
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A community of practice approach1 was used involving interested academic and technical staff from the
Division of Health Sciences at the University of South Australia. All staff were involved with, or interested in,
developing simulated learning experiences for students enrolled in health science related degrees. The shared goal
was to develop an audio visual (AV) resource that provided an authentic view of an individual’s experience of health
care involving contact with a diverse group of health professionals whilst highlighting a range of bio-psychosocial
issues. The simulated patient scenario was brought to life with actors and used interactions between health
professionals, the patient and the patient’s family to assist learning. The back story of the patient added reality to the
simulation. Health disciplines represented included medical, nursing, radiography, radiation therapy, hospital orderly,
physiotherapy, sonography, dietetics, occupational therapy, exercise physiology, podiatry, medical laboratory science
and pharmacy.
The scenario, developed with a nursing focus initially, related to a 77 year old man who fell in his garden and
sustained a traumatic hip fracture. The patient’s life story was enriched and adapted to include the role of his wife
with mild dementia and his family members, and his health issues were further developed to become realistically
complex and which required interactions with other health disciplines beyond nursing. In addition to discipline
specific learning content, other learning themes were identified in the simulation that are applicable to all health
professions; patient communication, inter-professional communication and collaboration, engaging the family in
decision making, identification checking, safety for patients and workers, dementia, falls, diagnosis, treatment,
manual handling, post- operative care, counselling, pain relief, medications, home care and adaptation, diet and
exercise.
The production was scripted in collaboration with the community of practice participants and was professionally
filmed with actors and members of staff within the campus units.

Conclusions and Recommendations for Future Use and Development.
The community of practice approach facilitated a high quality inter-professional learning resource being developed.
Positive outcomes over and above the development of the product included a stronger inter-professional and collegial
teaching network occurring across disciplines within and across different schools in the university. The biggest
challenge was coordinating the large collaborating team and access to busy clinical teaching spaces. Analysis of the
use of the product in the future will determine if the investment in development was worthwhile.
References.
1. Hezemans, M., & Ritzen, M. (2005). Communities of practice in higher education. In Information and Communication
Technologies and Real-Life Learning (pp. 39-46). Springer US.
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Interprofessional Clinical Leadership for Nurses of the Future
Ms Dianne Marshall; Dr Michelle Honey

School of Nursing, University of Auckland
di.marshall@auckland.ac.nz; m.honey@auckland.ac.nz
Aim of the Education Program.
This interprofessional clinical leadership simulation aims to prepare future nurses, doctors and pharmacists to work
together as a multidisciplinary team (MDT). This requires a wide range of skills, including effective communication,
teamwork, prioritising, decision-making and clinical leadership yet these are skills not traditionally taught in nursing
education (Ozturk, Muslu, & Dicle, 2008).
Methods Adopted.

Students completed a course evaluation comprising questions drawn from the organisation’s pre-tested evaluation
question bank. Quantitative questions using a Likert scale asked student nurses’ perceptions of connections between
course content and practice, problem solving skills, teamwork and discussion of ideas. A section for qualitative
comments asked two questions; “What was most helpful for your learning?” and “What improvements would you like
to see?”
Evaluation Data from the Program.
Eight clinical leadership courses were run in 2015, involving 94 student nurses. Ninety two students completed
evaluations (98% response rate). The quantitative data revealed the most highly rated aspects of the course were
linking theory to professional practice (99%), developing teamwork (99%), discussing ideas with other health
professionals (99%), developing problem solving skills (98%) and a deeper understanding of safe and effective care
of the deteriorating patient (98%).
Qualitative comments identified as most helpful for students learning were: Extremely realistic scenarios, debriefing
that assisted further learning, understanding the roles and responsibilities and scopes of practice of other health
professionals, gaining an understanding of each other’s knowledge base, developing teamwork skills, working in an
interprofessional team and planning care collaboratively, learning how to manage complex care in a safe environment
and gaining confidence in their professional role. Students commented that they would like to have more
interprofessional simulation-based learning opportunities in their nursing programme.
Recommendations for Future Use and Development.
Simulation-based interprofessional education is an effective strategy for promoting collaborative practice and clinical
leadership. Students learned how to manage realistic clinical problems in a safe learning environment and felt more
confident and better prepared for their role in the MDT. Further research could explore whether learning in a
simulated environment translates into enhanced clinical leadership in the clinical setting.
References.
1.

Haig,K.M., Sutton, S. & Whittington, J. (2006). “SBAR: A shared mental model for improving communication between
clinicians,” Joint Commission Journal on Quality and Patient Safety, vol. 32, no.3, pp. 167-175.
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critical thinking dispositions,” Nurse Education Today, vol. 28, no. 5, pp. 627-632.
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Final year nursing students, fifth year medical students and final year pharmacy students worked collaboratively as a
simulation-based ward team. Students worked in small groups comprising 2-3 nursing students, 4-5 medical students,
and 2-3 pharmacy students. They managed eight different scenarios of a deteriorating patient. The simulations
reinforced collaboration and development of the skills needed to manage complex situations. Each simulation was
followed by a debrief where students reflected on their practice and their team’s performance. Additionally, a series
of activities provided students with skills they were encouraged to apply during the simulations such as a
communication tool for handover. An example of this is ISBAR (Haig, Sutton, & Whittington, 2006).
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Can Low Cost Simulation Embed Patient Centred Goal Setting
in Stroke Rehabilitation for Junior Physiotherapists?
Jill Garner

SA Health Flinders University
Aim of the Education Program.
The delivery of evidence based care requires skilled practitioners and continuous quality improvement1. Simulation
education in healthcare offers ‘increased precision and relevance of training and competency assessment, and new
methods of teaching error management and safety culture’1. Simulation is integrated into student education and has
been effective in teaching communication skills that are necessary for patient centered goal setting2. Simulation is not
often used to train registered therapists but can offer a safe environment for junior therapists to further develop skills.
The goal of this educational program was to explore the feasibility of using simulation practice in the clinical setting
with junior physiotherapists.
Goal setting is an important part of patient rehabilitation. Patient centred goals (PCG) can be set with patients and
their families and used to monitor achievements3. Although PCG is best practice, it is not done routinely in many
healthcare settings3. The aim of delivering education via simulation is to embed PCG setting in junior physiotherapy
staff working with stroke patients.

An audit of ten randomly selected case notes of patients admitted to rehabilitation with stroke identified that no PCGs
were documented in the physiotherapy notes. An expert working party of six physiotherapists with a strong interest
in PCG met three times to develop a case, discuss appropriate questions for the brief/debrief, develop an evaluation
form and review barriers/enablers to goal setting.
Best practice related to Australian Stroke Foundation (ASF) Guidelines4, improving patient outcomes, and mentoring
of junior staff by more senior staff members were identified as enablers to PCG setting. Barriers included changes to
usual practice, and therapist perception of PCGs.
The learning objectives for the simulation were based on the 2013 ASF Guidelines4. A case was developed from a
real patient who was de identified and modified. The simulated patient and carer (confederate) involved in the
simulation were therapists working in rehabilitation. Six junior therapists took part in the educational experience and
completed pre/post surveys. Each session involved two junior therapists and ran for 60-90 mins.
Evaluation Data from the Program.
See appendix 1
Evaluation of Innovation: Prior to the simulation, four of the six physiotherapists Indicated the brief would prepare
them for the simulation session. Following the simulation, four physiotherapists reported feeling more confident with
PCG setting. An audit of case notes post survey demonstrated documentation of goal setting but no comments noting
goal review.
Lessons Learnt
Junior staff raised concerns during the brief about ‘being tested’ and were apprehensive regarding ‘getting the right
answer’. In the debrief they reported enjoying the experience and that it encouraged them to reflect on their practice
and determine actionable changes to their future practice.
The simulation was not expensive to implement and run because senior therapists took on the roles of patient and
carer, reducing the need to bring in actors to take part in the simulation.
Re-audit of case notes documented PCGs but further education/simulation may need to focus on goal review.
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Methods Adopted.

Conclusions and Recommendations for Future Use and Development.
Using simulation is a safe way to discuss and explore new ways to goal set with patients and their families in a nonconfronting way. This provides a unique and exciting opportunity for all disciplines working in the rehabilitation
setting to use goal setting simulation as a team based educational tool.
In the future, a series of different scenarios related to different patient populations could be developed to educate and
upskill staff members in evidence based practice (EBP) using EBP guidelines as learning outcomes.
References.
1. Ziv, Stephen D. Small, Paul Root Wolpe, A. (2000). Patient safety and simulation-based medical education. Medical teacher,
22(5), 489-495.
2. Blackstock, F. C., Watson, K. M., Morris, N. R., Jones, A., Wright, A., McMeeken, J. M.& Watson, G. (2013). Simulation can
contribute a part of cardiorespiratory physiotherapy clinical education: two randomized trials. Simulation in Healthcare, 8(1), 3242.
3. Wade, D. T. (2009). Goal setting in rehabilitation: an overview of what, why and how. Clinical Rehabilitation, 23(4), 291-295.
4. National Stroke Foundation. (2013). Retrieved February 3rd 2016.https://strokefoundation.com.au/what-we-do/treatmentprograms/clinical-guidelines

Appendix 1
Junior Physiotherapists Survey

ISBN 978-0-9925960-2-6

366

2016 - Congress Proceedings

Australasian Simulation Congress
www.simulationcongress.com

Another Kind of Hybrid: can an Online Adaptive Learning
Platform be Successfully Integrated into a Patient-Centred
Simulated Learning Environment?
Neil Tuttle; E-L Laakso; Andrea Bialocerkowski
Griffith University

Aim of the Education Program.
Evaluate the use of an adaptive learning platform (ALP) when combined with patient centred simulation.
Methods Adopted.
Usual patient care spans extended periods of time, but simulated learning environments typically portray short
vignettes out of this continuum. A challenge therefore exists of how to extend the learning to encompass more aspects
of the care continuum. One strategy is to provide background information prior to the simulation. Generally, such
material is provided in ways that the student remains a largely passive recipient.

An online adaptive learning platform seemed an ideal solution. Adaptive learning platforms are a bit like a choose
your own adventure – the pathway taken and the feedback provided depends on the decisions made. During this
module, the live simulation focussed on specific aspects of patient interaction. For example, one day focussed on
history taking, another on physical assessment and a third on treatment and reassessment. Students used the adaptive
learning platform to interact with and problem-solved their way through the aspects of assessment and/or treatment
that were not included in the live simulations for some of the scenarios. In order to evaluate the adaptive learning
platform some scenarios were presented to the students in a traditional non-interactive text and image based format
and students’ preferences were canvassed
Evaluation Data from the Program.
An observational study was undertaken where sixty-six physiotherapy undertook a transition to placement (T2P)
module immediately prior to their outpatient musculoskeletal placement. After the module, thirty-six students
completed an online questionnaire with 13 questions rating the ALP or comparing it with a traditional method of
delivery. Choices for each question ranged from strongly disagree to strongly agree. The percentage positive and
negative responses are shown in Figure 1. In general, most students found the program easy to work with. The first
three questions were fairly evenly divided between students who favoured the ALP and those who didn’t. Similarly,
the fourth question about whether students would like to use the ALP in other areas of practice was fairly evenly
divided between positive and negative responses.

367

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

We developed a simulated learning module for entry level Physiotherapy students covering ten cases over four hours
per day over five days. We were interested in finding a way that would enable students to become more active
participants and reason through all aspects of each case, not just be active for the brief period when they would
interact with a live simulated patient.

Figure
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the
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Conclusions and Recommendations for Future Use and Development.

Conclusions: Development of lessons within an ALP is a time consuming and therefore expensive process.
Considering the less than glowing student responses, it may be necessary to either refine the lessons further or
reconsider the use of this modality.

368

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

The use of an ALP was instituted as part of a larger simulation module for Physiotherapy students which as a whole
produced very positive results in both student perceptions and improved marks by the students in their relevant
clinical placement. The mixed responses to the ALP suggest it was an approach that only suited some students. Some
reasons for the findings might include: 1) The lessons on the ALP were not as refined as we would have hoped.
Interestingly students seemed less accepting of flaws in the online platform than when the material was presented in
paper based form. 2) Undertaking the ALP required more from the students than passively receiving the information
3) Students may actually have mixed responses to this type of material being delivered in an ALP. Ultimately the
question is perhaps not about student preferences, but about the extent of learning that occurs when each mode of
delivery is combined with a live simulated learning environment.
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Developing OSCE and Simulation in Psychology – a Novel
Approach to Simulation Based Assessment as a Learning
Tool
Simon Patten; Anna Chur-Hansen; Rachel Roberts
University of Adelaide

Aim of the Education Program.
Objective Structured Clinical Examinations (OSCE) have been used to assess competencies in medicine, nursing and
dentistry for many years, where they have been demonstrated to be an authentic, reliable and valid way to assess
competency.
However, both Simulation and OSCE have only very recently been piloted in professional postgraduate psychology
training programs in Australia, and do not appear to have been adopted to date in other countries. There is very little
data available to ascertain whether simulation based methods of assessment can be transferred to psychology, which
differs quite markedly in content and approach from biomedical disciplines.
There are three aims:
We will report on an initiative to assess Year 5 trainee psychologists’ competency in Motivational
Interviewing through Simulation based OSCE.

2.

We will report the experience of examiners using recorded OSCE’s

3.

We aim to look at the role of assessment as a learning tool and examine students’ attitude to a mixed
feedback model

Methods Adopted.
Data were collated from all 14 students (5 male, 9 female) enrolled in the “Health Psychology” course at the
University of Adelaide. Three 20 minute motivational interviewing stations were designed. OSCE stations used
professional actors and examiners watching via dedicated video link. There were two examiners assigned to each
station. Examiners rated student’s performance using an assessment rubric modified from School of Medicine.
Students were rated on Professionalism, Clinical Skills, Knowledge, and Reasoning and an Overall rating was also
made.
Students received the following mixed modality feedback:
Students received immediate feedback from examiners (observing via video) and SPs (in station) separately.
Evaluation Data from the Program.
Data collected will include ratings by examiners (teaching staff who are qualified psychologists), feedback from
standardised patients, a survey on the fidelity and acceptability of the assessment process as perceived by the trainees,
and a reflective piece completed by the trainees based on their experiences with this approach to teaching and
learning, which in their context is unfamiliar and novel. The experiences and reflections of teaching staff involved in
the use of Simulation based OSCE for psychology for the first time will also be reported.
Conclusions and Recommendations for Future Use and Development.
Simulation based OSCE’s have a viable and relevant role to play in the Assessment of Psychology students.
Mixed modality feedback is a dynamic technique in developing students’ abilities
The use of recorded OSCEs is beneficial for student development
Identify the most effective modalities for feedback and reduce logistical burden.
References.
1.

Hodges, B. D., Hollenberg, E., McNaughton, N., Hanson, M. D., & Regehr, G. (2014).

2.
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Emergency Masterclass: An Interprofessional Simulation
Education Program for Rural Clinicians
Tod Adams; Sam Bendall

HETI; Royal Prince Alfred Hospital
Aim of the Education Program.
The emergency Masterclass has four core aims:
To improve the teamwork skills of rural practitioners – doctors, nurses and paramedics so that they can work
more effectively together in resuscitation teams with limited resources

2.

To provide structure around airway, breathing and circulation skills in resuscitation, in a way that is
accessible and realistic for rural practitioners of all disciplines who provide critical care

3.

To improve critical care knowledge and skills for rural practitioners so that they can provide better care by
focusing on the basics prior to the patient being transferred via retrieval services, or improving and staying in
their facility

4.

To improve the understanding of all practitioners of each other’s skill set so that the right person can do the
right job in mixed resuscitation teams. Getting rural practitioners to speak each other’s language and
interface well with the retrieval teams fosters greater respect, better teamwork and therefore better patient
care.

Methods Adopted.
A one day program was developed and trialled over four sites. The program was developed using a blended learning
of didactic, task and immersive simulations in an interprofessional environment. Based on feedback the program was
extended to two days.
The program addressed the lack of critical care skills and knowledge in rural places, the need for improved
communication and understanding amongst disciplines and made it more likely that rural resus teams will include
other disciplines to assist e.g. paramedics (CERS assist protocol) to help. The program was delivered in mixed modes
of didactic, task trainer skill stations and a total of 4 immersive simulations. The program provided structure for
coaching in procedures and skills the rural practitioners do not do often but if done incorrectly can result in significant
morbidity. Areas covered over the two day program are airway skills, supraglottic airway sequence, surgical airways,
rapid sequence induction, sepsis updates, preparation for retrieval, needle thoracentesis and chest drains, EZIO,
tourniquets and pelvic splints, drugs in critical care, ventilation workshops. All of these skills are practiced in a safe
one on one basis before incorporation into interprofessional immersive simulations.
Evaluation Data from the Program.
A total of four 1 day programs and four 2 day programs were delivered in 2015 to a total of 78 post graduate health
professionals (40% nursing staff, 35% Medical GP/Visiting Medical Officers and 25% paramedics). Post program
surveys were undertaken of participants from each site. Evaluations from the 1 day program demonstrated a desire to
spend more time in simulation, which necessitated extending the program to two days. Overwhelmingly staff
appreciated an interprofessional approach to training and tailoring of the program to the specific needs of the site (e.g.
the type of retrieval ventilator used). Staff consistently scored highly the relevance of the program to their practice
(mean scores 4.4/5) for usefulness of the training and information received.
Conclusions and Recommendations for Future Use and Development.
The Emergency Simulation Masterclass has proven popular evidenced by oversubscription and wait list at each rural
site. The development model is being utilised to develop an interprofessional Perinatal Simulation Masterclass for
rural birthing sites, a Safe Delivery Program (Simulation) for rural non birthing sties and a Paediatric Simulation
Masterclass for rural clinicians. A Program Logic evaluation methodology is being applied retrospectively to the
Emergency Masterclass and will be factored into the development of Perinatal and Paediatric Masterclasses.
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Simulation Game Impacts on Perceptions of
Nuclear Energy
Stephan J. Franciosi
Osaka University

ABSTRACT

Article accepted:
(July 2016)

Scholars have suggested that games and simulations can be created to educate players on
global climate change issues, thereby engendering popular support for policies to mitigate
anticipated negative effects. However, while there is ample theory, anecdotal and indirect
empirical evidence to support this notion, direct evidence of the extent and manner that
gameplay may influence perceptions of environmental issues would better inform the
design and implementation of such games. Hence, this paper reports the findings of a
mixed-methods investigation of Japanese university student perception change toward
nuclear energy as a result of playing a game that simulates urban energy generation. The
purpose of the study was to follow up on a prior study by collecting longitudinal
quantitative data. This was collected with a survey administered both before and after
playing the game, and qualitative data was additionally collected by analysing written
debriefing reports completed by participants after gameplay. Results indicate a moderate
shift from a neutral to a positive perception of nuclear power’s relative advantage and
compatibility in Japan. The author concludes that games and simulations can be used to
influence perceptions on issues related to climate change, but that care should be taken in
the design and implementation to achieve a desired effect among learners.

Key words:
Environmental Games
Nuclear Energy
Perception Change
Email address:
steve.franciosi@gmail.com

1.

INTRODUCTION

According to Eisenack and Reckien (2013) anthropogenic
climate change is arguably the most pressing issue facing
global society, yet they point out that progress in addressing it
has been slow, citing a lack of general awareness and political
support. As a solution, they argue that games and simulations
can be designed to inform the climate discussion over a
broader audience, enabling people to make better political
decisions regarding climate change. Such a “climate-aware”
game would presumably have among its learning goals (1)
greater knowledge of climate change issues, and (2) changes
in the nature of civic participation regarding climate change
issues.

The notion that games and simulations can be used to instil
positive cultural change is the basis of the Games for Good
movement. Many scholars agree that playful activities such as
games are essentially learning activities, and that sociocultural patterns are fomented largely through such behaviour.
Therefore, it stands to reason that games and simulations can
be used in the manner suggested by Eisenack and Reckien;
that is, to better inform the general public on climate related
issues, such as the relationships between energy production,
environmental health and the economy, in order to engender
support for governments to act appropriately. However, while
empirical evidence has been revealed indicating the potential
of game-based learning in a variety of educational fields, this
is only indirectly related to climate-aware games specifically.
In fact, according to Stokes et al. (2014), there is as yet not
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even a consensus among stakeholders as to what may
constitute the “impact” of socially aware games and
simulations, let alone agreement on how it might be assessed.
Thus, there is a need for direct empirical evidence on the
effect of climate-aware games to better understand the nature
of their impact and inform the design and use of such games.

In light of the preceding, the present paper reports on a mixedmethods investigation into perception change among Japanese
university students as a result of playing a game simulating
energy production solutions in an urban environment.
Quantitative data was collected with a survey on perceptions
of energy production technologies that was administered prior
to and following gameplay with Energy City (JASON
Learning). Qualitative data was collected through a content
analysis of written debriefing reports produced by participants
following gameplay. The author triangulated the data types in
order to identify themes supporting trends in perceptions.
2.
2.1

REVIEW OF LITERATURE
Learning outcomes of games

The learning outcomes of games and simulations could
theoretically influence the level of support for or opposition to
climate change measures. Kraiger, Ford and Salas (1992)
proposed a system that categorizes learning outcomes as
cognitive (declarative knowledge), skills-based (procedural
knowledge) and affective (attitudes and motivation). Affective
learning outcomes are influenced by cognitive and skills-
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based outcomes, and are of particular interest to the study of
the impact of climate-aware games. These outcomes include
“attitude” (direction and orientation), and motivation (goalsetting) which potentially influence behaviours outside of the
learning experience, such as the extent and nature of civic
participation. Later, Bedwell, Pavlas, Heyne, Lazzara and
Salas (2012) reviewed the literature to determine that agency,
feedback, narrative, fantasy and other game features can
support all three types of outcome, including affective. Thus,
games can in theory be designed to influence public opinion
on climate policy through affective learning outcomes.

There is ample empirical evidence to suggest that a welldesigned simulation game can produce desirable affective
learning outcomes. For instance, Chen, Liao, Cheng, Yeh and
Chan (2012) found that embedding math learning in a quest
narrative improved motivation and goal-orientation among
young learners. Clark et al. (2011) showed that this
motivational effect can improve learning of core concepts in
Newtonian physics, and this effect is present across cultures.
Also, according to Alhabash and Wise (2012), playing a
simulation game can have a “persuasive” effect in changing
attitudes toward high-profile and contentious public issues.
Therefore, a body of empirical evidence supports the notion
that simulation games can be used to influence attitude
orientation and goal-setting.

2.2

Post-Fukushima Japan

Since the topic of energy supply strategies is prominent in
Japan, and prior knowledge has been found to influence
learning outcomes in games (Tsai, Yu, & Hsiao, 2012), the
author assumed that students would possess previously
attained knowledge and opinions on the issue. Nuclear power
generation was never popular among the Japanese population,
and support for the construction of new power plants was
declining even prior to the Fukushima accident (Aldrich,
2012). Aldrich (2013) refers to the Fukushima incident as the
“final straw” (p. 5) which has fundamentally changed the
attitude of the Japanese public, citing a dramatic swell in
activism and participation in civil society that began in its
immediate aftermath.
With regard to empirical data on attitudes toward nuclear
power in Japan, Poortinga and Aoyagi (2013) found that less
than 10% of the public have trust in the institutional ability to
mitigate risk from nuclear power, and only a fifth of the
population recognize nuclear power as a reliable means of
providing a stable energy supply. This scepticism persists
despite an almost universal recognition that nuclear power
generation would moderate undesirable CO2 emissions and
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2.3

Prior study

The present study seeks to clarify findings from a previous
investigation. The author reported in Franciosi and Mehring
(2015) qualitative evidence of cognitive and affective learning
outcomes in an exploratory study of Energy City, a climateaware game. The authors conducted a content analysis of
written debriefing reports completed by students after playing
the game, and were surprised by an emergent theme in
support of nuclear energy. This result was unexpected given
the lack of public support for the technology in Japan
following the Fukushima meltdown. However, this finding is
problematic for two reasons. First, because the data was
collected at one point in time following gameplay, the
influence of the game on attitudes is questionable. It may be
the case that those who reported support for nuclear energy
held this conviction prior to gameplay, and likewise for those
who reported opposition. Second, qualitative data cannot be
used to draw conclusions about the significance of any change
in attitude. Only a small number of players may have changed
their opinions, or a large number changed their opinions but
chose to comment on other experiences in the debriefing
reports. Thus, more evidence in the form of longitudinal
quantitative data is required for a more conclusive
understanding of the effect of this game on attitudes toward
nuclear energy.
2.4

Attitudes and perceptions

Rogers’ Diffusion of Innovation theory (2003) provides a
useful framework for examining the effect of climate-aware
games on attitudes toward climate change solutions. The
theory is fairly robust, being grounded in nearly 70 years of
empirical research. It generally describes how information is
disseminated through a population, and offers methods of
predicting the acceptability of innovative technologies and
methods, thereby giving an indication of eventual adoption.
Because the theory deals with acceptability of technology, its
constructs are suitable for describing attitudes toward energy
production methods represented in Energy City.

Applying this framework to the present study, Rogers’ theory
posits trust in a source of information as a factor in
acceptability. Therefore, if players trust the simulation game
to represent real world elements accurately, then there is a
higher likelihood that they will be persuaded to reformulate
values and beliefs. Also, two constructs in particular, relative
advantage and compatibility, which are described as
“perceived attributes of innovation,” have been shown to be
the strongest indicators of acceptability (Rogers, 2003, p. 12).
If playing a simulation game results in players modifying their
attitude orientation toward a technology or method
represented in the game, then this change should be reflected
in player perceptions of its relative advantage and/or
compatibility.
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Yet, despite the fact that many climate-aware games have
been published, particularly following the 2009 UN Climate
Change Conference in Copenhagen (Reckien & Eisenack,
2013), the affective learning outcomes of these games have
for the most part not been investigated. For example, Reeves,
Cummings, Scarborough, Flora and Anderson (2012) describe
the design of a game to teach home energy conservation, but
do not report whether and to what extent gameplay resulted in
actual conservation behaviours. Also, Eisenack (2012)
provides some qualitative evidence of cognitive learning
outcomes of a climate-aware game, but does not comment on
affective outcomes. Therefore, while the notion that climateaware games can have an impact on public attitudes toward
the issue may be well-founded theoretically, there is a lack of
direct scientific evidence to help build a detailed
understanding of the nature of this effect.

contribute to Japan’s energy security. Although the data in
Poortinga and Aoyagi’s study was entirely based on the adult
population (20 years of age or older), and the participant
demographic entailed 18 and 19 year olds, the author
anticipated that they shared the general negative attitude
toward nuclear power and government.

3.

METHOD

3.1

Sources of data

3.2

Materials

The participants in the present study were students recruited
from nine general education courses taught by the author at a
Japanese university (n=118). All students were first or second
year students, 18 or 19 years old, and 23% female with a
variety of departmental affiliations, including Economics
(10%), Law (14%), Humanities (21%), Medicine (22%) and
the remainder from Science, Technology, Engineering and
Math (STEM) departments.

3.2.1

Game

There are no prescribed learning goals provided by JASON
Learning because the aim of such materials is to supply the
means for learners to reach their own conclusions (Patrick
Shea, personal communication). However, based on the
author’s own experience playing the game prior to classroom
use, and based on debriefing reports from the students in
previous classes, the author anticipated that students may
reach the following conclusions.
•

It is possible to transition to clean energy production
without the use of nuclear energy.

•

Nuclear energy can play a useful short-term role in
an energy strategy.

•

Problem-solving and strategy formulation is best
democratized with all stakeholders providing input.

•

Speed and risk are juxtaposed in the transition from
fossil fuels.

•

Energy strategies should be customized to fit local
conditions.

Figure 1: Screenshot of Energy City. Note: Used with
permission of JASON Learning
3.2.2

Survey

The author created a five point Likert-type self-completion
questionnaire containing 10 items designed to gather
quantitative data on perceptions of the relative advantage and
compatibility of various energy production technologies
represented in the game. These constructs have been used
extensively in research so there are many examples of survey
design on which to base item wording. Face validity was
established by sharing the instrument with an online group of
researchers and soliciting comments. The instrument was then
tested on a group of students using Energy City in the
semester prior to data collection. The items were adjusted
according to feedback from expert colleagues and trial
participants. The survey was authored in a Google form for
online completion and submission.
3.2.3

Debriefing reports

The author included debriefing reports following best
practices in game-based learning (Crookall, 2011) and for the
purpose of collecting qualitative data. The report generally
followed the structured discussion outline described by Kriz
(2008), but was authored in a Google form to be submitted in
written form online. The report prompted participants to
respond to five short-answer questions soliciting information
on (1) affective state as a result of the experience, (2) memory
of details, (3) new information garnered, (4) possible real-life
applications of that information, and (5) future plans for
continued learning.
3.3 Procedures
In initial face-to-face sessions, the author met with various
groups of students to explain the nature of participation,
administer the pre-game survey, and demonstrate Energy City.
Thereafter, contact with participants was online. Students
were asked to play the game on their own up to six times, and
to submit a separate debriefing report after each gameplay
session. After students had completed six reports, a survey
was sent to their email addresses.
A goal of the study was to isolate the influence of the game
over perception of nuclear power. Accordingly, sharing of
information between participants and/or the introduction of
information other than what is represented in the game was
discouraged. Participants played the game and completed the
debriefing reports individually online.
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The online game, Energy City, simulates energy production
and conservation strategies in urban settings (Figure 1). The
object of the game is to plan and implement a virtual city’s
energy portfolio in order to maintain a sufficient supply of
electricity without imparting excessive damage to the
environment or depleting the city budget. The gameplay is
turn-based with each turn representing one year. At the
beginning of the game, the player is provided a selection of
common conventional energy generation technologies (oil- or
coal-fired thermal plants), and each turn must select from
which energy sources to purchase electricity, and in which
alternative energy sources (e.g., geothermal, nuclear, solar,
etc.) and conservation strategies (e.g., bike paths, green
business incentives, etc.) to invest. The methods of energy
generation vary in terms of cost, amount of energy produced
and environmental impact. During the game, five stakeholder
groups make requests, the response to which could incur a
reward or a penalty. A player wins by supplying the city with
adequate energy for 20 turns, and loses if the air quality,
environmental impact or budget parameters fall to a value of
zero.

4.

RESULTS AND ANALYSES

4.1 Quantitative analyses
Survey results were collected and inputted into NCSS 9
for analysis. To address the differences in item responses
based on pre- or post-game perceptions, items were crosstabulated with the pre/post variable and tested using a ChiSquare test of independence because the items responses were
considered non-numeric variables. The test was considered
valid if no cell had an expected frequency of zero and 80% of
cells had an expected count of five or greater. In order to
achieve valid test results under these conditions with the
relatively small sample, the author collapsed the strongly
agree variable with the agree variable, and the strongly
disagree with the disagree variable. Under these conditions,
only two out of 10 possible statistically significant
relationships were noted.

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%

pre-game
post-game
agree

Figure 3: Responses to the prompt, “Nuclear energy is a
suitable type of power generation for Japan”
4.2 Qualitative analysis
The author conducted a content analysis on text data gathered
from the debriefing reports following the procedure laid out
by Saldaña (2009). Specifically, the author first tagged
sections of text according to salient concepts expressed, then
used the tags to group these concepts into categories. This was
an iterative process of grouping and regrouping, and forming
subcategories where necessary. Special attention was paid to
topics involving the game and nuclear power generation. The
analysis revealed three emergent themes relevant to
perspectives of nuclear energy, summarized in Table 1.
Table 1: Emergent themes
Category

Examples
“A nuclear power plant is more ecofriendly than I thought.”

Pro-nuclear

“I learned that nuclear resources are
more environmentally friendly than
natural gas resources.”

pre-game
post-game
agree

neither disagree
agree nor
disagree

Figure 2: Response to the prompt, “Nuclear energy has more
advantages than disadvantages when compared to other
sources of energy such as coal, oil or renewable sources”
The second relationship was between the pre/post
variable and perceptions of nuclear power’s compatibility; X2
(2, N = 236) = 15.8, p = 0.0003. Examination of the cell
frequencies showed that in the pre-game survey about 33%
(39 out of 118) agreed that nuclear energy is a suitable type of
power generation for Japan, 37% disagreed and the remainder
were noncommittal. However, in the post-game survey, about
55% (65 out of 118) agreed, 33% disagreed and the remainder
was noncommittal (see Figure 3). As a benchmark of effect
size, Cramer’s V was calculated at 0.26,which is considered
“moderately strong.”
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neither disagree
agree nor
disagree

Conditional
Support

“I realize nuclear energy is very
good for the environment if
accidents wouldn`t happen.”
“Nuclear energy is quite useful
from the viewpoint of
environmental conservation if it has
no possibility to meltdown.”
“Nuclear power generation is very
convenient in this game because
this game does not reflect its danger
for human lives.”

Game vs.
Reality
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“In this game, there'll never be a
nuclear accident, so I used nuclear
energy unhesitatingly. But in the
real world, there were some
accidents and will be in the future. I
learned that there is a big difference
between games and reality.”
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The first relationship was between the pre/post variable and
perceptions of nuclear power’s relative advantage; X2 (2, N =
236) = 6.99, p = 0.3. Examination of the cell frequencies
showed that in the pre-game survey about 36% (42 out of
118) agreed that nuclear energy has more advantages than
disadvantages when compared with other energy generation
technologies, while about 36% disagreed and 28% were
noncommittal. However, in the post-game surveys, about 53%
(62 out of 118) agreed, 25% disagreed and 22% remained
noncommittal (see Figure 2). As a benchmark for effect size,
Cramer’s V was calculated at 0.17, which is considered
“weak.”

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%

5.

DISCUSSION

Responses to the proposition of the relative advantage and
compatibility of nuclear energy changed significantly after
playing the game. Prior to gameplay, the perceptions of both
were neutral with roughly a third positive, a third negative and
a third noncommittal. Following gameplay, positive
perceptions increased while neutral responses decreased, and
in the case of compatibility the effect was more pronounced.

Regarding the reasons for this change, the qualitative data
suggests that participants gained new appreciation of the
environmentally benign and cost-saving benefits of nuclear
energy as it was represented in the game. Although some
students were able to distinguish between the game world and
real world in terms of how these benefits were represented,
and the exclusion of factors salient in their opinion
formulation such as safety concerns, a significantly larger
number of students appeared to trust the game’s
representation of the technology to the extent that their
perceptions shifted.

These results highlight the need to consider mediation of the
interaction between player/learner and simulation game when
employing these materials. It should be noted that a more
favourable view of nuclear energy was not necessarily the
outcome that the game designers intended or expected.
According to Patrick Shea, executive vice president of
JASON Learning, the purpose of their materials is to provide
students with the means to devise their own solutions to
problems, and not to encourage support for a particular stance
(personal communication). Yet, these results suggest that such
a laissez faire approach to the educational use of simulation
games can lead to unintended results. This is perhaps
unavoidable because a good simulation games must often be
designed to balance fidelity with playability. In other words,
while it would be possible in the case of Energy City to
include drawbacks to nuclear energy that are currently not
represented, doing so would potentially make the game more
complex and less enjoyable for a large number of players. At
the same time, deficiencies in fidelity can be compensated for
by, for example, using the game as a departure point for
expanded discussion on the topic with the inclusion of more
detailed information about the real world phenomenon being
represented in the game. Therefore, educators who are
interested in using game-based solutions should carefully
consider the need for extraneous materials and the creation of
opportunities for players to discuss concepts and experiences.
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CONCLUSIONS

The results of this study strongly indicate that simulation
games can be used to influence perceptions of climate-related
issues such as energy supply technologies and solutions. They
substantiate the arguments of scholars such as Eisenack and
Reckien (2013) who wish to use games to engender support
for desirable climate policies. However, they also highlight a
caveat in that unintended outcomes are also a possibility, and
that educators are well advised to take seriously their role as
mediators between learners and materials.

Also, the results reported here offer guidance to the further
study of game-based learning outcomes. In the future, the
author intends to investigate the effect of greater mediation of
the gameplay experience on perceptions of nuclear power.
Specifically, the author wants to know if knowledge sharing
between players or between educators and students during
debriefing, as well as the introduction of outside information
has an effect on perceptions of the relative advantage and
compatibility of nuclear energy in Japan.
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Here, it is necessary to consider how nuclear energy is
represented in the game. Participant comments distinguishing
the game and reality raise the notion that the nuclear energy
strategy may constitute a game design flaw known as a
“Saddleback Point” in game development parlance (Rollings
& Adams, 2003). The flaw takes its name from a geographic
feature, which is a stretch of ridgeline that dips down to
resemble a saddle. Because it is the lowest point on the ridge,
it is the logical place to cross. In the game, the most grievous
disadvantages of nuclear energy, such as catastrophic
radiation leaks, radioactive waste disposal and NIMBY (not in
my back yard) are not represented, while all the advantages of
emission-free cheap and ample electricity supply are included.
The absence of the drawbacks leaves nuclear power as a
Saddleback Point, the logical strategy to employ. However,
this may also have the effect of exaggerating the benefits,
depicting nuclear energy as an ideal solution, and thus biasing
perceptions in its favour.
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This paper deals with the table assignment problem in a restaurant, where groups of
customers arrive without reservations. The problem is basically a combinatorial
optimization problem of finding a desirable match between the groups of customers and
the possible sets of combinable tables but has dynamic as well as subjective aspects. This
makes full automation of the task unsuitable and hence it is usually carried out by an
individual based on informal and unspecified strategies. Thus, this paper proposes a
serious game approach for eliciting effective tacit strategies for handling the dynamic
table assignment task in a restaurant. The developed game is a single player game, where
the player carries out the table assignment task in a virtual restaurant. In the game,
customers randomly arrive at the restaurant in groups of different sizes and wait in a room
to be seated. The player can at any time assign a set of tables in the restaurant dining
room to any of the waiting customer groups, if all the tables to be assigned are vacant and
combinable. However, if dissatisfaction due to waiting reaches a pre-specified limit, the
customer group will leave the waiting room without having a meal in the restaurant. A
prototype of the game is developed and laboratory experiments are conducted using it. As
a result, it is confirmed that the score of the proposed game depends on the player’s
experience in performing the table assignment task in a real restaurant. Hence, the
proposed game and the actual table assignment task have at least some characteristics in
common. Further, the players, on average, can improve their game scores through
applying their own strategies, and the strategies can be characterized through the data
obtained from the game.
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1.

INTRODUCTION

In a restaurant, customers often need to wait until they can be
seated at a table, and this waiting time can lower their
satisfaction level with the restaurant’s service (Taylor, 1994).
The length of wait time is largely affected by the amount of
available restaurant resources and several authors have
studied this through numerical simulation (Fung, 2001;
Hwang & Lambert, 2008; Hwang & Lambert, 2009). Here,
the primary resources of a restaurant include seats and tables,
and their impact on the waiting time depends not only on the
total number of seats in the restaurant but also on how they
are spatially configured using tables of different sizes. The
table configurations may also have a significant impact on the
revenue of the restaurant. Thus, researchers have studied how
to optimize such configurations (Thompson, 2002; Thompson,
2003; Kimes & Thompson, 2004; Kimes & Thompson, 2005).
Further, even when the table configurations are optimally
determined, the actual waiting time as well as the revenue of
the restaurant will also depend on how the tables are actually
assigned ad hoc to each group of arriving customers. Hence,
some authors have formulated this table assignment problem
mathematically and proposed heuristic approaches for it
(Bertsimas & Shioda, 2003; Guerriero et al., 2014). Further,
some simple assignment rules have been compared through
numerical simulations (Hwang, 2008).
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However, in a restaurant where customers may arrive without
reservations, it is not practical to fully automate the task of
assigning tables. Although the table assignment problem is
basically a combinatorial optimization problem, its practical
implementation at the restaurant has a dynamic as well as a
subjective aspect. Its dynamic aspect is that the problem’s
conditions keep changing through events such as arrivals of
new customers, customers leaving the restaurant after
finishing a meal, and some customers leaving the queue
without being assigned a table. Its subjective aspect is that the
interpretation of customers’ behaviors is necessary to
appropriately understand their levels of dissatisfaction due to
waiting, or how satisfied they are with the table assigned, etc.
Therefore, the table assignment task is usually handled by an
individual in real-life settings. In such situations, how the task
is carried out cannot simply be captured by a formal algorithm
or set of rules but rather is likely to depend on informal and
unspecified strategies of the person in charge. Accordingly,
the performance of the task may significantly vary when the
person in charge changes. In order to lessen the fluctuation of
and improve performance, it is desirable to elicit effective
tacit strategies from those who are good at performing the task
as well as to provide an appropriate means for novices to
experientially learn the strategies.
Thus, this paper proposes a serious game approach for the
purpose. A serious game is still a game but its primary
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purpose is not pure entertainment. It has been successfully
used for education and training in various fields (van der Spek
et al., 2013; Graafland et al., 2014; Dunbar et al., 2014). It is
also utilized as a means for analyzing decision making
(Mohan et al., 2014). Following such literature, this paper
develops a serious game, which simulates the table
assignment task in a restaurant as a means to collect data on
the decisions made when carrying out the task. The obtained
data can then be used to analyze and deduce the tacit
strategies utilized by the players. It is more time and cost
efficient to collect such behavioral data through a serious
game than actual field observation in a restaurant. The
behavioral data obtained though the game will contain
evidence of even those strategies applied unintentionally by
players, which are difficult to uncover through direct
questioning. Further, though it is out of the scope of this paper,
the developed serious game can also be used for training
novices how to perform the task.
The remainder of this paper is structured as follows. Section 2
discusses some relevant characteristics of the table assignment
problem to be addressed in this paper. The proposed serious
game is then introduced in section 3, and some application
experiments are presented in section 4. Finally, the
conclusions are presented in section 5.
2.









There are 𝑁𝑁 tables 𝑇𝑇1 , 𝑇𝑇2 , … , 𝑇𝑇𝑁𝑁 in the restaurant. The
capacity of table 𝑇𝑇𝑛𝑛 is 𝑃𝑃𝑛𝑛 , that is, at most 𝑃𝑃𝑛𝑛
customers can be seated at the table.
Some of the tables can be combined into a unit so
that a larger number of customers can be
accommodated at it. The capacity of the combined
unit is equivalent to the sum of the capacities of each
separate table forming the unit.

The configurations of the tables are expressed by a
graph 𝐺𝐺 = (𝑉𝑉, 𝐸𝐸), where 𝑉𝑉 = {𝑇𝑇1 , 𝑇𝑇2 , … , 𝑇𝑇𝑁𝑁 } and any
edge in 𝐸𝐸 represents that the pair of tables connected
by the edge can be combined. Thus, any connected
sub-graph of 𝐺𝐺 corresponds to a possible set of
combinable tables.

There are 𝑀𝑀 customer groups 𝐶𝐶1 , 𝐶𝐶2 , … , 𝐶𝐶𝑀𝑀 in the
restaurant. The size of customer group 𝐶𝐶𝑚𝑚 is 𝑆𝑆𝑚𝑚 , that
is, there are 𝑆𝑆𝑚𝑚 customers in the group.
Each customer group 𝐶𝐶𝑚𝑚 should be seated together,
that is, should be assigned a table or a combined unit
of tables whose capacity is equivalent to or greater
than 𝑆𝑆𝑚𝑚 .

If 𝑥𝑥𝑛𝑛𝑛𝑛 is defined for each pair of (𝑛𝑛, 𝑚𝑚) as a variable whose
value is 1 if table 𝑇𝑇𝑛𝑛 is assigned to customer group 𝐶𝐶𝑚𝑚 , and 0
otherwise, then the basic structure of the table assignment
problem in the restaurant can be captured as a simple
combinatorial optimization problem determining the values of
𝑥𝑥𝑛𝑛𝑛𝑛 , where the following constraints should be taken into
account.
𝑀𝑀

∑ 𝑥𝑥𝑛𝑛𝑛𝑛 ≤ 1

𝑚𝑚=1

(1)

(𝑛𝑛 = 1, 2, … , 𝑁𝑁)
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(3)

(𝑚𝑚 = 1, 2, … , 𝑀𝑀)
(𝑚𝑚 = 1, 2, … , 𝑀𝑀)

(4)

Constraint (1) requires that only one customer group can be
assigned to each table. Constraint (2) confirms that the tables
assigned to the same customer group can be combined, where
𝑉𝑉𝑚𝑚 is the set of tables to which customer group 𝐶𝐶𝑚𝑚 is assigned.
Constraint (4) demands that all the customers in group 𝐶𝐶𝑚𝑚 can
be accommodated at only the tables in 𝑉𝑉𝑚𝑚 .

2.2 Dynamic Aspects of the Problem

To clarify the basic structure of the table assignment problem
addressed in this paper, the problem is described as if it is a
static combinatorial optimization problem in 2.1. However, its
practical implementation has a dynamic aspect, which arises
from, for instance, the following characteristics.





Customer groups may arrive at the restaurant without
reservations, and the set of customer groups in the
restaurant {𝑇𝑇1 , 𝑇𝑇2 , … , 𝑇𝑇𝑁𝑁 } needs to be updated every
time a group arrives.
Each customer group assigned a set of tables will at
some time finish the meal and leave the restaurant.
This also changes the set of customer groups
{𝑇𝑇1 , 𝑇𝑇2 , … , 𝑇𝑇𝑁𝑁 } as well as resets the values of some
𝑥𝑥𝑛𝑛𝑛𝑛 back to 0.

A queue (𝑄𝑄) is composed of the customer groups
who have already arrived at the restaurant but have
not yet been assigned a set of tables. Some customer
groups may leave the queue without being assigned a
set of tables due to, for instance, a long waiting time.
This again changes the set of customer groups
{𝑇𝑇1 , 𝑇𝑇2 , … , 𝑇𝑇𝑁𝑁 }.

Thus, the table assignment problem should be handled in a
dynamic manner, where the assignment 𝑥𝑥𝑛𝑛𝑛𝑛 , once determined,
should be updated later according to the changing conditions.
Therefore, not only how to update the table assignments but
also when to update them must be properly determined. The
structure of the problem of updating the table assignments is
isomorphic to that described in 2.1, but only the customer
groups in the queue 𝑄𝑄 and the vacant tables 𝑇𝑇𝑛𝑛 that satisfy the
condition below are considered.
𝑀𝑀

∑ 𝑥𝑥𝑛𝑛𝑛𝑛 = 0

(5)

𝑚𝑚=1

2.3 Subjective Aspects of the Problem
Though the decision variables and constraints of the table
assignment problem addressed in this paper have been
clarified, its objective function is still to be defined. It may
seem reasonable at first glance to take up the turnover rate of
customers or the utilization rate of the seats as the objective
function, if the primary concern of the restaurant is
maximizing revenue. However, if the level of dissatisfaction
of some customers increases as a side effect of enhancing, for
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𝑉𝑉𝑚𝑚 = {𝑇𝑇𝑛𝑛 |𝑥𝑥𝑛𝑛𝑛𝑛 = 1}
∑ 𝑃𝑃𝑛𝑛 ≥ 𝑆𝑆𝑚𝑚

2.1 Basic Problem Structure
It is assumed that the restaurant considered here satisfies the
following conditions.

(2)

𝑇𝑇𝑛𝑛 ∈𝑉𝑉𝑚𝑚



TABLE ASSIGNMENT PROBLEM

(𝑉𝑉𝑚𝑚 , 𝐸𝐸|𝑉𝑉𝑚𝑚 ) = a connected subgraph of 𝐺𝐺

example, the turnover rate, they may not come back to the
restaurant and as a result the ongoing revenue of the restaurant
may be impacted in the future. Thus, even when the primary
concern is revenue, it may not be sufficient to address only
objectives directly related to immediate revenue. The level of
dissatisfaction of customers should also be considered. This
gives a subjective aspect to the table assignment problem in
two ways as follows.




The appropriate weights to be given to the objectives
directly related to the immediate revenue and those
corresponding to the level of dissatisfaction of
customers are difficult to set objectively but should
be determined subjectively according, for example,
to the preference of the manager of the restaurant.

{𝑇𝑇1 , 𝑇𝑇2 }, {𝑇𝑇2 , 𝑇𝑇3 }, {𝑇𝑇3 , 𝑇𝑇4 }, {𝑇𝑇4 , 𝑇𝑇5 },
{𝑇𝑇5 , 𝑇𝑇6 }, {𝑇𝑇7 , 𝑇𝑇8 }, {𝑇𝑇7 , 𝑇𝑇9 }, {𝑇𝑇8 , 𝑇𝑇10 },
𝐸𝐸 =
{𝑇𝑇9 , 𝑇𝑇10 }, {𝑇𝑇9 , 𝑇𝑇11 }, {𝑇𝑇10 , 𝑇𝑇12 }, {𝑇𝑇11 , 𝑇𝑇12 },
{{𝑇𝑇13 , 𝑇𝑇14 }, {𝑇𝑇14 , 𝑇𝑇15 }, {𝑇𝑇15 , 𝑇𝑇16 }, {𝑇𝑇16 , 𝑇𝑇17 }}
𝑷𝑷 = (2, 2, 2, 4, 4, 4, 2, 2, 2, 2, 2, 2, 1, 1, 1, 1, 1)

(6)

(7)

(8)

The seats at the bar are shown as tables 13 to 17.

The level of dissatisfaction of customers may depend
not only on the length of their wait time but also that
of other customers as well as how they are treated
while waiting. It may also depend on which table
they are assigned to, etc. Further, as this is subjective,
how those factors affect the level of dissatisfaction
will differ among individual customers.

SERIOUS GAME DEVELOPMENT

3.1 Game Outline
The developed game, which has not yet been named, is a
single player game, and its player is supposed to enjoy
carrying out the table assignment task at a virtual restaurant.
Customers randomly arrive at the restaurant in groups of
different sizes, and wait in a room to be seated. The player can
at any time assign a set of tables in the restaurant dining room
to any of the waiting customer groups, if all the tables to be
assigned are vacant and combinable. When the player
successfully assigns a set of tables to a customer group, a
certain number of points are added to the score. If the level of
dissatisfaction due to waiting reaches a pre-specified limit, a
customer group will leave the waiting room before being
assigned a set of tables, and this results in a deduction of a
certain number of points from the player’s score. Further,
when some conditions are satisfied, a certain number of points
are added to or deducted from the score according to the
preference of individual customers.
3.2 Table Configurations
The table configurations in the restaurant dining room are
specified by graph 𝐺𝐺 = (𝑉𝑉, 𝐸𝐸) and the capacities of the tables
𝑷𝑷 = (𝑃𝑃1 , 𝑃𝑃2 , … , 𝑃𝑃𝑁𝑁 ), and the spatial layout of the tables can be
set accordingly. In the application experiments presented later
in this paper, for example, they are set as follows.
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Figure 1: Spatial layout of the tables.
3.3 Customer Model
Customer groups arrive at the restaurant randomly, and the
time between consecutive arrivals follows a certain
probability distribution. The size of each group is also set
randomly according to a certain probability distribution. In the
application experiments, a uniform distribution between two
and six time units (TU) is used for the time between arrivals
and (𝑝𝑝1 , 𝑝𝑝2 , 𝑝𝑝3 , 𝑝𝑝4 , 𝑝𝑝5 ) = (0.49, 0.30, 0.14, 0.05, 0.02) is used
for the size. Here, TU is the time unit used in the game.

When a group of customers arrive at the restaurant, their level
of dissatisfaction is 0, and it increases as time passes in the
waiting room. The level of dissatisfaction can also be set
dependent on other factors. When the level reaches 10, the
customers in the group leave the restaurant without having a
meal. In the following application experiments, the level
increases by one for every five TUs of waiting. Further, if
another customer group that arrived later is assigned a set of
tables before the other group, its dissatisfaction level increases
by one.

Figure 2: Tables at which customers stay longer.
When a set of tables is assigned to a customer group, they
occupy the tables for a certain amount of time. The time
length until they finish the meal follows a certain probability

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Accordingly, an appropriate objective function is difficult to
determine as an equation, which can be reflexively evaluated
according to the values of the decision variables. Rather, the
objective function can only be evaluated in the field through
the interpretation of customer behavior. This situatedness
makes it difficult to handle the table assignment problem
automatically in practice. In order for the individuals
responsible to perform the task in a sophisticated manner with
their own mental capacities, they should create an appropriate
balance between observing and interpreting the situation and
solving the combinatorial optimization aspects of the problem.
This balance is likely to occur subconsciously through some
informal and often unrecognized strategies. The next section
proposes a serious game for eliciting the tacit strategies from
players.
3.

𝑉𝑉 = {𝑇𝑇1 , 𝑇𝑇2 , … , 𝑇𝑇17 }

distribution. In the application experiments, a uniform
distribution between 35 and 60 TUs is used. However, the
tables indicated in Figure 2 are more comfortable than others,
and hence a customer group having a meal at these tables will
stay longer by 10 TUs.

Figure 3: Game screen representing waiting room.

3.4 Score Design
When the player successfully assigns a set of tables to a
customer group, she/he earns 10 points for each customer in
the group. That is, if the size of the group is five, then she/he
earns 50 points. On the other hand, if the player fails to assign
a set of tables to a customer group and the customers in the
group leave the restaurant without having a meal, she/he loses
five points for each customer. Further, several conditional
point addition and deduction rules can be incorporated. For
example, in the application experiments presented later, the
following rules are utilized.
When a single customer does not explicitly demand a
table with more than two seats but is given one, the
customer will be pleased. Thus, in this case, the
player earns10 points as a bonus.



When a group of customers is given any of the
comfortable tables indicated in Figure 2, they will be
pleased. Hence, in this case as well, the player earns
10 points (for the group as a whole) as a bonus.



When a group of two customers is given a table with
four seats, they will be pleased. Thus, in this case
again, the player earns 10 points (for the group as a
whole) as a bonus.



When a group of two customers is given a table with
only two seats in spite of the fact that there are
vacant tables with four seats available, they will be
dissatisfied. Thus, in this case, 10 points are deducted
(for the group as a whole) from the player’s score as
a penalty.



When a group of two or more customers is given a
corresponding number of seats at the bar, they will be
dissatisfied. Thus, in this case as well, 10 points are
deducted (for the group as a whole) from the player’s
score as a penalty.

3.5 Game Screen
The player of the game plays by moving between two screens.
One of these corresponds to the waiting room and the other
represents the dining room of the restaurant. The screen
shown on the monitor can be changed back and forth by
pressing the ENTER key.

Figure 4: Game screen representing dining room.

Figure 5: Screen shown when game is over.
Figure 3 shows the waiting room screen. In this screen, the
customer groups in the waiting queue are listed in table form.
The higher the row, the earlier the group arrived at the
restaurant. The size of each group and its current level of
dissatisfaction are shown in the second and third columns,
respectively. If a customer group explicitly refuses to be
assigned bar seats, a word table is entered in the first column.
In this case, the player needs to assign a set of tables with two
or more seats to this customer group. When assigning a set of
tables to a group, the player can specify which group to assign
tables by clicking the left button of the mouse on the row
corresponding to the group. The remaining time for playing
the game and the current score are also shown on the screen.
Figure 4 represents the second screen corresponding to the
dining room. The current status of each table is distinguished
by different colors. If the color is orange, the corresponding
table is vacant. If it is red, the table is occupied. A blue table
shows that the customers at the table will be ready to leave
soon. When assigning a table to a customer group, the player
can choose the table by clicking the left button of the mouse
on the corresponding table. If two or more vacant combinable
tables are chosen, they are automatically combined. The
remaining time and the current score are also shown in this
screen as well.
The game finishes after a pre-specified length of time. In the
following application experiments, the length is set as 180
TUs and the length of each TU is set as one second. Figure 5
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represents the final screen shown to the player when the game
is over. The Japanese sentence below GAME OVER translates
to please press space key. When the key is pressed, the game
log is saved in a CSV file.
3.6 Game Implementation
A prototype of the proposed game is implemented using
Processing, a Java-based programming language that is
suitable for creating interactive graphics.
4.

APPLICATION EXPERIMENTS

4.1 Case 1: Difference between Experienced and
Inexperienced Players
The table assignment task in a restaurant similar to the one in
the game should be quite challenging and therefore, certain
skills are necessary to perform it well. Thus, if the major
challenges of the task have been successfully incorporated
into the proposed game, the game score should be dependent
on the player’s expertise or experience in the actual table
assignment task. The objective of the case 1 experiment was
to confirm this.

Table 1: Game scores in case 1.

yes

860

825

842.5

20

no

685

860

772.5

21

no

1005

845

925.0

22

no

720

720

720.0

23

no

820

1030

925.0

24

yes

1010

865

937.5

25

no

710

985

847.5

The average score of all the players was 813.0, and those with
experience versus no experience were 899.2 and 785.5,
respectively. Thus, the experienced players scored higher than
the inexperienced players. This difference is confirmed to be
statistically significant through a t test, with a p value of about
0.019. Accordingly, it was confirmed through this experiment
that the score of the proposed game depends on the player’s
experience in performing the table assignment task in a real
restaurant. Hence, the proposed game and the actual table
assignment task have at least some characteristics in common.
4.2 Case 2: Characterization of Strategies of Players
Different players may use different strategies when playing
the game, with some effective and others not. In order to
understand what sort of strategies were more effective than
others in performing the table assignment task, differences
among the strategies needed to be captured in terms of certain
characteristics and these characteristics needed to relate to the
performance of the task. The objective of case 2 was to take a
first step towards this goal.

id

expertise

1st

2nd

average

1

yes

875

990

932.5

2

no

715

905

810.0

3

yes

1020

1020

1020.0

4

yes

750

865

807.5

5

no

795

920

857.5

6

no

605

830

717.5

7

no

920

820

870.0

8

no

570

710

640.0

9

no
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590

485.0

10

no

790

675

732.5

11

no

715

735

725.0

12

no

610

780

695.0

id

expertise

1st

2nd

average

13

no

765

565

665.0

1

yes

910

820

865.0

14

yes

1000

710

855.0

2

no

910

880

895.0

15

no

710

880

795.0

3

yes

940

840

890.0

16

no

850

980

915.0

4

no

815

860

837.5

17

no

895

810

852.5

5

no

915

945

930.0

18

no

930

1020

975.0

6

no

940

895

917.5
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We recruited 20 players for this purpose. Most of them were
undergraduate students of Aoyama Gakuin University, and
had also participated in the case 1 experiment. They played
the game twice after a brief instruction and a practice session.
They were instructed to play the game as they saw fit
according to their own strategies in the first trial but, in the
second trial, to play the game following specified standard
rules. This made it possible to attribute the effects of any
strategies in the first trial to the difference between the two
trials.
The standard rules used in the experiment were basically a
simple FCFS (First-Come-First-Served) dispatch rule but with
an exception. The exception allowed the assignment of a set
of bar seats to a customer group that arrived later than the first
group in queue, if all the earlier groups had refused bar seats.
The game scores for case 2 are shown in Table 2.
Table 2: Game scores in case 2.
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We recruited 25 players for this purpose. Six of them had
experience in performing the task in a real restaurant and the
others did not. Most players were undergraduate students,
except for an experienced player. Each player played the
game twice after being given an explanation of the rules and
operation of the game as well as a brief practice session. The
game scores are shown in Table 1.

19

x5: the difference between the trials in the number of
groups who left without having a meal

7

yes

915

900

907.5

8

no

850

820

835.0

9

yes

915

880

897.5

10

yes

720

775

747.5

x7: the difference between the trials in the number of
times bonus points were received

11

yes

840

910

875.0

12

no

880

865

872.5

x8: the difference between the trials in the number of
times penalty points were deducted

13

no

930

905

917.5

14

no

935

865

900.0

15

no

690

680

685.0

16

no

885

880

882.5

17

no

825

765

795.0

18

yes

955

930

942.5

19

yes

955

940

947.5

20

no

855

795

825.0

Various strategies can guide a player to manage the table
assignment task. Accordingly, among the 20 players
participating in the experiment, some may have used similar
strategies while others differing ones. Further, the
effectiveness of a strategy may vary among types of strategies.
Thus, in order to capture and compare the strategy types
actually used in the experiment, cluster analysis was applied
to the calculated values of the characteristic variables x1, x2,
…, x11.

2

Distance

3

4

5

In the analysis, the values are first normalized so that the
mean is shifted to 0 and the standard deviation is adjusted to 1.
Then, the distances among the players (their strategies) are
evaluated by cosine distance. Finally, the hierarchical cluster
analysis using Ward’s method is applied to the distance data.
The result is shown in Figure 6 in the form of a dendrogram.

9
6
12

7
18
4
19
3
13

5
11
10

20

14
1
15

x1: the difference between the trials (first minus second)
in the number of customers assigned tables

The calculated values of the characteristic variables are
presented in Table 3, where the order of the players are sorted
according to the cluster analysis results described below.

16
2
8
17

y: the ratio of the game score of the first trial to that of the
second

x11: the difference between the trials in the number of
times that players assigned bar seats to customer
groups when other tables were available as well

1

First, as measures to capture the differences between the trials,
the following 12 variables were introduced and calculated
from the game log.

x10: the difference between the trials in the number of
times players changed the sequence of customer
groups from the one specified by the standard rules

0

The average score from all the trials was 868.25, and those of
first and second trials were 879.0 and 857.5, respectively.
Thus, the players scored higher on average when allowed to
play as they saw fit. This difference is confirmed to be
statistically significant through a matched pair t test, with a p
value of about 0.047. Accordingly, it was confirmed through
this experiment that the players on average could improve
their game scores by deviating from the standard rules. Next,
an attempted was made to characterize the strategies behind
the deviation by looking into the differences between the two
trials.

x9: the difference between the trials in the average level
of dissatisfaction of the customer groups

x2: the difference between the trials in the number of
groups assigned tables

Figure 6: Dendrogram from cluster analysis.

x3: the difference between the trials in the average size of
the groups assigned tables

When divided at the broken line in Figure 6, five clusters of
players are obtained as indicated in Table 3. Each of these can
be regarded as a strategy type, and this type can be
characterized according to its average characteristic values as
follows.

x4: the difference between the trials in the number of
customers who left without having a meal
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In this case, the difference between the scores of experienced
and inexperienced players was not statistically significant.
The p value of the t test was 0.247. This suggests that even the
inexperienced players gained some skills through their
experience playing the game itself. Thus, the data of the two
groups of players were merged and treated together in the
following analysis.

x6: the difference between the trials in the average size of
the groups who left without having a meal

Table 3: The values of characteristic variables from case 2.
cluster

1

2

3

x1

x2

x3

x4

x5

x6

x7

x8

x9

x10

x11

2

1.03

7

4

0.99

14

5

0.95

4

1

-1.16

0.27

0.47

8

1.04

9

8

0.93

20

7

0.96

6

2

-3.22

0.23

0.38

16

1.01

11

8

0.94

15

5

1.31

-1

2

-1.03

0.54

0.48

17

1.08

13

8

0.96

16

6

1.11

2

1

-1.62

0.30

0.33

1

1.11

6

9

0.86

8

0

2.00

8

1

-2.76

0.04

0.13

14

1.08

9

7

0.95

10

2

1.27

2

-1

-2.62

0.14

0.29

15

1.01

3

4

0.93

8

2

1.17

3

1

-2.10

0.14

0.31

20

1.08

9

7

0.94

4

0

1.57

1

2

-0.74

0.00

0.31

5

0.97

-1

1

0.97

2

0

3.00

-3

-2

-0.79

0.02

0.58

7

1.02

1

3

0.95

13

3

1.70

1

-6

-1.28

0.28

0.56

10

0.93

-8

6

0.78

7

3

0.89

2

-4

0.53

0.00

0.48

11

0.92

-2

1

0.95

10

3

1.40

2

2

-1.60

0.12

0.47

18

1.03

1

3

0.95

13

3

1.70

5

-3

-1.00

0.11

0.41

3

1.12

2

-1

1.05

-8

-3

1.00

2

-2

1.02

0.00

0.32

4

0.95

0

-1

1.03

3

3

0.60

-1

2

0.27

0.05

0.34

13

1.03

3

1

1.01

-3

-1

1.00

-1

1

-0.03

0.00

0.37

19

1.02

0

1

0.98

3

1

1.17

2

-1

-0.16

0.05

0.33

6

1.05

7

3

1.01

-1

0

0.80

-3

0

-0.59

0.27

0.53

9

1.04

8

3

1.02

9

4

0.91

-3

-3

-2.26

0.22

0.5

12

1.02

5

3

0.99

1

1

0.80

0

3

-1.12

0.05

0.54

x2). At the same time, the average level of dissatisfaction was
reduced (x9), that is, the average waiting time was shortened.
However, it is also apparent that the number of customers and
customer groups leaving the restaurant without having a meal
also increased (x4 and x5), and, as a result, the score
improved only a little (y). This strategy type might be
effective when more emphasis is put on, for example, the
turnover rate of customers, but does not seem to have worked
as the players expected in this case.

-2

-1

0

1

2

5

y

y

x1 x2

x3 x4

x5 x6 x7

x8 x9 x10 x11

Figure 7: Average characteristic values of cluster 1.
Figure 7 shows the average values of the characteristic
variables including y after normalization of the players in
cluster 1. Of note, this strategy type frequently changed the
sequence of customer groups from that specified by the
standard rules (x10), and thereby increased the number of
customers and customer groups led to the dining room (x1 and
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Figure 8 represents the average values of the characteristic
variables after normalization in cluster 2. This strategy type
increased the numbers of customers and customer groups led
to the dining room (x1 and x2) without increasing the number
of those leaving the restaurant without having a meal (x4 and
x5). The average level of dissatisfaction and hence the
average waiting time were also reduced (x9). As a result, this
strategy type worked well (y). Further, it was accomplished
without frequently changing the sequence of customer groups
specified by the standard rules (x10). Customer groups tended
to be assigned tables rather than bar seats (x11), and small
sized groups seem to have been prioritized (x3).
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4

id

-2

-1

0

1

2

Figure 10 provides the same information for cluster 4. This
strategy type resulted in a very high average level of
dissatisfaction (x9), meaning that customers needed to wait
longer until being seated in the dining room on average. This
might be because larger sized groups were prioritized (x3). As
a result, the numbers of customers and customer groups led to
the dining room decreased (x1 and x2), but, at the same time,
the numbers of those leaving the restaurant without having a
meal also decreased (x4 and x5). The sequence of customer
groups specified by the standard rules was not changed as
often (x10). The performance of this strategy type was
moderate in this case (y).
x1 x2

x3 x4

x5 x6 x7

x8 x9 x10 x11

2

y

-2

0

-1

1

0

2

1

Figure 8: Average characteristic values of cluster 2.

-1

y

x1 x2

x3 x4

x5 x6 x7

x8 x9 x10 x11

-2

y

x1 x2

x3 x4

x5 x6 x7

x8 x9 x10 x11

Figure 9: Average characteristic values of cluster 3.

-1

0

1

2

Figure 9 shows the same values of the characteristic variables
in cluster 3. Of note, this strategy type performed the worst
among the five types in this case (y). Contrary to cluster 2,
customer groups tended to be assigned bar seats (x11). This
might result in a lower number of customers and a small
average size of customer groups being led to the dining room
(x1 and X3) and a higher average size of groups leaving the
restaurant without having a meal (x6). Further, the average
level of dissatisfaction increased slightly (x9).

Figure 11 represents the characteristic variables in cluster 5.
Of note, this strategy type led customers to bar seats
preferentially (x11) and, at the same time, large sized groups
were prioritized (x3). As a result, the number of customers led
to the dining room increased (x1) and that of customers
leaving the restaurant without having a meal decreased (x4).
This means that this strategy type successfully controlled the
waiting time of customers. However, this type rarely received
bonus points (x7), and hence worked only slightly better than
average in this case.
In summary, the strategies actually taken by the players in the
second trial of this experiment were successfully categorized
into five types and each of them can be characterized through
the approach described above. As shown, the cluster 2
strategy type performed the best, and the analysis described
what must be kept in mind in order to carry out the task
according to this strategy type. Further, insights can also be
gained by a similar approach if more detailed information is
recorded in the game log. For instance, if every action taken
by the player and the conditions at the time of the waiting
room and dining room are collected, decision-making rules
can be mined by applying a machine learning technique to the
data. Further, it seems that the effective strategy type depends
on various factors, and above all the objective function. It will
be helpful to refine the game design so that those factors can
be easily fine-tuned according to each restaurant considered.

-2

5.
y

x1 x2

x3 x4

x5 x6 x7

x8 x9 x10 x11

Figure 10: Average characteristic values of cluster 4.
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CONCLUSIONS

This paper addressed the table assignment problem in a
restaurant, where groups of customers arrive without
reservations. Since the problem has dynamic and subjective
aspects, the task is usually carried out by an individual
according to informal and unspecified strategies. Thus, a
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Figure 11: Average characteristic values of cluster 5.

serious game approach was proposed for eliciting effective
tacit strategies to handle the dynamic table assignment task.
Further, a prototype of the game was developed and
laboratory experiments were conducted using the prototype.
As a result, it was confirmed that the score of the proposed
game depends on the player’s experience in performing the
table assignment task in a real restaurant. Hence, the proposed
game and the actual table assignment task have at least some
characteristics in common. Further, the players on average can
improve the game score through applying their own strategies,
and the strategies can be characterized through the data
obtained by the game. Future research directions include
refining the game design and increasing application cases.
REFERENCES

386

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Bertsimas, D., & Shioda, R. (2003). Restaurant revenue management.
Operations Research, 51(3), 472-486.
Dunbar, N. E., Miller, C. H., Adame, B. J., Elizondo, J., Wilson, S.
N., Lane, B. L., Kauffman, A. A., Bessarabova, E., Jensen,
M. L., Straub, S. K., Lee, Y., Burgoon, J. K., Valacich, J. J.,
Jenkins, J., & Zhang, J. (2014). Implicit and explicit
training in the mitigation of cognitive bias through the use
of a serious game. Computers in Human Behavior, 37,
307-318.
Fung, K. K. (2001). It is not how long it is, but how you make it
long-waiting lines in a multi-step service process. System
Dynamics Review, 17(4), 333-340.
Graafland, M., Vollebergh, M. F., Lagarde, S. M., van Haperen, M.,
Bemelman, W. A., & Schijven, M. P. (2014). A serious
game can be a valid method to train clinical decisionmaking in surgery. World Journal of Surgery, 38, 30563062.
Guerriero, F., Miglionico, G., & Olivito, F. (2014). Strategic and
operational decisions in restaurant revenue management.
European Journal of Operational Research, 237, 11191132.
Hwang, J. (2008). Restaurant table management to reduce customer
waiting times. Journal of Foodservice Business Research,
11(4), 334-351.
Hwang, J., & Lambert, C. U. (2008). The interaction of major
resources and their influence on waiting times in a multistage restaurant. International Journal of Hospitality
Management, 27, 541-551.
Hwang, J., & Lambert, C. U. (2009). The use of acceptable customer
waiting times for capacity management in a multistage
restaurant. Journal of Hospitality & Tourism Research,
33(4), 547-561.
Kimes, S. E., & Thompson, G. M. (2004). Restaurant revenue
management at Chevys: determining the best table mix.
Decision Sciences, 35(3), 371-392.
Kimes, S. E., & Thompson, G. M. (2005). An evaluation of heuristic
methods for determining the best table mix in full-service
restaurants. Journal of Operations Management, 23, 599617.
Mohan, D., Angus, D. C., Ricketts, D., Farris, C., Fischhoff, B.,
Rosengart, M. R., Yealy, D. M., & Barnato, A. E. (2014).
Assessing the validity of using serious game technology to
analyze physician decision making. PLoS One, 9, 1-8.
Thompson, G. M. (2002). Optimizing a restaurant's seating capacity:
use dedicated or combinable tables? Cornell Hotel and
Restaurant Administration Quarterly, 43, 48-57.
Thompson, G. M. (2003). Optimizing a restaurant-table
configurations: specifying combinable tables. Cornell
Hotel and Restaurant Administration Quarterly, 44, 53-60.
Taylor, S. (1994). Waiting for service: the relationship between
delays and evaluations of service. Journal of Marketing,
58, 56-69.
van der Spek, E. D., van Oostendorp, H., & Meyer, J. C. (2013).
Introducing surprising events can stimulate deep learning
in a serious game. British Journal of Educational
Technology, 44, 156-169.

Australasian Simulation Congress
www.simulationcongress.com

Artillery Simulation as a Pedagogical Tool in Military Education

ARTICLE INFO

Article accepted:
June 2016

Key words:

Military Education
Artillery Warfare

Modelling and Simulation
Serious Games

Björn Persson

Swedish Defence University
bjorn.persson@fhs.se

1.

This study investigates the possibility of using computer-based simulators and war games as
a part of the ballistics and artillery courses offered to officers and cadets at the Swedish
Defence University. The idea is to enhance the learning process by allowing the students to
experiment with physically justified exterior-ballistics models and demonstrate how artillery
can be used in combat to achieve military objectives. The pedagogical effect of two types of
exercises is investigated: one focusing on the physics of exterior ballistics and the other being
a war game where artillery warfare can be exercised. The students are shown how different
forces and moments affect the trajectory of a shell in-flight and what possibilities and
limitations different artillery systems offer. In the war game, the students get to practice
command and control in a tactical scenario against an intelligent opponent, an opponent in the
form of another student. The main result of the study consists of a self-report survey and
lessons learned by the author. The survey revealed that both the officers and the cadets
thought that this type of interactive learning was a good compliment to more traditional
education and that they perceived that their understanding of exterior ballistics and artillery
tactics was enhanced by working in the simulator. This initial successful outcome gives
reason to further explore how other learning objectives can be achieved by expanding the
scenarios and focusing on other factors, such as logistics or deployment of artillery locating
radar. Furthermore, the war game was limited to a fix situation, scenarios with multiple
objectives several ways of completing those objectives should be considered to better reflect
the complex environment encountered in ground warfare.

INTRODUCTION

The use of models and simulations to plan military endeavors
is probably as old as war itself, a simple sketch in dirt and
some sticks and stones to represent own and hostile units
qualifies as models. Over the millennia the art of war gaming
has evolved to train officers in decision making, tactics,
leadership, and understanding of possibilities and limitations
of various military system, which are all vital skills for
waging war. Simple board games, such as Go and Chess, have
been used in the training of officers for a long time. A more
modern alternative is Kriegsspiel, which was developed by
the Prussian officer von Reiswitz in the beginning of the
nineteenth century and which had better resemblance to the
warfare of that time (Sabin, 2012). The development and
availability of digital computers in the late twentieth century
have made it possible to create complex and detailed war
games for education (Warmelink et al. 2012, Smith 2010) and
simulators for operations research (Fossett, Harrison,
Weintrob, & Gass, 1991). This study presents ongoing
research on the use of computer-based simulators as a
pedagogical tool for educating cadets and officers in the
Swedish Armed Forces (SwAF) on exterior ballistics,
command and control (C2), and artillery tactics.
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Education of officers has always faced one big dilemma: the
fact that in order to really know how well the officer has
become he or she needs to participate in armed conflicts,
events that most modern armed forces aim to prevent from
ever happening. Education in most other professions does not
have this problem, since the students can be trained and tested
in the environment they are expected to work; such as
engineers, doctors, lawyers, etc. Simulations and games can
play an important role in such higher education (GarciaCarbonell, Andreu-Andrés, & Watts, 2014), but for military
education simulators and war games are two of very few
methods which allow for the officers or cadets to safely
practice and learn in an environment similar enough to the
operational environment (Smith R. D., 1998).

Military simulators have been used in a vast number of
applications, ranging from practicing control of a fighter
aircraft in simulators (Allerton, 2009) to operational analysis,
where skirmishes or entire operations are analysed
(Sabuncuoglu and Virlan, 2011, Garrabrants, 1998, Bin and
Jiaxin, 2013).
Common for all educational simulators is that they have to be
verified and validated against the intended learning objectives
(Balci, 1994). Thus, the learning objectives should dictate the
fidelity of the included models. Simulators and games, which
focus on handling or management of a particular system, for
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example an aircraft can require rather high fidelity models in
order for the knowledge gained in the simulator to be
transferable to real-life operations.

Utilizing artillery effectively in ground warfare is no easy task
for any military commander, especially not against an
intelligent and well-equipped opponent. Modern artillery
pieces can hit targets tens of kilometers away, if they are in
possession of appropriate intelligence. Furthermore,
technological advancement has made it possible to design
self-propelled artillery pieces which need to be deployed and
redeployed in a tactical manner to maximize their military
utility (Andersson, o.a., 2015) and to minimize risk of enemy
counter actions. Another trend is increased rate of fire in
artillery pieces, which increases the need for an effective
logistics chain to supply the artillery units with munition and
charges. Thus, commanders of ground forces who wish to
deploy artillery must assess how to obtain target coordinates,
make sure the artillery is deployed correctly, have an
understanding of the time-delay between giving the fire
command and seeing the effect in the target area, make sure
the artillery is well supplied, and consider the threat the
opponent poses to the own artillery units; in general this work
load is distributed between several military staff.

This paper is structured in the following way: Section 2
contains an overview of the simulator and a brief explanation
of how the exterior ballistics is modelled. In Section 3 the war
game is described and Section 4 describes the test audience
and the method chosen to evaluate the investigation. Section 5
contains some impressions from the students who participated
in the exercises and reflections on the method by the author.
Finally, Section 6 contains general conclusions drawn from
the pedagogical investigation.
2.

SIMULATOR DESCRIPTION

The exterior ballistics simulator used in this study was called
ArtLab, which was developed in the simulation-framework
FLAMES1. FLAMES is a time-evolving agent-based
simulator environment and many of the bundled FLAMES
models2 were used to create an environment where ballistics
could be studied; for example the bundled earth model, terrain
models, roads, and targets. All models related to the actual
ballistics or weapon systems were custom developed, which is
what is described in the following section.

The governing equations for the shells were the equations of
motion, given by (1) and (2). Equation (1) dictates the linear
motion and (2) gives the rotational motion of the shell inflight.
����=−�����2��+�����2��2�−�·��−����
���2������·��×�+�������+���2��×�+�+

(1)

1

Ternion Corporation, www.ternion.com/

2

www.ternion.com/bundled-components/
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is the velocity vector with respect to a fixed earth coordinate
is the air density (kg/m3), S is the projectile reference area
������ are aerodynamic coefficients, where “�����"
�� is the transverse moment of inertia of the shell (kg·m2),
�� is the axial moment of inertia of the shell (kg·m2) , see
(McCoy, 2012) for more details.

Exterior ballistic-models were derived from (1) and (2), where
the initial conditions, such as azimuth and elevation angle,
and initial velocity, were set by a model of the artillery piece.
Splines were used to interpolate the aerodynamic coefficients
as functions of Mach number and angle of attack. For numeric
integration of (1) and (2), the explicit Adams-Bashforth
scheme (Nørsett, Hairer, & Wanner, 1987) was used. Using
this approach it was possible to create exterior ballistic
models which had realistic flight time, range, and deviation.
The exterior ballistic models were verified against firing
tables and actual live fire experiments, as described in
(Thuresson, 2015).

An example of the simulator can be seen in Figure 1, which
depicts a deployed Archer piece. The blue line is a trace of a
recently fired shell.

Figure 1: An example of what the simulator environment
look like. The image shows a deployed artillery piece and the
flight path of a shell in blue.

Figure 2 shows a close-up of the shell with visualizations of
the forces given by (1). For example, the gravitational force is
the arrow directed straight towards the ground and the drag
force is perpendicular to the green velocity vector. The
moments given by (2) can also be shown in a similar fashion;
however, in Figure 2 they have been hidden for readability.

Two types of self-propelled artillery systems were modelled,
one Archer Artillery system and one 2S19 Msta. Both models
consisted of several sub-models, for example: a graphical
model, cognition models, communication models, a model for
movement and deployment time, and a model for the weapon
system. The weapon system dictated properties such as rate of
fire, number of shells, initial velocities for the shells, etc. In
addition, the artillery models were equipped with fire-control
computers, enabling the player to choose coordinates on the
map to control where the artillery piece should be firing.
Two types of shell models were used, one based on the data
for the SGR 77 and the other shell was a fictive guided shell
called FHS Special. The SGR 77 is used by the SwAF and is
an unguided shrapnel shell with a proximity fuse, thus in the
war game it was able to destroy light armored vehicles, such
as trucks, in a large area in front of the shell. The FHS Special
carried a sensor, which allowed it to detect targets in-flight
and make small changes to its trajectory in order to detonate
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The aspects from the previous paragraph on command and
control can be studied in the war game described in this study,
which along with a laboratory exercise on exterior ballistics
constitute the core purpose of the study. This is a cheap,
flexible and safe way to give both officers and cadets
experience and a conceptual understanding of the challenges
related to deployment and command of artillery in ground
warfare.

����=����2���2���·��+�������2���×�+
���2����2���·��−�·��+����2���+���2�
(2)
��−�·��

closer to the target. This shell was equipped with a shaped
charge warhead allowing it to destroy heavy armored targets,
but the range it could damage targets at was shorter than for
the SGR 77.

The damage a shell could inflict on a target was modelled
using a simple probabilistic approach, where the target was
either unharmed or destroyed. Two probability statistics and a
range statistic were defined in a table for every warhead-target
combination. The range statistic defined the maximum
distance from which the shell could damage the target. If the
shell detonated at that exact distance the probability in one of
the probability statistics were used to determine the outcome.
The closer the shell detonated to the center of the target the
higher the probability for destruction, this was calculated by
using linear interpolation between the two probability
statistics. Naturally, this model was oversimplified, but at
least it forced the player to use correct munitions against
different targets.

3.

GAME DESCRIPTION

The simulator described above lay the foundation for creating
a serious game called the King of Battle3 (KoB), which
consisted of custom developed models in FLAMES. The
purpose with the game can be divided into three different
categories. First, the objective with the ballistics simulator
was to give understanding of the physics involved in exterior
ballistics. Second, the game KoB, which is based on the
simulator, provides the possibility to study artillery tactics,
military decision making, and the military capabilities a
modern artillery battery possess. Thirdly, the purpose of using
simulators and serious games in the course was to introduce
the cadets and officers to the potential of using simulators and
serious games for military endeavors in their future career.
KoB puts the player in the roll of a fire controller who can
assign fire missions to subordinate artillery pieces and order
them to move around on the battlefield. The game is played in
real-time and deployment, movement, and shell flight-time
were set to match the time it takes to perform these tasks in
reality.

In order to create a scenario where artillery tactics can be
studied it is important to capture key elements in ground
warfare, so that the outcome and learning experience can be
relevant to real-life operations. The scenario played in KoB
was developed with support from officers working with
artillery in SwAF and it took place at a military exercise area
where similar scenarios are practiced in real life.

For the work in ArtLab, the officers and cadets were given an
oral introduction on how the simulator worked, accompanied
by a written instruction on how to operate the simulated
artillery pieces. The students were given a paper with
questions regarding exterior ballistics, which they were to
answer after experimenting with the simulator. During the
laboratory work, which lasted for approximately four hours,
the students could follow the shell in its trajectory and see
how different forces and moments varied over time. They
were also able to explore how the trajectory changed when
turning on and off different forces and moments in (1) and (2)
and how large the dispersion pattern was for variations in
initial velocity. The sessions ended with group discussions
where the answers to the questions were addressed. This
ensured that potential misunderstandings from the laboratory
work could be raised and sorted out.

A key concept for almost every military operation is to take
advantage of situations when the opponent is unaware of the
actions taken by own forces, which can be used for ambushes
or other tactical deployments. KoB was played over a network
where information of the location and state of own units was
shown on the own map, but the position of hostile units was
only revealed when they had been detected by own sensors,
i.e. visually or by radar sensors.

The primary sensor which fed the blue team with target
information came from aircraft which were flying in
predefined patterns with the purpose of spotting and reporting
the location of the convoys. The target information was

3
The King of Battle is a title which historically has been attributed to field
artillery.
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Figure 2: An image of the SGR77 shell in its trajectory. Red
arrows represent forces in (1) and the green arrow is the
velocity vector.

The scenario consisted of two players on different teams, red
and blue. Red’s objective was to protect truck convoys
moving on the road network from north to south, while blue’s
objective was to destroy as many red trucks as possible. The
starting position of each unit was varied between sessions;
one configuration can be seen in Figure 3. The game ended
when all trucks were destroyed or had left the area. Blue side
could destroy trucks using Archer artillery units deployed to
the south-west of the river seen in Figure 3. The red convoys
were preprogramed to take a fixed route and they operated
beyond the control of the red player. However, red player
were in control of a number of 2S19 artillery systems, which
could be used to target the blue player’s artillery pieces,
thereby increasing the survivability of the red convoy. The
scenario was rather simple and did not reflect all the options,
risks, and possibilities commanders in modern military forces
are exposed to. Nevertheless, the simplicity was beneficial in
that it was easy to understand the scenario while it still
managed to capture many of the difficulties military
commanders are facing.

presented to the blue player on the map when a target was
found.

All units, except the aircraft, were bound to move on the road
network and in order for artillery systems to fire, a certain
amount of time were required to deploy the system, ranging
from 30 seconds to several minutes depending on the system.
Combined with the fact that the artillery could only elevate
and rotate the barrel to a certain extent was captured in the
models, which made deployment an important tactical factor.

4.

DESCRIPTION OF THE INVESTIGATION

The laboratory work was performed by students from two
different courses, one for further education of officers
focusing on technical aspects on warfare and one for cadets
oriented towards scientific methods used to study and solve
military problems.

The first test group consisted of officers from the Navy, the
Army, and the Air Force of the SwAF and one artillery officer
from the Norwegian Army. In total, the group consisted of 22
officers with ranks of either Captain or Major, thus each
officer had at least eight years of military experience.
The second group consisted of cadets in their third semester of
the Swedish Officer’s program. The cadets came from the
Army and the Air Force of the SwAF and were six in total.
The officers only worked in ArtLab, whereas the cadets did
both the laboratory work and played KoB against each other,
each activity taking about four hours.

Figure 3: One of the scenarios which contains a red convoy,
one red and four blue artillery pieces, a blue reconnaissance
aircraft, and one red tank. Note that the perspective is in God
mode, during gameplay the location of hostile units is not
shown unless detected by own sensors.

When using artillery in reality, there is a risk that the
opponent can locate the artillery piece that is firing using
artillery-locating radar-systems. In KoB both sides were in
possession of artillery-locating radar, which was modelled on
a functional level, meaning there were no radar platforms
deployed in the scenario but the location of artillery units
were revealed to the opponent whenever a shell was fired by
that unit.

A typical turn of events were as follows: blue aircraft detects
red convoy, blue player decides on which artillery
piece/pieces should fire and what firing program to use, red
artillery-locating radar detects the blue shells and reveals the
position of the firing unit to red player who has the
opportunity to return fire. If the shells detonate close enough
to a target it risks being destroyed. The number of possible
decisions for the players was large, since both sides had
several artillery pieces for which the choice between firing
programs could be made. The pieces could furthermore be
redeployed in a tactical manner.
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The officers were given the survey two days after the
investigation had been conducted and they had a response rate
of 45 percent. The cadets were asked to answer the survey
directly after the end of the last KoB round, resulting in a 100
percent response rate. However, this also resulted in that the
cadets had less time to reflect on what they had learned and
what could have been improved before evaluating the
exercises.
5.

RESULT & DISCUSSION

This section contains results from the survey and some
reflections made by the author, who also supervised the game
and the laboratory work.

The bar charts in Figure 4 and Figure 5 reveal that all
respondents thought that computer simulations and games
were a positive compliment to traditional education.
Furthermore, the overall trend was that the students thought
that their understanding of exterior ballistics had been
improved by doing the laboratory work, which was one of the
learning objectives.

Figure 4 contains the officers’ answers concerning the
laboratory work. As the cadets performed both the laboratory
work and played KoB, their survey contained a larger number
of questions, to which the answers can be seen in Figure 4. It
should be noted that the officers were the first group on which
the simulator was tested and that the software was slightly
enhanced before the cadets got to do the exercise.
The equations (1) and (2) describe the physics of projectiles
in-flight. However, a certain degree of mathematical maturity
is required in order for the students to grasp the full meaning
of the equations. This maturity is not always possible to reach
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The result of introducing computer simulations and gaming in
the courses was assessed by asking the students to take a short
survey on how they perceived the exercises. The survey was
answered anonymously in a web browser. Furthermore the
author and supervisor of the investigation had no influence
over grades or any other aspect which could give the
respondents reason not to answer the questions truthfully. The
survey contained questions related to the design and
presentation of the exercises, as well as questions regarding
whether or not the simulator was useful as a tool for learning
exterior ballistics and artillery tactics. Also, the respondents
had the opportunity to give their own view in open questions
at the end of the survey.

Figure 4: The officers’ answers to the survey on the laboratory work

Figure 4: The cadets’ answers to the survey on the laboratory work and KoB

“I have a background from the artillery and I perceived that
the laboratory work gave a feeling for indirect fire and the
forces that affects the exterior ballistics. Excellent”
and one of the cadets wrote:

”Both educational and fun at once, this leads to enhanced
learning. To graphically see how the different forces affect the
exterior ballistics of the projectile made it easier to associate
to reality. For example how drag reduces the range of the
shell.”

KoB also seems to have had the desired effect of creating an
environment where artillery tactics could be studied and
learned; judging by the answers on these topics given by the
cadets in Figure 4. These claims get further support from the
survey where one cadet wrote:

”The game helped me realize that there is a significant
connection between systems, tactics, and technology. A good
compliment to “ordinary” education to improve
understanding”
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another cadet wrote:

”A clear way to demonstrate tactics, functionality, and field of
application”

The primary indicator for the educational outcome was selfreports from the students. This can be a deceitful way of
evaluating educational effects since it can be difficult for the
student to assess whether he or she has reached the learning
objectives. A self-report where the students are dissatisfied is
a good indication that something is wrong with the
educational effort, but the opposite does not necessarily hold
true. Ideally self-reports should be complemented with a
written exam on the learning objectives, which should
moreover be compared to a control group who receives
traditional education only. However, the course structure did
not permit for such evaluation and the number of students was
limited, which is why the self-reports will have to serve as the
empirical foundation for this study.

Time is limited when performing these types of exercise as
part of a course; one very important aspect is to create a userfriendly interface to minimize the time the players need to
spend on learning how to operate the simulator.

Modeling is an activity, which always face the trade-off
between realism and simplicity, and at the end of the day, it
will never be possible to capture every aspect of a combat
scenario with the desired fidelity. It is of high importance that
the players are informed beforehand of the validity and
fidelity of various aspects in the simulator, so that the players
know what can and cannot be learned from the game.
Modelling errors and game design will prevent the students
from learning certain things from the game and they should be
aware of such limitations and focus on what they are actually
intended to learn.
The use of digital games and simulations in education is a
relatively new teaching method for educating Swedish
officers, which in no way guarantees improved learning over
other forms of education. However, in this study there are
some good arguments for why the approach with digital
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in the education of officers, who are in need of a large number
of different subjects and skillsets. Besides, it is not certain that
such maturity would improve their qualities as professionals
in an armed force. By visualizing and observing how the
forces, moments, and velocities evolve over time, it was
possible for the students to get an understanding of the
physics involved in exterior ballistics without turning the
ballistics course into a course on mathematics. Some
understanding of vector algebra and Newton’s laws were still
required, but this can usually be covered during a regular
ballistics course. Anyhow, the pedagogics needed to be
adjusted to the students’ prior knowledge, and judging by the
bar charts in Figure 4 and Figure 5 this was achieved for both
the officers and the cadets. In addition, the idea of studying
ballistics in a simulator was well received by the students. For
example, one of the officers wrote on an open question in the
survey:

simulation and gaming can be successful for teaching exterior
ballistics and artillery tactics. First of all, the outcome of the
survey was rather clear; all the respondents answered that they
thought that the exercises were good compliments to
traditional education. Secondly, the author perceived that the
students’ commitment was enhanced. Furthermore, the
number of questions asked by the students related to the
learning objectives increased compared to traditional lectures
on exterior ballistics. Thirdly, it is rare to find straight answers
to questions relating to military tactics, mainly because the
appropriate action or counter action depends heavily on the
actions and capabilities of the opponent, creating a duel-like
situation. Therefore, when aiming to teach tactics it is
important to capture this duel, a task which is very difficult to
achieve during a traditional lecture. To capture this duel
situation was one of the design objectives with KoB and the
game forced the participants to think about technical
possibilities and limitations inherent in both own and the
opponent’s artillery systems and how they could be used to
achieve mission objectives.
6.

CONCLUSIONS

FUTURE RESEARCH

The content and scenarios of any war game should be adjusted
to address particular learning objectives that the players
should achieve. In this work a simple scenario was used to
illustrate the basic principles of how artillery can be used on
the battle field. To increase the realism, several other elements
will be included in future versions; such as logistics, artillery
locating radar deployment, a more advanced armored combat
situation which the artillery could support, and scenarios
involving more than just two players.
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When educating officers, the primary objective is to produce
competent personnel which are useful to the armed forces
they are intended to be employed by and one of the main
objectives of most armed forces is to be able to engage an
enemy in armed combat. Thus, useful officers need to be
trained in various disciplines to understand complex combat
situations and to make good decisions. This study has shown
that the officers thought that the ballistics simulator helped
improved their understanding of exterior ballistics. The cadets
perceived that the ballistics simulator and the war game
increased their understanding of both the technical and tactical
aspects associated with ballistics and artillery. In addition, the
exercises were a good way of introducing the methods of
simulation and war gaming as tools to be used by officers to
analyze military problems.
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INTRODUCTION

The development of technical solutions to human problems has been
the study of Human Computer Interaction for many years. However
while the computing students learn how to engage with the user and
the client in a productive manner and to avoid ownership of an
underdeveloped concept proposal, in general the people they will be
working with have little idea of the software development process
and what is required to enable this to function. It is important that
this communication gap not be allowed to grow. Everyone in the
project has an obligation to comprehend all sides of the process –
without necessarily having to understand all the details involved. The
project owners, hiring software developers to turn their concepts into
reality are usually less likely to have undertaken explicit training to
grasp just how complex are the technological tasks they are
commissioning machine can talk. Thus it is equally important for
both the non-technical team members to understand the work
involved in designing and developing the software and hardware
required to turn their ides into functioning outcomes. In effect, they
need at least a minimal understanding of the parameters of the
machine-driven goals they are commissioning and understand the
type of work involved in designing and developing the software and
hardware involved.
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The projects we will focus on are those relating to the development
of software for scenarios. This can be simple ‘cutscenes’ and videos
for setting the scene for a discussion or immersive games for
interaction in a simulation environment. Issues, examined in our case
studies, include
1. The reuse of specialised artifacts
2. Working across cultures
3. Disagreements about project leadership and direction
4. Management of the product and its distribution
The scenarios in this case concern Australian Aboriginal health and
education matters and need to be alert to the cultural sensitivities that
such a topic involves.
The paper includes the outline for a simulation via which people can
place themselves in roles on a project team, and use the experience to
investigate effective responses to issues that might arise in their
projects.

2.

BACKGROUND

Software development is one of the most versatile and pervasive
forms of engineering. It has the flexibility of a human language in its
design and scope, since it is, in effect, the rendition of a language (or
languages). However few people are fully aware of the complexity
involved in building software/hardware systems then combining
them to create learning environments.
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1.

Creating scenario based learning environments requires an understanding of both the
content, and the array of learning pathways now available for assuring acquisition of new
knowledge and insights. An appreciation of pitfalls likely to hinder this design process is
particularly vital. The process usually begins with a learning concept derived from some
identified need or goal, and progresses to development of a scenario for engaging and
challenging learners using face-to-face or online formats. Scenarios are developed using
specific, and specialised artefacts and technologies to create interactive learning
environments, and the introduction of computer-based technologies makes the process
even more complex, with highly specialised skills contributing particular elements. More
and more people are involved at each step, and an increasing number of specialisations
now contribute to the final product. We use existing Human Computer Interaction
practices to explore the designer - developer interface and consider how to develop aware
and conscious leadership from within this emergent complexity. Words penned by
George Harrison (1967) aptly encapsulate our theme - “We were talking about the space
between us all”

Given our collective experience in teaching the design and use of
simulations across disciplines and domains, we present in this paper
an exercise in immersion in the development of such projects.
One aspect that has particularly influenced this paper is that many of
the projects have been working with Indigenous Knowledge. We
have learnt from the holistic nature of an Indigenous view of
knowledge and the manner in which it is shared amongst the
members of the group. For instance Indigenous people view
knowledge as residing in place and objects as well as people, which
contradicts much manipulation of knowledge out of context. Such
alternative views of reality must be respected to allow cultural
movement beyond the affect of colonial trauma and allow healing for
all ethnics groups (Lloyd, 2000). Trauma influences people’s ability
to maintain an identity and control of their own affairs, including
projects they negotiate with others. The same is true in project teams
where misunderstandings, strongly held beliefs and disrespect for
each others’ capabilities and disciplinary orientations can impede –
even destroy – all efforts to produce an outcome that began as a
shared goal for the team.

3.

CULTURE OF COLLABORATION

Cross-disciplinary projects provide opportunities to learn about other
aspects of development. As in any other from of cross-cultural
training, discussions involved in finalizing a design or improving a
development require negotiation of knowledges and involve making
sense of each other’s perspectives. It is equally important to avoid
negotiating details before having a good general understanding of the
whole project. While this is understood in project management, even
experienced team members can begin to engage with the details too
early.
Since expertise is the factor causing us to be on a team our belief in
our capability may limit our focus to that which we ‘know’. As a
result team members may fail to learn about each other’s areas of
expertise, ignoring the value of allocating time to understand and
appreciate differences in perspective. A lack of computing skills, or
absence of appreciation of the different requirements for working
with computers versus working with people can also create
misunderstandings, delays and even abandonment of projects (in
extreme cases). A particular cause of concern is the lack of
computing awareness on the part of those commissioning software
projects.
The projects we are concerned with here, are simulations of various
kinds, incorporating development through software, including
creation of environments, interaction aspects, the gamification
features and scenarios to be experienced, and brings to the fore two
complex and often underestimated modes of communication each
one unique to one ‘side’ of the equation that is a software
development team 1. Working to extract intangibles – while story tellers know
the 'story concept' they may not know how to translate
abstract concepts into 'machine language' or software based
product/s
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Providing an immersive environment - a technical engineer
understands the parameters of what can/cannot be done in
various programs/platforms but not necessarily how to
explain that to the story owner.

If either of these issues begins to arise and is not addressed with care
and honesty, team members may inexorably find themselves ‘talking
past each other’ in regard to terminology, plans, project steps etc.
While it is important for al team member to know their domain well,
it is equally vital that they can acknowledge the gaps in their own
knowledge, and attend to establishing how each facts, data and
knowledge from each domain will affect the outcome of the project.
It is especially important for technical staff to be able to define the
boundaries of their expertise, without feeling that they may
inadvertently cast doubt on their competence and find they are
relegated (or dismissed) as others are called in to manage the ‘new’
components which they have not previously encountered.
At the same time technical staff cannot be expected to know the
whole project, nor be expected to ‘do it all’ without access to
assistance in regard to specialist skills. It is equally insensitive for
non-technical team members to assume that their technically
competent peers know everything - or know nothing. Both
assumptions can lead to individual and team failures. A particular
instance where mis-understandings can inhibit collaborative
solutions concerns the use of frequent small demonstrations and
workshop with stakeholders to identify emergent issues in the
design/technology interface. Such sessions are not the final product,
nor should they be considered such. Yet technical experts, who use
such activities to refine and develop their final product, frequent find
themselves accused of ‘neglect’ or ‘incompetence’ when early
prototypes prove to be not exactly what is required. It is ironic that
researchers and authors accept extensive editing of their work as a
normal part of achieving a finished writing product, yet become less
tolerant of the time required for similar processes to be completed for
technical aspects of a project. As with writing research reports, so
with technical processes, success requires time to be spent on
engaging sample groups of actual end-users in demonstrations, to
ensure that issues such as those of usability are properly defined.
Another issue of concern arises where domains overlap. In project
management each person has their preferred model of action
sequencing, however some such modes are more suited to software
development while others relate to managing people. For example,
‘completing a list of tasks’ sounds good to someone managing a
people-based project. However, in agile software development a
successful output may be defined as ‘completion of user stories’, the
desired functional outcome from a user perspective. The list of
programming of tasks will be spread cross development of a number
of stories, such that the developer is focused on the amalgamation of
tasks and how they combine to produce the desired user experience,
they therefore pay less attention to completion of individual tasks.
Under such circumstances team members need to understand the
limitations of their own experience and be able, and willing, to
respect others’. So the team as a whole is learning about integrating
technologies with scenarios, while the individuals are trying to
develop their components for achieving tools to teach through
simulation. To truly engage with the final simulation they will all
need to learn how the separate components interact, and such
learning requires finding common ground, the place where all parties
are able to listen and communicate and understand each other.
In this paper we are referencing projects that mostly relate to the
design of games or simulations. These have always been a difficult
area to work in, due to the highly cross-disciplinary nature of the
teamwork. We are impressed by the use of elder status in Aboriginal
contexts, where an elder is an expert in their area and they can
provide knowledge on this, but will not speak about the matters they
do not know without deferral to others with that knowledge. This is
not the usual mode of operation in no-Aboriginal contexts
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Like most other skills, those required to be effective team members
are learnt through experience. In the same way, as we learn a
profession we learn to understand the skills and processes of that
profession. The process of ‘learning a profession’ can highlight
factors relevant to the profession while relegating to obscurity, or
even rendering us oblivious to, core features of other domains of
knowledge. Yet the kinds of software design collaborations in which
so many are now engaged require learning – and hearing - across
domains and among a range of professional cultures. Thus even
effective team workers will find themselves straining to understand
the limits and constraints imposed on a project by the varied
perspectives of experts from specific domains.

2.

3.1 Inhibitors to collaboration
A frequent problem facing newly formed teams concerns the
question of how to be collaborative when each member is still trying
to absorb the parameters delimiting the context of the activity ahead.
Some behaviours will be driven by ‘fear of the unknown’ which
Heron (1999) suggests can have a basis in such anxieties as ‘personal
hurt, particularly of childhood, that has been denied’. To survive
emotionally such individuals may employ drastic action if they
experience a sense of being ‘under attack’. Heron suggests there are
three forms of such anxiety: repressed grief, repressed fear and
repressed anger (p 33-34). Such emotional baggage may be invisible
until some external factor triggers an outburst that can have the
capacity to derail an entire program, if not managed well.
In describing one such instance Leigh [2003] records how such a
factor had serious and unintended consequences in a teaching
context. Two years after a student had wrought extreme havoc in a
class, she learned from the student’s partner that that the student’s
fear of receiving (possibly adverse) public feedback, which had led
to the chaos, stemmed from anxieties rooted in experiences of being
ridiculed in childhood. While the fear of public feedback was an
emotional trigger, generating an extreme response, other less
daunting but equally inhibiting fears can adversely impact the
capacity of teams to cooperate. These can include unexpressed fears
about technology that can frustrate efforts to discuss technological
boundaries to a project, and may be driven by unexpressed fears of
being shown to be ‘ignorant’ of such factors.

4.

UNDERSTANDING OUR KNOWLEDGE

To support this process, team members need to understand and
accept the limitations of their ability to hear what a person from a
different perspective may be saying. Also essential is the courage to
ask questions and acknowledge ignorance early and often. The kind
of ‘naive enquirer’ techniques provided by ‘Tune in Now’ (2014) can
be vital tools for reducing anxiety on the part of all team members
and lead to an opening up of options and choices that will otherwise
remain inaccessible.

4.1 LADDER OF INFERENCE
At any time in our understanding of the
world around us we operate on our beliefs,
and a key task for effective collaborators is
to find those places and moments when our
beliefs are out of synchronisation with those
we are talking to, and take action to fix the
mismatches.
We need to be aware that this is possible,
and allocate the time to assure we are all
clear on the situation being considered. It is
important to note that such time spent
explaining to other team members is also
time spent clarifying our ideas and
presenting them in a coherent manner.
Because we all think we are talking about
the same thing (in this case the game) we fail
to see that we are talking about different
aspects of it and therefore fail to work out
how to collaborate on them.
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Many teams do not keep the whole project in focus when planning as
there are members who are not prepared to engage with material in
which they do not feel expert. Hence teams need to develop and
adhere to agreed processes of negotiating knowledge in which all can
become expert, and use this to maintain an informed project plan.

5. CASE STUDIES - MATCHING NEEDS / SHARING
MEANING
We present below some case studies of projects the authors have
been involved in and consider how factors discussed above
influenced the outcome of these projects. We have generalised the
situations however the contexts generally related to game or scenario
development projects, involving technical and design personnel.
The cases described here provide insights into the kinds of problems
that can arise when differences in needs and goals, as well as
technical and professional interests and capabilities, are not predicted
or prepared for adequately. It is important to note that all players
involved in these cases were highly professional, concerned to create
positive outcomes and well intentioned. The issues that arose when
the various players came together are typical of factors that can
unsettle and even derail the best planned design projects.

5.1 CASE 1
Although the events in this case study happened some time ago, they
are still relevant to project groups where two parties are attempting
to work together on a project requiring major shifts in perceptions on
both sides. One party, in the project, was commissioning a video
game for safety training in a complex workplace environment. The
other was providing the platform with which the game was to be
built. One author’s role was a temporary bridging one, intended only
to conduct a workshop to help the commissioning agent’s staff to
apply basic principles of simulation/game design to help develop
their specifications for the game.
During the workshop, it became apparent that the staff were largely
unaware of simulation design principles, with little knowledge of the
technical nature of the intended technical platform. Conversely the
platform specialists had unrealistic expectations of the staff about the
levels of knowledge about simulation, games design and the features
of the particular platform, that were non-existent. The author
concerned had a brief window of opportunity to convince the
technical specialists that their assumptions, if enacted, could bring
disaster. In the time available it was only possible to demonstrate
how such assumptions could damage the project and emphasise the
need to re-think the manner they integrated the simulation into the
platform in a manner that would maximize chances of making the
project achievable.
Subsequent enquiries indicated that the project was eventually
successful, and certainly the product itself was highly effective.
However communication problems were ongoing and extensive, and
matching needs and meaning continued to be problematic. It also
adversely affected the final costs of the project.
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As we said there is a difficulty in knowing what we don’t know, or
admitting this in a project setting. Yet projects are an ideal way to
expand our knowledge, and with correct support this can be done
without grave errors being introduced, That is, the learning
environment must be supportive, ensuring trust and open discussion
based on an ability to hear issues and complexities raised by others.

In effect many projects are driven by concerns about costs as this is a
factor better understood than real time and technical requirements.
We suggest it is preferable that a shared understanding of, and
agreement about, the intended outcomes be the main focus of
planning. Mulligan (2010) described a situation caused by choices
made about the two available options for visuals systems in a
helicopter simulator. On this project the choice for a cheaper option
created a system that did not fit the restrictions of the final
environment in which the simulation was to be used. In this case the
decision involved the consideration of the optimum projection screen
for the simulation, in view of the user placement and the high field of
view requirements in a dual pilot helicopter simulation.

5.2 CASE 2
In a similar case in a teaching and learning design project, the
outcome was quite different. Educational and technical staff were
from different universities. The project involved applying existing
web service software and game editing tools to creation of an online
site for teaching cultural competency. When the software developer
and project manager did not receive the material needed to develop
the requirements for the learning design, they approached the project
staff, then the funding staff, at the other university, for clarification
of the required outcomes of the project.
The education project leader had little engagement with the material,
passing these requests to other staff, and bringing in people with no
knowledge of the project to assess development. In addition the lead
university did not arrange for regular meetings between the
educational and technical staff (despite repeated requests), and failed
to attend meetings that were arranged to rectify this.

points in the program, and it became clear that differences in cultural
and professional perceptions were at the heart of the problem.
Very different value systems and apparent clashes between overt and
covert goals brought the event close to disaster. Good will prevailed,
despite a tense atmosphere. The learning has been profound
regarding future such events, especially in relation to having more
detailed guidelines for hosts, staff and participants. Yet the
experiences of the development program when run in previous years
had given no warning of the importance of having these in place.

5.4 CASE 4
A software developer was hired on contract at a university to develop
a prototype system for use in teaching experiments. The system was
innovative, requiring the integration of many different components.

The software developer was advised that the issue was clearly that
the other members had no knowledge of the software development,
the online learning process or team management, and felt threatened
in this environment. At the same time the developer was not
confident about the course content or the integration of web services
and games components on which they had requested material and
advice, While some material (not appropriate for gaming) was
provided the requested interviews were withheld and communication
became – at best - strained.

The development process had already been established within the
group, before the developer arrived although this was not explained
until after work started. A request from the developer for use of a
different reporting system and timeline was deemed ‘not possible’.
The teaching staff had also arranged for a student intern to
investigate the technology and software packages to be used before
the developer was engaged. However these recommendations were,
from technical point of view, not feasible when scaled up to the
needs of the whole project.

Similar scenarios have been reported in at least two other recent
cross-university projects with different teams and developers, such
incidents are leading to growing concern about such exhibitions of
willingness to learn outside comfortable domains. In particular there
is a need for engaging technical skills in developing games and
online learning, and it is important that such funded projects be
designed with a broader application in mind than a single course or
game. This places a greater control of the project in terms of design
and direction, in the hands of technical staff. However other staff
need to either make the effort to stay involved and engaged, or to
accept the outcome presented to them.

It became clear that a highly creative and very non-robust system
was being expected to perform to rigid guidelines. This indicated that
poor decisions, based on inadequate understanding of actual needs
relating to the project, had been made and there was clearly lack of
understanding about how software creation is akin to an art form.
These factors contributed to the project finishing over time and
budget.

These projects provide a venue for technical and creative design
skills to collaborate, so it is an opportunity for staff to increase their
understanding of technical issues and for technical staff to gain
experience with different user’s needs, however this opportunity can
be lost in power plays over who controls the project, rather than what
outcome is to be achieved.

5.3 CASE 3
A professional organisation had hosted professional skills
development programs for several years, under the aegis of two of its
members. They had then handed over management of the process to
a committee of the professional body and stepped aside. The
program, reviewed here, was hosted by a university, a national entity,
and local representatives, with remote help from the organisation’s
committee.
The goal was to provide an introduction to professional knowledge
for local academics and other national and international participants.
The program staff included the originators of the program, one of
whom found discomforting the new format and goals, including
adjustments to suit local conditions. Committee members, the staff
member and local hosts had difficulty achieving agreement at several
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5.5 CASE 5
Such problems can arise in a variety of contexts so we provide an
example from another domain related to online learning. A
professionally oriented Masters degree program with more than 20
separate practice-based units of study was designated for
development as an all-online format, as a result of staffing
difficulties linked to the number of remote campuses. While all the
subjects were to be treated separately, all shared a common context
with similar learning requirements. However this was not the
perception of the program manager nor the sessional academic staff
teaching the subjects on the main campus.
To put all these separate units of study online for very small groups
of users (between 2 and 20 students on 4 remote campuses) would be
both expensive and time consuming, quite apart from the issue of
continuing with the mistaken notion that the units had nothing in
common.
An external assessor was asked to review the intended project format
and report on the assumptions and constraints likely to impact the
work involved. A total of 45 risk factors ranging from highly likely
with extremely adverse impacts to less likely but still adverse
impacts, were identified and mitigation strategies developed to
reduce the overall riskiness of the project.
Key risk factors included:
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When the project manager requested mediation on the required
outcomes the university intervened and provided a mediator who
incorrectly documented the mediation outcomes in their report to the
lead university. When this did not resolve the issue the lead
university took legal action against the other university, but failed to
provide any evidence of their claims.

The teaching staff felt they were experienced in running software
projects, however their approach differed marked from the agile
method used by the developer. This method developed from the
ideas presented by Royce (1970), when he raised concerns about the
lack of communication within different components of software
development teams. In this case the developer was concerned about
the whole design, which was still being developed, when the team
was expecting a set of tasks to be completed.

a) concern that the project leader might not be able to overcome
identified resistance from current teaching staff,
b) likelihood of the university setting high standards for
implementation, then not providing necessary material and financial
support,
c) resistance on the part of subject matter experts to contribute to
developing the new modes of learning.
The highest risk was seen to be the project leaders’ lack of
understanding about the very different modes of thinking about
teaching and learning involved in producing successful, and
effective, online learning modules. The expressed perception was
that the person/s charged with developing the new learning materials,
web content and associated learning strategies were to simply
provide helpful ideas about how to ‘convert’ existing materials. The
external assessor was anxious to convince the project leaders that, in
reality, putting the subjects online was asking for something entirely
unlike anything they were used to providing to students, and
‘converted’ standard materials would not usefully contribute to
online courses, in the way they were assuming.
At a rather fraught final meeting, the external assessor expressed
concern that the most likely outcome of the project as it was
currently being envisaged, was a technically supported version of
academic courses similar to those provided to members of the
profession in the 1960’s and quite unsuitable for 21st century
contexts.

At the end of the session the compromise agreement was that the incoming educational designer would begin with a three month review
of requirements and by the end of that time would not be expected to
have produced more than a project plan for what would happen next.
This was very different from the hoped for tight completion of online
units but demonstrated both the project leaders’ willingness to listen
to the educational designers, and the capacity for the latter to
demonstrate how their own expertise would contribute to changing
much about what was understood about how learning happens
online.

6.

DISCUSSION

The issues that we have isolated are related to establishing shared
understanding of both the technology and people issues across the
disciplines involved in creative development of online/technology
centred learning programs. We wish to encourage a shared process of
learning where we are not satisfied with the gaps between our
respective knowledge systems.

6.1 TECHNOLOGY ISSUES
Project teams working in the context of multi-skilled crossdisciplinary production need to strive for achieving a balance
between the concerns of those who run the projects and those who
understand the technology and the development requirements.
Developers’ modus operandi will not be consistent across projects
and the one approach will not suit all contexts. Teams need to put a
high priority on their ability to communicate across disciplines as
well as fairly and clearly represent their own expertise, if
productivity is to flow, as intended.
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An ideal process for our needs is that developed in the discipline of
Human Computer Interaction (Preece et al, 1994 and Rosson &
Carroll 2001). The use of iterative designs such as a paper prototype
to show the customer exemplifies this approach. Once the paper
based version are presented, both parties can easily change or drop
aspects of the design as the real needs are clarified. Similarly, in a
team, different stakeholders need to be able to see the product
progressing, and add information as their understanding grows.
This highlights benefits of regular use of prototype demonstrations
during product development. However it should not be assumed that
the initial prototypes are fully functioning systems, nor that they can
be produced on call. The developer will be progressing through the
design, developing interdependent components, which will
continually need to be ‘debugged’. Unanticipated requests for demos
is akin to asking an editor to work on a document for spelling and
grammar matters while the author is still composing and writing it.
The complexity of software development can conceal the fact that,
despite appearances, engineers do not think in Python, Java etc.
Software looks easy to develop in the first rush, but it requires
sophisticated use of new logical languages to ‘talk’ to the machine. It
also requires correct spelling, syntax and grammar. And learning a
language requires practice. And, of course, in each new project, the
topic to be expressed by the language, is itself changing.

6.2 CULTURAL ISSUES
We are dealing here with quite different cultures, not just human
cultures, but work cultures. To communicate across this barrier
requires trust and good will. If team members are insecure in their
position in their own company, their ability to learn and negotiate a
project across disciplines will be greatly hampered.
With a lot of training going into improving cultural awareness
(Kutay et al, 2012), we hope that factors such as technological skills
and digital literacy are also acknowledged as distinctive
contributions to the forms of culture in a workplace.

6.3 LEADERSHIP ISSUES
Managing a group requires managing people’s interactions, in this
case people from diverse backgrounds and work orientations. The
task also involves dealing with common human errors that can be
amplified by cultural difference. For instance frustration at one’s
own errors leads to blaming or projection of the problem onto others.
When the manner in which frustration with team members is
presented is aggressive, this seldom raise the issue in a logical
manner nor does it enable it to be resolved.
An environment of trust where failing can be addressed openly
requires understanding each other’s responsibilities, and even more
importantly the nature of the interconnected parts. That is, it requires
understanding the environment in which all are working, including
software, product and learning goals. It also requires that leadership
promotes and models this engagement.

6.4 MANAGEMENT OF PRODUCT
It is important that a software product is not developed in isolation
from potential users, who are unlikely to be on the project team.
They might be future clients who will need to experience the project
through modelling or through sampling (such as in focus groups) and
will then need to be available to test evolving prototypes.
Regular product demo's may simply be of small components. These
are in fact formative assessments and may be used by the developer
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Present at that meeting were two technically skilled and
knowledgeable educational designers, one of whom had just been
employed to undertake the majority of the technical work involved.
These two very professional educational designers were initially
reserved about how to comment on what was being discussed. It
therefore took them a while to come to grips with both the technical
complexity of the task as proposed, and find effective ways to
convince the commissioning staff/project leaders to consider
something other than what they were expecting should be
undertaken.

Clearly a team cannot make a major decision on the technology to be
used in the project without involving the technical experts and giving
them time to develop prototypes and test out initial theories and
concepts. Missing this step can bring unforeseen consequences.

to highlight design issues requiring attention. If a team rewrites a
project based on demonstrations, and go beyond the scope in which
the demo is presented, everyone can loose sight of the desired end
product.
In this respect it is the project leader’s role to keep this end goal in
focus. This involves understanding the big picture and how the
components link and form part of a pattern. In this way many
avenues for re-use, of material and software, are open to the team.

7.

SCENARIO

Drawing on the varied experiences from our case studies we now
present a scenario exercise for use with development groups before
they start collaborating on the project design. It is offered as part of a
risk mitigation strategy, incorporating some common features from a
range of teamwork experience. The intention is to have the team
work through the scenario together in a less threatening environment
than may emerge with timelines are real, budgets are tight and
uncertainties are increasing in real time.. It is based around Tuckman
and Jensen’s small group stages (Tuckman & Jensen 1977)

7.1 INTRODUCTION

Once this is completed each group shares their list of stereotypes
with the others. Even if each ‘group’ has only one member, it is
important that people see these stereotypes not as representing the
individual, but more the type of people and attitudes that are
common in this role.
The members of each group are then to envisage themselves as
having the characteristics on their list of stereotypes throughout the
rest of the exercise. If there are many people in each group if may be
more effective to assign one person from each group into a team and
form multiple teams for the next step.
The team/s will then set up a project they wish to design and develop
to the stage of a paper prototype, in one day. This exercise must be
quite separate from the actual nature of the forthcoming project,
(such as a phone app to arrange a social function for the team.)
The following stages are to be enacted, in order to replicate team
formation, focusing on the development process.

7.2 FORMING
The team members will now know each other as stereotypes. The
next step is to establish team roles on the project, such as project
leader, project manager, communications and administration,
meeting note taker, etc. teams are to consider how the roles match
the stereotype and how each member is to function in their role.
The teams should aim to complete the following stages of project
development within the available time. We recommend equal time to
each stage.
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2.
3.
4.

Project scope – define outcome, stakeholders and possible
hardware/software risks
Application function design - what will the software being
developed actually do in terms of functions
Application interface design – what will the interface look
like
Review – will the application achieve the goals

For each stage:
1. Initially divide the team into separate disciplines. If the
team consists of individuals from separate disciplines, then
members will spend a short time thinking of their own
response before the next step.
2. Discuss and finalise ideas for each stage, considering the
contribution of your discipline to that stage.
3. Provide a wrap up on where they are at and any risk
involved in carrying out the decisions so far, before
moving to next stage.

7.3 STORMING
During the project there will be differences of opinion over priorities
and presentation. For each stage in step 2 the team members will
adopt their roles as well as maintain their stereotype. It is important
that people do not compromise on their discipline’s approach for this
to work. The team needs to consider the risks that might arise in
implementing decisions made by other disciplines.
It is important that if a member feels strongly about a point that they
express it, noting that this is a long project compressed into a short
time frame, and emotions come and go during this time.
The particular aspects of communication that need to be practiced
are:
1. In a given conversation about an aspect of the project, how
much does each person hear of the exchange – the issues
that relate directly to their work? Or all the issues and
aspects? Would having some gossip or idle chit chat time
during the negotiations help people refocus and realise
there are aspects they missed in the previous discussion?
2. What are the processes to use when individuals have a
particular experience (negative or positive) of how a
certain process usually works, or is aware that a certain
function cannot be achieved in the software, while others
in the team are convinced it is possible? Familiar options
include continuing to argue the point, repeatedly coming
back to the issue at different meetings until all issues
resolved. Alternatively it is possible to use the separate
roles to grant authority over different aspects of the project.
This is a point that can be decided for the future project.
3. When people are convinced of an idea or an issue, they
will tend to see any opposition or alternative view as the
problem of the other party. It is tempting to project issues
onto other people rather than acknowledging our own
issues. In a team where people’s understanding and
experience are wildly different, this can have a severe
effect on ongoing communication. Frustration is a part of
the project, but must be seen as a transitory feature of any
decision.

7.4 NORMING
The aim at the end of each stage is to understand the process your
team has used to deal with the difficulty in designing, planning and
making decision, across the range of disciplines you represent. These
are the strategies that you will be able to settle on when faced with a
full project, and will be the strategies you can use as a goal in your
work.
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We assume the team consists of people from various disciplines and
experiences, which will be treated as cultures. Further, in describing
the process we are assuming it is being used with a currently function
team (or one that soon hopes to be). Once settle in the room, ask each
discipline group to sit together and list the aspects that signify the
stereotypes of their culture. For example software developers are
seen as quiet, withdrawn, anti-social, hard working, emotionally
constant, highly focused on the task, and find it hard to see others’
perspectives. Designers are creative, unplanned, emotional, like to
discuss ideas a lot, poor at listening to issues with their ideas – and
so on for each group.

1.

The norm will include what you consider acceptable compromises
and issues that you realise will continue to plague the group as there
may be no ready solution, however you will have developed some
processes for acknowledging when such as stage in your work has
been reached.
The final issue of performing, how you will enact these new found
skills and understandings, will be part of the real project itself, not
this rehearsal scenario.

8.

CONCLUSION

This work is based on experience in cross-discipline and crosscultural projects. In particular we wish to acknowledge the
experience gained from working with Indigenous people and
learning from their experience working with complex community
decision processes.
We understand that this is not a prescription for project management,
but rather a process to improve projects and communication. In
particular we emphasise the need to respect the technical difficulties
faced by engineers and their attempt to make these transparent as
well as reducing any potential for causing adverse impacts on the
project.

9.

REFERENCES

399

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Harrison, G (1967) Within You. Without You. on Sergeant Peppers
Lonely Hearts Club Band
Heron, J. 1999. The Complete Facilitator's Handbook. London UK,
Kogan Page.
Leigh, Elyssebeth 2003. A Practitioner Researcher perspective on
facilitating an open, infinite, chaordic simulation.
unpublished doctoral UTS
Lloyd, David. 2000. Colonial Trauma/postcolonial Recovery?
In
Interventions
2,
2,
pp.
212–228.
doi: 10.1080/136980100427324. Retrieved 14.4.16
Tuckman, B.W., and M.A. Jensen. 1977. Stages of small-group
development revisited. Group and Organization Studies 2,
no. 4: 419–27.
Kutay, C, Riley, L, Mooney, J and Howard-Wagner, D (2012)
Teaching Aboriginal Culture Online: sustaining traditions
of knowledge sharing. Proceedings of Ascilite
Mulligan, Roger, 2010. The Super Seasprite Simulator Visual - An
Unwise Choice? In Simulation Conference and Exhibition
(SimTecT 2010)
Preece, J, Rogers, Y, Sharp, H, Benyon, D, Holland, S. and Carey T.
(1994) Human-Computer Interaction, Addison-Wesley
Rosson, M.B. and Carroll J.M. (2001) Usability Engineering:
Scenario-based
Development
of
Human-computer
Interaction
Winston W. Royce (1970) Managing the Development of Large
Software Systems. In Technical Papers of Western
Electronic Show and Convention (WesCon) August 25–28,
1970, Los Angeles, USA.
Tune in Now (2014) at http://www.tuneinnow.com.au/module_3
accessed 20/06/2016

Wednesday, Session 3, Room 209

SimTecT
Free Papers

Application of Modelling and Simulation

Modelling the Complexity of RAN Training
Pipelines: A System Dynamics Approach (503)
Victoria Jnitova
Sink or SWMM: Simulatiing the Hyrdological
Effects of Retention Tanks in a Small Urban
Catchment (693)
Richard James Benedict Gale
Challenges and Solutions for Integrating Simulation
into a Transportation Device (690)
Christopher Graham Bosomworth

400

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Securing Multiple Simulation Exercises in a National
Defence Context (564)
Doug Stapleton

Australasian Simulation Congress
www.simulationcongress.com

Modelling the Complexity of RAN Training Pipelines: A System Dynamics
Approach
Victoria Jnitova1, Sondoss Elsawah2, Michael Ryan2

Royal Australian Navy, 2Centre of Capability Systems, School of Engineering and Information Technology, UNSW Canberra

1

1.

INTRODUCTION

Royal Australian Navy (RAN) training is challenged by increased complexity and sophistication of the RAN capabilities,
increased operational tempo, budgetary pressure with the goal of maximising value for money and innovation and implementation
of rapidly evolving technologies. RAN operational assets are not readily available for training purposes as the operational
requirements take priority over training, whilst increased availability and fidelity of the training equipment enables ashore practice
opportunities that are realistic and similar to those experienced at the RAN workplace. This brought a significant shift in the RAN
training delivery paradigm with training consolidation using operational assets at sea being phasing out, replaced by complete
ashore training and qualification, and, where necessary, at sea authorisation of the Certificate III qualified Sailors. A long term
impact of these changes has not yet taken effect and therefore is uncertain.
The RAN Training Force Plan 2015-2018 outlines the Training Force commitment to improve the delivery of the highly skilled
professional workforce by ‘optimisation of the effectiveness and efficiency of the training pipelines through holistic planning,
effective resource management and continuous review and process improvement to ensure the training requirements are
validated, resourced and meet Navy needs’ (Rothwell, 2015). Decision makers are increasingly faced with complex training
pipeline management problems that involve trade-offs among competing objectives, such as minimising training costs and
maximising trainees’ performance. The RAN Training Force strive for innovative ways to meet these challenges. One promising
approach involves use of simulation-based assessment models which represent and simulate causal relationships in a problem, and
provide objective evidence to link decision options to possible costs and benefits under different scenarios. This paper reports an
initial effort in a research project which aims to build a system dynamics (SD)-based simulation tool to support analysis of various
designs and operations of training pipelines in the RAN. The simulation development process follows the Modelling & Simulation
(M&S) lifecycle as described by (Balci, 2012), which helps to modularise and structure the M&S application (McLucas, 2005),
and provides a phased approach for organising the M&S development activities. The model’s purpose is to analyse and compare
three variations of the RAN Electronics Technician Basic Training Pipeline (RAN ET BTP) to support selection of the most
effective and efficient approach, and to identify possible risks and future trends as a result of implementation of selected solutions.
2.

RESEARCH CONTEXT

We take the view of an RAN training pipeline as a complex system where its interacting elements (e.g. trainees, training
resources, management decisions) have been combined to achieve a common purpose of delivering a workforce at the required
skills’ levels (ISO/IEC 15288, 2008). Decisions, made at different levels of the system, influence the training pipeline
performance (e.g. resource utilisation). This systemic view implies the need to understand connections and decisions as a
precondition for formulating and assessing options. Starting with the broad capability view, the focus is narrowed down to the
work force and training support views, within which specific training pipelines are considered. There are multiple influences
between the levels, for instance, capability level protocols influence all subordinate level requirements. Furthermore, strategic
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RAN training design and management is conducted in a context of complex training systems. It is rapidly
evolving to meet challenges of increased operational tempo, budgetary pressure and a significant increase in
the RAN capability. Selected solutions are future outcomes focused, but benefits and/or impacts gained from
the today’s decisions remain uncertain until the solution options have been fully implemented. There is also a
need for overarching correlation of solutions implemented by different actors at their respective areas of
responsibility. Simulation-based assessment tools can provide objective evidence to link investment options
to actual benefits under different scenarios. Applying simulation-based tools to this complex problem space
can inform strategic decision making by (i) providing a systems view of the key elements and
interrelationships, (ii) giving decision makers flexibility to design various pipeline structures, (iii) enabling
examination of performance under various management scenarios, and (iv) informing the communication
among various actors. To achieve this, a simulation tool should be able to use dynamic models to simulate
causal relationships. The models should be transparent to facilitate communication about the problem
structure, bring in stakeholder views and quickly produce results. Also, there is a need for modularity to
allow flexibility of experimenting with various designs. This paper is a starting point of a research which
aims to build a modular dynamic simulation model to support training pipeline analysis. In this paper, we
report on the early phases of the problem definition and conceptual model development.

objectives and policy affect the problem and solution space on all levels. Defence capability is a System of Systems (SOS) with
all its combining systems working together to achieve a desired outcome. The human resources and the skill levels planning
systems form an integral part of the SOS. The training pipeline systems deliver these skills to the workforce. The focus of this
research, RAN ET BTP, forms a small part of this SOS (highlighted in yellow), which is analysed using an SD-based M&S
application (highlighted in green) (Figure 1).

Figure 1: Research scope and focus
3.

MODEL PURPOSE

a)

Historical (pre-2015) – has been superseded by the post-2015 pipeline variation. It is Competency Task Journal (CTJ)
based. Certificate III is achieved via combined Electronics Technician Initial Technical Training (ET ITT) and CTJ.
The variation commences ashore with ET ITT, followed by sea posting to CTJ, which is trainee positions’ based. There
is a possibility of a bottleneck prior to commencement of CTJ. ET specialisation streams are assigned prior to
Advanced Skills Technical Course (ASTC). ASTC is conducted post CTJ. It includes Certificate IV level qualification
and is of two types, tailored to ET specialisations. ASTC is followed by Equipment Application Courses (EACs)
specific to the RAN platform classes. ET Sailors’ transition from Training Force to Trained Force occurs on EACs’
completion.

b)

Current (post-2015) – CTJ is removed. Components of Certificate III previously delivered via CTJ are reviewed and
added to ET ITT, with full Certificate III is now achieved ashore during ET ITT. ET specialisation streams are assigned
prior to ASTC, which is conducted on completion of ET ITT. ASTC is followed by EACs, after which ET Sailors gain
Trained Force status. As a result, trainee positions [although still exist to facilitate transition from the pre-2015 pipeline
variation] are no longer required for this variation’s sea posting, conducted post-EACs. Although achieving a status of
Trained Force prior to their first sea posting, ET Sailors work under supervision, with workplace (at sea) authorisation
to work unsupervised or with limited supervision might be implemented. An increased ET Scheme of Complement is
required to replace the trainee positions with Certificate III qualified ET Sailor positions.

c)

Proposed (post-2018) – is to supersede the current pipeline variation if approved for implementation. It commences
with ET ITT, followed by specialisation training (a unique feature of this variation). A decision on the best approach to
EAC delivery is yet to be made, but its essence is for ET Sailors to transition from Training Force to Trained Force as
early as possible for their first sea posting. The options are: to split EACs into two deliveries or delivering them as one
training block; or to move some EACs to post-promotion to Leading Seaman (LS). If split, a portion of EACs is
delivered prior to first sea posting, with the remainder (if any) is completed post- first sea posting. ASTC is offered to
ET Sailors who have been identified for and accepted promotion to LS, thereby accepting post-IMPS extension of their
RAN service. Sailors are supervised during their first sea posting, with at sea authorisation to work unsupervised or
with limited supervision might be implemented. Bottlenecks are possible if the ET Scheme of Complement does not
sufficiently address the demand for Certificate III qualified ET Sailor positions.

Recent changes introduced to the RAN ET BTP include CTJ removal; achieving Trained Force Status ashore; upgrade of ET ITT
training simulator, review of Certificate III qualification, and an introduction of Certificate III qualified junior ET Sailor positions
to replace unqualified trainee positions. There are also future change considerations including offering Certificate IV to those only
who are identified for and accepted promotion to LS, re-shaping EACs delivery, and an introduction of post ET ITT additional
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The model purpose is defined in terms of compared levels of training effectiveness of the three RAN ET BTP variations. In this
paper, the training pipeline effectiveness refers to achieving a desired outcome of producing a fully qualified ET Sailor capable of
performing the job without, or limited, supervision in the most efficient and cost effective manner. The experimental framework
allows use of a wide range of measures to represent system qualities such as training effectiveness. Overall pipeline effectiveness
may be definable in terms of measurable variables, such as rate of movement, percentage of training objectives achieved by
graduates in assessment, and time to complete a pipeline cycle. A weighted or unweighted composite score of the components can
be combined to represent the complex effect (GUIDEx, 2006). The three RAN BTP variations under consideration are all
conducted within Initial Minimum Period of Service (IMPS). They differ in a number of structural components and the
components’ sequencing. The RAN ET BTP variations are as follows:

specialisation training for ET streams. The true impact of these changes on the effectiveness and efficiency of the RAN ET basic
training can only be fully understood after ET Sailors of all ranks have been produced via the updated training pipelines. Until this
occurs, there will be a gap in our understanding of the true value of the current and proposed changes to the RAN ET BTP. To
address the gap, an innovative approach is required, enabling complex problem solving in a dynamic environment.
4.

CONCEPTUAL MODEL DEVELOPMENT

4.1.
Model Requirements and Decision Points /Decision Rules
The RAN ET BTP model requirements, decision points and decision rules are as follows (Table 1):
Requirements
Decision Points and Rules
a)
b)
c)
d)
e)
f)
g)
h)

provide full visibility to the training pipeline
ability to explore efficiencies
ability to explore bottlenecks (delays in
progression through the pipeline due to the
circumstances outside the member’s control)
ability to explore effects from interventions
such as: pathway to IT Certificate III and IV
abstracted (high level) view
modular structure with ‘Parent Model’ to
include sub models that might have their own
sub-processes
fast running time
ability of the models and sub-models to share
data

a)
b)
c)
d)
e)
f)
g)

h)

ashore/sea postings rotations (when occur and the duration)
specialisation and associated training (when occur and rates)
Equipment Application Courses (EACs) (when occur, delivered as one
block or split; if split, will be the second part delivered post IMPS or
moved post Leading Seaman (LS))
Cert IV (when occurs: during or after IMPS)
authorisation (optimal level of authorisation)
qualifications such as transition from Training to Trained Force,
Certificate III and Certificate IV (when occur; ashore, or shore/sea
mixed delivery)
bottlenecks: currently identified prior to commencement of CTJ, and
envisioned prior to commencement of the ET Sailor first sea posting
due to shortage of the designated junior positions (impact on the
training duration and resource consumption)
resources (instructors, facilities, training equipment or operational
equipment used for training, simulators)

Table 1: Requirements, Decision Points and Decision Rules

4.3.
Stocks and flow diagram
We used a stocks and flow diagram (SFD) to represent the structure of RAN ET TBP pipeline. In a SFD, stocks represent the
entities that accumulate in the system, for example, the number of trainees undertaking a course or waiting to repeat the training.
Flows represent the rates of change that influence stocks, for example, trainees starting or completing a course. Developing a SFD
is an essential step for understanding the problem structure that provides the basis for building a numerical SD model. Figures 2
and 3 represent high view of the SFD for two modules: Training and Streaming. The ‘Training’ block is used to represent the
training components of the RAN ET BTP, such as ET ITT, CTJ, ASTC, EACs and specialisation training. The ‘Streaming’ block
represents specialisation and class allocation, when a single pipe training progression splits into the parallel streams. We will use
these modules to build the detailed model structure.

Figure 2: Stock and flow diagram of the ‘Training’ module
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4.2.
Assumptions
The following assumptions and simplification have been made:
a)
Variations in students’ prior knowledge, such as unqualified versus trade qualified entrance, learning abilities,
distribution of the population, motivation to progress training are not been modelled in this study – it is assumed
that the population of recruited students is homogenous.
b)
Use of NIDA simulator – it applies to all pipeline variations equally. Also, a blended learning ratio is still under
development.
c)
There is a knowledge gap in data collection for the levels of students’ confidence and satisfaction with the
training outcome and their ability to commence employment effectively upon graduation.
d)
Lateral entry (transfer from RN to RAN) is not modelled to retain the clarity and simplicity of the research
outcomes. It is assumed the lateral entry would not affect the trends and outcomes anticipated in the simplified
version of the pipeline.
e)
Operational assets wear and tear due to usage for training purposes – no data is currently available that could be
applied into the model.
f)
Platform differences in ability to provide ET maintenance practice opportunities have not been measured. It is
assumed they have the same effect on the pipeline variations.
g)
Changes to the ET Certificate III are not modelled as they cannot yet be supported by the post-implementation
data. There are also issues of different qualification packages used for the ET Certificates III and IV.

Figure 3: Stock and flow diagram of the ‘Streaming’ module
4.4.
Data Requirements
One of the benefits of conceptual models is to illuminate datasets that need to be collected to implement and test the numerical
model (Robinson, 2008). Table 2 shows the required datasets. The next step is to convert the conceptual model into an operational
model to produce a rapid prototype and allow relevant stakeholders to engage in the validation/testing process.
Variables

d.
e.
f.

Numbers of Recruits
Instructor numbers/ hours
Training components: types, number per year, duration,
number of students per component
Position types (trainee/ junior ET Sailor positions)
Supervisory requirement (at sea) for trainee positions and
authorisation if implemented
Policy inputs into RAN ET BTP step changes

a.
b.
c.
d.
e.

Failure rate
Recruitment rate
Separation rate
Retention rate
Waiting periods between the courses – pipeline
delays rate

Table 2: Variables and Rates
5.

CONCLUSION

This paper is the starting point of the research project with an ultimate purpose to develop the SD-based simulation tool to support
the RAN ET BTP analysis and future trends forecasting. This SD simulation tool will be able to simulate causal relationships
outlined within the conceptual design of the RAN ET BTP, is transparent, reflect the views of the key stakeholders
comprehensively, and can produce results at a required speed. Also, the simulation tool is modular to allow flexibility of
experimenting with various designs. This tool will assist the decision makers in their effort to design the most effective and
efficient RAN ET basic training, and to manage it well. The development process follows the M&S lifecycle. This paper identifies
the research context within the broader problem class, followed by the outline of the model’s purpose and conceptual development
outcomes. The models for the RAN ET BTP variations, as well as the high view of the SFD for two modules, Training and
Streaming, have been developed in SD format. These modules can be used for future development of the rapid prototype to allow
relevant stakeholders to engage in the validation/testing process. The input to the executable model is to be based on the historical
data provided by the RAN ET stakeholders, as well as information gathered from the subject matter experts. It is envisioned to
expand this research in the future by applying this approach to the ET Training Pipelines of Intermediate and Advanced levels, as
well as to the other RAN categories’ training pipelines facing similar issues.
6.
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A 12 hectare urban catchment in Adelaide, South Australia is experiencing infill
development. The impacts of urban developments on the catchment’s hydrological regime
were examined. Rather than undertaking a costly upgrade of the stormwater system to
mitigate these impacts, the City of West Torrens Council proposed the catchment-wide
provision of rainwater retention tanks. A stormwater management model (SWMM) was
used to simulate the runoff from the catchment at various stages of urbanisation. Aerial
imagery was used to develop a model of the catchment in 1993. Subsequent models were
produced based on observed infill and impervious area increases in 2007 and 2015, with a
projected scenario of 2040. The impacts of three different retention tank capacities (2, 5
& 10 kL) were investigated, along with three rates of household adoption of rainwater
tanks (50, 75 & 100% of properties). Three usage levels for retained rainwater were also
investigated: (1) All purposes except kitchen use and bathing; (2) solely outside the
house, largely for irrigation; (3) solely for flushing toilets and laundry. Increases in the
uptake of tanks in the catchment, tank sizes and water use from the tanks reduced total
catchment runoff and peak flows, and augmented water savings. For the 2040
development scenario, runoff volume was reduced by 7.8–17.5%, five year peak flow was
reduced by 0.4–6.7% and each house saved around 24 kL of water a year with a 5 kL
tank. The most influential rainwater tank variable was the percentage of properties
equipped with tanks. It is recommended that as many houses as possible have 5 kL tanks
installed, with the tanks plumbed to enable daily water use. This would lower the peak
flow and total runoff below 1993 levels, cost the council less than $550 000 and provide
homeowners with an alternative water source. mmmmmmmmmmmmmmmmmmmmm
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1.

INTRODUCTION

Urbanisation increases the impervious area of a catchment and
changes its hydrological properties. In Adelaide, South
Australia, the ratio of infill to greenfield development is
approximately 50:50. However between now and 2040, it is
expected that this will change to around 70:30 (SA DPLG,
2010). Existing stormwater management systems were
designed for lower levels of impervious cover than those that
are likely to exist by 2040. This will lead to an increase in
flood risk in catchments that experience development. One
such catchment is Barwell Avenue in Kurralta Park, Adelaide,
which falls under the jurisdiction of the City of West Torrens
Council. A small catchment containing around 150 properties
on 12 hectares, the Barwell Avenue catchment has seen
significant recent growth. Over the last five years,
approximately 13 properties have been redeveloped, creating
an additional 17 dwellings. Although so far there have been
no reported incidents of flooding, the City of West Torrens
Council receives complaints about excessive gutter flows
along Barwell Avenue (personal communication, Andrew
King, Coordinator of Engineering Services, City of West
Torrens Council, 16 August 2015).
Instead of improving the catchment’s stormwater system in a
disruptive and costly upgrade scheme, it has been proposed
that the stormwater issues of the Barwell Avenue catchment
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could be tackled using water sensitive urban design (WSUD).
WSUD uses devices such as rainwater tanks, swales and
porous pavements to mitigate the effects of increasing
urbanisation and to help catchments behave as if the land were
undeveloped. Because they offer additional benefits for
residents, the council favours rainwater retention tanks as
their WSUD technique of choice. Therefore, this study
focused on the hydrological impact of retention devices.
The process of urbanising land includes the clearing of
vegetation, the compaction of soil, the modification of natural
channels, the addition of impervious area in the form of roofs
and roads, as well as the development of a dense and
hydraulically efficient artificial drainage net. All these
processes increase the hydrological efficiency of a catchment.
Infill development of existing residential areas has similar
consequences. When urbanised land undergoes infill
development the hydrological impacts include increased
runoff, higher peak flows and a decrease in the time of
concentration in the catchment (Jacobsen 2011). This results
in more frequent floods; events in which the drainage systems
in place cannot process the volume of water delivered. The
Government of South Australia’s WSUD policy
acknowledges these by-products of urbanisation and seeks to
use WSUD to achieve a more natural flow regime with
corresponding environmental and economic benefits (SA
DEWNR 2013).
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A R T I C LE I N F O

1.1 Rainwater Retention Tanks

1.2 Multiple WSUD Approaches
Many studies focus not on the effect of a single WSUD
technology,
but
instead
assess
multiple
options
simultaneously. One such study is the Goyder Institute report
on the potential role of WSUD in urban service provision
(Myers et al., 2014). This study used PCSWMM software to
investigate the effects of different sizes of rainwater tanks
with varying water demands, detention tanks of various sizes
and street scale bioretention on urban catchments in Adelaide,
Australia. Two catchments, 44.7 and 76 hectares in area, were
investigated. The runoff in 1993 was adopted as the baseline
and WSUD was used in efforts to lower the 2013 runoff and
the projected 2040 runoff to 1993 levels. Retention tanks were
shown to reduce peak flow, runoff volume and flood
frequency, while detention tanks and bioretention systems
reduced peak flow and flood frequency. For all these systems,
the improvements in the hydrological regime were enough to
revert the 2013 but not the 2040 scenario to 1993 levels. It
was assumed that each roof had 100 m2 of connected roof area
and it was found that water tanks of 5 kL were optimal.
2.

STUDY AIM & OBJECTIVES

Any assessment of the effectiveness of WSUD should
consider its impact on total runoff volume, peak flow and
flood frequency. This is because an improvement in one of
these measures does not necessarily result in an improvement
in the others (Myers et al. 2014). Continuous simulation of
wet and dry periods is required to accurately predict the
response of WSUD measures as the condition of the system
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This study aimed to assess the benefits of WSUD in
sustainable urban development. Specifically, the study’s
objectives were to assess the hydrological impact of infill
development on the Barwell Avenue catchment, Kurralta
Park, and to investigate the ability and cost effectiveness of
retention-based WSUD measures to counteract this. To
achieve this objective, the study aimed to:
• Investigate infill development since 1993.
• Project the level of urbanisation in 2040.
• Determine the hydrological impact of this
urbanisation using computer simulation.
• Investigate the possibility of using the council’s
favoured WSUD method, rainwater retention tanks,
for preventing or mitigating this impact.
• Study the effect of different rainwater tank uptake
levels, sizes and water uses on hydrological response.
• Estimate the costs and benefits involved in putting
such a scheme into practice.
3.

METHOD

3.1 Selection of the Modelling Tool
The modelling software had to meet the following criteria:
• Simulation of stormwater discharge in an urban
environment.
• Simulation of overland and pipe flow.
• Continuous simulation capability.
• Capacity to model at short (sub-hourly) time-steps.
• Capacity to model the effect of WSUD devices such
as rainwater tanks.
Other desirable attributes of the software include:
• The ability to import geographic information system
(GIS) data.
• The capacity to perform a partial series analysis to
find peak flows for various ARIs.
• Previous use in similar applications, preferably in
Australia.
EPA SWMM, with third party modifications, satisfied all the
criteria listed above. It was therefore used as the main
software package for this investigation. PCSWMM software
was used to import GIS data, draw sub-catchment boundaries
and find the lengths of conduits. Once model construction was
complete, SWMM5 was used to run the simulations due to its
availability and shorter run times.
3.2 Construction of the Runoff Model
To construct an accurate catchment runoff model several
elements must be considered. Firstly, the catchment layout in
terms of sub-catchments, junctions and conduits must be
determined. Secondly, the total impervious area, roof area and
number of houses of various types must be considered for
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Rainwater retention through the use of tanks collecting water
from roofs is a long-standing practice and is a heavily
researched area of WSUD. Pezzaniti (2003) used the
DRAINS software to model the effects of adding 2 or 4.5 kL
rainwater tanks to every house in a 54 hectare urban
catchment in Adelaide, Australia. The study assumed 150 m2
of connected roof area per tank and variable demand on the
rainwater tank. The rainfall events tested were historical
storms that had an average recurrence interval (ARI) of
approximately five years. Such rainwater tanks reduced the
severity of storm events. However their effectiveness was
limited as they often filled before the peak of the storm,
especially in the case of small tanks with low water usage.
Guillion et al. (2008) ran a self-developed continuous 30 year
runoff model with a daily time-step in an urban catchment in
Paris, France. They observed the same phenomenon as
Pezzaniti (2003); the rainwater tanks failed to reduce flood
peaks because they reached their capacity well before the
storm peak. However Guillion et al. calculated that equipping
all houses in the catchment with 5 kL rainwater tanks would
reduce total runoff volume by around 20%. Another French
study (Petrucci et al., 2012) used the US Environmental
Protection Agency’s Storm Water Management Model (EPA
SWMM) to assess the effects of rainwater tanks on a 23
hectare residential catchment. Unless large retention tanks
were systematically applied across the catchment, however, it
was found that their effect would be minimal. Petrucci et al.
(2012) concluded that the inefficiency of tanks was linked to
their volume rather than the contributing roof area.
Significantly, however, they assumed full roof area
contribution to every rainwater tank, an unlikely scenario in
Australia, where a roof area contribution of around 40% is
more likely (Chong et al., 2012; Sharma et al., 2015).

before the storm event plays an important role in its
performance during that event (Guillion et al., 2008; Petrucci
et al., 2012). Modelling has demonstrated that rainwater
retention is effective in reducing total volume, peak flows and
flood frequency. Retention tanks are also appealing as they
reduce the mains water used by equipped houses. However,
their effectiveness depends on the size of the tanks and the
water demand placed upon them. Correctly modelling the
impervious area connected to rainwater tanks is an important
aspect of assessing their effectiveness and this should
therefore be a priority (Myers et al., 2014; Petrucci et al.,
2012).

different development scenarios. Lastly, model parameters
such as the infiltration rate, the rate of evaporation and the
roughness of the ground must be estimated.
3.2.1.

Catchment Layout

In SWMM, models are based around sub-catchments, the
junctions to which these sub-catchments drain and the
conduits that carry water between junctions and eventually to
the outflow.
Sub-catchments were delineated for each side of every block
in the catchment. Each property was assumed to discharge all
precipitation that fell on it to the front of the property, an
assumption borne out by personal observation of discharge
pipes within the catchment.
Junctions were placed at stormwater side-entry pits, the points
to which the sub-catchments drain and at the junctions of
underground pipes.

3.2.2.

Impervious Areas

GIS and aerial imagery were used to calculate the impervious
area in each development scenario introduced in Section 3.5.
The impervious area and roof area in each sub-catchment
were determined using ArcGIS. Additionally, roof areas were
determined. 40% of this total roof area was estimated to be
connected to any installed rainwater tank as various sources
suggest that between 30 and 50% of the roof is connected to
rainwater tanks in the average home (Chong et al., 2012;
Sharma et al., 2015). Aerial imagery was also used to estimate
the number and size of houses in each sub-catchment; an
example of this is shown in Figure 1. This information was
used in Section 4.5 to calculate the water use of houses in the
catchment.
3.2.3.

Model Parameters

Average monthly evaporation data were taken from the
Bureau of Meteorology (BoM) records for the Waite Institute
in Adelaide (BoM ref 23031). This station was chosen
because it has a long record of evaporation data and is close to
the catchment. Not all BoM stations record evaporation data
so it was not possible to acquire evaporation records from the
same location as the rainfall data discussed in Section 3.4.
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Infiltration was modelled in SWMM using the Horton
method. This required the input of maximum and minimum
infiltration rates, a decay constant and a drying time.
Depression storage depths were required for impervious and
pervious areas. Finally, Manning’s n surface roughness values
were required for both impervious and pervious areas. The
values selected for these parameters were, in the main, based
on the recommended values for heavy clay soils found in the
SWMM User’s Manual (Rossman, 2010).
Similarly the linked parameters of sub-catchment slope and
width were found using the methods discussed in the SWMM
User’s Manual (Rossman, 2010). Manning’s n values for the
gutters and underground pipes were selected based on
recommended values (Rossman, 2010).
3.3 Model Calibration and Validation
Ideally, the model would have been calibrated and validated
by changing its parameters so that peak flows and overall flow
volumes matched historic data. However, the small size of the
catchment, its relative unimportance and the inaccessibility of
the outlet pipe mean that there are no flow data for the
catchment, making calibration impossible. The resulting lack
of accuracy in model parameters is not of paramount
importance as the primary objective of this modelling is to
compare the impact of infill development and WSUD in
various scenarios in which all these parameters are equal.
Therefore while the model produced might not be accurate
absolutely, the different scenarios should be correct with
respect to one another.
3.4 Rainfall Data
To simulate runoff over a long period of time, an extended
series of continuous rainfall data was needed. These data
should ideally have a short, sub-hourly, time-step, be from a
site close to the Barwell Avenue catchment and be of good
quality. Of the rainfall stations in Adelaide that record short
time-step rainfall data, the nearest to the catchment is
Adelaide Airport (BoM ref 023034). Unfortunately, like many
other rainfall stations, the data from Adelaide Airport are of
poor quality, with a large number of missing time-steps. In an
earlier study of WSUD in Adelaide, Myers et al. (2013) used
data from Parafield Airport (BoM ref 023013). These data had
a 6 min time-step, with a continuous record over 19 years,
from January 1973 to January 1992. As these data were
“apparently complete” (Myers et al., 2013), they were adopted
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The flow paths and conduit types in the catchment were
scrutinised during site visits. Conduits were placed between
junctions in order to transport the runoff to the catchment
outfall in a manner representative of reality. The majority of
the conduits within the catchment were gutters. These were
represented in SWMM by open trapezoidal channels whose
dimensions were measured in the field. In addition to the
gutters there are underground pipes indicated by the existence
of three stormwater entry pits on the junction of Beauchamp
Street and Barwell Avenue, shown in Figure 1, and two entry
pits near the catchment outfall. It was assumed that the pits at
the junction of Beauchamp Street and Barwell Avenue all
contribute to a 300 mm underground pipe that carries water to
the outflow, although the specifics of these conduits remain
unknown. The relatively large pipe size of 300 mm was
selected in order to effectively transmit the flow to the
catchment outflow and avoid simulated blockages, hold-ups
or flooding in an area about which little was known. The entry
pits near the catchment outfall are assumed to contribute
water to the 400 mm pipe that carries the entire catchment
outflow.

Figure 1: The Barwell Avenue catchment showing the
impervious area in 2007

for use despite coming from a site about 18 km from the
Barwell Avenue catchment.
3.5 Development Scenarios
Development scenarios were created for each of the years
1993, 2007, 2015 and 2040. The earliest available aerial
imagery was from 1993 and this was selected as the baseline
scenario. An aerial photograph from 2007 showed a minimal
increase in impervious area, while the 2015 image revealed a
significant increase. Thirteen properties were redeveloped
between 2010 and 2015 (personal communication, Andrew
King, Coordinator of Engineering Services, City of West
Torrens Council, 16 August 2015). This rate of infill
urbanisation was projected to estimate conditions in 2040,
yielding an estimated 78 properties after 2010. Each
redevelopment was assumed to consist of a pervious yard area
being converted into a small home with a total roof area of
200 m2. The resulting total impervious areas and connected
roof areas for each scenario are shown in Table 1.
Table 1: Impervious and roof areas for the different
development scenarios
1993
74 126

2007
74 817

2015
78 862

2040
90 417

61.3

61.9

65.2

74.8

Not
measured
Not
measured

12 004

13 267

18 244

9.9

11.0

15.1

In this exercise, rainwater retention tanks are employed to
offset the hydrological effects of urbanisation. This is on the
advice of Andrew King, Coordinator of Engineering Services,
City of West Torrens Council, who favoured rainwater tanks
over, for example, on-site detention devices because of their
benefits to homeowners and the desire of homeowners to
maintain such facilities.
For each scenario beyond the baseline all combinations of the
following parameters were examined:
•
•
•

Three uptake levels: 50, 75 and 100% of the houses
in the catchment.
Three tank sizes: 2, 5 and 10 kL.
Three categories of retained rainwater usage:
o Water used for all purposes except kitchen
and bathroom use, this category includes the
use of water for flushing toilets.
o Water solely used outside the home, mainly
for garden watering.
o Water used solely for laundry and flushing
toilets.

Table 2: Estimated water use by house type, Adelaide, South
Australia (Allen, 1993 cited in Argue, 2004)
In house use

Bathroom (L/day)
Toilet (L/day)
Laundry (L/day)
Kitchen (L/day)
Total indoor (L/day)
Outdoor (L/day)

Small
‘Villa’
Homes
110
35
65
40
250
160

Moderate
Size New
Dwellings
220
70
130
50
470
400

Older
‘Three
Bedroom’
Homes
180
70
100
50
400
600
408

Table 3 presents the amount of water used by the average
house, based on Table 2 above and the interpretation of aerial
imagery to classify each house in the catchment into one of
the three categories listed in Table 2. As the combination of
house types varies under different development scenarios, the
change in average water use with time is also shown. It can be
seen that as infill development occurs, the average house size
shrinks and therefore uses less water.
Table 3: Water use in the average home for various water use
levels for the different development scenarios

Water Use
All but kitchen/bathroom (L/day)
Outside only (L/day)
Toilet/laundry (L/day)

2007
482.4
320.6
161.8

2015
468.2
309.9
158.3

2040
400.2
261.2
139.0

Because of the lack of a rainwater tank modelling option in
SWMM, rainwater tanks were modelled as infiltration
trenches. Only the storage layer of the infiltration trench was
used, with the infiltration rate set to represent the water usage
by the corresponding property. A complication arising from
this approach was that infiltration trenches are required to
have a void ratio (volume of voids ÷ volume of solids) less
than 1. A void ratio of 0.5 was selected. The result is that a
third of the space in the infiltration trench is void which can
be filled with water and the rest is solid. As a consequence of
this all depths and infiltration rates referred to in millimetres
or millimetres per hour were multiplied by three.
3.6 Simulation for Each Development Scenario
Once each scenario had been modelled using SWMM, various
data points were extracted to analyse their performance in a
number of aspects. The first performance indicator was the
average annual runoff from the catchment. Secondly, the peak
flow in the single short pipe leading to the outfall was
recorded for various ARIs. This provided events in the time
series corresponding to the 10, 5, 2, 1, 0.5 year ARIs from
which corresponding peak flow data were extracted. Finally,
water savings were calculated from the difference in
catchment inflow between the baseline model for that
development scenario and the WSUD model in question. It
would have been ideal to examine flood frequency in addition
to total outflow, peak flow and water savings. However, with
little information on where flooding regularly occurs in the
Barwell Avenue catchment it was decided that attempting to
measure flood frequency without a clearly defined flood
would be speculative.
3.7 Comparison of Scenario Outcomes
The data obtained using the methods outlined in Section 4.6
above were used to compare the different scenarios. Average
annual runoff, the peak flow in a 5 year ARI event and the
water savings will be used to assess the performance of each
model. Performance will be assessed relative to other models
and also relative to the baseline 1993 scenario with no
rainwater tanks. The 5 year ARI peak event was selected for
assessment as stormwater drainage systems are typically
designed with this discharge in mind.

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Impervious area
(m2)
Impervious area
(%)
Connected roof
area (m2)
Connected roof
area (%)

Based on the house sizes estimated in Section 3.2, the water
use for various sized houses was taken from Table 2. The
average water use drawn from rainwater tanks for a house in
the catchment was found and this was applied across the
catchment.

4.

a)

RESULTS

4.1 Impact of Infill Development
Simulations using the same 19 years of rainfall data for the
1993, 2007, 2015 and 2040 development scenarios show that
catchment outflow increases over time, see Figure 2.

Catchment Ou5low (ML/
year)

25
24
23

b)

22
21
20
19

1993

2007

2015

2040

Year
Figure 2: Mean yearly catchment outflow for the 1993, 2007,
2015 and 2040 development scenarios
Peak catchment discharge increased slightly in later, more
urbanised scenarios, see Table 4.

c)

Table 4: Peak flows for ARIs between 0.5 and 10 years for
the 1993, 2007, 2015 and 2040 development scenarios
1993
0.276
0.233
0.201
0.192
0.181

2007
0.277
0.234
0.202
0.192
0.181

2015
0.277
0.235
0.202
0.192
0.181

2040
0.280
0.240
0.206
0.196
0.183

4.2 Effect of Retention Tanks Fitted to 75% of Properties
in the Catchment
Although situations in which 50% and 100% of the properties
in the catchment were equipped with rainwater tanks were
studied, only the 75% will be considered here as it is thought
to represent the most likely uptake rate at the site.
Figure 3 shows the mean annual runoff for the Barwell
Avenue catchment for the three development scenarios when
75% of the properties in the catchment have rainwater tanks.
Larger tanks resulted in lower outflows, higher water use rates
resulted in slightly lower outflows and greater urbanisation
caused higher total outflows. In all cases total runoff was still
below the 1993 baseline.
Figure 4 shows peak flows for the 5 year ARI at the
catchment outlet for the 2007, 2015 and 2040 development
scenarios, taking into account variations in the usage of the
retained rainwater. In every case, the installation of a 2 kL
tank generates the highest peak flows. Nevertheless, with the
exception of the 2040 scenario in which the water from a 2 kL
tank is used solely for toilet and laundry purposes, all
predicted peak flows are below those of the 1993 baseline.
Significantly, except for minor reductions in peak runoff in
the 2040 scenarios, the 10 kL tanks perform no better than the
5 kL tanks in reducing peak flow volumes.
In the context of overall water savings, the development
scenario was the most important factor, with the 2007
scenario having a mean annual water saving of 2.31–2.61 ML
depending on other parameters, the 2015 scenario saving
3.40–3.84 ML/year and the 2040 scenario saving
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Figure 3: Mean annual catchment outflow with rainwater
tanks on 75% of properties for the a) 2007, b) 2015, c) 2040
development scenarios
3.51–3.97 ML/year. However water savings per house were
reduced in later scenarios due to a lower average connected
roof area. Larger tanks resulted in greater water savings while
the level of water usage had very little effect on the amount of
water saved, except in the case of the 2 kL tanks, where it had
marginally more effect.
4.3 Economic Assessment
If the City of West Torrens Council chose to mitigate the
effects of infill development through WSUD techniques rather
than through expanding the existing stormwater infrastructure,
it would be using rainwater tanks. The council would offer to
install and connect rainwater tanks for homeowners. The
water using systems to which the water tanks were connected
would probably be decided on a site by site basis. The council
would probably offer a single tank size throughout the
catchment to facilitate the purchasing process. Projected costs
for the purchase and installation of the three tank sizes and
uptake levels investigated in this study range from $231 160
for 50% of the properties equipped with 2 kL tanks to
$642 134 for all the properties having 10 kL tanks installed.

Costs are based on the average provided in a 2006 study of
rainwater tank costs by Marsden Jacobs, and have been
inflated to 2014 levels using interest rates from the Reserve
Bank of Australia (RBA 2015). The number of properties is
based on the number of properties used in the 2015
simulations.
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Peak Discharge
10 Year ARI (m3/s)
5 Year ARI (m3/s)
2 Year ARI (m3/s)
1 Year ARI (m3/s)
0.5 Year ARI (m3/s)

a)

5.

DISCUSSION

5.1 Impact of Different Uptake Levels
The level of uptake of rainwater tanks within the catchment
proportionally changes the effects of the tanks. For example, a
50% uptake level resulted in one half the effect of the full
uptake scenario on total runoff and peak flow rates. For
further examples refer to Gale (2015).
For greater reduction in total runoff, reduction in peak flows
and the overall amount of water saved, higher levels of
rainwater retention tank uptake are desirable. The linear
nature of the relationships is due to each property being
assigned an average connected roof area. It should be noted
that in reality this may not be constant, and that any
implementation will be influenced by the roof area
connection.

b)

5.2 Impact of Different Tank Sizes
The size of the rainwater tank has a small but notable impact
on mean annual runoff volume and the amount of water
saved, but a significant impact on peak flow rates.

c)

The financial costing in this study takes into account costs as
well as the benefits provided by an unmetered water supply.
Marsden Jacobs (2007) estimated that the ongoing provision
of electricity to the pump and general tank maintenance is in
the order $25/year at 2014 costs (RBA 2015). In addition to
this, there is the cost of replacing the pump, which, according
to Marsden Jacobs’ (2007) estimations, is required every 10
years and costs an average of $639. Counterbalancing these
costs are the savings on mains water. Currently in Adelaide,
mains water costs $3.36/kL for residential properties that use
between 329 and 1425 L/day (SA Water 2015). Given that all
houses in the catchment may be assumed to have usages
between these values the approximate mean annual savings on
mains water are $81–$93 depending on tank size and water
use type.
A 10 year net present value (NPV) analysis of costs and
benefits to the home owner at the government discount rate of
7% was performed. This demonstrated that homeowners made
between $76 and $150, depending on tank size and water use
type, over the period. This includes ongoing maintenance
costs, pump replacement costs and savings from water use.
By contrast, if the council did not offer free rainwater tanks to
the residents of the Barwell Avenue catchment, the costs
would be significant. Assuming a 30 year tank life, the total
NPV cost to the homeowner varies between $3200 and $4240
depending on tank size and water use type.

The bulk of the additional volume of larger tank sizes is
empty and unused for the vast majority of time. While this
volume stores some additional water for household use and
reduces the total catchment runoff minimally, it is mostly used
during peak events. The upshot of this is that if reducing peak
flows and therefore floods is the desired outcome, tanks larger
than 2 kL need to be used. Since increasing tank size from 5
to 10 kL does little in many cases to reduce peak flows, 5 kL
tanks are considered the optimal of those assessed in this
study.
5.3 Impact of Different Water Uses
The level of water use has little impact on runoff volume and
demand reduction, but does affect peak flow. The specifics of
this are discussed in Gale (2015). This may be because in
South Australia storms are infrequent enough that no matter
the level of use, as long as the water in the tank is being used
for a meaningful purpose, the tank will have considerable
spare capacity throughout the year. However, in the cases
where peak flows occur the small differences in performance
between the water use levels do have an impact. This situation
generally occurs when rainfall events take place close together
and the tank has drained enough to receive more water at a
higher use level but at a lower use level it is too full to retain
all the water.
5.4 Impact of Retention to Restore Peak Flow and
Runoff Volume
The impact of the WSUD devices on later development
scenarios is to reverse the changes brought about by infill
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Figure 4: Peak flow for 5 year ARI with rainwater tanks on
75% of properties for the a) 2007, b) 2015, c) 2040
development scenarios

Annual runoff volume decreased with increasing tank size,
but not by a significant amount. The amount of water saved
increased with increasing tank size, but the increase is greater
with the shift from 2 to 5 kL tanks than from 5 to 10 kL tanks.
Larger rainwater tanks save comparatively more water in low
water use environments. Larger rainwater tanks reduced peak
flow. The 2 kL and 5 kL tanks had the same maximum
reduction of 5 year ARI peak flow but the 5 kL tank had a
higher minimum reduction. Conversely, the 10 kL tank had
the same minimum reduction as the 5 kL tank but a higher
maximum reduction. For a more detailed discussion of the
impact of different tank sizes see Gale (2015).

development. In terms of mean annual catchment runoff the
majority of tested scenarios reduced the runoff below the
1993 baseline level. The only scenario in which this was not
the case was the 2040 development when retention tanks were
only applied to 50% of the properties in the catchment, for
which all tank sizes had runoffs marginally greater than 1993
levels.
For peak flow the results were less conclusive. For the 10 year
ARI event all cases using 5 and 10 kL tanks reduced the peak
flow below 1993 levels. When the 5 year ARI event was
examined, the 2040 cases with 2 kL tanks and toilet and
laundry water use had higher peak flows than the 1993 case.
For the 50% uptake case, the ‘outside’ water use also failed to
reduce the peak flows. For events with ARIs of 2 years or
less, the 50% uptake scenarios in 2040 reduced the peak flow
to 1993 levels and no scenarios had a higher peak flow. These
findings support those of Pezzaniti (2003) and Guillon et al.
(2008) as it is the small rainwater tanks with low demands
that fail to noticeably reduce the peak flows from storm
events. This is because, for the more severe events, they are
filled before the peak intensity of the storm occurs.
5.5 Sources of Error in SWMM
In general SWMM was able to simulate the Barwell Avenue
catchment without obvious error. However, there were
situations in which a more powerful or adaptable model
would have been desirable.

A source of error for the those situations in which the retained
water was used for outdoor purposes such as gardening is that
this water use is seasonal, with a marked summer peak,
whereas it was modelled as a constant. Outside use was
modelled as a constant as SWMM does not support variable
infiltration (usage) rates. The result of this is that both the
‘outside only’ and ‘everywhere but kitchen and bathroom’
water use cases over predict water use and underestimate the
total catchment outflow; it is also possible that the peak flow
rates were affected slightly. These errors are much more
pronounced for the ‘outside only’ water use case as there will
be little to no water use from the tank during the wetter winter
months, thereby dramatically increasing the likelihood of the
tank overtopping.
Another minor source of error arising from SWMM not
supporting variable infiltration (usage) rates is that water that
is used from the rainwater tank is taken at a constant rate; as
soon as there is water in the tank it is depleted at the specified
use rate. This does not mirror how a household actually uses
water. There are long periods during the day, at night or when
the occupants are absent when no water is used. There are also
periods of very high water use; for example when watering
occurs. If the tank is full then the manner of water removal
may have an effect on the amount taken into the tank or lost
as overflow. This is a problem that could only be avoided by
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5.6 Economic Assessment
The installation of rainwater tanks in the Barwell Avenue
catchment was not found to be profitable if supply and
installation costs of the tanks were borne by the homeowner.
It was profitable, however, if the council shoulders the cost of
initial tank and pump purchase and installation. Given this,
there should be no economic reason to refuse the free
provision of a rainwater tank by the council, although there
may be some refusals based on the disruption the installation
would cause or a lack of available space on the property. The
addition of a complimentary tank and pump maintenance and
replacement service would make the offer more attractive and
ensure that the tanks were in working order so that the
hydrological benefits the tanks provide to the council could be
reliably assumed to be in effect.
If the City of West Torrens provided 5 kL rainwater tanks to
all the properties in the catchment today, it would cost less
than $550 000, based on the costing provided by Marsden
Jacobs (2006). This is considerably cheaper than the
$1 000 000 Andrew King, the Coordinator of Engineering
Services at the City of West Torrens Council, estimated it
would cost to upgrade the catchment’s stormwater system
(August 16, 2015). Assuming the council had no further
financial involvement with the tanks, they were properly
maintained, the pump was replaced every 10 years and, in all
these properties, the rainwater tanks were connected for use in
toilet flushing and laundry applications, the following would
occur:
•
•
•
•
6.

Each homeowner would save more than $300 NPV
over the assumed 30 year life of the tank.
More than 26 kL of water per house, on average,
would be provided by the rainwater tank annually.
Annual total catchment outflow would be reduced by
around 13%.
All peak flows would be reduced below 1993 levels.

USE OF SIMULATION AND MODELLING

The use of simulation has enabled the prediction of the
hydrological state of the Barwell Avenue catchment in 25
years’ time. Modelling the uptake and use of rainwater
retention tanks of a range of sizes has yielded reliable
information on the hydrological response of the catchment to
future urban development and provided data to allow the local
council to make informed decisions about managing urbaninduced hydrological change. While this approach is suitable
for most urban catchments, applying this method to a new
catchment is invariably a time-consuming process. Every time
a property subdivision occurs, or permeable land is otherwise
developed, the runoff, peak flows and the risk of flooding in
that catchment increase. In order to mitigate this, improved
stormwater infrastructure or alternative WSUD methods are
required. Conversely, the owners of large (>2 kL) rainwater
tanks can feel reassured, knowing they are reducing the risk of
flooding in their urban catchment.
7.

CONCLUSION

The hydrological effects of projected urban infill development
in the Barwell Avenue catchment may be reversed using only
rainwater retention tanks. Both total catchment outflow and
peak flows may be reduced below 1993 levels for a
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Weaknesses in SWMM in the modelling of WSUD devices
lead to a very slight error in the loss of water from rainwater
tanks. It became apparent that there was a small amount of
unavoidable evaporation loss from the rainwater tanks, as they
were modelled as infiltration trenches. This evaporation,
normally counted as household water use, has the effect of
increasing the rate at which the tanks emptied. In a situation
where the tank is full and rainfall is continually stopping and
starting, evaporation would have the effect of slightly
overestimating the water use from the tank and
underestimating the overflow.

programming daily water use peaks, a function that SWMM
does not currently possess.

development scenario projected for 2040. In addition,
properties equipped with a rainwater tank can be expected to
receive an alternative water supply of more than 20lkL
annually.
Three parameters concerning the rainwater tanks were varied:
their level of uptake in the catchment, their size and the usage
of water retained in the tank. To reduce catchment outflow
and optimise the gathering of water the most important of
these parameters was the level of uptake followed by tank
size. To reduce peak flows, using a 5 year ARI baseline, the
most important variable was the level of uptake followed by
water use. However for the 10 year ARI event, the size of the
tank was the most important variable.
The provision of 5 kL rainwater tanks across at least 75% of
the catchment ameliorates hydrological impacts of residential
infill. The costs of initial tank and pump purchase and
installation would be less than $550 000. If these costs were
borne by Council, this would provide a financial incentive for
householders to adopt these measures. However, there is no
financial benefit for homeowners to purchase and install their
own rainwater tanks.
8.
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Rainwater tanks are a viable method of reducing total
catchment runoff and peak flows in the Barwell Avenue
catchment, Kurralta Park, thereby reversing the hydrological
impacts of infill development. If the City of West Torrens
Council were to choose this method of reducing flood risk in
the catchment the following points should be heeded:
1. More properties equipped with rainwater tanks leads
to better hydrological results: a target of at least 75%
uptake should be adopted.
2. 5 kL tanks should be purchased and installed: these
provide considerably better flood protection than 2
kL tanks. By comparison, 10 kL tanks are large and
difficult to place while not providing significant
annual runoff, peak flow reduction or water savings
compared to 5 kL tanks.
3. All tanks should be plumbed to allow the water
provided to be used daily.
4. Residents should be advised on the financial and
environmental benefits of this approach.
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Australia, Adelaide.

Australasian Simulation Congress
www.simulationcongress.com

Challenges and Solutions for Integrating Simulation into a
Transportation Device
Chris Bosomworth1,2, Maksym Spiryagin1, Colin Cole1, Sanath Alahakoon1, Mark Hayman2
Central Queensland University, Centre for Railway Engineering, Australia
Insyte Solutions Pty Ltd, Australia

1
2

ABSTRACT

Article accepted:
(June 2016)

The transportation area has seen an influx of condition monitoring devices in the last 5
years. A condition monitoring device typically has one or more sensors that it uses to
measure the state of a component, analyse the measurement and provide a notification if
the measurement is outside its normal operating tolerance. However, what happens if the
component can’t be readily measured directly, like rolling contact, or when the device is
operating in extreme environmental conditions? It can’t just be ignored. This is where
simulation has a significant role to play. This paper explores the challenges in integrating
a multi-body simulator into an on-board field device installed on a self-powered railway
passenger vehicle. The device uses local sensors such as GPS to provide input to a
simulator that calculates wheel-rail contact and L/V ratio. The L/V ratio is used as a
derailment risk indictor in the rail sector. Wheel-rail contact is a good example of an area
that can’t be directly measured, especially in the context of a tractive vehicle. The paper
will also describe the use of simulation to verify and validate the device before
installation in the field. The study findings show that, while on the cutting edge of
available industrial computer technology, it is possible to integrate a multi-body simulator
into a device suitable for installation in a powered vehicle. From the test perspective, it
was found that simulation is useful as a tool for enabling realistic hardware integration
testing before a device is installed into the field.
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1.

INTRODUCTION

A typical on-board condition monitoring device for a
transportation vehicle is comprised of a number of installed
sensors that periodically measure and report their status to a
central processing unit (Knorr-Bremse, 2010). This unit may
have the capability to provide warnings or alarms to the local
vehicle or notify an external recipient via a wireless
communications interface.
These systems all share a similar constraint in that they can
only detect the condition at, or nearby, the sensor location. In
the situation where a sensor can’t be installed, an alternative
method for deriving the condition or state must be used (Ngigi
et al., 2012). A good example of this is the wheel-rail contact
forces (Ward et al., 2010) for a self-powered railway vehicle
and this will be the derived measurement used for this paper.
For a non-powered vehicle such as a wagon, the wheel-rail
contact can be approximated by an axle box mounted sensor,
such as an accelerometer. Where the vehicle applies tractive
effort, this approximation does not hold and an alternative
measurement method is required. In this environment,
simulation is a good candidate for calculating wheel-rail
contact and this can be achieved using a multi-body dynamics
simulator.

413

The design and manufacture of an on-board condition
monitoring device that integrates an embedded vehicle
dynamics simulator carries with it a number of challenges,
including:
•

Measurement or lookup of the current track
geometry.

•

Execution of a computationally intensive simulator
in an embedded device.

•

System validation prior to installation in the field.

The multi-body simulator requires the current track geometry
as input. There were two approaches considered by this study
to obtain the track geometry data. The first is to read the track
geometry directly using sensors installed on the vehicle in
real-time (Fraser et al., 2007). The other approach is to use an
external source of track data, either measured by the track
owner using a track recording car or the track survey plan of
the rail network maintained by the track owner.
To reduce sub-system complexity of the on-board device, the
decision was taken to use the track survey plan data over the
installed sensor and analysis approach to derive track
geometry. An additional benefit of track survey data is that it
was readily available from the track owner.
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A R T I C LE I N F O

The choice of track survey data required that a method of
position determination was needed for looking up track
geometry input data for the multi-body simulation. There are
a number of approaches to determining track position using a
combination of GPS, inertial sensor measurement (dead
reckoning) and mathematical algorithm correction. (DurazoCardenas et al., 2014).
Given that the coarseness of the chainage measurement in the
track survey data was in the tens of metres, a simplified
approach using GPS only was adopted, with a view to future
improvement of train position determination.
This paper will present the use of two simulation
methodologies. The first methodology is the integration of a
multi-body simulator into an on-board condition monitoring
device. The simulator uses real-time measured dynamic
characteristics and track geometry as input with the L/V ratio,
or derailment indicator, as the output of the device. Details of
the model, input requirements, track position synchronisation
and the challenges of running computationally intensive
simulation in a harsh environment shall be presented.
The second methodology will detail the bench test scenario
and the use of simulation in verifying and validating the
device before installation into the field. This shall focus on the
efforts required to simulate a real-world environment for
hardware integration testing.

2.

ON-BOARD CONDITION MONITORING DEVICE

The on-board device is comprised of a central processing unit
with a GPS and mobile communications device attached. The
GPS hardware interface is via RS-232 and the mobile
communications via Ethernet. The device can be optionally
powered by either solar or belt driven axle generator. Figure
1(b) shows a block diagram of the device components.

(a)

The embedded multi-body vehicle simulator is executed by
the central processing unit and the simulation results produced
are the wheel-rail contact forces and L/V ratio. Section 2.1
describes the details of the multi-body simulator.
The simulator maintains synchronisation with the track via a
GPS that is updated at a rate of 20Hz. The GPS also provides
the running speed of the vehicle and this is also transmitted at
20Hz to the simulator. See section 2.2 for full details on how
GPS synchronisation occurs.

(b)

The mobile communication device provides a high speed twoway communications interface that is used for transmitting
L/V events in real-time to a remote base station. In addition to
this the communication interface is used for remotely
administering the device once installed in the field. This
administration includes items such as model/code
optimisation updates and fixes, and data management.
All hardware is specially selected to withstand the harsh
environmental conditions experienced by a railway vehicle,
with temperatures exceeding 60ºC and high shock and
vibration. These conditions place additional constraints on the
performance capabilities of the software in the device as
industrial hardware generally has lower performance
benchmarks in comparison with desktop computers and
engineering workstations.

(c)
Figure 1: Top-down view of the system – (a) Methodologies;
(b) Device; and (c) Simulator model
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A block diagram of simulation methodologies and their
interaction are shown in Figure 1(a).

2.1 Multi-body Simulator
Two common approaches can be considered for the
application in real-time train operations:
1.

Real-time inverse dynamics (Xia et al., 2007; Sun et
al., 2015)

2.

Real-time multibody model approach (Spiryagin et
al., 2013; Spiryagin et al., 2015).

The application of three-dimensional inverse vehicle-track
system models is a more complicated task in comparison with
a multibody model because the load identification problem in
most practical cases is ill-posed and, as a result, not all the
state variables or initial conditions are known. Therefore, for
this study it looks reasonable to use a multibody model that
allows avoiding parametrical sensitivity.
2.1.1

Real-time Constraints

The embedded multi-body vehicle simulator has a hard realtime requirement for simulation execution, i.e., the execution
of one time slice of the simulation must never exceed the
duration of the real time slice. This constraint can be fulfilled
in a number of different ways:

than or equal to 50ms of simulation at a time. As previously
discussed, the simulation of this data is a hard real-time
constraint on the software.

It is also important that the simulator’s software interface
allows it to maintain the state of the simulator’s model during
execution. There would be no point in being able to execute a
second of simulation with the model in its initial state every
time. At the end of each second of simulation, the simulator
needs to provide the host application access to the simulated
results for real-time analysis and recording.
The last consideration for embedding a simulator is the ability
to keep it located at the correct track position. This
synchronisation is achieved external to the multi-body
simulator via the GPS. A full description of the
synchronisation process is provided in section 2.2. The only
requirement of the simulator is that it provides a software
interface for modifying the state of the model to place it in the
correct track position at arbitrary times as calculated by the
synchronisation algorithm.

A summary of the execution steps for each real second is
shown below:
1.
2.

Purchasing hardware with ample execution capability
for the current un-optimised system.

2.

In-house development of multi-body simulator code
from scratch optimised for the model to be used.

3.

3.

Research simplifications to the model to be
simulated, if possible.

4.

There is always an exception to the rule and other project
requirements may not allow this course of action. A classic
example of this is Total Manufacturing Cost (TMC) for a unit,
e.g., if this was capped at $1000 and suitable hardware to
execute an un-optimised simulator cost $5000, then software
optimisation or model simplification are the only options.
For the device presented in this paper, suitable hardware was
available to execute an un-optimised version of the embedded
simulator within the hard real-time boundary. This also
satisfied the prototype stage and met requirements of the
project where demonstration of the device capability was
more important than an optimised system running on low
performance hardware.
2.1.2

Embedding

The normal usage pattern for a multi-body simulator is that it
is configured to execute for many simulated seconds, and the
outputs of the model are recorded for later post analysis. To
embed a Commercial Off The Shelf (COTS) multi-body
simulator into a host application and device requires that the
simulator supports incremental execution and has a software
interface that can be embedded into the host.
For this device, the system inputs to the simulator are
periodically provided at a rate of 20Hz. The simulator
software interface requires a function that can simulate less
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2.1.3

Execute the synchronisation algorithm and update
the simulator with real track position and speed, see
section 2.2.
Multi-body simulator receives data at the system rate
of 20Hz and internally executes at a rate of 1000Hz.
Output results from simulator provided at the system
at a rate of 20Hz.

Requirements

Standard requirements of the multi-body simulator are a track
description, vehicle model and a set of system inputs at a
prescribed rate.
The track description is broken down into two parts, the
survey and irregularities. The survey is the description of the
track as it was designed, and is the theoretical representation
of the track. For a real track, this information needs to be
provided by the track owner. The track description contains
the chainage (metres), curvature (1 / radius), superelevation,
and grade or elevation data if required.
The chainage is used as the comparator for the position
lookup and interpolation of the other parameters. Internally
the simulator maintains its own chainage, or distance
travelled, based on the running speed of the vehicle, and uses
this value to lookup the other track parameters. The curvature
is signed negative for left hand curves and positive for right
hand curves. The superelevation is the difference in height
between the left and right rail. An example of a track file is
shown in
Table 1.
In a practical situation, the reality is that the track will never
match the survey description and the irregularity file records
variations on the survey data. In a conventional railroad, these
irregularities are measured and recorded by a track recording
car. The operator monitors the severity of the irregularity and
corrects them when they reach an unacceptable level.
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1.

Industrial computer hardware doesn’t always align with the
latest performance offerings for desktop or workstation PCs,
and can be at least one or two generations behind. However, if
suitable industrial hardware is available, it is generally the
more cost efficient way of satisfying the performance
constraint, and is often considerably cheaper in the long run
than developing code or researching model simplifications.

Read system inputs (GPS etc.) at a rate of 20Hz.

The current irregularity data can be uploaded to the on-board
device as often as the track recording car works to ensure the
device has the most up-to-date data to simulate.

Bogie Frame Mass (*) 6390
kg
Axle Mass (*)
1895
kg
* traction motor mass shared between bogie and axles

Table 1: Example of track data required by the simulator

Chainage (m)

Curvature (1/R)

40

Super elevation (m)

0

0

160

0.00125

0.05

480

-0.00125

0.05

680

0

240

0.00125

560

0.05

-0.00125

0.05
0

The final requirement of the simulator is system inputs
provided at a periodic rate. As described previously, the rate is
20Hz for this device. The following parameters are used by
Gensys to control the movement and dynamic behaviour of
the power car model:

2.1.4

(a)

The Model

The model of a hypothetical self-powered railway passenger
vehicle has been used in the Gensys software package
(Gensys.1506). The characteristics of the vehicle model are
presented in Table 2 (Spiryagin et al., 2014a). In addition, the
general Gensys model view of a power car is shown in Figure
1(c). The gross mass of the power car is 67.7 metric tons. The
vehicle is equipped with two bogies with four traction axles
(Bo-Bo).
The vehicle has been modelled for standard track gauge of
1435 mm. The model includes a car body, two bogies and
four axles (wheelsets) which are modelled as rigid bodies. In
addition, all of them have six degrees of freedom. The track is
modelled as lumped masses under the wheels which join with
the rails through their contact zones. Each track mass has
three degrees of freedom (roll rotation, lateral and vertical
translations). New ENS1002 wheel and UIC60 rail profiles
have been used. In the wheel-rail contact modelling, a three
point contact approach is used. The contact between each
wheel and rail is modelled with spring and damper elements
which are defined as acting normal to three individual wheelrail contact patches. The creep forces are calculated with the
Fastsim algorithm developed by J.J. Kalker.
Table 2: Basic parameters describing the vehicle model
Parameter

Wheel Spacing
Bogie Spacing
Vehicle Body Mass

Value
2.38
14.68
47340

Units
m
m
kg
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• Track position;
• Speed;
• Resistance force.
The track position and speed are calculated by the GPS
synchronisation algorithm, and the resistance force is
calculated using the Davis equation parameters of constant
bearing, bearing per axle, flanging and air resistance. The
Davis parameters dependent on speed are updated at the
system rate.

must first pass through at least two GPS/chainage points. The
order of transition through these points will determine
whether the device is travelling in ascending or descending
order through the track database. The last GPS/chainage point
in the direction calculation also indicates the initial track
position and simulation can then commence.
Whenever the device is located in between GPS/chainage
points, the current track position is calculated by cumulatively
summing the integrated GPS speed. Like any measurement,
the GPS speed will have an element of inaccuracy and the
reckoned track position accumulates this error. When the GPS
location eventually intersects a GPS/chainage point, the
chainage is compared to the reckoned track position and the
simulator’s position is adjusted to match the new chainage.

(c)

Figure 2: Synchronisation and bench testing
2.2 Synchronising the Simulator
As described in section 2.1.2, a method is required to position
the simulator such that it is simulating on the section of track
where the actual vehicle is positioned. The method must
determine the initial position of the vehicle and then maintain
its current position throughout its execution time.

Ideally, a GPS/Chainage table with a chainage resolution of
<10m would be preferable as the device could directly lookup
and maintain synchronisation of the simulation. The exact
chainage resolution is dependent on the GPS type. Civilian
GPS has an accuracy of less than or equal to 7.8m (Global
Positioning System Standard Positioning Service Performance
Standard, 2008), meaning a higher resolution chainage
position is unlikely to be beneficial in practise for this type of
GPS. On the other hand, Military service GPS has an accuracy
of less than or equal to 2.6m and would be capable of utilising
chainage down to three metre increments (Global Positioning
System Precise Positioning Service Performance Standard,
2007). The other benefit of this configuration is that the
lookup is direction agnostic. The issues relating to direction
will be explained in greater detail in the following paragraphs.
For the development of this device, high resolution
GPS/chainage data was not available and the table provided
by the track owner detailed GPS to chainage approximately
every one kilometre. These chainage/GPS points matched
existing track monuments where position had been recorded
and aligned with chainage in the past.
The sporadic nature of GPS to chainage posed an interesting
challenge in simulating the system as it was not simply a case
of looking up track information based on the current GPS
position. The system synchronises its current track position
when it is within tolerable range of a GPS/chainage point and
reckons its position with integrated GPS speed when in
between these synchronisation points.
The first step in maintaining track position is to calculate the
initial track position and direction. The direction is required
for the reckoning phase. To calculate direction, the device
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2.2.1

Why not GIS?

An investigation into the use of GIS data to simplify the
synchronisation process was explored. If path data for the rail
network to be simulated was available, it could be used to
derive the positions between GPS/chainage points, thus
creating a direct GPS lookup table. Unfortunately, the GIS
path maps for the track owners’ network could not be located
at the time of development.
In future derivatives of this project, if the necessary data was
available if would significantly simplify the synchronisation
process.
3.

BENCH TESTING BY SIMULATION

Before installation into the field, the device is verified and
validated through two stages of testing. The first stage is a
software integration test using a software-in-a-loop
simulation, as shown by the architecture diagram in Figure 2
(b). The purpose of the software integration test is to validate
the outputs of the software independently of the hardware
system that will be installed on the rail vehicle.
The second stage of testing is a hardware-in-a-loop simulation
and the architecture is the same as the software-in-a-loop test.
The difference in this case is that the device is the integrated
Hardware/Software solution to be installed in the field. This
test acts as an integration test of both sub-system types and
verifies the functionality of the device before it is installed in
the field. The interface for the virtual GPS must also match
the hardware interface used in the field, which is RS-232.
3.1 Simulating GPS
As described in section 1.2.1 the GIS GPS path data is not
available for the track section to be tested, therefore an
alternative structure for testing must be created. To do this,
the provided track survey data is projected onto a two
dimensional plane with the coordinate system approximating
as closely as possible the GPS latitude and longitude. This
allows latitude and longitude to be directly calculated in the
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GPS is the obvious choice for determining position; however,
as described in section 2.1.3, the multi-body simulator
requires chainage data for simulation. Therefore, to use GPS a
translation from GPS to chainage is required. Like the track
description, this translation is provided by the track owner as
they have the additional meta-data required to make the
association between the two variables.

The biggest factor affecting the required amount of
synchronisation error between the current track position and
expected chainage at an intersection point is the cumulative
GPS speed error. The slower the vehicle travels, the more
speed measurements that are made by the GPS and hence the
cumulative error increases. The 20Hz GPS speed input helps
mitigate linearization when travelling around tight curves.
This is not such an issue in rail where curve radii are
measured in hundreds of metres.

new space for a given chainage. An example of the track
survey data projected onto a plane is shown in Figure 2 (c).
Once the GPS representation is formed, the next step is to
create the GPS/chainage table for the new space. To try and
match as closely as possible the real data provided, the
pseudo-GPS points are identified for the same chainages as
the track owner provided data, i.e., approximately every
kilometre.
To execute the test, a train simulator utilising a virtual driver
operates over the track section. At a rate of 20Hz, the train
simulator’s track position is used to lookup the latitude and
longitude on the virtual space created. To emulate the speed
measurement error in a real GPS, a small random error is
added to the speed. The latitude, longitude and modified
speed are then used to create a GPS sentence that is
transmitted to the device.
3.2 Results
The bench test simulation results for the track example
in

As seen in the results the L/V ratio for each wheel set is no
greater than +/- 0.2 so the vehicle is considered to be handling
well for this example.
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DISCUSSION

4.1 Synchronisation Improvements

The determination of direction is an area identified for
improvement. The current method loses at least a kilometre of
potential simulation distance due to the need to intercept two
GPS/chainage points. One possible idea is to use the current
course in the GPS sentence to identify which GPS/chainage
point the vehicle is heading towards. The biggest challenge
with this method is changing course due to track curvature.

The simplified approach adopted that uses GPS for both
position and speed measurements can be improved through
the introduction of additional sensors and mathematical
correction using a Kalman filter (Ernest et al., 2004). In the
current embodiment, dead reckoning requires the presence of
GPS speed; however, GPS is not always guaranteed to be
present. Satellite visibility can be reduced or blocked
altogether due to tunnels, cuttings, other civil construction and
bad weather. By introducing an accelerometer sensor, if these
periods of GPS inactivity occur, the accelerometer signal can
be integrated to calculate track position.

The use of a single GPS point as a source of synchronisation,
as used in the simplified method introduces any noise
associated with the individual measurement (Hu, 2003). The
Kalman filter is a common method for correcting position in
navigation systems with observation of multiple sensory
inputs over time.
4.2 Future Simulation Improvements
The computational requirements of the simulator for the
defined powered railway vehicle model are quite high for an
industrial specified computer. An area for future work is
exploration into potential simplification of the model with
acceptable accuracy tolerances for the wheel-rail results
produced.
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Table 1 are shown in Figure 3. Vehicle performance safety
indices such as derailment ratio between the lateral and
vertical forces acting upon the rail and wheel and wheel
unloading rate, where both are defined by the wheel–rail
contact forces. The results are the L/V ratio for each wheel set
modelled. The L/V ratio, or Lateral/Vertical ratio measures
the potential derailment risk of the vehicle at a given point in
time. A ratio value of greater than or equal to one, sustained
for 0.05s is considered at high risk of derailment (AS7509.3,
2009).

4.

Although somewhat contradictory to the previous paragraph,
another area for investigation is the integration of further
system parameters as inputs to the simulator model. Initial
inputs to consider may include front/rear coupler forces
/angles and tractive effort, as these all have an effect on
wheel-rail performance. It may be in future development that
the COTS simulator has to be replaced by in-house simulator
development.
4.3 Simulation Limitations

All modelling and simulation is an approximation of the real
world.
Understanding that adhesion characteristics, which were taken
as an assumption in this model, is strongly required because
such characteristics are quite different for each type of rail
vehicle requires development of new estimation approaches.
The example of the usage of rail vehicle dynamics behaviour
responses to predict wheel-rail contact forces has been
described in papers (Xia et al., 2007; Xia et al., 2008), but the
accuracy of the results obtained has not been completely
studied. However, based on this approach, different methods
of adhesion estimation have been tried by UK researchers
(Ward et al., 2011; Hussain and Mei, 2011). Ward et al.
(2011) proposed to use a technique for lateral creep force
detection as a method for the determination of local adhesion
conditions. This technique is based on a single linear KalmanBucy filter and shows interpretable results for one wheelset
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application. Multiple Kalman filters are used by Hussain and
Mei (2011) to estimate the wheel-rail contact condition based
on the wheelset dynamics and a fuzzy logic observer for
analysis of the residuals. Another approach (Petrov et. al,
2014) which uses five quantities to estimate adhesion was
investigated by means of rail vehicle dynamics simulations
performed in the multibody dynamics software Gensys, where
comparisons between the input friction and the estimated
adhesion were made. These approaches have not been
verified under traction and braking modes and could result in
significant differences compared to actual operational
conditions. The example of the detection of adhesion
conditions under traction that are described by Spiryagin et al.
(2014b) also cannot provide a solution due to the presence of
a great number of assumptions. All of the approaches
mentioned above require to be used with some restrictions due
to the application of linear models for non-linear processes,
but do show trends in the further developments in this field.
Furthermore, transition from the adhesion coefficient to the
friction coefficient is also a big question in such estimated
approaches.
In addition, the model used in the on-board device makes
other very specific assumptions about the shape of the wheel
and of the rail head that it contacts with. These assumptions
directly impact the resulting wheel-rail contact adhesion. In
practice, as both wheel and rail wear at varying rates, the
contact adhesion will also vary accordingly. Therefore, the
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Figure 3: Bench testing results for example track

L/V ratio results of the simulator should only be considered as
an indicator of performance and by no means a direct
measurement.
5.

CONCLUSION

Embedding a multibody simulator into an on-board field
device has a number of challenges, including the hard realtime requirement of the simulator, synchronisation to the real
track and the availability and format of required data.

This paper demonstrates how these challenges were overcome
and the different roles that simulation can play when
incorporated into a device, and also as an enabler during the
development life cycle. In particular, the use of simulation
during the hardware integration testing cannot be
underestimated. Inadequate testing can have dire
consequences, and these consequences are further exacerbated
in a field device with limited accessibility other than through
remote communication.
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Abstract: There are several dimensions to securing a simulation scenario in a national Defence context that
involves multiple players. This paper looks at how to secure individual exercises that share the same
underlying infrastructure and keep players separate and able to view only their authorised exercises from
several different perspectives. The consideration of different environments that will allow an exercise
scenario to progress from a 'Development' environment, through 'Test' and into 'Production'. The need to
allow an individual person to have different roles on different exercises. The need to take account of the
individual person's security attributes such as clearance, briefings and nationality; to cater for ISM
definitions such as AUSTEO, AGAO, AUS/USA EO, RELEASABLE TO during coalition exercises, and
finally the need to gradually refine the battle damage assessment, from a simple hit or miss during
development to a refined precise engineering assessment during the production execution of the exercise.
1.

INTRODUCTION

Simulation exercises share a major proportion of the underlying infrastructure
which makes security a challenge: if a person has access to the training
environment, then how can their access be limited to particular exercises?
Even for one exercise, the audience is different depending on the stage of the
environmental lifecycle; development, test or production. This is further
refined by the response to battle damage assessment routines which are
simplistic in the development environments and can progress to refined
engineering constructs in the production environment.
2.

EXERCISE SECURITY

2.1

Security Administration in the Training Network

The training network is generally treated as one security domain, with a set of
authorised users who are then further given access to particular exercise
Figure 1: A simulation in an Area of
environments. The relationship between the training network and the
Operations can be a combination of Live,
Command and Control network and foreign simulation networks is generally a
Virtual and Constructive Simulations
peer to peer relationship through gateways at the boundary of security control
arrangements. In a practical sense, it is the simulators and participants that can
operate across Australia on the training network. This means that multiple simulators can be linked up between various locations
using the training network. The peer level gateway allows traffic through to two other security domains for particular purposes:
1.

2.

The link to the Command and Control network allows for a particular exercise to reach out to a live platform and include
them in the training exercise. An example may be on the bridge of a naval ship, that is responding to command and
control requests from a particular training exercise. How are those instructions and the situational awareness
communicated between the particular exercise on the training network and the real warship on the Command & Control
network?
The link to Foreign Simulation allows for a particular exercise to reach out to foreign participants, who are authorised to
join the exercise. This is the real time access method to allow Australia to participate in Coalition exercises. Thus the
Australian pilots operating a virtual fleet of aircraft can use this mechanism to participate in one of the Coalition
exercises.
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Modern military simulations can be run as a combination of Live with real people executing real commands on a battlefield, or
Virtual where real people control virtual entities in the battlespace and Constructive where the entities operate according to
predefined rules of engagement, as illustrated in Error! Reference source not
found..

In administering the training network, users are added to the security domain and their nationality, clearances and codeword
briefing information will need to be accessible. Participating users first of all logon to the Training domain and then need to join
an exercise if appropriately cleared.
2.2

Joining an Exercise

From the list of available active users in the Training domain, how do we give a limited subset of users access to a particular
exercise environment? Access control must be implemented separately within the domain for the relationship between a user and
the Exercise Environment they are authorised to access. An Exercise Environment is defined as the combination of the Exercise
Name and the Environment Lifecycle Stage. An example may be Talisman Indigo 2016 and the environment may be Production;
thus "Talisman Indigo 2016 - Production".
Security administration will setup the users in each exercise and their permitted environments. As a general statement, developers
would normally have access to the Development environment and perhaps the Test environment, while exercise participants
would have access to the Production environment and a few select personnel would have access to the Acceptance Test
environment for final testing prior to the exercise commencement.

At a simplistic level, we can picture an exercise being the execution of a HLA federation (IEEE, 2010), with each participating
simulator joining the federation as the exercise is instantiated. End users on their workstation will be connecting to their server
instance of a simulator and the collection of simulators will operate as a federation.

With the collection of server instances for simulators being joined as an HLA federation, the technical point is that these virtual
machines instances are linked together as part of a virtual private network (VPN). This makes each virtual machine instance
invisible to other valid users on the Training domain, unless they have access to this particular VPN. So each VPN is a collection
of virtual machines, making up the operating environment for the particular exercise environment. A user who logs on to the
Training domain, will not automatically see all the exercise environments as they aren't connected to any particular VPN at the
time of logging on. Thus the authorised users will need to "attach" their workstation to a particular exercise VPN to gain visibility
of that particular collection of servers.

Error! Reference source not found. illustrates how virtual
servers across domain boundaries can become part of the one
virtual federation and thus see the actions of other entities.
Within each domain, the simulator instances running on virtual
machines as part of that exercise's VPN can see and become part
of their local federation control using the local Run Time
Infrastructure (RTI) which will reach out to its local Enterprise
Service Bus (ESB) where necessary to share information. The
protocol information is then packaged up and passed via the ESB
to the local Run Time Infrastructure in another domain where it is
then passed on to the specific simulator instance. The magic of
this approach is that it makes all simulators look as if they are
playing together in the one virtual federation as illustrated at the
botton of the diagram. Regardless of the particular simulation
protocol such as DIS (IEEE, 1995) or the use of HLA via a
vendor specific RTI, the ESB can link each federation control
together to create the impression of one unified exercise.

Figure 2: Illustrating a HLA federation across domain
boundaries

The challenge of connecting domain separated HLA run time infrastructures has been addressed by the HLA Evolved Web
Services API (Möller et al, 2006; Tu et al, 2011; Pett, 2012). HLA specifically addresses the simulation requirements for exercise
support components of shared state, time handling and synchronisation. Web Services addresses the more business level
interoperability requirements across different operating systems and programming languages. HLA Evolved Web Services
combines both approaches.

However the use of the modular approach of web services introduces a performance overhead in comparison to the direct API
calls used in the Run Time Infrastructure within each domain. This is further complicated by the additional overheads of
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As a user makes a request to "attach" to a particular exercise, the security system will only display those Exercise Environments
that they are able to join at that particular period in time. Thus a developer may see on their permissible list; "Talisman Indigo
2016 - Development" while a uniformed officer may see "Talisman Indigo 2016 - Production". The user selects their target
exercise and the system will then complete its security checks (such as releasability) and if the user is authorised, the workstation
will be attached to the VPN for that specific Exercise Environment and the user will then be able to see the participants and
servers to commence their activity in the exercise. As workstation users we are familiar with networked drives such as H for the
Home drive etc. We can think of this as an X drive for exercises. In principle, the user would attach to only one exercise at a time
to prevent cross contamination via the workstation. This can work if all the virtual simulators were in the one environment, but the
question then becomes how does a remote simulator join a federation and keep up to date with the execution of an exercise. This
might be a real warship on the Command & Control network or participants from another country who are trying to join the
exercise. Figure 2 illustrates the challenge, how to operate a HLA federation of virtual simulators while crossing the boundaries
between the Training network, the Command & Control network
and a Coalition member.

transferring SOA messages via an ESB across separate domains. One approach is to filter out unnecessary messages within the
ESB so that a remote federate only subscribes to specific messages of relevance to avoid the overhead of delivering unneeded
messages. Another approach is to subscribe to the federation messages at an appropriate rate, rather than delivering the full rate of
messages to every federate. This approach is known as the HLA Evolved Smart Update Rate Reduction (Möller et al, 2005).

Here is one of the major aspects of security. Individual users are validated for their credentials at logon to the domain and then
subsequently as they join a particular exercise. Interactions between simulator instances may track their authorised user from a
logging point of view, but the security mechanism changes to one of enforcing the application level security. Thus it is the
federation control software (i.e. the local RTI) that is allowed, as an application, to access the local ESB in the domain. The key
aspect of the security model will be the ability to subscribe to the RTI at specific security levels, dictated both by the RTI
requirements and the distribution requirements of the FOM messages passing between the participating systems. Between
domains, security is enforced to ensure that the corresponding ESBs in each domain are talking to each other properly. These
interactions will log the user on whose behalf the interaction is taking place but the end user has no direct access to the underlying
components of the system, such as the ESB which can only be access by authorised application components.
3.

BATTLE DAMAGE ASSESSMENTS

The general principle between entities within the simulation is that the entity receiving incoming fire makes an assessment based
on the nature of the incoming ordnance, and the trajectory with the result being returned back to the source of fire. That result
may be as simple as hit or miss. Typically for a development or test environment that would suffice and indeed the training
audience may not be allowed to see refined engineering detail of the damage done. This is reminiscent of the "Battleship" game
where hits and misses are shown in a binary way.
However the requirement becomes considerably more complicated and is a matrix of permissions based on the environment and
the personnel who are accessing the simulation. For performance reasons, this is too complicated to resolve for each firing and
consequential battle damage assessment, so the preferred approach is to provide a system level indicator as to the level of battle
damage assessment (BDA) to be returned. The value of this system level indicator (BDA System Level Indicator) is available to
all entity participants at all times during simulation execution and has a direct impact on the BDA returned. There are two broad
levels possible for that indicator:

2.

Hit or Miss - this value directs the entity receiving fire to return a binary assessment of hit or miss. In simplistic terms,
the hit value indicates destruction of the entity receiving fire while the miss value indicates the entity can continue
operating.

Engineering Precision - naturally in the real world of warfare, a hit can mean different degrees of damage, as can a miss
which may partially immobilise a vehicle if the shot falls close enough. So instead of a binary answer, this value directs
the entity receiving fire to undergo a more complex assessment based on the ordnance, incoming speed, angle, direction
etc. The result may be given with more precision, such as the left track of a tank may be disabled but the gun is still
operating. It would also go to the survivability of the crew in those circumstances.

For performance efficiency, the BDA System Level Indicator is only changed when the environment or participants change. The
environment stays constant for the execution period of an exercise; that is to stay if an exercise commences in 'Development' the
environment cannot change to 'Test' or 'Production' without a shutdown and restart of the whole exercise. So the initial state of the
BDA System Level Indicator is set according to the following table:
This initial setting is then further modified depending
on the clearance level of the participants joining the
exercise. The granting of access rights to the exercise
is set externally based on the pool of available
participants on the training network.

Table 1: BDA System Level Indicator
Development
Test

"Hit or Miss"
"Hit or Miss"

Acceptance Test
"Engineering Precision"
The exercise iis set to a level of participation which
Production
"Engineering Precision"
affects the BDA System Level Indicator based on who
joins the exercise. For example an exercise which is set to AUSTEO (Australian Government, 2015). For each participant joining
the exercise, the security routine would need to ask "Does this person joining this exercise satisfy the AUSTEO requirements".
This would be resolved by the security routines interacting with HR data to determine nationality attributes of the person and
other attributes such as compartmented briefings (for access to caveated information) and to their rank and service arm.

The impact of a negative assessment will cause that participant to be denied access to the exercise. The practical impact of this is
that an exercise as a whole can be set to AUSTEO in the production environment. Participants A B and C can be given access to
that exercise. During the logon procedure, if any of participants does not meet AUSTEO requirements based on the HR data
check, then they will be denied access to the exercise environment. Normally, at the time of granting access to an exercise,
participants A B and C will need to have valid security credentials to be granted access to the exercise. A re-check is done at the
time of logging on to the exercise which will catch situations where for example, participant C may have had valid security
credentials at the time of being granted access to the exercise during security administration, but over time something changes and
they no longer have access.
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1.

4.

EXTENDED SECURITY IMPLICATIONS

4.1

Cross Domain Solutions

In general, simulations operate at the same classification level and therefore messages between domains will pass through a
Gateway at the security boundary. In the case where the target is at a different classification level, either higher or lower, the
messages will need to go via a Cross Domain Solution and have security metadata attached to enable agents to permit or reject
access to the published messages (in part or in whole) by federates or other participants at differing levels of classification.

The message flow can be seen in terms of a Request/Response paradigm and this is useful for the security accreditation approach.
The overall business flow from one domain to another will need to be accredited in the normal flow for a cross domain solution.
From the perspective of the Training Domain, the flows will be either High to Low, or Low to High depending on the
classification of the target domain relative to the Training Domain. The ability for a lower classification domain to respond to a
message from a higher classification domain is generally accepted provided that the returning message can be clearly identified as
being a response to a previous request. That can be characterised as the higher domain "reaching out" to the lower domain with a
structured query which can be answered. The flow of individual answers back to the higher domain when validated as being a
Response to a previous Request can be accredited in the normal course.
So the more difficult case is when the Training Domain wants to send a message to a domain that is of a relatively higher
classification. In generic terms, how does a lower domain make a request of a higher domain and receive answers in a way that
will pass security accreditation? Part of the answer is in regard to the gateways and cross domain flows; under the general heading
of a bi-directional SOA gateway between adjacent security domains of different classifications.

Given that there is security accredited infrastructure to deliver these bi-directional SOA messages, the issue then becomes one of
content and whether the question can indeed be answered by the higher security classification. These are business issues and there
are security judgements that need to be made. For example, a broad question such as list all the personnel on Ship XYZ would
not be permitted from a lower to higher domain; as any response would be seen in the context of a data spill. So designing the
message flow and creating specific questions that can be answered without compromise can be a challenging exercise. In this
example, it may be permissible to ask "is Person X deployed on Ship Y"?

4.2

ITAR Security

4.3

Dissemination of After Action Reports

5.

CONCLUSION

Another complication that adds a further dimension to exercise security is access to ITAR controlled software or simulators. ITAR
constraints imply that within an exercise a company managing a platform/system A might not have access permission to connect
to platform/system B. Further issues arise around access by government employee (ADF/APS) versus contractors. The security
design can be come very complex when some data flows become subject to ITAR constraints and requirements.
After action reports are shared among the participants depending on the bilateral, country to country arrangements. This further
complicates the security model; a participant may be granted access to a particular exercise environment but that does not
automatically presume they are entitled to see the after action reports. These reports are still subject to the releasability rule,
expressed through the ISM definitions such as AUSTEO etc (Australian Government, 2015). Hence information release in
documents relating to the conduct of the exercise will be governed separately to the execution phase of the exercise.
This paper considered several dimensions required to secure a simulation scenario in a national Defence context involving
multiple players. A structured approach is necessary to separate out the security issues involved in individual exercises that share
the same underlying infrastructure. Different environments allowing an exercise scenario to progress from a 'Development'
environment, through 'Test' and into 'Production' may necessitate an individual person having different roles on different exercise
instances. The need to take account of the individual person's security attributes and the need to gradually refine the battle damage
assessment illustrate the significant complexity that can arise in the security design. This is further complicated when simulators
are operating on networks of differing classifications requiring cross domain sol+utions or ITARS affected software is involved.
6.
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1.

INTRODUCTION

In looking at the solution space to address modern test and
training and LVC interoperability issues, it becomes apparent
that range instrumentation is an ideal solution space to
leverage the principles of layered assurance. This space
includes significant security-related scope as well as safety
issues which must be addressed. High assurance/robustness of
the solution is critical to address these issues. However, cost
and schedule viability are a serious consideration as with any
modern military development effort. This paper describes a
solution which is based on the principles of layered assurance
and composability at multiple levels in the architecture. All of
the elements described herein have completed their individual
certification efforts (e.g. NSA Type 1, Common Criteria, etc.).
The system-level solution is rapidly maturing and is in the
process of completing accreditation as part of its fielding.
2.

OVERVIEW OF THE PROBLEM SPACE

2.1 Testing
Modern military ranges are testing with a variety of
platforms that can each host and share information at a wide
range of classification/caveat/compartment levels. For
example 5th generation platforms (e.g. F-35) and 4th
generation platforms (e.g. F-18) have communications links,
weapons, and sensors that are processing data at different
levels of security thus requiring different keys and
infrastructure at the range to support tests with each platform.
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In addition, the humans working with and in these platforms
also have limits on clearance and “need to know”. Multiple
test missions may be simultaneously occurring at the range
and different sets of personnel will be accessing different sets
of the information which is flowing around the range on
common infrastructure.
2.2 LVC Training
A typical LVC training scenario will include many of
the following, each with different security levels and
requirements for exchange:
• 3rd, 4th, and 5th generation platforms
• Unmanned Aerial Systems (UAS)
• Air, Ground, and Navy Simulators
• Simulators for other roles i.e. C4ISR and Joint
Terminal Attack Controller (JTAC)
• Real and Simulated Weapon Systems
Datalinks and sensors also have a variety of performance
parameters and capabilities which also span a number of
classification levels; this is an extremely important
consideration before F-35 aircraft can participate in integrated
training. Add to that, the desire to interoperate with coalition
partners and the requirements continue to expand. The current
state of training exercises results in segregated information
flows that lead to a reduction in safety as well as training
effectiveness by keeping necessary information from being
shared between the participants who need it the most.
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A R T I C LE I N F O

2.3 Common Problem

Guideline

All of this leads to the need for an MLS information exchange
solution that enforces the operational security requirements,
but enables testing and training to be performed efficiently
and successfully. In order to test or train effectively in modern
environments, one must be able to affordably control the flow
of information among the players while ensuring that all
information (which must be exchanged) is supported in a
timely manner. In addition, the ranges often want a low
impact scalable solution that supports system-high (at a
single-level) through certified MLS operation.
3.

GUIDANCE FOR THE SOLUTION SPACE

The following general guidelines have been developed as a
means to bound the problem and direct the solution space
toward scalable solutions that can be cost effectively
implemented and technically useful for addressing the current
test, training, and LVC functional requirements.
Table 1: General MLS Guidelines
Guideline
Perform all data processing in the lowest possible (level/caveat)
security enclave.
Follow relevant Defense Information Systems Agency (DISA),
National Security Agency (NSA), National Information
Assurance Partnership (NIAP), and Department of Defense
(DoD) services guidance documents for secure configuration of
applications and devices in the MLS LVC environment.

Where the MILS-based approach is insufficient and the MLS
requirements do not drive spanning more than 2 levels (e.g. Top
Secret-to-Secret (TS-S) or Secret-to-Unclassified (S-U)), use a
traditional label-based MLS approach (nesting MLS within a
MILS partition is also an option to reduce SWaP).
MLS processing implementation should be scalable to support
multiple system-high / single-level partitions with no cross
domain information flow through all-way guarding between
enclaves.
Safety channel or allocation in the training range data link to
support low latency high priority safety traffic.
Utilize Black-side only training data link, as opposed to a data
link that spans both Red and Black sides.

Operational security mechanisms (non-technological
processes) are an essential part of a comprehensive
security solution.

Ensure solution is capable of supporting operation at SystemHigh at a single-level through certified MLS operation with a
single equipment set.

Table 2 Cross Domain Solution (CDS) and Encryption
Guidelines
Guideline
Bind classification/caveat/compartment labels to information.
Include meta-data where possible on which element of a data item
drives the classification label level.
Utilize encryption systems that support CIK-less operation and
remote ignition and key distribution/loading.
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Encryption systems should not be the bottleneck for training data
link throughput. Determine the aggregate throughput required for
the training data link and size the encryption system to support
that rate.
Participant package should include MLS encryption capable of
supporting recording storage and retrieval of relevant sensitive
training exercise information (data-at-rest)
Participant package should include MLS encryption capable of
supporting communication of relevant sensitive training exercise
information over-the-air (data-in-transit)
Ground infrastructure to support MLS encryption capable of
supporting communication of relevant sensitive training exercise
information over-the-air (data-in-transit)
Utilize MILS or MLS cryptographic systems which include
support for a range of classification levels, caveats/compartments,
and key agility.
Utilize cross domain guards (transfer CDS) which support the
“all-way” guarding function.
Utilize cross domain guards (transfer CDS), virtual where
possible, physical where not, to mediate cross domain information
flow.
Where possible use “access CDS” for MLS common operational
picture when required.
Label low information and utilize low overhead one-way data
diodes to pass information from lower enclaves to all higher
enclaves.
Outside of traditional malware/virus and otherwise network
attack-based detection avoid use of “smart” cross domain
functions for low-to-high traffic flow.
Leverage smart cross domain functions to perform high-to-low
filtering and downgrading.
Assume a minimum of three enclaves are needed, but ensure that
the architecture supports the flexibility to address more when/if
necessary.

4.

DETAILS OF THE SOLUTION

Rockwell Collins has broken the solution down into several
architectural elements which are targeted at providing a
modular solution with an eye toward reusability across the
ground infrastructure as well as airborne/mobile assets. The
solution also takes advantage of previously evaluated
elements which are composed in a layered manner to provide
high assurance at the system level based on these underlying
building blocks. For a typical test or training application, the
system of systems can generally be divided into two parts:
the ground-based elements (generally stationary), and the
airborne or mobile elements. The airborne or mobile elements
are usually attached to or installed in participant packages.
These modular reusable elements have been packaged in a
variety of form factors and can be re-packaged as needed to
address a wide range of platforms. As shown in the next
sections, we have demonstrated LVC and MILS capability for
representative missions and the system and its components
have been matured and are in production.
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Where possible use a MILS-based approach to support Multiple
Single Level (MSL) and MLS information processing.

Encryption system should support single channel and multichannel system-high operation with key agility and the ability to
scale to support MLS with minimum impact to accreditation,
thereby allowing customers to gradually transition to MLS.

4.1 Example Mission and Configuration
The solution to address modern training and Live Virtual
Constructive (LVC) interoperability issues indicates that
implementing a layered assurance approach to range
instrumentation is an ideal solution. Such an implementation
must be designed into the system from the beginning rather
than applied as an afterthought. This system security solution
must include significant security-related functionality
distributed across the system. High assurance/robustness of
the solution is critical to address these issues.
Figure 2 Multi-objective LVC training mission
Shown in Figure 2, the LVC enabled system was
used to complete three separate objectives in a single flight
optimizing training value and flight hours. The included
objectives were:
1)

2)

Figure 1 MILS Mission Configuration

A field demonstration of this capability was
performed in mid-2015, highlighting several key
characteristics of the system design and LVC capability using
equipment from
the
Common
Range
Integrated
Instrumentation System (CRIIS) program and other Rockwell
Collins assets highlighting the overall maturity of existing and
potential system configurations.
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3)

In this mission, one major benefit demonstrated by the LVC
training was the injection of the S/A threat, allowing for an
opportunistic training event and increasing the training (and
threat) density. Ultimately, we see this architecture and LVC
as key enablers to the “train-as-you-fight” needs and future
integration of simulation or synthetic platforms while
maintaining a secure data environment.
4.2 System Architecture
The LVC enabled test and training system of systems relies on
several key air and ground components (Figure 3) to address
the needs for a wide range of platforms. Our integrated
training solution features:
•
•
•
•
•
•
•
•
•
•

Secure training system (5th to 4th generation)
4-Channel NSA MILS Encryption
Networked real-time data
Open architecture and standards
User programmable/scalable
Supports 3rd party apps
NATO or Coalition participants
Integrates into existing system
Enables a virtual environment
Enables future growth
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Additionally, the system was designed to be
configurable. Flexible configuration adapts to multiple
Concept of Operations (CONOPS), including secure, remote,
initialization
capability,
flexible
key
management,
configurable security policies, and detailed audit log use for
security and fault reporting. The configuration determines the
flow of data, controlling who is allowed to view data as
determined by mission, classification, and caveat. The
architecture includes configuration for all system components
including ground stations and all participants. While setup is
more complex than the current systems due to security,
increased number of participants, and the ability to operate
multiple simultaneous missions, it is also secure, reliable, and
efficient. This architectural flexibility allows for the
integration of multiple missions and new players into existing
training scenarios, such as using virtual F/A-18G Electronic
Attack participants or E-7A Wedgetail Airborne Early
Warning and Control systems, or integrating constructive
threats enabling full command chain and weapon systems
training by creating a seamless blend of LVC participants

A/A 2v2 – Air-to-Air combat with 2 blue and 2 red
players made up of one live L-29 aircraft configured
as an F/A-18 participant, one virtual F/A-18 wingman
controlled from the Mission Reconfigurable Cockpit
(MRC) simulator on the ground, and two virtual
adversaries.
A/G JTAC – Air-to-Ground Joint Terminal Attack
Controller again with the live L-29 and virtual
wingman, in addition to a live JTAC controller on the
ground, targeting constructive targets designated by
the JTAC.
S/A Threat – The final objective of the mission was
for the blue forces to demonstrate proficiency in
missile defense maneuvering using a constructive
pop-up surface to air missile threat.

Figure 3 System Components
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Figure 4 Participant Sub-System
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Figure 5: Ground Control Sub-System (GCS)
The information flow on the ground sub-system from the
datalink network side is as follows.
The RGS and DLC are utilized as part of the ground
infrastructure to support a wide range of participants and
datalinks communicating to multiple potential ground based
entities across a very broad range. The datalink controller
(DLC) fronts for one or more datalinks and routes encrypted
data to/from the ECU via one of the Black side Ethernet
interfaces. The ground ECU (being the same as the participant
ECU) supports recording and playback of recorded
information as well as encryption and decryption of
application and configuration files for ground sub-system
elements via the UI-DRD.
The “swim lanes” between the ground guarding function
and the ECU are identical to that of the Instrumentation
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The various layers of security all work together to
provide a cyber-hardened multi-level information processing,
storage, transmission, and handling system for test and
training/LVC applications. The system is unique in that it is
one of the few systems in deployment and the only training
system that is leveraging the MILS principles across-theboard to support trusted separation of multiple security levels,
trusted labeling, trusted cross domain guarding both high-tolow and low-to-high, trusted encryption and decryption, and
trusted routing. As stated, the system was designed to support
both single channel and multi-channel system-high operation
and key agility to enable customers to transition toward MLS
over time if desired. In addition to being very modular with
open standards based interfaces, the system is designed to be
highly configurable such that the processing, labeling, storage,
I/O, encryption, and guarding elements are all boot-time
configurable for the specific classification levels or cross
domain flow policy assigned to them. Further, some of the
configuration elements can be updated at run-time to address
dynamic system reconfiguration requirements. All of these
features and capabilities have been evaluated as part of the
system accreditation and component certification efforts.
Error! Reference source not found. below depicts the
context for a participant instrumentation package sub-system.
The primary information sources are from the host participant
interfaces and the Time, Space, Position information (TSPI)
provided by the included TSPI module. These interfaces of
the host platform and the TSPI module directly connect to the
PIM. The PIM hosts mission or training applications in
partitions along with the guard and health/control partition as
detailed in Figure 8. Information from the host participant is
passed through the PIM interface into a partition based on the
classification level of the information. The information is then
processed and, if necessary, it is passed to the filter engine
within the PIM for cross domain transfer. Otherwise, the
information flows in its classification level “swim lane”
between the PIM and the ECU. The PIM and ECU have
“swim lanes” dedicated to individual security enclaves which
are directly connected between them. The ECU is further
detailed in Figure 9.

At the ECU interfaces additional checks are performed
for information integrity before the payload is encrypted and
then passed to the Black side of the ECU where it is routed to
the appropriate external interface based on an IP address. The
ECU essentially provides a low overhead IP routing function
with NSA Type 1 encrypted payloads through IP/Ethernet
interfaces on the Red and Black sides. This implementation
provides a very low overhead approach which is quite
beneficial for over-the-air communications, leaving much
more bandwidth available for the data versus alternative
approaches such as SSL, IPsec, or HAIPE.
The Black side Ethernet connections support
communication through the high throughput datalink as well
as Black side recording. The data is passed to the recorder for
Data-At-Rest (DAR) storage on the UI-DRD or to the HT-DL
for Data-In-Transit (DIT) communication with other
participants in the network or the ground control subsystem(s). The Black side recorder DAR capability supports
hosting encrypted applications and configuration information
for the modules within the instrumentation package.
Additionally, the data can be flowed to the PTS for
testing and configuration or to a portable debrief station as
necessary, through an available third Ethernet port.
Finally, the instrumentation package hosts a datalink
which supports communication to/from other participants and
any ground control systems. As discussed earlier, the datalink
also has integrated Federal Information Processing System
(FIPS) 140-2 certified (Type 3) encryption where sensitive but
unclassified information is being communicated between
participants and Type 1 encryption is not desired.
Figure 5 below depicts the context for a ground control
sub-system. The ground control system functions very similar
to the participant instrumentation package sub-system.
Communications with participants is performed via the
datalink.

package. They are allocated to individual security enclaves as
required for the application of the day. Enclave switches
support connectivity to as many MMMDR-CDGs as needed
to support the number of mission and/or debrief rooms and
associated SCWs and MRDWs.
If passed through the MMMDR-CDG, the information is
processed by the label checking function and passed to the
filter engine where the guard rules are applied to determine if
the information is to be routed to the mission/debrief
workstation. Of course, range level command and control
information would be flowed to/from the SCW rather than the
MDRW.
Figure 6 below provides a context for the system in a
typical test or training range application.
IP

IP
IP
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GCS
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IP

IP

Figure 6: System Diagram for Typical Application
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Figure 7: System Diagram for Typical LVC Training
Application
4.3 Airborne/Mobile Elements
4.3.1.

Element 1: MLS Participant Interface Module
(PIM)

The PIM is a Multi-Level MILS processing environment
supporting configurable interfaces (Fibre Channel, 1553,
Ethernet, Serial, etc.). The separation kernel is a Common
Criteria Evaluation Assurance Level (EAL) 6+ certified MILS
Real-Time Operating System (RTOS) that hosts the multiple
single-level enclaves and a modular NSA-evaluated Cross
Domain Guard (CDG) supporting TS-U information
processing and flow control. The solution supports systemhigh operation with single or multiple channels as well as
certified MLS operation for military users who do not need
MLS or only want a path to MLS in the future. The
fundamental building block of this element is the processor
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4.3.2.

Element 2: Multi-Channel MLS NSA Type 1 End
Cryptographic Unit (ECU)

The ECU is a MILS-based multi-channel MLS
encryption unit that abstracts the encryption from the datalink.
This provides datalink-agnostic encryption at the IP
networking layer. It operates much like an IP router. It also
provides data-at-rest encryption for on board storage of
mission data in support of post mission processing. In
addition, the encryption unit also provides another layer of
assurance for the labeling provided by the PIM by checking
the labels for each channel against a pre-defined (at
configuration time) table on a packet-by-packet basis. Thus, if
an error occurs in the PIM, it will be detected at the ECU. The
ECU supports single channel and multi-channel system-high
operation with key agility along with the multi-channel MLS
capability so customers can gradually transition to MLS if
desired. The core of the ECU is the Janus encryption engine
which is based on the Rockwell Collins Gemini Encryption
Engine and the MILS certified AAMP7 hardware separation
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Figure 7 adds (to Figure 6) some key elements for a
Live, Virtual, and Constructive (LVC) training application
namely virtual participants, virtual Electronic Warfare (EW)
elements, and constructive participants. In addition,
supplemental weapon and threat simulations would be hosted
at the appropriate classification levels within the various
participant instrumentation packages. This may include
hosting simulations at classification levels above that of the
host platform.

board which is one of the key building blocks of the system
and provides mandatory access control along with other
security and information flow policy enforcement. As shown
in Figure 8 below, the component is a MILS based
implementation using a separation kernel to provide the
separation policy enforcement. Independent of that, the Filter
Engine adds another layer to the composable security policy
enforcement providing the cross domain filtering. Finally, a
labeler and label checking function (shown as the purple box
with an “L”) provides the ability to bind labels to information
packets within the system or check labels of packets. This
module works synergistically with the End Cryptographic
Unit (ECU) and the Multi-Channel MLS Mission/Debriefing
Room Cross Domain Guard (MMMDR-CDG) to provide
appropriate information flow policy enforcement at the
system level. The enclave applications represent a range of
options from processing of participant information from the
host platform to execution of weapon or threat simulations.
The Filter Engine enables information flow across the
domains such as command/control, Built-In Test (BIT)/Status,
Real-Time Kill Notification (RTKN), etc. One additional key
aspect of this implementation is that all of the enclaves, as
well as the guarding rules, are configurable in conjunction
with the setup of the ECU. This benefits the user by providing
a layer of flexibility that allows the same hardware and core
software to support a wide range of both participant platforms
as well as I/O interfaces which lowers total lifecycle cost.
Each of the external interfaces is assigned to a partition
(security level) based on the configuration. All of this
capability is contained in a <1.1”x 3.5” x 6.0” package,
making it easy to embed in a wide range of platform level
packages, thus demonstrating that MLS can be packaged in a
constrained form factor.

kernel processor. These two devices provide MILS based
MLS encryption that has completed NSA Type 1 certification
supporting simultaneous key handling of TS and below
(TSAB) key material, as well as simultaneous
encryption/decryption of multiple differing classification
levels (one in each channel). Five Red side and 3 Black side
interfaces are included to support a variety of enclaves on the
Red side and over the datalink, local encrypted storage on the
Data Recorder Device (DRD), as well as a local wired
connection for the Portable Test Set (PTS) or other wired test
equipment on the Black side. All of this capability is
contained in a <1.5” x 3.5” x 6.0” package which typically
consumes 12W of power when using all channels. Figure 9
depicts the ECU architecture highlighting the MILS approach
and layered architecture.

Measurement Unit (IMU) technology tightly coupled together
to provide Real-Time Horizontal (x, y) and Vertical (z)
position accuracy of 0.5 meters RMS, Real-Time Horizontal
(x, y) and Vertical (z) velocity accuracy of 0.03 m/sec RMS,
and Real-Time Attitude accuracy of 0.1 degrees RMS.
4.3.5.

Element 5: User Interface (UI) with high capacity
Data Recorder Device (UI-DRD)

The UI-DRD provides a modular UI which can support
remote key loading and zeroization for encryption and GPS
key material within the ECU and HA-TSPI as well as hosting
a solid state storage media for mission data recording. The
storage media is also able to store configuration data and files
in addition to the over-the-air configuration option.
4.4 Ground-Based Elements
For the most part, all ground elements are 19” rack
mounted units; however, significant module-level reuse is
achieved based on the airborne elements.
4.4.1.

4.3.3.

Element 3: High-Throughput, Mobile Ad-Hoc
Networking (MANET) Data-Link (HT-DL)

The datalink network employs uplink, downlink, and
peer-peer crosslink services with packet rates roughly 4 to 5
times greater than legacy pod-based range instrumentation.
Relay routes are self-forming, out to 4 hops. Manual routing
can also be managed between user-selected nodes. Datalink
range for a single-hop route is 100 nmi air-air, and 130 nmi
air-ground.
The datalink at 6.6 lbs. is miniaturized to roughly half
the weight of existing equipment. The datalink is partitioned
into a Transceiver Modem (TRM) module and a Power
Amplifier (PA) module, measuring 6.6” and 11” in length,
respectively, and each having a 3.5” x 1.4” cross section.
The datalink can be configured to support built-in Type
3 encryption for sensitive but unclassified operations. Because
the Type 1 encryption is provided external to the datalink, the
system is more modular to enable alternate datalinks to be
utilized for specific applications or for easy upgrade of
datalink functionality without requiring recertification with
the NSA.
4.3.4.

Element 4: High Accuracy Time Space Position
Information (HA-TSPI)

Although not a part of the security functionality or
layering of security, the TSPI is a critical element of any
test/training system. The information feeds testing exercises
as well as on-board weapon and threat simulations. Much like
the datalink, by isolating this function to an independent
element, the modularity, and composability of the system is
enhanced. The HA-TSPI leverages the Rockwell Collins high
accuracy miniature Selective Availability Anti-Spoofing
Module (SAASM) GPS and state-of-the-art Inertial
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Based on the core processor and underlying Common
Criteria (CC) EAL6+ RTOS and NSA evaluated CDG used in
the PIM, the MMMDR-CDG includes a scalable, rack
mounted version of the PIM which is configured to support
the filtering of information for mission and exercise
debriefing rooms. This filtering is currently based on
classification level/caveat as well as mission number. Figure
10 below depicts the software architecture for the MMMDRCDG. Significant commonality was achieved between the
PIM and the MMMDR-CDG.
In order to ease system testing and debug, the PIM and
MMMDR-CDG can be directly connected thereby isolating
the ECU’s and Datalinks from the infrastructure. In the same
manner, the ECU’s can be directly connected on the Black
side thereby isolating the datalinks from the infrastructure.
The open and modular nature of this design approach enables
much easier integration and testing.

Figure 10: MMMDR-CDG Architecture
4.4.2.

Element 2: Multi-Channel MLS NSA Type 1 End
Cryptographic Unit (ECU)

This is an identical module as used in the airborne
application which has been rack mounted and connected
between the Data Link Controller and the MMMDR-CDG.
Generally, in a ground based application, this device can also
be used to perform over-the-air key distribution and rekey. It
also supports two different modes: one mode where it can
utilize a Crypto Ignition Key (CIK), and another where it
supports CIK-less operation for remote participant ECUs
based on over-the-air authentication to a CIK-ignited ECU.
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Figure 9: ECU Architecture

Element 1: Multi-Channel MLS
Mission/Debriefing Room Cross Domain Guard
(MMMDR-CDG)

Generally this module performs the communication to/from
the MMMDR-CDG and the ground-based array of datalinks.
4.4.3.

Element 3: Data Link Controller (DLC)

4.4.8.

The DLC is a commercial computing platform hosting
software that enables management of both ground-based and
participant package datalink modules, as well as datalink
network, including information flow to and from ground and
airborne nodes. Each DLC hosts an EAL4 certified OS and
conforms to DISA Security Technical Implementation Guide
(STIG) guidelines for cyber security. Thus they play a part in
the security role of the layered security architecture.
4.4.4.

Element 4: System Controller Workstation (SCW)

The SCW is a commercial computing platform hosting
mission and participant management software, including
configuration for ground and airborne elements, as well as key
distribution. Each SCW hosts an EAL4 certified OS and
conforms to DISA STIG guidelines for cyber security. Each is
allocated a port on the MMMDR-CDG which filters range
traffic to and from the SCW. The SCW generally operates in a
“blind administration” mode (not typically accessing range
participant traffic, but primarily focused on command and
control functions that manage the range assets participating in
exercises). The SCW also plays a part in the layered security
architecture, as it is capable of managing encryption keys as
well as performing other airborne/mobile and ground element
configuration and control functions.
Element 5: Mission/Debrief Room Workstation
(MDRW)

The MDRW is a commercial computing platform
hosting mission management and debrief application
software. Each MDRW hosts an EAL4 certified OS and
conforms to DISA STIG guidelines for cyber security. Each is
allocated a port on the MMMDR-CDG which filters range
traffic (live, recorded playback or a hybrid). The MDRW also
benefited from reuse of the functionality from the SCW which
enabled cost and schedule efficiencies. The MDRW adds
another independent layer of security to the system based on
its isolation, independent configuration and management with
respect to the other elements of the system.
4.4.6.

Element 6: Portable Test Set (PTS)

The PTS is essentially a man-portable miniature ground
sub-system capable of being carried around the range to
support wired remote operations, as well as configuration,
test, and debug of airborne equipment spread across the range
locale. Each PTS includes a ruggedized laptop computer that
hosts an EAL4 certified OS and conforms to DISA STIG
guidelines for cyber security. The PTS also leverages some
common software from the SCW and MDRW providing a
cost effective functional and security implementation.
4.4.7.

Element 8: Range Gateways

A variety of flexible computing and networking
equipment and associated protocol translation and formatting
software/firmware are also key elements of the range system
to enable inter/intra-range operability and bridging to legacy
systems.
5.

SUMMARY

A layered approach to solving the MLS problems
associated with modern test, training, and LVC issues has
been described. This solution takes advantage of layering and
abstraction with a focus on modularity and composability to
enable cost effective implementation for a wide range of
applications. The solution also takes advantage of several
MILS building blocks to reduce Certification & Accreditation
(C&A) cost, schedule, and risk. And, the solution supports a
range of other modes of operation as needed by users (e.g.
system-high, MSL, MLS). Finally, the solution described is
not simply a proposed concept but is founded on Technology
Readiness Level (TRL) 8+ products and technologies that
have completed certification and accreditation through
deployment for both domestic and international applications
to solve MLS test, training, and LVC challenges.
As referenced previously, the CRIIS program is the first
instantiation of the Rockwell Collins secure architecture for
MLS test, training, and LVC systems and has recently
successfully completed its formal flight test program and
production readiness review.
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Element 7: Remote Ground System (RGS)

The RGS includes a datalink and an optional weather
sensor, along with the ability to remotely power manage the
RGS elements. One or more RGS datalinks are used to
provide area coverage (diversity) for the ground-based DLC
(Data Link Controller). The weather sensor augments
accuracy when operating an RGS in a GPS-denied mode.
Although not a significant security element, the RGS does
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4.4.5.

provide a critical function in the ability to expand the reach of
the ground-based systems when needed.
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1.

BACKGROUND

1.1

Polygonal modelling

Polygonal modelling is the best-known method of visualization of the synthetic environment. This technology was first introduced
in 1968 by David Evans and Ivan Sutherland (Auzenne, 1994). The simplest object in polygonal modelling is a polygon. The
polygon consists of three vertices, connected to each other by three edges, define a triangle. The complex 3D object is created by a
number of polygons. The number of polygons has a direct link to a realistic visualization of a three-dimensional object in
computer graphics as shown in Figure 1.

Figure 1: Terrain generation processes by polygons.

Figure 2: A voxel-based 3D engine

1.2 Voxels
Voxels are the volumetric pixel and divide 3D environment into uniform 3D cells. Unlike polygons, voxels have no data about
their geometrical position in 3D space using XYZ coordinates as presented in Figure 2. The position of a voxel is inferred based
upon its position relative to other voxels. Voxels are frequently used in the visualization and analysis of medical and scientific
data (Foley, 1990).
The first voxel-based terrain rendering was presented in 1992 by NovaLogic Company in commercial flight simulator Comanche:
Maximum Overkill (Macke, 2015). NovaLogic developed the Voxel Space engine written entirely in Assembly language. This
rendering technology provided a much more realistic and detailed terrain representation than what was possible with the vector
graphics of the time.
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The ability of the Australian Defence Force to successfully conduct operations requires complex solutions for
the development of new training systems. The introduction of new high technology capabilities into the ADF
means it is critical to invest in training systems to prepare ADF members to operate these systems and
conduct complex missions. Advanced joint training systems will include platform simulators and systems
that link multiple real-life activities and simulators together to allow for large-scale joint training and mission
rehearsal (Defence White Paper, 2016). These requirements will bring significant costs and time
consumption on companies, involved in the development of training systems and simulators. In this paper,
the authors describe a novel concept of Point Cloud Data technology with implementation to the
development of the visual database in simulators.

1.3

Point cloud

The point cloud is an output data of a LiDAR (laser range scanner). Today, LiDAR is very common in high-resolution digital
topographic database generation process. This database also known as Digital Elevation Model (DEM) is obtained by satellites
ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) or STS-99 during the Shuttle Radar Topography
Mission (SRTM). The resolution of the database collected by satellites is 0.0002778 arc degrees (30.8358 meters per point)
(METI and NASA, 2013). The low density of points does not allow rendering the synthetic environment with sufficient quality
and requires further mesh-triangulation to work with a polygonal 3D engine. The aircraft and UAVs (Unmanned Aerial Vehicle)
collect data with a higher resolution (10 mm per point and less) using the LiDAR/photogrammetry technologies (Agarwal, 2011).
Photogrammetry is a rapidly growing technology which is based on image recognition from high-resolution digital camera. The
process of photogrammetry is presented below:

Figure 3: Extraction of three-dimensional point cloud
from a set of 2D images using a UAV.
PROBLEM DEFINITION

Computer graphics today is based on polygons or mesh technology. A lot of companies spend a lot of money and resources to
produce a virtual world more realistic increasing a number of polygons and resolution of textures. However, increasing the quality
of computer graphics requires more computer processing power. The average time spent on the creation of a detailed threedimensional polygonal object by 3D modeller is 70 hours. Not less than two months of work and a team of 4-5 people are required
to create the highly detailed area, the size of an air base (25 sq. km), using the classical polygonal 3D engines.
Figure 4 presents the dynamics of growth in the number of polygons in the flight simulators for the past ten years: The average
size of the texture in 2006 was not more than 256x256 pixels per each model. Since 2015 year almost every 3D engine supports
the texture size in 8192x8192 pixels (Cozzi, 2011).
Today, the computer graphics standards and software capabilities require high attention to details and accuracy of the 3D
environment. Therefore, the simulators based on polygonal modelling require an increase in the number of employees and time to
develop the project. These factors directly affect the cost of the project.
3.

SOLUTION

The modern sensors provide data with 0.6meter resolution or higher. However, these measurement technologies could not be
realized in polygonal 3D engines without impairment of quality synthetic environment (Kirsanov, 2015).
Point Cloud Data the most accurately represents the real world, where is each point is an atom. 3D object based on Point Cloud
Data does not contain any other type of geometry such as edges or faces, so it does not change appearance with different rendering
modes. The main benefit of using the Point Cloud Data is a possibility to incorporate complex, realistic 3D objects in a synthetic
environment without having to design them explicitly. Also, there is analogue of Level of Details (LOD) in Point Clouds, which
dramatically increases the performance of rendering process. The optimization of rendering based on playing with a resolution of
points and their size depending on the 3D objects view distance. This technology is known as Sparse Voxel Octree and allows
render 1.9M points at 97 Hz on the average desktop PC (Laine, 2010; Schutz, 2015). This paper also proposes the optimization of
Point Cloud Data for the geo-referenced visual database by binarization. Each point of data can be described by the following
parameters:
Table 1: Example table format

Parameter
X (latitude, Northern/Southern Hemisphere)
Y (longitude Eastern/Western Hemisphere)
Z (elevation, height above sea level, m)
RGB (Red Green Blue color model)
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double
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2.

Figure 4: Dynamics of growth in the number of polygons in 3D
objects.

The following part of code was used for data type conversion from double to binary representation:
using namespace std;
union Double {
double num;
char bytes[8];};
int _tmain(int argc, _TCHAR* argv[])
{ Double dd;
dd.num = 148954310;
for (int i=0; i < 8; ++i) {
for (int j=1 << 7; j; j >>= 1) {
std::cout << (bool)(j & dd.bytes[i]);}
std::cout <<" ";}
return 0;
}

For example, the point with the following parameters is given by:

Table 2: Data representation in binary code

Parameter
X (latitude)

Deg/Min/Sec

Decimal
Degrees
-20.349354

20~20'57.6743"
S
Y (longitude) 148~57'15.515
148.954310
9"E
Meters
Z (elevation) 144.178658
Value of color model
RGB
109, 112, 72

Binary
1100000000110100010110010110111101000011100001001011101000001111
0100000001100010100111101000100110110101001000000000011111011101
0100000001100010000001011011011110010000111110110110010101100111
00000000011011010111000001001000

Figure 5: System performance graph before binarization.

Figure 6: System performance graph after binarization.
The graphs of system’s performance show the difference between two equal 3D scenes before and after the binarization
processing (see Figure 5 and 6).
4.

PRACTICAL IMPLEMENTATION

As an example of project we consider a development of the Visual Database (VDB) of air base Richmond, NSW:
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As a result of binarization, the rendering performance of 3D scene with 1.9M points increases by 30 % from 97 Hz to 126 Hz.

Figure 7: Satellite imagery of Richmond air base, NSW.

Table 3: Project timeframe

Activity

Hours

Data collection by UAV
Point Cloud Data processing
Optimization & Binarization
VDB publication

14
7
7
7

Satellite imagery processing
Vector data preparation
Terrain generation
3D modelling Hi-res data
3D modelling Low-res data
VDB publication

7
7
14
35
35
7

Day No.
1
2

3

4

5

6

7

8

9

10

Table 3 shows significant improvement in efficiency to create a visual database using the technology based on Point Cloud Data.
A team of four software engineers can complete the project within 35 hours using the proposed technology. In comparison, a team
of five software engineers will finish the same project within 105 hours using the classic technology based on polygonal
modelling. The proposed technology for creating the Visual Database shows the efficiency as compared to conventional methods
is 3.75 times of man hours.
5.

CONCLUSION

Looking at the results presented in Figure 8 and Table 3 it is clear that Point Cloud Data technology performs better result in
regards to generation of a visual database for simulators and training systems. While it is clear that Point Cloud outperforms
classical polygonal 3D engines for performance and development time, it is unknown how this technology will be integrated to
modern computer architecture. Future work will be focused on implementing the Point Cloud Data for parallel processing, such as
NVIDIA CUDA technology. The parallel processing of Point Cloud Data will increase the performance of rendering synthetic
environment and start creating the library of standards for this technology.
From the project delivery and time cost points of view, Point Cloud technology offers clear advantages to generating the visual
databases. Integration, 3D modelling techniques, and compatibility with previous standards are all topics worthy of further study.
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Increasing capability requirements for maritime platforms are resulting in the
development of highly complex ship designs. The use of unmanned and autonomous
robotic systems can provide such enhanced capabilities in a flexible manner, though it
does further complicate these designs. Existing ship simulators tend to only model ship
dynamics, whilst the robotic simulators which utilise physics-based 3D environments do
not adequately model the maritime environment and the significant effects of wave
motion. The Unity 3D environment can provide a virtual maritime world capable of
modelling an entire maritime platform, including robotic vehicles. This paper describes
the implementation of an Unmanned Underwater Vehicle (UUV) model into a Unity 3D
virtual maritime environment based upon a first principles physics-based low-level
simulation built in Matlab® (Madden & Sgarioto 2013). The resulting UUV simulation is
compared with both the low-level model and trial data (collected using Wayamba, the
Defence Science and Technology Group's (DST Group) UUV), demonstrating the validity
of simulation. A discussion is also provided on how the proposed simulation environment
can be expanded to a wide range of applications, such as concept evaluation or supporting
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1.

INTRODUCTION

The 2013 Australian Defence White Paper (Australian
Department of Defence, 2013) highlights Australia's interest
in enhancing its capability to manage its large maritime
environment. There is an increasing interest within the Royal
Australian Navy (RAN) in using unmanned vehicles to
increase the operational capability and flexibility of vessels.
The use of modular robotic systems, especially unmanned
systems, can allow a vessel to provide a range of enhanced
capabilities, such as those proposed for the US Navy's Littoral
Combat Ship (LCS) (Schnoor, 2003). Conducting sea trials to
examine the range of such capabilities is extremely expensive
and logistically difficult to achieve, with significant trial risks,
including having appropriate weather within the time frame of
the trial.
Generating appropriate computer models and
simulations of these systems can allow for a broad range of
capabilities to be evaluated earlier, at a reduced cost and with
significantly limited risk. This is especially important when
investigating how integrating new sub-systems, such as
unmanned vehicles, can increase a platform's capabilities.
Models of such sub-systems can be integrated together with
ship models to evaluate their effect on the platform's full
range of capabilities. It is important to verify that the
simulation infrastructure produces realistic results, and that
the results obtained from the models are compared with data
from equivalent real systems during field trials, ensuring that
the results are based upon validated physics models.
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Systems have been developed and verified to simulate
ship motion under a wide range of wave conditions (de Kat &
Paulling, 1989); however they do not currently provide a
broader flexible framework to model robotic systems and the
sensors that they carry. Recent surveys show there are also a
broad range of existing simulations of robotic and
autonomous systems (Craighead et al., 2007; Castillo-Pizarro
et al., 2010; Harris & Conrad, 2011); however these do not
consider the dynamic maritime environment and the
significant effect of ocean waves.
This paper investigates how to build a maritime
simulation environment which can model entire vessels,
including any automated or robotic systems, using Unity 3D,
an engine for building physics based virtual world
environments which are used in simulations and computer
games. It focusses on the simulation of robotic systems
operating in the maritime environment through the simulation
of Wayamba, DSTO's Unmanned Underwater Vehicle
(UUV). A brief background of typical simulation systems is
included discussing why a 3D virtual world is important for
accurately simulating sensors, which are critical for robotic
systems, and how recent advances in physics-based game
engine technologies can be utilised to speed up the simulation
development process. The process of developing the
Wayamba UUV model in Unity 3D is provided, including
how the actuator and hydrodynamic forces were implemented,
how the Wayamba motion model can be verified against field
data, and how the environment can be used to implement
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sensor models. Results are provided for the motion model's
performance against a set of data collected from specially
designed field trials. An outline of future work is also
provided to describe how the system could be expanded and
connected to other models and simulators to expand its
functionality to model the entire platform.
2.

BACKGROUND

𝐱𝐱 𝒌𝒌 = 𝐟𝐟(𝐱𝐱 𝒌𝒌 𝐮𝐮(𝐱𝐱 𝒌𝒌 , 𝐭𝐭 𝒌𝒌 ), 𝐭𝐭 𝒌𝒌 )

(1)

𝒕𝒕𝒌𝒌 + 𝟏𝟏 = 𝒕𝒕𝒌𝒌 + 𝚫𝚫𝐭𝐭

(3)

𝐱𝐱 𝒌𝒌 + 𝟏𝟏 =

𝒕𝒕 +𝜟𝜟𝜟𝜟
∫𝒕𝒕 𝒌𝒌 𝐱𝐱 𝒌𝒌
𝒌𝒌

, 𝐝𝐝𝒕𝒕 + 𝐱𝐱 𝒌𝒌

(2)

where xk is the state vector of the simulated system at
time 𝑡𝑡𝑘𝑘 . Equation 1 defines the rate of change in the system
model as a function which is dependent upon the current
system state, and a set of time varying control commands
𝑢𝑢(𝑥𝑥𝑘𝑘 , 𝑡𝑡𝑘𝑘 ). Equations 2 and 3 conduct the simulation time step
by updating the system state and the simulation time.
Robot simulators have shown an increasing trend
towards utilising 3D environments which are linked with
physics engines (Craighead et al. 2007). This combination
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3. DEVELOPING A UNITY 3D UNDERWATER
VEHICLE MODEL
The Unity 3D environment provides a range of tools that
can be used to build a virtual world which consists of a range
of objects. Currently a free version of the Unity 3D engine can
be downloaded from the official website (Unity Technologies,
2016) and used for the initial development with a restricted set
of tools. The full Unity 3D Pro version is available at the time
of publication for approximately USD $1500 on a per
developer basis. This appears to be a significantly lower cost
than many of the other high quality game engines and most of
the commercial robotics simulators, though a range of free
and open sources options do exist. Additional models and
plugins can be purchased to incorporate ready to go
functionality through the Unity store. The Unity 3D manuals,
forums to discuss ideas and problems with the large developer
community and some tutorials to implement a range of
functionality are also provided at the Unity website (Unity
Technologies, 2016), or through other dedicated sites. These
sources were helpful during our previous work determining
that its physics engine had a high level of fidelity when used
carefully (Sgarioto et al., 2014). Unity 3D is also one of the
few environments that can easily incorporate a dynamic wave
environment, where a developer can access almost every
parameter to ensure its physical validity, making it a good
candidate for maritime simulations, including UUVs.
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There is little evidence in the literature of simulators that
have been developed which can simulate both robotic systems
and dynamic wave environments (Craighead et al., 2007;
Castillo-Pizarro et al.; 2010, Harris & Conrad, 2011). Robotic
simulators usually focus on tasks ranging from understanding
the physical feasibility of specific complex robotic platforms,
to developing and testing the robots’ software (Atmeh et al.,
2014), or simulating the operation of robotic systems in a
range of environments which may be difficult or expensive to
conduct field trials (Carpin et al., 2007). Even a simulator
aimed at simulating marine environments, MarineSIM
(Senaranthe et al., 2010), does not model the wave effects
even though they have a significant impact on maritime
vessels on the sea surface. Simulators of ship motion, such as
those based upon recent advances on the Fredyn code (de Kat
& Paulling, 1989) focus upon how the waves and
hydrodynamic effects interact with and move a single large
maritime vessel. The requirement for more sophisticated
simulators will increase along with the complexity of
maritime vessels as they incorporate more automated robotic
systems to enhance their capabilities, especially when some of
those will be offboard systems.
Robotic simulators follow a common simulation process
where they start with the initial simulation conditions, then
step through simulated time until they reach the end
conditions of the simulation. The initial conditions for the
simulation include the layout of the operating environment
and any environmental effects, such as waves, the initial
conditions of any simulated objects, such as robots or
personnel, and any other simulation variables, such as the
duration of each simulation time step. The end conditions for
the simulation are also defined, such as the time duration for
the simulation, or a goal state for the simulated objects. The
simulation is then the process of stepping through an update
of the simulation environment based upon the current state
conditions of any simulated objects, any control actions that
they apply, such as applying actuators, and adding the effect
of any environmental forces, such as gravity, buoyancy, or the
effect of collision.
The typical 3 step simulation update loop was clearly
outlined in (Castillo-Pizarro et al., 2010) using the following 3
equations:

provides a robust basis for understanding how the simulated
robot compares to physical motions and sensor readings that
are obtained during field experiments. Some of these utilise
game engines, such as USARsim (Carpin et al., 2007), though
few utilise other popular high end game engines, such as
Unity 3D (Unity Technologies, 2016) or CryEngine (Crytek,
2011), which have a greater capacity for simulating a
maritime environment including waves. The Search and
Rescue Game Environment (SARGE) (Craighead et al., 2008)
was built within Unity 3D as the developers found many of
the other robot simulators to be difficult to work with and
lacking in the desired features.
The Unity 3D engine provides a range of intuitive tools
and an API that allows you to easily access most aspects of
the game engine, including its networking capabilities; it also
provides other interfaces, such as C#, which can be used to
customise the environment. These also allow for the
possibility of linking in real-time with external simulators,
such as the Fredyn ship motion simulator (de Kat & Paulling,
1989), or even simulated operator consoles, in order to link
many simulations and input sources into one virtual world
environment. SARGE utilises a range of Unity 3D's features,
such as its intuitive environment editor and its advanced
physics engine which can be used to produce physically valid
simulations (Sgarioto et al., 2014). (Craighead et al, 2008)
also mentions its low cost and active developer community;
however they do not mention using any wave modelling
features for their system, perhaps because the wave modelling
systems were not well developed at that time. Unity 3D, like
most of the high end game engines, also provides a
networking framework that allows for a single virtual
environment to incorporate multiple systems (or subsystem
components) running on separate computers, including human
operated interfaces. This allows for a high level of scalability
if the simulation is designed carefully and the hardware is
available. Such an environment provides a flexible method to
simulate an entire virtual maritime platform at a high level of
fidelity (Madden et al., 2012b).

Each virtual world in Unity 3D is created as a collection
of objects, which has a shape, location and orientation. Some
of these objects remain static, representing the fixed elements
of the environment, such as the ground or immovable rocks.
Other objects represent the dynamic objects, such as vehicles,
humans and the ocean surface. Most of these dynamic objects
will consist of a mesh shape and associated object textures, a
collision region, a rigid body component and any programmed
scripts to provide other key features.
The mesh shape and textures define the visual look of
the object in the simulation, which should provide a good
approximation of the vehicle but does not need to capture
every detail. The rigid body component is used to apply
physical parameters to the vehicle which are used by the
physics engine to define how the moveable objects interact
within the simulation.
The collision region defines the rigid area of the vehicle
which will collide with other solid objects. This can then
apply forces based upon the objects that have collided, or
could run a scripted program to conduct other behaviours. The
scripts provide the ability to program the application of forces
behaviours or sensors to act on or from an object. This is the
component that allows for the physical aspects of the vehicles
motion, such as buoyancy, actuators and hydrodynamic forces
to be calculated and applied to the vehicle, as well as
calculating models of the autopilot, sensors and other
important features of the vehicle as outlined in Sections 3.3
and 3.4 below.
The local UUV coordinate system

An underwater vehicle fully submerged in an unbounded
flow field possesses six degrees-of-freedom (DOF), three
corresponding to translational motion along three
perpendicular axes and the remaining three relating to
rotational motion about these same axes. To properly classify
the dynamic motion of an underwater vehicle, it is convenient
to utilize the coordinate systems shown in Figure 1.
One of the coordinate systems is a global inertial
reference frame XYZ, which comprises the underwater
environment. This right-handed reference frame is commonly
defined in underwater operations by the unit vectors in the X
direction (North), Y direction (East) and Z direction (Down)
respectively. Unity 3D however uses a slightly different
coordinate system shown in Figure 1c, with X direction
(North), Y direction (Up) and Z direction (East) respectively.
This is likely to have occurred as it more closely aligns with
typical image coordinate systems in computer graphics
applications; however it is an important consideration when
working with world coordinates inside of the Unity 3D
environment.
The other coordinate system is a right-handed moving

𝝓𝝓
𝒖𝒖
𝒑𝒑
𝑿𝑿
(4)
𝜼𝜼𝟏𝟏 = {𝒀𝒀 } , 𝝂𝝂𝟏𝟏 = { 𝒗𝒗 } , 𝜼𝜼𝟐𝟐 = { 𝜽𝜽 } , 𝝂𝝂𝟐𝟐 = {𝒒𝒒}
𝒘𝒘
𝒓𝒓
𝝍𝝍
𝒁𝒁
where u is the surge, v is the sway, and w is the heave
speed; ϕ is the roll, θ is the pitch, and ψ is the yaw angle; p is
the roll rate, q is the pitch rate and r is the yaw rate for the
vehicle respectively.
3.2

The Wayamba UUV

Since 1998, DSTO has been examining UUV technology
through the development of the novel Wayamba research
vehicle. An initial report detailing the original design and
performance specifications for Wayamba can be found in
(Coxhead et al., 2002). The Wayamba platform is a tethered
vehicle with a flatfish design which is approximately 4m long,
weighs approximately 1400 kg and has a maximum speed of
approximately 1.8 m/s. Its main propulsion consists of 2 large
rear propellers [Port Main (PM) and Starboard Main (SM)],
with its high degree of manoeuvrability provided by a
combination of 2 bowplanes [Port Bowplane (PB) and
Starboard Bowplane (SB)] and 3 ducted vertical thrusters
[Front Vertical (FV), Port Vertical (PV) and Starboard
Vertical (SV)] and one ducted lateral thruster [Rear Lateral
(RL)], as shown in Figure 2. This combination is currently
powered through its umbilical tether, which also provides a
fibre optic data link to the vehicle's internal network,
including the on-board computer system. The vehicle's high
degree of flexibility in its remote operation facilitates systemlevel testing and the integration of components for
investigating its increasing level of automation. The vehicle's
control system consists of either manual remote control,
which has the vehicle actuators mapped to an Xbox controller,
or a semi-autonomous autopilot that uses defined set points
for vehicle control, such as maintaining speed, heading, and
depth, as well as path following via waypoint navigation.

Figure 1: Comparison of the Local body-fixed reference frames attached to the UUV, the typical World Coordinates for
UUVs, and the World Coordinates used within Unity 3D.
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3.1

reference frame xyz fixed to the vehicle's centre of buoyancy.
The origin O of the body-fixed frame is chosen so that the
respective axes coincide with the principal axes of inertia for
the vehicle. The local body reference frame is characterised
by the unit vectors in the x direction (from aft to fore), y
direction (starboard) and z direction (from top to bottom)
respectively.
The position and orientation of an underwater vehicle
are referenced relative to the global inertial frame, which are
the Unity 3D coordinates in the simulation, whilst the linear
and angular velocities are expressed in the local body-fixed
frame. In accordance with the standard convention outlined in
(Fossen, 1994), the inertial position η1, the translational
velocity ν1, the Euler angles η2 and the angular rates ν2 for an
underwater vehicle are given by:

(Madden et al., 2012a) provides an overview of the
integration of the autopilot into the vehicle's control system,
including the field tuning of its Proportional Integral
Derivative (PID) controllers and the results of initial
manoeuvring trials at sea.

Creating a UUV model of Wayamba for the Unity 3D
simulated world requires the creation of a visual model, a
collision region, a rigid body entity and scripts that govern its
interaction with the simulated environment. The visual model
is imported into Unity 3D after being generated in a separate
3D modelling tool. It consists of a mesh which is the correct
shape and size, as well as the visual textures that will overlay
the mesh and can also include animations of moving
components of the model. The visual model does not need to
be extremely precise, and indeed too much detail may incur a
performance penalty, but the model should be representative
for aesthetic purposes and for Unity's inbuilt density
calculations. For relatively simple shapes, such as Wayamba,
the collision region can be designated to be the shape of the
object's mesh. This becomes computationally expensive to
calculate for complex shapes, so simplified collision regions
consisting of a small number of rectangular prisms or
ellipsoids are often used. These collision regions can be
attached to moving components of an object, such as a human
figure’s arms and legs, or a ships propeller, allowing them to
move with the shape. When a collision with another object is
detected, the relative mass and velocities of the objects
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A motion model of the Wayamba UUV was derived
from first principles, including the effect of its hydrodynamic
surfaces, bowplanes and rear main thrusters as detailed in
(Madden and Sgarioto, 2013). This used the component buildup method first proposed in (Nahon, 1996) to determine the
hydrodynamic lift and drag of each major component of the
vehicle, and adds the propulsion force of the actuators to
determine the balance of forces which determine the motion
of the vehicle. From Figure 2 it can be seen that Wayamba
consists of the main hull region and 5 other hydrodynamic
surfaces, two static sternplanes, two actuated bowplanes, and
a vertical conning tower. The hydrodynamic lift and drag for
these are calculated empirically with the surfaces being
considered low aspect ratio lifting surfaces (Sgarioto &
Madden, 2014) and are defined as operating at the centre of
each component. The hydrodynamic characteristics of the hull
were modelled previously using the Computational Fluid
Dynamics (CFD) package Fluent, with the loads calculated
for speeds between 0.5 and 2 m/s at angles of attack and
sideslip between 0 and 10 degrees. For a more detailed
description of the model see (Madden & Sgarioto, 2013) and
(Sgarioto & Madden, 2014).
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Figure 2: Schematic layout of the Wayamba UUV and its
operation in DSTO’s water testing tank.

involved are used to calculate resultant forces, and scripted
collision behaviours can also occur.
Unity 3D uses the `rigidbody' to apply the physical
effect of the environment and any interactions with the object
as motion. A number of default parameters are included to act
on the body by default, such as mass and gravity, however
these can be changed if required for a given simulated object.
This rigidbody can be used to apply a range of forces or
rotations to move the object. The scripts are an important
component for developing the Unity 3D model as they define
the value of important parameters and program how it
behaves during the simulation. These scripts can consist of
any developer defined functions, including functions that
interact with other objects in the simulation, but also have a
small number of Unity 3D prescribed functions. The
implementation of the simulated motion from actuators and
hydrodynamic forces as well as sensor modelling also occurs
in these scripts. The key prescribed functions of an object
which are useful for developing an unmanned vehicle model
include:
 Start - This function allows for the initial conditions
and variables to be set for the simulated object. This
could include variables such as mass or the limits of
actuator performance, but could include setting the
goals of the object during the simulation.
 Update - This function occurs once each frame has
been rendered to the screen, with the variable
`deltaTime' giving the duration since it was last
called. This makes the function difficult to use for
any physics simulation, but useful for adding any
additional visual data to the scene.
 FixedUpdate - This function occurs at fixed time
step, which is useful for applying regular physical
forces to the object. This can also be used to call
functions that simulate sensor data at regular
intervals.
 OnCollision - This function is called when the
simulated object's collision region overlaps with the
collision region of another object. This could be used
to implement a range of functions ranging from user
alerts to simulated damage.

3.3

Applying Buoyancy, Actuator and Hydrodynamic
Forces in Unity 3D
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3.4

Simulating Sensors

Figure 3: A simulation of the 10 Hz downward facing sonar
on the simulated Wayamba Platform, with a 20 second trace
where it has hit the scene.
The ability to simulate sensors interacting with the world
around the vehicle is a useful component of most robot
simulators. This allows them to be used not only to predict the
motion of the robotics vehicle, but also to simulate its full
interaction in the virtual world and potentially test their
software. SARGE implemented sensor models based upon a
set of empty game objects that contain a scripted model of
each of sensor (Craighead et al., 2008). The sensors they
implemented include a planar laser scanner, a range camera, a
compass, a GPS, an Inertial Measurement Unit (IMU) and
wheel odometry. The sensors that provide information about
the vehicle's pose, such as the compass, GPS, IMU and wheel
odometers, are all based upon the information available from
the rigidbody component of the vehicle. This information is
precise for the object in the simulated world, however random
noise can be added to the sensor data to make the data more
closely match the performance of the real sensors. The
external sensors are based upon using Unity 3D's ray tracing
method to determine the distance to objects around the
vehicle. A limit on the range of the raytrace can be used to
model the realistic range of sensors, with a number of
raytraces at a fixed angle apart creating a model of a planar
laser scanner as shown in Figure 3. (Craighead et al., 2008)
report that for a range camera with 64 rows of 64 scans in
each row (4096 raytraces), the simulation slows down if 2 or 3
of these cameras are operating at the same time. They do not
specify the frame rate at which the sensor was operating,
though our own experiments indicate that when running over
15,000 raytraces at a fixed rate of 10 Hz, the frame rate did
not slow down below 40 frames per second on a standard
desktop computer. This suggests that even a simulation with
multiple vehicles that is not distributed across a computer
network can handle a significant number of sensors.
A wide range of other sensors could also be simulated,
such as video cameras, night vision or thermal cameras. These
sensors tend to be more computationally intensive as they use
the visual models and properties of the materials on objects in
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The Unity 3D environment is made up of collections of
objects, with most of the dynamic objects having a rigid body
component that is used to apply the physical forces. The
default parameters include mass, gravity, drag and angular
drag, with an objects density being calculated based upon its
weight and the volume of the mesh. These properties are used
by the physics engine when determining the accelerations of
the object when forces are applied. Unity 3D has the ability to
generate realistic wave surfaces, but does not have an inbuilt
system for calculating buoyancy or hydrodynamic effects of
vehicles operating underwater. These forces have to be
calculated using the vehicle's physical properties following
the model derived in (Madden & Sgarioto, 2013) and applied
using scripts for the motion to be accurate.
Within Unity 3D there are a variety of techniques used
to move an object, with the most common being setting the
velocity of the object, or applying a set of forces. The main
problem with applying a velocity directly to an object occurs
when that object undergoes a collision, which would impact a
resultant force and perhaps a rotation. This can create
inconsistencies with the motion of the object; however by
applying forces, then any collisions are accounted for in the
net effect of all the forces on the object. These forces can be
applied either as relative forces acting upon the objects centre
of mass, or as forces acting at a specified location. For a
model such as Wayamba, most of the forces are generated at
location other than the centre of mass, so an additional
rotation must be added to account for this difference. In the
implementation reported in this paper, the actuator and
hydrodynamic forces were applied directly at their point of
action on the UUV model. It should be noted that in Unity 3D
the function that applies forces at a specified location requires
the location to be in world coordinates rather than being
relative to the vehicle coordinate system, and this can be a
significant source of error.
The model for this paper also included the calculation of
the buoyancy force. For simplification buoyancy was
designated to act at the centre of mass for the Wayamba
model, with a rotational moment applied depending upon
relative location of the centre of buoyancy to the centre of
mass. The amount of buoyancy for the Wayamba UUV
depends upon the water salinity where the vehicle operates,
with a typical amount of 4 N of positive buoyancy making the
vehicle rise slowly to the surface if unpowered. The size of
the force depends upon the submerged volume of the vehicle,
which is calculated based upon the relative amount of the
vehicle's mesh which is below the water line. This depends
upon the size of waves at the vehicle's location and its
orientation to the waves. When the simulated Wayamba is
fully submerged, the centre of mass and centre of buoyancy
are aligned vertically, so the net effect between buoyancy and
gravity becomes a 4 N force upwards, or the -ve Z direction in
local vehicle coordinates.
A significant deviation from the (Madden & Sgarioto,
2013) model in this paper is that the added mass component is
not applied to the forces directly. The added mass component
of UUV modelling reflects the additional force required to
push the vehicle shape through water, which makes it appear
heavier than its mass would suggest. In the previous model it
is applied in a single step to the sum of the forces when they
are applied as accelerations to affect the motion of the vehicle.
The model implemented in Unity 3D applies the forces
directly to their application area using the physics engine's

force at a location function, making added mass more difficult
to apply directly. Instead the model currently uses Unity 3D's
drag effect, which reduces the vehicle's velocity at each step
to make objects more likely to stop. The default value of 0.2
allowed the model to match the curve of the field data, but at a
consistently lower velocity, so a value of 0.067 was used as it
more accurately reflects the real vehicle's motion.

the scene to simulate these sensors. These properties can be
difficult to adjust dynamically throughout the simulation as
the nature of the object changes, such as a vehicle being
started, making their effects appear to be somewhat
unrealistic. Future work to investigate how to understand and
increase the realism in these areas could enhance the use of
such simulations in exploring a range of difficult tasks, such
as understanding the total signature of a maritime platform.
3.5

Validating Vehicle Motion

VEHICLE SIMULATION RESULTS

In (Madden & Sgarioto, 2013) it was found that the
component buildup method could be used to create a forcebased motion model which closely represents the motion of
the real Wayamba UUV. In (Sgarioto et al., 2014) it was
found that the Unity 3D physics engine could produce
physically accurate object motions in simple exemplar
scenarios. This work implements the initial simulation model
within the Unity 3D environment in order to broaden its
simulation capabilities. The results presented here compare
the motion of the Unity 3D based Wayamba model with the
previous low-level model and data from field trials. Due to
limitations in the current model implementation, where not all
the thrusters are implemented, only acceleration/deceleration
manoeuvre is used, with the vehicle maintaining a single
heading and steps up in forward velocity to maximum thrust,
then steps down in thrust until it is at rest. Each step change is
20% of the vehicle's maximum thrust, with the real vehicle
achieving what the pilot perceives as a steady state of
continuous speed before the next thrust change is applied. The
modelled vehicles conduct their step changes in thrust at the
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Figure 4: Comparison of the simulation models with data
obtained on a Wayamba field trial: (a) low-level mathematical
model; (b) Unity 3D model with varied Drag coefficients.
Figure 4 shows that the low-level model closely
matches the field trial data, after various components of the
model were optimised, such as the controller gains. The
model appears to have slightly less drag at some speeds, as it
rises to achieve the desired speed faster than the real vehicle,
but slows to the desired speed more slowly. This minor effect
could be because the model in (Madden & Sgarioto, 2013)
does not include a model of the drag due to the power and
communications tether on the vehicle, or because it does not
precisely capture some of the non-linear effects of autopilot or
the vehicle's hydrodynamic surfaces.
The results of the Unity 3D model comparison in Figure
4 show that the model is not as precise a match as the lowlevel model, though it does provide a similar response curve
to the field trial data. This is largely due to the different
method of accounting for the added mass of the vehicle by
using the physics engine's built in 'drag' variable, which is
velocity rather than acceleration dependent, so does not
capture the real effects in the Unity 3D model. The results
using the default value of 0.2 clearly show that this applies too
much drag on the vehicle, such that it cannot achieve the
desired speed. A value of 0.067 was found to much more
closely match the field data; however its inability to
accurately capture the effect of the added mass leads to the
drag being too high at slow speeds and too low at fast speeds.
To increase the accuracy of the model, either the resultant
forces could be applied at the central location of the vehicle
with a central application of the added mass to the resultant
forces and rotational moments, or the forces could be applied
as accelerations to the vehicle to account for the added mass
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Whilst the component build up method of the model
calculates the physics from first principles, it is difficult to
capture all aspects of the model very precisely. A verification
process was therefore developed to characterise the motion of
highly manoeuvrable UUVs based upon a set of key
manoeuvres (Sgarioto & Madden, 2014). This was based upon
the International Maritime Organization (IMO) proposed
qualities that should be investigated for manoeuvring
seagoing vessels (International Maritime Organisation, 2002),
but was expanded due to the manoeuvrable nature of flatfish
UUVs, such as Wayamba. Any holes, bumps or other
imperfections will affect the vehicle's motion, but can be
difficult to capture adequately in the computer simulation that
runs at close to real time. By comparing the motion of the
simulated model to the data collected from a set of prescribed
manoeuvres, any discrepancies in the motion model can be
investigated.
The manoeuvres proposed in (Sgarioto & Madden,
2014) aim to characterise the greater range of manoeuvres that
flatfish UUVs can perform. These include tests for straightline speed, static turns, acceleration/deceleration and
directional zigzags, which capture the unique capabilities of
this class of UUV, which includes rotating with no forward
velocity. Currently, the 3 vertical thrusters and the rear lateral
thruster are not modelled, so manoeuvres in the validation
process should not utilise these actuators. This makes the
acceleration/deceleration test manoeuvres and the directional
zigzag test manoeuvres the most appropriate manoeuvres to
validate the motion of this model. The results in Section 4
build upon the evaluation of the low-level model developed in
Matlab® with the data collected from sea trials of Wayamba in
(Sgarioto & Madden, 2014) by comparing them with the
motion of the Wayamba model in Unity 3D.
4.

same timings observed in the real data to make them easier to
compare.

at each location. To properly validate the vehicle motion,
these avenues should be investigated along with the
comparing the model's ability to conduct all the manoeuvres
outlined in (Sgarioto & Madden, 2014) against field data.
5.

FUTURE WORK

6.

CONCLUSIONS

Previous work has found that it is possible to replicate a
range of physics based events within the Unity 3D virtual
world environment (Sgarioto et al., 2014). This paper extends
that work to demonstrate how a model of a UUV can be
implemented in the Unity 3D environment, including
implementing hydrodynamic forces, vehicle actuators,
buoyancy and a range of on-board sensors. The validation of
this model against a previous motion only model and data
from the sea trials of Wayamba for an acceleration and
deceleration manoeuvre was presented. Whilst the model does
not yet precisely match the data from the sea trials, it is clear
that the Unity 3D environment can be used to simulate the
motion of a highly manoeuvrable UUV within a virtual
maritime environment. This suggests that Unity 3D can be
used as a basis to build simulations of a complex vessel along
with the interactions of its systems and crew operating in a
physically realistic virtual maritime environment.
7.
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The results presented in this paper demonstrate that the
Unity 3D environment is capable of simulating the motion of
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Comparing the Clinical Impact of Simulation Education
Approaches on Nurses’ Ability to Detect and Manage Patient
Deterioration
Angela McKay

University of Tasmania
Brief outline.
Theme Simulation Research:
This research is part of a wider project aimed at healthcare sites that are participating in a program to address patient
safety in relation to first responders’ ‘failure to rescue’ deteriorating patients. This research has a focus on clarifying
the program theory of face-to-face and web based educational program known as First2Act (Web)
http://first2actweb.com/ which has had a demonstrated impact on educational outcomes (Buykx, Cooper, Kinsman,
et.al, 2012) and in a preliminary study a significant impact on clinical performance (Kinsman, Buykx, Cant et al,
2012).
Methods:

The realist impact evaluation of this study will be evaluated through intra-programme, inter-group comparisons. It
will compare whether a programme worked differently in the different locations (how and why) and will include both
qualitative and quantitative data. Realist evaluation is a theory based evaluation approach and will clarify the program
theory of face to face and web based simulation. The findings will enable healthcare sites and government funding
organisations to understand how to adapt the intervention to new contexts and understand how and why it works in
particular contexts.
Findings:
Findings through a review of 757 vital signs charts analysed in the pre intervention phase of the current study have
shown that action taken when patients meet clinical review and MET call criteria where not followed as defined on
the adult general observation chart. It is hypothesized that the current intervention programs (first2act) will improve
the actions taken and therefore the quality of care in both face-to-face and web-based formats.
This study will look at the direct and indirect contribution of the program intervention to change the behaviours of
nurses responding to clinical deterioration. A realist impact evaluation is appropriate and feasible as responding to
deterioration is known to be diverse and complex which lends itself to a realist approach (Westhorp, 2014). A realist
impact evaluation will evaluate both the positive and the negative aspects of the intervention across all intervention
sites and contribute a theory to the wider knowledge of simulation literature to understand what the enablers and
barriers are of a simulation program to policy makers and funding bodies.
First 2 Act Project; The impact of face-to-face and web based simulation on patient deterioration and patient safety.
Principle investigators Professor Simon Cooper (Federation University), Professor Leigh Kinsman (UTAS). The
original work in this research is funded by the Victorian Department of Health and Human Services-Simulation
Patient Safety Research Project
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This research will investigate the how and why the program works, for whom and in what circumstances using a
realist impact evaluation. The programs to be investigated are to train nurse participants in primary (the first 8
minutes) responses to emergencies in four medical wards at four different healthcare sites and a mix of both private
and public healthcare. Using either in-situ, face-to-face simulation or web based version of First2Act, the evaluation
of these interventions will be pre-determined through qualitative approaches, economic analyses and patient notes
review (time series analyses) to measure quality of care and patient outcomes from the current study. These findings
will form a hypothesis for the realist impact evaluation.

Australasian Simulation Congress
www.simulationcongress.com

The Use of Simulation for Training in the Rail Domain
Ganesh Balakrishnan
CQUniversity

Brief outline.
The poster will showcase the core idea behind a PhD research work that is currently underway. The study is framed
around the use of simulation for training in the rail domain and more specifically in the context of route learning
involving novice train drivers. It focuses on use of expert knowledge as an instructional strategy to accelerate
learning. The poster will illustrate a novel conceptual design that comprises an augmented-virtual reality environment
for the out-of-cab vision display in a train driving simulator, featuring CGI of the route superimposed with critical
cues obtained from expert train drivers. It will also share the principal research findings that led to the concept
development.
The use of simulation for route learning is still underexplored, in particularly those that focus on the needs of novice
train drivers. A review of literature on the use of expert cues to accelerate training also suggests a shortage of
empirical studies that have investigated their implementation in the development of simulators for train drivers. With
growth forecasts for the Australian rail industry indicating that its current train driver workforce needs to be increased
by twofold to meet the predicted rise in demand, the proposal put forward in the poster showcases new simulation
applications that are in line with the conference theme

The exploration of expert knowledge as a simulation-based training strategy is a novelty within train driver
competency development undertakings. The use of an augmented-virtual reality environment to implement the
instructional strategy is equally unique.
The poster will provide an initial insight to the simulation community on the new ideas that are represented by the
conceptual design and the research that is underway.
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The poster will be of interest to training professionals. While the focus of the paper is on training within the rail
domain, the instructional design strategies that the paper intends to showcase should be of value to training specialists
in the wider community.

Australasian Simulation Congress
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Anxiety and Performance in Simulated Settings: the Use of
Heart Rate Variability
Amal Al-Ghareeb
Monash University

Background
In the last two decades, patient simulation has been adopted across healthcare education. Simulation creates an
opportunity for learners to practise and acquire skills in a controlled, safe and forgiving environment that matches
reality. Simulation experience can be a source of anxiety for learners as active learning can be challenging. Anxiety
felt during simulation can impede learning; decrease students’ abilities to apply knowledge, and interfere with critical
thinking, decision making and technical skills. A degree of anxiety can facilitate task performance, but may be a
hindrance when demands exceed the resources to cope. The effect of anxiety on performance in the simulated
environment has not received sufficient attention, and little is known regarding learners’ physiological responses
during simulation.
Aims

Intervention
This project incorporated (Feedback Incorporating Review and Simulation Technique to Act on Clinical Trend
(FIRST2ACT) using cardiac and respiratory scenarios with a professional actor. Trios of participants were involved in
two 8 minute scenarios with patients acutely deteriorating at the midpoint. All performance was video-recorded and
rated followed by a debriefing session.
Methods
Physiological anxiety was measured by monitoring participants’ Heart Rate Variability HRV
(eMotion - Finland) using Mean R-R interval compared to baseline as a core measure of anxiety
levels. Participants’ clinical skills performance was assessed through OSCE checklists.
Data analysis
Data obtained from the eMotion HRV monitors was entered into eMotion laboratory software and then to Kubios
software V2.2 for Windows. The raw HRV data were visually inspected and corrected for false or undetected Rwave, movement artifacts, and ectopic beats. HRV time series was divided into five time points: (1) First scenario,
(2) Break between scenarios, (3) second scenario, (4) Debriefing and (5) last four minutes of the simulation session
“The Baseline”. Inferential analysis was undertaken with the anxiety variables and OSCE data using SPSS V23.
Results
Thirty-three undergraduate nursing students participated. Data analysis identified a statistically significant increase
in the mean R-R interval from the first to the second scenario (p <. 001) –and from the second scenario to the
debriefing (p < .001) implying reduced anxiety over time. Moreover, students’ clinical performance significantly
improved from the first scenario to the second scenario (P < .001).
Conclusion
Results indicate that factors such as anxiety may impede clinical performance in simulated settings. Further research
with larger sample size is recommended.
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The aim of this study was to track students’ physiological anxiety throughout a simulation session, and to investigate
the effect of physiological anxiety on undergraduate nursing students’ clinical performance in a simulated setting.
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Educating and Training Using Simulation
Dr Brenda Lloyd
Whitireia NZ
This paper is a breakdown of the ways which technology, in particular, simulation has changed the way we educate our students. It
looks at the various technologies currently available, together with how they are used presently, and the possibilities for future
development. The use of technology within the workplace is growing to the extent that the majority of jobs now use it in some
form or another. This means that the uptake of technology within the education sector is paramount. As the equipment used within
the workplace has become more sophisticated so has the way in which people train to use it. Hence simulation is more widely
used, often prior to the novice being allowed to lay hands on the actual equipment. This provides a safer and cheaper alternative,
as well as potentially saving injury to both the students and their future customers. The training aids adopted range from role
playing within a virtual environment to simulators, such as those used in the training of operators of machinery and heavy
equipment. The theories behind some of the simulation tools and the history of their development is also included, together with a
forecast into possible future developments. There are also problems when technologies replace the actual equipment, these are
also highlighted. Studies have been done to assess the student’s perception of simulated versus actual environments with mixed
results, the factors which influence these will also be examined.
INTRODUCTION

Simulation software has been in use for a large number of years to allow projects where it is either too expensive or inconvenient
to build physical models to be assessed and trailed. Computer simulation began during World War 11 with the continuous Monte
Carlo Models which produced graphs from data. Discrete simulation probably began in the late 1940s (Nance & Sargent, 2002).
In 2009 the Institute of Operations Research and Management Sciences undertook a survey of simulation software. The products
they were interested in should be able to run on personal computers and to perform discrete-event simulations. There were 48
products from 26 vendors (Swain, 2009). This gives some indication of the proliferation of such software seven years ago, this has
increased phenomenally since then due to the advances in communication technology and the ability of hardware to handle real
time events.
2.

TYPES OF SIMULATION

2.1 Virtual worlds
3D digital graphics allow artists to express themselves using animations and 360 views. This has become very popular, giving rise
to a large number of applications such as Maya or Cinema 4D (Danaher, 2005). There are two main styles of 3D environments,
those which adhere faithfully to natural phenomena, and those which do not. There are now blended environments which
incorporate multi-media with communication tools such as chat to give an overall immersive experience (Chard, 2006).
One area of the application of digital 3D graphics is in virtual worlds. A virtual world is a computer based simulated 3D
environment which allows users to inhabit and interact with each other (Kumar, Chhugani, Kim, Kim, Nguyen, Dubey, Bienia, &
Kim, 2008). The users inhabit these worlds as avatars which are digital representations of the person. These representations may
be true to life or not.
Industry have embraced this technology in a number of ways, one of which is in the planning of their factories to allow the
optimisation of layouts within the factory or manufacturing chain to give the highest efficiency, and cut down on lead time
between various operations (Waurzyniak, 2015). They do this by importing the data and modelling the real life processes, as in the
example portrayed in Figure1 which were used in a chocolate factory to create a “virtual factory” (Back, Childs, Dunnigan, Foote,
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1.

As the workplace becomes more technology focused, educational institutes have to adapt to include the newer technologies. This
paper looks at the use of one of the modern technologies, simulation, and the way this relates to both the workplace, and within
education. These tools along with other technologies is being assimilated into a few educational institutes within New Zealand.
Simulation encompasses a large range of tools from virtual worlds to specialist simulators such as flight or space pilot. The “job
for life” scenario which existed years ago does not anymore, and a person will expect to have a number of often different positions
within their working life. This would mean that more than likely they will have to retrain multiple times, as the pace of change
within the work environment would indicate that their original training given when leaving school would no longer be able to
equip them for their whole working life. This retraining could conceivably be training for a short time span using simulation tools.

Gattepally, Liew, Shingu, & Vaughan, 2010). Compare this approach with the 1980’s where the only tools available to help with
this type of planning was diagrammatic and textual based.

An Avatar in the Virtual Factory

The Real Factory Floor
Figure 1 Virtual v Real Factory Source (Back, et al., 2010)

Virtual environments have been used within education for a number of years now, allowing students and teachers to access
different parts of the world, or historical events they would otherwise not have been able to experience. Even the teachers are
using simulation tools within their training to learn how to handle specific behaviours within the classroom before they enter one
in real life (Bouki, Mentzelopoulos, & Protopsaltis, 2011). This means that when a similar situation arises during a teaching
session, the teachers who have been exposed to these simulations are much more likely to act with confidence and implement
appropriate solutions.

Augmented reality is a method of combining the real world with a digital world, so for example the geographical position can be
mapped using a GPS and an older, or futuristic view can be superimposed over the camera view. Virtual and augmented reality
are being used to help indigenous peoples maintain their history through mapping their journeys and providing a virtual world of
ancient sites. Augmented reality is often used to give an indication of what a development will look like when it is finished.
2.2 Interactive Task Oriented Simulation
Simulation has for a long time been one of the tools used within the gaming industry. It is also used as a training tool in a number
of areas such as operating machinery, flying planes and driving. In these cases a virtual environment is built which mimics the
environments which the student may encounter, providing a number of scenarios, which the operator may experience in real life.
This allows a semi-automated system to allow a person to practice in, and test the person’s ability to act appropriately, thus
eliminating the need for risking expensive equipment as well as preventing harm to people, equipment, and the environment.
Multiple attempts at a solution may also be allowed, which fine tunes the problem solving aspect of the training and encourages
the critical reactions necessary to become an automatic response. The students should therefore react in a faster and more
appropriate way.
Trades can also use simulation to allow a safer environment for people to learn in. Figure 2 shows the equipment used to train
welders at all levels. These may include those who are experienced and are checking their technique before attempting their
regular certification, and novices who have no previous experience or expertise.
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The health sector have incorporated simulation in a number of ways both within education and in actual practice. They use it to
train their students by using manikins which mimic real patients, and within virtual worlds to give experiences of various aspects
of the sector such as ICU, A&E and Operating Theatres. Simulations are used to plot the spread of diseases for planning purposes
as well as attempting to find the sources. Diagnosis can now be made from a distance in some cases, which allows the expertise of
a very experienced specialist to expand their impact and recommend treatment. There are even examples of operations being run
remotely, although this field is still being refined, the improvements in digital communication and processing power will allow
this to progress at a rapid pace.

Figure 2 Welding Simulator source (Electric, 2016)
When the researcher tried this equipment, the trainer explained that they use this to train the muscles and teach techniques, before
allowing people on the real equipment. The personal experience of the researcher can support the claims made by the equipment
manufacturer that it teaches such things as: Body position, Gun angles, Travel speeds, Gun position and Welding techniques
allowing her to achieve 80% in all of these, thus allowing clearance to progress onto the live equipment, which is still to be
achieved.

Robotics are currently used to engage students in the fields of applied sciences, mathematics and technology. Programming is
notoriously hard to teach, so a study was done to assess the use of virtual versus physical systems (Liu, Newsom, Schunn, &
Shoop, 2013). The classes were taught the same curriculum on VEX robots by the same teacher. The physical class used actual
physical Robots and the Virtual class used Virtual Robots as a basis for the programming which included problem solving and
syntax among other skills needed within a programming course. The results showed that the virtual group completed the course in
significantly less time but with the same improvement in the skills acquired.
3.

CONCLUSION

Simulations do not replace real work experience, but it does allow the students to be able to practice in an economical and safe
environment before they enter the real thing. One of the aims of using simulations is that it will lower overhead in materials, lives
and equipment damage. In theory it should also reduce stress levels for the students as they will already be familiar with the
procedures. As the instructor who taught wielding said “They teach muscle memory” so some things will be second nature by the
time the student arrives on the job. The use of simulation is not the panacea though, if the debrief or feedback after a simulation
session is not correctly handled then it could put the students off totally. One example of damaging feedback is when a student
was told they had killed the patient within a simulation and to home and think about it. A better way would have been to replay
the simulation with the student and discuss the things done well as well as the mistakes. Guidelines should be adopted to ensure
that if simulations are to be used then the way they are used should be monitored and depending on the way they are used how the
results are handled should be examined before they go mainstream. Cultural, religious and other aspects of the target audience
need to be taken into account when building scenarios.
Over a great number of years simulation has developed from partial simulation on a single platform to a multi-platform, multiuser and distributed system. This means that it has developed into its own separate discipline (Sun & Wang, 2008). As electronic
communication becomes more reliable and faster, the ability to develop simulations which are closer to real time and real life will
be greater. The processing power needed to drive such systems is becoming freely available and the trend for more processing
power to become cheaper has not decreased. The number of systems available is growing by the minute, but as with all software
development, the quality of the end product depends to a great extent on the ability of the people who develop the software and
those who build the hardware. The evidence indicates that virtualisation decreases the time taken to learn specific skills without
compromising the quality (Liu, et al., 2013).
Virtual reality is becoming more mainstream as the hardware gets smaller, lighter, and cheaper. It is possible to gain a virtual
reality experience with a smartphone and a set of cardboard glasses known as google cardboard. Development on these Virtual
Reality platforms is growing, thus giving more options for the user of the hardware. Mainstream media are currently
experimenting with 360 degree cameras to enable their productions to be viewed in a virtual environment. Think of some of the
futuristic television programs such as Star Trek or movies such as the Matrix series, how far are we from realising the tools
available within them?
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Technology is now an integral part of society, so the people who maintain and build this technology are in high demand. There is
a world shortage of qualified people with appropriate skills, so any available aid to training people in this field is an asset, and
considering that simulation makes extensive use of technology, it makes sense to use it to train technologists. Simulation software
allows students to watch how their changes to equipment and software affect the overall performance of the technology in real
time. This helps in the training in such areas as hardware design and development, architecture and operating systems (Black &
Komala, 2011).

The main aim of the current research seems to be to bring all the available ideas and tools together to provide a rich and user
friendly system in as many areas as possible, while reducing the cost of these tools. The future looks very exciting, and if the
speed of the past developments is anything to go by, these ideas will permeate through all aspects of our lives. Education appears
to have taken up the challenge of using modern technology, and is embracing it at all levels as a means to produce better prepared
graduates, and to assist lifelong learning. These developments also allow for opportunities to open up education to more of the
worlds’ population who would otherwise not have been able to be exposed to the wide variety of experiences previously only
available to the few.
4.
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A Symphony Orchestra is made up of strings, woodwind, horn and percussion sections
but without a musical composition and a skilled conductor they will never produce the
desired effect on the listener. Train simulators are also made up of many functional
components but without carefully considered training content that is integrated into a
wider training curriculum and supported by skilled and well-trained facilitators,
simulators cannot be expected to reach their full potential. This paper will examine the
socio-cultural environment of the rail organisations in which simulators exist and discuss
possible reasons for the failure of them to be used to maximum effect. A set of success
factors will be presented that need to be considered in order to improve simulator use.
Possible methodologies for improving the content of simulations and the way in which
they support critical decision making schema of drivers will also be discussed and the
need to develop specific simulator facilitation skills among training staff will be
examined.
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1.

INTRODUCTION

The use of simulators in rail training and assessment is
widespread but has not yet achieved the level of maturity or
consistency that one might expect (Naweed, 2013, p. 225).
Very few, if any, rail organisations derive the maximum use
and benefits that they can from their simulators. Based on an
earlier literature review and a wider autoethnographic
examination of rail simulation in Australia, Europe and Asia
over the past 15 years, this paper suggests a range of cultural,
technical and pedagogical factors for consideration in
developing a framework for the application of rail simulators
in rail organisations.
2. WORKPLACE LEARNING AND
ORGANISATIONAL CULTURE
Simulation is an innovative technology that has typically been
imposed on the train driver community from above. This has
limited simulator acceptance and integration. Rail
organisations are typically large and geographically dispersed
with low staff turnover and contain well-established cultural
sub-communities. The capacity for innovation in rail
organisations can be quite considerable but due to the many
competing views between the sub-communities, this
innovation can be discontinuous Brown and Duguid (1991)
note that within an organisation perceived as a collective of
communities can come the improvisational sparks necessary
for igniting organisational innovation. However in a later
extension of their examination, Brown and Duguid explain
that groups of people within organisations with different
practices, assumptions and interpretations of the world around
them can in fact provide a ‘stickiness’ that acts against the
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free flow of knowledge and ideas between groups (Brown &
Duguid, 2001). Train simulators have certainly been viewed
as an innovative approach to improving rail driver skill,
however the friction between organisational sub-communities
has tended to provide a brake on the maximisation of their
benefits. The organisational sub-communities in the rail
industry include drivers, signallers and other operational
workers, engineers, management and many more. However,
the level of continuity is much higher among operational
workers with less external employment opportunities when
compared with the more portable skills of engineers and
managers. Research conducted for the Australasian Railway
Association in 2006 by Price Waterhouse Coopers highlighted
this by identifying the annually increasing age of operational
workers and the increased appetite for consultancy
presumably engineering and management. This is relevant in
the case of the use of simulators and other innovations as
those responsible for the procurement and introduction of
simulators, typically engineers and managers, may move on to
other employment opportunities or projects before the
simulators are fully embedded into the workplace learning
culture of the organisation (Australasian Rail Association,
2006, p. 30).
Workplace learning is as old as workplaces themselves. The
essence of contextualisation relies on authenticity of the
workplace due to the participatory nature of workplace
learning (Choy, 2009). Pedagogically, simulators are unusual
as they are a simulated workplace within an actual workplace.
Part of the resistance to maximisation of simulator use has
been the need to stop working in order to learn how to work.
However, in some circumstances, for example when training
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for those types of events that are rare in the actual workplace
such as emergency situations, simulators provide a more
authentic workplace than other alternatives. Expert drivers
rarely make significant errors but they also rarely encounter
emergency situations. The failure of them to look outside their
normal work paradigm for the type of experiential learning
opportunities that simulators can provide could be explained
by the Einstellung Effect or ‘thinking inside the box’ as
described by Land (Land, 2014, p. 20).

Train simulators are usually procured by organisations based
on a primary need but with a wider business case around their
whole-of-life use and benefits. For example, simulators may
be procured in order to train drivers how to operate a new type
of train but with the added benefit that the simulator can be
used for other training once all the drivers have completed
their conversion training to the new trains. However, in
practice, we find simulators sitting idle due to a failure of the
respective sub-communities responsible for the introduction
of the new trains and those responsible for continuing training
to plan, organise and communicate the handover and
integration of the simulators into the wider organisational
training program (Naweed, 2013) (Rushby & Seabrook,
2007).
3.

SIMULATION SUCCESS FACTORS

Fidelity
Stakeholder
Engagement

Skilled
Facilitation

Domain
Specificity

Availability
Integration
into
curriculum

3.1.1

Figure1: Seven Factors for Simulation Success

In order to understand each of the factors outlined above it is
necessary to examine them individually.
3.1 Fidelity
‘Much as in the matrimonial sense, simulator fidelity
describes the faithfulness and loyalty that resides
between the simulator and the environment being
simulated’
(Naweed, Balakrishnan, & Dorrian, 2013, p. 171)

In order to provide an environment in which drivers can learn
and demonstrate their competence in the complex task of train
driving, a range of types of fidelity need to be considered. In
the context of the rail industry in the UK, fidelity was
identified by the Rail Safety Standards Board as follows:
The key areas of concern can broadly be divided into physical
fidelity (that is, the degree to which the simulated

Visual fidelity

Visual fidelity can be analysed in terms of what needs to be
presented to the driver and how it needs to be presented to the
driver. The question of what to visually present can further be
divided into out-of-cab data and within-cab data. In their 2014
work, Naweed and Balakrishnan provide a comprehensive
analysis of the visual perceptive load of experienced urban
rail drivers in Australia. Their work provides a disaggregation
of the strategic elements involved in the train driving task and
within the context of their study (experienced train drivers
operating in an urban environment), they found that the
external environmental elements are shown to far outweigh
the vehicle-based elements in the calculus of the decision
making processes for drivers (Naweed, 2014).
3.1.2

Audio fidelity

The role played by audio feedback seems to have received
less attention than other aspects of fidelity. However,
borrowing from some research in road driving simulation, it
seems that a lack of audio feedback is distractive and can
detract from the learning experience for the driver (Hellier,
Naweed, Walker, Husband, & Edworthy, 2011). This means
that consideration needs to be given to including those audio
cues that are specifically relevant to the learning experience
but also including sufficient situationally appropriate
background audio in order to retain a comfortable and
conducive learning environment.
3.1.3

Reliability
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While this definition is reasonable, a review of the literature
has provided a more detailed breakdown of the categories of
fidelity.

Haptic fidelity

Haptic fidelity describes both the general accuracy of the
physical layout of simulator controls and human machine
interfaces as well as the extent to which those controls provide
authentic feedback to the learner driver. In rail driving
simulators, the levels of haptic fidelity are divided broadly
into two categories at either end of the fidelity spectrum. On
the one hand are higher cost simulators that use adapted or
modified controls from real vehicles; and on the other are
lower cost simulators that use PC gaming level interfaces and
computer screen representations of real devices. In between
these extremes, there are simulators that use a combination of
real and virtual interface representations and specific
augmentation of certain aspects such as vibration that can
prove beneficial (Dulaski & Noyce, 2005).
In the aviation sector, some low fidelity simulators have been
found to have a positive training impact. A study conducted to
examine the training effectiveness of personal computer
aviation training devices (that do not have any real aircraft
controls) in the US found that there was initially high
learning transfer but the incremental learning transfer with
repeated exposure diminished, except in cases where there
was a significant time lag between training sessions.
Therefore, the timing and frequency of lessons using low
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An autoethnographic analysis of my own practice in the use of
simulators over the past 28 years has provided me with an
insight into those factors that are important for their
successful implementation as learning tools. I have
categorised these seven success factors that have an influence
on the degree to which rail simulators approach their
maximum benefits. They are outlined below in Figure 1:

environment looks like the real environment) and functional
fidelity (that is, the degree to which the simulated
environment behaves like the real environment). Fidelity also
has a subjective or perceptual component, which concerns the
performance and control strategies of the operator in the
simulated environment (UK Rail Safety & Standards Board,
2007, p. 8).

fidelity simulation needs to be considered within the wider
context of the overall learning program so that their benefits
can be maximised. Taylor also observed that “making such
devices look and feel like a training airplane is helpful in
gaining acceptance by users, but it is not sufficient to assure
the maximum transfer of learning” (Taylor et al., 1999, p.
333).
3.1.4

Motion fidelity

In contrast to audio fidelity, the use of motion systems in
simulated training environments has been the subject of
considerable research. However, the majority of the research
is focused on the engineering requirements of producing
simulated motion effects rather than whether these effects are
necessary or desirable for learning to occur. During research
for the Federal Aviation Administration in the US in 1969
Gerathewohl raised the question that can assist us in assessing
the necessity of motion when he asked the degree to which
motion cues are necessary for the simulation of operational
characteristics of a control system (Gerathewohl, 1969).

3.1.5

Operational fidelity

The limitations of focusing on physical fidelity of the
simulated training environment in the context of instructional
design are highlighted by Thomas (2003). Admittedly,
Thomas’s work is focused on aviation but the complex
interplay between the requirements of the simulator to look
realistic and perform accurately (physical fidelity and function
fidelity respectively) with the perception of reality by the
participant (psychological fidelity) are also relevant for
learning in the rail sector. When it comes to the ability of the
simulator to recreate the parameters of the actual operational
task (task fidelity), Thomas (2003) suggests that too little
emphasis is placed on the non-technical skills such as
workload prioritization, crew coordination and time critical
decision making required to adequately perform the task
during the instructional design process. Operational fidelity is
the term proposed to encompass this combination of technical
and non-technical skills that the simulated learning
environment needs to be able to exercise (Thomas, 2003).
3.1.6

It should not be surprising to an educator that adults learn
effectively when their previous experience is valued and new
experiences are facilitated for the learners that are both
credible and challenging. Knowles (1970) identified three
elements that are important for adults to learn successfully as
follows: emphasis on experiential techniques, emphasis on
practical application and unfreezing and learning to learn from
experience (Knowles, 1970). What remains to be determined
is how to define the most broadly engaging experience in a
simulated learning environment for the largest proportion of
learners in a particular work role. One particularly powerful
tool to support the unfreezing process is the use of cognitive
dissonance. Cognitive dissonance is the feeling of
psychological discomfort produced by the combined presence
of two thoughts that do not follow from one another (HarmonJones & Mills, 1999). By creating credible simulated training
situations where the opinions and skills of the participant are
found to be inadequate, in other words the participant
discovers their capacity for error, you have created a situation
from which that individual can learn. Regardless of the level
of fidelity, when the participant (driver) experiences a feeling
of presence in a simulated environment, they are able to
suspend their disbelief sufficiently to learn effectively
(Hamstra, Brydges, Hatala, Zendejas, & Cook, 2014, p. 391).
3.2 Domain Specificity
‘…domain specificity lies in the way in which a precise
configuration of cues activates procedures that give rise
to adaptively appropriate behaviour.’

(Cosmides & Tooby, 1994)

Presence

The elements of visual, audio, haptic, motion, and operational
fidelity identify and describe those items that in their
combined form provide the fidelity of a driving simulator. The
455

In order to ensure a simulator can support driver training and
assessment, it is necessary to develop a detailed understanding
of the task of driving. This includes the vast array of cues and
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It is apparent that the context of the simulation will be
significant in the consideration of the use of motion. The
driving task of a heavy freight train driver, for example, relies
on ‘feel’ or ‘seat of the pants’ for a range significant inputs
(Doncaster, 2012). In this case, accuracy of motion fidelity
would be an important element in developing an effective
learning environment. The extent to which this applies to
other rail driving contexts would need to be determined
through research. Existing task analyses in rail tend to identify
cues to the driver including what the driver feels but they do
not provide sufficient quantifiable data to faithfully recreate
the sensation in a simulator. This process tends to be done by
a more subjective process of trial and error using drivers in
the simulator providing feedback to the simulator designers.
Naweed et al highlight the potential negative skill transfer that
may result from inaccurate or under-representative motion
modelling and generally question the cost-benefit value of
motion in rail simulation for the development of higher order
cognitive skills (Naweed et al., 2013, pp. 176 - 177).

degree to which these elements are represented in a simulator
and the accuracy with which they are synthesised or
reproduced determines where the simulator sits along the
spectrum from low to high fidelity. A method needs to be
found to evaluate the success or otherwise of the synthesis of
these fidelity elements into a coherent and convincing
simulation that results in optimal learning outcomes. How
successful the simulator is in allowing the drivers to suspend
their disbelief that the simulation is not reality is a
phenomenon described as a feeling of presence. While vision,
audio, haptics and motion are fairly obvious elements of
fidelity, the concept of presence is somewhat more mercurial.
Presence is defined as the subjective experience of being in
one place or environment, even when one is physically
situated in another (Witmer & Singer, 1998, p. 225). In terms
of the relationship between presence and learning transfer, the
studies by Wallis and Tichon are particularly interesting for a
number of reasons (Wallis & Tichon, 2013). Wallis and
Tichon employed a presence questionnaire and an immersive
tendencies questionnaire to examine whether participants
gained a sense of presence and secondly to evaluate the
participant’s individual tendency to become immersed. These
questionnaires were previously evaluated by Witmer and
Singer (1998) and Schubert, Friedmann, and Regenbrecht
(2001). In that earlier laboratory work, the concept of
‘presence’, as measured by these questionnaires, was linked to
task performance. In one study, Wallis and Tichon (2013),
using three varying levels of fidelity of simulated rail driving
environments, were able to show a link between a sensation of
presence and better task performance (accurate speed
perception in this case).

data that need to be recognised and interpreted in order to
perform the task safely and efficiently. All of the aspects of
fidelity discussed previously are based on a recognition that
the simulated environment must be able to provide these
visual, audible, motion and haptic inputs to the driver.
However, they seem to ignore the need to present these cues
in a particular arrangement for learning to occur. An analogy
of this could be describing a Symphony Orchestra as being
made up of strings, woodwind, horn, and percussion sections
without mentioning that they also need a musical composition
and arrangement for them to produce the desired effect on the
listener.

It could be said that the combined effect of the aspects of
fidelity described previously determine how to present
information to the driver but not what to present or when to
present it for it to have the desired learning effect. The
decision making schema developed by drivers are individual
but have their foundations in the master-apprenticeship nature
of traditional train driver training. The what and why of train
driving in certain circumstances is identified by driver trainers
and passed to their trainees who then continue to develop and
maintain their individual schema throughout their professional
career. The challenge for developers of simulators is that these
schema are individual, largely undocumented, and have an
element of situational and geographic specificity.

Figure 3: Stress, cognitive load and memory

Fraser, Ayres, and Sweller (2015, p. 303)

A simulator provides an environment where the cognitive load
of the driver can be controlled. The intrinsic factors essential
for the particular learning outcomes can be presented or even
emphasised while the extraneous load can be limited. Stress
factors can be introduced in a controlled manner and the
process can be further supported by reflective analysis and
debrief.

The application of Cognitive Learning Theory to the
development of rail simulation learning exercises is another
area that will be followed with more research following this
paper. However it is expected that while Cognitive Learning
Theory may provide value in determining how to structure the
content of individual simulator lessons and how to build those
lessons into a coherent pedagogical framework, a range of
other data gathering tools will be required to understand the
overall complexity of the role of the train driver.
3.3 Skilled Facilitation
‘The facilitator assumes a major role in modeling the
metacognitive thinking associated with the problem
solving process. Hence this is a cognitive apprenticeship
environment with scaffolding designed to support the
learner in developing the metacognitive skills.’
(Savery & Duffy, 1995)

Figure 2: Aggregates of Driving Strategy

(Naweed, 2014, p. 468)

How much data to present to the driver in simulated learning
situations, and indeed when to present it are separate
questions that also need to be examined. The level of
cognitive load presented to drivers in simulators will vary
depending on the phase of training. For example, a novice
driver undergoing initial training will be able to process
significantly less data than an experienced driver undergoing a
periodic competency assessment. Cognitive Learning Theory
may provide a well-established theoretical framework for
finding a balance of enough cognitive load without over-
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For simulators to be effective training tools, the trainers need
to be both competent and confident in their use. Additionally,
automated reports provided by the simulator need to be
objective, valid and easily interpreted by the trainer in order
for the trainer to integrate their contents with their own
observations when providing constructive feedback. The
trainers within rail organisations are traditionally drawn from
the technical disciplines such as train driver, train guard,
signaller, track worker and provided with some formal
workplace training qualification. In Australia this would
typically include all or part of the Certificate IV in Training
and Assessment (TAA40104) or the equivalent qualification
at the time (Australian Government, 2016). However, while
this qualification provides a good introduction to the
vocational educational sector within Australia it does not
provide the level of skill development in teaching and
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As modern trains have become more complex, changes to
signalling and safety systems have increased the number of
visual and audible cues and also moved many of them from
outside the cab to in-cab displays. Figure 2 below outlines the
complex driving strategy for a driver with many inputs both
outside and inside the cab environment (Naweed, 2014).

loading drivers and also provide guidance on how to avoid
extraneous cognitive load or distraction in simulated lessons
at each level of training and/or experience. The diagram
shown in Figure 3 describes the process by which the working
memory of drivers can be stimulated in order to (over time)
build up the decision-making schema that resides in the
driver’s long-term memory.

facilitation that is needed by inexperienced vocational
educators (Clayton, Meyers, Bateman, & Bluer, 2010, p. 33).

Simulated training sessions are designed to involve,
immersion, cognitive dissonance and reflection (both
individual reflection and reflection guided by a facilitator).
They are intended to provide a process of cognitive
interaction that is a powerful opportunity for each participant
to learn. This can be strengthened further when drivers have
the opportunity to train in groups. In fact, Vygotsky (1980)
suggested that the creation of a zone of proximal development
is essential, in other words that the individual learning
experience is really only able to occur when the learner is
interacting with people in his or her environment and in
cooperation with their peers (Vygotsky, 1980). Whether the
trainer is role-playing these other roles or facilitating joint
training sessions with groups of drivers, their influence on the
success of the outcomes cannot be underestimated. However,
if they trainers are not equipped with the skills required to
facilitate these sessions the sessions are less likely to succeed.
Indeed, as discussed previously, because the trainers are
members of the same sub-culture as the drivers they are
training, they can have a tendency to restrict their training to
what is comfortable and not gain confidence to work ‘outside
the box’ thereby limiting the simulation training experience
(Land, 2014).
3.4 Integration with Curriculum

3.5 Availability
While it may seem a small point, in order for simulators to be
used, they need to be available for use. Availability relates
primarily to location. The simulators need to be located in a
place where both drivers and trainers can access them with
minimal disruption to their normal work routine. Depending
on the organisation, this may involve simulators distributed at
various depots, it could lead to the use of mobile simulators,
or it may mean a common centralised location. The key is that
the simulators should be no more difficult to access than other
training options.
3.6 Reliability
Simulators are machines and as such they will fail from timeto-time (Naweed, 2013). However, across the simulation
community, there is no common set of standards for
acceptable mean time between failure (MTBF) and mean time
to repair (MTTR), even in the more mature aviation sector
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3.7 Stakeholder Engagement
Stakeholder engagement could be viewed as either this
simplest or the most complex of the success factors.
Stakeholder engagement is based on communication and in
effect is the glue that binds the other success factors together
into a workable matrix. For example, the key to overcoming
the pitfalls of procuring simulators for narrow purposes rather
than their whole-of-life benefits rests with the engagement of
all stakeholders who will play a role in extracting those
benefits over time and developing a plan for the sponsorship,
impact and communication of the purposes of the simulators
over time. Clear responsibilities need to be established with
determined hand-over points and there needs to be
management oversight to ensure that the intended purposes of
the simulators comply with the stated intentions as they
transition from one life-cycle phase to another (Colwell,
2012).
The benefits of simulation and its relationship to the selfinterest of each of the sub-communities within rail
organisations need to be highlighted in order for these subcommunities to share a common organisational goal for
simulator implementation. For simulation to become fully
integrated into the training, assessment and competence
maintenance of rail organisations, each of the success factors
outlined above will not only need to be effectively dealt with
but this process will need to be done with the involvement of
all stakeholders.
4.

SEEING INTO THE DRIVER’S HEAD

One possible method for identifying and documenting
individual decision models could be through the use of Risk
Triggered Commentary Driving (RTC). RTC involves drivers
speaking aloud what they usually just think to themselves,
when driving. By following this process, drivers can listen to
their thoughts and the subsequent actions they are planning to
do – allowing them to “sense check” what they should do
next. Ideally, RTC involves not just repeating what a driver
sees, but they are articulating the cognitive processes that are
occurring during driving. For example, next signal is a single
yellow – brake to notch two, once I pass under the bridge
(Rail Safety Standards Board, 2008). While this method is
recommended as a risk mitigation strategy, it also provides a
window into the critical decision making schema of the driver
and identifies those features of the driver’s environment
(outside and inside the cab) that are relevant to them at the
particular moment. An aggregation of recorded commentated
drives using this method is suggested as a method of gathering
the data needed to identify what to present to drivers during
simulated training exercises. While RTC is becoming normal
practice in the UK only a limited amount of research has been
conducted using simulated environments (Sato, 2015). The
extent to which aggregated recorded results of real world RTC
can inform the development of simulators will be the focus of
future research work following this paper.
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In the context of training, simulators do not exist in isolation.
They are training tools that are incorporated into some wider
training course or curriculum and the simulated training
sessions are generally dependent on scenarios that are
presented to the participant. Driver training in simulators is
divided between procedural skills and higher order cognitive
skills. Procedural tasks may include basic vehicle control,
while higher order cognitive skills include hazard perception
and avoidance (Goode, Salmon, & Lenné, 2013). In a 2012
study conducted under the auspices of the Cooperative
Research Centre for Rail Innovation in Australia, Naweed
(2013) examined the extent to which simulators had been
integrated in six rail operators across Australia. The study
found that while rail organisations had approached the
procurement of simulators enthusiastically and generally
understood the technical capabilities of the simulators, they
did not fully understand how to integrate them into their
training operations (Naweed, 2013).

(SIMUSER, 2016). In order for simulators to be relied upon
as mandatory or embedded training tools, the level of lost
training time to simulator degradation or failure that can be
tolerated must be identified, disseminated and tracked. It is
unlikely that organisations will fund sufficient simulators to
provide redundancy, however they do need to fund
preventative maintenance programs to minimise failure and to
establish training plans that allow sufficient flexibility for
time lost to simulator failures to be recovered.

5.

CONCLUSION

The integration of train driver simulators into a rail
organisation is far larger process than their initial
procurement. The fidelity of simulators, their availability,
reliability and the skills of the trainers tasked to operate them
are all important. These issues are reasonably easy to identify
and are often considered during initial procurement. An area
that requires more understanding if the through-life benefits of
simulators are to be maximised is the capability of the
simulator to present appropriate and learning content and the
development
of
structured
learning
frameworks
commensurate with the stage of learning of each driver. For
learner drivers, the complexity of simulator scenario content
needs to be structured in such a way to assist in the
development of critical decision making schema of increasing
complexity as their training progresses. In addition to learner
drivers, the decision making schema of experienced drivers
need to be supported by the simulator in order for simulators
to be relevant, stimulating and productive learning and
assessment environments throughout their career.
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1.

INTRODUCTION

Simulation of various kinds is used to develop analysis and
understanding in a wide range of domains.Often these
domains are inherently concerned with social simulation – the
behaviour of people interacting within some system, or else
there is a component of the system that involves humans and
their behaviours.This paper builds on previous work, to show
how one can effectively model cognitive agents for social
simulation, using the BDI paradigm, and how to understand
the effects of the modelled behaviours, through both analysis
and interaction. We provide two examples of how this has
been used for training and for community education.

We have found that the Belief, Desire, Intention (BDI)
(Wooldridge, 2000) paradigm, used extensively for
development of intelligent systems using an agent
architecture, is an excellent candidate for modelling of
cognitive agents in simulations. The BDI paradigm has its
roots in philosophy (Bratman, 1987; Dennett, 1987) and a
theory of how people behave, particularly in balancing
between pro-active goal seeking behaviour, and reactive
response to the environment. Computational models have
been extensively developed and there are a range of BDI
languages and platforms available such as JACK (Winikoff,
2005), Jadex (Braubach, Pokahr, & Lamersdorf, 2005),
JASON (Bordini, Hübner, & Wooldridge, 2007), GOAL
(Hindriks, 2009),SOAR (Laird, 2012) and 3APL (Dastani,

461

van Riemsdijk, Dignum, & Meyer, 2004). We have found that
frameworks in the AgentSpeak (Rao, 1996) tradition, such as
PRS (Georgeff & Ingrand, 1989), JACK and JASON, using
the core concepts of goals, plans and beliefs, provide an
excellent basis for specifying human behaviour. The
representation supports greater complexity and structure than
can easily be captured using reactive rules, while at the same
time being simple enough to be comprehensible for domain
experts and social scientists. This approach, due to the level of
abstraction available, has also been demonstrated to be highly
efficient for building complex applications (Benfield,
Hendrickson, & Galanti, 2006).

Figure 1: Example BDI goal-plan hierarchy for a resident
agent in the bushfire situation
BDI programs are essentially a set of plan rules of the form
G : ψ � P, meaning that plan P is a reasonable plan for
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achieving the goal (or responding to the percept) G when
(context) condition ψ is believed true. P (the plan body) is
then made up of sub-goals, which have associated plans, and
actions. A plan rule can be chosen for instantiation, and its
plan body executed, if the context condition ψ is True
according to the agent’s beliefs. The plan trigger G may be an
internally generated goal (e.g. taking a lunch break at a certain
time), a percept which is externally notified to the agent from
the environment, or a message from another agent.

This plan library can be represented as a goal-plan tree as
shown in Figure 1, which is a part of the design of a simple
resident agent in a bushfire situation. This is basically an
AND/OR tree where goals havelinks to some number of
plans, one of which must be chosen (OR), and plans have
links to some number of (sub)goals/actions, all of which must
be accomplished (AND) for the goal to succeed. The context
condition of each plan specifies under what conditions the
plan is a good choice. One can also specify conditions under
which any given plan should be aborted. This enables the
agent to be both responsive to the environment, and goal
directed over a period of time and multiple different actions.
We have worked with domain experts and with social
scientists using this graphical representation, and they have
found it intuitive and easy to use in building or refining a
model.

In section 2 we describe how one might go about developing
an appropriate model of the human agents and their behaviour
and integrating this into an agent based simulation. In section
3 we describe the mechanisms to allow a user, to interact with
the simulation for the purposes of understanding and/or
training, and briefly explore how it can be valuable in analysis
to explore the role of specific behaviours. Sections 4 and 5
describe specific case studies. In one a bushfire evacuation
simulation provides an interactive incident controller for
planning and training. In the other we describe how a
sandbagging simulation is used for community education. One
aspect of this is formally evaluated with regard to how
effective interactive simulation or “serious games” are when
compared to print material, for teaching key messages in a
community education context.
2.

MODELLING COGNITIVE AGENTS

An advantage of using the BDI framework is that it can make
good use of qualitative social science data, obtained through
interviews and focus groups and often reported in social
science literature. For example, following the “Black
Saturday” bushfires there has been an enormous amount of
work done to understand how people made choices around
remaining at their property or leaving, what their level of
preparedness was, etc. We outline the tasks that must be done
in developing the agent models, and then discuss the
incorporation of this within the simulation.
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Developing the model of human behaviours

Typically the modelling task requires a number of steps:

• Identification of agent types and attributes. In the
simulation there will be one or more kinds of human
agents that we are interested in modelling. For example in
a bushfire evacuation one will probably have residents,
and may also have different categories of emergency
services personnel. If concerned with modelling
specifically things like hospitals or nursing homes, there
may also be categories such as patients and hospital staff.
Individuals within these categories will differ in terms of a
number of characteristics which will have some effect on
the way they behave. For example young people living
alone will behave differently than mothers with children in
school when a fire warning occurs. Census data can often
be valuable in order to initialise a population with
appropriate numbers of individuals with a range of
relevant attributes. For example in bushfire evacuation
modelling it is relevant to know how many people work,
how far away their work is, who they share the household
with, what their age is, how many children there are in
school, and so on. By using census data for a region being
modelled simulated populations can be created which have
roughly the same profile as the actual population. Only
attributes that differentiate in some way what people do, or
that are of interest as output data, need to be modelled.
Attributes can be used to split groups into subtypes (e.g.
elderly residents, single person, parent, etc.), to help in
extracting the decision and action models. Domain experts
often find it simplest to discuss the behaviour of particular
subtypes, such as elderly residents, or families. However
the modeller can make a design choice about whether to
model as exclusive subtypes, or as a single type
differentiated by attributes. In the former each agent type
would have its own set of goals and plans, whereas in the
latter, they would all have the same goal-plan library, but
plan choices would be constrained by agent attributes. For
example, a resident would only select a plan to go and
collect children from school, if they had school aged
children (and the time was such that they would be at
school, etc.). These constraints are easily encoded in plan
context conditions.

• Identification of key goals and ways of achieving them
for each agent type. In order to eventually develop the
goal-plan tree such as that in Figure 1 which will become
the BDI agent program, the agent goals, decisions and
actions must be identified. This can be done through a
variety of methods, such as extracting information from
existing social science reports, using social science
theories as to what drives people’s behaviour and
conducting interviews and surveys with domain experts or
representatives of the group being modelled. For example
(Mellor, Rhodes, Reilly, & Perugini, 2014) describes the
influence of risk perception in a bushfire situation as being
a mix of threat, vulnerability and uncertainty which
according to their research based on 52 written reports as
well as workshops, interviews and discussions, then
influences the behavioural model1. These are in turn of
course affected by the attributes of individuals already
discussed. In our work on sandbagging and flash flooding,
we interviewed both residents and emergency services
personnel to establish common goals, behaviours and
1

Personal communication with Don Perugini.

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

As the behaviours being modelled become more complex it
can be challenging to understand and have confidence in the
simulation. One tool that can assist with this is to make the
simulation interactive, allowing for interrogation of the beliefs
and decisions of individual agents. Adding the ability to
(partially) control the decisions of agents via an interactive
interface can also aid in understanding and exploration of
consequences of certain decisions/behaviours. More
sophisticated analysis may also be required that looks not only
at configurable inputs, and the final outputs, but also at the
part that specific behaviours play within the implemented
model.

2.1

decision processes. While the information was qualitative
rather than quantitative it provided a solid basis for an
initial model.

• Identification of agent beliefs/knowledge. Things the
agent knows (or believes) and notices inform the agent’s
reasoning and behaviour and therefore need to be
identified. Many of the key things will be information
which the agent obtains from the environment as the
simulated situation progresses. This includes such things
as warnings being broadcast via mobile phones or radio,
observing smoke and/or flames, observing neighbour
behaviours, etc. These can be obtained in a similar way to
information about goals and behaviour - via written
reports and/or via interviews and in depth discussions with
domain experts or representatives of groups being
modelled.

2.2

Figure 2 shows the conceptual architecture of this approach.
The ABMS application and the BDI application each run
independently, synchronising via the infrastructure provided.
They can either run within a single process (in separate
synchronised threads or in a single thread sequentially), or in
two separate processes (synchronising using inter-process
communication, such as sockets). The former is of course
considerably more efficient. The two processes execute in a
synchronised manner, with the BDI module providing action
decisions to the ABMS, once per simulation time step, while
the ABMS provides observations and environmental
information of interest, to the BDI module.

In order to integrate the BDI agent program into the
simulation environment the “BDI-actions” at the leaf nodes of
the agent goal-plan tree must be implemented in the ABMS.
These are the things that the agent should do in the simulated
environment, which may be mapped to a series of low level
actions in the ABMS that do not require any significant
reasoning or decision making, but may happen over multiple
time steps. For example the BDI-action drive-to(destination)
can be mapped to a repetition of low level actions within the
ABMS which moves the agent towards the destination by
some appropriate amount at each step.

Putting the cognitive agents into the social
simulation

Agent (or individual) based social simulations are typically
time stepped with the agents instantiated in some spatial
environment. Some of the earliest work explored social
phenomena such as seasonal migrations, pollution, sexual
reproduction, combat, and transmission of disease using
simple models of human interactions on a two dimensional
grid. Following this seminal work by researchers such as
Epstein, Axtell and Axelrod (Axelrod, 1997; Epstein, 2006) a
large number of platforms and toolkits have been developed
to support these agent based simulations. Examples of these
include Netlogo (Tisue & Wilensky, 2004), Repast (M.J
North, Howe, Collier, & Vos, 2007), GAMA (Taillandier, Vo,
Amouroux, & Drogoul, 2012) and MASON (Luke, CioffiRevilla, Panait, Sullivan, & Balan, 2005). These widely used
toolkits typically provide a graphical development interface
and a suite of tools to assist in analysis. The agents are
generally programmed using simple reactive rules that are
evaluated and potentially fired at each step (or every X steps)
in the simulation. While it is sometimes possible to encode the
model developed as described above directly within such
systems it is generally not straightforward. Our approach is to
use one of these agent based simulation toolkits for the
simulation, and to couple this with an existing BDI
programming environment as in (Padgham, Scerri,
Jayatilleke, & Hickmott, 2011), where we described coupling
of the JACK BDI system to Repast Simphony (Michael J
North et al., 2013). Since then we have developed a generic
framework to support coupling of any BDI system with any
ABMS, providing a system layer is developed to accumulate
and distribute information about percepts and actions as
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Figure 2: Conceptual BDI-ABMS integration architecture

The percepts required for updating the agent beliefs must also
be collected by the ABMS system, in order for them to be
provided to the BDI decision making agent representation. In
our framework these are collected during, or at the end of the
step, and are then packaged up for delivery to the BDI system
where they are provided to the relevant agents. All percepts
must be obtainable from the ABMS. They can be split into
two basic groups: those things which should be sent whenever
they occur, and those things which should be
queried/observed when needed for agent decision making.
Generally the former group are those things which will cause
the agent to initiate a new top level goal or abort some current
goal or approach, and therefore must be pushed from the
ABMS. The latter are information that the agent needs from
time to time in order to make its decisions, and can be
queried, or pulled, as needed.
The combination of a powerful cognitive modelling platform,
with a sophisticated simulation infrastructure provides a
strong base for social simulation.

2
Integration code and example applications are available at http://tiny.cc/bdiabm-integration
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The collection of data for the model is a standard part of
domain modelling in ABMS. However, the relatively direct
mapping to a user friendly representation, at an appropriate
level of complexity, which then maps directly to code, is a
major advantage. We have found it effective for a
programmer/modeller to develop the goal plan trees and then
refine these together with domain experts. Goals and plans
are defined based on the collected information, with the data
on what the agent observes and knows informing choices as
to what to do (which plan to choose in order to accomplish
some goal/subgoal). Observations can also trigger
instantiation of goals. For example a higher warning level
may trigger a goal to prepare to evacuate. Once the BDI
program is fully developed it must be incorporated into a
simulation.

required by the framework. We have developed the system
layer for three BDI systems and five ABMS systems2.

Figure 3: Incident Controller interaction in Halls Gap evacuation scenario

UNDERSTANDING THE SIMULATION

3.2

3.1 Analysing the simulation
A standard way of understanding a simulation is to execute a
number of scenarios and collect outputs which can then be
analysed and reported. Many simulation systems support
such analysis with tools for graphing collected outputs in
various ways. This kind of analysis is typical when using
simulation systems for the purpose of informing policy and
planning. A more in depth analysis can be done using
sensitivity analysis tools and techniques which give a
detailed understanding of how inputs are affecting outputs.
As the agent behaviours become more complex it is likely
that in order to analyse and understand an agent based
simulation it is necessary to look not only at inputs and
outputs, but at the agent behaviours during the simulation.
We have been exploring the use of analysis of variance
methods such as Extended FourierAmplitude Sensitivity
Testing (EFAST) (Saltelli, Tarantola, Campolongo, & Ratto,
2004) to examine the variance of different behaviours during
the simulation, as input parameters are systematically
modified.
This allows us to identify such things as patterns of behaviour
(expected or unexpected) as well as which behaviours are
having the greatest effect on outputs in certain situations and
which inputs give rise to certain behaviours. We expect that
detailed analysis of the behaviours themselves and how they
are affecting the simulation results, will be increasingly
important as behaviours become more realistic, and therefore
somewhat more complex.
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Interacting with the simulation

Interacting with and observing the simulation through a visual
interface is also a common way of understanding a simulation.
The most basic form of interaction is by configuring a
scenario using input variables and then watching it play out on
a visualiser and/or seeing summarised outputs. A more
powerful form of interaction is to be able to selectively view
details during interaction, possibly by pausing the
simulation.
Because BDI program code is implemented at the level of
goals, beliefs and plans it is possible to provide generic
infrastructure that will allow user interactions to view and
even control agent states. There are three basic ways a user
can interact with the BDI simulation during execution:

• By examining the specific actions and beliefs of an agent,
either by pausing the simulation, or dynamically as it runs.
• By specifying breakpoints at any goal, in order to pause
the execution and manually choose which plan should be
executed.
• By modifying agent beliefs (which will affect what plan
choices are available and chosen).

Building on the work reported in (Scerri, Hickmott, &
Padgham, 2012) we have developed mechanisms to allow a
user to interact directly with the underlying BDI program for
one (or more) of the agents in the above ways. This
interactivity supports understanding by exploration, and is
also a key aspect of using a simulation for training and/or
community education.
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3.

4.

INTERACTIVE SIMULATION FOR TRAINING

One way in which an interactive social simulation can be
used is as a virtual role play environment. This allows
people to practise making different choices, observing the
result of their choices on the unfolding of the simulation.
Even where the “right” or “best” choices may be known, it is
well established that experiential learning is far more
effective than simply reading or being told. An interactive
simulation that allows a user to control the decisions of one of
the agents can be a powerful tool for a user to practise making
complex decisions as a situation develops, as control is an
important aspect of immersion, which improves the likelihood
of learning (Shute, Ventura, Bauer, & Zapata-Rivera, 2009) in
serious games.

In some situations it may be the case that options available
in the goal-plan tree are not shown as available choices at a
given breakpoint. This is due to the fact that the context
condition cannot be matched, given the agent’s current
beliefs, thus making the choice not applicable. In this case it
is possible for the user to examine the agent’s beliefs, using
the “Modify Beliefs” button at the lower left. If these beliefs
are altered, this can change the set of applicable plans, and
the ongoing execution of the simulation. This is an
additional mechanism to allow a user to explore the range of
possibilities to obtain a more nuanced understanding of the
domain.
In some cases users may only wish to set configuration
parameters at the start of a simulation, and then observe
what one or more agents are doing as the simulation plays
out. Each of the resident agents, depicted by the small
coloured cars in Figure 3, can be selected, in which case a
display showing what they are doing (and potentially the
465

One of the potential uses of this kind of interactive simulation
encoding reasonably realistic human behaviours is in using it
for a simulation supported role play with emergency service
workers from different areas. Each can control their relevant
agent, and they can manage a joint simulation where they
experience the effects of their actions on other emergency
personnel roles, and the possible interactions between these
roles. Even with well-defined protocols, it is often only when
an incident occurs that issues with the protocols, or missing
aspects are discovered. One of the major findings after the
disastrous Victorian “Black Saturday” bushfires of 2009
where 173 people died, was that the different emergency
services agencies needed to develop mechanisms for better
working together. Workshops where players take on their own
or colleagues roles in an interactive simulation is one way to
better understand and practice ways of working together
during emergency incidents. We have not yet developed
prototypes for this more advanced multi-user interactive
simulation, but agencies have indicated interest in this and we
have had initial discussions. We are working with emergency
services personnel and departments to further develop the
current prototype and to determine and address requirements
for use in planning and training.
5.

COMMUNITY EDUCATION

An interactive simulation can also be used as a mechanism
for community education. Having communities be better
prepared for emergency events, and able to take greater
responsibility, is a key goal of emergency services agencies.
With extreme weather events occurring with both greater
frequency and greater intensity, it is accepted that agencies
will be unable to provide all desired services. Helping
communities be better prepared and to better understand
what individuals must do themselves and where reliance on
emergency services is unrealistic is an increasing focus for
agencies.

In a project where we worked with Victorian State
Emergency Services and a local Council they were keen to
use simulation as a tool to work with the community. Two
one-in-a-hundred-year flash flooding events in the last 6
years, causing millions of dollars of damage, had led to
community demands that council “do something”. We
developed a simulation to analyse the efficacy and possible
placement of potential sandbag depots in this community.
We also developed an interactive game with a virtual agent,
to teach key messages about preparing the house for a flood,
including where to place sandbags.
We ran a workshop for about 40 residents and interested
agency personnel to explore the use of the sandbagging
depot simulation. In this workshop we ran structured
exercises where the participants worked in pairs to explore
scenarios and their outcomes within the simulation.
Anecdotally, participants found this very valuable and
appreciated as they had not done previously, that
sandbagging depots would not be particularly effective,
given the likely time between a warning and the flood
occurring.
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Figure 3 shows the interface in an evacuation scenario,
developed to demonstrate through a prototype the potential
for use of interactive simulation by emergency services
personnel, for exploration and for training. The screenshot
shows a scenario for Halls Gap VIC, Australia, where a fire
front is progressing from the south west (currently off
screen). It shows the detail of user interaction via the
incident controller agent. Breakpoints have been set to allow
the user to make the decisions that this agent would
otherwise make according to the BDI program. The
simulation has reached the specified breakpoint of the goal
AssignCentre(area), and the selection interface is
overlaid on the simulation, for the user to make the desired
choices. The pane to the left shows the goal plan tree, with
the yellow highlighted goals and plans indicating where the
agent is in the execution of this top level goal. The
IDReliefCentres goal in the goal-plan tree is in green
as this goal has already been successfully completed. The
current sub-goal is in white, and is also shown in the box in
the middle of the screen - the version in the middle shows
the instantiated goal with the area parameter bound to
Central. The applicable plans are shown beneath this goal
and can be selected by clicking, while mouse-over provides
an additional description of the plan, if available. The mouse
is currently over the AssignByProximity plan and is
showing its description. The AssignManually plan has
been tentatively selected for the current area (Central) and
the manual assignment options of Hamilton, Ararat and
Stawell are shown for selection by the user. Once the
selection is made this plan will complete and the execution
will proceed, stopping at the next decision point requiring
user interaction.

choices they have made leading to this current action), is
provided. This display changes dynamically for the selected
agent(s) as the simulation progresses. The simulation can also
be paused (using the button at the bottom of the screen in
Figure 3) in order to examine multiple agents at a single time.
It is also possible to slow down or speed up the simulation as
desired.

We also ran a controlled study to evaluate the effectiveness
of the interactive agent based game as compared to print
literature teaching the same key messages. This study
involved five focus groups made up of 30 participants. Two
groups were given print literature and asked to read it in full
before the focus group meeting. Three groups (of which one
was from the community for which the sandbagging depot
analysis had been done) were provided with the game and
asked to play it at least three times prior to the focus group.
A trained social scientist conducted the focus groups which
were recorded, and then transcribed and coded. Participants
were also followed up after one month, and asked to
complete a short survey designed to ascertain whether they
had discussed flood preparation with family or friends since
the workshop. Fifteen participants completed the follow up
survey, of which eight were from the print material groups
and seven from the game groups.
It was evident that participants in the game groups did
remember and discuss key messages such as blocking of
bathroom outlets and moving of dangerous chemicals and
valuable items to high shelves, more than those who had
received print information. Game groups spontaneously
brought up the learning about blocking bathroom outlets and
discussed this at some length. In print groups this was not
brought up spontaneously, and when raised by the facilitator
there was considerable confusion both about how important
it was, and how to do it. This was despite the fact that it was
included in the print brochure provided.

E.g.

“I like the fact that it’s interactive I really enjoy that as being
part of the education, or helping you to get the education
more easily. If it’s interactive it’s easier to remember and it’s
more fun, and you’re really involved in it.”
and

“I’m not a computer game person usually, but I must say
once you worked out what you had to do I was pretty keen to
do it.”
Those in print material groups on the other hand sometimes
couldn’t remember if they’d even read the brochure; or
admitted to having only skimmed it. E.g.
P26: No one reads brochures.

P23: I didn’t read the whole thing.

P21: Well I read it but not completely, no.

P22: I got one sheet of information, was that the one?
F: Yes that’s the one.

P22: I just had a quick look...

P21: I’m not sure if I did or not!

This tends to suggest that while interactive simulations are
indeed a valuable tool for community education and
awareness raising, they are likely to be most effective if used
in a workshop setting incorporating discussion. We note that
the use of the depot simulation which received anecdotal
positive comments, was also in the context of a workshop
incorporating discussion.
6.

DISCUSSION AND CONCLUSION

In this paper we have explored the use of BDI platforms for
modelling of humans in social simulation.

We have discussed how the qualitative data obtainable from
social science and other reports, combined with interviews,
focus groups and discussions with domain experts, provides
a suitable base for buildinga cognitive model of the agents
that can be understood by domain experts and social
scientists. These experts can then directly participate in
refining the model. Census data and similar sources can be
used to initialise agents that approximately match actual
populations with regard to key characteristics. This is useful
for analysis and planning, but also for allowing
communities to explore and develop plans for their own
situation.
The direct use of concepts such as goals, beliefs and plans
within the programming language makes it possible to expose
to the user what an individual agent program is doing and
why. This facilitates exploration and understanding of
complex scenarios. The direct representation of these concepts
also allows for a general purpose interactive mechanism
whereby a user can control the beliefs and decisions of an
agent interactively to explore the effects. In a small controlled
study we demonstrated the potential of interactive simulation
to engage community members and more effectively teach
key messages, than the usual print literature.

As social simulations incorporate more complex human
behaviour we suggest it is also important to analyse not only
the relation of inputs to outputs, but also to analyse how
behaviours affect outputs and are affected by inputs. We have
done some initial work using analysis of variance sensitivity
analysis techniques to explore the agent behaviours during a
simulation. Further development of these ideas and techniques
is an important area of future work.
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Game group participants consistently described having gone
through an iterative learning process: each time they played
the game they learnt new things about how best to protect
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time they played. In addition, the follow up survey found
that of those who responded three quarters (75%) of those
who had played the game had talked about the game and
flood preparedness with somebody else, compared with less
than half (44%) of those in the print group.
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Some of those in the game groups also commented that it
was engaging and was a good way of teaching.

Although the study was quite small it did seem clear that the
interactive game was a more effective medium for getting
across key messages than printed brochures. However, a
number of participants also commented that they would not
have played the game if it wasn’t for the fact that they were
part of the study and were required to play it before
attending the focus group. Also, in discussion a number of
the participants felt that it was the discussion in the group
after playing the game which was the most valuable.
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ABSTRACT

Article accepted:
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The USA has similar bushfire management challenges to Australasia. An aging
incident management workforce and longer fire seasons pose considerable challenges for
US federal and state agencies. In a recent review of incident management the National
Wildfire Coordinating Group (2011) recommended that incident management training
should be reviewed to help support better workforce development. Moreover, ongoing
changes in technology and simulation means that it is prudent to periodically review
course content and delivery. The US agencies response to these challenges in terms of
incident management training should be of interest to Australasian agencies.
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Bushfire management
Challenges
Incident management
Simulation for incident
rehearsal
Corresponding author at:
pajhayes@optusnet.com.au

Ref: National Wildfire Coordinating Group. (2011). Evolving incident management: A
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The US federal and state land management agencies use a combination of on-the-job
experience, evidence books, and course work to help develop their incident management
team (IMT) personnel. To work in senior roles on the most complex incidents (i.e., Type
1), personnel are required to successfully complete the S-520 Advanced Incident
Management course. This course, which has been run annually for over 60 years, makes
extensive use of simulation to develop and assess participants. Based on the author’s
observations of the course during February 2016, this presentation provides an overview
of S-520 and considers the implications for the training of Australasian incident
management personnel.
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Fires and Floods: Predicting Natural Hazards

James Hilton, William Swedosh, Andrew Sullivan, Vincent Lemiale, Mahesh Prakash
CSIRO, Australia.

ABSTRACT

Article accepted:
(July 2016)

Modern computational systems allow natural hazard simulations to be run at speeds much
greater than real time, providing valuable predictive information for emergency
management and decision support. As part of an all-natural-hazards approach, we have
developed a set of predictive models for both flooding and bushfires. These models have
been developed as a modular software platform, enabling different tools to be easily
configured for different types of applications, end users and operational requirement. The
two predictive solvers for fires and floods share a common number of geographical input
layers, such as terrain and land classification, and output requirements, such as time to
impact and spatial risk assessment. Our software framework is built within a workflow
environment, allowing specific use cases for end users to be rapidly constructed and
deployed from desktop to cloud-based systems. The framework has been used on a wide
range of projects, including faster than real time predictive fire models, environmental
impact assessment and storm surge inundation for costal councils. Examples of these
cases are discussed. The flood models are currently in use for a number of coastal
communities for planning and mitigation studies and our fire model is under evaluation
by state agencies around Australia. We provide a brief discussion of future technologies
for the area including integrated remote sensing, addition of new components to the
system and community engagement through new visualisation techniques.

Key words:
Simulation
Flood modelling
Fire prediction

Corresponding author at:
CSIRO
Clayton
VIC 3168
Australia
james.hilton@csiro.au
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Virtual to Live: Exploring Hybrid Simulations
Phil Connors

Centre for Humanitarian Leadership
A R T I C LE I N F O

ABSTRACT

Article accepted:
(May 2016)

This paper will explore the benefits of shifting a simulation from the virtual to the lived
experience a process which is a key part of the Humanitarian Leadership Programme run
by the Centre for Humanitarian Leadership. Students are introduced to the virtual world
during one of their distance learning components, carrying out some basic analysis of the
situation and familiarising themselves with the context and country specifics. They also
begin the process of working together in their NGO teams – initially virtually and once in
country as a physical team. This helps to enhance their team working as they already have
some familiarity with each other and also some identification with the role they will play
within the “real” exercise.

Key words:
Corresponding author at:
phil.connors@centreforhumanit
arianleadership.org

The simulation is a key part of the assessment process for the leadership course and
therefore while it serves as a practical opportunity for learning more on humanitarian
response strategy, planning and delivery, it is primarily used as a vehicle for students to
display leadership behaviours with each interaction designed to challenge and provide
opportunities to demonstrate these behaviours. It is these that are assessed using an
established competency framework.
The virtual to live experience enables students to link their practice to the theory and
knowledge they have built up through the programme. Using the virtual world enables
greater complexity to be introduced in the live component and greatly enhances the speed
of submersion into the actual world as the groundwork has already been done.
Using the simulation through both elements of the training also enhances the overall
cohesion and consistency of the Humanitarian Leadership Programme.
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Once they arrive at the intensive they experience “life in country” through an experiential
simulation that builds on the previous work but brings it to life as they plan and
implement a response to a humanitarian crisis. They meet the key players, communities,
government and humanitarian sector and interact as they seek information and plan their
response. The simulation is continuous and lasts for a number of days with minimal
intervention outside the actual simulated world.
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Better BLS – Technology And Educational Innovation
Tricia Pilotto – Simulation Educator
Gold Coast Health Simulation Service
Tricia.pilotto@health.qld.gov.au

Aim of the Education Program.
Introduce innovative technology to deliver Basic Life Support (BLS) training across a large health service with the
aim of improving patient outcomes through increasing compliance with Basic Life Support (BLS) training and
improving the quality of BLS, whilst subsequently realising cost savings.
Methods Adopted.
Traditional BLS training involved removing clinical staff from patient care to complete annual one-on-one training
with a facilitator, who subjectively assessed the quality of BLS skills. Gold Coast Health Service adopted an
innovative approach, the Resuscitation Quality Improvement (RQI) system, to support this important patient safety
and organisational training need.

Prior testing of the technology identified early engagement with the Information Technology (IT) team was vital to
our success as wireless connectivity to local infrastructure was key for the system to function effectively. A schedule
was developed to co-ordinate the IT team to add the cart laptops onto the hospital intranet; cart delivery and
commissioning; administrator training; and a plan was devised for cart rollout and rotation. Familiarisation drop-in
sessions were held over 2 weeks, where facilitators and trainers were invited to receive initial training on the
technology.
In the lead up to implementation, a communication strategy was executed across the health service to disseminate
information on the planned changes to BLS training. This included posting flyers, launching the RQI intranet page,
internal newsletter articles, email blasts, intranet spotlight advertisements, executive blogs, and presentations at
director meetings, senior nurse meetings, education meetings, intern education sessions and grand rounds.
The rollout of 20 carts was staggered across clinical areas, with training delivered to staff on the arrival of a cart into
their area. The carts were available 24 hours/day, every day, providing equity of access for all staff. Facilitators were
not required to supervise the training as the results were recorded by the attached laptop and linked to the hospital
reporting system to capture completion rates. The carts rotated throughout 2 hospitals and 2 off site health precincts
based on clinical staff numbers within each area.
Evaluation Data from the Program.
Approximately 6200 activities were completed in the first 9-month implementation with 75% of clinicians across the
health service completing their basic life support activities at least once. The time from log in to successful
completion of activities was on average, 3 minutes for compressions and 3 minutes 49 seconds for ventilations.
Conclusions and Recommendations for Future Use and Development.
The results from the first 9 months have provided reassurance that the carts provide a time efficient way of
completing BLS skills training and equity of access to all staff. More importantly, we can be sure that clinicians are
improving and maintaining the quality of their BLS skills based on the objective assessment results. Ongoing
background support, technical support, and the engagement of facilitators and team leaders to take ownership of the
carts and their rotation will play a key role in improving compliance with BLS training and the continued success of
this innovative education strategy.
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The RQI technology consists of a mobile cart with an attached laptop connected to a mannequin. The system
objectively measures the quality of performed skills and provides real time verbal and visual feedback allowing
clinicians to self-modify their technique to improve their BLS skills. Research suggests the quality of BLS skills
begins to degrade as early as 3 months after last exposure to CPR (Sutton et al, 2011), therefore BLS training is now
practiced quarterly.

References.
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Using a Custom Built Birthing Simulator as an Education Tool
to Teach Manual Rotation to Midwives and Obstetricians

Sarah McDonald, PhD Candidate; Graham Brooker, Senior Lecturer; Bradley de Vries, Staff
Specialist Obstetrician RPAH; Hala Phipps, Research Midwife RPAH; Jon Hyett, Clinical Professor
and Head of High Risk Obstetrics RPAH
The University of Sydney, Sydney, Australia; Royal Prince Alfred Womens and Babies, Royal Prince Alfred
Hospital, Sydney, Australia
Sarah.Smith2@sswahs.nsw.gov.au, g.brooker@acfr.usyd.edu.au, bradley.devries@sswahs.nsw.gov.au,
Hala.Phipps@sswahs.nsw.gov.au, Jon.Hyett@sswahs.nsw.gov.au
Aim of the Education Program.

Methods Adopted.
To date this education program has involved the identification of a need for a training tool, the design and
development of the simulator as well as live testing and application of the robotic birthing simulator among
practitioners.
The design of the simulator was based around a need to accurately simulate a range of scenarios during the second
stage of labour. This involved the ability to alter the fetal skull position and input data surrounding the contraction
timings and force as well as any interventions received that may impact how the labour progresses. The simulation
and required action varies as a result of these inputs. The birthing simulator then provides both physical outputs and
graphical outputs in accordance to how a practitioner is interacting with the simulation (Smith, Brooker et al. 2014).

Figure 1: Internal mechanics of the birthing simulator and interface in early development.
Both live testing and application of the robotic birthing simulator have been conducted within a hospital training and
education environment. These education sessions have been conducted with both obstetricians and midwives to
introduce and refine the concept, gain hands on experience and feedback from the simulator and peers as well as
encourage discussion, demonstration and collaboration surrounding suitable techniques used and reasoning behind the
application of said techniques.

474

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

This program involves the use of a robotic birthing simulator capable of monitoring delicate hands-on procedures
with the aim of effectively training obstetricians and midwives in events of malposition and the art of manual rotation.
This simulation tool has been designed specifically to educate practitioners with the aim of reducing intervention and
improving outcomes for mother and baby.

Figure 2: Application of the simulator as an education tool
Evaluation Data from the Program.
The need for this educational training and tool to facilitate clinicians in performing manual rotation was identified
upon evaluating data on current management of malposition among obstetricians and midwives (Phipps, Hyett et al.
2015) which was the prelude to the design and implementation of the POPOUT Trial (de Vries 2012). The important
findings from two national surveys were that manual rotation was infrequently performed but there is no lack of
confidence in the efficacy and appropriateness of the procedure (Phipps, de Vries et al. 2012). In addition, it was
found that current birth mannequins are not designed to facilitate training in manual rotation. This procedure can be
technically difficult and although manual rotation is a well-accepted component of obstetric practice (Abrahams
2004), it is not well taught and there has been little focus on training midwifes and obstetricians to date.

Conclusions and Recommendations for Future Use and Development.
The implementation of this education program has allowed for:
-

Skills to be developed and refined to a level inaccessible without such a tool or program while
minimising the risks of training on the job.

-

Exposure to more difficult scenarios which might otherwise be rarely encountered and unpractised.

-

Encouragement of discussion, demonstration and collaboration among peers surrounding suitable
techniques in given situations.

-

Ability to quantify success of the training program.

Further work is being done to gain more data of the biomechanics of labour to feed into simulations. This further
research will provide scope for smarter simulations that actively alter course based on the practitioner’s interactions.
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It is anticipated the application of the birthing simulator will provided means of teaching this skill as well as an ability
to assess effectiveness of the education program through quantifiable results over subjective opinions. More data
surrounding its effectiveness is anticipated to be available by the presentation date.
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1

Background.
Extracorporeal membrane oxygenation (ECMO) is an advanced modality of treatment offering cardiac and/or
respiratory support in critically ill patients1. The generation of specialised equipment for training that is responsive to
participant actions is costly, requiring incongruent props and faculty which do not accurately reflect real-life
experience2. Following the design of a new high-fidelity simulation centre with specifically designed subfloor
conduits, an opportunity arose to allow for the generation of participant driven cues in addition to the remote
manipulation of flows and dynamics of a genuine ECMO circuit. Current research indicates that the application of
appropriate cues at the right time improve the realism within simulation3. In applying an appropriately high level of
realism by the advancement of a novel ECMO simulator, clinical authenticity is enhanced.
Materials and Methods.

Evaluation of the Innovation.
Throughout the simulation, it was observed that participants were given the exact cues that they need for responding
to changes in the ECMO machine, as well as manikin observation. Further cues were participant driven whereby
improvements in the patient condition were evident when the correct therapy was applied.
Lessons Learnt and Recommendations for Use.
The development of an innovative high fidelity ECMO simulator with remote manipulation and independent response
to participant’s actions is a new and innovative development in both ECMO training and simulation. The adaptation
of the manikin to allow for realistic ventilation and ECMO parameters in response to participant actions offers a
greater impact in authenticity. Furthermore, the use of remote inflation of intraluminal balloons positioned inside the
circuit via a subfloor conduit allows for circuit physiology to be influenced according to specific disease patterns and
allows for greater application of knowledge with practice. This novel system is a cost effective and efficient use of
current equipment, offering a high degree of realism in duplicating real life situations which has yet to be described in
the literature.
References.
1.
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The ECMO circuit was adapted to allow for the continuous circulation of simulated blood by attaching the venous and
arterial access lines to a reservoir that was concealed within the torso of a low fidelity manikin. The reservoir volume
could be remotely adjusted via a separate line fed through the subfloor conduit to simulate hypovolaemia. Intravenous
lines were connected to the reservoir bag, ensuring that volume changes made by participants also produced realistic
haemodynamic changes with the console, displaying realistic ECMO parameters. This advancement recognises the
direct application of participant’s actions by automatically adjusting ECMO parameters. Concealed by the subfloor
conduits, intraluminal balloons were positioned within the circuit, allowing for the simulation of arterial and venous
line resistance and obstruction from the control room. This also allowed for the simulation of massive venous air
entrainment. Furthermore, to create a realistic ventilatory response, a balloon was secured to the end of an
endotracheal tube placed through the mouth of the manikin, allowing for both genuine mechanical and manual
respiratory feedback. Further authenticity was achieved between the manikin and ECMO circuit operators to vary
physiological parameters simultaneously with ECMO observations.
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Scaffolding Learning in the Simulation Room: Workshopping
and Combining Clinical and Communication Scenarios for
Simulation–Based Education
Jenni Sokol; Melissa Heywood; Joanne McKittrick; Meredith Allen
Royal Children's Hospital

Aim of the Education Program.
The Royal Children’s Hospital (RCH) is a large tertiary children’s hospital employing 2850 medical, nursing, and
allied health staff for clinical care; all of whom require education around patient safety, management, and
communication. Over the past 4 years we have embedded inter-professional simulation based education (SBE) across
many of the departments in the hospital, with the emphasis on addressing a number of the National Safety and Quality
Healthcare Standards, as well as the RCH key performance indicators around improving all facets of communicationbetween staff and with families. As a result, we developed a scaffolded educational approach for our simulation
communication sessions which require a targeted focus on the communication skills required to deal with sick
patients and their families, and have successfully addressed both participant and organisational needs.
Methods Adopted.

Evaluation Data from the Program.
To date, 4 programs (above) have been developed and facilitated, with another 2 currently in development (advanced
care planning and ‘communicating with children during procedural sedation’. Programs have been run within the
Paediatric Intensive Care Unit (delivering bade news and open disclosure), the Neonatal Retrieval Service (delivering
bad news, open disclosure), General Paediatrics (open disclosure), the Emergency Department (delivering bad news),
during the Difficult Airway Course (Graded assertiveness), and Hospital in the Home (difficult conversations).
Qualitative comments focused on the benefits of the scaffolded learning of a workshop followed by the opportunity to
put the communication workshop into practise in a clinical scenario followed by the communication scenario with the
‘simulated’ parents, and then the discuss their technique, and performance gaps. The Likert scales were
predominantly very positive for both content reinforcement, and delivery of the program. Many staff requested more
educational sessions to be facilitated in this format. The only downfall was the time requirement for such a session,
requiring usually 3 hours in total.
Conclusions and Recommendations for Future Use and Development.
We have found this inter-professional scaffolded approach to simulation based education to be not only well received,
but also, after hearing and reading participant reflections, to be very beneficial, particularly around providing the
participants real-to-life opportunity to adapt behavioural learning during communication scenarios after emotionally
charged situations where they were required to demonstrate clinical skills, clinical decision making, and teamwork
training during a complex clinical scenario; an opportunity that does not always arise for junior nursing, medical, and
allied health when senior staff are present. We hope to develop more communication skills packages in this
scaffolded format to be utilised across the organization.
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One hour interactive workshops focusing on each of the communication skills including topics such as open
disclosure, delivering bad news, graded assertiveness, and difficult conversations (both ‘face-to-face’, and ‘over-thephone’) were designed. Clinical and communication scenarios were designed to be run consecutively, highlighting
particular clinical and then, related communication skills. The workshop is run before the clinical scenario (facilitated
as per our usual methods, utilising immersive simulation and the Advocacy and Inquiry (1) method for debriefing),
followed by a communication scenario (relevant to the clinical scenario and communication topic of the day),
utilising principles of the PERCS Model (2), and in most cases were facilitated by an actor or a member of the
simulation faculty, and then debriefed by the simulation educators. Both qualitative and quantitative evaluation data
were collected examining free text comment around participant learning outcomes and future needs, and Likert scales
examining clinical and human factor learning objectives.
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Exploring the Paradigm of Leadership Within Collaborative
Teams: How Can Simulation Shift the Traditional Paradigm
Tina Holmes1; Christy Bruce2; Ramanathan Lakshmanan2

University of New South Wales; 2South Western Sydney Local Health District

1

Aims.
With the emergent need for a collaborative practice-ready workforce, the question arises how are roles delineated.
How can interprofessional simulation education shift the traditional paradigm from that of the most notably being the
doctor is the undisputed leader to that of where the context in which the team operates governs leadership?
This project specifically aimed at understanding the role of leadership in interprofessional simulation education.
Background.

Methods.
Four IPL simulation modules were developed based on identified national and international clinical priorities. The
IPL simulation modules were designed to provide participants with interprofessional learning opportunities for
undergraduate students including; Medicine, Nursing, Physiotherapy, Pharmacy and Psychology participants. The
modules were designed to immerse undergraduate students in team-based training that facilitated exposure to human
factors, non-technical skills or sources of error such as communication, situation awareness, teamwork, leadership and
decision making during critical events.
The four Simulated Learning Education modules were first piloted on a purposefully selected group of
interprofessional students to identify areas for further improvement. A preliminary needs analysis of clinical priorities
was undertaken, revealing four key areas of need for future learning and development of IPL simulation learning
experiences, as listed below:
1.

Recognising and Responding to Clinical Deterioration Simulation – Acute Coronary Syndrome

2.

Organ Donation after Circulatory Death Simulation [difficult conversations]

3.

Infection Control Response to managing Middle Eastern Respiratory Syndrome

4.

Organophosphate poisoning

Participants were recruited from the stakeholder partnerships and invited to participate in IPL simulation workshops
conducted in January thru May 2016.
Result.
An evaluation of the intervention is currently underway, using pre and post survey questionnaires. Two validated
survey tools are being implemented to evaluate each interprofessional learning module: The Interprofessional
Socialization and Valuing Scale [ISVS] and the Readiness for Interprofessional Learning Scale [RIPLS]. RIPLS subscale 3 specifically looks at roles and responsibilities, which have been identified as a key issue in preparedness for
collaborative practice[1, 2]. A comparative analysis of student perceptions towards interprofessional learning and
their beliefs, behaviours and attitudes that underlie interprofessional socialisation will be presented, exploring the
paradigm of leadership within collaborative teams.
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University of New South Wales Australia [UNSW] is committed to supporting health professional education in South
Western Sydney through the Ingham Institute Clinical Skills and Simulation Centre. The Centre is a unique
partnership between the South Western Sydney Local Health District, and the Western Sydney University, under the
partnership umbrella of the Ingham Institute for Applied Medical Research.

Discussion.
This presentation will explore the increasing overlap and blurring of professional boundaries within interprofessional
teams and the role of simulation education in the preparedness of a collaborative practice-ready workforce.
Methodology will be discussed and data outcomes will be presented for audience discussion.

Conclusions.
Three key points:
•

Simulation education provides a safe environment in which interprofessional teams can explore role
delineation and leadership.

•

The context in which the team operates should govern leadership and this may not be the medical officer.

•

Health care professionals should be engaged in simulation education that supports a practice-ready workforce,
in which traditional boundaries of leadership are challenged.
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Teaching and Debriefing Practices of Simulation Instructors
in Healthcare
Julian van Dijk

St Vincent's Clinical Education and Simulation Centre
Aims.
This study aimed to answer two questions. Firstly, what teaching practice do instructors in an urban Australian
simulation centre demonstrate when running a simulation session? Secondly, how can these teaching practices be
measured?
Background.
The use of simulation in healthcare has become an important education technique. This has created opportunities for
healthcare educators, with some specialising as simulation instructors. Studies regarding how simulations instructors
facilitate and teach during these sessions are sparse. Yet the impact of poor facilitation and teaching may lead to
individuals being underprepared for aspects of safe clinical practice.

There were two groups of participants involved in this study. The primary group was four medical consultant
simulation instructors who each ran one simulation session on advanced life support. For each session, the
introduction, teaching, pre briefing, debriefing and summary evaluations phases were videoed and coded for a range
of debriefing and communication variables. Instructors completed a demographic and post session surveys. Each
instructor was rated by two expert simulation educators using the Debriefing Assessment in Healthcare (DASH) tool.
A recent study has indicated that the DASH tool can demonstrate reasonable reliability, with data supporting
preliminary validity (Brett-Fleegler et al., 2012)
The second group was the medical interns and residents who were session participants. They completed post session
evaluations and the Debriefing Assessment in Health Care (DASH) tool.
Result.
Demographic data indicated that instructors had taught simulation for a median of 6.5 years. Video analysis indicated
that instructors spoke for 71% of the time and participants, 29%. Analysis of questions identified that 67% were openended, while questions directly related to the observed practice of participants during scenarios was 31%. The
median DASH scores for the elements of debriefing were rated favourably for all instructors, although analysis of the
individual sessions and elements contributing towards effective debriefing, indicated more variation in practice.
Discussion.
The discussion concentrated on developing a range of explanations to address the research questions. The main issues
identified addressing the first research question were: asymmetry of communication, mindset of the clinician as a
simulation educator and the variable methods instructors use to achieve goals. Issues identified addressing the second
research question were the debriefing measure, DASH, time required in analysis of this type of research and
consideration of the most important indictors to measure.
Conclusions.
Based on the wide range of data collected, this study identified consistent practice as well as variable teaching
methods. Generally, instructors will change session objectives to deal with issues they see need fixing. They openly
engaged with participants and demonstrated a structured approach to running their sessions. The instructor –
participant-speaking divide identified in other studies was also observed.
With respect to measurement of debriefing, this study indicated that DASH has potential for scoring from video, but
has limitations in the gap between the detail of instructor practice and the rating scale itself.
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Methods.
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Improvement in Emergency Department Length of Stay Using
a Simulation Based Clinical Leadership in Teams’ Course: A
Longitudinal Before-after Interventional Study
Sissel Eikeland Husebø; Øystein Evjen Olsen
University of Stavanger

Aims.
To investigate the effects of a simulation based Clinical Leadership in Teams’ course in a Norwegian emergency
department on patient flow.
Background.
Long waiting times for emergency care are claimed to be caused by overcrowded emergency department (ED) and
non-effective working routines1,2. This, in turn, might be a threat to patient safety and quality of care3. Clinical
leadership to conduct teamwork effectively at the frontline has been suggested as a promising solution to these
issues4.

The study was set in an ED of a university hospital where a simulation based Clinical Leadership in Teams’ course
was introduced to nurses on duty and doctors on call. The study has a longitudinal before-after intervention design.
Data were collected from the Emergency data base for five twenty-five day periods during a period of 2 years. The
first part of the data collection was conducted before the onset of a Clinical Leadership in Teams’ course. Then, four
follow-ups were conducted. At last follow-up, 82 nurses and doctors on call has completed the course. The Clinical
Leadership in Teams’ course comprises four steps: Theory, Workshop, Simulation (six scenarios) and
Implementation. The outcome measures were patients handled per day and per triage code, length of stay (LOS) per
patient group, length of stay, time to responsible nurse, time to triage, time to responsible doctor and time from
responsible doctor to departure.
Result.
The mean proportion of patients admitted to the ED during the study period varied from 84 to 90. The mean of
patients per triage code was stable during the period. All variants of LOS increased from 2013 to 2015 except time to
responsible doctor, which decreased from 100 to 93 min. For neurological patients LOS decreased from 220 to 192
min., for medical and surgical patients LOS increased from 235 to 240 min. and from 231 to 238 min., respectively.
For orthopaedic patients there was no change in LOS (M=214 min.).
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Methods.

Table 1. Time measures (minutes) from August 2013 to September 2015 in the emergency department

Mean length of stay (in minutes)

250
200
150
100
50
0

227214234232230

17 15 18 17 19

47 44 48 48 51

10088 96 90 93

133134143147142

Time from arrival to Time from arrival to Time from arrival to Time from arrival to
Time from
departure from ED responsible nurse
triage
responsible doctor responsible doctor
to departure from
ED

Aug./Sept.
2013
March/
April 2014
Aug./Sept.
2014
March/
April 2015
Aug./Sept.
2015

Discussion.

Conclusions.
This study found that implementation of a simulation based Clinical Leadership in Teams’ course did not improve
overall patient flow in the ED. Implementation of a simulation based team training in the ED requires further
evaluation in larger studies.
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This study found that implementation of a simulation based Clinical Leadership in Teams’ course was not associated
with a reduction in overall LOS for patients in the ED. Only time to responsible doctor showed a downward trend.
Excessive total time in the ED has been linked to poor outcome, and has been suggested as an important quality
indicator5. Time to physician, as well, has been described as an indicator of quality and safety in the ED, since seeing
a decision-maker is a necessity in order to get an assessment and adequate treatment5. The results showed shorter
time for neurological patients compared to other patient groups. One factor that might have contributed to this effect
is the fact that the neurologists to a greater extent than before the course already considering patients in the triage part
of the ED. Since the data are based on a number of twenty-five days periods a number of months apart, it cannot be
dismissed that the differences between the control phase and the follow-up phases were related to things other than
the Clinical Leadership in Teams’ course.
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Teamwork: Why Games Are a Fast Way to Develop
Knowledge of Human Factors
Marcus Watson

Clinical Skills Development Service
Introduction.
The workshop will explore how games can be used to introduce behaviors of effective healthcare teams and explore
debriefing methods appropriate for all types of clinical simulation.
Background.
Many clinicians feel uncomfortable discussing the non-technical aspects of healthcare and others find it difficult to
immerse into simulations. Games provide a unique opportunity to break the ice and introduce how failures in
situations-awareness, communication, leadership and collaboration can produce poor outcomes without bringing a
participant’s clinical skills into question. Since the game has no clinical component it provides an effective method to
get the participants to focus on non-clinical skills and behaviors. Well-designed games also provide an opportunity to
engage large groups through participation and debriefing.

The workshop will include:
•

An introduction to Human Factors,

•

Participants will play the Trade Game and debrief,

•

The outcomes of the games will be used to illustrate strategies participant could have used to improve
their teamwork.

The Trade Game is designed to demonstrate how people behave when under pressure and faced with uncertainty. The
Trade Game works as a physical and mental arousal activity that can be used to explore the following issues:
•

Human Behaviour,

•

Leadership, and Teamwork

•

Decision-Making in Complex Situations

•

Workload and Meta-Cognition

•

Educational Design and Debriefing Techniques

Participants will have access to an electronic copy of the game after they play.
Workshop size.
This 90 minute workshop is designed for 15-60 participants.
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Developing an Authentic Simulation to Enhance Clinical and
Technical Skills for Diagnostic Cytology Students,
Alina Miranda; Alison Kelly; Vincent Williams; Michelle Kelly
School of Biomedical Sciences Curtin University
Alina.Miranda@curtin.edu.au

Research Question.

Methodology (proposed).
Students enrolled in semester two, 2016 into the final fourth year component of Advanced Diagnostic Cytology at
Curtin University will have the opportunity to participate in this study (number of potential participants 13).
Informed consent will be obtained from all participating students. This cohort of students have observed this scenario
during work-placement in semester 2, 2015 and semester 1, 2016. All students will have the opportunity to rehearse
or observe the simulation, to investigate if their confidence, technical and clinical competence improves with
performance and or repetition.
The students will have the opportunity to develop the clinical and technical skills required to confidently diagnose the
procedure during the semester 2, practical classes. Students will be debriefed prior to performing the simulation.
Debrief will include situation awareness, communication, decision making and leadership skills. Following the
scenario, students will take part in a focus group debriefing session facilitated by an operator outside the field of this
project to reduce bias. Video recordings of the scenario can be used during debrief to facilitate discussion. The
anonymous questionnaires will be designed to assess their knowledge, confidence and technical skills required from
the procedure and from the recorded simulation performances so that students can discuss their experience during
debrief of the performance. The recorded performance can be a valuable tool for future students enrolled in the same
unit and if the simulation scenario is successful, future simulations could be developed addressing different approach
to Fine Needle aspiration techniques of various anatomical locations. The qualitative procedures used will help to
develop a stronger understanding of the students’ learning experience within a safe, challenging clinical environment.
Analysis (proposed).
Data will be analysed using quantitative and qualitative methods including a short pre-test and post-test Likert
questionnaire to rate their experiences and perceived competence with the specified techniques, and free text
responses about what they gained or learnt from the simulation.
Results.
The data collected will primarily be used to improve student experience in this unit and this type of clinical simulation
could be expanded to incorporate interprofessional simulations with other schools within the Faculty of Health
Sciences at Curtin University, including Histopathology, School of Nursing and Midwifery and the new Medical
School. A collaborative simulation could be adapted to incorporate other Australian universities teaching Laboratory
Medicine.
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Rapid on-site Fine Needle Aspiration cytology (ROSE) and Endoscopic Bronchial ultrasound (EBUS) are complex
multistep processes currently utilised within public and private hospitals in Australia and involve a collaborative
approach to patient diagnosis. The procedure is often performed in radiology departments, such as ultrasound (US),
computerised tomography (CT) and on occasions staff attend operating theatre procedures where they are required to
undertake the donning of sterile attire in order to protect patients from infections during complex surgical procedures.
The technique involves a wide task force of doctors (radiologists, specialists, surgeons, registrars) and nurses. Within
some of the private hospitals, the cytology scientist is often the only individual attending these procedures and are
therefore required to understand the clinical aspect of disease processes involved. The current undergraduate
Biomedical Science unit learning outcomes prepare students for the diagnostic skills required for this industry,
however, there is insufficient opportunity to prepare students with the technical skills required in a more complex
clinical diagnostic setting. Students will be given the opportunity to rehearse or observe the ROSE and EBUS
procedure, developing valuable techniques using simulation modalities to contribute to students’ understanding of
these complex procedures. The simulation experience will provide students with the confidence to undertake these
technical skills in a clinical setting.

Questions for the Audience.
In Laboratory Medicine at Curtin University, students have the opportunity to select three majors in the third and
fourth year of their undergraduate course. Therefore, some of these courses contain a small number of
students
due to the unique nature of the major and more importantly, the problem of finding sufficient work
placement
for students in industry. One of the problems we have experienced with developing this simulation is sample size.
Have previous studies been performed using small sample sized cohorts and how successful are these studies?
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PRE-scripted Debriefing for Paediatric Simulation Associated
with Resuscitation Education (PREPARE)
Dr Peter James Snelling; Dr Ben Lawton; A/Prof Jason Acworth
Simulation Training on Resuscitation for Kids (SToRK)
Lady Cilento Children’s Hospital, Brisbane
peter.j.snelling@gmail.com

Research Question.
Does the addition of a debriefing script in the delivery of a simulation based paediatric resuscitation course by faculty with
variable levels of debriefing experience improve their score on a validated debriefing tool compared with a standard debrief?
Methodology (proposed).
The recognition and management of the deteriorating paediatric patient (RMDPP) is a paediatric resuscitation course
currently delivered at 30 sites in 16 Hospital and Health Service districts throughout Queensland. It involves rotating through
several skill stations that are then contextualised into 2 low fidelity immersive scenarios delivered and debriefed by local
faculty with heterogeneous backgrounds in simulation education.

Children’s Health Queensland, through the Simulation Training on Resuscitation for Kids (SToRK) program, undertake 2
annual moderation visits to provide feedback to local faculty at each site where RMDPP is regularly delivered. This feedback
tool includes the Objective Structured Assessment of Debriefing (OSAD) tool, a validated debriefing assessment
instrument[2].

This study will be undertaken as a pragmatic, multi-centre, cluster randomised control trial. Sites currently delivering the
RMDPP program will be clustered where staff routinely work between sites, stratified into large and small centres, and then
randomised into intervention (scripted debriefing) and control (non-scripted debriefing) groups. The debriefing structure as
described by Eppich, W and Cheng, in Promoting Excellence and Reflective Learning in Simulation (PEARLS) will be
implicitly followed[3].
We intend to seek permission to video all debriefs undertaken at moderation visits and have these videos scored using the
OSAD tool by a common blinded assessor in a physically and temporally removed setting. Furthermore, we intend to collect
data using the OSAD instrument at all sites to compare control with intervention sites.

Analysis (proposed).
Using data from SHARP trial, we assess the interquartile range of pre-intervention total OSAD scores to be 10 units and that
the data is approximately symmetrical[4]. To identify a clinically important effect of the structured debriefs, with 80% power
and alpha=0.05, we are required to conduct 46 scored debriefs in each treatment arm in our trial. To adjust for the clustered
nature of the trial, we assume that the median number of faculty debriefing at each site is 4 and conservatively estimate the
ICC= 0.05. This gives a total number of 53 debrief scores in each treatment arm in order to detect a clinically important
between-arm difference.

We will assess the between-arm difference using a mixed–effects linear regression, with treatment arm included as a fixed
effect and site as a random effect. This method will account for any within-site correlation in debrief outcomes. We will
conduct pre-specified subgroup analyses to account for centre size and faculty debriefing experience.
Results.
Not available
Questions for the Audience.
-

Any better outcome measures?
Any advice on analysis method?
Is the video component practical?
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The use of a standardised script by novice instructors to facilitate team debriefings has been shown to improve acquisition of
knowledge and behavioural performance during subsequent simulated cardiopulmonary arrests[1]. However, it is not
explicitly known what the impact of the introduction of a standardised script will have on the quality of the debriefing by
novice instructors.
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What’s in a Name? – Embedding a Simulation Service Within
a Healthcare Institution
Victoria Brazil; Lyn Armit; Brenton Shanahan
Gold Coast Hospital and Health Service

Research Question.
How can a simulation program directly improve quality, efficiency and safety outcomes within a health service
institution?
‘In situ’ simulation (ISS) involves blending simulated and real healthcare working environments, e.g. by using a
mannequin or simulated patient scenario within a working ED, ward or operating theatre. The target for in situ
simulation is not just the individual health care provider knowledge and skills. ISS ideally “involves simulation that
accounts for and is fully integrated with clinical operations, people, information technology and systems”.1
Communication between healthcare teams is a crucial element of system performance and ‘intergroup conflict’ and
healthcare tribalism is a specific challenge.2 ISS can provide a venue to develop inter-team coordination skills and
processes and to open up discussion about fundamental conflicts between teams in an authentic way.

Methodology (proposed).
Using the case study of simulation service embedded within a large tertiary hospital, developed to target specific
health service outcomes, this project has two main aims:
1.

To develop a ‘best practice’ model of in situ simulation embedded within a health service as part of core
quality improvement processes

2.

To develop an evaluation framework for how effective this program is in both diagnosis and intervention in
important cultural and process issues in patient care/ journeys

The proposed methods include a mixed quantitative and qualitative approach, including:
a)

Systematic review of best practice in in situ simulation programs.

b) Interviews with program leads conducting successful in situ simulation programs
c)

Quantitative analysis of hospital performance data related to programs at which simulation service activities
have bene targeted

d) Review of simulation report forms generated after large scale, across department simulations to identify
common themes in the ‘diagnostic role’ of in situ simulation.
e)

e) Surveys and interviews with simulation participants and clinical leads, focused on cultural change and
improved relationships across departments enabled by simulation, with particular focus on interfaces in care.

Analysis (proposed).
Review of the outcomes from the approaches listed will help evaluate the simulation service role in a health service
-

Does it work?

-

How should it be done to maximise effectiveness?
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A literature review of current ISS practice described the method as relatively under developed 3, and called for more
use of formal and rigorous needs analysis methods, specific training for in situ simulation providers, greater explicit
focus on the levels of performance addressed (e.g. individual, team and unit work system levels), more rigorous
performance measurement practices, and improved evaluation practices.

Results.
Nil available
Questions for the Audience.
-

How should an in situ simulation program’s effectiveness as a quality improvement tool be evaluated?

-

How can changes in organisational culture and improvements in healthcare ‘tribal interfaces’ be evaluated?

-

What are the features of best practice ISS programs that improve effectiveness? What kind of governance
systems, leadership, resources and strategic approaches help ISS programs be effective

-

What are the benefits, risks and costs of developing and embedding a simulation service within a
healthservice?

References.
1.

1. Guise JM, Mladenovic J. In situ simulation: identification of systems issues. Seminars in perinatology. 2013;37(3):161-5.

2.

2. Hewett DG, Watson BM, Gallois C, Ward M, Leggett BA. Intergroup communication between hospital doctors:
implications for quality of patient care. Social science & medicine (1982). 2009;69(12):1732-40.

3.

3. Rosen MA, Hunt EA, Pronovost PJ, Federowicz MA, Weaver SJ. In situ simulation in continuing education for the health
care professions: a systematic review. The Journal of continuing education in the health professions. 2012;32(4):243-54.

ISBN 978-0-9925960-2-6

494

2016 - Congress Proceedings

Wednesday, Session 4, Room 217

SimHealth
Workshop
Laerdal Theme Editor Workshop (517)
Amy Dearsley

ISBN 978-0-9925960-2-6

495

2016 - Congress Proceedings

Australasian Simulation Congress
www.simulationcongress.com

Laerdal Theme Editor Workshop
Laura Vesey, Educational Service Specialist
Laerdal Pty Ltd
laura.vesey@laerdal.com

Workshop Overview.
Theme Editor is the software used to develop themes and states for manual mode on the Laerdal SimPad. This
workshop will take participants through the essential steps to write a new theme or edit an existing theme. It is
suitable for beginner to intermediate level SimPad users.
Expected Outcomes.
•

Demonstrate programming of a simple theme

•

Participate in running at least one theme in the session

•

View the debrief file related to the simulation event

Detailed Description.

Evaluation.
The learning outcomes will be met if the participants are able to run the session on a manikin in the session.
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The Laerdal Theme Editor Workshop is an interactive hands-on programming option for beginners and people that
want to quickly program parts of their simulation activity. During this session, participants will use their own laptop
PC to develop a theme for a SimPad compatible manikin then, use the scenario in operation on the SimPad
compatible manikin. Any themes created can be taken back to the participant’s workplace for use. Participants are
encouraged to come to the session with a laptop PC and a scenario in mind so that the Laerdal Educational team can
ensure their scenario is a success. SimPad Theme Editor software can be downloaded in advance from
www.laerdal.com/ThemeEditor.
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Stephanie Barwick
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Faking It: The Features of a Simulator that Contribute to
Perceived Realism.
Erin Wilson1; David Hewett1; Sarah Janssens2; Brian Jolly3; Michael Beckmann2

University of Queensland School of Medicine; 2Mater Health Services; 3University of Newcastle
erinbwilson@hotmail.com; d.hewett@uq.edu.au; sarah_janssens3@mater.org.au; brian.jolly@newcastle.edu.au;
Michael.Beckmann@mater.org.au
1

Aims.
To identify the features of a simulator that contribute to the user’s perception of realism and acceptability.
Background.

Methods.
As no suitable existing questionnaire was identified, a Realism Questionnaire was designed for this study with Likerttype questions, based on similar previous studies1, 2. The survey was designed to assess different simulators for
intrauterine contraceptive device (IUCD) insertion. The detail of the survey questions was devised based on semistructured interviews of experts in IUCD insertion. Participants were doctors at a tertiary hospital who perform IUCD
insertion or were being taught IUCD insertion as part of their training. The questionnaire required participants to
assess the features of a simulator and rate them for their level of realism. The features were listed in multiple
subscales such as the “appearance” of the simulator anatomy and the “feel” of the simulator anatomy. Participants
were also asked to rate how important they believe each feature was in determining the realism of the simulator.
Finally, participants rated their overall impression of the realism of the simulator and its value as a learning tool, in
order to assess the overall acceptability of the simulator.
Participants performed a simulated IUCD insertion on three simulation models of varying design. Model 1 contained
no apparent anatomy, but demonstrated the opening of the IUCD device. Model 2 contained some anatomy and
allowed visualization of the device opening. Model 3 contained all anatomical structures, but did not allow
visualization of the device opening
Basic demographic data was obtained from the participants such as age, training level and the number
of times the participant has previously performed the procedure. The number of times a procedure has previously
been performed was used to assist in clarifying the level of experience of a participant, and potentially whether this
impacted on the perceived realism and acceptability of the simulator.
Result.
The IUCD insertions and subsequent questionnaires were completed by 38 participants. Statistical analysis of the data
gathered is currently being undertaken to determine which of the features of the simulators significantly different
between simulators in terms of perceived realism and if these features significantly related to the overall perception of
realism and acceptance.
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When deciding the appropriate simulator to use for procedural skill training it is important to consider the level of
fidelity; the degree to which the simulator represents the real task. This level of realism of a simulator may influence a
user’s acceptance of the training task. Simulators may vary in their level of realism as a consequence of their
appearance and function. It is unclear though which features of a simulator contribute to an overall perception of
realism. It is important to find out how much the simulator’s appearance, feel, tissue response, detailed anatomy,
actions and ability to replicate the procedural steps impact on the user experience, in order to inform optimal
simulator design or selection for a task.

Discussion.
The results of this study have the potential to contribute to an area of simulation research where there is a lack of
consistency in the approach to realism assessment. Realism assessment is important in determining the appropriate
level of fidelity for training a simulated task, and this may vary depending on the level of experience of the clinician.
Conclusions.
Data gathered from this study will determine which particular features of simulator design are more strongly related
to a perception of overall realism and acceptability.
References.
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Attitudes Towards Simulation Training for Surgical Skill
Development
Erin Wilson1; Sarah Janssens2; David Hewett1; Brian Jolly3
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1

Aims.
To investigate the attitudes towards simulation amongst Obstetrics and Gynaecology trainees and specialists.
Background.
Whilst there is the rationale and evidence to support the addition of simulation training to assist procedural skill
development, it has not been widely adopted in Obstetrics and Gynaecology. It is proposed that a number of barriers
may be inhibiting the wider application of simulation, including the attitudes of key stakeholders.
Methods.

Result.
The survey was sent to 2573 trainees (n=603) and specialists (n=1970) and 624 survey responses were collected.
“Limited access to simulation equipment”, “lack of time to participate in simulation training” and “other training
priorities” were highly rated as barriers to simulation training, whilst “desire for skill development” and “improved
live operative exposure” were the top rated motivators. Strongly rated beliefs about simulation were that hospitals
should provide the resources for simulation training, that simulation improves skills, that skills transfer to the
operating theatre and that the addition of simulation to the training curriculum would benefit trainees. Fewer trainees
(29%) than specialists (51%) agreed or strongly agreed that simulator proficiency should be demonstrated prior to
performing surgery as the primary operator (p<0.05). Responses were mostly similar when comparing male and
female trainees, with the exception of “simulator proficiency should be demonstrated by trainees prior to performing
surgery as primary operator” (males 4% vs females 34%, p<0.05) and “training hospitals should provide equipment,
time and supervision to all trainees for simulation training” (males 70% vs females 96%, p<0.05). A thematic analysis
of free text comments by survey participants revealed four main themes; curriculum, time, cost and the role of
simulation.
Discussion.
While most respondents felt that simulation training improves skill and performance and would benefit trainees if
added to the curriculum, there was less support for mandatory implementation or demonstration of simulator
proficiency prior to operating. Of note, fewer trainees than specialists, and fewer male than female trainees supported
a requirement for simulation proficiency to be obtained. This may reflect a concern of trainees about the formation of
additional barriers to their access to operating. There may also be significant gender differences in preferences for
surgical training that could impact on simulation acceptance. The introduction of simulation as a mandatory
component of surgical training in Obstetrics and Gynaecology may be required to overcome the disconnect between
the belief that simulation is beneficial to training and the unwillingness to demonstrate skills in simulation prior to
live surgery. Formalising simulation within the curriculum would also assist in developing the role of simulation as
part of routine training rather than an additional burden. 1, 2.
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An online survey was designed for distribution to approximately 3500 trainees and specialists in Obstetrics and
Gynaecology in Australia and New Zealand. A five-point scale was used by respondents to rate their beliefs regarding
factors motivating trainees to participate in simulation training, what the obstacles may be to participation, and
whether they believe simulation training improves surgical performance and should form part of the formal training
curriculum. Free-text comments were permitted and a thematic analysis was performed.

Conclusions.
Specialists and trainees in Obstetrics and Gynaecology appear to believe that simulation training should be supported
with a curriculum, allocated time and teaching. They believe simulation is beneficial to skill acquisition and the
addition of simulation training to the curriculum may benefit trainees. Despite this, the demonstration of surgical skill
on a simulator as a prerequisite to live operating was not supported.
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Simulation Based Training Program to Improve Delivery of the
Impacted Fetal Head at Caesarean Section.
Michael Yu; Erin Wilson; Sarah Janssens
Mater Mother's Hospital

Aim of the Education Program.
Deep impaction of the fetal head at caesarean section (CS) is associated with high rates of maternal and fetal
complications, including fetal death1. Opportunities for acquiring experience for are limited due to the high stakes,
low frequency nature of this emergency, with trainees often facing this situation for the first time afterhours and
alone. “Desperate Debra” (Adam, Rouilly Ltd, Kent, UK) is a validated high fidelity simulator for caesarean section
at fully dilated with the ability to vary fetal position and amount of impaction2. An education program including the
Desperate Debra simulator was developed to increase trainee knowledge and skill in disimpaction of the fetal head at
CS.
Methods Adopted.

Evaluation Data from the Program.
Twelve trainees have completed the initial educational package. Eleven of the trainees successfully delivered the fetal
head. The median time to delivery was 22.01 seconds. Pre-educational package test mean score was 11.79, with a
standard deviation of 2.74. Pre training participants rated their skills and confidence as follows: “lacking confidence”
(n=2), “satisfactory but lacking confidence” (n=3), “confident but would like more experience” (n=6) and “full
confident in all cases” (n=3).
A linear regression found a statistically significant association between years practicing and pre-package test score (R
= 0.6183, p = 0.02), but no relationship between pre-package confidence (p=0.98) or time to first delivery (p=0.44).
Trainee’s evaluation of the educational package’s improvement on their knowledge, skills and confidence can be seen
in figure 1. Trainees generally felt that the package improved their skills (83.33%), knowledge (83.33%) and
confidence (75%). Trainees also evaluated individual aspects of the package. Eighty- three percent of the trainees felt
that video was useful for their training. All trainees felt the simulator was useful for their training.
Conclusions and Recommendations for Future Use and Development.
Initial assessment indicates room for improvement in trainees’ knowledge, skills and confidence related to delivery of
an impacted fetal head. Preliminary feedback regarding the training package has been positive, especially in its role in
exposing trainees to a rare high stakes situation prior to real life encounter. Whilst the program has been well received
thus far, follow up still needs to be completed in order to assess whether the educational package has any objective
benefits in increasing skill and confidence in delivery of the deeply impacted fetal head.
References.
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A training package consisting of an educational video and deliberate practice on a validated simulator was developed
following a review of the literature and a panel of experts. The panel consisted of 10 consultant obstetricians, who
performed simulated deliveries on Debra and shared their knowledge and experience of pre and intra-operative
techniques for fetal head disimpaction. Participating trainees in Obstetrics at the Mater Mother’s Hospital Brisbane
were assessed for knowledge, skills and confidence prior to training with repeat assessment 2-4 weeks following
training. Knowledge was assessed by a 20 mark written test, skill was assessed by time to deliver a moderately
impacted fetal head in the left occipito-transverse position and self-reported confidence assessed on a 4 point scale3.
Trainees evaluated the package immediately after training and at follow up with a 5 point Likert scale.

Australasian Simulation Congress
www.simulationcongress.com

The First 3 Minutes “Implementation of a Novel Program to
Improve Basic Life Support Training and Outcomes in a
Tertiary Paediatric Setting”
Jenni Sokol1; Jenny Hough1; Sally Lima2; Sharon Kinney2; Melody Trueman1; Meredith Allen2;
Joanne McKittrick1
Royal Children's Hospital; 2University of Melbourne

1

Aim of the Education Program.

Methods Adopted.
Research ethics approval was obtained. Dedicated equipment was assembled on a “Rolling Trolley” and the program
became known as the ‘Rolling Trolley’ program (RTP). The program was rolled out across the organisation from
2014-2015, and focus group interviews were conducted at the end of this period in order to ascertain staff perceptions
of the RTP and impact on their ability to carry out BLS in real cardiorespiratory events on the wards. Demographic
data were collected and documented with descriptive statistics. Qualitative data were examined and grouped into
themes.
Evaluation Data from the Program.
The RTP delivered 262 inter-professional in situ sessions to 1093 healthcare workers. 40% of all allied health
workers, 51% of all nurses, and 59% of all medical staff across the organisation attended all components of the RTP.
Of these, 17 participants (3 medical 14 nursing) attended the focus groups to evaluate the impact of the RTP on
managing a deteriorating patient during a critical cardio-respiratory event on the ward. Of these participants, 11
(64.7%) had participated in the RTP prior to the significant event. Emerging themes identified from focus groups
included ‘Enablement’, ‘Influence’, ‘Roles’, ‘Regularity’, ‘Improvement’, and ‘Challenges’. These themes represent
participants’ views of the impact and the value of the RTP. Across all themes the main key points were their desire to
have more exposure to the RTP, with inter-professional training to make real teams. With clearer role definition,
confidence to speak up, empowerment, importance of a leader and team cohesiveness they felt that the MET team
played a more supportive role rather than ‘taking over’.
Conclusions and Recommendations for Future Use and Development.
Results from the focus groups suggested health professionals who have had exposure to the RTP believe they were
much better prepared during a significant event than those that haven’t. Key highlights identified were the importance
of having a multi-disciplinary team for training, frequent exposure to the RTP to have regular practice in different
roles to keep the knowledge and skills fresh in their mind. Inter-professional training times to make real teams,
identifying the leader and familiarity with environment and emergency equipment remain an ongoing challenge to the
team. The RTP appears to be having a great impact to those who have had exposure to the training, however, the
challenge remains to enable multidisciplinary training to all staff across the organisation.
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Historically, Basic Life Support (BLS) training was siloed across professions, with nurses completing an annual
competency and doctors undertaking an Advanced Paediatric Life Support course 3-5 yearly. Organisational review
of unanticipated cardio-respiratory arrests on the wards highlighted that despite the presence of skills and knowledge,
there were ongoing issues with leadership and effective teamwork. Development and implementation of the First 3
min BLS program was undertaken at the Royal Children’s Hospital (RCH), Melbourne -a 350 bed tertiary hospital
with 2850 medical, nursing & allied health staff, in order to improve not only clinical skills related to BLS but also
human factor training. In 2013/14 BLS training at RCH was re-designed to include Inter-professional training in ward
or clinic areas, a 40 minute group knowledge & skills session, and a 40 minute group short team BLS scenario). The
aim of this project was to implement an innovative BLS program and then assess staff perceptions of their ability to
carry out BLS in real unanticipated cardio-respiratory events on the wards, in order to assess on-going needs for BLS
training across the organisation.
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Translation of an Effective Novel BLS Training Program into
an ALS Training Program: ‘the First 5 Minutes: InterProfessional Team Paediatric Advanced Life Support
Training’
Jenni Sokol; Joanne McKittrick; Kim Morris; Mitch Finlayson
Royal Children's Hospital

Aim of the Education Program.
The Royal Children’s (RCH) is a 350 bed tertiary hospital employing 2850 medical, nursing and allied health staff in
clinical care. In 2014, after successfully trialling and refining a novel interprofessional BLS team training program
‘The first 3 Minutes’ (1), BLS training across our organisation changed to incorporate team training in addition to
knowledge and skills training. In 2015, a qualitative study indicated that staff who had participated in ‘The first 3
minutes’ training felt better prepared during a real resuscitation than those who had not (2). This included clearer role
definition, confidence to speak up, empowerment, recognition of importance of a leader and improved team
cohesiveness (2). Given the success of ‘The first 3 minutes’ program, we aimed to develop a similar training program
to critical care areas, and translated our new training format to suit paediatric Advanced Life Support (ALS) training,
naming the program ‘The first 5 minutes’.

Developing this program involved creating a new defibrillation skills training session, writing a script for the team
ALS training component and incorporating the use of live defibrillation using a high fidelity manikin. Team training
incorporated two ‘5 minute’ scenarios and debriefs addressing both technical and team skills. This new model is now
being referred to as ‘Short Scripted Skills Training’ (SSST). A 12 month trial occurred in 2015, and included medical
and nursing staff from PICU. As this was a quality improvement initiative, Ethics Board approval was not sought.
Evaluations were completed at each session. Evaluations included Likert responses with free text to enable
quantitative and qualitative descriptive exploration of participant learning outcomes and perceptions of ‘The first 5
minutes’ training program.
Evaluation Data from the Program.
Since trialling this program in 2015, it has now been delivered to over 200 nursing and medical staff across critical
care areas such as PICU and NICU. A total of 169 PICU nursing and medical staff attended 10 training sessions.
Evaluations highlighted a high level of staff satisfaction with this form of resuscitation training, as well as clinical
content and human factor learning outcomes.
Conclusions and Recommendations for Future Use and Development.
‘The first 5 minutes’ ALS training program, has been successfully translated from ‘the first 3 minutes’ BLS training
program. This style of training, where participants are provided with opportunities to put knowledge and skills
training into practice in team in real time is being referred to as ‘Short Scripted Skills Training’. We plan to develop
a training video to be incorporated into the skills package. Future directions include expanding this style of training
to other high risk skills, such as intubation, where outcome may be influenced by not only knowledge and skills
expertise, but most importantly also the ability to function as a cohesive team.
References.
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Methods Adopted.
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Interim Results from the Laparoscopic Simulation Skills
Program
Nicholas Marlow

Royal Australasian College of Surgeons
nicholas.marlow@surgeons.org
Aim of the Education Program.
Simulation-based education (SBE) has been shown to be effective for surgical skills development, and the skills
learned in the simulation laboratory are transferrable to the operating theatre. Simulation activities can be resource
and labour intensive. Self-directed SBE sessions have been proposed as a means to overcome barriers associated with
SBE delivery costs (such as employment of Educators/Technicians) and formal scheduling time constraints.
This study examined the following three questions:
Is self-directed learning effective for achieving proficiency?

2.

Does training in a mobile simulation unit offer any additional benefit?

3.

How many attempts are needed to achieve proficiency?

Methods Adopted.
A mobile simulation unit (MSU) van was deployed to six South Australian and Victorian hospitals during 2015.
Surgical and Gynaecology trainees, junior doctors and medical students were invited to enrol. The MSU remained at
each hospital for a period of one week for participants to receive an introduction to the simulators and undertake
baseline assessment in three basic skills tasks. Participants were randomised to one of two cohorts: Cohort 1
undertook self-directed learning (SDL) only (no additional tutoring); Cohort 2 were able to return to the MSU for
formal supervised training during the MSU week, and were required to undertake a second assessment on the Friday.
A simulator was then left at the hospital for all participants to use at their convenience for SDL over three weeks.
Participants were required to document details of practice sessions in a logbook. The MSU returned to the hospital at
the conclusion of the SDL period for final assessments.
Evaluation Data from the Program.
A total of 53 participants completed all skill assessments, 28 from cohort 1, 25 from cohort 2. Testing of participant
scores at baseline identified that cohort scores were not significantly different (p=0.94). Results from the interim
analyses have shown that:
1.

Scores for all three tasks, peg transfer, pattern cutting, and intracorporeal knot-tying improved in both
cohorts as a consequence of the self-directed learning period.

2.

Training in the MSU appeared to be beneficial for two of the three tasks (pattern cutting (p=0.10) and
intracorporeal knot-tying (p=0.04)).

3.

A practice-improvement relationship has only been identified for the peg transfer task, with 60 identified as
the number of attempts required to achieve proficiency.

Conclusions and Recommendations for Future Use and Development.
Self-directed simulation based education has the potential to be effective for the development of technical skills. The
majority of participants did improve their skill level, and a large proportion (40%) achieved proficiency in at least 1 task.
However, the degree in which skills improved was highly variable.

505

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

1.

Australasian Simulation Congress
www.simulationcongress.com

Pop-Up Simulation Program: A Program to Recognise the
Deteriorating Patient at the Point of Care – the Next Chapter
Stephanie Barwick; Robyn Dickie
Mater Education

Aim of the Education Program.
Mater Health Services (MHS) is a complex tertiary level health service operating 3 hospitals at South Brisbane
campus incorporating adult, paediatric and obstetric patients.
The Pop-Up Recognition of the Deteriorating Patient (RODP) Simulation Program has brought simulation training
from Mater Education Practice Improvement Centre (MEPIC) to the clinicians in their own environment. This
presentation builds on work that was presented at SimHealth 2015.
The Pop-Up Simulation program is continuing to be embedded across Mater Health Services to facilitate training of
clinicians for the improvement of teamwork and retention of skills and knowledge in the response to a deteriorating
patient. The expansion of this program has seen the testing of processes that may impact on the organisation’s ability
to respond to these emergencies and the inclusion of consumer feedback in the evaluation cycle.

The aims of the program include:
•

Improve clinician’s ability to recognise and manage deteriorating patients

•

Review and enhance emergency response processes

•

Ensuring sustainability of a simulation program

•

Testing of new processes

•

Trialling of Team Leader Identification strategies

•

Incorporate consumer feedback in the evaluation cycle

Methods Adopted.
Two simulations were conducted across the health service each week. Simulations were designed to include technical
and non-technical skills, with the content addressing clinical issues. The simulations analysed clinical processes that
affect the response to a deteriorating patient. The simulation activity followed by a debrief, was run in each area every
three months to reflect educational theory pertaining to skill retention.
Multiple evaluation methods were used to analyse the program. The Teamwork Emergency Assessment Measure
(TEAM) tool developed by Cooper et al., (2010) was used by faculty and participants to evaluate team members’
leadership and communication skills in the simulations. A post simulation participant survey was also conducted to
evaluate learner reaction and to identify other clinical and non-technical skills that participants would like to have
further deliberate practice. Emergency response processes were also analysed throughout the scenario and discussed
in the debrief. Additionally a consumer survey was conducted by patients and their visitors at the point of care where
the simulations were occurring. This was to identify consumer reaction to the educational activity and incorporate
their thoughts in planning for workforce training.
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Consumer engagement influencing the continuing professional development and workforce training of health
professionals is emerging in Australia with limited published literature noted. In 2016, this project specifically aims to
contribute to the research literature using interprofessional, point of care simulations.

Evaluation Data from the Program.
Initial data demonstrates an increase in teamwork skills and improvement of the quality of clinical skills. Quality and
Safety audit data demonstrates systemic improvements in recognition of and response to deteriorating patients within
the context of this initiative. Data analysis of Team Leader identification strategies and consumer feedback is
ongoing.
Conclusions and Recommendations for Future Use and Development.
The Pop-Up RODP simulation program has enabled clinicians from different clinical departments, professions and
specialities to congregate together for the purpose of learning from, with and about each other to enhance clinical
process, teamwork and ultimately patient outcomes.
The point of care nature of this program has allowed participants and managers to address process and crisis resource
management issues inherent in their own clinical environment.
The Pop Up RODP simulation program has contributed to enhancing consumer partnerships for the health service
ensuring that the Mater Health Service is responsive to patient, carer and consumer feedback to inform quality
improvement and improve patient experience.
References.
1.

Cooper S, Cant R, Porter J, Sellick K, Somers G, Kinsman L, Nestel D. Rating medical emergency team performance:
development of the Team Emergency Assessment Measure (TEAM). Resuscitation 2010: 81(4): 446-452

ISBN 978-0-9925960-2-6

507

2016 - Congress Proceedings

Wednesday, Session 4, Room 219

ISAGA
Free Papers

Emergency Management
Bushfire BLOCKS for Modelling Community
Evacuation (521)
Dhirendra Singh
A Bushfire Evacuation Planning Service Utilising
Multiple Simulation Systems (474)
Mahathir Almashor
Intentional Small-Scale Disasters: Simulating
Oil Spills to Develop Hands-on Environmental
Remediation Experience (704)
Megan L Phillips

508

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

An Integreated GPU Based Framework for
Modelling Floods and Fires in Real Time (724)
Mahesh Prakash

Australasian Simulation Congress
www.simulationcongress.com

Bushfire BLOCKS for Modelling Community
Evacuation
Dhirendra Singh, Lin Padgham, Sewwandi Perera
RMIT University, School of Science, Melbourne, Australia
ARTICLE INFO

ABSTRACT

Key words:
Agent based simulation
Bushfire evacuation
Emergency management
Customised scenarios

Email address:
dhirendra.singh@rmit.edu.au
1.

.

INTRODUCTION

Bushfire BLOCKS is a simulation system for exploring
various aspects of evacuation during a bushfire event. It uses
the leading edge, open source traffic simulator, MATSim
(Balmer, et al., 2009), widely used internationally, coupled
with modelling of human behaviours (Padgham, Nagel,
Singh, & Qingyu, 2014), and outputs from Phoenix fire
simulator (Tolhurst, Shields, & Chong, 2008) modelling. It is
configurable for any geographic location and can be used for a
variety of purposes including education and stimulation of
discussion in community groups, planning and analysis by
emergency services to develop processes and deeper
understanding, and training of incident controllers who must
make quick decisions during the unfolding of an incident.
1

Bushfire BLOCKS has been under development at RMIT for
over 5 years (Scerri, et al., 2010) with collaboration and
input on various aspects from Country Fire Authority (CFA),
State Emergency Services (SES). Port Phillip Council,
Metropolitan Fire Brigade (MFB), Phoenix project team and
MATSim project team. We have modelled in some detail a
number of communities, including Breamlea, Barwon
Heads, Halls Gap, Churchill, Warrandyte and Maldon. To
date the system has been used primarily for simulation of
one or a few scenarios at each location, to provide input for
discussion of issues, either amongst community groups or
emergency service planners. The outstanding visualisation of
an execution, provided by Senozon Via2 interpreting

1
2

MATSim files, makes this a powerful input to discussions and
understanding of traffic issues.

The underlying system couples an agent based decision
making system with the traffic simulator (Padgham, Nagel,
Singh, & Qingyu, 2014). This decision making system uses
the Belief Desire Intention (BDI) paradigm (Michael
Wooldridge, 2000) which supports modelling of individual's
behaviours based on their personal characteristics and their
evolving situational context. Basic behaviours such as
parents picking up children from a school, if the incident
occurs during school hours are incorporated in the base
system. More detailed representation of behaviours can
readily be incorporated, working with emergency services or
communities to understand what these are for the particular
area. Currently in our core system only residents are
modelled, but the potential exists to extend the modelling to
include a range of other actors, such as police, CFA
personnel, etc. We have done preliminary experimental work
incorporating incident controllers and allowing them to
interactively control decisions in a simulation.
In the following sections we will describe the features that we
believe make Bushfire BLOCKS a powerful system for use by
communities and planning agencies, and then we will describe
its use in three specific case studies. We are keen to work
closely with end users to assist in provision of specific
outputs, as well as to work on development of capabilities to
meet the needs identified by users.

Building Large, Open, Complex, Knowledge-Based Simulations (BLOCKS)
http://via.senozon.com
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This paper describes an agent based simulation system that has been developed over the
last five years to aid in understanding of how evacuations in the event of a bushfire
might play out. Bushfire BLOCKS integrates a traffic simulation with output from the
Phoenix Rapidfire fire simulator and behaviour modelling of residents. The system is
able to model the specifics of individual communities and to date has been used to
model six different communities. We describe here three of these case studies,
focussing on our interactions with emergency service personnel and the simulations
developed at their request. The final case study is a work in progress and we are
working closely with the Fire Planning Management Committee in Mt Alexander Shire
to explore how to best use the system.

Figure 1: Halls Gap
SYSTEM FEATURES

There are three specific aspects of the features of the core
Bushfire BLOCKS tool: visualisation capabilities, modelling
of specific communities, and extensive parameter and
scenario analysis.
2.1

Visualisation

There is the common saying that "a picture is worth a
thousand words" and indeed a direct graphical representation
of potential blockage points that arise with a large scale
evacuation is very illuminating. Figure 1 shows a snapshot
of the situation in the Halls Gap evacuation simulation, with
the assumption of a fire threatening from the north west and
two different evacuation centres specified. The green
indicates a steady stream of cars (sufficiently many that one
doesn't see the individual vehicles), travelling at normal
speed for that roadway (as specified in Open Street Maps).
The short red section shows a traffic blockage where cars are
moving extremely slowly. Orange is used for situations
where cars are travelling below normal speed, but are not
extremely slow.

In addition to a snapshot, Senozon Via provides the ability to
make a video based on the logfile from a simulation. This
allows users to see the build-up of traffic blockages and
experience how an evacuation might play out over a given
time period. One sees the build-up of traffic hot-spots and
then their resolution, giving an excellent sense of the
dynamics of a potential situation.

It is also possible to integrate a representation of the fire in
the visualisation, based on shape files produced by the
Phoenix fire simulator (or the output of any other fire
simulator). Bushfire BLOCKS does not currently make
dynamic use of the data about the fire, such as decreasing
speed on roads due to visibility issues, as the simulation
progresses. However this is an area of current work and we
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aim to develop greater flexibility in modification of the
underlying road network based on aspects other than simply
the traffic load.
2.2

Modelling of a specific community

All communities are different and an effective plan must be
based on specifics. The Bushfire BLOCKS simulation
software can be readily customised with the relevant road
network (taken from Open Street Maps) and the relevant
building locations and population characteristics, (taken from
state government spatial data files and from census data
respectively).

Individuals can be expected to act differently depending on
both the situation (e.g. time of day, closeness of fire, etc.) and
their individual characteristics (e.g. do they have children and
if so what ages, are they single or partnered, are they elderly
or disabled, etc.). Census data can be used to configure the
simulation with different levels of detail regarding agent
characteristics. Agents can then exhibit individual behaviour
depending on their characteristics and the environmental
situation.
The BDI modelling of agents that we use allows us to develop
simple, but quite powerful models of how different groups of
people are likely to behave. These descriptions can be
depicted graphically in a hierarchy of steps which we have
found that domain experts readily understand, and which map
directly to the agent code. This makes validation of
behaviours by domain experts or those who know the
community, relatively straightforward. Our core system has
basic behaviours encoded, such as agents with school age
children driving to a nearby school, if it is during school
hours, prior to any evacuation. It also has some randomised
"checking on relatives or friends" to capture the fact that
people do not just exactly follow an evacuation route. Some
of them will sidetrack for various reasons.
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2.

Figure 2: Breamlea

2.3

Statistical analysis

Bushfire Blocks has the ability to collect a range of data to
allow sophisticated analysis of different scenarios and
policies. A visualisation is a powerful way to show a potential
issue, and is very easy for people to relate to. However, when
developing policies and plans there are many unknown
variables and the aim is generally to develop policies which
are robust under a wide range of circumstances. The
simulation can be run many hundreds or thousands of times,
with different configurations to develop a holistic
understanding of risks and potential outcomes.
By running a very large number of scenarios with different
configurations regarding the unknown variables, it is possible
to collect data on such things as evacuation times, road
blockages, cars on roads affected by fire, and so on.
Sensitivity analysis can then identify which variables or
policies have most impact on key outputs, and policies can be
developed accordingly.
The core Bushfire BLOCKS system collects only data on
evacuation times, but it can readily be customised to obtain
a wide range of other data as required for the specific
purpose.
3.

BREAMLEA CASE STUDY

Our first Bushfire BLOCKS simulation was developed in
2010 for the coastal town of Breamlea. We were looking to
develop a case study to explore the value of agent based
simulation in some aspect of emergency management.
Collaborators who we were working with in the CFA
identified assessment of evacuation as a key area where they
felt agent based simulation would be of real value. It was
shortly after the horrendous 2009 Black Saturday bushfires,
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and for the first time there was a realisation amongst
emergency management services, that in some cases
evacuation should be a priority measure. However there was
little understanding of how that might work, and almost no
knowledge of how to estimate evacuation times, even under
normal conditions.

They had recently run a live practice evacuation of the
Breamlea township, to a point just outside the town and had
data on actual time taken to assemble all residents at the
assembly point. We were not provided with this data, but were
asked to develop a simulation and collect data on time taken
to evacuate. We set up the simulation using the road network
from Open Street Maps, and the number of
residents/households as provided by the CFA.

After collecting the data from the simulation and providing it
to the CFA, they informed us that there was good agreement
between times based on the simulation, and times they had
collected in the physical activity. Neither the simulation, nor
the actual activity, took account of the fact that in a real
bushfire evacuation, smoke and ash may well hinder visibility
and slow down traffic. They did not wish to model that at this
early stage, as they had no data to validate against.
In order to provide a better visualisation we obtained shape
files from Phoenix fire simulator for a fire occurring under
conditions similar to Black Saturday. These were overlaid on
the evacuation simulation.

Due to a wind change, the fire actually went right through the
assembly point. We extended the simulation to issue a
warning to all agents, at the time the wind change happened,
to leave the area. In this case all of the agents successfully left
by the single available route, prior to the fire arriving.
However, it did illustrate the fact that any local evacuation
point is potentially at risk. The simulation also had the
potential to illustrate difficulties in evacuating all from the
assembly point at short notice, although in the given scenario,
this did not eventuate.

Figure 2 shows a snapshot of the simulation, with the
assembly point marked by the green circle. As the fire
approaches the gathering point agents must decide which of
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We are able to use census data to build the simulated
population to closely resemble the real population in terms of
relevant characteristics for the analysis required. These may
include things such as numbers of various types of
households, age profile, how many families have cars, where
people work, etc.

Figure 3: Warrandyte

Although very preliminary, this application did establish that
the simulator was sufficiently accurate in evacuation timings,
and it illustrated the value of a visualisation of a scenario.
4.

WARRANDYTE

In 2015, following a presentation at an AFAC event, some
Metropolitan Fire Brigade (MFB) personnel approached us to
discuss the possibility of producing an initial simple
simulation scenario for North Warrandyte, where there was
great concern about what would happen in an evacuation
across the narrow bridge, which is already a bottleneck in
peak hour traffic.

We initialised a population of 2676 households (1732 in the
suburb of Warrandyte and 944 in the suburb of NorthWarrandyte), based on 2011 census data. We used Open
Street Map to obtain the road network for Warrandyte and the
surrounding area, configuring Warrandyte Primary School,
Warrandyte High School, Milgate Primary School and Yarra
Valley Grammar School as the schools in the simulated area.
For this initial simplified simulation we assumed 10 percent
of the population would check on relatives (at randomly
assigned addresses) and 10 percent would pick up children
from schools, prior to evacuating.
Heathmont was used as the evacuation centre, and all agents
were given an evacuation command simultaneously, although
there was some random difference in how long they took to
respond to this.

In the simulation, we could clearly see very high congestion
generated around the low capacity bridge and it took 47
minutes for all agents to pass the bridge. Here, mostly the
residents who live in North-Warrandyte had to cross the
bridge to reach the evacuation centre at Heathmont. When
considering the area above Stinton's Reserve as the danger
zone, it took 2 hours and 18 minutes for all residents to pass
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the danger zone. Overall, all residents were able to reach the
evacuation centre by after hours and 37 minutes.

We produced a video of this simulation, which in addition
to identifying traffic backing up at the bridge, as predicted
also identified a number of other potential traffic
blockages, as can be seen in Figure 3. This video is
currently being discussed by stakeholders involved in fire
management planning activities, to see whether a project
with more detailed modelling and analysis would be of
value. We did also generate a scenario where four separate
regions (north, east, west and centre) were specified, and
evacuated with thirty minute delays between each. This did
result in improved levels of congestion and so we believe
that a careful analysis of options, with more detailed
modelling of the population (such as correct data on school
children, and potentially better modelling of how people
respond to evacuation requests), could well provide
increased
levels
of
understanding.
This
better
understanding could be used by emergency management
authorities to develop policies and procedures, but also by
communities, to develop better community awareness and
response behaviour.
5.

MALDON, MT ALEXANDER SHIRE

In late 2015 we started interacting with Mt Alexander Shire
Council, and then the Mt Alexander Municipal Fire
Management Planning Committee (MFMPC), which includes
the Mt Alexander Shire Council, the Country Fire Authority,
the Department of Environment, Land, water and Planning,
Victoria Police and VicRoads. We discussed work that we
have been doing and they showed interest in exploring the use
of this in their planning activities.

We presented to the committee the work we had done for
Warrandyte, and agreed to do an initial simulation of some
part of Mt Alexander Shire in order for them to better
understand the potential value of a fully customised tool.
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the two exit roads to take. This simulation uses an earlier
version of the visualiser than the one we currently use from
Senozon Via.

Maldon was chosen for the evacuation simulation by the
MFMPC, due to its EXTREME bushfire risk in accordance

It was decided by the MFMPC that the simulation scenario
should focus on the evacuation of Maldon in the event of a

Figure 4: Maldon

It is a small township in the north-west of Victoria, situated
38 kms south-west of Bendigo, with the closest significant
town being Castlemaine, which is 15 kms to its south east.
According to the 2011 census, the population consisted of
336 families, of predominantly older age couples (the median
age of the population was 54, and the average family size 1.8).
Maldon's Main St is lined with quaint shops and cafes that
draw significant tourist traffic throughout the year.

A key event in the tourism calendar is the annual Maldon
Twilight Dinner (MTD). This is held in late summer, and
attracts up to 1500 diners to the town, as shown in Figure 5.
During this event, Main St is closed off completely and set up
for outdoor dining.

bushfire during the MTD event. A sub-committee of the
MFMPC was formed, with representatives from the Council,
CFA, DEWLP, and Victoria Police, to liaise with the RMIT
team and define the scope of the simulation.

At the initial scoping meeting, details of the event were
discussed with each organisation highlighting their role in the
event of a bushfire. It was agreed that the highest risk was of a
bushfire starting in the northwesterly direction from town, in
which case the designated Neighbourhood Safe Place (Bill
Woodfull Recreation Reserve Oval) which is also to the
northwest of town, would be an unsuitable shelter from the
approaching fire. Evacuation to Castlemaine to the south-west
was also considered dangerous, due to the dense vegetation
along the road leading out, and the very significant risk of
spotting in that area. It was therefore agreed that in such a
situation, the desired evacuation route out of town should be
to the north-east, towards Bendigo.

It was estimated that at the MTD event, up to 1000 persons
would be tourists, from nearby towns, but also Bendigo and
Melbourne. A significant number of these tourists would
arrive at the event in cars, some in organised event buses from
nearby towns, and some in the steam train from Castlemaine
organised specially for the event. The group noted that the
various modes would add a level of complexity in getting
everyone out in case of a real event. It was agreed that for the
purpose of the simulation however, the immediate focus was
to get a reasonable approximation of evacuation times, and to
indeed answer the question whether evacuation was even an
option in the first place or not. To this effect, it was decided
that the CFA would provide bushfire progression data using
their Phoenix fire simulator, for three different weather
conditions, ranging from EXTREME to CODE RED.

In terms of the timing of events, a fire would start at 6 pm in
the north west, and it was assumed that patrons would be
dining in the closed off Main St at that time. Around 700
vehicles would be parked on streets within 1 km of the MTD

Figure 5: Maldon Twilight Dinner
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with the Victorian Fire Risk Register. The town is
considered highly vulnerable to ember attacks and spot fires.
It has large areas of undergrowth containing patches of Gorse,
Blackberry and Cape Broom (Chinese Scrub) which would
burn rapidly in case of a bushfire, posing a significant risk to
the town.

event site. Between the CFA and Victoria Police, it was
estimated that it would take 30 minutes from a fire being
reported to an evacuation assessment being made. So
around 6:30 pm an evacuation warning would be issued for
Maldon. At that time, patrons from the event would start
heading towards their vehicles, and from around 6:40 pm
cars would start to leave the area. There would be a peak in
vehicles departing at around 7:15 pm, tapering off for the
next hour.

Vehicles would head out of town via Morris St to the
northwest. Further up Morris St is a fork in the road, with
Bendigo-Maldon Rd to the north leading to Bendigo, and
Fogarthys Gap Rd to the west joining up with Calder Freeway
a few kilometres away. It was agreed that vehicles would be
likely to go either way. It was therefore decided that there be
two evacuation relief centres—one at the Lockwood South
cricket oval about 20 kms along Maldon-Bendigo Rd, and the
other at Harcourt around 20 kms to the west and just off
Calder Freeway.

The vehicles departing would consist of tourists, but also
residents of Maldon. It was noted that locals and residents of
Maldon were likely to attend to family and friends in the area
as well as animals including horses. This would be
approximated as 30% of the vehicles first driving to arbitrarily
chosen locations within a 1 km radius and spending up to 15
minutes there, before proceeding to the evacuation relief
centres.

It was expected that the simulation results would be presented
to the MFMPC, and that this would generate further
discussion and revisiting of the scenario assumptions. Indeed
it is this iterative process of modelling, understanding, and
revision, that would lead to an informed evacuation policy for
the MTD event. This exercise will also help us to identify
ways in which the technology can be improved, for ongoing
use in the planning workflow of the MFMPC. Already the
group has identified a valuable improvement--the inclusion of
emergency services vehicles in the simulation, to improve
understanding of response times for such situations.

The simulation was developed as described, and a snapshot
of the evacuating traffic is shown in Figure 5. We are
currently awaiting the Phoenix fire files in order to
incorporate this.

CONCLUSION AND FUTURE WORK

We believe that we have already developed the core
functionality which we have shown to be of value in a number
of case studies. However these case studies have so far all
relied on us setting up a single scenario as specified by the
interested agency or community.

Our aim is to package Bushfire BLOCKS as a downloadable
package which is easily configurable using wizards and
simple instructions, to provide a fully contextualised
simulation that can be used for a range of planning, analysis
and scenario illustration purposes.

We are also looking to engage closely with communities and
end users who would like to use the tool, working with us to
customise it to their needs. Such projects will inform the
longer term goal of a package easily customizable by any
user. These projects will also help us to identify functionality
that requires further research, so that we can direct our
research work to areas of need for real applications that are
wanted by end users.
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The MFMPC is excited about the potential for various uses of
a simulation tool customised to the Mt Alexander Shire
context. We are currently jointly seeking funding to explore
exactly how they would like to use the tool, and to develop a
user interface and data analysis functions to make this easily
usable by the various member organisations, as well as
community groups.
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In terms of outputs of the simulation, the group agreed that the
key aspect was to understand whether the fire, under scenarios
ranging from EXTREME to CODE RED, would reach
dangerously close to, or overrun, the evacuating vehicles. For
this analysis, videos would be produced by the RMIT team for
each scenario, showing a bird's eye view of the progressing
fire and the evacuating vehicles, and allowing a visual
assessment to be made. These videos would also allow traffic
bottleneck areas to be visually identified. The simulation also
produces vast amounts of data which can be further studied to
extract details.
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In recent years there have been important developments in simulation software for
emergency management. Example simulation applications include: weather, traffic, fire,
flood and evacuee behaviour. Alone, each of these simulation components can be used for
just a portion of an emergency scenario. However, to evaluate the cumulative
consequences of an event requires the coupling of components.
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In this presentation we cover recent work to chain simulation components together to
enable end-to-end scenario simulation. The result is a powerful exploratory system that
can help emergency planners and at-risk communities understand their situation and
investigate possible actions that could reduce their risk.

This approach also supports collaborative use cases and has applications in community
engagement, such as to raise awareness and catalyse discussion around community
resilience. The scenario we present has a focus on bushfire evacuation planning, which
incorporates fire, behaviour and traffic simulation.
We have also developed a number of new analytical measures for evaluating the risk level
for a scenario that utilise the detail available through cellular and agent-based simulators.
These measures provide a more accurate prediction of the impact of a scenario that allow
for greater precision in risk mitigation actions.
Finally, we will also discuss the technologies that underpin the myriad components
involved. The system was designed with flexibility, scalability and rapid deployment in
mind. This required advanced tools and software development practices, and we will
share the experience we've gained.
1.

INTRODUCTION

Bushfires cause environmental destruction, property damage,
and loss of life in many parts of the world. Examples include
recent disasters in Australia, such as the 2009 bushfires in
Victoria (Teague et al., 2011), and in the US with both the
2003 and 2007 fires in Southern California (Keeley et al.,
2009). In addition, population growth and urban sprawl has
given rise to communities where a large proportion of the
population underestimate their risks. Therefore, enabling
emergency services to better understand, plan, and prepare for
such disasters is of great importance in mitigating the
associated dangers. To this end, modelling the risk caused by
bushfires on the population and environment has been a focus
of research in recent years.
The behaviour of people during bushfires is a very important
factor. People react differently as the emergency unfolds, and
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exhibit a variety of actions. Their awareness (e.g., the access
to warning messages and danger reports), beliefs (e.g., on the
defendability of their homes and the extent of the fire),
evacuation behaviours and priorities (e.g., the need to save
their pets and valuables), and consequently, their response to
such events have a bearing on the overall outcomes of an
evacuation within the affected region. This disparity in
behaviours has a direct influence on the evacuee exposure
risk.
2.

MODELLING A BUSHFIRE EVACUATION

Multiple approaches have been proposed around modelling
and simulation of bushfire evacuation scenarios aimed at
better understanding the risks associated with them. However,
many of the prior techniques are significantly simplified
representations of reality.
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While connecting these components is one important step, accessibility is another. To this
end, we have developed a web-based interface to this system that enables non-research
members of the emergency management organisations to initiate simulation workflows
and investigate the results.

In this talk we present a modelling and simulation approach
that accounts for multiple dynamic factors affecting bushfire
evacuation scenarios. A diagram of the core modelling
components is shown in Figure 1. Our primary interest in this
work is the safety of people. It follows that our modelling and
risk assessment approach focusses on the movement of people
and their proximity to threats.

for computing the exposure count for an area or population.
The basics of which follow.
We calculate the distance between a point p ∈ R2 and a
threatened area Xt ⊂ R2 as d(p, Xt ) = inf{ f(p, a) : a ∈ Xt},
where f is the euclidean distance between two points. Both the
threat and the position of each person will vary over time. We
then define the person-threat distance (shown diagramatically
in Figure 2) at time t as: ξit = d(pit , Xt) where pit is the
location of person i at time t. We obtain a minimum personthreat distance as zi = mint ξitT. The exposure count for a
population Q in a given scenario is the total number of people
who were within some distance δ of the threat at some point
in time, computed as:
EQ = Σ H(δ – zi)

(1)

where H(x) = 0 if x < 0 otherwise H(x) = 1.

A bushfire simulator has been implemented following the
cellular automata model for forest fire spread prediction
proposed and validated in (Alexandridis et al., 2008). In
particular, our simulator captures the effects of the type and
density of vegetation, wind speed and direction, ground
elevation, and spot fires. In addition, the simulator includes
models of the Fire Danger Index (FDI) and fire suppression
efforts.

In response to the fire progression, several types of events are
modelled and serve as evacuation triggers to the population.
Warnings are sent out on a per-area basis, i.e., whenever the
fire front is projected to impact an area the residents of that
area are sent a warning of the estimated time-to-impact. There
is also the fire visible event, which may trigger people to
evacuate when they can see the fire.
Behaviour modelling captures the kinds of events people will
respond to, i.e., what makes them leave, the timing of their
departure, their vehicle use (people per vehicle) and
destination selection (shelters, evacuation routes).

We use an agent-based traffic simulator to predict the
movement of vehicles (and thus people) in each scenario. The
particular simulator we use, SUMO, falls into the microscopic
category in that individual vehicle dynamics are modelled
explicitly. The simulator receives a set of origin-destinationtime triples, one for each vehicle. It then computes a route for
each vehicle before simulating their movements and
interactions.
3.

RISK EVALUATION

With the detailed results of the simulators we use, it is
possible to derive more granular risk predictions. Specifically,
we approximate the danger to a person by considering their
proximity to the threat. We previously introduced a technique
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Figure 2: Figure 2: Person-threat distance. Note that in this
figure we use t − 1 to denote ‘the previous time-step’ and omit
the person index i for simplicity.
4.

INTEGRATION PLATFORM

The internal design follows a Service Oriented Architecture
(SOA) approach. The modelling, simulation and analytics
components are each exposed as separate REST-based
(Representational State Transfer) services. Data and execution
flow is controlled by a workflow manager service, an
orchestrator and a data-service. This separation into multiple
web-services improves the ease and efficiency of
development, testing, deployment, maintenance and
scalability of the system.

An emphasis was placed on the composability and
replaceability of services. To this end, all services are exposed
through a standardized interconnect and designed around the
abstract concept of a job. Also, a common framework was
implemented and used across all services to handle job
management, request processing and validation, data inputs
and outputs.
New capabilities can be easily integrated into the system, and
there is flexibility in the choice of modules (e.g., a different
behaviour modeller service). More importantly, this is done
with minimal impact to the REST interfaces of other services.
We also achieve loose-coupling of components within the
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Figure 1: Figure 1: Modelling flow diagram

system by restricting links between components based on their
data outputs and requirements, instead of pre-specified hard
dependencies. This affords further flexibility and composition
ease.

The workflow manager service is responsible for reactively
driving the sequence of computations. It is charged with
calling the various modelling, simulator and analytic services
in the correct order, and ultimately informing the UI once
computation is complete. An orchestrator manages a registry
of services within the service composition system, and
subscriptions to data-event notifications from other
components. Finally, a data-service stores and serves all
simulation outputs as they are generated.
5.

USER INTERFACE

In order for this advanced modelling approach to be of
practical value, it needs to be accessible to the people and
organisations who must develop plans and make decisions to
prepare for bushfire evacuations. Accordingly, we have
developed a web-based interface through which users can
configure, execute and inspect evacuation scenarios. The user
interface was built with the following objectives in mind:

• usable by a general audience with ten minutes of training,
• single click execution of full scenario simulation, and
• results should be returned within five minutes.

5.1

Example Usage

To further demonstrate the capabilities of our tool we now
present a typical usage story.
1.

2.

3.
4.

5.

User A opens the bushfire evacuation planning service in
a standard web browser and sees the scenario
configuration page. Here A can:
• create and position one or more fire ignition points,
• create and position shelters, and adjust their radius
of attraction (residents within the radius may then
evacuate to the shelter),
• set environmental conditions (wind speed and
direction, fire danger index), and
• inspect the local population distribution.
Once A has defined the initial conditions for a scenario, a
simulation job can be submitted. This job enters a queue
before the simulation begins under the guidance of the
workflow manager service.
Upon completion of the job, a notification is delivered to
A that the scenario results are ready for inspection.
User A navigates to the results page for the newly
completed scenario. Here A is presented with a regional
break-down of the scenario outcomes. For each region
there are estimates of the number of exposures and the
time to evacuate for both local and through traffic.
On this page there is also time slider, which allows A to
see the fire progression and the traffic conditions
evolving over time. For the traffic, road segments are
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7.

6. CONCLUSIONS

In this paper we have described a bushfire planning service
for investigating the outcome of bushfire evacuation
scenarios. The model builds on previous approaches by
adding dynamic evacuation triggers (warnings and visibility)
as determined by an evolving bushfire simulation.
The actions of evacuees have a dependency on their
respective locations, relative to the threat, thereby enabling
greater location sensitivity.

In addition, the combination of a microscopic traffic simulator
with a dynamic fire spread simulator underpins the exposure
count metric, which provides a direct estimate of the threat to
a population in an evacuation scenario.

Finally, the approach we present is enabled by a model
composition architecture. This architecture supports the
seamless integration of modelling and simulation components
in a way that is both efficient and scalable.

The work we have described is part of the IBM Evacuation
Planner which is a decision support system targeted at
emergency service personnel and community engagement
groups. The system is currently designed for use in the
planning stages of bushfire emergencies. Future work will
consider the additional challenges of ingesting live data and
generating real-time predictions.
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This interface is of value both during the planning activities
carried out by emergency management organisations, and
during community engagement campaigns. The use of
dynamic visual scenario examples is a highly effective means
of communicating the nature of the risk faced by residents.
Accordingly, this tool helps to raise awareness and instigate
greater responsibility among at-risk communities.

6.

coloured according to the average speed of vehicle
travelling over them within the current interval.
For each region more detailed statistics are also available.
This includes a histogram of vehicle departures, and
exposure counts. The histogram shows when people are
leaving and often provides insight into the behaviour of
evacuees. A can also see the number of shelter users
originating from each region.
At any time, A can configure alternate scenarios or
variations on existing ones. In this way comparisons can
be made and the impact of different factors can be
assessed.
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Oil spills pose substantial threats to ecosystem structure and function, and remediating
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Learning and teaching educators noted a high level of enthusiasm and engagement from
students. The Student Feedback Survey at the end of semester also revealed high student
satisfaction and strong positive feedback from students in regard to managing the
simulated oil spill. This laboratory simulation proved to be a very effective educational
tool which also created a fun and memorable experience for university science students.

1.

INTRODUCTION

Petroleum is an important energy and material resource in
modern society due to its wide range of applications. Besides
serving as raw material for the production of plastics and
other useful compounds, it is a major fuel source used in the
production of electricity for vehicular transport, infrastructure
generators and other industrial machinery (Lehr et al. 2001).
Crude-form petroleum oils are complex mixes of many
different chemicals, varying in density and composition
depending on the geographic location of their extraction (Lehr
et al. 2001). Ecosystems in areas exposed to oil extraction and
refining, as well as oil transportation corridors, are highly
vulnerable to a broad suite of environmental impacts resulting
from crude oil spills. As extraction fields are located in
coastal areas, these environments are the most likely to be
affected, although other ecosystems also suffer influence of
the petroleum activities too (Kalligeros et al. 2001).

Oils spills and leakages can have immediate and devastating
effects on the environment that can also be long lasting. These
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Figure 1 – A Skimmer Boat remediating the
Deepwater Horizon oil spill disaster (NOAA 2010)
effects include generalized mortality of animals and
consequent ecosystem destruction (Kalligeros et al. 2001).
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In order to provide an effective and memorable learning experience for university
students enrolled in the subject 91159 Environmental Remediation, a laboratory
simulation experiment was developed to realistically recreate both the impacts of an
oceanic oil spill and the procedures required to remediate ecosystems at a microcosm
scale. Students were tasked with creating their own miniature coastal ecosystems,
complete with seawater, rocks, sediment, plants, small-scale model animals and a model
shipping vessel. A small quantity of crude oil was then spilled from the model ship’s
location and tidal forces were mimicked. Students were provided with an arsenal of
remediation equipment in order to enact their own realistic management strategies for
cleaning and extracting oil from their ecosystems, as well as protecting natural and assets.
At the completion of the simulation, students were asked to reflect on their experience
and to extrapolate their microcosm experiment to real world, full-scale oil spills.

Oil spills also provoke more persistent effects, linked to the
entry and long-term residence of compounds derived from
petroleum in ecological food webs, such as alteration of
animal behaviour and permanence of compounds derived
from petroleum in the food webs (Graham et al. 2010). Given
that accidents with crude oils are largely unpredictable
spatially and temporally, the resources needed to minimize
their impacts and provide remediation are often not available
for immediate application.

platforms, depending on the rocks selected and their
positioning in the microcosm (Table 1).
Table 1: Key Ecosystem Supplies for Students

The first course of action for any oil spill is to contain the
spread of the pollution, for instance through the
implementation of boom lines (Lehr et al. 2001). Second-tier
strategies developed to remediate impacted environments
include mechanical cleaning methods, skimmer boats, high
pressure hot water sprays, chemical dispersant products and
use of biological remediation treatments; each method has its
own utilities and limitations and are often used in combination
(Lehr et al. 2001). Remediation strategies are considered
effective when they prevent further migration of crude oil to
more sensitive ecosystems while extracting as much of the
pollutant as possible.

2.

RECREATING A DISASTER

2.1 Active Learning

Active learning is a teaching approach that directly involves
students in learning about materials and concepts in a handson way, rather than dictating information to them (Bonwell
and Eison 1991). Students are more likely to retain and recall
knowledge from active learning compared to when they are
the passive recipients of instruction (Cross 1987). Working
carefully through an actual potentially-hazardous scenario
also serves to increase awareness of the safety-related
procedures involved in environmental remediation practices.
2.2 Industry-desired Professional Experience

Purpose

Australian Beach Sand
and Gravel

Forming the foundation to the
coasts and the main strata to
remediate

Hawkesbury Sandstone
Rocks

Smooth pieces acted as
Seawall, craggy pieces acted
as rocky outcrops

Plants

Useful for aquatic purposes
(e.g. seagrass) as well as
shoreline plantings

Model Animals

Aquatic animals included
whales, sharks and turtles.
Terrestrial animals included
seabirds and mammals.

Model Ship

3.

The small-scale model source
of the simulated oil spill

MATERIALS FOR AN AUTHENTIC EXPERIENCE

3.1 Crude Oil

There are no reported analogs for crude oils that would
effectively mimic the physical and chemical properties of the
oils, including the strong odor and the adhesive properties.
Furthermore, student buy-in is increased if there is a
particularly exciting element of real-world connectivity in a
lesson (Eison 2010). For these reasons, we sourced actual
medium-weight crude oil for the simulated oil spill
experiment to promote an exciting and authentic learning
experience for students. UTS Chemical Safety and Ethics
forms were completed several months prior to the class
commencement. Best-practice safety procedures were
researched to ensure students could work with this hazardous
mixture safely, responsibly and with confidence.
3.2 The Contained Aquatic Microcosms

Australian environmental career providers frequently ask their
job-seeking candidates to demonstrate hands-on professional
experience. Short of industry internships and postgraduate
study, this leaves many environmental graduates with a skills
gap between what they have learned in their degrees and what
their desired job expects of them. One of the core aims of this
class was to bridge this gap and provide an educational
experience firmly analogous to a real-world scenario. While a
university class cannot replace several years of field
experience, what it can offer is a skills advantage over other
graduates who have no experience in the scenario of interest
whatsoever.

The oil spill simulation was designed to be contained in a
small-scale aquarium-type microcosm, preventing the spillage
or movement of hazardous chemicals beyond the boundaries
of the simulation. These microcosms were made of moulded
polypropylene containers and were 57cm wide, 38cm long
and 24cm tall. This particular size of microcosm was selected
so it could be filled to one third of the total volume with
seawater, approximately 20 litres, leaving enough room for
adding the ecosystem features while having the impermeable
surrounding microcosm wall above the waterline to
minimizing potential splashback from simulated wave action.

2.3 Real-world Significance

3.3 The Remediation Supplies

In order to make the class meaningful and increase the
relevance of the activities, materials were selected to reflect
the real-world conditions of Port Botany, New South Wales
(South-Eastern Australia). These materials include
Hawkesbury sandstone rocks which could be used to simulate
both flat, man-made rock walls or craggy, natural rock
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In order to give students a wide range of options for their oil
spill management strategies, models of remediation
equipment were created with the aim of mimicking or
representing technologies at a small scale (Table 2).
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A consequence of life in the modern world is that oil spills
and leakages are likely to occur, despite best intentions to
prevent such events. Often, thousands of people are needed to
manage and remediate spill events. Targeted training for such
situations, that promotes understanding and awareness of the
environmental conditions and the materials required, is an
incredibly valuable endeavor that will lead to well-trained and
experienced people providing the best management solutions.

Ecosystem Equipment

Table 2: Remediation Equipment Provided to Students
Model
Equipment

Brief Description

Intention

Oil Booms

Long lines of
buoyant, absorbent
materials

Contain spread,
Oil extraction,
Asset protection

Skimmer Boat

Plastic scoop with a
wide lip and a
shallow graduated
dip to capture
surface oil

Oil extraction,
Oil recovery

Bioremediation
Microbes

A labelled container
filled with a mockup tinted liquid

In situ oil
degradation

Dispersant

A labelled container
filled with a mockup solvent

In situ oil
dispersal and
degradation

Detergents

Disposal Bags

Oil removal
from animals
and ecosystem
structures
Oil removal
from animals
and ecosystem
structures
Safe disposal of
oiled materials

A mock-up of bioremediating microbes was provided, though
actual crude oil-consuming bacteria could not be readily
sourced. Likewise, chemical oil dispersant was represented by
a tinted commercial solvent. Two types of detergents were
provided to remediate animals and surfaces: one plant-based
detergent and Dawn brand detergent, which was specifically
imported from North America due to its reported success as a
gentle cleanser for oiled animals (Shogren 2010). A range of
small and large-bristled brushes were provided, as well as
disposal bags for cytotoxic wastes.
4.

Students were then asked: “What can we do with the surfacelying oil slick before it begins to harm the species in the
coastal ecosystem?”
4.2 Choose (and Justify) Your Own Adventure

To engage students in the science and history of oil spills
beyond the walls of the classroom, students were tasked with
studying real-world cases of oil spills to assist them in
designing a remediation plan that could be effective in an
actual disaster event. Naturally, students had to plan to apply
their methods effectively at the smaller laboratory scale.
Nevertheless, this experiment aimed to teach students the
fundamental principles of environmental remediation of oils
spills, as well as engage the creative abilities of students.
4.3 Setting up the Classroom
Materials for the ecosystem features (Table 1) and
remediation equipment (Table 2) were organized on a single
long laboratory bench on the against the outer classroom wall.
Each central laboratory bench had four microcosms for teams
of four students to work together on.
4.4 Environmental Health and Safety Talk

Preceding the class, the Subject Coordinator gathered all
students and staff together in a single class group and
discussed all PPE requirements, equipment, safety protocols
and disposal procedures needed for the simulation.
4.5 The Oil Spill Simulation

The Aquarium Microcosms were constructed by students over
a 15-minute period. 10ml of crude oil was then spilled from
the approximate location of their shipping vessel (Figure 2)
whilst agitating the water surface, mimicking rough wave
activity.

LESSON PLAN

Collaborative group work with in-class activities significantly
increases higher learning gains and better conceptual
development for students of biology (Knight and Wood
2005). With this in mind, the oil spill was designed to be a
group activity, where teams of students would work together
to construct their ecosystems, pollute them, and then
remediate them together.
4.1 Setting the Scene

A fictional scenario was created to give an Australian context
to the oil spill incident. The scenario provided was as follows:
“This microcosm experiment will be simulating an oil spill
occurring in an Australian sandy coastal-type marine
ecosystem; A commercial cargo ship “The YARIS” has run
aground off the coast of Port Botany, NSW. A rocky seafloor
outcrop has pierced a hole in the ship’s lower hull (and the
520

Figure 2 – The simulated oceanic oil spill (Phillips 2015)
Students were asked to document every step of the process,
and measure the effectiveness of their remediation strategies
based on three metrics: i) the amount of crude oil they
quantitatively recovered; ii) the amount of oil they visibly
removed from seawater, animals, plants and the ecosystem
and iii) clear evidence from other research studies that
indicates their management plan has long-term efficacy in the
real world.
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Scrubbing
Brushes and
Sponges

Two types were
provided: A plantbased detergent and
Dawn brand
detergent
Various types of
scrubbing brushes
and sponges of
different
thicknesses
Thick plastic bags
with hazard
labelling

hole has been temporarily repaired by AMSA). A quantity of
thick shipping oil has spilled out of the ship’s bow and in to
the ocean. The oil is drifting with the tide over a seagrass
meadow and is heading towards a sandy Sydney beach.”

The simulation lasted for two hours, including student set up,
the oil spill, and all following remediation processes.
Disassembly was completed following the simulation and
oiled materials that cannot be cleaned were disposed of via a
cytotoxic substance disposal service
5.

POST-CLASS REFLECTION

Students evaluated how effective their management strategies
were in a post-class written report. They were asked if their
plans could be realistically implemented at a larger scale, and
if they would adjust their strategy at all if they repeated the
simulation. Students were also asked specifically about the
limitations of microcosm-scale simulations and the benefits to
using microcosm to model potential real-world solutions. The
demonstrated their knowledge of oil spills, as well as their
logic in selecting their methods.
6.

LEARNING OUTCOMES

6.1 Oil Spill Reports

Some students talked about why they avoided certain
remediation methods due to historical failures and
unpredictability. Most students commented that microcosmscale research was a good way of pilot-testing new
remediation approaches, despite the limitations of trying to
mimic complex environments in a controlled laboratory.
6.2 Student Feedback Surveys

A specific statement was added in to the UTS Student
Feedback Survey to test whether participants of the class
agreed that the skills and knowledge taught would be useful in
the workplace:
“This subject provided practical learning activities to develop
new skills and knowledge I may need in the workplace.”
Of the respondents, 86% of students strongly agreed with the
previous statement, 11% agreed, and 3% were neutral on the
statement. No students disagreed (or strongly disagreed) with
the statement. Specific feedback on the simulation included:
“This subject (…) posed both problems and solutions that
promoted an engaging learning experience. I would say that
this subject has possibly been the most crucial in my course
for the career I wish to pursue.”
“The oil spill practicals were also fascinating.”
“(The) practicality of the subject (is) almost mirror imaging a
chunk of what we may continue (doing) in a profession.”
“The content in this subject is very interesting and it has
inspired me to move my career in the direction of
remediation. I would love to work on modified bacteria to
remediate oil or other contaminants. We actually used one of
these bacterial species in an oil spill prac. This was a very
hands-on prac that was enjoyable and interesting.”
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7.

CONCLUSION
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Students described their procedures and the outcomes of their
actions, both observed and anticipated; linking their own
remediation choices to historical case studies of oil spills.
Many students had suggestions as to the conditions that could
not be accurately shown in the microcosm simulations,
including the biotic elements of smaller animals,
phytoplankton and complex community interactions, as well
as abiotic features like sunlight, winds, ocean stratification
and deep sea oceanic currents.

A constructive suggestion for the class was that students
would like to have followed their oceanic environments over a
period of weeks, seeing if residual oil was an issue.
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Aim of the Education Program.
To enable To enable clinical educators across the health service to integrate simulation based education into their
existing education programs.
The faculty development program provided skills development, networking with educators from other departments,
and an opportunity to share local expertise and resources. The simulation service further aimed to use these faculty
development sessions to create a culture of interdisciplinary and interdepartmental collaboration and ongoing
learning.

A three tier simulation education program was developed by the simulation service team. The reference group
comprised three simulation educators, senior management of the education unit and a medical simulation expert.
Content was developed following a review of the literature and included key skills, knowledge, and attributes required
to be able to design and deliver simulation education. Key components of the three session program were designing
and delivering simulation education, technical skills, and debriefing skills.
Lesson plans were developed and reviewed by the simulation service team to ensure consistency between sessions
delivered by different simulation team members. Invitations were sent out via e-mail and targeted clinicians and
clinical educators with an interest in simulation. Eight interactive three hour face to face sessions were offered.
Participant numbers were capped at 12 for each group to ensure a participative and practical approach was possible.
Each group had a mixture of interdisciplinary, inter-departmental and inter-campus participants.
Pre-reading was provided to participants and their existing experience, skills, knowledge and ability acknowledged
with principles of adult learning applied. Recognition of baseline participant experiences and attributes enabled
scaffolding new simulation specific training.
Simulations delivered during every session provided opportunity for participants to practice application of new
knowledge using situated learning theory. A guided pause and reflect approach assisted participants to observe,
practice, and discuss rationale for various strategies utilised before, during and after each simulation phase.
Participants successfully completing all three sessions were offered local credentialing. Assessment requirements
involved submission of a short reflection piece and completion of a theme editor scenario.
Evaluation Data from the Program.
31 participants completed 60 simulation training program sessions involving medical and nursing staff from various
departments across two campuses. 10 completed all three sessions, 7 completed 2 sessions, and 14 completed 1
session. Participants came with a diverse range of roles, skills, experience, and qualifications in clinical, education
and simulation education. 33 evaluations were submitted yielding a return rate of 55%. Key themes emerging from
the evaluations were; improved knowledge of when the use of simulation is appropriate, awareness of the process and
vital components needed when designing a scenario, environmental equipment, staff and props to be considered, how
to choose and run the technical equipment, and debriefing frameworks and micro-skills. Having further opportunity to
practice with simulation team mentorship was also prevalent. Other comments included appreciating the opportunity
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Methods Adopted.

to network with other clinicians, disciplines, and departments to gain understanding of their roles and approaches.
Most participants reported a deeper understanding and appreciation of the skills needed to provide a good debriefing
session. Overall, following completion of the simulation education program, participants felt more confident in
designing and delivering a scenario, but felt significant support from the simulation service would be required until
they felt competent and able to lead and deliver a high quality simulation education session within their own
departments. This has informed the simulation team approach to providing ongoing support and planning for further
training in technical and debriefing skills.es New Roman, 10 pt.
Conclusions and Recommendations for Future Use and Development.
The approach aims to go beyond simulation skills development through courses, and deliberately targets and
promotes an institution specific approach and culture for simulation based learning. The belief is that the local
development of content and multidisciplinary nature of attendees supports a local community of practice that is
focused on health service needs. Future evaluations of number, type, location and quality of simulation sessions are
recommended to determine the impact of the program and level of support required from the simulation service.
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1

Aims.
The purpose of this study is to understand the long term impact of simulation experiences upon learners. It asks the
specific research questions: What do health care professionals recall about their prior simulation-based learning
experiences? What impact did or do these experiences have?
Background.
Simulation is a powerful learning educational tool. It provides an opportunity to rehearse integrated cognitive and
psychomotor skills, often in situations which engender strong emotions. The impact of these emotions are significant
and recent studies have explored the affective dimensions of simulation overwhelming the learner’s cognitive
capacities (1,2). This study offers the opportunity to consider the longer term impact of simulation upon learners.

The National Health Education and Training in Simulation (NHET-Sim) program provides foundational studies in
simulation-based education for health professional educators who were using or intending to use simulation. As part
of NHET-Sim program, registered participants were asked to describe both powerful and uncomfortable experiences
regarding simulation; 2624 of these participants from 2012-2014 consented to release their data for research purposes.
Approximately 30% of these responses can be coded as narratives of learning. A response is included in the data set if
a) the participant provides a learner perspective (not a teacher), and b) the description included a specific context and
events, denoting that it was a vignette or short narrative.
Result.
The vignettes indicate the high level of affective impact that these recollections had upon learners, frequently
reporting the social nature of learning. Participants reported boosts in confidence:
‘…it finally all made sense and has given me enormous confidence in management of this [type of]
emergency’
Some reported changes in practice:
‘The most powerful learning experience I have had using simulation is "intubating a patient to death". It
made me look at my technique and challenged my ego. Before this, I was less likely to call colleagues for
help in the resuscitation situation.’
Likewise, there were challenging emotions which acted as disincentives:
‘I was acting beyond my present comfort level and felt very exposed by the onlookers and video.’
‘I felt deflated and embarrassed’

Discussion.
Transformative learning theory proposes that deep shifts in understanding can occur when the learner has to make
sense of a ‘disorienting dilemma’ (3). The vignettes indicate that simulation may serve to provide such dilemmas.
However if the simulation is experienced as trivial or overwhelming, self-examination necessary for learning may not
occur.
Conclusions.
Health professionals recall a range of different types of narratives when considering how they have learnt through
simulation-based education. These frequently have strong emotional and social dimensions and may result in
transformative learning.
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Methods.
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Aim of the Education Program.
Implementing vocationally based simulation education, outside university programs, in a tertiary hospital requires
more than high-quality simulation facilities1. Access to simulation education expertise is crucial. In our tertiary
hospital, simulation expertise was limited to a small number of staff, which reflected a model that was unsustainable.
There is limited literature around inter-professional faculty development aimed at fostering organisational capacity for
high-quality vocational simulation. This simulation faculty education program focused on developing skills necessary
to deliver simulation within and across disciplines. We evaluated the program participant’s perception of the change
in their knowledge of simulation.
Methods Adopted.

Evaluation Data from the Program.
This program was run twice in 2015, with a total of 24 unique participants (10 Allied Health, 8 Nurses, 6 Doctors),
who were experienced professionals (59% were >10 years qualified). The average rating for knowledge of simulation
pedagogy was 2 pre-program and 4 post-program. The average rating for ability to develop a scenario was 2 preprogram and 4 post-program. The average rating for ability to conduct a debriefing session was 2 pre-program and 4
post-program. The majority (58%) of participants ‘Strongly Agreed’ the interprofessional design of the program
enhanced their learning. Furthermore, 58% ‘Strongly Agreed’ the format of the program was appropriate to their
learning needs.
Conclusions and Recommendations for Future Use and Development.
This program increased vocational clinician-educators’ skills to deliver future simulation. NHET-Sim credentialing
also occurred. The inter-professional nature of the program enhanced learning and the program format, incorporating
face-to-face teaching and expert knowledge sharing, was acceptable to participants. The program has initiated the
process of developing a skilled simulation faculty to a sustainable level. Measurement of any increase in activity and
diversity of simulation education activity in the organisation should be undertaken to assess success of the program
Further structured development of this inter-professional simulation educator community of practice may lead to
enhanced team work, inter-professional collaboration and to patient-centred simulation scenarios aligned to
organisation problems-solving.
References.
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Single site, pre-post design evaluating a comprehensive simulation faculty education development program.
Teaching faculty was credentialed through Australian (NHET-Sim2) and North American systems (Harvard CMS).
Inter-professional participants (clinician-educators) completed a vocationally focused program of three half-day
practical workshops over three consecutive weeks, followed by 4 teaching sessions within 6 months. The workshops
covered these domains: introduction to simulation pedagogy, National Standards aligned scenario development, and
debriefing skills. Participants also completed components of the NHET-Sim on-line program over this period.
Participants self-rated their pre- and post-program simulation skills in these domains (5 point scale, range: 1 = Low, 3
= Medium, 5 = High) and acceptability of program (5 point scale, range: Strongly Disagree to Strongly Agree) using a
locally designed tool.
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Unique Opportunities and Challenges: Embedding and
Leading Simulation Across Multiple Disciplines Within a
Faculty of Health Sciences
Alison Kelly; Michelle Kelly
Curtin University

Aim of the Education Program.
The Faculty of Health Sciences at Curtin University offers programs of study to more health profession groups than
any other Western Australian tertiary institution. Currently there are sixteen health profession entry courses delivered
at Curtin University and this will increase to seventeen with the proposed introduction of Medicine in 2017.
Healthcare simulation is one of several educational techniques offered at the university.
There have been steady advances in the uptake and integration of simulation-based education within curricula across a
number of the established discipline areas. However, the relative uniqueness of having numerous health-related
disciplines in one institution offers immense potential for interprofessional simulations.
The interprofessional curriculum in the Faculty of Health Sciences is grounded in the Interprofessional Capability
Framework (Brewer, 2011). This framework centres around three elements that are critical to simulation in
interprofessional education (IPE):
Client-centred service – the ultimate goal of IPE should be to identify a common patient goal (Buring,
et. al, 2009) which is pivotal to interprofessional simulation.

•

Client safety and quality – Salas et al (2013) discusses the value of simulation- based training as a tool
for improving safety and quality, which includes non-clinical domains such as teamwork and leadership.

•

Collaborative practice – this element addresses capabilities such as communication, team functioning,
role clarification and conflict resolution, which presents fertile opportunities for simulated-based
education.

Diagram 1: Intercapability Framework

Brewer, M.L & Jones, S. (2013). An interprofessional practice capability framework focusing on safe, high quality
client centred health service. Journal of Allied Health, 42 (2), e45-e49.
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•

The aims of the simulation program are to:
•

Build simulation capacity

•

Enable the adoption of simulation

•

Build the evidence of simulation

Thus, the combination of the tenets of the Intercapability Framework, with the aims of the simulation program, bring
forth the overarching principles of the unique opportunities and challenges for embedding and leading simulation
across multiple disciplines within a Faculty of Health Sciences.
Methods Adopted.
Kotter’s (2012) Eight Accelerators has been adopted to inform the approaches taken in leading a Faculty-wide
simulation-based education program. This includes leadership strategies such as celebrating short term wins,
removing barriers, building a coalition and formulating a strategic vision.
In practical and chronological terms, the methods can be best described as stages, to illustrate the historical, current
and future projections of healthcare simulation within these unique circumstances.
Some examples of these practical methods include:
Stage1 (previous)
•

Establishment of the interprofessional first year (IPFY) curriculum, where all students in Faculty undertake core
units together and learn from each other

•

Funding from a national grant, much of which specified simulation must occur in an interprofessional context

•

Variable understanding and uptake around simulation-based education

•

The assumption of simulation possibly replacing clinical education/fieldwork

•

Positioning of a ‘simulation lead’ in each of the seven schools to act as a conduit for leading and sharing
simulated-based education

•

Discrete projects with external partners

•

Some high level (national) research e.g. physiotherapy

•

Simulation increasingly embraced as an effective and engaging teaching modality

Stage 3 (future)
•

Plans for research and evaluation

•

High level infrastructure (IT, personnel, simulation equipment /warranties)

•

Vertical integration of IPE simulation

•

Linking of simulation-based educational practices across Faculties

•

Specialist facilities operational.

Evaluation Data from the Program.
Through project funding, evaluation data to date comprises of metrics related to the following key performance
indicators:
•

Number of teaching activities and hours of teaching activities with a simulation-based component;

•

Staff participation with training and professional development opportunities;

•

Feedback from staff and students via usual University channels;

•

Activities with simulation leads, who meet monthly and drive activity;

•

Attendance at NHET-Sim workshops and online training modules

•

Participation with networking activities designed to increase the profile and awareness of simulation-based
education.

Further specific evaluations are planned as more discernible IPE simulation unfolds in 2016.
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Stage 2 (present)

Conclusions and Recommendations for Future Use and Development.
This submission broadly describes the approaches and processes adopted to embed and lead the use of simulatedbased education across the Faculty of Health Sciences.
Further developmental directions are best summarised, but not limited to:
•

Mapping of course curriculums within the Faculty to identify opportunities for IPE collaborations;

•

Generation and collation of IPE simulation scenarios;

•

Vertical integration of IPE and simulation;

•

Enhanced, high level research that will be guided by recent findings of the building leadership research
summit;

•

Evaluation of the effectiveness of simulation-based learning, related to specific features such as cost, graduate
attributes, quality, safety, learning analytics.
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Simulation Game, “Project PAL: Hawaii”
Nanako Iwasa1; Glen Makakauali'i Kila2

Hokkaido University; 2Marae Ha'a Koa Cultural Learning Center

1

Workshop Description.
The simulation game, “Project PAL (Place-based Active Learning)” is an original educational game for a simulated
community in the workshop that engages participants in finding solution-based approaches to shared global concerns.
Based on the “glocal” (global + local) to “Think globally, act locally” model, the goal of the Project PAL game is to
develop effective “well-being” strategies towards attaining a peaceful and sustainable world.
The “Project PAL” is based on the educational curriculum design, “INDIGENOUS DEVELOPMENT: Learning
Objectives for Educational Training” (Iwasa and Mataira, 2015), and brings the changes to the current situation in the
indigenous/local communities as social entrepreneurs. The game also brings the future innovation with indigenization in
the social designs to the various communities. The Project PAL respects the mutual educational progress and
development for both indigenous and non-indigenous people sharing the game results of the “glocal” perspectives. They
will be shared as educational materials with the local indigenous schools/communities for the empowerment of
indigenous/local communities. The “Project PAL” is a FUN game that everyone from children to seniors can enjoy with
“PAL” spirit which means “Passion, Action and Love.”

The Project PAL has two phases: Phase A and B. with five stages. Phase A: “Think globally,” Stage 1 and 2 are for
imaging and sharing stages with other members in the group works. Phase B: “Act locally,” Stage 3 and 4 are for
learning indigenous culture and the social issues, and planning for the innovative solution as social entrepreneurs that
leads to the last feedback stage, Stage 5.
In the four game stages;
Stage 1 “Imagine- Group-Share”: Participants make images and stories individually, and then share them with group
members preparing them to participate more fully and effectively in whole game stages.
Stage 2 “Round Robin”: Participants generate ideas to integrate the individual images with one group image making
brainstorming and ensuring that all participants take part in the game.
Stage 3 “Case Study”: Participants learn the game materials of real social issues and look for a solution to the problems.
Stage 4 “Group Investigation”: Participants plan, conduct and design on in-depth image projects with peer instructions
helping them to gain in-depth knowledge for the PAL project.
Expected Benefits.
Innovation for the future as social entrepreneurs:
The “Project PAL” game gives participants the opportunity to experience how their own images help find solutions to
local current issues and how their future vision is important to designing real world social innovations.
The United Nations Declaration on the Rights of Indigenous People acknowledges “Indigenous peoples have the right
to determine and develop priorities and strategies for exercising their right to development. In particular…the right to
be actively involved in developing and determining health, housing and other economic and social programs affecting
them...” (Article 23).
The “Project PAL” aims to stimulate social entrepreneurship for participants by:
•

Promoting new and promising solutions to local issues including poverty, inequality, and inadequate access
to health;

•

Assessing social, economic and environmental advancements and collective community power;

•

Exploring new horizons including funding and revenue generation opportunities;

•

Developing social innovation, technology transfer, social connectedness and a positive cultural identity
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The “Project PAL: Hawaii” aims to provide an opportunity for participants to learn about the indigenous perspectives of
Hawaiian in O’ahu, Hawaii, to create the future project plans for the local Hawaiian community and to experience being
social entrepreneurs. The local Hawaiian collaborators provided the social/current issues for the “Project PAL: Hawaii”
reflected from their voiceless-voice which has not been visualized and auditable easily in the mainstream society.
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SimART™ - Rapidly Applicable Simulation on a Budget
Jessica Stokes-Parish; Jan Roche

University of Newcastle
Jessica.stokes-parish@newcastle.edu.au; Jan.roche@newcastle.edu.au
Workshop Overview.
Moulage is one of the key tools utilised in realism for those participating in a simulation scenario. Transforming
manikins or simulated patients using simple effective techniques seem overwhelming.
This workshop will present moulage & special effects techniques (including trauma, bruising and blood) that
authentically represent reality in a time and cost-efficient manner. This session is designed to be interactive and
experiential. The participant will be able to identify and practice using makeup and equipment required to create these
effects.
The inaugural “simART™ Olympics” gives participants the opportunity to consolidate their knowledge in a fun and
competitive environment.

Upon completion of this session, participants will be able to:
1.

Demonstrate ability to apply theoretical principles for using moulage in teaching

2.

Identify safe techniques using a variety of materials and methods to mimic patient states, wounds and
pathologies

3.

Design and create and implement moulage related to a simulated learning event.

Detailed Description.
Part 1 – 5 minutes
WH&S considerations for use of moulage materials will be addressed using printed material and basic safety
precautions.
•

With role play demonstrating effectiveness of moulage

•

Mention safety & products

Part 2 – 10 minutes
The faculty will model the moulage techniques within a clinical scenario. Using a teaching technique developed by
the presenters, participants will be asked to describe the techniques and then practice.
Part 3 – 45 minutes
The practice session includes three major stations - trauma, bruising and blood. All participants will have the
opportunity to practice all stations. Facilitators will be assigned to each table for extra guidance.
Part 4 – 25 minutes
The “simART™ Olympics” is an opportunity for participants to consolidate their knowledge and skills through
application. Each team will be presented a scenario and asked to apply moulage to a volunteer.
This will be judged independently and an appropriate award presented.
Part 5 – 5 minutes
Participants will be asked to provide feedback at the conclusion of the workshop via mQlicker (electronic response
via web). All responses will be anonymous and used to improve session validity and content.
Evaluation.
Using paper-based questionnaires, the participants can opt to provide feedback to the presenters.
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BLOOMing ‘eck… it’s the Taxonomy of Humour: Developing
the use of Humour to Enhance Simulation
Dr Simon Patten; Dr Paul Maclure

University of Adelaide
Simon.patten@adelaide.edu.au; ptmaclure@doctors.org.uk
Workshop Overview.
This course aims to introduce participants to the use of humour in simulation and relate this to simulation learning
theories. We will deconstruct comedic techniques in the creation of prepared humour and introduce how these
techniques may be used in cultivating a safe learning environment and their use in handling challenging debriefing
scenarios.
Expected Outcomes.
Develop an understanding of how humour can enhance buy-in and cultivate a safe learning environment
Demonstrate how humour can be utilised to increase participant engagement in debriefing
Debate the different applications of humour and construct a framework for its appropriate use

Humour has been recognised as a valuable tool in healthcare education for many years with publications dating back
to 1960. It is commonly used by educators in all aspects of learning, whether consciously or subconsciously. There
has been limited research in its outcomes despite anecdotal high use. It is unusual that such a valuable tool has
escaped suitable study or publication within the healthcare education field. In 1998 Ziegler hypothesised that research
into the role of humour in healthcare education “is made difficult by its complex nature…by the difficulty in
contriving humour in controlled settings; by the importance of the setting as a component of humour; and by the
difficulties in establishing outcome measures”
The facilitators, although not naturally witty, have utilised humour as a respected tool to facilitate learning
collectively for 15 plus years. They have experimented individually and then developed a structured approach to the
use of humour within debriefing to enhance buy-in; establish a safe learning environment and improve participant
engagement. Never before have they considered or been confident enough to articulate their methods and the theory
behind humour as a learning aid!
There is a body of work that exists relating to the beneficial outcomes of utilising humour in education. Ramesh et al
performed a randomised controlled trial examining the use of humour in orthopaedic lectures finding improved
understanding of concepts and increasing attendance. Knowledge retention has also been examined by Powell &
Andressen 1985, Ziv 1988 and Deniere 1995 finding benefits in the use of humour. Other benefits relate to student
satisfaction, reduced anxiety, improved productivity, confidence building and fostering of the teacher/student rapport.
The quality of the evidence is limited as is the research relating specifically to simulation.
The authors of this workshop have performed a series of small trials focusing on the use of humour within the
different aspects of simulation-based education. We will use these trials to provide a framework to implement the use
of humour whilst avoiding some common mistakes. Participants will be introduced to a taxonomy of humour, how
and where it is appropriate. This will be related much like Blooms Taxonomy to simulation and specific phases of the
SBE cycle. We will debate the benefits of each approach and its use creating a mindmap which participants will be
able to take home.
The formulaic approach to effective humour as used by comedians around the world will be deconstructed.
Participants will trial this approach in groups aimed at developing a safe space to optimise buy-in and create a more
inclusive briefing. We will provide audio-visual material and demonstrations to guide these developments.
Through an open forum we will discuss specific situations and participant experiences to help develop understanding
of the role of humour. Guidance will then be provided about the steps involved in preparing humour for debriefing.
Specific pre-recorded scenarios will be utilised for participants, as groups, to practice and suggest different debriefing
approaches. The workshop as a whole will together create a framework for the future use of humour in their
simulation based programs.

537

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Detailed Description.
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Evaluation.
Through the utilisation of open discussions and buzz group formats the workshop will continually evaluate the
participants understanding of the subject matter. We will perform role-play debrief scenarios and engage participants
in the formation of their own humorous constructs.
Workshop and presenter evaluation will take place in the form of a short survey with adequate space for participant
comments. Completion of these forms will link to the release of a dropbox of workshop resources.
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Using Simulated Patients to Teach Recognising and
Responding to Clinical Deterioration
Nemat Alsaba; Victoria Brazil
Bond University

Aim of the Education Program.
This program sought to prepare senior medical students for Recognising and Responding to Clinical Deterioration
through the use of ‘hybrid’ simulated patients (SPs), and enhanced preparation of SPs for the role of a ‘sick’ patient.
Methods Adopted.
Recognising and Responding to Clinical Deterioration in Acute Health Care is Standard 9 of the National Safety and
Quality Standards. Multiple strategies have employed nationally to better identify and manage clinical deterioration.
Recognising the unwell patient is a core skill for medical students and junior doctors, but opportunities to practice this
with real patient may be limited. Recognition of the unwell patient is also hard to teach in mannequins based
simulation- as many cues such as posture, breathing patterns, interactions, facial expressions and other signs of being
unwell are difficult to simulate using these devices
1.

Selecting appropriate scenarios to reinforce skills in RRCD. Examples included hypotensive sepsis, delirium,
shortness of breath, seizure, altered level of consciousness and arrhythmias.

2.

Selecting and training SPs for scenarios focused on RRCD. Simulated patient actors working in ‘sick’ roles
were given briefings by clinicians, opportunities to practice roles with peer and clinician feedback, and
watched YouTube clips and other resources to learn how various ‘sick patients’ look and behave.

3.

Use of technical adjuncts and part task trainers to support the ‘sick’ appearance of the patient actors. These
included iSimulate monitor emulators (allowing abnormal vital signs, arrhythmias etc.), simulated
intravenous access, water and glycerine spray to mimic diaphoresis, and use of part task trainers for
diagnostics and for treatment

4.

We also focused our debriefing strategies to reflect on RRCD ‘how did you know they were sick’ “what
prompted you to call for help when you did?”, and to include the patient perspectives on their confidence in
dealing with an acute situation

We were aware of the draw backs and limitation when using an SP in these life-threatening scenarios such as
discrepancy between the patient’s radial pulse and SVT on the monitor, inability to assess accurately for peripheral
perfusion and capillary refill time in sepsis scenarios and also difficulty to assess for nystagmus in dizziness/vertigo
scenarios.
Evaluation Data from the Program.
Students completed evaluations after simulation sessions, including responses related to RRCD skills.
Student perceptions of realism were not sought specifically, due to the students’ lack of familiarity with actual sick
patients.
However qualitative comments revealed that voice, body language and SP behaviour had a major impact on student
experience.
Some of the comments related to how they knew patient were unwell included
“there was no eye to eye contact, so I knew she was unwell”,
“Patient was only able to talk in words”
“she had a towel wrapped around her eyes”
“Patient was terrified - the scared look on their face “
“Continuously asked patient how they were going, perhaps too much, but it helped to assess the severity of their
condition”
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Our program involved:

Conclusions and Recommendations for Future Use and Development.
SP can be used in combination with other elements to teach the concept of recognizing and managing sick
deteriorating patient to senior medical students.
References.
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Standardised Patient Scenarios Versus Peer-role Play to
Develop Physiotherapy Student Safety Skills in Readiness for
Clinical Placement: A Controlled Trial
Dr Anna Phillips

University of South Australia
anna.phillips@unisa.edu.au
Aims.
To evaluate the effectiveness of standardised patient scenarios (with and without video feedback), in assessment and
mobilisation of patients, compared with a control situation (usual role play scenarios) on perceived student
preparedness for clinical placement and student safety skills demonstrated in a practical examination.
Background.

One potential way to scaffold the development of skills for patient safety is the use of simulated learning
environments with standardised patient scenarios (Paparella-Pitzel et al. 2009). The advantages for students include
immediate feedback, the ability to reflect on their practice, and alter practice accordingly without the ethical and
safety implications of “making mistakes” on real patients (Mandrusiak et al. 2014).
Our interest in the development of safe patient management by students in the acute hospital setting was specifically
to bridge the gap between manual handling skills for patient mobilisation learned in the foundational physiotherapy
courses and development of competencies on clinical placements.
Methods.
A comprehensive, course specific standardised patient scenario was developed for second year undergraduate
physiotherapy students. The interventions comprised the standardised patient scenarios only (intervention A) and with
the addition of video feedback (intervention B) in contrast to usual teaching and learning practice that involved
students role playing as patients (intervention C). Two main outcome measures were used, (1) Pre-post survey to gain
student ratings of perceived preparedness for clinical placement in standardised patient experiences (interventions A
and B only), comprising 10 statements covering communication, confidence, preparedness for placement and selfperception of their ability to conduct communicative, practical and reasoning skills and (2) students score and number
of fail grades for their manual handling component of the Objective Structured Clinical Exam (OSCE).
Participants’ characteristics were explored using descriptive statistics and differences between the intervention groups
examined using chi-square analysis, one way ANOVA or non-parametric equivalents.
Result.
A total of 110 students participated in the practical sessions (92% completion rate), with complete data collected from
94 students. The majority of participants were female (n=57, 60%), with a median age (IQR;range) of 19(2;19-31)
years and mean grade point average (GPA out of 7) of 5.7(0.7). There were statistically significant improvements
across all 10 survey statements (p<0.001), with mean change in ratings ranging from 1.2 (I feel confident I can
interact in a professional manner) to 3.0 (I am aware of my strengths in this role playing activity). Students reported
high levels of satisfaction with the standardised patient scenarios (mean 9.6/10)
The students GPA did not affect the OSCE scores (scored out of ten) with no difference between participants in the
three study groups: Intervention A (standardised patient scenario without video feedback) = 7.5(2.2) [mean(standard
deviation)/10]; Intervention B (standardised patient scenario with video feedback) = 6.3(1.8); Intervention C (Peer
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Safe practice is essential to health professional competency and requires a significant investment in terms of
preparation, practice and supervised clinical placements to ensure that students achieve the capacity to execute safe
patient management across community and hospital settings. Despite this investment of time and resources, a gap
between university-based teaching and clinical practice remains (Cresswell et al. 2103). Clinical educators have
described the high investment of time and the stressful nature of working with students who are struggling with
patient safety issues on clinical placement (Chipchase et al. 2012).

role play scenarios) =7.0(1.6) (ANOVA F(2, 91)=2.9, p=.06). No significant relationships between OSCE score and
age, gender or GPA were found for the group as a whole or for individuals in each study group.
Thirteen (14%) students achieved a fail grade in the OSCE exam. Chi square analysis found no significant difference
in the number of student fails between the standardised patient scenario sessions (interventions A and B) compared to
the peer role play session (χ2=1.1, p =0.293) or across the three intervention groups (A,B,C)( χ2 =1.58, p=0.45).
Discussion.
This study demonstrated that implementation of a single standardised patient scenario workshop in physiotherapy
students resulted in significant improvements in perceived preparedness for clinical placement, but resulted in no
difference in OSCE score on skills relevant to safe mobilisation of a patient compared with students who experienced
peer role play. The benefits perceived by the students included high levels of satisfaction and improved
communication, confidence, preparedness for placement and self-perception of their ability to conduct
communicative, practical and reasoning skills.
Conclusions.
These findings support the need for further research in analysis and assessment of knowledge, skills and attitudes for
development of patient safety skills during mobilisation and manual handling in physiotherapy students.
References.
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Culturally and Linguistically Diverse (CALD) Children and
Their Families: Improving the Practice of Taking Medical
Histories for Doctors and Interpreters
Alice Polak; Marino Festa; Ingrid Wolfsberger; Nadine Alcorn
Kids Simulation Australia

Aim of the Education Program.

Methods Adopted.
Cognitive interviews were undertaken with both experienced interpreters and consultant paediatricians in order to
reveal key features from a real-life experience of undertaking a paediatric medical history from a non-English
speaking families in the clinic environment. The questions used in the interview focused on three domains which
examined; environmental, physical and psycho-social elements of the relationship. Data obtained from the interviews
was analysed subjectively focusing on the key features identified from the interviews. This data was then utilised to
generate a checklist to assist medical practitioners in planning an effective consultation with a child and family from a
CALD background prior to the clinical encounter.
Implementation of a pilot interdisciplinary simulation program for safe and effective paediatric medical history
evaluation with CALD children and families focused on paediatric medical practitioners with limited experience and
accredited interpreters. A key feature of the training incorporated education of the developed checklist used in
consultation planning prior to the clinical encounter of a CALD child and their family. A general paediatric outpatient
clinic was replicated to provide appropriate details of patient appointments, including patient demographics. Medical
practitioners were expected to utilise the checklist and engage in appropriate communication with an interpreter in
preparing for an encounter with the child and their family. Utilising parent actors, medical practitioners and
interpreters were asked to engage in the consultation with a child and their family in attaining a paediatric medical
history.
Evaluation Data from the Program.
Evaluations were subjectively and objectively measured in terms of the impact on participants’ proficiency and
confidence in paediatric medical history taking with CALD children and their families. The focus of the evaluation
included criteria related to the key features of the three domains of; environmental, physical and psycho-social
elements of the relationship. Further subjective evaluation of parent (actor) satisfaction was rated according to
parental concerns discussed at interview, including opportunities and barriers for information sharing.
Conclusions and Recommendations for Future Use and Development.
Utilising simulation for doctors and interpreters in improving the practice of taking a paediatric medical history of
children from CALD backgrounds is a reliable method of providing education in a safe and effective environment for
CALD children and their families and improving the quality and access to health care.
Recommendations for future use include the roll out of future courses at partner simulation centres within NSW as
part of an established outreach paediatric simulation training program.
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Patients and families from culturally and linguistically diverse (CALD) backgrounds receive inferior quality of and
access to care (1). Health disparities due to ineffective communication have the potential to leave children and
families from CALD backgrounds with poor understanding of a child’s diagnosis, treatment requirements and
appropriate need and use of medication (2). The interactions in clinic consultations between paediatricians and a child
and their family from a CALD background re made more challenging by the necessary use of interpreter services. The
consequence of clinic interactions can often lead to reduced feelings of satisfaction with encountering a medical
practitioner (3), further contributing to reduced interpersonal and social relationship interactions (5). Despite the
importance of improving access to care and outcomes in health being evident, specific training for doctors or
interpreters who interact with families of CALD communities remains absent. The aim of the project was to identify
key elements of the paediatrician-child & family – interpreter encounter that enable safe and effective paediatric
medical history evaluation.
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A Framework for Learning with Simulated Participants in
Competency-Based General Surgical Training
Debra Nestel; Natalie Radomski; Bruce Waxman
Monash University

Aims.
To evaluate whether simulated participants (SPs) (actors) based clinical scenarios are an effective tool in the learning
of the Royal Australasian College of Surgeons (RACS) core competencies for general surgery trainees.
Background.
Over the years there has been a reduction in surgical trainees’ working hours and a growing trend toward subspecialisation. These changes have placed pressure on competency-based training, leaving the experience of trainees
in essential clinical scenarios up to chance.

Methods.
Four SP-based clinical scenarios relevant to trainees’ experiences were developed incorporating the RACS core
competencies, in an office setting and conducted over four separate evenings.
Scenario 1. SP: Daughter of patient dying in ICU from complications of surgery. Trainee to interview daughter with
focus on open disclosure, and demonstrate knowledge of advanced care directives. Competencies: Medical expertise,
Communication, Health advocacy & Professionalism
Scenario 2. SP: Surgical Supervisor. Trainee is asked to provide support to a fellow trainee on drugs and
underperforming, and demonstrate knowledge of available support services, AHPRA guidelines on mandatory
reporting and RACS policies of dismissal from training. Competencies: Medical expertise, Collaboration, Health
advocacy & Professionalism
Scenario 3. SP: Nurse Unit Manager on surgical ward concerned about a non-coping intern. Trainee to give advice
and demonstrate knowledge of services available, role of intern supervisor, peer support, mentoring and a way
forward. Competencies: Medical expertise, Communication, Collaboration, Leadership, Health Advocacy &
Professionalism
Scenario 4. SP: Intern being bullied by consultant. Trainee to give advice and demonstrate knowledge of the hospital
and RACS Bullying and Harassment policies. Competencies: Medical expertise, Communication, Collaboration,
Leadership & Professionalism.
Each evening session involved six trainees and two surgeons, with two researchers as facilitators. After a briefing,
each scenario was run twice with two different trainees, the other trainees and surgeons acting as observers. This was
followed by a debriefing and feedback.
At the end of each session, the researchers conducted focus groups, one with trainees and another with surgeons and
the SPs. Transcripts of these 8 focus groups, two from each evening, were made of audio-recordings and thematically
analysed1. To reduce bias in analysis, an independent researcher also analysed the transcripts and the data display
table was circulated to the participants. The project was approved by the Monash University and RACS Ethics
committees.
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Simulation education provides one possible solution to this, by allowing a controlled and low stakes approach to
learning. The use of carefully constructed scenarios, using SPs, will ensure standardised exposure of all applicants to
important and clinically realistic situations reproducing what they are likely to encounter in hospital practice. The
RACS has defined nine core competencies around which surgical curricula are blueprinted, with assessments based
on learning objectives for each competence. These scenarios provide the opportunity to focus the learning on the
RACS competences.

Result.
The scenarios: were seen as realistic, reproducing situations in which the trainees identified themselves being
involved; were valued affording learning of advanced communication skills and provided a framework for learning
and a formal teaching experience not common in Surgical Education & Training (SET).
The debriefings: were valuable in identifying strengths and weaknesses in communication skills and reinforced the
objectives of the study and relevant competencies. The surgeons: were impressed with the concept and could envisage
a role for SPs and simulation in SET, without too many barriers.
The SPs were seen as a valuable tool in implementing the objectives of the study.
Four major and related themes emerged: creating a framework for learning through the structure and setting of the
sessions and the layers in the scenarios; providing immersion by drawing in the participants; offering realism; and
shifting perspectives on the value of simulation in surgical training.
Discussion.
Surgical training in Australia and New Zealand is governed and assessed by RACS and the curricula and training is
governed by the nine specialty boards and societies/associations. For general surgery in Australia it is the Board of
General Surgery and General Surgeons Australia over the five years of the SET program.
Assessment during training is partially competency based using work-based assessments, though there is little if any
use of simulation apart from the mandatory skills courses, ASSET EMST and CCrISP taken in the first two years of
training2.
This study is the first to use SPs in a competency based approach to learning in general surgical training.
Conclusions.

References.
1.

BRAUN,V & CLARKE,V. Use of thematic analysis in psychology. Qual Res Psych 2006; 3: 77 – 101

2.

COLLINS, J.P., GOUGH, I.R., CIVIL, I.D. & STITZ, R.W. A new surgical education and training programme. ANZ J
Surg, 2007; 77: 497-501

547

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

By creating a framework for learning, supplemented by immersion and realism SP-based scenarios may be a useful
tool in competency-based training for general surgical trainees.
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The HEAL Assessment Tool for Simulated Patient’s
Performance and Feedback (SP-Assess)
Beverley Sutton; Rachel Riordan

Health Education Australia Ltd (HEAL)
Aims.
To develop a reliable tool to assess Simulated Patient’s (SPs) readiness for practice.
Background.

Methods.
Drawing from the two assessment tools developed in the Netherlands, expert advice, and a working group of
professionals working within the SP space in Australia, a revised HEAL SP Assessment Tool (SP-Assess) was
developed. This tool was tested, then adapted, and then tested again, using 4 assessors, 6 SPs and a medical doctor.
Assessor findings were entered into SPSS and analysed. The data was separated into two subscales, one for SP roleplaying and one for SP feedback. Principal component analyses (PCA) were performed on each subscale in order to
test whether they each stand on their own. To assess reliability, Cronbach’s alpha was calculated for each subscales
and for the whole assessment. Ten items were analysed in the Role portrayal subscale, while nine items were analysed
in the Feedback subscale.
Result.
The development of the SP-Assess led to a 25-item assessment to evaluate the performance of SP ability to role-play
and provide feedback. Preliminary findings revealed that the PCA performed on the first subscale (i.e., role-play)
yielded one factor explaining 55.80% of the variance. The second subscale (i.e. feedback) yielded two factors
explaining respectively 42.18% and 21.21% of the variance, for a total of 63.39%. Overall, the reliability of the
questionnaire was 0.90, while it was 0.91 for the roleplay subscale and 0.84 for the feedback subscale. More
specifically, the Cronbach’s Alpha for each factor found in the feedback subscale were respectively 0.74 and 0.88.
Conclusions.
SP-Assess is a reliable way to assess SP performance and allows for varying levels of experience of both assessors
and SPs. The factor analysis confirmed that the first subscale is one-dimensional, but suggested that the feedback
subscale be divided in two, which would result in three subscales for the PRSP. However, only four items loaded on
the third factor and it is not clear why these four items were put together as a factor. For this reason, it was decided
the initial format of the assessment should remain intact. The internal consistency (Cronbach’s Alpha) for the
questionnaire and each of the subscales are excellent (respectively 0.90, 0.91 and 0.84). This suggests multiple items
within both subscales to be consistent in terms of measuring the same underlying construct.
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SPs play a vital role in enabling health professionals and students to practice their clinical and interpersonal skills in a
safe environment. Health Education Australia Ltd. (HEAL) provides an SP training program and hires out SPs to the
public and private sector. Implementation of the HEAL program acknowledged the importance of assessing the
effectiveness of SPs in their ability to role play and provide feedback in educational encounters. The assessment of
SP effectiveness was based on the outcomes of an assessment provided at the conclusion of the training program. SPs
that pass the assessment are entered on to the HEAL database and are available for hire. Feedback from clients
suggested that the level of SP performance was highly suited to most educational encounters but feedback of SPs
engaged for ‘high end’ (very immersive and emotional) encounters was not so positive. HEAL sought to review their
assessment tool and to develop a tool to test SPs for ‘high end’ requirements. There are only two published
assessment tools that evaluate SPs’ individual performance directly and both have been developed in The Netherlands
within the University environment. HEAL considered these tools and engaged with developers at Maastricht
University to devise a new tool.
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How to Design and Implement an Effective Human Patient
Simulated Education Program
Libby Bancroft; Gary Rogers
Griffith University

Aim of the Education Program.
Simulated Patients are an invaluable resource in medical education and their ability to enhance student learning in
high and low fidelity situations is second to none. However, the organisation of a successful program is often
daunting. We plan to facilitate and equip participants with tools that will enhance their knowledge of human patient
simulation and the important factors of making it work.
The presentation looks at the design and development of a program from the simulated patients’ perspective, which
will enable educators to better organise and manage key stakeholders. Focus will be related to recruitment, training
and retention of actors as simulated patients.
Methods Adopted.

Evaluation Data from the Program.
Data will include survey results from 100 simulated patients, as well as feedback from Health Group students and
facilitators on the performance of simulated patients.
Conclusions and Recommendations for Future Use and Development.
Delegates will have a sound understanding of:
Recruitment and retention – how to find and keep actors who understand the complexities and importance of their role
Training – making it work from the start
Actors giving feedback to students – how to make it work effectively.
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A dynamic session lead by a passionate presenter who has more than six years’ experience as a simulated patient and
as a Human Patient Simulation Coordinator.

Thursday, Session 2, Room 206

ISAGA
Workshop
A Immersive Experience into the Power of
Stimulating Senses in Simulation (589)
Ben Krynski
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An Immersive Experience into the Power of Stimulating
Senses in Simulation
Ben Krynski
Real First Aid

Brief topic description including relevance to the simulation and gaming community.
The purpose of this workshop is to demonstrate the effectiveness of low-tech adjuncts to create an immersive
environment for students to train in. A demonstration will be performed of one of Real First Aid’s simulations. This
demonstration will incorporate participation from the attendees to create an immersive pre-hospital medical
emergency.
Time and resource permitting we will conduct a second simulation.
This is an opportunity for the simulation and gaming community to get back to basics and experience the pure
adrenaline rush of participating in a high-octane simulation.
Description and justification of the intended format – discussion, debate, world café conversation.

List of invited speakers.
Benjamin Krynski – Founder and Head of Training at Real First Aid
The expected benefits of participating in the workshop.
•

Observe and participate in the effectiveness of low-tech innovative stimulation techniques.

•

Directly experience the benefits of being in a heightened state of adrenaline during medical simulation (as
responders (medics), family members, paramedics, police etc.).
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Live Simulation Indoors.

Thursday, Session 2, Room 216

SimTecT
Free Papers

New Research and Opportunities

Pitfall for Debriefing Games and Simulations (723)
Bill Roungas
Toward Improving Medical Device Cybersecurity
(571)
Martin R Stytz
What About the Rest of Us – Thinking About
Accessibility and Online Simulations (572)
Melanie Worrall

ISBN 978-0-9925960-2-6

552

2016 - Congress Proceedings

Australasian Simulation Congress
www.simulationcongress.com

Pitfall for Debriefing Games and Simulations
Bill Roungas

Delft University of Technology
Brief outline.
We propose a methodology for identifying strong and weak relationships between pitfalls, which occur during the
debriefing of games and simulations, and for proposing solutions to these pitfalls. The list of pitfalls is a mixture of an
extensive literature review and interviews with facilitation experts on games and simulations.
The poster will be appealing for both academic researchers and professional facilitators in the field of games and
simulations. Academic researchers can benefit by the proposed methodology, since it can help them identify and
analyze pitfalls in a meta-model level. Professional facilitators can benefit by the proposed methodology, since it can
help them identify, analyze and mitigate the risk of pitfalls, through the creation of a checklist of pitfalls.
The subject of pitfalls while debriefing games and simulations has gained some interest the last couple of years. Our
approach is based both on literature and on experts' opinions, and as such, it combines the benefits of learning from
previous research with the new knowledge that arises from interviews.
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We expect that the community will gain an understanding of the challenges when researching debriefing pitfalls and
their interrelations embedded in the larger context of facilitation, and games and simulation.
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Toward improving Medical Device Cybersecurity
Martin R. Stytz1, Sheila B. Banks2
1

Calculated Insight, Georgetown, Washington DC, 2Calculated Insight, Orlando, Florida

ARTICLE INFO

ABSTRACT

Article accepted:
(June, 2016)

Medical devices and the data that they contain and manage are at risk from cyberattacks.
The risk to medical devices increases daily and there is no indication that the risk will
decrease or even moderate. As a result, medical device and medical data cybersecurity
are increasingly important. In this paper, we outline an approach to improving medical
device cybersecurity that exploits recent developments in virtual machine, cloud, and data
analysis technologies that serves to both decrease the threat to medical device and data
and the cyberattackers’ ability to exploit any breach in cyberdefenses that might be
achieved. The paper opens with a brief introduction to our research topic and its
challenges. The second section presents background concerning current cyberdefense
definitions and technologies. The third section contains our proposed methodology for
improving medical device cybersecurity. The paper concludes with a summary and
planned future work.

Key words:
Medical device cybersecurity
Medical device data protection
Virtual machine
Situational awareness
Cloud technology

1.

INTRODUCTION

Cyberattacks against medical data and facilities have occurred
[Farrell, 2014; ICIT, 2016; McGee, 2014; Report, 2015;
Healthcare, 2015; Mitchell, 2015] and can be expected to
spread, continue, and escalate. While the cyberattacks have
not taken down medical devices thus far, we should not
expect that cyberattacks would target the crippling of medical
devices. The payoff for disabling a medical device is small in
comparison to the value of the medical data that the medical
devices generate. The data in a medical facility are much
more valuable that the devices and are the likely target of any
cyberattack. Therefore, the first and most important task for
cyberdefense is the protection of the medical data from
compromise and its integrity and availability.
The
cyberdefense must preclude the alteration or encryption of
medical data. Protection requires a multifaceted approach,
ranging from the mundane things such as user cybersecurity
training and frequent data backups to the sophisticated such as
advanced cybersecurity architectures and detailed preplanning. As we will discuss, technology can be used to
significantly increase the degree of protection of medical data
and increase the obstacles that a cyberattacker must overcome
to compromise medical data.

One example can serve to illustrate the cost of cyberdefense
failure.
The Office of Personnel Management (OPM)
cyberattack [Gallagher, 2015; Gallagher, 2015; Grodin, 2015;
Davidson, 2015] provides some insight into the range of
cyberdefenses needed against cyberattacks upon medical data
via medical devices and medical facilities. In June of 2015,
the Office of Personnel Management (OPM) revealed that
multiple breaches of its security clearance databases had
occurred. One breach, of at least 4.2 million records, was
discovered in April 2015. The second breach was discovered
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by OPM in June of 2015, compromised 21.5 million
individuals, including 1.1 million fingerprint records. The
compromised information is tied to both former and current
Federal government employees in addition to anyone who had
a security clearance background check since the year 2000
(based upon the information provided by OPM on their
website, https://www.opm.gov/cybersecurity/). OPM failed in
its cybersecurity measures on many fronts, including but not
limited to outdated security software, outmoded cybersecurity
defenses, poor cyber hygiene by employees, and poor
monitoring of outbound network traffic.
To gain some insight into how best to protect medical data,
we return to cybersecurity basics. Cyberdefense aims at
preserving the confidentiality, integrity, and availability of
information.
For an individual, confidentiality is the
paramount concern. For a nation-state or business, integrity
and availability are paramount because they address the
ability to use data. The task of the cyberdefense is to insure
that all three concerns are addressed. In the next section, we
present background concerning current cyberdefense
definitions and technologies. Section Three contains our
proposed methodology for improving medical device
cybersecurity. The paper concludes with a summary and our
planned future work.
2.

BACKGROUND

Cyberspace is composed of four main elements: 1) data; 2)
computing technologies such as computer hardware, computer
software,
computer
networks/infrastructure,
network
protocols, virtualization, and cloud computing; 3) information
analysis/comprehension technologies such as information
visualization, artificial intelligence, collaboration, and data
mining
technologies;
and
4)
information
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interaction/management technologies such as humancomputer interaction, intelligent agent, human intent
inferencing,
intelligent
system
intent
inferencing,
personalization technologies, and database technologies. The
challenge posed to cyberdefense is determining how to
combine these technologies, and their components, into a
coherent defense.

Computer security, software security and access control are
mutually supporting technologies within cyberspace.
Software security addresses the protection of computer
software from its inception and requirements development
through production and deployment.
Software security
requires static and dynamic testing of software for known
software faults and for potential “bugs.” Static testing
examines the software and framework to locate
vulnerabilities. Dynamic testing examines software as it
executes within its runtime environment. In dynamic testing,
malware is injected into the runtime environment with the
goal of detecting any security failures in the software via
exploitation of the failures. Dynamic testing typically occurs
at the end of software development and requires development
of cybersecurity test cases. Static testing can occur at any
time during software development. Software obfuscation is
increasingly important, though not yet practical, for software
security [Communications, 2016]. Obfuscation “hides” the
execution sequence of computer instructions, the data
exchanges between blocks of code, and even the software
meaning of the binary; thereby, precluding re-assembly of the
software. Unfortunately, advances in this technology also
help cyberattackers because it would allow the cyberattacker
to hide the purpose of any detected malware and prevent reassembly of the code in order to analyze how it would
accomplish its malicious activity. Another issue raised in the
realm of software security is software patching. As faults are
discovered in software after deployment, the software must be
repaired (patched.) The patching process provides a vector
directly into the heart of any software being patched, as a
result patches are typically encrypted and certified but even
these measures do not always insure the authenticity and
integrity of a patch. Access control addresses the problems of
protecting the computational environment from unauthorized
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Supply chain security insures that neither hardware nor
software used in the medical device has been altered or
designed to enable a cyberattack or data theft. Supply chain
security addresses the need for protected and scrutinized
development of hardware and software components of a
system from the time of their design until final delivery to the
customer. Clearly, the hardware and software should only be
procured from trusted vendors, the hardware masks should be
available for inspection, and the software should be produced
by a trusted vendor. The resulting product(s) should be
independently tested, typically using penetration testing tools.
However, due to the extremely high cost associated with
securing the supply chain and insuring that procured items are
free from implanted malware only governments practice
complete supply chain security for select items.
Critical infrastructure security addresses a broad array of
issues, including power distribution, water distribution, water
health, and transport. For the purposes of medical device
cybersecurity, critical infrastructure security addresses the
need to protect the software and firmware in medical devices
and control network access to medical devices.

Endsley [Endsley, 1995; Endsley, 1995] defines individual
situational awareness (SA) as the following: the perception of
the elements in the environment within a volume of space and
time, the comprehension of the elements’ meaning, the
projection of the elements’ status into the near future, and the
prediction of how various actions will affect the fulfillment of
one's goals. Situational awareness is a rapidly changing,
ephemeral mental model of an environment that must be
assembled over time and continuously updated. SA arises by
perceiving information about the environment and coupling
that perception with comprehension of the meaning of that
information in light of operator goals. Situational awareness
requires more than merely being aware of all of the pieces of
data in an environment, the significance of the elements
(individually and in combination), or even all of the most
pertinent pieces of data in an environment [Boytsov, 2011;
Endsley, 1995; Endsley, 1995; Guang, 2011; Lan, 2010;
Stytz, 2015; Stytz, 2014; Stytz, 2014; Stytz, 2014]. SA
requires an understanding of the situation, which equates to
developing and maintaining a mental model of the situation,
including likely future state(s) of the environment as well as a
model of the progression of the situation toward the future
states. The challenge faced by the decision-maker is placing
the elements of the environment into a meaningful, coherent
pattern that yields a holistic picture of the environment that
helps the decision-maker in comprehending the significance
of objects and events. Because SA is time-dependent the
individual must refresh their SA as the environment changes.
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As illustrated in Figure 1, cyberspace security relies upon
many technologies to achieve or defeat the cyber killchain as
illustrated in Figure 2. Network and wireless security
technologies are crucial to the safe and secure movement of
data from device to physician and from physician to
physician. Cryptography plays a key role in securing data,
providing privacy, and insuring data security. Privacy and
data security drive the choice(s) of the type(s) of cryptography
to use, but the development of cryptographic algorithms and
cryptographic software are critical to medical data protection,
acquisition, and distribution. While cryptography is critical in
the deployment of secure networks and providing privacy and
data security it is not sufficient to insure security for these
technologies.
Data security also requires backups,
authentication systems, and reliable software. Privacy not
only requires strong encryption, privacy also requires
individual control of the release of data, individual control of
data acquisition, and individual control of the transfer of data.
Computer security technologies complement the protection
provided by encryption by providing authentication controls,
software patching, and secure operating systems among other
qualities.

use and protecting the computing environment from
unauthorized software activity. The first problem is typically
addressed with passwords, biometric controls, tokens, or some
other means or combination of means that can be used to
identify a user and grant authority for access. Software access
control is accomplished by segregating the software into
access “rings.” Each ring is assigned a specific set of access
and execution permissions. In an effort to improve the
security of software patching, access control mechanisms
have been used to verify that the entity attempting to patch the
software is authorized to do so. Computer security is the
protection of hardware and software from theft, alteration,
misappropriation, or damage by a malicious actor.

CYBER SECURITY
Wireless
Security

Network
Security

Cryptography

Privacy

Situational
Awareness
&
Attack
Detection

Software
Security

SupplyChain
Security

Access
Control

Data
Security

Computer
Security

Critical
Infrastructure
Security

Figure 2: Notional Cyberattack Killchain (based upon Lockheed concept)
SA requires an understanding of the situation, which requires
developing and maintaining a mental model of the situation.
Maintaining a mental model of the situation requires
estimating the likely future state(s) of the environment and
developing a model of the progression of the situation toward
those projected state(s). In a complex environment, SA is
difficult to achieve without training to prepare the user for
both the breadth of the situations as well as the pace of change
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in the situations. Even given intelligent agent assistance,
situation awareness-oriented training must focus on training
operators to identify prototypical situations associated with
different types of cyberattacks and cyberthreats by
recognizing critical cues and what they imply. Decisionmakers must also learn that situation awareness (SA) is not a
passive process; they must actively seek out and comprehend
the information they require. Training in SA development can
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Figure 1: Technologies Used and Relationships Between Them in Cyberspace Security

help decision makers to acquire the situation recognition and
behavioral skills they need as well as complement the activity
of intelligent agents. Because of the challenges that decisionmakers face, intelligent agents must support user situation
awareness development and maintenance.
Cyberattack
detection can be promoted by the use of intrusion defense
systems, network traffic monitoring and profiling within the
cloud environment. Detection can also be promoted by
monitoring the behavior of the virtual machines within the
cloud to determine if their computations and access patterns
significantly deviate from past behaviors. Intelligent agents
could be used to audit software in real-time.

To best exploit the technologies available to secure medical
devices, we use a cloud, software defined network, and virtual
machine based architecture in addition to situational
awareness tools to disrupt the cyberattackers’ cyber kill chain
at many points, not just at the organizational perimeter. In the
cyber kill chain, there are seven key phases, as illustrated in
Figure 2.
These activities are the following:
1)
Reconnaissance, 2) Weaponization, 3) Delivery, 4)
Exploitation, 5) Installation, 6) Command and Control, and 7)
Actions.
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A virtual machine (VM), illustrated in Figure 3, is software
that creates a virtualized environment between the computer
platform and its operating system, so that software (including
an operating system) can execute on an abstract machine. A
virtual machine [Lampson, 1976] is a software-based
impersonation of a computer. A virtual machine presents the
illusion of the real computing machine to a user and
associated software. In a virtual machine, all components of a
given computer hardware/operating system combination are
replicated within a host operating system to provide the
computational illusion that all applications executing within
the virtual operating system are running on the original
software/hardware combination. The challenges of securing a
virtual machine have been the subject of active research for
over a decade [Laureano, 2004]. Current best practice is to
embed each virtual machine within a container that holds the
configuration information, security policy settings, and
operations permitted by the virtual machine as well as any
applications that the VM holds. Containers are typically
encrypted and moved to storage when not in use. A VM
container can be defined for each VM use or for each user of a
given VM use.
Virtual
Machine
Wrapper

Virtual
Machine

Process

Process

Process

Process

OS

OS

Provides
Services To

Provides
Services To

VIRTUAL MACHINE MONITOR

HARDWARE

Figure 3: Notional Virtual Machine Architecture
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As illustrated, the pre-attack Reconnaissance phase consists
primarily of gathering publicly available information on the
target before the actual attack. In the reconnaissance phase,
the cloud, software defined network, and virtual machine
structure combines to make target definition difficult because
not only are targets very mobile but their Internet Protocol
(IP) address can change as rapidly as the cyberdefense desires.
The Weaponization phase consists of creating a malicious
payload for the cyberattack.
By making pre-attack
reconnaissance
challenging,
the
cyberattackers’
weaponization challenge is increased because the
cyberattacker will not be able to determine the exact
characteristics of the target. The cloud and virtual machines
serve to camouflage the hardware and software details at the
target site. The Delivery phase consists of the cyberattackers’
actions to implant malware into a targeted system. While an
attacker maybe able to develop a social engineering enabled
cyberattack, they will face great difficulty in implanting their
malware within the target’s computing hardware and software
infrastructure. The combination of cloud and virtual machine
technologies increase the difficulty of the cyberattack
Exploitation and Installation phases of a cyberattack. The
exploitation phase is the portion of the cyberattack wherein
malware gains its initial foothold in the target environment.
The installation phase occurs when the initial malware load
installs additional malware in the target environment in order
to secure its foothold and acquire the malware needed to
connect to the cyberattackers’ environment and deliver the
targeted data. The combination of virtual machine and cloud
technologies place the hardware out of reach of the
cyberattacker and increases the difficulty of implanting
malware into authorized software, which in turn makes both
exploitation and installation difficult.
The situational
awareness sensors in the cloud also work against the
cyberattacker by serving to reduce the cyberattackers’
probability of remaining undetected during these two phases
of the intrusion. The command and control phase of a
cyberattack takes place when the implanted malware connects
to the cyberattacker.
The cloud and virtual machine
components of the architecture make the reconnection
difficult to achieve because the attacking malware will not

have direct access to an IP address or route and the
malware’s probes to locate an IP route will be detected by the
situational awareness sensors in the cloud and the software
defined network. The Actions phase can consist of a number
of data compromising activities by the malware, ranging from
data exfiltration to stealing credentials to software
modification. The actions phase of the cyberattack is
undercut in many ways by the architecture and the situational
awareness sensors enable us to exploit the cyberattacker’s
actions in order to respond to the compromise faster. The
architecture prevents unauthorized use of virtual machines
because the virtual machines are encrypted when not in use.
Situational awareness and cyberattack detection are crucial to
the ongoing cybersecurity of the cloud computing
environment.

3. ADDRESSING MEDICAL CYBERDEFENSE
CHALLENGES
The cyberattacker can always succeed; the task of the
cyberdefense is to make the cost of success prohibitive for the
cyberattacker. Therefore, medical device cyberdefense should
have five primary objectives. First, deny the cyberattacker an
entry point into the defended space so that delivery is difficult
or impossible. Second, the cyberdefense should deny the
cyberattacker any opportunity to perform reconnaissance of
the protected space if the defended space is compromised by a
malware delivery. Third, the cyberdefense should deny the
cyberattacker the opportunity to exploit a successful intrusion
by preventing both installation of the malware and/or
establishment of a command and control capability for the
malware. Fourth, the cyberdefense should be able to rapidly
detect a successful exploitation or installation and reconfigure
itself in order to prevent a successful cyberattacker action
such as data exfiltration. The fifth objective is to force the
cyberattacker to reveal their cyberattack actions early and
often so that cybersensors can detect malicious activity and so
that situational awareness of activity within and against the
protected space can be maintained.

With the continued increase and severity of cyberdefense
breaches, current approaches to cyberdefense are minimally
effective. We suggest that the current static defense-in depth
for information systems soon will become unviable in the face
of new cyberattack capabilities and that cyberwarfare
simulation can aid in the development of new techniques for
cyberdefense. The challenges faced by cyberdefense points to
the need for the use of dynamic layered cyberdefense
technologies (DLCD) to minimize vulnerabilities and
minimize the effect of cybersecurity incidents. DLCD
isolates malware infestations and maintains sufficient,
accurate, and trustworthy cyberspace elements throughout the
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Cloud computing [Yu, 2012; Anthers, 2010; Green, 2013;
Foster, 2008; Sotomayor, 2009; Armbrust, 2010; Josang,
2007; Habib, 2011; Krautheim, 2010; Noor, 2016; Barhamgi,
2016] is powerful, inexpensive, and, therefore, very
compelling.
Organizations have adopted or considered
adopting the technology because cloud computing offers a
unique combination of computational power and low cost per
user. Figure 4 presents a notional diagram of a cloud,
illustrating its key elements regardless of whether the cloud is
public, private, or a hybrid. According to the National
Institute of Science and Technology (NIST), cloud computing
is a model for enabling ubiquitous, convenient, on-demand
network access to a shared pool of configurable computing
resources (e.g., networks, servers, storage, applications and
services.) The resources can be rapidly provisioned and
released with minimal management effort or service provider
interaction.
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Figure 4: Notional Cloud Schematic

In our approach, the cloud provides on demand computational
power and storage to medical devices, highly monitored interdevice communication analysis, analysis of inter-device
communications, and hosting to multiple virtual machines.
Each medical device would have one or more virtual
machines assigned to it for tasks such as data acquisition,
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As cyberattacks of all types increase in sophistication, they
will undercut the reliability and availability of medical data.
This increase in sophistication has been clearly demonstrated
by the Stuxnet, Flame, Red October, and DuQu malware.
Future malware attacks will undoubtedly target systems in the
same sophisticated manner as Stuxnet and transmit data from
the targets and/or subtly modifying the data so as to corrupt
data in a malicious but not immediately apparent manner.
Cyberattacks will be coordinated and mounted in campaigns
in order to maximize confusion and maximally exploit cyber
successes. The challenges posed by increasingly capable
malware can be addressed by the use of virtual machine and
cloud computing technologies to provide a dynamic, flexible,
and highly effective cyberdefense for medical devices; with
cyberdefenses controlled at speed by humans and autonomous
cydefense intelligent agents that have adequate and accurate
situational awareness within the cloud to act and react
successfully. Our point of departure for the research is that a
small, but critical, time period exists during all the phases of
the cyberattack before the cyberattacker has established a
permanent presence in the targeted environment or performed
malicious actions, or otherwise exploited exploit the breach.
The goal is to prevent breach exploitation, minimize the
possibility of a breach, and maximize the probability of
cyberattack detection during all phases of a cyberattack. We
can meaningfully approach that goal by constantly exploiting
the fact that the cyberdefender controls the environment that
the cyberattacker is trying to penetrate and maliciously
exploit.

organization despite attack. In DLCD, each element
of cyberspace is protected by one or more virtual machines,
with the capability to protect one or more components in each
element with additional virtual machines with an everdecreasing number of privileged instructions as warranted by
the threat and importance of the component to the current
decision. The successive layers in the VM layering for an
element have increasingly restrictive sets of privileged
instructions and may even have no privileged instructions.
The number of rings in a cyberspace element and the number
of virtual machines deployed to protect the element and its
components are not correlated; the allocation of virtual
machines for cyberdefense is a decision made by human
decision-makers. The use of multiple virtual machines to
protect each of the elements of cyberspace, the approach
supports dynamic allocation of cyberdefense resources, either
by adding additional virtual machines to the protection of an
element or component, altering the virtual machine mix, or by
changing cyberattack detection systems within each virtual
machine for an element. The problem of the proper hosting of
the virtual machines in order to support the demands of
medical devices, breach detection, and medical device
configurations remain a problem that can be addressed using
cloud computing.

maintenance, and medical data analysis. Each virtual machine
assigned to a medical device would be encapsulated within
one or more cyberdefense virtual machines, configured to
protect their interior virtual machines, all of which execute
within a cloud environment.

By using a cloud, instrumentation can be embedded within the
cloud software infrastructure that can be used to improve
situational awareness. Situational awareness concerning
computations and communications in the cloud can be
augmented by instrumentation in the cloud support
infrastructure and its software defined network.
The
instrumentation can be used to provide situational awareness
information to the cloud managers and users. The situational
awareness assistance will take the form of data about network
traffic volume, network traffic sources and destinations,
protocols employed, the presence of unencrypted data,
attempts to encrypt medical data, attempts to alter medical
data, and other indicators of a cyberattack. The data provided
by the cloud’s sensors when coupled with cyber threat
intelligence can significantly aid humans in their
understanding of the state of the cloud, cyberattacks
underway, potential privacy compromises, and threats to
medical data integrity and availability. While humans will not
be able to react to individual cyberattacks at the requisite
speed, humans can identify trends and re-allocate
cyberdefense resources in order to counter the trends,
minimize vulnerabilities, and thereby improve the
cybersecurity of the cloud and its data, components, and users.
Intelligent agents [Sttz, 2014; Hang, 2008; Soliman, 2011;
Arabnia, 2010; Holsopple, 2010] are used to address the highspeed, tactical issues autonomously based upon human
strategic guidance.
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Cyberspace intelligent agents should aid the decision-maker
in all phases of situation awareness development, perception
and comprehension of the situation, projection of future
status, correlation of goals and objectives with the situation,
development of alternatives in light of the mission, goals and
objectives, monitoring of the decision, monitoring of actions,
assessment of actions, and assessment of the environment
reaction to the decision. The decision-maker’s perceptions,
preconceptions, abilities, experience, and training should all
influence the behavior of the intelligent agents that are aiding
the decision-maker. The objectives and plans are affected by
activities in the real world and in cyberspace and the interplay
between the plans and their execution in pursuit of real-world
and cyberspace objectives. The cyberspace intelligent agents
are broadly tasked with determining the security state and data
reliability of the decision-maker’s sources of information.
The intelligent agents also act to help attain information
dominance by directing the activities of supporting
cyberspace intelligent agents to secure data sources, to inspect
the sources for indications of tampering, to acquire evidence
of decreased data reliability, and to alter the cyberdefense
“terrain.”
To develop intelligent agents to aid in cyberspace situational
awareness, knowledge bases to support the operation of the
cyberspace agents are needed. Because of the complexity of
cyberspace and of the actions to be undertaken, the intelligent
agent knowledge bases are complex and difficult to develop.
The intelligent agent development challenge is further
complicated by the need to develop intelligent agents for a
variety of cyberdefense purposes.
The cyberdefense
intelligent agent needs include agents that can detect unusual
incoming network traffic, analyze reports from within-cloud
intrusion detection systems (IDS), determine when to deploy
and archive containers with different cybersecurity properties,
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To improve the performance and security of the virtual
machines in the cloud we use containers [Stytz, 1995; Stytz,
1997]. A container is like a VM, but without the hardwarelevel emulation. The container's operating system (OS) is the
same as the host computer's OS. The container encloses the
operating system and a program (or a piece of one) in a layer
of software that connects seamlessly to the operating system
and other computing resources it depends on to run. Putting a
program in a container has a number of benefits, but a crucial
advantage is that it can be moved quickly and easily from one
computer to another. By using containers, the scheduling of
CPU’s, disk, and memory of the software running within the
container can be reconfigured without a pause in execution.
Compared to a virtual machine, the overhead of a container is
low. They have fast startup (seconds) as there is no boot
process and a container can launch on-demand as requests
come in, resulting in zero idle memory and CPU overhead. A
container running system could have as little as 5MB of
system memory overhead and almost no CPU consumption.
Provisioning new containers can happen in seconds.
Containers can be encrypted when not in use, thereby
protecting their contents and startup configuration from
tampering when the container is at rest. Because containers
are cheap in terms of storage space, they can be implanted
with sensors that serve to enhance situational awareness of
activity within the container and its enclosed virtual machine.
Multiple containers and multiple virtual machines can be used
for the same application, which increases the targeting
difficulty for the cyberattacker. Essentially, the cyberattacker
has many targets to choose from and the defender can change
targets rapidly at any time.

Because of the situation awareness challenges faced
by cyberspace decision-makers are complicated by the
characteristics of the cyberspace environment within which
they operate. Cyberspace is dynamic and uncertain; therefore,
the autonomous intelligent agent requires the capability to
reducing the user’s workload by providing integrated
observing, interpreting, communicating, planning, and
decision-making techniques. The goal for cyberspace
intelligent agents is to improve situation awareness and help
attain information dominance. The presumption is that
intelligent agents will permit a faster response to cyberthreats
and cyberattacks by using information dominance to reduce
human response time and to reduce the complexity of the data
to be analyzed. The intelligent agents should help the user to
identify critical information, help the user to acquire critical
information, prioritize response to cyberattacks, increase
awareness of an opponent’s activities in cyberspace, increase
awareness of an opponent’s likely goals in cyberspace, help
the user to identify profitable actions to be taken in
cyberspace in order to dominate and exploit it, and, finally, to
reduce user stress.
However, exploiting information
dominance may be more difficult than expected due to the
scope and success-rate of cyber attacks, which will, in turn,
adversely affect situation awareness. To improve SA, even
during a cyber attack, the intelligent agents must behave in a
manner that enhances development and maintenance of
situation awareness, allow users to concentrate on significant
aspects of cyberspace and not on the intelligent agents, and
serves to minimize the user’s taskload.

agents that can determine when a decoy container should be
deployed, and agents that can increase/decrease the number of
nested virtual machines operating within a container.
Additional agents are needed to assess the type of exploitation
being attempted, assess the type of installation being
attempted, and be able to assess the type of malicious action
being attempted. The products of these assessments should,
in turn, be employed by other intelligent agents to increase the
difficulty of cyberattack.
We propose structuring the
intelligent agents in a hierarchy, with the agents
communicating securely across the hierarchy. One of several
requirements to be addressed is training the intelligent agents
to do their tasks. Training is only one of many requirements
for the intelligent agents, but simulation technology provides
a safe and secure environment within which to address the
intelligent agents’ requirements.

We use three approaches to address the training task: 1)
simulation environments for task-specific training of each
required type of intelligent agent, 2) rule-sets for each type of
intelligent agent that serve as the baseline for the learning that
the intelligent agent must perform, and 3) scenarios for each
type of intelligent agent that are designed to expose them to a
comprehensive suite of cyberattack activities as well as
normal activities within a medical device network.

As we discussed above, there are a large number of use and
threat cases that should be used to train the intelligent agents
for the types of cyberattacks that they will encounter. Table 1
presents a few illustrative examples of the use and threat
cases. The use and threat cases are used to insure that the
knowledgebase development process addresses all likely
scenarios and alternatives. By automating the intelligent
agent instruction process using simulation we can rapidly
instruct the intelligent agents in the types of responses that are
required of them as well allowing us to test each type of
intelligent agent’s performance when encountering
unexpected events.
4.

SUMMARY AND FUTURE WORK

The threats posed by technically sophisticated cyberattacks
are increasing. Few penetrations are detected while they are
underway. Most penetrations are detected only after the
malware is implanted and damage to the elements of
cyberspace has attained a noticeable level. The use of virtual
machine and cloud computing technologies affords the
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Our next efforts will address gaining a better understanding of
decision-making and situational awareness within large-scale
and high-volume data environments. Our first task will be to
build a useful model of nominal and cyberattacked cloud
behaviors and responses. The key to developing relevant
cloud behavioral model knowledge bases is the availability of
a wide variety of simulated cyberattacks upon a simulated
cloud using a variety of simulation environments. To achieve
flexibility and extensibility for the scenarios, the simulated
cloud and cyberattacks are described using the Unified
Modeling Language (UML) and the eXtensible Markup
Language (XML). The simulation environments will consist
of a set of virtual machines configured to function as one or
more client security silos, each with one or more simulated
applications held within each virtual machine silo. We also
plan to develop a comprehensive simulation environment that
would permit us to test the activity of the intelligent agents in
a simulated cloud against a multitude of simulated
cyberattacks.
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1.

INTRODUCTION

With the rise of mobile and other internet enabled devices, the expression accessibility is often equated with the ability to access
the internet on a range of devices. However, the true meaning is a lot broader. Web accessibility is about having a set of inclusive
practices that remove barriers to allow all people to access content online. It is about providing equal access to information and
functionality (Henry and EOWG, 2005). Access to online resources could be as simple as users being able to increase the online
text to make it easier to read to being able to use a screen reader. For anyone who has ever lost the use of their dominant hand
(carpel tunnel, sprained wrist) and can’t use a mouse, they will quickly find out how difficult it can be to navigate a website only
using the keyboard. To meet these challenges, there is a set of web accessibility standards for content developers to ensure online
content is accessible. The Web Content Accessibility Guidelines (WCAG) provide a set of guidelines and testable success criteria.
The standards are for all online content, which has implications for online materials, including online simulations.
This paper is to promote awareness of accessibility standards and the implications for online simulations with the view to starting
dialogue about the implementation of standards. The paper provides a background and context to the standards and implications
for simulation professionals. This leads to a discussion of three areas. First, is consideration of what occurs when the features of
the simulation (model, means and motive) aren’t inclusive or compatible with the goals of the accessibility standards. Second,
identifies situations when accessibility standards may introduce elements that aren’t included in the simulation (container),
potentially impacting on the efficacy of the simulation. Third, discusses the importance of having criteria to make a case for when
it may not be appropriate for online simulations to meet accessibility standards. Currently, there is little research into the area of
accessibility and simulations, which means there is little data about the application of standards and the implications for the
outcomes. It is the goal of this paper to prompt more interest in the topic to facilitate ongoing discussion.
Web accessibility standards have been around for a number of years and there is significant research into the area. For example,
there is a wide range of literature about accessibility computers broadly and more specifically e-learning (including the technical
and other aspects). However, the area of simulation / games and accessibility are not so well represented in research. There is
emerging research into accessibility and games/simulations (c.f. Norte and Fernandom, 2008; Trewin, et al, 2008; Moore and
Lewis, 2015, Randall, 2016). However, this research tends to be focused on specific issues accessibility issues or systems and
published via specialist conferences (c.f. SIGACCESS conference on Computers and accessibility, 31st Annual International
Technology and Persons with Disabilities Conference, Association on Higher Education and Disability) and journals (e.g. Journal
on technology and persons with disabilities).
This paper is focused on accessibility and simulation from a conceptual perspective. Therefore, represents new thinking in the
area of simulation and accessibility standards with broad applicability to the simulation and gaming community and contributes to
identifying a new area for research. At the end of the paper, three areas of additional research are identified.
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A R T I C LE I N F O

2.

WEB ACCESSIBILITY STANDARDS

This section has a background to the application of the accessibility standards to the online simulation context. It covers the web
accessibility guidelines with information about what they are and who benefits as well as a brief overview of the standards and the
legal context. It concludes with implications for those involved in the design, development and implementation of online
simulations.
2.1 Background to web accessibility
Web accessibility can be defined as equal access to online information and functionality (Henry and EOWG, 2005). There are
three key features to this definition; equal access, content and functionality. Equal access means the ability of the user to be able
to access materials. Accessing online content has different meanings for people with different abilities. This may mean the need to
control volume levels or read a written equivalent of video information. Online content includes the words, images, sounds and
videos on the page as well as the code behind the pages. Access to functionality means that any functions that are available can be
accessed, be that by a mouse, keyboard, screen reader or other assistive technology. Discussion of web accessibility isn’t limited
to access via computers or laptops, it also includes access via phones and other internet enabled devices.
Web accessibility isn’t about thinking about people with permanent disabilities as ‘the other’. There are many reasons why
individuals may want to access the online content in different ways, including desire, requirement and need. It could be due to a
choice or preference as well as ongoing disability or temporary one. In reality, it is about widening our understanding of lived
experience to incorporate a broader range of abilities be they visual, motor/mobility, auditory, or cognitive/intellectual. Given that
one in five Australians has a disability, these are not issues that impact on a small minority (ANOD, 2016). Further, there are
strong arguments that making an accessible we has benefits for all web users (World wide web foundation, 2015).
2.2 Accessibility standards

1 Perceivable
1.1 Provide text alternatives for any non-text content so that it can be changed into other forms people need, such as
large print, braille, speech, symbols or simpler language.
1.2 Provide alternatives for time-based media.
1.3 Create content that can be presented in different ways (for example simpler layout) without losing information or
structure.
1.4 Make it easier for users to see and hear content including separating foreground from background.
2 Operable
2.1 Make all functionality available from a keyboard.
2.2 Provide users enough time to read and use content.
2.3 Do not design content in a way that is known to cause seizures.
2.4 Provide ways to help users navigate, find content, and determine where they are.
3 Understandable
3.1 Make text content readable and understandable.
3.2 Make Web pages appear and operate in predictable ways.
3.3 Help users avoid and correct mistakes.
4 Robust
4.1 Maximize compatibility with current and future user agents, including assistive technologies.
2.3 Conformance
In order to meet WCAG standards, the level of conformance is decided. WCAG standards have three levels, A, AA, AAA, where
AAA has the most difficult success criteria to meet. Conformance is based on the whole page (or process) being accessible.
Therefore, if there are parts of the page or process that are non-confirming, this leads to a non-conformance of the whole page or
process. The implication of this is that if there are areas of non-conformance of an online simulation then the whole simulation
would not meet the standards. Meeting many of the accessibility guidelines success criteria isn’t an onerous task. There are
components that should be considered as good practice. These include ensuring adequate colour contrast, not using flashes fast
enough to bring on seizures, writing in clear and understandable manner, ensuring the pages behave in a predictable ways and
allowing users to avoid mistakes and correct errors. However, these should be approached in a systematic way.

563

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

To meet the challenge of web accessibility, W3C (Web Accessibility initiative) have developed a set of standards for content
developers to meet to ensure their online content is accessible. These are called the Web Content Accessibility Guidelines
(WCAG). WCAG 2.0 is a stable referable technical standard that sets guidelines and testable success criteria (available at three
levels). The standards have been developed against four principles; perceivable, operable, understandable, robust. Perceivable
content means that regardless of the technology or senses being used, the content can still be perceived. Making content
perceivable means making it easier for users to see and hear content without losing any meaning. This could be by providing text
alternatives for non-text content, alternatives for multimedia as well as developing content that can be presented in different ways
without losing meaning. Having content that is operable means the online content can be used by a variety of devices. This might
mean ensuring all functionality is available via a keyboard, ensure there is enough time given to read and use the content and the
content doesn’t cause seizures. Operable content is also designed so it is easy to navigate and locate content. Content should be
understandable, which means the text is readable and easy to understand, the content appears and operates in predictable ways and
users are able to avoid and correct mistakes. Finally, being robust means there is the best chance of compatibility with current and
future user tools (Henry and Dick, 2011). The standards have the following headings (WCAG WG, 2008):

2.4 Legal context
While there are many arguments for the implementation of web accessibility guidelines, there is also a legal basis. The Australian
Disability Discrimination Act 1992 provides protection for everyone in Australia against discrimination based on disability and
this covers ‘any individual or organisation developing a website or other web resource in Australia, or placing or maintaining a
web resource on an Australian server’ (DDA, 2014). This definition covers online content (online web pages, images and text,
video, media and webinars), including online simulations (virtual simulations, online role lays, branched scenarios). Therefore, the
implementation of WCAG Standards for online simulations for is a requirement to meet the DDA. Organisations with online
simulation that don’t meet WCAG standards may not be fulfilling their legal responsibilities.
2.5 Implications for online simulations
The standards are for all online content. Online content can be web pages, text and images, video, media and web conferencing.
This has implications for simulations that have online components, in particular virtual simulations. Specifically, in that the online
component should meet WCAG (accessibility) standards. Therefore, these standards have particular consequence to the
simulation and online gaming communities. Virtual simulations involve real people in a simulated environment and simulated
equipment and are general undertaken online or in an online environment. Examples of virtual simulations include; online roleplays conducted in Skype/Google Hangouts, simulators, branching scenarios developed in flash/HTML5 and virtual environments
and virtual worlds.
Finally, these criteria are not only relevant for online developers. Simulation (in particular the online component) generally sits
within a framework, infrastructure or set of processes. These require a set of project managers, managers, ancillary staff and
simulation professionals. Therefore, there are many stakeholders involved in ensuring online simulations are accessible and
developed to meet WCAG standards. This means WCAG standards may be of particular interest to the simulation community
who are involved with online simulation in a range of roles.
3.

ACCESSIBILITY AND ONLINE SIMULATIONS

3.1 Features of simulation

So far, discussion has centered on online content and meeting accessibility guidelines. However, simulation may be considered
very different to other forms of online content. Other online content (including online learning) provide materials (text, video,
audio) to users and the type of content is dependent on the nature of the information to be shared.
Leigh (2013) provides a framework of key components with which to consider simulation:
•
•

The container that holds the simulation. The ‘real world’ sits outside the container.

Three key elements in the container; the model, the purpose (motive) and technology (means).

In an online simulation, the container is the ‘online’ component, which has been shown, should meet the accessibility standards.
When considering this model, it can be seen the accessibility guidelines form a part of the ‘reality’ that sit outside of the
simulation, but impacting on the container. When viewed in this way, the standards can be thought of as being both impacted by
and impacting on the elements of the simulation. It is this relationship that prompts discussion about the relationship between the
standards and the elements of an online simulation.
3.2 Elements of the simulation impact on meeting standards
The three key elements of a simulation are broadly recognised as being the abstractive reality (model), the technology (means)
and the purpose (motive). Each of these must be present for a simulation and there are many subsets of information that they
cover. Each of these will impact on the simulation (container). Which raises the issue of what occurs when the features of the
simulation (model, means and motive) aren’t inclusive or compatible with accessibility standards. The abstractive reality (model)
may be a physical, mathematical or other type of model of a system, reality, process and etc. From one perspective, there is no
requirement for the model to meet the laws of our reality, including any standards reality may prescribe. However, when the
model is based on reality, then there is an obligation to meet those standards. In the case the model doesn’t require mirroring to
reality or inclusive access of reality, then what is the obligation for the simulation (container) be built to meet to those standards.
With respect to the purpose of the simulation (motive) there are many reasons for a simulation including; to train, to depict, to
evaluate or to predict (ibid). The purpose of the simulation will depend on how widely the simulation is used and accessed. Again,
if the purpose of the simulation is restricted, to achieve a particular quantifiable outcome and this outcome isn’t dependent on
meeting the principles of the accessibility guidelines, is there an obligation for the simulation (container) be built to meet to those
standards.
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The preceding background provides context for a broader review about simulation and accessibility. This section has a review of
the key features of a simulation, which leads to identification of three issues to consider with respect to meeting standards. First, is
consideration of what occurs when the features of the simulation (model, means and motive) aren’t inclusive or compatible with
goals of the accessibility standards. Second, identifies situations when accessibility standards may introduce elements that aren’t
included in the simulation (model, purpose or technology), potentially impacting on the efficacy of the simulation. Third,
discusses the importance of having criteria to make a case for when it may not be appropriate for online simulations to meet
accessibility standards.

The final element is the technology. In many ways, the technology selected has a more direct impact on whether the online
simulation can meet accessibility guidelines. Some technologies are able to meet accessibility standards more easily than others.
Yet, there may be valid reasons why a technology is selected for a particular characteristic (e.g. fidelity or resolution) then this
may be considered more important that meeting standards. Therefore, selecting technology, which may not be compatible with
accessibility standards, could be by accident or design. This indicates the importance to have a review of the standards and how
they might be met.
To illustrate the interplay of these key elements, a simulation may be designed based on a model that precludes a particular user
group (e.g. assumes unimpaired vision) and this is specified during the user requirements of the design. The motivation for the
simulation is for a specific purpose and will be is restricted to a small group of users. Finally, the technology should be selected to
ensure a high resolution. The characteristics of the simulation may not be compatible with the expectations of equal access set by
the standards. This raises the question; is there a rationale for building an online simulation to accessibility standards when
elements of the simulation exclude particular users. It can be seen there are questions about how the elements in the container
impact on the simulation and consequently, on the requirement/need to meet accessibility standards. It raises questions like the
following: Can online simulations ever be accessible if the elements that they are based on aren’t? Does this contribute to an
argument to preclude some online simulations being built to meet accessibility standards?
3.3 Meeting standards impact on the elements of the simulation
We have seen within the container of the simulation, the three key elements are abstractive reality (model), the technology
(means) and the purpose (motive) and these impact on the container. However, the standards that bound the online simulation
(container) also impact on the elements of the simulation. Significantly, there is an impact on the model of the simulation. There
may be situations when meeting accessibility standards may introduce elements that may not be included in the abstractive reality
(model). These may have a potential impact on the simulation, specifically with the outcomes to be achieved. By way of example,
consider an online simulation where employees complete an emergency evacuation of a worksite. In the online simulation, there is
an alarm and the user is asked to react to the alarm and take a series of steps to replicate the experience of evacuation in the
workplace. This required information (a sound) to be presented in a specific way. When developing this to accessibility standards,
there is a success criteria related to the way information is presented:

Therefore, for an online simulation to meet the success criteria, there would need to be a rendering of the sound information in a
way that there are instructions for people who may not be able to hear the sound (e.g. adding text ‘wah-wah’ sound). However,
rendering the information in this way may be counter to the simulation. In this example, the simulation is based on a workplace. In
the case there is someone who wouldn’t be able to hear the sound, the business should have a risk mitigation strategy (e.g. the
individual is approached by the warden who alerts them to the alarm. Therefore, having the employee participate in an online
simulation that tells them about the alarm in text, works against the underlying model of the simulation. A further consideration
may be that hearing employees rely on the text to understand the sound (rather that turning on their speakers and listening to it)
and miss a key learning of the simulation.
This demonstrates one example of a possible tension between the objectives of the simulation and meeting the standards in an
online environment and raises the question: What if the process of developing an accessible online simulation disrupts or
undermines the model the simulation is based on?
3.4 Criteria for decision making
From the examples provided, it can be seen accessibility standards are both impacted by and impacting on the elements of the
simulation. It is this relationship that prompts discussion about the relationship between online simulation and meeting standards
and the possibility there may be times where it is not only appropriate not to meet the standards, but it could be counter to the
purpose of the simulation. Delineating the key features of online simulation and the apparent conflicts with meeting accessibility
standards allows informed discussion on the topic. There are many arguments against having online simulation meet accessibility
standards (as there are for other forms of online content) and a common argument being due to the physical limitations of a
profession. Consider the situation where an online simulation is be managed, developed, updated by staff who may not be the end
user of the profession, while there may be a requirement for the profession this may not be important to the online simulations. An
example of this is when an employee undergoes a work related accident that renders them unable to meet physical standards of
performance but work as a simulation professional or use online simulations to stay current during their rehabilitation. This
illustrates the positive aspects of ensuring online simulations are accessible.
An additional aspect to consider is around understanding of partial compliance. As WCAG standards conformance is based on the
whole page (or process) being accessible. Therefore, if there are parts of the online simulation, which are non-confirming, then
this leads to a non-conformance of the whole page/process. Therefore, if there are decisions to hold to a model of simulation that
may impact on success criteria this may reduce adherence to the standards. Rather than proposing that an online simulation
shouldn’t meet accessibility standard, there are opportunities to start dialogue with W3C around partial compliance when some
elements of the success criteria impact on the simulation. To ensure the discussion about online simulation and standards can stay
true to the principles of perceivable, operable, understandable, robust (POUR), it is critical is to have a set of criteria to discuss the
characteristics or process to assist the decision making of when not to meet accessibility standards. Therefore, this leads to a third
question, what criteria should be used to determine if there is an issue with these aspects of meeting accessibility standards and
potentially justify online materials that don’t meet the standards?
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1.3.3 Sensory Characteristics: Instructions provided for understanding and operating content do not rely solely on sensory
characteristics of components such as shape, size, visual location, orientation, or sound. (WCAG WG, 2008)

4.

CONCLUSION

There is very little research into the application of accessibility standards in a simulation context. As a consequence, there is little
data about the application of standards and the implications for the outcomes. This paper is a starting point for research into this
topic and raises three questions with respect to online simulations and meeting accessibility requirements: (1) Can online
simulations ever be accessible if the elements they are based on aren’t? (2) What if the process of developing an online simulation
accessible, disrupts the model the simulation is based on? And (3), what criteria should be used to determine if and when an
online simulation should not meet accessibility standards? Thinking about accessibility shouldn’t be bolted on to the design and
development of online simulations. It should be an integral part of the requirements gathering process when scoping an online
simulation. While accessibility isn’t included as a core consideration, we are precluded from having informed discussions about
the WCAG standards and their implications for simulation broadly. This includes discussion about when it may not be appropriate
to meet the standards and why this is the case. These discussions may lead to a greater level of engagement across the sector as we
seek to be more inclusive in our approaches and innovative in the way we achieve this. Hopefully, this paper will precipitate more
interest in the topic to facilitate ongoing discussion and consideration of whose responsibility is it to see the standards more
widely implemented.
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“The message is in the feedback, and the feedback is inherently
interdisciplinary.”

(Annetta, Minogue, Holmes & Cheng, 2009; Wrzesien & Raya,
2010, Hainey, Connolly, Stansfield & Boyle, 2011; Girard,
Ecalle, & Magnan, 2013).

- Gordon S. Brown, former Dean of Engineering at MIT

2.

Although there is a clear, cross-disciplinary consensus reached
about communication being central to any team actions,
however current investigative state-of-the-art displays
inconsistencies and gaps in this area of study. Existing studies
of team work, team communication or team effectiveness
encompass findings and analyses of many fields, including:
psychology, sociology, education, management, marketing,
game-theory, computer science, serious games, etc. Gamebased learning (GBL) research draws from abovementioned
fields of study, and tends to be highly interdisciplinary. Thus,
this interdisciplinary approach for research methods in business
simulation games (BSG) is recommended by scholars and
practitioners of the field (Duke, Geurts, 2004).

Communication in group processes. The definition of a
‘group’ and a ‘team’ from psychological standpoint focuses on
group dynamics. Levi (2016) lists their descriptive
characteristics, particularly stressing the importance of
interpersonal interactions among the group members. Other
definitions - e.g. definition of team by Katzenbach and Smith:
“a team is a small group of people that complement each other,
are engaged in accomplishing shared goal, present similar
approaches towards work and hold themselves responsible for
the outcomes of their own work” (Bitkowska, 2009) - also
underline team performance, complementary skills of the
members, and direct interactions as teams’ core qualities.

1.

INTRODUCTION

On the other hand, there is no standardized methodology for
conducting research in this scope, which results in lack of
sound empirical evidence around serious games effectiveness.
Serious games researchers attribute this fact to diversity of
measures for effectiveness and communication assessment,
multitude of data collection methods, and overall suboptimal
study designs (All, Nuñez Castellar, and Van Looy 2014).
Several researchers point out to the necessity of further
experimental exploration of this matter, as serious games are
discussed in the literature to be powerful learning tools
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COMMUNICATION

Communication is discussed as the main and most important
group process of all of the listed above (Levi, 2016). Therefore,
communicative behaviours of team members took central place
in our research. We believe these qualities to be substantial
components for a reliable and highly relevant examination of
group processes. Therefore, allowing the research design to
deliver reliable and adequate answers for our research
questions.
Communication in experiential learning. Although authors in
the field of serious games generally disagree on the way
learning effectives is reached and measured, the majority of
them agree on the importance of the role of communication in
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experiential learning and serious game-based learning courses
played in teams (Kriz, 2000;2003; Kayes, Kayes, Kolb, 2005;
Kriz, Hanse 2006, Hergeth 2007; Kriz, Nöbauer 2008). Both,
theoreticians and practitioners, take deep interest in
investigation of group communication processes, patterns and
their changes over time (Levi 2016).
Transactional model of communication. Over past decades
several communication theories and models were developed.
For the purpose of this study Barnlund’s Transactional Model
of Communication was employed, as it was originally proposed
for basic interpersonal communication (Barnlund, 1970). This
non-linear model allows us to view the communication process
as transactions, where two conditions need to be fulfilled: (1)
each person is simultaneously a sender and a recipient of verbal
and non-verbal messages, and (2) all parties involved in the
communication are influenced and influence one another. This
implies the equality and simultaneous interchange between the
sender and receiver of the message, making the model a
dynamic and two-way feedback system. This model illustrates
how team communication is a dynamic process that undergoes
constant changes. This is why this model was considered the
closest theoretical approximation of our research situation and
used at conceptual stage of the study.

The aim of this research was to create and test a processoriented methodology applicable for teamwork effectiveness
examination in business simulation games. The main purpose
of the method was to examine dynamics of communicative
behaviours of teams in business game context. Master level

Process- and outcome-oriented research approach. Another
trend in communication research in teams derives from studies
in group development models. These models had been studied
extensively by researchers of group dynamics for over four
decades. A meta-analysis in that scope (Chidambaram,
Bostrom 1996) distinguished two approaches used for group
development models construction and analysis: (1) processand (2) outcome-oriented. This well-established distinction
was transformed into basic principle of the general logic and
methodological approach of this study. In the research process
both, (1) the process- and (2) the outcome-oriented criteria for
communication effectiveness in teamwork were considered.
3.

RESEARCH METHOD

The researchers of computer-assisted learning effectiveness
tend to focus either on quantitative or qualitative methods, with
the quantitative approach significantly outnumbering the
qualitative one (All, Nuñez Castellar, Van Looy, 2014). In this
study the main focus will regard the qualitative measures we
have adopted for its purpose. As for the process-oriented aspect
of effectiveness, we have put into work and transformed a set
of selected psychological tools. A video analysis by trained
behavioural judges was employed to examine communication
patterns of team members’ interactions. The outcome-oriented
aspect was captured by financial outcome of each team in a
business simulation game (see Figure 1. below).
Grouping variable - teamwork effectiveness - was measured by
financial game results of each examined team, expressed by
stock price of their company (in Euro). The final ranking of the
companies (teams) was prepared after the game finished and
next, the teams were divided into two categories: “winning” or

Figure 1. Communicative effectiveness approaches – an overview of the research method structure.
Own elaboration.
business students were examined in their process of gameplay.
Quasi-experimental research design was employed to conduct
the research.
Research question: do the winning and losing teams differ in
terms of their behaviour during the gameplay process?
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“losing”.
The dependent variable - communicative behaviours of
examined teams – was measured through video analysis of
team members’ behaviours during gameplay. The analysis was
run by trained behavioural judges. Well-developed group
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Communicative interactions research method. Also, the
analysis of communicative interactions has a well-established
and verified psychological methodology, and can be transferred
to the field of organizational behaviour studies.
Psycholinguistics offers some precise methods and tools,

especially in the context of verbal and non-verbal
communication analysis. Chosen method is elaborated in detail
in Section 3. (Research Method).

members share a common group identity, understand common
goals of the group, and communicate openly, even if there
occur some conflicting opinions (Chidambaram, Bostrom
1996).
Operationalization of dependent variable: the ratio of
communicative and non-communicative behaviours was
observed in team interactions by qualified behavioural judges.
The experts assessed and categorized the observed behaviours
based on a video recording of a game play situation and a set
of given behavioural categories. There were three categories of
behaviours defined:
•
Communicative behaviour (code: c) – based on the
definition by Goldin-Meadow and Mylander (Tomaszewski,
2008, after: Goldin-Meadow and Mylander, 1984), such
behaviour: (1) contains an intention directed to a partner of
interaction and (2) the behaviour is not an operation on an
object serving other purpose but communication. This
differentiation encompasses speech acts accompanied by
gestures of hands/body/head and also independent gestures
with no verbal communication at the same time.

•
Non-communicative behaviour (code: n) – the
category was set as one opposing the definition of
communicative behaviour mentioned above. This included all
behaviours containing no intention towards the partner of
interaction and serving other purposes than communicating
with another team member. A more specific description of
those behaviours for the purpose of the experts’ categorization
instructions was created based on negative social-emotional
behaviour category descriptions by Bales (Bales, 1950).
4.

PROCEDURE

Subjects. The research was conducted at the authors’
university, during “Strategic Business Games” courses, where
last year, part-time business students of master’s-level studies
played “TOPSiM” managerial game. Four student classes were
researched in total, two of which were profiled in business
management, and two others specializing in finance. Adequate
game scenarios were applied for these two specializations: A –
a less-developed, 4-round scenario for Management, and B – a
more developed, 5-round scenario for Finance. Each decision
round was exactly 90 minutes long, students were making
decision in the classroom and under time pressure. The students
were aged from 21 to 42 (mean age = 27), there were 39 women
and 41 men examined in their class groups. All of the students
had previously finished their courses in finance, accounting,
strategic management, marketing, etc., and therefore held an
equal theoretical preparation for practical application of this
knowledge in the simulation game. Direct preparatory
information given before the strategic business games course
started was provided in the supplied user’s manual reading,
plus by means of a lecture and basic instructions given by the
class instructor.
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Qualitative data analysis procedure. A behavioural analysis by
trained behavioural judges was performed in several steps.
Each judge was a trained psychologist (a Psychology Faculty
graduate), experienced in running behavioural observations.
(1) First, the video material was registered by two video
cameras that were set in the research room (diagonally, both
with wide-angle lenses to cover the whole space of the
classroom from two different perspectives at one take).
(2) Next, the video material was processed for the use of the
behavioural judges: from each decisive round (one and a half
an hour each). The first 15 and the last 15 minute sections were
selected for analysis. The experts were given assessment
sheets, instructions regarding behavioural categories, and
received a training.
The training itself was conducted based on a pilot video
material presenting a sample of previously examined teams that
were not the subjects of this research. The training took 4 hours
in total and included: definitions of the categories, instructions
on assessment sheets, plus a trial hands-on assessment of the
sample video materials. The trial assessment of two 15-minutes
samples gave over 80% of accordance among individual
experts. Therefore, to provide highest internal consistency of
assessment, the experts were asked to work in pairs –
discussing to agree on a certain behaviour categorization if in
doubt.
(3) The research material was then categorized by judges
according to the instructions given: communicative and noncommunicative behaviours were noted and categorized every
30 seconds of the video, for every person from each team.
Dominant behaviours were categorized and noted down.
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•
Individual work (code: iw) – as this study focuses on
computer-assisted learning, we created an additional category
to include into the behaviour analysis: it is associated with
operations on objects, when a person does not communicate
directly with other team members and is busy with individual
activity. For example: reading course materials, making
necessary calculations with computer, tablet or phone, looking
through the simulation outcomes. Such behaviours, when
displayed, were categorized as indirect communication of
cooperation and work to other team members.

Researching procedure. On the starting day of the business
simulation game play, the participants gathered in their
classrooms and were informed by the teacher about the
opportunity to take part in a research study regarding group
processes. The teacher would introduce the researcher, inform
about the lack of consequences of the participation in the
research with respect to the grade for the course, and leave the
classroom (to boost the sense of the scientific nature of the
study, and to separate the research from the standard course of
education). The researcher would introduce herself and
describe the research procedure informing about (2) video
registration of the game play situations by two video cameras
set in the classroom. The information on the collected data
being anonymous, confidential and voluntary given, additional
questions were answered, and the procedure followed with an
invitation to the research. The teacher was invited back to the
classroom and started the class by instructing participants to
form 4-6 person teams (Wolfe, Chacko, 1983). All teams
worked in the open space of the classroom, where two video
cameras were registering their behaviour. We also allowed
students to create their teams by themselves in order to have a
natural team composition, allowing them a better
communication from the start (Faria, Wellington, 1994; Wolfe
& McCoy, 2008; 2011; Thavikulwat & Chang, 2010; 2012;
2015), bearing in mind all pros and cons of such composition.

5.

RESULTS

Communication is a continuous process and the nature of it
determines how it should be perceived and examined. For the
sake of this study we approached the dynamics of
communicative behaviors by combining them in pairs of

winning and losing samples. As the observation samples were
collected and analyzed, a behavioral patterns emerged.
Statistical examination can be conducted and should be the next
step of examination of this phenomenon, in further research.
Winning teams’ patterns are depicted in figures 2-5.
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Figure 2. Behavioural pattern of winning team 1.

Figure 3. Behavioural pattern of winning team 2.

581

2016 - Congress Proceedings

Figure 4. Behavioral pattern of winning team 3.
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Figure 5. Behavioural pattern of winning team 4.
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Losing teams behavioural observations are depicted in figures
6-9.

ISBN 978-0-9925960-2-6

Figure 6. Behaviours of losing team 1.

Figure 7. Behaviours of losing team 2.
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Figure 8. Behaviours of losing team 3.
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Figure 9. Behaviours of losing team 4.
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In winning teams, a pattern emerged. The losing teams did not
display any cohesive pattern of behavior.
6.

MODELED APPROACH

Based on the observed differences in communication behavior
between winning and losing teams, we can identify a recurring
pattern within the “winners” group. There was no particular
pattern detected among the losing teams; the teams under
analysis displayed random behaviors during observation
periods.
Observations of the winning team members’ communicative
behavior patterns were aggregated. Next, a theoretical model
was elaborated on the basis of collected data and observations.
If communicative behavior (code: c), individual work (code:
iw) and non-communicative behavior (code: n) are all defined
as communication actions within one team in a given
(observed) time, we arrive at the following formula:

c + iw + n = 1
Assuming the above equation to be true, it is possible to derive
a basic assumption regarding communicative team dynamics.
It is worth noting that communication in teams is a highly
dynamic process, and a snapshot approach cannot offer
sufficient insight into it as such. Therefore, an approach
considering qualitative properties of communication process
was employed. Consequently, in the next section we focus on
the relative changes in the communicative behavior of teams.
Thus:
∆c + ∆iw + ∆n = 0
This equation translates into the fact that within a given space
and time, a team can change their communicative behavior –
but only at the cost of other activities.
Having constructed these two basic assumptions regarding the
model structure, a model of successful team communicative
behavior in business simulation games was proposed.
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Figure 10. Theoretical model of communicative behavioral changes in successful team in business simulations games.
Own elaboration.
(1) Communication pattern building and common language
formalization. The observed pattern of changes in the
communicative behavior of successful teams shows significant
increase in the level of communicative behavior in the first half
of the game play (see figure 10). However, we have to
remember that the research method of observation was focused
on the number of interactions between the research subjects.
Thus, it depicts growing number of reciprocal actions of each
subject, about any topic. This dynamic increase in
communication acts is considered a process of building
communicative patterns and common language formalization
in teams.
(2) Focus on tasks and the quality of decision-making. After
this initial increase in the level of communicative behavior,
there was a substantial increase in individual work rate
observed (mostly at the price of communication). As the
communicative patterns and formalization of common
language are already in place, this individual work ratio
increase is considered the next shift in winning teams’
behavior. We consider it also the next stage of depicted
process: at this
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point team members focus on their tasks and the quality of their
decision-making (with not much attention paid to
communicative aspects of the process).
(3) Local adjustments. At the last stage of observed process
local adjustments with low frequency fluctuation were noted.
This suggests that successful teams nurture communication
patterns established before, with some local adjustments to
them. A lack of non-communicative fluctuation was also
observed in the model (see figure 10).
For this reason, that non-communicative behavior is
approached as a disturbance to the process of communication.
Nevertheless, non-communicative behavior is always present
and considered an important part of the process e.g. as a stress
and emotions ‘releaser’. In an ideal model, we accept a certain
and team-specific level of its presence, and aim at keeping it at
constant (or within a limited broadband fluctuation) level.
Thus:
∆n = 0
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Figure 11. The 3 phase model of communicative behavioral changes management in successful team in business simulations
games. Own elaboration.
There were no patterns identified in groups of losing teams
under observation. In the scope of monitored behavioral

Formulation of a model based on observations and assumptions
about the process has led us to the idea of model

Basic model had been operationalized by dividing the whole
process into three phases. As pointed below, some specific
actions can be taken by a manager/facilitator within the
theoretical framework of the basic model. This is expected to
result in more efficient and faster establishment of the desired
team communication model (see Table 1). As a result, more
fluent and better-paced decision-making and cooperation
within the teams is expected.

Table 1. Operational model of communicative behavioral changes management in successful team in business
simulations games. Own elaboration.
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categories there were similar (to winning teams) changes noted,
but they appeared to occur too soon or too late in the process.
The emergent analysis of the behavioral pattern observed
among successful teams and the lack of such pattern among
losing teams produced sufficient insight into team
communication processes to allow an assumption of basic
model consistency among all of the observed populations.

operationalization. As a result, a 3-phase model of managing
successful teams in business simulation games was created (see
Figure 11.).

7.

LIMITATIONS AND DISCUSSION

There are plenty of limitations to the model. First of all, the
behavioral patterns were monitored in groups of Polish students
plying strategic business simulation games with one instance of
feedback per round, and with a rather limited number of
decision/play rounds (4 or 5). However, one of our findings is
that regardless of the number of decision rounds, the pattern for
successful groups remained unchanged. Second, the methods
of data collecting and team communication process observation
are at an experimental stage and need to be tested on the larger
scale.
We are fully aware of this being a pilot research that resulted
in an emergent model. The model needs to be closely examined
and tested in different contexts of other simulation games and
among different study groups so that the scope of its
generalization could be determined.
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History is more and more visible in a number of fields and academic debates including
neo-institutionalism (Suddaby and Greenwood, 2009), evolutionary theory (Aldrich and
Ruef, 2006) and strategy (Jones, 2014). We can observe a ‘historical turn’ in social
sciences and organization studies in the recent years (Clark and Rowlison, 2004; Bucheli
& Wadhwani, 2014). Among these growing interest in the context, process and the past
the one of the fields that is experiencing an unprecedented growth is business history.
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This article presents some preliminary findings from a research project initiated in 2013.
The authors of this paper conducted pilot studies in some of oldest Polish organizations
such as Polish Post (458 years old), Wieliczka (972 years old), Ćmielów Porcelain
Factory (225 years old), Fasing (102 years old) and others. Pilot studies included
interviews, studying organizational history, obtaining information about and access to
corporate archives, working with corporate histories and archival materials. Based on
these materials the authors prepared case studies for students. After several class with
students and providing them with histories of the oldest Polish companies the authors
came to conclusion that there is a need to create a simulation game for students to better
understand the role of the history and show that all past things “provide a sense of place
and meaning to present and future generations” (Facca, Aldrich, 2011: 40).
“Simulation is about seeing before being – a tool that paints a picture of a process or
problem showing the consequences of a number of possibilities” (Elliot 2002: 25). The
simulation game will be designed for both bachelor and master students. The model of the
game will reflect the companies’ industries characteristics, problems, and terminology
(Hall 2011). The game will be divided into 10 rounds according to Polish historical
periods. In each round the players, working in teams, will have to make decisions
concerning the strategy of the organization. The simulation game will be conducted on
each class. Before each class students will get case study about the company which will
be the base of the game narrative in next decision round. Students during the game will be
able to use data from a case study to play the game. They will be also able to see the
consequences of their decision and how the external environment influences company
performance. After each round there will a structured debriefing (Hense, Kriz, 2006).
The aim of the game will be to manage continuity of the organization operating in
discontinuous environments. Usage of simulation game to teach business history is
unique. It will help students to understand that history is not only yesterday but also
present and tomorrow (cited in Facca, Aldrich, 2011).
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According to Amatori and Jones (2003: 12) „business history in the broadest sense
includes everything about our business past, from the history of individual firms to that of
entire business systems.”It provides narrative histories of companies, entrepreneurs, and
industries (Kipping, Usdiken, 2008). In recent past the field of business history has spread
thematically (Scranton and Fridenson 2013) as well as geographically as more and more
countries discover the value of cross culturally embedded or comparative studies
(Amatori & Jones, 2003). However not all regions are equally represented in the
literature. One of the regions in which business history remains underdeveloped is Central
and Eastern Europe (Amatori & Jones, 2003).
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ABSTRACT
In many business courses, Business Simulation Game (BSG) are becoming a popular
choice of pedagogical technique. However, the mechanism of BSG and Students Learning
Outcome(SLO) is not clear. It investigates the relationship between SLO and BSG
characters by the framework from Technology Acceptance Model. The result shows there
exists a path from BSG to SLO. These findings may help the instructors to make the BSG
more effective for SLO.
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1.

INTRODUCTION

Using technology in the business class has become one of the
greatest opportunities afforded to business students and
instructors today. One popular method of integrating
technology and instruction is through simulation games, in
which participants were divided into some groups. Faria
et.al.(2009) said that the game can be used to establish a
managerial decision-making context. Each team operates in
simulated markets similar to real markets in different districts.
The task of the companies is to make decisions by which it
can gain the best benefits. Operations cover the combination
of manufacturing, marketing, distributing, exporting,
importing, and financing, 16 runs of game periods were
conducted, decisions were made once a week and after the
program ran the data, it generated company outputs that
included financial reports, production reports and market
researches. The decision-making process in the game is based
on analysis of the company’s history and interaction with
other companies, during which students take different
executive roles in relation to their expertise domains and take
joint effort to achieve common goals of the company. Finally,
the team performance was measured by seven indexes
including net profit, market share, dividend amount,
accumulated tax, net asset, per capita profit marginsand and
profit ratio of capital.
Often simulation games are used as a tool to integrate
information acquired in class and to provide a simulated
business competitive environment. Wide use of the Internet
and increased access to computers have facilitated this
integration of traditional curricula and newly-developed
computer simulation. Meanwhile, many studies have
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discussed the benefits of simulation applications. Even so, few
analysis was quantitative research about how these teaching
tools impact student outcomes. If learners fail to use
simulation games, the benefits of these games will not be
achievable, and if instructors fail to understand how these
games impact student performance together with student
learning outcomes, the teaching technique can’t gain further
development (Wolfe, 2016). To this end, studies of user
perceptions and of simulation games characters involved in
promoting effective use of these games have become
increasingly essential. Prior empirical studies explicate
mechanisms of users’ adoption decisions on the basis of
technology acceptance model(TAM). It has been widely used
as the theoretical basis for many empirical studies of user
technology acceptance and has partially contributed to
understanding user’s acceptance of information systems
(Taylor & Todd, 1995). This study contributes to the TAM
literature by examining the relationship between BSG
characters and students learning outcomes based on TAM
variables. The question is: how can BSG affects students
learning outcomes?
2.

LITERATURE REVIEW

Business dynamic competition has been gradually introduced
into class in recent years, students will experience the six
learning levels of memorizing, comprehension, application,
analysis, synthesis and evaluation in the entire simulation
progress and ultimately improve their awareness capacity.
According to the previous research, learning outcomes can be
classified into cognitive, skill-based and affective outcomes
(Kraiger, Ford, & Salas, 1993).

2016 - Congress Proceedings

ISBN 978-0-9925960-2-6

Email address:
zhuxiaowu@cupl.edu.cn

In 2005, Carlyle Farrell figured that simulation game
characters include: participative, interactive, inductive,
exploratory and reflective, it can stimulate student enthusiasm
for learning and act as a supplement of traditional teaching
techniques such as case studies and so on.

In 2009,Eduardo Salas, Jessica I. Wildman and Ronald F.
Piccolo pointed out that in business simulation class, teachers
should encourage and guide students to participate in games
in an appropriate way, so that not only improve student ability
to apply high-tech learning tools, but also ultimately achieve
their management to enhance performance in practical work.

In 2010, Tal Ben-Zvi studied the feasibility of a business
simulation games as an Information Systems (IS) teaching
tool. He believes that the traditional teaching method applies
only to preach the basic knowledge. Business simulation
games allow students to participate and experience the
Decision Support System (DSS), which is a very effective
way for them to apply the theory of Information System
learned before.

3.

MODEL AND HYPOTHESES

We propose a model, as shown in Figure 1, to answer the two
research questions above mentioned and make the following
hypotheses:

Hypothesis 1: The simulation games character of “inductive”
has positive impacts on students’ participation.

Hypothesis 2: The simulation games character of “reflective”
has positive impacts on students’ participation.
Hypothesis 3: The student perceived usefulness of simulation
games has positive impacts on students’ participation.

Hypothesis 4: The student participation has positive impacts
on students’ exploration.

Hypothesis 5: The student exploration has positive impact on
student learning outcomes measured by cognitive knowledge,
skill-based knowledge and affective knowledge.
Game Characters

inductive

Cognitive
knowledge

reflective

Perception

Participation

Exploration

Learning outcomes

usefulness

Skill-based
knowledge

Affective
knowledge

Figure 1: Framework of BSG and Learning Outcome based
on Technology Acceptance Model

In order to address the objectives of this project, a survey of
participants in the simulation was undertaken. A survey
instrument was developed and administered in class. A total
number of 314 students received a questionnaire and 253 of
them responded to it. Participation in the survey was
592

The first section of the survey instrument sought demographic
data on the students with respect to their prior management
work experience and IT skills. The below demographic data
pretended in Table 1 provided some context for the
interpretation of students’ responses to questions of the
effectiveness of simulations.

The second section of the questionnaire asked students to rate
on a 5-point Likert scale the extent of their agreement with a
series of statements. The scale was anchored by “strongly
agree” and “strongly disagree”. Statements in the second
section of the questionnaire related to the simulation
characters; the extent to which the simulation was perceived
as being more effective than traditional pedagogic
approaches; the extent to which the simulation fostered
student participation and the exploration across functional
areas of business; Statements were also included on the extent
to which student learning outcomes were influenced.
4.

EMPIRICAL RESULTS

The demographic characteristics of the survey as shown in
Table 1 showed that undergraduate students accounted for
45%, the full-time MBA students accounted for 20%, parttime MBA accounted for 35%, different education
background conducive to the objectivity of the results of the
survey.
Description
Education
Background

Table 1:

Sample Description

Item
undergraduate
Full-Time MBA
Part-Time MBA

Number
114
50
89

Percentage
45%
20%
35%

Table 2 summarizes the ratio between Chi-square and degree
of freedom (Chi-square/df), goodness-of-fit index (GFI),
adjusted goodness-of-fit index (AGFI), and root-mean-square
error of approximation (RMSEA) for the model. Chisquare/df value of 2.541 exceeds the recommended 3.0
threshold. Similarly, RMSEA value of 0.078 is smaller than
0.08, indicating it is acceptable. The GFI and AGFI are both
above recommended 0.7 threshold. These results provide
strong support for the model goodness-of-fit in this study.
Item
Chi-square/df
GFI
AGFI
RMSEA

Evaluation standard
acceptable
good
<3.0
[0.7�0.9)
>0.9
[0.7�0.9)
>0.9
<0.08
<0.05

Table 2:

Model fitting results

Value
2.541
0.861
0.819
0.078

Table 3 summarizes the correlations among the variables used
in the analysis of the structural model. Hypothesis1, which
hypothesized a positive relationship between the simulation
games character of inductive and student participation, is
strongly supported (estimate=0.406, p<0.001). Hypothesis 2
predicted a positive relationship between the simulation
games character of reflective and student participation is also
supported (estimate=0.181, p<0.05). Hypothesis 3 predicted a
positive relationship between the student perceived usefulness
of simulation games and student participation is supported
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In 2012, Yu-Hui Tao, C. Rosa Yeh and Kun Chin Hung
concluded that simulation games combine the features of both
"simulation" and "game". Overall, the goal of game is to
determine loser and winner whereas that of simulation is to
identify cause and effect. Students of the same team make
joint decisions taking round game systems, in which the next
round decision over round of simulation based on the results
of the last final ranking based on overall performance
assessment team all round.

voluntary and no marks or other compensation was awarded
for completion of the survey. The survey instrument was
divided into two sections.

(estimate=0.344, p<0.001). The student participation was
hypothesized to positively impact student exploration, the
statistics result is highly significant (estimate=0.651,
p<0.001), providing support for hypothesis 4. The student
exploration has positive impact on student learning outcomes
measured by cognitive knowledge, skill-based knowledge and
affective knowledge, indicating that hypothesis 5 is supported.
Table 3:

Co-variances

Variables

Estimate

S.E.

C.R.

P

LABEL

.406

.122

3.323

***

significant

.181

.072

2.521

.012

significant

.344

.078

4.441

***

significant

.651

.084

7.776

***

significant

.770

.112

6.874

***

significant

Exploration→Skill

1.012

.152

6.642

***

significant

Exploration→
Affective

.917

.123

7.478

***

significant

Inductive→
Participation
Reflective→
Participation
Usefulness→
Participation
Participation→
Exploration
Exploration→
Cognitive
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Lee, Y. H., et al. (2011). “Adding Innovation Diffusion Theory to the
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Intentions to Use E-Learning Systems”[J]. Educational
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CONCLUSION

Secondly, the effect on cognitive knowledge of simulation
games is not that significant so that traditional teaching
techniques such as lecture are needed to ensure cognitive
knowledge acquisition.

Thirdly, students’ exploration will affect student learning
enthusiasm and improve student learning skills.
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Firstly, the most important factor affecting the students
participation is inductive (0.406), which is followed by
perceived usefulness (0.344) and reflective (0.181), so that
before class begins, the instructor should conduct some warmup activities to make students realize how useful the
simulation games are.
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Comparison of the Non-Technical Skills of Surgical Trainees
and Experienced Surgeons
Hannah Gostlow1; Nicholas Marlow2; Camila Vega1; Wendy Babidge2; Guy Maddern1
The University of Adelaide; 2Royal Australasian College of Surgeons

1

Aim of the Education Program.
It is now recognised that surgical competence requires more than just technical expertise to ensure patient safety and
maintenance of standards. Analysis of adverse events in healthcare have found that a large proportion of errors
originate from failure in communication and other cognitive and social skills (known as non-technical skills). In 2008,
the Royal Australasian College of Surgeons implemented a new Surgical Education and Training (SET) curriculum,
incorporating non-technical skills into the core competencies considered essential for a skilled surgeon. Trainees
completing SET now have greater exposure to the importance of these skills: during the trainee selection process;
during clinical training; and during formative and summative assessments. But where does this leave the more
experienced surgeons who completed their training prior to the introduction of SET?
The aim of this project was to compare the non-technical skills of surgical trainees with experienced surgeons to
measure the effect of professional experience on non-technical skills.

Surgical trainees (n=40) and experienced surgeons (n=30) undertook a scenario within a simulated operating room
team environment, during which they were faced with a number of stressors designed to challenge their non-technical
skills. Participants received 20-30min one-on-one debriefing session after the scenario. Scenarios were videorecorded and analysed by two separate assessors. Participants’ non-technical skills were assessed using the NonTechnical Skills for Surgeons (NOTSS) scoring system. Average NOTSS scores of “junior” versus “senior” trainees,
and “junior” versus “senior” experienced surgeons were compared. Trend in NOTSS scores of all participants were
also analysed to determine the effect of years of experience on non-technical skill level.
Evaluation Data from the Program.
Small increases in NOTSS scores were identified as trainees progressed towards Fellowship. NOTSS score then
decreased as years of experience increased. Senior experienced surgeons achieved lower scores than the less
experienced surgeons for all NOTSS elements. The degree of difference in score varied for each NOTSS element,
ranging from -0.88 (Leadership, Supporting Others) to -0.15 (Situational Awareness, Understanding Information).
There was a significant linear decrease in NOTSS score for 6 out of the 12 NOTSS elements: Decision Making –
Implementing and Reviewing Decisions (-0.020 units per year) and Considering Options (-0.015 per year);
Communication and Teamwork – Establishing a Shared Understanding (-0.014 per year); and all three Leadership
elements – Setting and Maintaining Standards (-0.024 per year), Supporting Others (-0.031 per year) and Coping with
Pressure (-0.015 per year).
Conclusions and Recommendations for Future Use and Development.
These results have identified a difference in non-technical skills as measured by the NOTSS score between current
trainees and experienced surgeons. The reason for this difference is unclear but requires further investigation. Nontechnical skills training has been a part of formal training and maintenance of certification in other high-risk
professions such as aviation and anaesthetics. It is worth further investigating the potential of considering some form
of non-technical skills training for all practicing surgeons.
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Application of Advanced Surgical Simulation to a LimitedResource Setting in a Developing Country
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Kimber1,2
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1

Aim of the Education Program.
There has been a dramatic increase in the utilisation of laparoscopic (key-hole) surgery in developing countries (1).
Most current teaching is by live operating workshops and passive didactic methods, with additional attendance at
international laparoscopic courses (2,3). Surgical simulation has been demonstrated to improve the time taken for task
completion and decrease error scores with minimally invasive surgery (MIS) (4). Despite this, employment of
simulation methodology is limited in developing countries (5). There are perceived technical and logistical
difficulties, high-cost infrastructure requirements and intercultural barriers to effective feedback. We present our
experience in delivering an advanced laparoscopic simulation course in Myanmar.
Methods Adopted.

Models used in the course were deliberately created to be inexpensive and easily locally reproducible. Most were
validated previously (6-8). Course faculty circulated to provide instant support and mentorship and candidate
performance was videoed to allow direct feedback after review.
Pre- and post-course questionnaires assessed confidence in MIS skills and previous MIS experience. Common
questions to specifically assess confidence were used in both, grading on Likert-style scale between 0-4. Daily
questionnaires assessing learner experience with the course employed Likert-style scale 0-10 for individual sessions.
Statistical analysis was performed with an unpaired t-test, with a p-value of <0.05 being significant. Results are
reported as the mean (+/-Standard Deviation).
Evaluation Data from the Program.
31 participants attended; 25 paediatric or general surgical trainees and 6 consultants. 42% were female. Most were 2635 years old (81%), right handed (94%) and 5-6 years after basic medical qualification (45%). None of the
respondents had received any formal MIS training apart from short laparoscopic courses.
Questionnaire completion rates were high, ranging from 93-100%. Individual sessions all received high scores
between 8.1(+/-1.8) and 9.2(+/-1.2). Specific post-course questions pertaining to overall improvement in skills base
and usefulness for future practice rated highly with average of 8.6 (+/-1.8) and 9.1(+/-1.4) and range of 5 to 10.
Questions relating to confidence in performing MIS revealed a statistically-significant increase in self-rated
confidence for all aspects except ability to perform laparoscopy independently (Figure 1); P=0.0005 [Q1], p=0.005
[Q2], p=0.02 [Q3] and 0.1 [Q4]. This challenges a commonly-held belief that simulated laparoscopic skills training
may lead to false empowerment of competency.
The free-text responses were encouraged, to shape future iterations. The responses received were very similar to
responses obtained in other courses in the developed world.
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A 4-day advanced simulation workshop was designed, based on learning objectives developed in discussion with
local paediatric surgical team. Both core and advanced skills for MIS in children were included, augmented by
interactive lectures. Practical sessions on 10 laparoscopic simulators allowed for hands-on training in groups of 3
participants. The course was financed by DFAT and conducted under the auspices of the Royal Australasian College
of Surgeons.

Conclusions and Recommendations for Future Use and Development.
The principles and design of advanced surgical simulation can be applied to developing countries. Honest feedback is
achievable, despite cross-cultural challenges, with pre- and post-course as well as daily surveys. New low-cost,
portable simulation devices combined with inexpensive, easily reproducible and validated models make simulationbased surgical education feasible, even in resource-constrained environments.
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Simulation for Telehealth Enabled Smart Cities
Sanjeev Naguleswaran; Kylie Wall

QSPectral Systems
sanjeev@qspectral.com.au; kylie.wall@qspectral.com.au
Background.
Cities are facing increasing challenges ranging from sustainability and energy use to safety and effective service
delivery as population grows. Australia’s capital cities alone house 66% of our population (ABS). In addition, as the
world’s population ages and health systems face increasing economic and resource strain. If cities are to tackle these
population demands, it is imperative to modernise infrastructure. There are a number of initiatives being undertaken
to develop advanced data and information management networking infrastructure for smart-cities, such as Software
Defined Networking (SDN) and 5G. A key component of these technological advances are sensor-based remote
monitoring systems. The recent advent of data analytics and context modelling provides methods to aggregate the
data from disparate sensors in a meaningful manner [1].

Materials and Methods.
Machine Learning techniques were used to determine when simulated activities deviated from the normal. Machine
Learning (ML) is a component Artificial Intelligence that focuses on learning from data. It primarily addresses the
interface between learning, complexity and computation. Research in this area spans many theoretical topics as well
as practical applications. ML concerns the extraction of insights from data, developing predictions to permit data
driven decision-making. The simulation method also samples an exemplar population demographic for a particular
smart-city thereby, accurately representing the health conditions that maybe encountered in active daily living.
Indivualised thresholds and alert conditions can then be determined providing a level of personalised healthcare.
Evaluation of the Innovation.
To achieve reliable autonomous remote monitoring, we need to effectively combine various sensors and associated
technology. Therefore, the challenges are more complex than obtaining information from single sensor systems. This
paper describes activities in an exemplar smart-city dwelling scenario and how monitoring technology can be used to
characterise those activities and by extension, risk situations. Subjects conducting everyday activities within a
dwelling carrying smartphones and tablet computers were used to collect data.
An extrapolation to more realistic scenarios, where the interplay of sensors on and around the body (e.g. fall detectors,
personal alarms and blood pressure monitors), with other technology (e.g. flood detection and gas shut off solutions)
together with the gateway communications and alert methods, can be incorporated within the methodology.
Lessons Learnt and Recommendations for Use.
The potential application of data analytics by extending the method is immense and will be presented. The
incorporation of more ambient sensors into the dataset will provide extra data dimensions and context for MMH to
identify common daily activities such as cooking, cleaning and gardening. The addition of anomaly detection
techniques to the normal data for a particular person may improve safety as well as provide the potential for preemptive clinical intervention rather than reacting to an emergency event such as a fall. This would naturally reduce
the demand on hospitals and other health infrastructure.
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In addition, telehealth has emerged as a viable option for enabling safety and independence [2]. The future of smartcity health care will see a departure from clinical settings, to pervasive health care employed in a persons’ daily life
through advances in technology. The establishment of normal sensor output patterns for a given activity enables
appropriate alerts and flags to be raised to meet individual health requirements. We present MonitorMyHealth
(MMH) [3] a scalable methodology developed through simulating daily active living measured on smartphones that
can accept additional inputs as sensors are added. Therefore, enabling connected health that is scalable, reliable and
robust.
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1

Aims.
1.

To investigate if nursing students living in remote areas of Western Australia are able to demonstrate an
understanding of the importance of learning outcomes after designing and observing an Immersive SimulationBased Education (ISBE) activity on-line.

2.

To determine if observing a recorded ISBE activity enabled on-line learners to identify meaningful learning
outcomes and debriefing points that can increase their understanding of safety and quality in healthcare in the
domains of communication, teamwork and leadership.

This innovative research project investigated whether nursing students in their final semester who are studying on-line
can design immersive simulation based education activities (ISBE) with appropriate learning outcomes that focus on
teamwork and communication and identify debriefing point.
Many student nurses who study on-line often live in regional and remote locations. Consequently, they are unable to
participate in face-to-face ISBE activities which learners living in metropolitan areas can access which presents
challenges to education providers (Fawke & Cussak, 2011; Aebersold, Tschannen & Bathish, 2012). Virtual
simulation activities have demonstrated that they are beneficial to meet this cohort of students’ needs (Aebersold &
Tschannen, 2012). Whilst there are many on-line virtual education programs which enable students to complete
simulated learning activities (Crease, Pymm & Hay, 2011) there do not appear to be any which include students
designing ISBE activities which highlight learning outcomes and debriefing techniques. Hinrichs and Wankel (2012)
used videos of an evolving scenario followed by students discussing the videos. This project was different to Hinrichs
and Wankel’s because it included students identifying the learning outcomes within the videoed ISBE activity and
conducting a virtual debrief of the video. This is important because as Fawke and Cusack (2011) identify, debriefing
is critical to simulation training.
The project aimed to demonstrate that if on-line learners could identify and reflect upon good teamwork and
communication skills, this may result in a cost effective method of developing skills for students in remote areas who
cannot regularly access face-to-face ISBE activities. A further benefit is that on-line simulated learning experiences
provide greater access at a much lower cost than face to face high fidelity simulation courses (Tschannen, Aebersold,
McLaughlin, Bowen & Fairchild, 2012).
Methods.
Students completed a validated questionnaire determining their baseline understanding of ISBE. They were asked to
complete the questionnaire twice more during the semester—immediately prior to undertaking the project and then
again at the end of semester.
In groups of five or six, students they designed an ISBE activity based on a Scenario Design template, including a
detailed plan of how learning outcomes would be achieved and what potential debriefing points should be listed.
Their submission was assessed by an independent panel of simulation experts in clinical simulation.
The students were then asked to critically appraise a clinical scenario designed by their peers, which was also be
independently reviewed by the experts. Finally, students viewed a videoed ISBE activity and completed an on-line
questionnaire about the activity to identify learning outcomes, debriefing points and strategies to support participants.
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Background.

The students were assessed by experts in simulation in healthcare on their design of a simulated clinical scenario in
relation to whether the scenario’s learning outcomes are achievable and appropriate for the participants the ISBE
activity is intended for.

Result.
Results to be reported at SimHealth.
Discussion.
•

Designing and participating in ISBE activities promotes understanding of simulation as a teaching and
learning modality.

•

Pre-graduating students who designed and critiqued ISBE activities may embrace simulation as part of
their continuing graduate education and beyond.

•

As graduates who have recently experienced ISBE activities the skills should be transferrable to the
clinical areas and this may lead to higher utilisation of simulation based resources.

•

The participants will be contacted at six months and a year after the project to determine if they felt that
they had been able to transfer the skills

Conclusions.
Conclusions to be reported at SimHealth.
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A Comparison Between Two Physiotherapy Clinical
Placement Models Involving a Simulation Based Placement
and a Traditional Placement: Is There a Difference in Student
Competence Outcomes?
Dr Penny Moss, Alan Reubenson, Anne Furness, Dr Megan Harrold, Dr Diane Dennis,
Prof Anthony Wright
School of Physiotherapy and Exercise Science, Curtin University
T.Wright@curtin.edu.au

Aims.
The aim of the study was to investigate whether there was a difference in student competence outcomes between a
fully-simulated clinical fieldwork placement and a traditional clinical placement, in students completing the
penultimate year of their physiotherapy degree
Background.

Methods.
Students were randomly allocated to undertake either a fully-simulated placement that incorporated 6 days of practice
devoted to each of the three main practice areas with some time devoted to generic skills (18 days total) or a
traditional clinical placement in which students treated a range of patients as determined by their supervisor. 60
students were randomly allocated to the simulation based placement and 60 to the traditional placement. The 2014
fully-simulated placement was implemented as part of a larger nation-wide Health Workforce Australia funded
project. In 2015 students progressed to their final clinical year in which they undertook placements in the core
practice areas and elective placements in a range of settings. All students were evaluated for their clinical competency
at the end of their first fourth year placement by supervisors who were blind to their third year placement allocation.
This assessment was carried out using the Assessment of Physiotherapy Practice (APP) tool, which is the standard
assessment tool used for the majority of physiotherapy placements in Australia (Dalton et al., 2011). Data were
compared using independent t-tests
Result.
120 students participated in the study and were evaluated at the end of their first final year clinical placement. The
group of students that completed the fully-simulated placement using simulated patient scenarios portrayed by roleplay actors demonstrated significantly better outcomes in terms of APP scores at the end of their first final year
placement than their colleagues who completed a traditional introductory placement. This difference applied to mean
APP grade (p=0.001) and sub-scores for the professional skills (p=0.001) and clinical skills (p=0.001) components of
the APP
Discussion.
Traditionally, the aim of the penultimate year clinical placement has been to introduce students to the clinical
workplace and enable them to practice generic skills such as communication, professionalism and teamwork within
the framework of assessing and treating patients. The results from the current study suggest that a well designed
simulation based placement may provide students with a better preparation for subsequent clinical placements than
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Immersive, high fidelity clinical simulation using actors as simulated patients provides allied health students with a
unique opportunity to develop their clinical competence and confidence in a low-threat environment. Data from a
major randomised controlled trial indicates that students can achieve satisfactory competence levels in placements
where 25% of the placement time involves immersive simulation (Watson et al., 2012). However, there is limited
evidence available in relation to competency outcomes in models where a much greater proportion of time is devoted
to simulation. Brauer et al., (2009) reported a model in which the entire placement involved role play simulation. In
2014 the School of Physiotherapy and Exercise Science at Curtin University conducted a trial in which penultimate
year students completed either an 18 day simulation based placement or a traditional introductory clinical placement
to determine which type of placement best prepared students for placements in their final clinical year. The primary
outcome for the study was student clinical competence evaluated at the end of their first final year clinical placement.

the traditional approach of placing students in the clinical setting with full supervisory support. The simulation model
has been shown to significantly improve student confidence (Brauer et al., 2009). It also ensures that all students have
experience in dealing with common clinical scenarios in each of the main practice areas. In addition, students receive
detailed feedback from the actors (simulated patients) in relation to their communication skills as well as supervisor
feedback. It is clear that this placement, with its strong focus on student learning and preparation, provides students
with a good grounding for subsequent final year placements
Conclusions.
An immersive, fully-simulated clinical placement provides students with key skills and preparation to enable them to
demonstrate clinical competence in their final year clinical placements
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Investigating the Extent Highly Realistic Moulage Impacts on
Learning Outcomes in Simulation-Based Learning
Environments
Dr Brennen Mills1; Mrs Alecka Miles1; Ms Tina Phan1; Mrs Peggy Dykstra1; Prof Claire Langdon2;
Mrs Sara Hansen1; Mr David Reid1
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1. School of Medical and Health Sciences, Edith Cowan University
Office of the Deputy Vice-Chancellor (Strategic Partnerships), Edith Cowan University
b.mills@ecu.edu.au

Methods.
Participants were 50 voluntary students enrolled in a Bachelor of Paramedical Science at Edith Cowan University
(ECU) in Western Australia. Participants were randomly assigned to either the moulage (n=25) or no-moulage (n=25)
study condition. The selected clinical scenario involved dispatch to a train station platform where a person had been
assaulted during a gang fight and stabbed in the abdomen and lower thigh. The patient had not moved since receiving
the injuries and had not been aided or managed by bystanders. Upon entry, participants were informed by the patient
that soon after the incident they felt a sharp pain in their leg. Students were tasked with management and treatment of
the wounds and preparation of the patient for transport to hospital. For the moulage condition, simulated live patient
actors were caked in white facial make-up leaving a ‘pale’ impression, as well as had simulated blood leaking from
the abdominal wound and spurting from the upper thigh wound via use of a pump controlled by TraumaSim staff
observing scenarios through a two-way mirror. In contrast, for the no-moulage condition, the simulated live patient
actor’s wounds were coloured in with red ink and no facial make-up was applied.
Results

Interviews:

Blood was often the first thing students in the moulage condition noticed. These students suggested the blood served
as a visual cue providing immediate feedback that guided their treatment decisions, as opposed to waiting for verbal
descriptions and relying on their imagination—typical of their classroom simulations. Further, students commented
the blood served as a reminder of the injury which couldn’t easily be ignored. Many commented that the moulage
facilitated enhanced immersion within the simulation and drew focus to the task at hand. Some also commented on
they felt it helped them treat the patient quicker.
Task Load:
Of the six dimensions of the NASA Task Load Index questionnaire (i.e. mental, physical temporal demand,
performance, effort, frustration) only temporal demand (“how hurried or rushed was the pace of the task?”)
significantly differed between groups, being rated greater by moulage than no-moulage students (p<.05).
Performance:
Calculation of an intraclass correlation coefficient suggested high inter-rater reliability (α=0.96) between the two
paramedic clinical assessors that independently graded student performances from viewing video-recorded footage of
the simulations. A reliability analysis of the 22 items of the clinical assessment checklist suggested high internal
consistency with a Cronbach’s α=.84. Clinical assessment checklist scores (/22) were significantly lower for students
in the moulage condition compared to those in the no-moulage condition (12.76 vs. 15.72 respectively; t(48)=-2.181,
p=.03).
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Background.
An important consideration of training occurring in simulation-based learning (SBL) environments is the degree of
simulation ‘fidelity’ or ‘realism’ of the skills training. Typically, the higher the fidelity of the learning experience, the
greater the psychological immersion of the student (i.e. suspension of disbelief) which has been linked to enhanced
learning outcomes in simulation (Jentsch & Bowers, 1998; Alessi, 2000; Mills et al., 2016). The use of basic and/or
more sophisticated moulage is one such way to increase scenario fidelity in health education SBL. The potential
benefits of moulage are well-discussed in the scientific literature (Hernandez et al., 2013; Medjoub et al., 2014; Rees
et al., 2013). However, few studies link the addition of moulage in SBL with tangible learning outcomes. Some
education providers are actively steering clear of moulage in SBL environments due to the additional cost and
resource allocation surrounding their inclusion.

Discussion
Our measures of cognitive load, performance and confidence all indicated the moulage simulation condition was
more demanding for students than the no moulage condition, confirming our experimental paradigm was
suitable for testing our hypotheses. Our interpretation of these data is that our participants exposed to highly
realistic moulage with live patients, whilst participating in a typically low environmental-fidelity simulation (i.e.
simulation was undertaken in an empty room void of any real-world environmental distractors) were not
adequately prepared to undertake scenarios with this level of primary and secondary trauma injury ‘realism’.
While these students previously had multiple opportunities to practice the necessary technical skills to perform
well in the scenario, they had not yet done so with the added pressures of realistic moulage. This isn’t to say
these students did not value the experience as a learning exercise, merely that their performance was less than
optimal when compared to their low-fidelity counterparts whose experience more closely resembled typical
classroom exercises. The implications of our results is that additional investment in moulage in simulation-based
learning is worthwhile in that it does work to heighten the realism of simulation-based learning and training.
However, the purpose of the simulation should be clear, as it would seem that the performance of students with
limited experience practicing the skills they are being asked to perform can suffer in these conditions, but still
greatly contribute toward learning.
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Depth of Field: Exploring Ageing – Evaluation of a Digital
Reflective Learning Resource
Dr Gabrielle Brand; Ms Ashlee Osborne; Dr Mark Carroll; Professor Sandra Carr; Associate
Professor Christopher Etherton-Beer
The University of Western Australia, Perth, Australia
Gabrielle.Brand@uwa.edu.au

Aims.
The purpose of this research was to evaluate the reflective learning resource called ‘Depth of Field: Exploring
Ageing’ (Hereby: DOF) that uses photographs, older adults’ narratives and small group work to enhance preparedness
(through pre-flection) and surface medical students perceptions towards older adults1 prior to their first geriatric
medicine rotation. The research was guided by 3 research questions:
1. What are the perceptions of a group of 2nd year medical students towards caring for older adults prior to their first
geriatric clinical placement?
2. How do photographs, narratives and small group collaborative dialogue (Depth of Field) influence reflective
learning in medical students?

Background.
The learning landscape of higher education environment is changing, with an increased focus over the past decade on
how educators might begin to cultivate reflective skills in health professions students. In addition, changing
professional requirements demand that health professionals are adequately prepared to practice in today’s complex
health care systems, including responding to changing demographics of population ageing. Reflective practice can
promote self-awareness, allow for ongoing self-monitoring of professional practice and better prepare students for an
increasingly challenging health environment2,3. A pilot research project4 with medical and nursing students was
conducted in 2014 to explore how photo-elicitation techniques, narrative and collaborative dialogue prompt reflective
learning. The findings strongly supported the use of photographs, narratives and small group work, revealing
enhanced student engagement, and increased reflective capacity that integrates affective with cognitive learning
experiences and challenged participants to explore their own personal and professional values and beliefs, resulting in
a deeper understanding of the older person. This research was the catalyst for developing DOF a reflective learning
resource that utilises documentary style photographs and audio-narrated film of 14 Western Australian older people.
The resource aims to stimulate in-depth discussions, surface unexplored stereotypes and challenge health professions
students through reflection to consider new perspectives around ageing that move ‘beyond diagnosis’ to a more
humanistic model of care for older people.
Methods.
Ethics approval for this research was obtained from the University Human Research Ethics Committee. A mixed
method evaluation design including quantitative (pre-post surveys) and qualitative data (reflective logs) were
collected. Second year medical students enrolled in the geriatric medicine unit as part of a postgraduate 4 year MD
program at the University of Western Australia, were invited to participate in the 1 hour DOF reflective learning
session. 128 students (out of 240 cohort) attended the session during the first week of their geriatrics rotation. The
students completed a pre-questionnaire that included demographics, previous work or close personal relationship with
an older adult and a 13 item validated Geriatric Attitude Scale5. Working in small groups students were shown a
series of photographs of the same older adult deliberately sequenced to promote students’ reflective capacity by
challenging any unexplored assumption or (mis-) conceptions around ageing. No prior context was given only a series
of reflective questioning prompts to discuss in small groups. At the end of the session, students were shown a 3
minute audio-narrated film of the older adult featured in the photographs that were deliberately designed to contrast
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3. What effect does this reflective learning technique have on medical students’ attitudes towards caring for older
adults?

with the assumed narratives constructed in the small groups. This facilitates a cognitive discrepancy between what the
students thought they knew, and the older person’s actual narrative in order to create the tension required for
transformational learning, including shifts in perspectives to occur. The session was concluded with a full group
guided discussion and the post questionnaire, and a series of 5 open-ended questions to take home and guide an
individual 500 word written reflection that was submitted within 4 weeks. A range of approaches was used to analyse
the data including non-parametric Wilcoxon to determine pre-post survey shifts in perceptions of older adults and
thematic analysis of the student individual written reflections to search and analyse for larger patterns, meanings and
thematic convergence6.
Result.
Quantitative and qualitative data indicated that the DOF session generated reflective learning that resulted in positive
shifts in medical students’ perceptions towards older adults. The qualitative reflections were captured in four main
themes: the opportunity provided to Envision working with older adults; the Tension created to challenge learners’
misinformed assumptions, and the work of Dismantling those assumptions, leading to Seeing older people as
individuals.
Discussion.

Conclusions.
DOF is an innovative, brief and feasible simulation-based educational reflective learning resource that can be used to
challenge medical students’ assumptions around aging prior to engaging in clinical practice with older persons.
Care Residents. Journal of the American Geriatrics
Society; 46(11) 1425.
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Within the area of geriatric medicine it has been found that medical students hold moderately negative attitudes
towards older adults, as well as little expressed desire to work with them7. However, educational strategies that
encourage anticipatory reflection or ‘pre-reflection’ are limited in the published literature8. The findings highlight
how visual and narrative methodologies can be used to foster individual and/or collective reflection that potentially
enhances empathy, insight and understanding of the lived experiences of older patients. This includes an awareness of
how therapeutic relationships are influenced by the students’ beliefs and values, often operating at a largely
subconscious level, which can affect their decision making and actions, ultimately impacting on patient outcomes9. It
is imperative that we create space in health professions education curriculum for students to practise reflection,
including the important transformative work of analysing, critical questioning, dismantling and ultimately reframing
perceptions towards older adults.

Australasian Simulation Congress
www.simulationcongress.com

A Hybrid Simulated Learning Module Combining Patient
Centred-Simulation with an Adaptive Learning Platform:
Student Perceptions and Impact on Clinical Placement
Performance
Neil Tuttle; Liisa Laakso; Andrea Bialocerkowski
Griffith University

Aims.
We hypothesised that an appropriately timed, structured, and targeted simulated learning environment would increase
student confidence and result in improved performance on their subsequent clinical placement.
Background.

Physiotherapy students develop knowledge and skills prior to commencing clinical placements and often conduct
fairly scripted interactions with limited ability to integrate their findings and actions. With increasing integration,
students shift to a more dynamic and responsive interaction (2). The progression to integrated clinical practice is
expected to largely occur during clinical placements (3). As a result, students typically require more supervision and
are less productive early in their clinical placements.
We developed a simulated learning module called Transition to Placement (T2P) which was specifically designed to
assist students to transition from their coursework in Musculoskeletal physiotherapy to integrated clinical practice and
replaced one week of on-campus teaching.
Methods.
An observational cohort study was undertaken where the entire cohort of sixty-six physiotherapy students who were
undertaking their musculoskeletal placement prior to commencing their final year undertook the T2P module and
agreed to participate in its evaluation. Their marks during clinical placement were compared with 139 students who
undertook their musculoskeletal placements at the same stage in the previous two years.
The T2P module consisted of two components, 1) Fifteen hours of patient-centred simulated learning activities over
the five days immediately prior to their musculoskeletal placement. Students worked through ten cases in groups of
four with one facilitator and one simulated patient; 2) approximately five hours of independent learning activities
related to the cases. Each day focussed on specific aspects of the therapist-patient interaction which scaffolded the
following days. Prior to day one, students worked through information about the patient including their history,
physical findings, treatment and response. Their deceptively simple task on day one was to assess and treat a ‘patient’
whose responses were already known. Day two focussed on history taking, day three on physical assessment, day four
on treatment and day five on putting all of the elements together into a cohesive whole. The simulations included a
variety of structures and methods. Students interacted with the other aspects of the cases that were not part of the
day’s live simulation using either paper-based information or an online adaptive learning platform. The adaptive
learning platform enabled students to actively interact with aspects of the cases not included in the live simulation. A
discussion of the comparison between paper-based information delivery and the adaptive learning environment will
be presented in another paper.
Two aspects of the T2P module were evaluated, 1) student perceptions including changes in confidence and perceived
impact and 2) Marks on their clinical placement. The APP is a validated assessment tool that is used for evaluating
student performance in all physiotherapy programs in Australia. It consists of 20 questions divided into areas of
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There is a shortage of clinical placement capacity across most health disciplines. Simulation is able to replace part of
clinical placements without a detrimental impact on performance (1). An alternative method of increasing clinical
placement capacity is for students to be more of an asset to the clinical placement sites. If students are more workready when they commence their placements, the load on clinical educators is decreased and the number of patients
treated may be increased. Educators and host facilities may then be willing to host more students. Furthermore,
students who are better prepared at the start of a clinical placement, may be expected to reach a higher standard at the
end of the placement.

professional behaviour, communication, assessment, analysis and planning, intervention, evidence based practice and
risk management rated from zero to four with two being a passing mark. The average score for each group was
calculated and the experimental group compared to a historical control (performance of the previous two cohorts).
Result.
Student responses were overwhelmingly positive. Confidence improved in all aspects of performance. All students
agreed or strongly agreed that simulated learning provided a useful link between theory and practice and that the
module not being assessable assisted their learning. Students in the simulation group had significantly higher scores in
the professional behaviour, communication, and evidence based practice sections of the APP as rated by their clinical
educators (Figure 1).

*
*
*

* indicates p < 0.05.
Discussion.
A five-day simulated learning environment to replace a week of on-campus coursework met with positive responses
from students and resulted in improved marks on their clinical placement, particularly with respect to professional
behaviour, communication and evidence based practice.
Conclusions.
This study demonstrated that a specifically timed and targeted simulated learning environment that replaces one week
of on-campus teaching can improve student outcomes on clinical placement.
References.
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Figure 1. Clinical educators’ ratings of students who had undertaken the T2P module compared with control group as
measured on the seven subscales of the APP (standard errors).
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Liminal Experiences of Culturally and Linguistically Diverse
(CALD) Simulated Patients Revealed Through Narrative
Analysis
Karen Livesay

Victoria University
Karen.Livesay@vu.edu.au
Aims.
This research sought to explore the simulated patient experience with CALD people who had worked as SPs.
Background.
CALD people are underrepresented in simulated patient banks in comparison to population demographics (Everett,
May, Tressler Nowels, & Main, 2005). While effects of simulating on various groups of SPs have been studied
(Lonnere Bokken, van Dalen, & Rethans, 2004; L. Bokken, van Dalen, & Rethans, 2006; Gerzina & Porfeli, 2012;
McNaughton, Tiberius, & Hodges, 1999) and SP groups have been described (Cantillon et al., 2010; Nestel et al.,
2011), little is known about the people who act, as SPs. CALD SPs have not previously been studied.

Methods.
The methodology is narrative inquiry in keeping with a social constructionist theoretical approach. The value of this
epistemology lies in the aim to understand the environment from the perspective of the individual and their
interpretations of reality (Green & Thorogood, 2009). In accordance with the intention to capture values, beliefs and
actions embedded in a particular context, participant stories are collected to provide thick descriptions. Thick
descriptions offer motivations, rationales and driving emotions rather than outcomes and support understanding
through intensive study of individual cases (Liamputtong, 2009). Human research ethic approval was granted.
The convenience sample of 11 CALD SPs was intentionally selected to provide diverse insight. Participants identified
with an ethnic or culturally diverse group and had worked as a SP for at least 6 months.
Each participant was interviewed twice. During the first interview the story is framed. Probing during the second
interview uncovers important sub stories. In a third contact the researcher shares the narrative as an exercise of
member checking.
Narratives were developed preserving the coherence of their account using Emden’s (1998) process. Using an
interpretive scheme of significance, value and intention each narrative was searched for threads of stories and sub
stories. The threads were then examined across all 11 narratives. Through an iterative process of examination and reexamination the threads were assigned to themes.
Result.
Three pure themes: Learning, Identity and Otherness, emerged. These themes encapsulate the changing selves of the
SP through their life journeys and more poignantly their simulated journeys. The CALD SPs talk about and re-live
some of their major liminal experiences within simulation scenarios using cultural content. However, the liminal
process is not only purposive in the recall of the CALD SP but also in the process of the simulation experience as
well.
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To avoid static cultural definitions essentializing ethnic groups (Viruell-Fuentes, Miranda, & Abdulrahim, 2012) the
theoretical framework of intersectionality was used. Intersectionality supported the complexity of individual identities
whilst reflecting contexts and cultures. The liminal process describes the change in any “stable or recurrent condition
that is culturally recognized” (Turner, 1987). The first phase of separation signals the transition and is followed by the
liminal stage. It is characterized by being socially invisible and parodies the SP experience in a simulation of patientnot-patient. The liminal person contemplates their relationship to society and arrives at a new identity passing through
this area to emerge on the aggregation pathway (Turner, 1987).

Discussion.
When an SP performs as a character they can be said to have assumed an identity. Identity is socially constructed and
dynamic (Beech, 2010). CALD SPs move through stages of identity separation and aggregation during simulation
akin to the liminal processes described by van Gennep and modified by Turner (1987).
The SPs describe the dialectic of otherness and sameness as they re-enact stigmatized identities and consider health
care communication through the lens of genuine experience contrasted against the improved vision acquired during
simulation.
Consciously they are advocating for change in health care communication whilst concurrently they develop a vision
of care that represents the ideal. They emerge from the simulation experience changed and aggregate a new but not
always stable identity.
Conclusions.
Understanding the changes to the CALD SPs shaped by simulation presents an opportunity for insight not previously
available. An ethical imperative to de-role thoroughly is a clear recommendation. The CALD SP narratives are
compelling and meaningful to simulationists. The narratives give rise to agreement, reflection or action, but ultimately
the listener defines their own possibilities garnered from new understanding.
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Through the Looking Glass: Analysing the Inclusion of
Children and Adolescent Simulated Patients in Simulation
Based Nursing Education
Andree Gamble

Holmesglen Institute
Aims.
Simulated patients (SP) contribute to health professional education for communication, clinical skills teaching, and
assessment. Although a significant body of literature exists on the involvement of adult SPs, limited research has
been conducted on the contribution of children and adolescents. This research utilises both a systematic review
approach, using narrative summary with thematic synthesis, and reflections on personal experience setting up a child
and adolescent SP program, to discuss the involvement of children/adolescents as simulated patients in health
professions education.
Background.

Paediatric education is most commonly introduced using manikins. Although an excellent medium for teaching and
learning, manikins can limit realism and therefore learner engagement as their communication and behaviour is often
unrealistic and may not reflect the developmental stage or condition required by the simulation role [Haddington et
al., 2013]. Child and adolescent SPs have successfully engaged students in various domains of learning, however their
involvement in education programs remains sparse and questionable. Ethical considerations, consent, validity,
reliability, and feasibility, adequate preparation, training and support using developmentally appropriate strategies can
be challenging areas to navigate.
The aim of this research was to analyse the available literature and generate discussion and recommendations for
future research related to the involvement of children and adolescents in health professional education.
Methods.
A review of literature published between 1980 and September 2014 was undertaken using a variety of databases. The
lack of literature related to the employment of children and adolescents in nursing education dictated the expansion of
the search to the wider health professions. Twenty-two studies reached full text review; following application of
inclusion and exclusion criteria, 15 English language studies involving children and/or adolescents in simulation
formed part of this research. Reflection on personal experience working with children and adolescents as SPs added
to the overall practice recommendations.
Result.
The systematic review and personal reflections indicate that the inclusion of children and adolescents in education and
assessment programs is a viable option for health professions. Five critical considerations that may impact on the
inclusion of children and/or adolescents in simulation based education or assessment programs have been identified.
These are: recruitment, training, participation and support, ethical issues and the impact of CASP involvement on the
learner. Two key additional themes emerged from the analysis: parental and child perspectives. Personal experience
supported these results.
Discussion.
This research focused on identifying recommendations for working with child and adolescent SPs. These include
ensuring the content of scenarios is based on real experience and matches the developmental age and personality of
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Learning through clinical practice has traditionally been the mainstay of practice-based paediatric nursing education
programs. However, this traditional approach is at risk in a health care environment where availability of placements,
shortened duration, access to appropriate learning opportunities, parental control over access to a sick child, the
emphasis on patient safety and awareness of the ethical concerns surrounding students practising on a real child can
hinder learning. As a result of these factors, learners must be prepared in the education setting to ‘hit the ground
running’ so maximum learning can be achieved in the clinical environment.

the child [Tsai, 2004; Woodward & Gliva-McConvey, 1995; Bokken et al., 2010]. Allowing adolescent involvement
in constructing the role enhances their immersion whilst encouraging children to have some of their own possessions
with them during simulation improves their role engagement. Although both research and experience suggests risktaking roles are appropriate if sufficient support is available, scenarios involving death are inappropriate, particularly
for younger children [Austin et al., 2013; Woodward & Gliva-McConvey, 1995]. Where SPs provide learner
feedback, powerful learning outcomes for participants are achieved [Brown et al., 2005; Blake et al., 2006; Hanson et
al., 2002; Bokken et al, 2010]. Although children may not be able to complete long feedback reports, their ability to
deliver concrete and direct feedback is equally as powerful as the adolescent [Brown et al., 2005; Pullon et al., 2003].
Interestingly, the power of financial gain is not paramount for SPs. What is of importance is that SPs are able to
identify more with their own medical care, and make changes if necessary [Brown et al., 2005; Woodward & GlivaMcConvey, 1995; Blake et al., 2006; Hanson et al., 2002]. Even young children, who perhaps are less able to clearly
articulate their thoughts regarding medical care, exhibited a strong reaction to poor interpersonal communication
[Lindsey-Lane et al., 2002].
Key areas for further consideration include recruitment, choice and preparation of children and adolescents for a role,
ethical considerations when employing children, and the impact on tangible participant learning outcomes.
Conclusions.
Although children and adolescents have been involved in simulation for many years, they remain under-utilised in
health professional education. The reducing nature of clinical placement availability and appropriateness, in
conjunction with the patient safety agenda, demands educators adopt a more realistic and feasible strategy to
adequately prepare students and professionals for practice. The results of this research suggest that the involvement of
children and adolescents in simulation for education and assessment purposes is valuable and feasible. The review
identified the potential for harm to children/adolescents; however, rigorous selection, training and support strategies
can mitigate negative outcomes. The ability of children to portray a role consistently across assessments, and deliver
constructive feedback remains ambiguous.
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Using Simulated Digital Role Plays to Teach ‘Soft Skills’: A
Decade of Learning from Experience
Stefan Schutt; Dale Linegar

Victoria University; Oztron Media
Aim of the Education Program.
The team’s experience began with the development of simulated, Artificial Intelligence-powered, browser-viewable
patient ‘bots’ for Monash University, Melbourne as well as nursing staff at Canberra Institute of Technology.
Whereas the CIT product facilitated the teaching of Intravenous therapy, or the infusion of liquids into a patient’s
vein, the Monash University product allowed medical and pharmaceutical sciences undergraduates to interview the
simulated patient and later use this experience to better understand each other’s perspectives by comparing notes in an
online forum.
Methods Adopted.

Evaluation Data from the Program.
Along the way we have used a number of technologies and approaches, and worked with a broad range of clients in
both the healthcare industry and education. This presentation is an honest ‘warts and all’ account of the things that
have been learned through trial and error, and combines both critical reflection by the team and the presentation of
data generated by the people who have used the products.
Conclusions and Recommendations for Future Use and Development.
Our paper will report on the potential and pitfalls of a range of approaches to simulation-based soft skills training
including the benefit and downsides of using Artificial Intelligence-driven approaches as well as a range of other
pragmatic concerns including resourcing, scalability and the navigation of cultural and organisational politics.
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This focus on ‘soft skills’ has been continued in a product currently being developed for the Eastern Victorian GP
Training organisation, which aims to enhance the cultural understanding of medical practitioners working in a range
of communities. This context has seen the development of trainer-editable conversation trees that allow student
responses to be scored, and to program a reaction by the avatar (or virtual character) being interviewed. This product
is now being adapted for use by blood donor staff working in the Red Cross organization.

Australasian Simulation Congress
www.simulationcongress.com

Leading Our Future Doctors to Deliver Better Men’s Health
Care
Christine Fairbank

The University of Melbourne
Aims.
To identify some of the barriers to men’s health examinations for medical students and assess the effectiveness of the
Urological Teaching Associate (UTA) Program to overcome these barriers.
Background.

Our UTAs are men from the community who teach the students inguinal hernia, genital and rectal examinations. We
train these men in the technical and communication skills we want them to teach the students. We also teach them
feedback skills. The UTA tutorials are run by the UTAs themselves. The tutorial starts with an introduction taken by
an experienced UTA, followed by a demonstration where an experienced UTA plays the role of the doctor and
another UTA the role of the patient. They demonstrate exactly what we want the students to learn both in technique
and communication. The students and UTAs split into pairs and each student has a chance to perform the
examinations on a UTA with the other UTA acting as a “buddy”. Each student receives feedback at the end of their
turn.
Methods.
At the beginning of the introduction each student completes part one of an evaluation form. Part 1 asks for some
demographic data, their past experience in performing these examinations and then to assess their attitudes to the
examinations by responding to a number of statements on a Likert scale from strongly agree to strongly disagree. The
attitudes listed included confidence in performing the examinations, cultural factors, religious beliefs, embarrassment,
anxiety, and worry that they will hurt the patient and finally confidence in their ability to interpret their findings of the
examinations. After the tutorial the students were asked to reassess these attitudes as well as assessing their learning
and the sections of the tutorial. These responses can also be assessed for differences between genders.
Result.
We found that for this cohort cultural factors and religious beliefs were not barriers for 95% of the students.
Embarrassment was a barrier for 16 %of students at the beginning but only 5% after the tutorial. There was little
difference on gender lines. For anxiety, 36% of students were anxious at the start. The percentage was much higher
for the women at 50%. After the tutorial the total giving a positive response had dropped to 5% and percentages for
both genders were similar. The results for worry about hurting the patient showed a similar tendency to those for
anxiety, but more marked. Women more concerned at the beginning (65%) and back to similar percentage as men
after the tutorial (13%. At the beginning of the tutorial all students generally had low confidence in performing each
of the examinations and also in interpreting their findings. Both of these were markedly increased after the tutorial.
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For many years, men’s health has been a neglected area both in the community and in the medical curriculum and this
has a cost for the individual, their family and their community. The community expects its doctors to be both
competent and confident in dealing with men’s health. Surveys show the characteristics that men desire in their
doctors. In 2003 Bolton and Lawrenstein surveyed final year medical students at graduation at the University of
Melbourne and found that 17% had never performed a DRE and 50% had no confidence in their findings. The
median number performed was 2. A similar survey in 2005 of final year students in Ireland showed that 24 % had
never performed a DRE and another 24% had only performed one on a manikin. A survey of GPs in London showed
that a significant proportion of GPs did not perform a DRE when indicated by symptoms. The most common reason
was that the specialist would do one. Yet the teaching has been “if you don’t put your finger in you put your foot in”.
This inaction by the GPs suggest there is collusion between doctor and patient to avoid the examination. From the
literature barriers to pelvic examination have been identified. We decided to see if these barriers applied to men’s
examinations and if these were reduced by the urological teaching associate tutorial.

Discussion.
Some barriers to men’s health examinations faced by medical students were identified. These included anxiety, worry
about hurting the patient particularly for women, and embarrassment to a lesser extent. Both sexes had very low
confidence in performing each of the examinations, and low confidence in their ability to interpret their findings
before the tutorial. These showed a marked improvement after the tutorial. Cultural factors and religious beliefs were
not a factor for this cohort.
Conclusions.
The UTA tutorial was very successful in lowering some barriers to performing men’s health examinations. It gives
the students a firm basis on which to build their further experience in wards and clinics.
References.
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Laerdal Technical Services Workshop
Gerrard Allis, Service Manager
Laerdal Pty Ltd
gerrard.allis@laerdal.com

Workshop Overview.
This advanced hands-on technical workshop is ideal for SimTechs and operators wanting a further understanding of
Laerdal simulators and troubleshooting tips specific to supporting insitu training. Numbers are strictly limited to 10
participants.
Expected Outcomes.
•

Learn how to network and troubleshoot SimMan ALS

•

Learn how to network and troubleshoot SimView Mobile

•

Learn how to perform regular maintenance on SimMan ALS

Detailed Description.

Evaluation.
•

Participants will be required to demonstrate basic problem solving and successfully troubleshoot assigned
tasks.
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This advanced hands-on technical workshop will cover dismantling and reassembling the Laerdal SimMan ALS,
including basic troubleshooting and user-based preventative maintenance. This will include replacement of
consumables and some spare parts as well as software and firmware installation and updates.
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Creating a Simulation Alliance or Network: Your “How to”
Guide
KT Waxman; Leone English

Director, California Simulation Alliance; President, Victorian Simulation Alliance
ktwaxman@usfca.edu; leone.english@holmesglen.edu.au
Workshop Overview.
This workshop provides the participant with the tools needed to begin creating a regional or state-wide alliance or
network for simulation users. The facilitators are established leaders of 2 simulation alliances, one in Victoria,
Australia and the other in California, USA. The facilitators will guide participants through the steps necessary to
build an alliance. They will share their learnings in the process and discuss sustainability models. A 10 page
workbook will be provided to participants and an action plan will be established for each participant (or team) to
enable them to move forward after the conference.
Expected Outcomes.
Following attendance at this workshop, participants should be able to:
describe the evolution of the California Simulation Alliance and Victorian Simulation Alliance

•

identify the barriers and critical success factors in the establishment and sustainability of effective
alliances

•

develop an action plan to establish a simulation alliance or network in their own region

Detailed Description.
California Simulation Alliance
•

The California Simulation Alliance (CSA), led by HealthImpact (formerly known as the California
Institute for Nursing & Health Care - CINHC), is a virtual alliance to benefit all simulation users in the
state of California. The purpose of the CSA is to enhance and foster the development of simulation as a
modality for transforming the education of registered nurses and other healthcare professionals. The
CSA is governed by an inter-professional advisory committee, which meets twice a year. A steering
committee comprised of representatives from schools of nursing, medicine and allied health, and
hospitals meets every other month by conference call and twice yearly in person. There are currently
seven regional collaboratives that have their own regional operating committees and meet on a regular
basis.

•

An overarching framework has been established for the alliance, which includes a governance structure,
regional collaboratives and five committees. The purpose of the CSA is to become a cohesive voice for
simulation in healthcare education, to provide for inter-organizational research on simulation, to
disseminate information to stakeholders, to create a common language for simulation, be the voice for
simulation in Sacramento and facilitate state funding for simulation use and expansion. Additionally, the
goals of the alliance include providing a home within the HealthImpact for best practice identification,
information sharing, faculty development, vendor pricing agreements, and scenario development.
Integration into both schools’ and hospitals’ curricula is critical to the success of a simulation program.
The alliance will share best practice models for successful curriculum integration, hold workshops on
this process and, additionally, help hospitals with integrating simulation into their patient safety
programs to meet the national patient safety goals.
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•

Victorian Simulation Alliance
•

The VSA was established in Australia in 2010 and was modelled on the successful Bay Area Simulation
Collaborative (BASC) and Californian Simulation Alliance (CSA). The VSA emerged during a period
of significant state and federal investment in simulation facilities and equipment. The rapid growth in
simulation centres resulting from this funding led to an urgent need for a ‘community of practice’ to
provide support to health professional educators in the development and application of simulation-based
education.

•

The VSA provides a platform for: creating a cohesive voice & a common language; facilitating ongoing
professional development; information dissemination; best practice identification; scenario development
& sharing; fostering collaboration & partnerships; facilitating inter-organisational research; informing
standard & policy setting; identifying opportunities & lobbying for funding and forming global links.

•

Initial governance of the VSA was through a Steering Committee, however in 2014 the VSA became an
‘incorporated association’, establishing it as an independent legal entity, and is now governed by a
Board of Management. Modest membership fees were also introduced at this time.

•

Over the last five years the VSA have: established a well-recognised corporate identity; secured
sponsorship and government funding; informed state-level simulation strategic plans; conducted statewide training needs analyses; offered regular educational symposiums and targeted training in
metropolitan and regional areas; and developed a Simulation Facilitator database.

Evaluation.
Participants will complete the conference evaluation form.
The facilitators will conduct a plus/delta debrief during the wrap up.
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Simulation Coordinator Training (SCT), Un-locking the
Cupboard
Davin Arthur

Clinical Skills Development Service
Aim of the Education Program.
This course aims to provide participants with a greater understanding of the technical skills needed in the delivery of
quality simulation based education.
Methods Adopted.
Historically, technical training for Simulation Coordinators was very limited and offered little if any ongoing support.
Technical failures combined with high staff turnover lead to valuable equipment being assigned to the simulation
graveyard, traditionally a lockable cupboard in a manager’s office. SCT was developed in the knowledge that staff
receiving appropriate training and ongoing support would equate to more effective and frequent training
opportunities.

On-going support is offered to all participants in the form of on-line materials, video conferencing and a dedicated
phone that allows direct access to the Duty Simulation Coordinator.
Evaluation Data from the Program.
Reaction evaluation received immediately upon completion of SCT shows an increased level of motivation and
confidence in participant’s ability to deliver quality simulation education events. The implementation of SCT has seen
equipment usage hours across the state rise from 12,726 hours in 2009 to 81,610 in 2015. This rise can be partially
attributed to the skills obtained during SCT and the on-going support provided to participants.
Without SCT, our service would be unable to manage and maintain the 3500 plus simulators currently distributed
across Queensland’s 70 pocket simulation sites. Providing participants with the skills to operate and maintain
simulation equipment has seen a change occur, the cupboard is now bare.
2017 will see SCT delivered using a blended approach. The combination of e-learning and face to face components
will cut the attendance time from four days down to two, making it easier and more affordable for participants to
attend.
Conclusions and Recommendations for Future Use and Development.
In conjunction with logistical management processes, the development of Simulation Coordinator Training (SCT) has
significantly increased the use of simulators. A focus on establishing a minimum standard of competency with
simulation equipment has a significant return on investment in both quality and quantity of subsequent training
delivered.
References.
1.

Beneﬁts of Training and Development for Individuals and Teams, Organizations, and Society Herman Aguinis1 and Kurt
Kraiger2 1 ... 2009. 60:451–74 The Annual Review of Psychology
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SCT is delivered over four days employing a vocational approach to engage participants in practical activities. This
learning is scaffolded over the course duration, culminating in participants delivering an immersive scenario utilising
techniques learnt during the training period. To establish a minimum standard of competency when delivering training
on full body manikins we utilise a combination of a verification of competency (VOC) and Inspection Preventative
Maintenance (IPM) tools. VOCs are utilised in high risk industries to assess a practical demonstration of the
candidate’s ability to perform a given task in the workplace environment. IPMs are used by biomedical engineers to
provide a standardised approach to maintaining equipment in order to minimise equipment failure.
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The DELTA Approach to Basic Life Support Training Using an
Automated Debriefing Tool
Kellie Britt

Deakin University
kellie.britt@deakin.edu.au
Background.
Simulation scenarios using manikins has been shown to benefit knowledge, skills and attitudes of trainees, which has
a beneficial effect on patient outcomes. ‘Debriefing’ trainees is a vital component to any simulation. Debriefing aims
to enhance self-reflection through feedback by providing specific information on the trainee’s observed performance
with the intent of improving the trainee’s performance [1]. Debriefing has been attributed as the heart and soul of
simulator training [2] with the ability to make or break a simulator session. Literature review shows, there is limited
research on development of automated tools that support debriefing for medical training [3-7].
The aim of using the automated debriefing tool is to identify areas requiring improvement for both trainee and
facilitator
1.

Provide immediate verbal and visual feedback to the trainee

2.

Review trainee or trainee cohort limitations to inform curriculum content delivery

Training Scenario Design
Is based on a set of ‘rules’ to illustrate management of a cardiac arrest in an adult using a high fidelity manikin
according to the Australian and New Zealand Resuscitation Council (ARC) Guideline 11.2 and 11.5. The trainees are
required to perform structured tasks associated with cardiac arrest management which align with ‘rules’.
The ‘rules’ are to be satisfied in a set timeframe based on trainee experience. The trainees will either satisfy the rule,
violate the rule or completely missing the rule.
The Automated Debriefing Tool
Encodes the scenario ‘rules’ to be able to record the trainee’s behaviour to the ideal trainee. On completion of the
training session the trainee’s data is fed into a rules engine and their performance is matched against encoded
algorithm. The tool reports on strengths and limitations of the trainees based on matching patterns between the
predefined rules and recorded trainee performance.
Data Collection
69 data files collected over two sessions a week apart were uploaded into the automated debriefing software tool. The
trainees participated in both sessions. The data is de-identified, each file has a unique trainee number.
Evaluation of the Innovation.
The tool can provide a variety of results including but not limited to; Comparison of trainee to the ideal trainee, cohort
results related to rules satisfied, violated or missed (see diagram A) and comparing a trainee’s data over several
sessions, e.g. comparison of a medical student’s performance in Basic Life Support over their training years.
We observed there are variables in curriculum delivery that may influence trainee performance including;
performance in a ‘practice sessions’ versus performance in an ‘assessment sessions’.
Lessons Learnt and Recommendations for Use.
The tool is seen as essential in supporting facilitators achieve their debriefing effectively by providing a visual
feedback report for both trainee and instructor, so areas requiring improvement are identified and learning goals are
set. The tool has also demonstrated it serves as bases for critical review of the training curriculum to enhance
subsequent trainee performance and ultimately patient safety outcomes.
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Materials and Methods.

Acknowledgment: This research was supported under the Australian Research Council (ARC) grant LP120100598.
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Rapid Cycle Deliberate Practice Compared with Immersive
Simulation and Standard Debriefing for Inter-Professional
Simulation-based Education
Jenni Sokol1,3; Tess Vawser2; Kate Hodgson3; Stacey Gilbert3

Royal Children's Hospital; 2Epworth Healthcare; 3Royal Women's Hospital

1

Aims.
We sought to explore participant perceptions of two methods of simulation-based education (SBE): Immersive
simulation (IS) with debriefing following the scenario1, and ‘Rapid cycle deliberate practice’2 (RCDP), with the aim
of exploring perceptions of these two simulation methods and to enhance the RWH neonatal SBE program.
Background.

Methods.
This 12 month mixed method study occurred over two 5-month periods. Ethics Board approval was sought.
Any medical, nursing or midwifery staff attending SBE could participate. Sessions included both RCDP and IS and
scenario content increased in complexity over time. Evaluations were completed following each session and 3 months
after each time period, with Likert responses and free text to enable quantitative and qualitative descriptive
exploration of participant perceptions of simulation styles and learning outcomes. Participant demographic data were
reported with descriptive statistics.
Result.
153 (6-17/session) staff attended 14 sessions (87 in the 1st rotation, 66 in the 2nd rotation). Of 65 staff enrolled (4
professions-student to consultant level), 41 attended >1 session. RCDP was utilized in 10 simulations and 13 in the IS
style. Nursing, obstetric, and midwifery staff had less exposure to simulation overall, with less exposure to both styles
of SBE. 95% of evaluations were returned. Of those exposed to both simulation styles, 72% returned the 3 month
questionnaires. Evaluations highlighted both clinical content and HF learning outcomes equally. IS were preferred
over RCDP if staff were more senior and as new staff gained experience, as they preferred to go through the clinical
decision making process independently: “allowed play out of common mistakes and challenges, with problem solved,
as well as exposure of consequences of their decisions”, “allowed more realistic situation, better format for bringing
these to surface and learning from them”, “could think about everything and work it out as a team”. Less experienced
doctors and nurses preferred RCDP, due to the ability to re-focus and be guided by the facilitator: “it was good to
recognise mistakes and have the chance to fix them”, “effective at highlighting important teaching points as the
scenario unfolder- good way to learn as an observer”. The medical content of the simulations were common acute
learning outcomes, along with HF principles, whereas HF were recalled more often than the scenario medical content
at 3 months after completion of each program.
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The Royal Women’s Hospital is a perinatal center with 7000 deliveries yearly. Given the high turnover and junior
status of many medical, nursing, and midwifery staff working in the neonatal intensive care unit (NICU), on-going
training is required to ensure proficient care of neonates. SBE forms an integral part of the education program, aiming
to enhance technical and teamwork skills, improve neonatal and obstetric outcomes, whilst being a relevant and
effective educational tool. RCDP and IS provide 2 diverse methods of simulation, but there is little information on
which format is best for learning at different stages of transition from novice to expert.

Discussion.
This study has provided valuable insight and guidance in which to modify our SBE program. Cognitive load on new
NICU trainees was high and the ability to train in a safe SBE environment by the RCDP approach provided necessary
scaffolded learning early in their rotation. As time progressed and experience increased, cognitive load was less and
they were able to fully process both cognitive and behavioural aspects of the SBE. IS allowed the complete cycle of
experiential learning to take place: debriefing at the end of the simulation provided capability to adapt their behaviour
and what they had learned to the following scenarios well as their ability to solve problems together as teams. The
increased recollection of HF more than the medical content at 3 months was perhaps a result of constant repetitive
teaching of HF principles, whereas the scenario content was not repeated within their program.
Conclusions.
The preference of RCDP early on in their practise, and IS later as they gain experience, fit with adult learning
principles3 and cognitive load theory4. The overwhelming recollection of HF, and desire to incorporate these into
their clinical practice was encouraging, although we still need to demonstrate effectiveness through improved patient
outcome.
References.
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Benefits of Simulation Training for Mental Health Staff
Following Critical Events (Mental Health Unit, Critical Event
Immediate Management)
Mary Leonie Curran

Mackay Hospital and Health Service
Aim of the Education Program.
Short, 30 minute simulation sessions, in small groups, to improve critical incident response time and immediate
management in non-traditional simulation settings, such as with mental health acute care unit staff following patientrelated critical events.
Methods Adopted.
Simulation training using manikins in a simulated clinical ward or courtyard, with small groups of staff from the acute
mental health unit, being rotated to the simulation centre, for a short education session. The 30 minute session
includes introduction to simulation training, the simulation, debriefing and replay of the simulation, as required, to
ensure appropriate response and immediate clinical management.

Mental Health Staff were oriented via an introductory talk about the simulation exercise (without revealing the subject
of the simulation) – and their role in the exercise which included one person assuming the role of first responder to a
critical event. They would need to treat the patient and the situation as they would, if they were to come across this
scenario whilst at work in the Mental Health Unit. They could then call for assistance, and be assisted by the other
two staff members in managing the situation.
A simulated courtyard or mental health unit room was set up in the simulation room, with a manikin positioned
according to that particular simulation. Depending on the simulation, staff from the Education and Research Unit
may assume the role of the patient being simulated.
Evaluation Data from the Program.
All staff attending, even those who were initially poor performers for their first attempt in the simulation training
environment managing a critical incident, were very positive about the exercise at the post event feedback session.
Staff reported greater confidence in managing life threatening situations. All felt more able to cope if they were to
find a patient in the situation depicted within the simulation scenario.
Situations similar to those in the simulations have subsequently played out in real time and staff have responded in a
very timely, appropriate and confident manner, with excellent outcomes.
Conclusions and Recommendations for Future Use and Development.
Short simulation sessions targeting key required responses to critical incidents in the Mental Health Unit have been very
successful to date, with additional simulation exercises being planned.
Current simulation scenarios for Mental Health Staff are being continued for new staff commencing in the unit.
Various mental health simulation scenarios are being considered, to improve the management of other clinical incidents
in the mental health unit, for example: hidden medications or weapons, neuroleptic malignant syndrome, oculogyric
crisis, medication management (swallowing, dispensing, liquids), and managing deterioration in the seclusion room.
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Staff in the Mental Health Unit are typically unfamiliar with the simulation centre and simulation courses involving
critical events. They were understandably initially anxious and hesitant about the proposed training, when the
sessions were initially implemented.
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High Volume Nursing Assessments with High-Fidelity Team
Simulation: A Topic Review
Nina Sivertsen; Liz McNeill
Flinders University

Aim of the Education Program.
This presentation is a process evaluation during the delivery of a third year nursing topic to maximize its
effectiveness. It was decided to incorporate simulation as a learning tool as well as extend its use to encompass
assessments of students’ learning objectives using simulation. Simulation has potential to increase competence and
protect our nursing students by offering a safe and reflective learning space (Carson 2013).
In 2016 the School of Nursing and Midwifery had in their undergraduate nursing programme 1074 1st year students,
996 2nd year students and 809 3rd year students. With this, the School performs as a high volume simulation centre
requiring alternatives to individual assessments. Our topic runs during one semester for 3 availabilities of 6 week
blocks, consisting of 7 classes up to 30 students, hence 6 groups of up to 5 students in each.
Methods Adopted.

The assessment consists of a modified patient scenario students have already practiced during their simulation time in
the four weeks prior to the assessment. The assessment scenario has been tweaked to further progress with patient
deterioration leading to cardiac arrest at 5 minutes enabling all team members to participate in BLS whilst waiting for
the Code Blue team, with spontaneous return after 10 minutes.
Overall the simulation assessment consists of team work with up to 5 student members during 3 stations:
1.

Briefing – 5 minutes

2.

Simulation suite – 25 minutes

3.

Debrief – 30 minutes

4.

Individual quiz to test individual student foundational knowledge of anatomy, physiology, pathophysiology and
pharmacology – 30 minutes (the only difference from the previous scenario weeks)

Students are assessed as a team, however anticipating students’ worries about lacking team efforts and impact on
academic results, as well as individual students can only do so much to improve team efficacy, the individual quiz is
introduced and the assessment is individually marked.
Overall there are many reasons for why team assessments are used (Crebert et al. 2011; Chakraborti et al. 2008) in
this topic, such as:
1.

Group assessments encourages peer learning and peer support and many studies validate the efficacy of peer
learning

2.

Peer learning can improve the overall quality of student learning

3.

Group work can help develop specific generic skills sought by employers

4.

Preparation for clinical environments; team work is a given in professional practice and as nurses many will
need to work on and improve team skills and communication skills.
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The simulation-based assessment and activities in this topic require students to demonstrate their ability to
communication with patient and health professional, appropriate use of ISBAR, work as a team, identify and respond
to changes in the patient's condition, evaluate the patient’s response to interventions, and provide documentation in
the patient’s bed and case notes. The students are prepared for the simulation assessment by practicing in the
simulation suite during the 4 weeks prior to the assessment; see table 1 for overview of the weeks and assessment.

Evaluation Data from the Program.
As expected, there are mixed responses from the student experiences. Positive feedback commented on:
-

Being able to manage a situation as a group

-

Practice a CPR situation in more realistic setting environment

-

Dealing with a deteriorating patient whilst waiting for support

-

Management of a group during an arrest situation

-

Apply knowledge and be able to critically think about options

Negative feedback included:
-

Being increasingly nervous as it was an assessment

-

Confusion as to how the group is marked

-

Not knowing equipment in the space eg phone

-

Individual quiz was either too hard or too easy for a selection of students

-

Initial confusion over roles and expectations related to assessment

Reading through the student feedback, the topic still has room for improvement. Whilst we recognize that we are not
able to please everyone, we do appreciate some of the key issues as those which are modifiable and within our
control.
Conclusions and Recommendations for Future Use and Development.
Process evaluation during the delivery of this nursing course continues in order to maximize its effectiveness toward
clinical practice of these soon to be novice nurses.
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Enhancing Nursing Students’ Competence Through
Simulation Based Health Assessment Program
Suet Wong1; Cynthia Wu2; Lorna Suen2

The Open University of Hong Kong; 2The Hong Kong Polytechnic University

1

Aims.
This study aimed to enhance nursing competence and evaluate the effectiveness of simulation based learning in
undergraduate nursing health assessment course.
Background.

Methods.
The quasi-experimental period fitted well with the randomized arrangement of six tutorial groups (approximate 35
students per tutorial group) in the course for the conventional learning mode and the simulation based learning mode
that enabling the project to capture effects of simulation based learning through comparisons. The evaluation
distinguished it from most previous studies of simulation based learning that were conducted in experimental
conditions and did not involve practices in a course setting. The evaluation focused on the students’ performance that
includes both of knowledge, skills, satisfaction, confidence and clinical judgment via interactions with learning
environment built in from the SBHA program, as well as the impact of the instructional design for the SBHA program
in a health assessment course that is offered by one of tertiary institution in Hong Kong. The following research
questions were posed:
1) Was there a difference in competence in knowledge and skills, satisfaction, confidence and clinical judgment
between nursing students who have interacted within the context of the SBHA program and those who have
interacted within the context of the conventional program?
2) Was there any impact of the instructional design for the SBHA program as perceived by student participants
in enhancing their competence?
Result.
211 participants from the General and Mental Health Care Bachelors in the nursing program had completed the preand post-tests and the health assessment course. There was a significant difference in competence in knowledge and
skills in health assessment between nursing students who had received the SBHA program as a part of the content
incorporated into the health assessment course. There was only a significant difference for competence in skills in
health assessment between nursing students who had received the conventional content of the health assessment
course. Eventually, nursing students who received the SHBA program had a higher score for the MCQ that was
significant relative to those who had received the conventional content in the health assessment course. No
significant difference was found for skills in health assessment either for students who received the SHBA program or
the conventional content in health assessment. There was a significant difference in competence in clinical judgment,
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The planned teaching and learning strategies of the health assessment course followed the framework of the
Simulated Based Health Assessment (SBHA) program which had been modified from the health care education
literature. The SBHA program construed simulation-based learning as a process resulting from the interaction of
simulation techniques, human learning capacities, and the social aspects of learning. (Bligh & Bleakley, 2006;
Bradley & Postlethwaite, 2003; Gaba, 2004; Hravnak, Beach, & Tuite, 2007; Lasater, 2007; Nehring, Lashley, &
Ellis, 2002; Parr & Sweeney, 2006; Weller, 2004) This study attempted to polish the SBHA program by addressing
two problems of applying it into nursing professional training. First, the relation between the simulation based
learning process and enhancement of competence has remained unclear. Second, previous studies have yet to define
the relation between the learners’ learning process and their social interaction to engage in simulation based learning
for explaining practical issues, e.g. the common phenomenon that learners’ interaction with the use of human
simulators, the teammates and instructors do not consider as resulting of their performance in the practical
assessment. These problems have led to difficulties in applying simulated based learning, because of the lack of
adequate theoretical support for guiding the design, delivery and evaluation of this mode of learning.

self-satisfaction and confidence between nursing students who had received the SBHA program, relative to those who
had received the conventional program. Students in the SBHA program received higher scores for instructional
design than those who had received the conventional program. Finally, multiple regressions were conducted to
ascertain the impact of the instructional design for the SBHA program as perceived by student participants in
enhancing their competence. As a result, the simulation design was able to explain the significance for the higher
proportion of variance for self-satisfaction and confidence. The Educational practice was subsequently able to explain
the variance for knowledge and clinical judgment.
Discussion.
This study contributed to filling the knowledge gap in understanding the relevant factors affecting the effectiveness of
simulation based learning in nursing courses. The conventional learning mode encouraged two-way interaction
between a learner and a teacher within a laboratory setting could only enhance learner’s skills of health assessment in
this study. Research outcomes from participants who had received the SBHA program were more favourable and
encouraging to support nursing teachers in designing and implementing quality simulation based learning in nursing
courses with a sound theoretical basis.
Conclusions.
The use of simulation could allow more situated, experiential and contextualized learning in the context of a course in
nursing education, as it enabled the provision of real-life scenarios and the consistency of learning environments for
learners engaging in social interaction.
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Using Simulation to Embed the Importance of Comprehensive
Nursing Documentation.
Melissa Lintott; Joanne Purdue
Calvary Mater Newcastle

Aim of the Education Program.
The Aim of the Education Workshop was to provide nurses with the knowledge and ability to distinguish between
comprehensive and defensive nursing documentation and be able to differentiate the current limitations found within
health care documentation.
Methods Adopted.

It is anticipated that when the participants themselves discover how vital comprehensive documentation is compared
to incomplete or sketchy documentation, that they will reflect on their own report writing and strive to change or
modify their practice.
Evaluation Data from the Program.
To evaluate the study day, the nurses were asked to complete an evaluation form that was provided to them at the
commencement of the day. A five point Likert Scale was used to collect the information.:
1=not useful, 2=a little useful, 3=useful, 4=very useful and 5=extremely useful.
16 evaluations were distributed and 15 were returned which equates to 94% participation.
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The method adopted to run this workshop was the experiential learning theory. The learners/participants were
provided a theory component through presentations and discussion during the first part of the workshop. This
provided the foundation of knowledge required. “Experiential Learning theory is when people learn from their own
experience or discovery, rather than by being taught by someone or engaging in rote learning” (NHET SIM). An
actual SAC 1 or SAC 2 incident that had occurred within the hospital was provided to the participants along with the
medical record. Nursing staff were asked to review the medical record and locate certain information that would be
pivotal to a Root Cause Analysis Investigation or London Protocol investigation. The aim of this simulation was for
the participants to experience first-hand, examples of both comprehensive clinical documentation as well as
incomplete, non-existent and sketchy documentation. This highlighted the impact of incomplete documentation on
incident investigations, and emphasised the need for staff interviews to clarify actual events if not recorded in the
medical record.

Some comments from the documentation Practical workshop used to develop and improve clinical documentation
awareness.
•

Absolutely great, scary

•

Time management when to write the progress notes

•

Excellent day, very informative, more aware of importance of thorough complete documentation

Some general comments:
•

Should be mandatory education for all nurses

•

Well delivered, powerful and informative. Reiterated known skills. But empowered me re - escalating and
documentation.

•

Thank you very much for interesting and informative day this should be mandatory/ essential for all staff. It is
so important.

•

All topics presented provided extremely relative information relevant to nursing practice.

•

Thoroughly enjoyed the day thought it might be dry and boring but it turned out to be exactly the opposite.

•

This course should be mandatory for all staff. Excellent – informative day.

•

All nurses could be encouraged to come to this particular course in documentation.

This provided the learners/ participants a completely different way of seeing the impact documentation has on their
practice.
Conclusions and Recommendations for Future Use and Development.
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Simulation is the principles of designing and reproducing some of the real aspects of the working environment
(Maran & Glavin, 2003). This is considered to be moderate fidelity as the realism was recreated by using actual SAC
1 and 2 incidents and the information gained from the medical record. This simulation also included psychological
fidelity as the learners/participants had real “BUY IN” as is demonstrated in the feedback provided.
Recommendations for future evaluation could be a documentation audit of learners/participants to assess the
improvements within documentation processes over time.
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