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Simulation Games for Sustainable Cities and Smart
Infrastructures — Foreword

Simulation and gaming have proven their value in contributing to the analysis and
design of so-called complex systems, such as the development of sustainable cities and
smart infrastructures. Numerous examples of games about urban planning, intelligent
transport systems, social cohesion, and other related themes have been developed,
played, and studied in the past years. In the International Simulation and Gaming
Association (ISAGA) Conference 2017, we aimed at taking the current state of affairs
one step further and move toward a comprehensive theory of simulation games for
sustainable cities and smart infrastructures. During the conference, which was held
jointly by ISAGA and SAGANET (Simulation and Gaming Association The Nether-
lands), hosted by Delft University of Technology, science met practice, and many
academic as well as practice-based games and concepts were presented and discussed.
The result of the scientific contributions is presented in this LNCS book.

The contributions to this book range from design thinking related to simulation
gaming, the analysis of the consequences of design choices in games, to games for
decision-making, examples of games for business, climate change, maritime spatial
planning, sustainable city development, supply chain, and team work factors, up to
games that facilitate (organizational) learning processes or are used for attitude mea-
surement, and the use of VR technologies in games, not to forget the role of de-briefing
in the game process.

In the section “Design and Development,” the focus is on the design process of
simulation games. The articles show the importance of design choices and the influ-
ences of these choices on the game’s effectiveness. They also highlight the role of the
designer as well as the use of accepted design concepts and approaches. In the section
“Planning and Policy,” games are presented that serve as support tool for
policy-making processes. The articles describe how stakeholders can be engaged in a
decision-making process, and how games can facilitate the participation of and dis-
course between them. The perception of games as well as their use for (organizational)
learning processes is discussed in the contributions in the section “Games and Simu-
lations.” Learner activation and individual value of games in learning processes are
topics discussed along with concrete examples of games facilitating, e.g., knowledge
development in the field of supply chain management. In the next section, we give
room to the relatively new and yet underexplored field of “Games as Research
Instruments.” The contributions show how games can serve as research instruments
themselves, and how they can be combined with other research measures in order to
provide both a rich feedback to participants and researchers and a rigid research set-up
for measurement of, e.g.. participants’ attitudes in the transportation domain. Games
that are used for learning processes are discussed in the last section, “Learning.” The
authors introduce theoretical concepts of games as a learning instrument, from
assessment to conditions for learning, up to the role of de-briefing.
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Thus, the 20 selected articles discuss game methodologies for the design and
research of and with games, applications of gaming to tackle the grand challenges of
our society as well as to support learning processes and policy development, new
insights in interface and interaction designs for games, and evaluated applications of
games in real-world settings.

The present collection of articles represents current advances in the field of simu-
lation and gaming, which were presented and discussed at a very constructive and
energetic conference in Delft, the Netherlands. The editors wish to thank all contrib-
utors to this book, reviewers of the articles, as well as all participants of the ISAGA
2017 conference for adding to this important and still-growing field of research that is
strongly related to its application domains. We also want to thank Maria Freese and
Shalini Kurapati, who helped us process all contributions to the conference. We look
forward to future exchanges and further advancements of our exciting field of research
and design of simulation games!

April 2018 Heide K. Lukosch
Geertje Bekebrede
Rens Kortmann
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Design Thinking: Project Portfolio
Management and Simulation — A Creative Mix
for Research

Saeed Shalbafan®™® and Elyssebeth Leigh

University of Technology Sydney, Ultimo, Australia
saeed. shalbafan@gmail. com

Abstract. This paper takes de Bono’s explanation of ‘design thinking’ as the
starting point for a report on a doctoral research project that began with a
conventional ‘why?’ question, and then, instead of looking for an ‘explanation’,
chose to look forward in time to establish an understanding of ‘how to’ think
differently about a recurring problem. The catalyst for this work was observation
of otherwise competent managers making desperately wrong decisions when
good decision making was crucial to their company’s future. The initial choice
to ‘look forward’ when designing the research strategy was made well before
there was a clear understanding of what was being observed. Given that tra-
jectory, this paper explores the process by which a simulation was created and
then used in conjunction with a comparatively new approach to data collection
(Explanation looks backwards and design looks forward [1].).

Keywords: Design thinking - Project portfolio management
Cynefin knowledge domains - Sense making in complex contexts

1 Introduction

It all began with a series of increasingly worrying decisions that seemed to be at odds
with what was otherwise known about the capabilities of the decision makers. The
context was a project portfolio management (PPM) office which was thrown into chaos
as the events of the Global Financial Crisis (GFC) began impacting on the rate of
business growth in Australia. A comparatively new member of the PPM team was
expecting to see considered and thoughtful attention being given to the quality of
decision making as conditions worsened. Instead attention to decision making seemed
to be haphazard and lacking in the kind of thoughtful focus needed in times of stress.

As time passed the idea of researching the nature of what had happened emerged as
a doctoral research proposal. The initial questions were focused on why things were not
better managed and the research began with that in mind. At first the intention was to
conduct research directly within the context of what had been observed. However,
those poor decisions had proved costly enough that the observer, along with other staff,
was eventually out of work, as the number of projects dwindled and there was no
longer a project portfolio office to research. Although that seemed a death knell for the
research, it took it in an entirely new and creative direction. Instead of asking ‘why’ the

© Springer International Publishing AG, part of Springer Nature 2018
H. K. Lukosch et al. (Eds.): ISAGA 2017, LNCS 10825, pp. 3-14, 2018.
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decision making was not of a better quality, the research focus shifted towards
understanding how to help others, facing similar situations in future, make better
decisions by looking forward rather than back. de Bono [1] noted that ‘explanation
looks backwards and design looks forward’, and since it had become impossible to
seek explanations about those past events, the opportunity was emerging to apply the
painfully garnered observations to the task of developing an understanding of ‘how to’
think differently about a recurring problem.

This paper reports what happened when the focus of the question changed. Design
thinking came to the fore, and a unique simulation was designed to assist in researching
the process of thinking differently about an unfamiliar situation. The initial thought had
been to use an existing simulation game to simulate the context of PPM decision
making. The simulation was to be the replacement for an organisationally based case
study. As organisational life cycles are becoming shorter and less certain, it made sense
to create a similar environment that would remain under the researcher’s control for
studying decision making. Lack of access to confidential information about those prior
strategic decisions was another issue supporting the idea of using simulation. The aim
was to create opportunities for participants to act ‘as if” decision makers in a role play
context while allowing the observer to understand how decision makers make deci-
sions. Key challenges emerging from these initial thoughts, included the extent to
which existing designs would be a fit with the context of decision making in PPM,
while providing sufficient relevant rich data for analysis. Each of these concerns were
addressed in the process of developing a more creative view of the presenting problem
which, in turn, led to the design of a unique simulation for use as the research
instrument.

2 The Background

The observer/researcher had started working as a skilled migrant in a new country. The
homeland with its rich history for addressing complexity and uncertainty was a place
where, to survive, people must be forward thinking in their day-to-day life. During the
observer’s social learning in childhood each plan was understood to need a plan B to
respond to unexpected events. Having arrived in a country famous for its luck in policy
making and blessings for its rich natural resources, this approach did not seem to be
much of importance for senior managers. Observation of local management practice
began to reveal indicators of an absence of a holistic view about resources utilisation,
as well as poor/delayed responses to the need for setting strategic direction — both
indicators of problems in senior management decision making.

The crisis occurred for the observer’s employer when funding limits were suddenly
imposed on a major project. The corporation was derailed from its flourishing practice,
and the business unit absorbed into other units. The company vanished from the market
within three years. The observer’s initial re-action had been a desire to help senior
management teams avoid further such crashes arising from poor decision making. The
lack of a holistic view, and an absence of tools to promote its benefits, had been
identified as two factors indicating the need to work on a framework for implementing
a better approach to PPM in the corporation.
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Discussion with senior managers, and reviews of publications, created a project
portfolio road map focusing on resource utilisation and timelines as the core of an
exercise to improve efficiency in regard to selecting and prioritising projects to align
with available resources [2]. This was to support a single case study for the PhD project
and had, indeed, begun to show its value. The sudden, unexpected market changes,
coupled with growing competition and side effects of the GFC in 2008 [12], forced the
company board to re-shuffle the organisation chart, downsize and eventually sell the
business within a very short period. The observer was a new comer to Australia, and
the employer had been the only reliable source of research data, as well as a good
context for researching use of a multiple projects structure. However, as the changes
took effect the research shifted from a case-study to an entirely new approach. The
resulting journey let to the design of Hooshmand-1 — a bespoke simulation designed for
the purpose of researching the problem, which has now been adopted for use in
education programs in Australia and overseas. The research also changed focus, pro-
ducing a forward-looking, rather than a backward-facing research dissertation, as well
as a number of intermediate research papers (e.g. Shalbafan, Leigh et al. 2015).

3 Design Process

While design thinking, as a term and a method, is still somewhat contested, it is
generally considered to be method allowing practical, creative exploration of problems
leading to solutions that are ‘emergent’ rather than pre-defined. Its use encourages
consideration of both present conditions and future needs and interests. Design thinking
may produce a number of alternate solutions, rather than a single ‘first best fit’ out-
come. In this regard it is fair to say that there were several options available at the
beginning of the research, yet none of them were so obvious as to automatically rule
out any of the others. This led to a time-consuming, and at times painful, series of
action learning cycles. Each of these had three distinct goals. The first was to identify
key features needed in a simulation to serve the emerging purpose of the research. The
second was to identify whether any existing designs might meet these criteria. The third
was to work out the logistics for making use of whatever design proved to be most
suitable. Two key underlying assumption were, first that the data-collection aspect of
the research would use decision makers already employed in senior levels of man-
agement with experiences in a number of different industries; and second, that the
action would explore how they made decisions when facing the kind of unexpected
events commonly called ‘Black Swan’ episodes [19].

3.1 Trialling Existing Designs

A number of diverse designs were identified and some were trialled with volunteer
participants. Key and essential features needed for developing a successful research
tool, were unclear at the beginning, and each iteration brought only a very rough
approximation by the end of each trial. Fragments and evidence to support the ideal
simulation were collected and analysed throughout the cycle of trials as the process
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began helping to uncover what an effective simulation design - that would be fit for
purpose — could look like.

Each trial took two to three months for completion beginning with identification
through to enactment, examination of outcomes and conclusions about what needed to
be sought next. There was a clear ‘tipping point’ that shaped much of the ensuing
process during the first trial of a role-play simulation which had been originally
designed for exploring communication and decision making in academic settings. This
was called WipWap and was the outcome of a Master research project [11, 12].

WipWap was re-crafted to compress time to create a learning environment for
volunteers to assess pre/post knowledge of decision making in PPM. The game pro-
vided a good model of a setting in which to engage participants in group decision
making, a factor which informed the final design of Hooshmand-1, but was otherwise
deemed not fit for purpose. Key lessons emerging from enactment this simulation,
included the observation that cause-and-effect relationships and linear/non-linear
behaviour could not be understood by participants at the same time as their activity was
causing the process to slip into chaos. This was the tipping point that changed the
research question from ‘why?’ to ‘how?’

Keeping in mind that the research aim was to study PPM decision making in
complex situations, with the goal of supporting effective strategic direction setting, the
intention was to explore how to implement PPM as a vital contributory mechanism. An
anticipated outcome would be to provide corporations with guidelines to reduce the
chance of failures in executive decision making. After this first challenging simulation,
conducted with volunteer participants, it became obvious that many were unable to
make a connection between their knowledge of PPM and their performance in the
simulation. This was interpreted as an indicator of the absence of consensus on a
definition of PPM as included in organisational structures. This led to abandoning the
intended pre-test/post-test strategy for assessing participants’ understanding of the
Project Management body of knowledge. Instead, the focus shifted to a consideration
of whether self-proclaimed ‘rational decision makers’ are making decisions based on
their emotions. Thus emerged the second tipping point contributing to the final design
of the new simulation and its associated research questions.

After observing the first iteration of this simulation, the observer/researcher realised
that many beliefs and assumptions about the linear behaviour of decision makers, and
the timing of associated actions, were not working well. It became clear that a different
approach would be needed to create meaningful results for the research project.
Analysis of these observations resulted in a shift to a research method that would
involve moderating factors such as facilitation processes in the design of a simulation
to help form a research study that would have some degree of control over the out-
comes of participants’ actions.

The second iteration was a simulation game — AirPower2100 - developed for use in
re-shaping decision making in regard to flight and maintenance schedules on a military
air base [7]. Its design was diametrically opposed to that of the first trial. In this design,
every action was followed by an instructor’s permission to take the next action, so
participants had far less freedom of action. It was played for one cycle of activity (the
full simulation involves two cycles) to develop a sense of whether a conversion could
be made from the original design for air force training, to an executive decision making
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simulation. The immediate conclusion was that the existing design could not support
the kind of communications and freedom of decision making familiar to those working
in the context of a PPM office. However, observing this enactment showed the value of
including strict rules in the role play to achieve desired the objectives. This finding was
central to the design of the facilitation process for use in managing Hooshmand-1.

3.2 Encountering Cynefin

Both simulations thus failed to provide an effective context for referencing theories
relevant to PPM. Both also demonstrated aspects of the non-linear nature of decision
making in complex problems. An additional problem was also emerging at this time -
the recruitment of volunteers was becoming more difficult than had been expected. This
triggered a curiosity leading to investigation of the Cynefin framework [10] as a tool for
studying decision making in complex situations.

The Cynefin model proposes that we encounter knowledge in three modes across
five domains. Knowledge modes are either ‘Ordered’ (systematic and structured),
‘Unordered’ (complex, without pre-determined form) or ‘Disordered’ (without form or
knowable structure). Within these modes the Domains are ‘Obvious’ and ‘Compli-
cated’, in the Ordered mode, ‘Complex’ and ‘Chaos’ in Unordered mode, and
‘Disorder’ stands alone. Each Domain represents a way in which knowledge is received
and responded to; individual capacity for awareness to context, impacts responsiveness
to conditions in which we find ourselves.

The Obvious domain is the most familiar of the knowledge domains. We are
usually comforted by the appearance of the orderliness of things, and prefer not to
depart from it. Unless there is reassuring guidance. Such guidance usually comes in the
form of ‘expert help’ to introduce us to the ‘hidden order’ - which is knowable and
accessible — in the Complicated domain.

The comfort of these ordered modes is very different from the uncertainties of the
‘Un-ordered’ knowledge domains, where there are no absolute certainties. Knowledge
in the Complex domain can be sought but is not readily evident. So there is much
‘shuffling of feet” when conditions seem to be sliding away from our ‘comfort zones’.
However, if we plunge in, we become adept at the essential tasks of checking
assumptions, and learning to ‘probe’ for meaning, developing a capacity for ‘making
sense of” what confronts us, and finding ways to manage unfolding events. There will
be time, later, for reflecting on the quality of responses. The Complex domain
necessitates reducing dependency on experts, and increasing proficiency at designing
our own strategies and actions. Taleb’s ‘Black Swans’ (ibid) may be found here, and
also in the ‘Chaos’ domain — depending on their severity and impact.

The Chaos domain is evidenced by an absence of causes, rules or guidelines for
action. While, in truth there may be, they may not ever be fully understood - so we have
a choice — flee, or take action to reduce the confusion. Life is often going to be chaotic,
so becoming able to take action and make sense of what happens reduces the need to
rely on someone else rescuing us from uncertainty. When we confuse Chaos and its
opportunities with Disorder we may flee into denial and attack others (things and
people) who seem to be causing the ‘chaos’.
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Finally there is the pivotal domain of ‘Disorder’ around which the other four are
arrayed. As Cynefin is a conceptual model for thinking about knowledge, the posi-
tioning of ‘Disorder’ as the central pivot is not so much a tribute to its importance, as
an indication of its potential for destruction. Disorder is to be feared. It is the name of
all those nameless dreads that induce fear and cause individuals to flee to the known
and ‘safe’ context of the Obvious, while failing to realise that uncertainty and ‘Chaos’
are merely learning tools with which to tackle a future that is forever unknown but
always coming. An idea was forming about the possibility of creating case-based
scenarios to replicate features of the chosen Cynefin domains. Of the five, the ‘Com-
plicated’ and ‘Complex’ domains became central to creating a design incorporating two
scenarios.

3.3 Establishing Realism and Setting Parameters

The process of developing a theoretical framework for a simulation is always chal-
lenging and the context needs to be finely tuned, if it is to be realistic. As part of the
search for a framework the researcher interviewed a professor in PPM who had
completed research using multiple case studies on the nature of uncertainty in PPM
decision making. An exchange of ideas and information, with professor Yvan Pettit,
provided great insight into existing research work on uncertainties and mechanisms for
managing their impacts on decision making processes [14]. Discussion of those case
studies helped to create fictional scenarios and refine the research questions into a more
precise format.

The final design elements emerged through the opportunity to attend a classroom
exercise for postgraduate students enabling observation of several factors allowing
integration of key theoretical components into a simulation game. The exercise
occurred after a lecture about PPM tools and their application [15].

On the first occasion the researcher attended the event to observe its operation. On the
second occasion, the chance to participate with the students was taken up. The game
included an embedded decision making process for project selection and introduced
different methods of presenting data and the participants’ judgements of the data [9]. This
simulation included a short pilot to help participants become familiar with the objectives;
while the main session was intended for individual participants to work out their solu-
tions. All this was followed by a group discussion about the final agreed solution/s.

Participating with the students illuminated key aspects of theory in PPM decision
making - including decision criteria, objective setting, and how individual judgements
can be influenced by the presentation of information. This triggered the researcher/
observer to extend this aspect of the design to the emerging simulation as an index with
which to measure the dynamics of peoples’ judgements while the decision-making
environment is changing.

These experiences provided the features that together showed how to develop a
promising design for a new game. This final step, enabling the transition from sense
making of fragmented observations and cues, to use creative thinking and relying on
intuition, proved necessary to achieve a successful outcome. Table 1 summarises the
results of these experiences in relation to the development of the simulation
Hooshmand-1.
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Table 1. Summary of thinking for different components of the simulation Hooshmand-1

Data description Stream | Step | Collection/presentation tools

Warm up game and briefing Input 1 A short game to make participants
familiar with each other

Facilitated Simulation Input 2 Timer on Wall, Roles and Scenarios
(Papers)

Time of Completion, Value Output |3 Report Sheet 1/Data for Time/value/

of Decision, process of Consequences of decisions, consensus

decision making on final decision

Facilitated Simulation + Real | Input 4 Timer on Wall, Roles and Scenarios

Time Events (Papers), Emergency Letters

Time of Completion, Value Output |5 Report Sheet 2/Data for Time/value/

of Decision, process of Consequences of decisions, consensus

decision making on final decision

Short stories if Input 6 Flip chart and sticky notes

individual/group reflection

Recorded Audio - Video Output |7 Facilitated Reflection

Emerging Patterns Output |8 Narrative analysis by using sense-maker

3.4 Assembling the Components

Having decided to use Cynefin as a framework, the contexts for scenarios 1 and 2 of the
simulation were constructed so as to resemble a Complicated and a Complex world. At
this stage, the concept of a ‘sense making process’ was becoming available as a tool to
understand complex problems and it was agreed that the SenseMaker software [17] was
a suitable tool with which to analyse participant post-event narratives.

3.5 Trials, Tribulations and Changes

Table 1 summarises the thinking behind the different components of Hooshmand-1.
Once these elements were in place, a set of draft materials was prepared for an initial
pilot session. This first session had an estimated length of 4 h - however it actually
lasted 7 h. The key lesson learned at this point, was about the essence of having a
strong and clear — but short — verbal briefing to provide essential background infor-
mation. On this first occasion everything was in writing, which proved to be a
time-consuming mistake. The second observation was that participants enjoyed the
interactive session at the end where they were asked to prepare a group presentation to
the other teams, however this too, was very time consuming. As the aim was to engage
senior executive managers in the simulation process, and it is self-evident that their
time is scarce, there was a clear indication of the need to improve the design to ensure it
held its sense of realism but was more time efficient.

The second pilot session began with a verbal presentation, but participants com-
pleted only one scenario because they ignored all the alerts for finishing on time and
could not arrive at agreed solutions. A key improvement gained from this experience
concerned the importance of enforcing good time management via the facilitation
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process. A bell alarm and countdown calendar were added to the space of the simu-
lation to make time more tangible and create a sense of urgency in participants during
the decision-making process. It was also decided to create a road map — as a source of
key information — to give to the team leaders for use as they saw fit with their team
members, so that all individuals could better grasp the information.

By this time, the facilitation process had been standardised through use of a sim-
ulation protocol, which was helping the researcher ensure there was minimum variation
between multiple simulations, from a process perspective. The members per group was
set at a minimum of three people per group, to ensure a balanced, but minimum level
of, communications channels in favour of process efficiency. Introduction of a ‘role
rotation’ was recognised as a valuable addition and included during the final stage of
the design. This was introduced as an additional element and put into action between
the two scenarios to avoid any sense of a negative bias on role performances. Figure 1
illustrates the completed simulation design for Hooshmand-1.

Legend
1- Simulation game, non-challenge
2- Simulation challenge game

Chal | engeS 3- Simulation challenge, non-game

4- Game challenge, non-simulation

Fig. 1. Simulation, challenges and games relationships (Sa. Silva, Pedrosa et al. 2011, p. 66)

Recruiting for participants was the next challenge, as professional people were only
available after working hours and persuading them to participate was difficult. The key
message emerging from this aspect of the research process was the importance of
providing the opportunity for self-imposed challenges on individuals’ decision making
capabilities in uncertain conditions. The growth of complexity in business was a key
driver encouraging people to come to the assessment lab and explore how they deal
with unexpected and changing conditions. Hooshmand-1 has a number of embedded
components including communications processes, group decision making and
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interactive dialogue to facilitate the process of sense making in two increasingly dif-
ficult scenarios where participants have only limited information available for arriving
at final decisions.

4 Applying Hooshmand-1 to Research PPM Decision Making

Silva et al. [15] state that simulations, games and challenges have common areas as
shown in Fig. 1. Their Venn diagram shows that depending on the designer’s desire to
use each/any of these three concepts, four additional areas may be identified in the
common/overlapping areas between each pair of the three components.

Simulation game, non-challenge engages participants to interact with an imitation of
a system based on real world settings within defined rules of a game. According to
Hussein [4] there is still little research on the use of simulation games for learning
about/exploration of project leadership for individuals responsible for identification and
execution strategies in relation to projects in the early planning phase. Hooshmand-1 can
be categorised as a ‘simulation challenge game’ in this model, since it generates an
open-ended simulation of project portfolio management for research purposes, in which
participants play designated roles without there being a defined resolution at the end [17].

Four runs of Simulation Hooshmand-1 with 33 participants has proved this to be a
successful design that creates space and time for participants to learn through an
interactive process of decision making. It also exposes individuals to deeper awareness
of their sense making skills as well as factors influencing group decision making.

As the research process evolved it became evident that the concept of ‘Groupthink’
[5, 6] could contribute an explanation of the causes for misjudgements and poor
decision outcomes. Figure 2 presents an analysis using aspects of the concept of
‘Groupthink’ and its impact on decision (especially defective ones) based on evidence
observed in four simulations. Antecedent conditions are listed at A, B1 and B2.
Decision makers were from different group without any joint experience prior to the
simulation. A key organisational fault emerged in the form of the insular way in which
groups worked in isolation from each other, although this was not forbidden by the
rules of the simulation. An absence of pre-agreed norms meant that participants had to
decide how to work together and make decisions. None chose to do so. Conflicts arose
because of (a) imposed time pressures, (b) increasing complexities and difficulties of
working in an unfamiliar (although representative) context, and (c) the PPM tools
introduced in Context 1 and Context 2.

Symptoms of Groupthink indicate problems can arise such categories as —
(1) overestimation of capability, with an illusion of invulnerability, (II) closeminded-
ness that can suffocate critics of an apparently, group-collective position, and
(IIT) pressure to uniformity - manifesting as self-censorship [19]. The symptoms of
Groupthink manifested during the simulation showed up as type II and type III -
especially rationalisation and stereotyping of the PPM process.

Participants’ feedback, from the four completed events, has confirmed that the design
of Hooshmand-1 provides a context ‘close enough’ to their real-world experiences
(Figs. 3 and 4).
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Antecedents conditions

A

Decision makers constitute Cosn:::('li':gce

Diversified team members (Groupthink)
Tendency

+

B1

Structural Faults of organisations

* Insulated groups

«  Lack of norms requiring
methodical procedure

+

B2
Provocative situational
Conflicts
+ High stress from time
pressure in Hooshmand-1
+  Low Self-esteems temporarily
because of
1. Excessivedifficultiesin
current decision tasks in
Hooshmand-1

=

[

Symptoms of Groupthink

Type ll

Closed-Mindedness

« Collective
rationalisation

+ Stereotype of PPM
decision processes

Type lll

Pressures towards

uniformity

« lllusion of unanimity

=

D

Symptoms of defective

decision making

* Incomplete search on
available information

« Undecided groups in
Chaos or Dis-ordered
domains of knowledge

4

Low probability of
successful outcomes

Fig. 2. An application of Groupthink to Hooshmand-1 (adapted from Yetive 2003, p. 421)
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M Infrastructure
& Transport
mIcT

 Others

® Manufacturing

= Male

= Female

® less thanl yr
= 13yrs

& 3-10yrs

= 104yrs

Fig. 3. Demography of participants in 4 trials of Hooshmand-1
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3.85%_\ ~3.85%

o One time
occurrence

B Rare but not
isolated

& Somewhat
common

H Very common

@ Not Sure

Fig. 4. Participants responses about the ‘familiarity’ of Hooshmand-1 experiences

5 Recommendations and Conclusions

The design of this unique simulation game has contributed to ways of learning how to
make sense of complex situations and improve the decision-making of senior man-
agers. Although an examination of project portfolio management (PPM) as a function
of corporate strategic decision making was a core goal in developing Hooshmand-1, the
activity can be applied to many kinds of decision-making situations in which there are
high level of uncertainty and persistent complexity. Such contexts include urban
planning, sustainable energy strategies, capital transport and infrastructure projects, and
macro-economic strategies. All these areas have some things in common with the
environment created in Hooshmand-1 - including the impact of social factors linked to
decision makers’ emotions, unintended consequences of inadequate decisions arising
from poor use of limited information, confusion about how to handle unknown factors,
and variations in technical knowledge occurring during the early stages of planning for
mega projects.

The development of Hooshmand-1 demonstrated the application of a positivist
approach to learning from failure, rather than merely seeking to identify causes of
failure points. The design process embraced creative thinking in its early stages to
develop alternatives and collect cues from testing in order to develop a simulation that
could be used for research purposes. Such an approach can help designers achieve a
robust outcome from their design process. Hooshmand-1 is an environment within
which difficult issues concerning decision making are created and framed for discus-
sions which lead to fresh understanding for further analysis. Such discussion can
become tools for exploring the kinds of early warnings which can prevent disaster
occurring during complex workplace situations. Hooshmand-1 illustrates how emer-
gence of ‘Groupthink’ can contribute to ill-formed decisions that created failure for
corporations. Hooshmand-1 also demonstrates that identification and acknowledgement
of decision makers’ emotions, along with effective resolution of them, can help to
reduce the negative impact of biased views, and reduce the risk of defective decisions.
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Abstract. A literature study has identified the major impacts of important
design choices in simulation models and simulation-games that model critical
infrastructure resilience. The four major groups of design choices discussed in
this article are: (1) the chosen learning goal (system understanding or collabo-
ration training), (2) realism and time scale of the scenario, (3) design of player
roles and communication rules, (4) number of action alternatives, replay-ability
and richness of performance feedback while playing. Researchers and practi-
tioners who build simulation-games for studying critical infrastructure resilience
can use the accumulated insights on these four aspects to improve the quality of
their game design and the quality of the simulation models the game participants
interact with.

Keywords: Design choices - Critical infrastructures - Resilience
Gaming-simulation * Simulation

1 Introduction

Resilience of critical infrastructures is a complex problem area. Gaming-simulation can
help us to understand this area. Building a simulation game involves many design
choices. Depending on which choices are made, consciously or unconsciously, very
different simulations or simulation-games can be created for studying the same prob-
lem. It is important to build simulation-games of good quality and to understand how
crucial design choices impact simulation-game design and simulation-game outcomes.
In the literature study presented in this article we have identified and analyzed two
simulation models and four simulation games that each attacked this challenge in a
different way. Lessons learnt in the analysis have already influenced our own design

© Springer International Publishing AG, part of Springer Nature 2018
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process where we create a simulation-game for critical infrastructure resilience,
focusing on cascading effects of payment system disruptions for the food, fuel and
transport system. The analysis can also inspire other practitioners and researchers to
reflect on the impact of their design choices. The aim of this study is not to advocate
certain design choices, but rather to show what alternatives there are, and how they
differ in their impact on the nature and outcomes of a simulation-game.

2 Background

2.1 Critical Infrastructures

Societies rely on well-functioning critical infrastructures such as Energy, Information
and Communication technology, Water supply, Food and Agriculture, Healthcare,
Financial systems, Transportation systems, Public Order and Safety, Chemical Indus-
try, Nuclear Industry, Commerce, Critical Manufacturing, and so on [1]. When one or
more critical infrastructures break down or provide only limited service, large numbers
of citizens, companies or government agencies can be severely affected [2, 3].
Breakdowns can be caused by internal factors (human or technical failure), external
factors (nature catastrophes, terror attacks) or by failures of other infrastructures as
there are many dependencies between critical infrastructures [3]. Energy and Infor-
mation technology or Telecommunications are well-known event-originating infras-
tructures that generate cascading effects in many other infrastructures, as has been
shown in different types of analyses [3].

Resilience of interdependent infrastructures increasingly depends on collaborative
responses from actors with diverse backgrounds that may not be familiar with cascade
effects into areas beyond and outside the own organisation or sector [4]. There is
limited empirical evidence of cascading effects across many infrastructures, which
makes it hard to foresee which interactions may occur across sectors [2, 3]. Risk
analysis, business continuity management and crisis management training are often
performed within the context of a single organisation or sector, and are seldom
addressing the holistic analysis of multiple infrastructures [3].

2.2 Resilience

Studies such as [5, 6] have made efforts to review literature and describe what the term
‘resilience’ can refer to: bouncing back to a previous state, or bouncing forward to a
new state, or both; absorbing variety and preserve functioning, or recovering from
damage, or both; and being proactive and anticipating, or being reactive (when
recovering during and after events), or both. The variety of interpretations of resilience
that have been identified makes it difficult to operationalize resilience into measurable
indicators [5]. The Systemic Resilience (SyRes) model was developed as a step
towards better metrics and a more comprehensive understanding for determining the
resilience of a system in crisis management [5]. Most systems in society, such as the
payment system, depend on several other systems managed by different actors to
function properly. Therefore, resilience must not only be approached with a systems
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perspective from researchers trying to understand them, but also from practitioners
faced with the task of managing/controlling a complex system. A systems perspective
demands deep knowledge about the system components and their interdependencies
that ideally should have been acquired before a disruption takes place so that quick
action for compensating for and controlling system dynamics is possible. As disrup-
tions often demand simultaneous response by several actors, there is a risk that these
responses counteract each other. A simulation-game that is created with the intention of
strengthening resilience must reflect the complexity and interdependencies of a real
world system. At the same time, the simulation-game must provide well-structured and
accessible feedback to allow the participants in the simulation-game to explore the
consequences of different actions of themselves and others, as well as to understand the
consequences of not acting.

2.3 Design Choices in Gaming-Simulation

Gaming-simulation is defined as a specific form of simulation. Simulation in general
aims at designing a model of a system in a complex problem area in other to be able to
experiment with the model. Deeper insight in the behavior of the system is created by
evaluating various operating strategies against each other in one ore multiple scenarios.
Gaming-simulation differs from other forms of simulation in that it incorporates roles to
be played by participants and game administrators, implying that people and their
(goal-directed) interactions become part of the simulation. In addition to role
descriptions and interaction formats, simulation-games can also include a physical
simulation model (a board game, a mock-up, a computer simulation, or any other
representation of a physical reality) which the game participants need to interact with. It
is important to understand that both the changes and impacts of changes to the physical
simulation model in the simulation-game and the interaction between the participants
(often negotiation processes about what to change and how to interpret changes in the
physical simulation model) are part of the simulation-game and object of study [7].
Gaming-simulation is especially relevant when the “how and why” of the interaction
processes between the participants are of interest and when these interactions cannot
easily be incorporated in computer simulation models. In addition, it creates a deeper
learning opportunity, as simulation-game participants literally are active participants in
the simulation, rather than passive observers of a computer simulation.

To design a high quality simulation-game, many design choices have to be taken
into account, which often are not self-evident, but rather involve tricky cost-benefit
analyses ending up with a dilemma (is the benefit worth the extra cost?). Examples of
such design choices are for example [8, 9]: defining a limited number of research or
learning objectives, defining the number and content of roles, defining the scope of the
modelled situation/problem, guaranteeing the validity of the simulation, defining rules
and constraints, defining the load (difficulty), choosing the location/environment where
the game will be played, selecting the type of participants to be invited, design of
qualitative and quantitative data collection during the game, degree of realism of the
scenario, degree of complexity of the game (often phrased as modelling internal
complexity of the system to be modelled, but creating external simplicity, i.e. an easy
to understand and easy to play game for the participants), degree of competition, degree
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of dynamics, macro cycle (preparation, playing, debriefing, follow-up), micro-cycle
(number of playing rounds) and real-time or symbolic-time.

3 Method: Identify and Analyze Existing (Gaming-)
Simulations

The literature study started with a broad search in databases like EBSCO, Emerald,
Google Scholar, IEEE, ScienceDirect, Springer and Wiley. Search terms included:
critical infrastructure, simulation, gaming, gaming-simulation, payment, banking, food,
fuel, energy, transport. Search results were narrowed down in several steps by reading
abstracts and parts of the articles. Identified studies were rated as more attractive the
more they resembled our envisioned project i.e.: when they used computer simulations
as part of multiple actor games; when their problem area covered multiple critical
infrastructures; when design choices and their impacts were discussed extensively; and
when the included critical infrastructures covered finance, food, energy and/or trans-
port. Table 1 below gives an overview of the two simulation models and the four
simulation-games that were selected for in depth analysis.

Table 1. Overview of simulations and simulation-games analyzed

Name Type Critical infrastructures addressed
[references]

SIPG [10, 11] | Gaming-simulation | Water, agriculture, energy

Cl-dependencies | Simulation Energy, ICT, water, food, health, financial, legal,

[12, 13] civil-admin, transport, chemical/nuclear, space

ASFF [14] Simulation Food, population, natural resources, trade, water,
energy, waste

CIPRTrainer Gaming-simulation | ICT, transport, electricity, sewer system

[15]

Seaport [16] Gaming-simulation | Transport, (energy, food, healthcare, electronics,
forestry, metal)

SimportMV2 Gaming-simulation | None: (port area development)

[17, 18]

SIPG [10, 11] is interesting as it explicitly deals with the interaction between
multiple critical infrastructures that should be managed in concert, and because it
involves different player roles that interact with a computer simulation model. The
CI-dependencies model [12, 13] and the ASFF-model [14] are included because they
both are complex simulation models that analyze interactions between many critical
infrastructures. Although they do not include a gaming approach, their simulation
models can be compared to the computer simulation of our envisioned simulation-
game. CIPRTrainer [15] and Seaport [16] are simulation-games like SIPG [10, 11], but
are less focused on interaction between critical infrastructures. They acknowledge that
interaction between multiple infrastructures exists, but their actual game design is
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mainly focused on managing disruptions in one single infrastructure. SimportMV2 [17,
18] is not addressing critical infrastructures at all, but is interesting because their
game-design strongly resembles our envisioned design, especially with respect to that
88 teams have played the same scenario and the game designers have analyzed how
satisfying results can be obtained with rather different strategies. These 6 (gaming)-
simulations were analyzed in detail by studying [10—18]. The analysis aimed at creating
overview of important design choices and at revealing the motivations and the
reflections of the authors/designers why these design choices were important and how
they influenced the nature/quality of the gaming-simulation.

4 Design Choices and Their Implications

4.1 What Is the Learning Goal: System Understanding, Collaboration,
or Both?

The six analyzed (gaming-)simulations differ with respect to what their main learning
goal is. For some [12, 14, 17] the main purpose is to understand complex system
behavior, for others it is training the participants [15, 16] and for one it is studying
different forms of team collaboration [11]. Game design shall always aim at obtaining
the learning goals in the most effective way. As such, [12, 14, 17] put much emphasis
on realism of the scenario, whereas [16] chooses a fictive scenario to put focus on the
collaboration process. Also, [11, 16] ponder much about how to limit communication
between team members (to press participants being communication-effective when they
have the opportunity). Sometimes multiple learning goals such as creating system
understanding and training the participants can go hand in hand [15]. But when design
choices favor one goal and inhibit the other, it is important for the game designer to
know what the primary purpose of the gaming-simulation is.

4.2 Validity, Fidelity, Realism, Time Scale and Complexity
of the Scenario

Many designers of the analyzed simulation-games discuss the challenge of getting hold
of real data to increase the realism of the simulation-game [11, 12, 14, 15, 17]. As little
is known about how critical infrastructures interact, and especially how they interact in
case of single or multiple severe disruptions, there is little real data to compare the
simulation results with. Therefore validation by experts is often used. In [14, 17] it is
argued that the focus should be on mirroring “general system behavior and dynamics”
rather than representing reality in detail, which means, as nicely phrased in [17], that
there is a need for realistic data rather than real data. Combining real and fictive data
can be preferable when real data is sensitive from a security perspective [15]. At the
other hand (gaming-)simulation should not become too abstract and lose relevance
from the perspective of learning complex system behavior [12, 14]. The current state of
critical infrastructure models is criticized by [12, 14] for not opening the black box,
limiting the analysis to too few infrastructures, focusing too much on single or short
term disruptions, and not being able to analyze more long term and downstream risks.
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To create models that can analyze interaction between infrastructures as well as the
behavior of each specific infrastructure in detail, some argue for High Level Archi-
tectures (HLA) so already existing single-sector models can easily be included [11, 15].
Validation does not only matter for representing infrastructure behavior, but can also
relate to how to operationalize the notion of resilience [15, 16]. When clear metrics for
resilience are lacking it is hard for game designers to value performance and to direct
learning. Finally, the analyzed simulations differ extremely in time scale. Some sim-
ulate 30 years [17], 30-60 years [11] or 150 years [14], while others simulate a scenario
of only several hours or days [12, 15, 16]. Clearly, such choices can make a huge
difference for the nature and outcomes of the learning experience, i.e. what impacts of
disruptions are observed.

4.3 Number of Player Roles and Rules for Communication Between
Them

All (gaming-)simulations acknowledge conflicting interests of different societal actors,
but some put the need for addressing individual goals versus common goals, infor-
mation sharing and negotiation more in focus as the main learning goal. Some games
put players in isolated roles and limit communication possibilities [11, 16]. Others put
players in collaboration teams where individual members need to monitor different
goals, but where communication is free and the fact that you are a team rather than
separate individuals through its structure promotes collaboration [15, 17].

4.4 Action Options, Re-Play Ability and Performance Feedback While
Playing

Interaction between simulation model and players differs greatly. Some show only final
outcomes [11, 12], some allow for choosing actions at fixed points from two alterna-
tives [16], whereas some allow for continuous interaction with the simulation and have
multiple choice alternatives [15, 17]. Too many options may hamper playability and
learning [17], but too few options may harm realism and thus relevance of what is
learnt [15]. A final interesting feature is the ability to play again, try out different
scenarios and experience the consequences. Some do not allow this [17], some repeat
the same work process, but each time with a new scenario [16] and some allow for
unlimited re-play [11, 15]. In [15] re-play is a key element: different explored avenues
are stored clearly to support the players in their learning.
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5 Discussion

5.1 Lesson Learned for the Specific Case of Our Payment Disruptions
Game

Learning Goals, Player Roles and Communication Rules: Our payment disruption
game will focus stronger on system understanding and less on overcoming collabo-
ration and information sharing challenges. Collaboration in crisis is a general problem
that can be trained in many ways. The focus will be on how participants can help each
other when they are cooperative, rather than learning to overcome hinders for col-
laboration. Still, awareness for collaboration will be raised as a by-effect, as participants
will have uneven information and information sharing will be necessary to meet the
overall goals. Therefore players will be grouped as crisis management teams (as in
[17]), where members have to monitor different interests, but are not operating as
isolated individuals. Communication will be unlimited.

Realism and Time Scale: Almost all designers in the analyzed studies struggled with
balancing detailed realism versus a generally applicable, cost effective and under-
standable game design. It reminded us to put major attention to this early in the project.
Our ambition is to design a scenario that pictures “big and smaller cities surrounded by
rural area, recognizable in many parts of Sweden”, without going into exactly mir-
roring a specific city or region. Regarding time scale our project will not only aim on
short term scenarios (different types of problems under several days or several weeks),
but look for at least one “multiple years scenario”.

Replay-Ability, Action Options and Performance Feedback: Identification of vital
actions and crucial performance indicators is ongoing. Our intention is to include an
option for players to “invent actions not prepared for by the simulation designers”,
which will be evaluated by the game facilitators instantly and translated into impact on
key variables in the simulation. Repeating the same steps in different scenarios [16] and
free pause and re-play options [15] are very attractive from a pedagogical perspective.
Such options have inspired us to consider a broader set of alternative game-session
designs, besides only playing a single scenario once from start to end.

5.2 General Insights for Gaming-Simulations for Critical Infrastructures

As little is understood yet about critical infrastructure system behavior and interactions
between infrastructures under stress, validity of our models should be a major concern.
Interesting research avenues are for example: How can models be validated when they
focus on seldom occurring crisis escalations or far away futures?; comparing different
levels of realism and opening the black box: when are gaming-simulations too abstract
and when do they become unplayable as players get lost in details?; how can the many
definitions of resilience be operationalized in clear measures?; and finally, should we
aim for one combined resilience measure that encapsulates different forms of resilience,
or do we need multiple resilience measures picturing that resilience can be obtained in
different ways?
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6 Conclusions

A literature review of existing simulations and simulation-games that aim at under-
standing or training critical infrastructure resilience has revealed four groups of
important design choices: (1) the chosen learning goal (system understanding or col-
laboration training), (2) realism and time scale of the scenario, (3) design of player roles
and communication rules, (4) number of action alternatives, re-play ability and richness
of performance feedback while playing.

The analysis informs our own process of designing a gaming-simulation for cas-
cading effects payment disruptions for the food, fuel and transport system by reminding
us of well-known issues (learning goals, degree of realism, choice of player roles) and
by highlighting some new issues (time scale of scenario, re-play abilities). Identified
challenges for the field of critical infrastructure simulation in general are: (1) models
are often too abstract and not opening the black box sufficiently, (2) scenarios often
limit themselves to single short term disruptions and do more seldom study slowly
moving stressors over long time periods, and/or multiple interacting disruptions,
(3) resilience is not specifically defined and thus it is hard for simulation-game
designers to operationalize resilience in simple metrics.
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Abstract. Games for decision making have developed into a powerful
tool for corporations. Irrespective of their size, corporations have been
increasingly using these games in order to evaluate and ascertain impact-
ful business decisions and strategies. Despite their proven added value
to the decision making process, there is still lack of research on whether,
and if so how, these games can be used by researchers and practitioners
to build evidents on systems’ behavior, as part of a larger scheme. To
this effect, this paper proposes a framework to determine the different
artifacts of games that should be logged and stored for future use.

Keywords: Knowledge management system - Games * Simulations
Knowledge Elicitation - Game design - Debriefing

1 Introduction

All knowledge is not created equally [5]. The same applies to the knowledge
gained from serious games. Serious games are a subgroup of simulations and
are also known as simulators, human-in-the-loop, participatory simulations, or
just games. Serious games have become a popular and effective tool for purposes
like learning, training, and decision making [4]. As a result, research on serious
games has dramatically increased over the last decade. A quick search of the term
“serious games” in two of the most popular search engines for academic research,
Google Scholar and Scopus, returned 17.900 and 4.418 results respectively for
papers published between 2007 and 2016, but only 2.060 and 49 results for all
the years up to 2007. These results might be skewed due to the adaptation of
search engines in the past decade; yet, the differences are too large to ignore.
Despite this boost in popularity and research, researchers have not as of today
focused on how knowledge acquired through serious games can be retained and
reused.

It has been observed that game artifacts reused in decision making processes
often intertwine with artifacts reused in game development. The former are used
in order to avoid iterations of the same games and apply, instead, prior knowl-
edge to a current problem, whereas the latter are used in order to develop similar
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games in a faster and more cost-effective way, e.g. by reusing chunks of code.
The present study, as suggested by the title, focuses on games for decision mak-
ing (hereinafter referred to as games) and more specifically, on the respective
artifacts that are used for knowledge reuse.

Knowledge management and reuse is not, and should not be, of academic
interest only. The effectiveness of a corporation depends heavily on how it man-
ages and reuses knowledge [11], or in layman terms, how in the first place it
obtains and thereafter maintains the so-called “Know-how”. As a corporation
acquires and builds up on knowledge obtained through games, it improves its
know-how, and thus sustains or even increases its competitive advantage [5].

In this paper, the first step towards the formalization of knowledge manage-
ment and reuse of games is described. The different constituents of games are
identified and ways to log and store them are proposed.

In Sect. 2, a representative sample of the body of work on knowledge man-
agement and reuse is identified and the lessons learned are discussed. In Sect. 4,
the lessons learned in Sect.2 are applied into games and a framework for for-
malizing knowledge management and reuse of games is proposed. In Sect. 5,
the particularities of the proposed framework are analyzed and any potential
threats towards its validity are identified. Finally, in Sect. 6, the future potential
extensions of the framework are presented and final remarks are made.

2 Background Work

In this section, literature on knowledge management and reuse is reviewed. [§]
first suggested that, even thought it may be complex, the collection of empirical
data from game sessions can create a body of knowledge that can facilitate the
researchers’ understanding of systems’ behavior.

Based on the literature reviewed and to the best of our knowledge, a method-
ology on management and reuse of knowledge derived from games has not yet
been proposed. Hence, the aim of this section is first to present the state of
the art in the field of knowledge management and reuse in general, and then to
extract the techniques that can be applied into the games’ field.

In principle, knowledge management and reuse requires some sort of docu-
mentation. [11] expands on the matter by making a distinction between docu-
mentation based on the author and the intended audience of these documents.
He points three important factors that influence the successful management and
reuse of knowledge, namely: (a) the costs involved, (b) the incentives knowledge
producers have to contribute to a knowledge management system (hereinafter
referred to as KMS) that can be used by others, and (c) the need to transform
knowledge so that it is appropriate for use by others.

[20] propose a multi-theoretical model with the aim to tackle the problem of
knowledge contribution and reuse. Their model, which is an extension of [9]’s
model, addresses both the knowledge contribution to a KMS and the knowledge
reuse. They further identify several factors that lead to increased contribution
and reuse of knowledge, which include, inter alia, the reciprocal nature of con-
tribution and the increased team performance. Further to the above, they assert
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that reuse of knowledge is highly influenced by the ease with which someone
can access the available knowledge, the trust towards the primary source of
the knowledge, and undoubtedly the usefulness of this knowledge. Finally, the
authors find a strong positive correlation between reuse and contribution.

By looking into management consulting firms, [7] distinguish two types of
knowledge management and reuse - what they basically call Codification and
Personalization. Codification stores and makes available for reuse any acquired
knowledge, which is in reality isolated from its source. On the other hand, Per-
sonalization is the exchange of knowledge that has been acquired in the past
through one-to-one conversations and brainstorming sessions; it is a way to pro-
mote discussion and exchange of ideas and knowledge between people in a more
personal manner.

On a different level, [10] argue that when actually implementing a KMS, one
shall prefer the use of Wikis to the traditional and conversational KMSs. Their
study shows that Wikis, unlike the two other methods, address four of the most
important challenges in knowledge management:

— The bottleneck of expertise, which refers to the limited number of experts
that can contribute to a KMS [19].

— The lack of incentives, which refers to the lack of motivation from the experts
in sharing their knowledge, either due to lack of rewards for sharing or due
to the experts’ tendency in maintaining expertise for themselves only, which
in turn explains their unwillingness to share [15].

— Knowledge contextuality, which refers to the context required for the use of
knowledge beyond narrow and well-structured tasks [6].

— The maintenance bottleneck, which refers to problems arising from maintain-
ing a KMS against the backdrop of a system expansion, and especially, the
possibility of knowledge sharing being impeded, or even ceased, due to the
time required to just maintain the ever increasing knowledge [2].

While there is a lack of literature in the area of knowledge management and
reuse of games, existing literature in the general areas of knowledge acquisition,
contribution, management and reuse create a pathway towards knowledge man-
agement and reuse in games. The literature reviewed in this section shows that
there are three distinct layers of knowledge management and reuse, while each
of these layers influences one another in a sequential order. The first layer is
the intended audience of this knowledge and their incentives. The second layer
is the method pertaining to the management and reuse of knowledge, which
is heavily influenced by the type of knowledge and the intended audience, in
the sense that people who inquire on an expert’s opinion but do not want to
acquire his knowledge (expertise-seeking novices [11]) will most likely prefer to
consult an expert in a one-to-one conversation (Personalization), whereas people
that want to learn from past projects and apply this knowledge in the future
(secondary knowledge miners [11]) will most probably prefer a documented and
detailed record of these past projects (Codification). Finally, the third layer is
the actual implementation of a KMS, which again is influenced by the knowledge
management and reuse method, in the sense that a Personalization knowledge
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exchange method requires a simplistic system that can connect the interested
party directly with an expert. On the other hand, a Codification knowledge
exchange method requires a more complex and perhaps hybrid solution that can
capture and store all the different elements of games for future use.

In the next section, the motivation for building a KMS for games is described;
the analysis also provides an indirect answer to why a KMS for games can be
an impactful contribution.

3 Motivation

Despite the fact that games have proven to be cost effective in multiple occasions,
they still involve a substantial financial cost [13]. Depending on several factors,
like the degree of realism or the intended audience, the cost of developing a game
may vary significantly. For instance, board games are considered to be a low-cost
solution, whereas high-fidelity military simulators usually bear a significant cost.

In addition to development costs, there are costs associated with game ses-
sions which, more often than not, are not trivial. A game session might require
expensive hardware, an appropriate space to take place, and most importantly
participants, who are compensated for participating in the game.

Moreover, time is required to process the game outcomes and come with the
best possible business decision. This additional time does not only increase the
accrued costs but also delays decisions that sometimes are time-sensitive.

All of the above combined with the lack of a methodology for managing
and reusing knowledge acquired through games, lead companies, researchers,
and game practitioners to “reinvent the wheel” by conducting consecutive and
(almost) identical game sessions, accompanied by data analysis.

The motivation for this study is therefore triggered by our strong belief that
the acquisition, management and reuse of knowledge requires a methodology
that will maximize the game outcomes concurrently with the minimization of
the associating costs and risks.

4 Game Information

In this section, a framework for managing and reusing knowledge acquired from
games is proposed. This framework aims at decomposing games into their core
constituents, so as to give insight on the kind of knowledge a game produces and
the way this knowledge can be stored and reused in the future.

4.1 Requirements

The development of a serious game starts by first eliciting the requirements.
In regard to games, there are two sources from where requirements should be
elicited, namely, the client and the real system the game imitates. The latter
might be obsolete in case of open games, where there are (almost) no rules or
restrictions.
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In order for one to keep track of the progress and make sure that all the fea-
tures are implemented as planned, eliciting and documenting the game require-
ments remains equally important throughout the development of the game.
Although requirements are usually considered to be relevant only for the game
they are elicited for, according to [21], requirements engineering is also con-
cerned with the evolution of the relationships among the several factors of a
system across software families. As such, requirements immediately become a
tool for knowledge reuse, as they provide common ground for comparing dif-
ferent systems and pointing similarities. These similarities can be used either
to improve future game development, as a domain specific knowledge [3], or in
order to avoid building new games and reuse the outcome of previously created
games to analyze a current issue.

4.2 Game Design Document

There have been several approaches towards the adaptation of game design doc-
uments from entertaining games to serious games as well as approaches towards
structuring serious games in a model-driven way [16-18]. Regardless of the app-
roach one chooses to adopt, there are certain game elements that need to be
taken into account, as follows:

— Rules, which reveal information about the real system and the fidelity level
of the game.

— Scenario, which shows the particular challenges and tasks of the game as well
as its relevant setup details.

— Stakeholders/Actors, who are actively engaged with the game, such as par-
ticipants, facilitator(s), game designer(s), and any other interested party.

— Purpose, which is the reason the client wants to build the game, e.g. for
assisting decision makers.

The above indicated information shall be documented. On this basis, a com-
parison between a previously created game and a potential new game can deter-
mine whether the new game is actually required or not. In case the similarities
between the two games are enough for the results of the old game to be used in
the current occasion, the new game is obsolete.

4.3 Validation and Verification

Game validation deals with the assessment of behavioral or representational
accuracy of the game and addresses the question of whether we are creating the
“right game” [1]. On the other hand, game verification deals with the assessment
of transformational accuracy of the game and addresses the question of whether
we are creating the game in the right way [1].

Despite the fact that Validation & Verification (V&V) usually require formal
methods and quantitative data, they are almost always subjective. Moreover,
games cannot be absolutely validated [12] and verified, and successful V&V can
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only be claimed for an instantiation of a game (a specific game session) and
for a specific use (purpose). Therefore, meticulously documenting every detail
associated with V&V is of paramount importance; it can also reveal a twofold
benefit to potential reusers: (i) they can ascertain, with rather minimal effort,
whether the results of the game can be used for their intended purpose, and (ii)
they can, again with much less effort than without the V&V details, perform
their own V&V study and hence, use the game for slightly or completely different
purposes.

A V&V study incorporates two types of data; (i) metadata associated with
the V&V study, and (ii) information describing the V&V process along with raw
data and final results.

The metadata that should be stored are:

— The date, time, & location (if relevant) of the V&V study.
— The version of the game, in case there are multiple versions available.
— The purpose for which the game has been used.

With regards to the actual V&V process, the information that should be
stored is:

— The methods used for the V&V study and the justification on preferring these
methods for the different phases of the game, like game requirements, game
design, and game results [1].

— All the input and output data, both quantitative and qualitative ones, that
were used during the V&V study (See how to store quantitative and qualita-
tive data below in Sect. 4.4).

4.4 Game Sessions

A game session can also be seen as a game instantiation. In object oriented
programming terms, the game can be seen as a class with the rules and general
guidelines of how the game works, whereas the game session can be seen as an
object of this class. A game is usually designed once (involving several iterations)
but can be played multiple times with a similar or a completely different setup. In
other words, a game session is the application of a game with a specific scenario,
stakeholders, and purpose. Therefore, this characterization helps to understand
how an actual KMS can be built to support a game.

Every game is different, hence it requires a different approach with regards to
how the knowledge produced on it can be acquired and stored. Nevertheless, all
games have the same main pillars; metadata, input and output data (quantitative
& qualitative), and debriefing.

The metadata that should be stored are:

— The time, date, & location (if relevant) the game session took place.
— Detailed information regarding all stakeholders (participants, facilitator(s),
and any other interested party.
e Professional & educational background.
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e Age, sex, and any other relevant information.
— The annotations to all the data (quantitative & qualitative), which can be in
the form of textual description, path to figures and audiovisual material on a
server etc.

Input data usually include the game design decisions captured in the require-
ments and documented in the game design document, and they are common (but
not exactly the same) for every instantiation of the game. Some input data might
differ for each game session, where variations on the rules or the scenarios can
be introduced. Input data can be both quantitative and qualitative.

In turn, output data might include quantitative data produced during the
gameplay, audiovisual material captured during the game session or the debrief-
ing, notes from the participants and/or the facilitator(s), game-specific artifacts
and a textual analysis of the lessons learned from the game. Same as with input
data, output data can be both quantitative and qualitative.

With regards to quantitative data:

— Raw datasets and any further quantitative analysis of these data should be
stored in separate tables in a database, and any textual description or analysis
should be included in the metadata.

— Figures produced from quantitative data should be stored in the server, and
the path and any other information associated with them should be included
in the metadata.

With regards to qualitative data:

— Audiovisual and any other relevant material should be stored in the server.
Whilst the corresponding material should be annotated for ease of use in the
future, these annotations should be included in the metadata.

— Any quantification of qualitative variables should be stored in a database or a
server, depending on their format. Similarly to the textual description and the
quantification methodology, the relevant material shall contain annotations,
which shall be included in the metadata.

5 The Knowledge Management System

In Sect. 4, a decomposition of games and game design into their core elements
was made. This analysis serves as a road map towards defining and eventually
implementing a KMS of games.

The analysis in Sect. 4 strongly indicates that on the basis of their structure,
design, and required and produced data, games are multi-dimensional entities.
As such, defining and implementing a one-dimensional KMS seems limited and
thus restrictive. A one-dimensional KMS is a system that does not combine
different KMS solutions into one but rather includes a single-solution KMS, like
a Wiki or a conversational KMS.



Knowledge Management of Games for Decision Making 31

In this section, we propose a hybrid KMS that combines the advantages of
individual solutions and is able to store and facilitate the reuse of the complex
information pertaining to games.

A KMS should have a server-side (backend) and a client-side (frontend). The
backend of the proposed KMS for games incorporates three main components:

A database, which should be designed so as to accommodate wiki’s entries,
and the quantitative data and metadata associated with the game.

A filesystem, used as a repository of audiovisual material, figures, and any
similar content.

Analytical tools, like R or Python, for the quantitative analysis of data.

The frontend of the proposed KMS also incorporates three main components:

— A graphical user interface (GUI) for the wiki.
Visualization tools for creating graphs and figures from the quantitative data.
— A search engine for querying all data.

The proposed framework bears similar validity threats to those of its individ-
ual components. A KMS can only be successful if people contribute and reuse
knowledge; in fact a causal relationship between knowledge contribution and
reuse has been identified [11]. Therefore, one of the most important goals of
such a system should be the adaptation of a methodology for eliminating, or at
least mitigating, knowledge bias that derives from human subjectivity, which is
an inseparable part to knowledge contributed [14].

In the same spirit, the success of a KMS depends heavily on the credibility
of the primary source of information. In this respect, a person who aims at
using knowledge previously acquired shall be confident of the expertise of the
knowledge contributors, and thus trust their respective findings [20].

Finally, in order for a KMS to be used in practice, it needs to be properly
and consistently indexed [11]. It follows that Knowledge contributors need to
feel confident that the time required to contribute to a KMS is not wasted-time
and that their input has high chances to be easily accessible and used.

6 Conclusion and Future Work

The reviewed literature and the analysis in this paper indicate that a KMS for
games is needed. To the best of our knowledge, a methodology for doing so does
not todate exist. The greatest challenges for developing such a KMS is the wide
nature of game requirements (the different types of knowledge and the diverse
potential user-base of the KMS) and the threats towards the validity of the
framework (described in Sect. 5).

Ergo, this study constitutes the first step towards that direction, by set-
ting forth a framework for building a KMS for games. The proposed framework
aims at maximizing knowledge acquisition and reuse from games, through the
incorporation of the advantages of different technologies (wikis, databases, sta-
tistical scripting languages) in a hybrid system, which is platform, programming
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language and content agnostic and thus, easily adaptable to fit different needs.
Moreover, due to its foreseen use, the framework is more Codification-oriented,
as opposed to Personalization-oriented.

In the future, the actual implementation of this framework will test and

fine-tune the theoretical concept, and consequently improve the derived KMS.
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Abstract. The authors developed a board business game of manufacturing
called BASE Manufacturing Game (BMG) to provide an opportunity to learn
business for engineers. The purpose of development includes management,
accounting, and to increase learner’s motivation for further studies. By using
Questionnaires, the authors proved incredible teaching effectiveness. BMG is a
standard for following BASE business games and authors have been continuing
board development in Japan and Thailand.

Keywords: Business game - Board game - Manufacture
Engineering education - Active learning - BASE

1 Introduction

Growing up high-quality engineers is an important requirement for higher education. In
many universities, there are established curriculums to teach engineering. However, it
is often biased on technological surfaces, often ignores social impacts. Engineers must
have united knowledge across many topics, including a sense of Technology, Society,
and Business.

To serve this purpose, the authors developed the business game which describes the
most important ideas of manufacturing and business on tangible board in 2008. This
game, BASE manufacturing game (BMG), was mostly used in Japanese and Thai
universities and showed amazing performance to increase understandings and moti-
vations of attendees. BMG became a standard and an origin of following BASE
business games, and become famous in many conferences, workshops, and lectures.

2 Literature Review

Business Game and simulation has a long history. About the type of business games,
Lean et al. [1] had a similar questionnaire based research and reported 35.9% of current
users are using Role Play, 20.5% for non-computerized game, and 25.7% for
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computer-based simulations. Since there are quite a lot of business games, Greco et al.
[2] tried to create a taxonomy of business games. However, this idea seems too
complicated for most of the game developers who are not professional.

Let us examine how business simulation games are used in engineering education.
Chapman and Martin [3] claimed that engineers should improve some other skills, not
only technology. They tried “CRAC business game” for this purpose. Foss and Eikaas
[4], based on strong reliance that students have good talent in computer games, created
a computer-based learning system called “PIDstop.” Hauge and Riedel [5] recognized
the recent complexity of business and behavioral factors, and created two games, called
“COSIGA” and “Beware”. Kumar and Labib [6] explained the framework of
“Next-Generation Manufacturing Simulation Game”. There are few other references or
popular business simulation board game which explicitly focuses on general manu-
facturing, to contribute engineering education. The Authors need more idea and
experience of business games to grow up engineers.

3 Outlook of BASE Manufacture Business Board Game

3.1 Educational Policy

Before developing BMG, we defined the following educational policy. To say in
briefly, BMG is a standard set of an easy business game with great fun for engineers.

(1) The target audience is students of engineering in a higher grade.
(2) Purpose: Learners will be able to do the followings with a relaxed environment
with joy.
(a) Understand basic of company management
(b) Understand basic of accounting
(c) Increase the further motivation to study business
(3) Avoid adding complicated rules or an exception to the rule.

3.2 BMG as Wooden, Tangible Board Game

BMG is the combination of wooden frame company board and market board, and
cards. Figure 1 is the photograph of the whole set of BMG. There are four companies
called (Red, Green, Blue, and Yellow) around the table. All companies are operated by
two or three student groups. The company is designed as a combination of factory and
office. Machines, Materials, Men and some optional pins are set on the board. Each
company has a paper, pencil, eraser and calculator to manage operation and accounting.
Toward the center of the table, there are five Markets (Town A to E). Companies will
make a bidding in each market. There is a timer to control bidding. At the center, there
are sets of “Action Card” turned inside out.
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Fig. 1. Image of the whole set of TMG (Color figure online)

4 Flow of the BMG

4.1 Initiation

Two to three students form teams and manage a company. Each team must choose a
CEO (Chief Executive Officer) and CFO (Chief Financial Officer). They receive a
small share of capital (300,000 USD) and establish their company, which produces
commodity products. The CFO records share capital as income. From the second year,
there are no additional capital stocks. However, they can borrow money from the bank,

based on their business strategy. Companies those last year’s result was a surplus, have
to pay tax in this period.

4.2 Monthly Role

Students must make a decision one manufacture action, and one management action
except happening card appears.

MANAGEMENT CARD Deck-2ID=H11

" . HAPPENING CARD

Manufacturing(input/output]
You can purchase materials at S ysS tem Down

Mot Suniterie O ()
v The computer systems of your
company were downed.
Management Process Please add up the expense 150

Employment(Part-time/Fulltime) (manufacturing expenses) for
Engineer recovering.
Sales Person If you take out insurance,

you can recover without charge.
Purchase

Machine,Advertisement i i
QCRED,Insurance Action which can be chosen
Loan(orrow/Settiement) {imly

Fig. 2. Samples of action cards (surface, standard, and happening (20%)).
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1. The CEO draws an action card (Fig. 2). It includes 20% happening card to learn risk
management.
2. The CEO makes a decision from the followings.
(1) To buy new materials.
(2) To compile existing materials to the products.
3. The CEO decides management action.
(1) To hire new engineers or salesperson (Full time/ Part time with a six-month
contract is selectable)
(2) To buy a new machine
(3) Other Options (Insurance, Loan, Advertisement, R&D etc.)
4. The CFO calculates all expenses and withdraws total cost from the cash at the end
of last month.

4.3 Manufacturing

Players have a company board (See Fig. 3). From the players, on the left side, there are
raw materials. In the middle, there are machines. On their right, they can see stockyard.
They can see, touch, and move the items, in case they need, they can roll back to
reconfirm whether their activity is correct. This is the great merit of the tangible game.
The manufacturing process consists of two steps (One month for Input, another one
month for Output, these processes are possible to complete at once). Throughout this
rule, students learn the idea of lead time.

Symbol
CEOOffice RD Qffice SalesOffice alor
m s MmmM% RD L LR AD
(s ¥ — L Pin o OE N (& - Pin
‘ > Rl > ‘ o > >
Office Zone Bl M 0 s e S |

za| HEam CEY L ]

|  Material Product QC

TC ot Bl P
Pin - Stockyard Stockyard >
oy Machine : A

11)_5 * Machine = IS

= :
Factory Zone & L

EEEKE  EADEEE EIEEES  ERERE
® ® ® ® ® ® ® ® ®  ®  ° »
Calendar —_—
(Japanese Edition: Starts from April and finish in March)

Fig. 3. Company board

4.4 Bidding
After the completion of manufacturing, Bidding is held on every three months.

(1) Students came up with the market with salesperson and items which they want to
sell. They are allowed to bid, slide, or withdraw for two minutes.
(2) When the time is up, the dealer will start the judgment process.
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(a) If the number of application is less than market capacity, all of them can sell
at its maximum price.

(b) If the number of applications is more than market capacity, all of them must
fight a price bidding.

(3) In a case of bidding, each participant must decide one price for their all products,
type a price of the calculator, and following dealer’s order, all teams open the
price on the front.

(4) R&D and Advertisement have some advantage in bidding.

(5) Dealer declares the winner until the market will be full. Remained products must
be brought back to their company.

(6) CFO will record the sales revenue and check the cash balance.

4.5 Closing Role, Accounting
At the end of the year, the CFO must finish workflow.

(1) Reconfirms all revenues.
(2) Recalculates all expenses and checks the cash flow integrity.
(3) Compiles other sheets (P/L, B/S).

Students must check their cash balance at any time, and at the end of the year, they
create Profit and Loss Statement, and Balance Sheet. All process are required to
complete by handwriting. Human being often makes errors, and the authors let students
know this fact throughout their experiences. BMG has five different sheets, and they are
proceeded by students, by handwriting, by following orders.

(1) Cash Flow Management Sheets (Table A)

(2) Product cost Calculation sheet (Table B)

(3) Depreciation cost Calculation Sheet (Table C)
(4) Profit and Loss Statement (Table D)

(5) Balance Sheet (Table E).

Table A represents a daily operation and horizontal and vertical proof ensures its
integrity. Student gets a correct number and prices at the end of the year. In Table B,
they calculate accurate product cost, to adjust raw material costs by adding carry-over
from the previous year, deducting the loss and carry-over as assets to next year.
Table C is the simple depreciation that fixed asset (machine) loses its value 10% per
year. By getting those numbers, students complete Table D and E. Throughout this
process, they can learn principles of accounting.

5 Teaching Effectiveness

BMG is used in Japan and Thailand. To verify the effectiveness of BMG, we conducted
some surveys.
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5.1 Survey on Understandings of Business Ideas

In June 2012, 20 students of Tohoku University joined a two-day program. The quiz
was held on before and after the session, consists of 20 general business ideas and
business ideas which the authors included in BMG. The Authors use five-point scale
test (1 = Don’t understand at all to 5 = Strongly Understand). They are from various
faculties and are all freshmen. The Authors can regard there is no significant difference
on their previous knowledge. 18 students answered both, so the authors compared these
18 students.

Table 1 shows its principal questions. In all 20 questions, after is higher than before
and its average was 1.64. The Authors can point out three points as an evidence of its
teaching effectiveness.

Table 1. Understanding survey in Tohoku University (2012)

No | Content of questions Before | After | B/A
1 | What is the management of company 2.59 394 |1.52
2 | What is the difficulty of company management 2.53 |4.76 | 1.88
3 | How to reduce fix cost ratio 1.29 [4.53 350
4 | Good company sometimes suddenly bankrupt 1.53 441 |2.88
5 | Effect of cash shortage 229 476 |2.08
6 | Outsourcing can reduce labor cost 229 453 (197
7 | Depreciation reduces benefits, but not reduce cash | 1.82 |3.59 |1.97
8 | Too hard price competition is harmful 2.06 394 |1.91
9 | Large Sales don’t mean large surplus 3.82 |3.88 |1.02
10 | Deflation suffers company 3.06 [3.12 |1.02
11 | Education is necessary despite it takes a cost 341 [4.35 |1.28
12 | Factors to obtain new job other than money 247 394 |1.60

(1) To understand management and difficulty as a real experience (Q1, Q2)
(2) To learn importance of cash management and accounting (Q4, QS, Q6)
(3) To acquire new knowledge on accounting (Q3, Q7).

On the other hands, the authors have to mind BMG has not strong to increase
understandings for commonly known ideas (Q9, Q10). However, it worked to improve
understandings on general business ideas although it doesn’t appear in BMG (Ql11,
Q12). Therefore, the authors can conclude BMG’s teaching effectiveness is widely
approved for beginners.

5.2 Satisfaction

The Authors conducted a survey of satisfaction and their motivation at after ques-
tionnaire. It is five-point scale questionnaire (1 = Very Negative to 5 = Very Positive).
19 students responded. Table 2 summarizes its result shows very high satisfaction of
participants.
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Table 2. Satisfaction survey in Tohoku University (2011)

No | Content of questions Average |SD Mode

1 Satisfaction of this program 4.67 0.58 |5
Can you recommend this program to others? 4.47 094 |5

3 If there is an advanced course, do you want to 4.21 0.95 4
participate again?

6 Conclusion

Herein, the authors introduced our board game, BMG, to simulate traditional man-
agement. As a conclusion, the authors confirmed our work has enough teaching
effectiveness and possible to provide opportunities to increase student’s motivation.

6.1 Reconsidering Potential of Board Games

From the experience of creating BMG, the authors confirmed the potential educational
power of board games. To adapt to physical limits and time limitations, the authors have
to waive many important ideas bravely. Nevertheless, the authors were thereby able to
create a very familiar game to beginners. Return to the origin of “Why we create a
game?” is required.

6.2 BMG Afterwards

As we reported, the authors have been continuing development of tangible board game.
SKG (Software Kaihatsu Game, Hamada et al. [7]), and SCC (Supply Chain Collab-
oration Game, Kaneko et al. [8]) are typical examples of the extension of BMG. Now
the authors have seven categories, 17 games in BASE business game series and is
expected to grow up in Japan and Thailand.
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Abstract. In this paper, we explore how a climate change game can be
designed to enhance trans-boundary water partnerships between governments
and provide a window of opportunity to challenge the status quo, leading to
change. The primary focus of the paper is to discuss a theoretical framework that
utilizes “Disaster Diplomacy” as a pre-disaster capacity development tool for
policymakers. The Nile Basin by 2050 scenarios, guided us in the design of the
theoretical framework. The framework established a foundation for the design of
the climate change game known as Nile WeSharelt. This game was played in
October 2014, with policymakers from the Ministry of Water and Irrigation, in
Nairobi, Kenya. Findings indicate that climate change games may challenge the
current perceptions of normality and possibly lead to increased situation
awareness, trust, and collaboration. Future work will entail redesigning the
game, based on the initial outcomes and its application in the river Nzoia
catchment, in West-Kenya.

Keywords: Climate change games - Disaster - Disaster diplomacy
Cooperation - Collaboration - Trust
Situation awareness and water resources management

1 Introduction

Disasters are a double-edged sword: they are catastrophic, but they can also lead to
positive outcomes. A natural disaster causes extensive loss of human, environmental,
economic and material resources. As a consequence of the severe loss, the affected
community cannot survive under the circumstances and with the remaining resources
[1, p. 17]. Examples of past natural disasters that have led to significant loss of life
include the 2010 Haiti Earthquake (100,000 to 316,000 deaths), 2013 Typhoon Haiyan
(6,343 deaths) and the 2004 Indian Ocean earthquake and tsunami (280,000 deaths).
Some of the most expensive disasters in recent history include the 2011 Japanese
earthquake and tsunami ($309 billion); the 2017 Hurricane Harvey ($125 billion) [2];
and the 2005 Hurricane Katrina ($81 billion) [3]. Despite the negative impacts of any
disaster, a disaster could provide an opportunity for change. Since 2000, there has been
an emerging area of research focusing on “disaster diplomacy” or disasters as “op-
portunities for change” [4-12]. Therefore, this paper seeks to contribute to this
emerging area of research, with a focus on water management.
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The paper’s scope is limited to “disaster diplomacy” in the area of future slow onset
disasters. The paper relies on Kelman’s definition of disaster diplomacy as a study that
seeks to answer the question “Do natural disasters induce international cooperation
amongst ... states that are not normally prone to cooperation? [13, p. 215]” The term
disasters, in this paper, refers to future slow onset disasters. We define future disasters
as the traditional disasters that may occur at a later date or “new distinctive class
disasters and crises, not seen before [14, p. 16].” Slow onset disasters are disasters that
cannot be easily detected because they slowly creep into the system, thus taking
months, years or even decades, for the effects to be catastrophic. Though there are
numerous studies on droughts and other slow-onset disasters, there is little research on
assessing the impact of inaction due to the silent and deceptive nature of slow-onset
disasters [15, p. 198]. Also, very few researchers have focused on the contribution of
slow-onset disaster diplomacy in fostering water cooperation [8, 14]. Since disaster
diplomacy is an emerging concept, there is a need for more in-depth action-based
assessments, to examine its applicability, in water resources management.

To test whether the concept of “disaster diplomacy” can be applied to river basin
management, we facilitated a participatory process of developing the Nile Basin by
2050 scenarios [11, 12, 16]. Scenarios are defined by Saritas as “narratives of alter-
native futures [17].” Scenario construction can be traced back to the works by Herman
Kahn with his colleagues at the RAND and the Hudson Institute in the 1960s [17].
These scenarios were developed in Jinja, Uganda in February 2014 by a
multi-disciplinary group of actors from the 11 Nile Basin riparian states and other
international actors. The participants developed four scenarios, two under high climate
variability and two under low climate variability [12], and their impacts on the Nile
Basin, were assessed.

Based on an assessment of the four scenarios, the two scenarios (Miskeen — an
Arabic word for poor, and Umoja — Swahili word for unity) developed under low
climate variability led to future negative impacts and conversely, the two scenarios
(EjoHeza and Kazuri) developed under high climate variability led to positive out-
comes. In Miskeen (meaning poor), the countries managed the water resources uni-
laterally, and by 2050, depleted the water resources, and there was no water for any of
the countries. Kazuri is a Swahili word that represents the phrase “small is beautiful.”
EjoHeza is a Kinyarwanda word for “a bright tomorrow.” In Kazuri and EjoHeza,
climate change induced disasters led to immense losses that challenged the status quo
and triggered community (Kazuri) and inter-state (Ejo-Heza) collaboration, leading to
positive outcomes [11, 12, 16]. Based on the scenario outcomes, we realized that
absence of disasters might sustain the status quo leading to adverse outcomes and
disasters may lead to positive change [12, 18]. Disasters may create a window of
opportunity to challenge the status quo thus trigger positive changes. Hence, the need
to investigate how this window of opportunity, created by disasters, can be utilized.

Undoubtedly, findings from some disaster diplomacy studies indicate that disasters,
“do not create cooperation [13, p. 215]” but have the potential to catalyze a diplomacy
process that may lead to collaboration [5, 7-9, 13]. A critical factor that led to positive
change in the Kazuri and EjoHeza scenarios was the robust collaborative processes that
led to the joint decision-making, planning and management. For example, in EjoHeza a
basin commission was established to facilitate the process of jointly managing the
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scarce water resources and addressing the problems that had been caused by high
climate variability. On the other hand, Kazuri established a citizen-led platform that
connected all the basin citizens to facilitate the joint management of the water
resources, by the citizens [11, 12, 16]. Therefore, in the two scenarios, disasters did not
create cooperation but initiated a collaborative process that led to cooperation.

Similarly, recent research shows that disaster losses do not arise mainly from the
extreme events but as a result of the complex interaction between the physical, social
and built environments [19, p. 3]. Past research has heavily focused on how to make the
physical and built environment more disaster resilient. However, little focus has been on
the social environment and how it interacts with the physical and built environment to
minimize or escalate disaster losses [20]. The social environment is responsible for
steering the disrupted system toward the desired state. Hence, the social environment
primarily determines whether the window of opportunity will be utilized efficiently [21].

Moreover, there are some pre-requisites that a social environment should have to
enhance the collaborative process and eventually minimize losses during a particular
disaster. They include increased situation awareness [22] and trust [23] (please refer to
Fig. 1 for the definition of these terms). The evidence we derived from the Nile Basin
by 2050 scenarios supports the argument that trust and situation awareness are essential
social environment pre-requisites [12].

To assess whether a change in the social environment may steer the policy makers
towards the desired state, we decided to design a game. Gaming simulates a pre, in and
post-disaster situation [24]. It provides actors with an opportunity to test actions that
they may take and their impacts [25]; increases their situation awareness [26]; increases
their trust in other actors and institutions [27]; and helps them to agree on a collabo-
rative process [28]. Also, gaming provides a safe learning environment [29] to prepare
for future disasters [30].

We designed a game as a pre-disaster capacity development tool under the context
of disaster diplomacy, incorporating the social environment pre-requisites (Fig. 1). In

Klabbers (2009) is “any contest or Spada et al. (2009): “the way co-learners exchange
effort (play) among adversaries or information, discuss different perspectives, take on
teammates (players) operating diverse roles, coordinate their efforts in solving a
under constraints (rules and joint task, or make use of technological tools . [pp.
resources) for an objective 622]."

(winning, victory, prestige, status,
or pay-off). The exercise should
involve overt competition or
cooperation between the

Collaborative Process

individuals or teams... [pp. 33].” - Cheng et al. (2015): Trust is “an
/ individual or groups willingness
Endsley (1995): The T T to make themselves yulnerable

to another individual or group,
relying on the confidence that the
other party exhibits the following
characteristics: benevolence,
reliability, competence, honesty
and openness.” [pp. 271].”

“perception of the elements AWARENESS
in the environment within a
volume of time and space
and the comprehension of
their meaning, and the
projection of their status in
the near future.”

Fig. 1. Definition of the principal terms used in this paper: trust [31]; situation awareness [32];
gaming [33]; and collaborative process [34]
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particular, we designed a climate change game known as Nile WeSharelt, to enhance
the pre-disaster adaptive capacity of Nile Basin policymakers. We seek to answer the
question: how can a climate change game be designed to enhance trans-boundary water
partnerships between governments and provide a window of opportunity, through
disaster diplomacy, to challenge the status quo, leading to change.

The paper outline is as follows. Section two explains the Nile by 2050 scenarios
and discusses the main findings. Section three discusses the theoretical and method-
ological framework for the Nile WeSharelt game. Section four contains an assessment
of existing games and an introduction to the Nile WeSharelt climate change game. The
explanation of the initial findings is in Sect. 5, and our conclusion and further research
are in Sect. 6.

2 Nile Basin by 2050 Climate Change Scenarios

As the supply of the Nile water resources declines, demand is steeply increasing,
putting a strain on the shared resources. The Nile river traverses eleven countries in
Africa. It is the source of life for 257 million people. The basin’s aquifers, tributaries,
lakes, rivers, and streams provide water for the environment, domestic use, energy
production (hydro-electric power) and irrigation. High population growth, rapid
urbanization, overexploitation and poor land practices pose a threat to the future of the
Nile water resource [35]. Moreover, the Nile Basin is a highly complex basin with
many uncertainties that compound decision-making [12, 36, 37]. Hence sound
decision-making under deep uncertainty when there is no “clear print [37]” of what
cause of action to take requires long-term thinking [36, 37]. The use of decision support
tools like scenarios can support decision-making in complex basins such as the Nile,
which face many challenges and profound uncertainty [11, 12].

A participatory scenario building exercise was held in Jinja Uganda in February
2014 [11, 12, 16]. We used the RAND methodology to develop four scenarios [16].
Figure 2 illustrates the three-step scenario development process and outcomes. At the
foundation of every driving force' are contextual factors. We derived three key con-
textual factors from the 38 clusters that were identified by the participants during the
scenario development workshop [11, 12, 16]. Notably, trust, situation awareness, and
collaboration seemed to be critical factors that may shape the Nile Basin futures.
Moreover, climate change was selected as a fundamental driving force and was a vital
component of the scenario logic. After that, the scenarios were presented to stake-
holders, to elicit views.

We explained the four scenarios to the eleven Ministers of water and over 400
participants during the 4™ Nile Basin Development Forum (a bi-annual conference for
the basin) on the 6th of October 2014 [16]. The Ministers of Water stated that they
would like a future depicted in Ejo-Heza or Kazuri but fear Miskeen and Umoja [12].

! We define driving forces as the external factors that impact of the social, physical and built
environments.
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imp: I 1. CLUSTER CONTEXTUAL FACTORS

Fig. 2.1 | Contextual factors were clustered into driving forces

The participants agreed the core question and
from the core question they listed the contextual
factors. We had 89 contextual factors that were
grouped into 38 clusters. From the 38 clusters we
finally agreed on 6 driving forces. p

2. RANK DRIVING FORCES

Fig. 2.2 | Climate change is ranked as highly uncertain

The six driving forces were ranked in two
categories, level of importance and level of
uncertainty. The six driving forces were written on
yellow stick notes and the participants voted with
small round stickers for the driving force that they
consider most uncertain and very important.
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Kazuri (small but beautiful).

Fig. 2. In Fig. 2, we illustrate the Nile Basin scenario construction process. It emerged that
climate change is a highly uncertain driving force that may shape the future of the Nile Basin.
Figure 2.1: From the 89 contextual factors, we identified trust, collaboration and situation
awareness as three factors that are relevant to this paper. In Fig. 2.1: Trust and Confidence are in
green and yellow stick notes. Above the trust-sticky-note are many sticky notes that relate to
situation awareness (degradation, population, food security and development needs). These
sticky notes indicate that there is pressure on the resources but the system is not adjusting to these
pressures. Finally, there are two sticky notes relating to cooperation: communication and CFA.
Figure 2.2: The participants ranked climate change as one of the highly uncertain driving forces
because it is highly uncertain. Figure 2.3: The scenario logic with three axes: climate change,
governance, and access to information. Only the scenarios faced with high climate variability had
positive outcomes. (CFA stands for Cooperative Framework Agreement. It is a draft legal
framework to facilitate the joint management of the Basin.)

Surprisingly, the preferred scenarios were situated in a context of high climate vari-
ability, indicating a positive correlation between high climate variability and positive
futures/scenarios.

As noted earlier, the stakeholders selected trust, situation awareness, and collabo-
ration as crucial contextual factors and later confirmed their position, in the subsequent
workshop held in Nairobi, Kenya. Furthermore, most of the Nile basin discussions
confirm that these are the critical factors. For instance, after presenting the four sce-
narios, the Ministers of Water made a joint press statement, and the three contextual
factors emerged, as illustrated in the press statement excerpt:
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“Nile Basin States have got no choice (situation awareness) but to cooperate (collaborative
process). Through cooperation (collaborative process), the Basin States are able to harness the
synergies (trust and collaborative process), taking cognizance of the comparative advantages
(situation awareness) presented by the different development approaches (situation awareness)
and growing the pie for each individual Basin State (trust and collaborative process) [38,

p. 2"

To support the implementation of the Nile Basin States vision as expressed in the
press statement, in collaboration with local actors, we initiated a process of developing
a game known as Nile WeSharelt [36]. The game aims to increase situation awareness,
trust and enhance the collaborative process. Situation awareness may increase under-
standing of the benefits of joint management of the shared river and the dangers of
unilateral actions. Increased trust may be through the use of the benefit-sharing concept
(trade in food, energy, and wood fuel). Improved collaboration process may be through
identifying and utilizing the comparative advantage of each riparian state and new
approaches for “growing the pie” together.

3 The Theoretical Framework

The objective of the theoretical framework (Fig. 3) is to provide a structure that
describes the significant variables, elements, and constructs that will be used to design,
apply and assess the learning outcomes of the climate change game.

Improved Improved game

Pre-game in-game Postgame  Debriefing  Game session Collaborative  High situation  design and user
: 5"“'?’" Video Oh“""“"“" Process awareness interface
T r——L—
ASSESSMENT GAME

_TooLs ) _OUTCOMES
[ — . B
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Fig. 3. Theoretical and Methodological Framework for the design of a Climate Change Game
for Trans-boundary water resources management that utilizes disasters as an “opportunity for
change.” The rectangle is a visual representation of the theoretical framework within the context
of game sessions. It is a representation of how the three theories (Gaming, trust and situation
awareness) are conceptualized and used to design game sessions to improve the Collaborative
Process. For the theoretical framework, we adjusted the Schul et al. [39] and Lowry et al. [40]
theory of trust and distrust to a water resources management context and added situation
awareness and the YUTPA model of trust [41-43].

Rich
Collaborative
Process

Weak
Collaborative
Process




Designing Disaster Diplomacy in the Context of a Climate Change 49

Apart from assessing the changes in trust and distrust we also intend to assess the
effect of climate-induced disasters on situation awareness. When climate change-
induced disasters replace normality, there is disruption of perceptions of a safe and
predictable system and situation awareness increases. Recent studies show that
increased situation awareness may reduce disaster losses by half [44]. Normality
encourages ‘business as usual’ thinking. Therefore, if “business as usual” is poor
collaboration, it is difficult to change from non-collaboration to collaboration, while
normality exists. Especially when past non- non-collaborative actions have not led to
adverse outcomes or the consequences are not immediate, and the connections are not
clear. Thus, positive or non-significant results reinforce trusting beliefs that the system
is safe and predictable and there is little need for investigating the system further.

On the other hand, climate change induced disasters disrupt normality, and the
previous trusting beliefs regarding the safety and predictability of the system are
brought to question. Lowry et al. [40] carried out a research that established that with
low levels of normality, the distrust of the system increased, which led to high
awareness levels. With the distrusting beliefs, individuals are compelled to investigate
the system, and they discover that it is not safe nor predictable. What we were not
confident of is what happens after they come to this discovery. Before Lowry et al.
researchers regarded distrust as a negative attribute, which led to no prior empirical
assessments on the contribution of distrust to situation awareness and collaboration
[40]. Surprisingly, early research in the 1950s until 1970s highlighted the positive
aspects of distrust [45]. Then there was a wave of research mainly focusing on the
positive aspects of trust [45, 46] and a few studies on the contribution of dissent [47,
48], without efficiently addressing distrust. Therefore, the contribution of distrust to
collaborative actions is also a new research focus has begun to be re-assessed.

We made four adjustments to the Schul et al. [39] and Lowry et al. [40] theory.
First, we included climate change-induced disasters as the factor that disrupts normality
to increase system distrust and enhance situation awareness. The initial model did not
include climate-change induced disasters. Second, we extended the theory from indi-
viduals to teams. While playing the WeSharelt game, some people play in teams. We
assumed that team rationality is a total of the individuals in that team [39]. Third, we
incorporated the assumption that increases in trust/distrust within the various
WeSharelt teams will significantly affect collaboration, which will then affect the
quality of the decisions made. Fourth, in the game design and assessment, there is a
distinction between distrust of the system and distrust of other individuals (i.e., other
players in the game). Consequently, we grouped parameters to measure distrust of the
system under situation awareness and distrust of individuals and teams under trust and
distrust.

Subsequently, we developed research instruments to assess increases in trust, sit-
uation awareness, and collaborative actions. The research instruments were inbuilt in
the game itself, and external assessment tools. The external assessment tools consist of
pre-game, in-game & post-game questionnaires, video recordings, observations and a
debriefing session. Research measurements were developed to measure situation
awareness, trust, and collaborative process. To assess situation awareness, we adopted
the ten-question Situation Awareness Rating Technique (SART) [49] approach. The
players were requested to subjectively rate their level of awareness based on a 7-point
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Likert scale, before the start of the game and at the end of the game. We incorporated
the situation awareness assessment questions in the pregame and postgame online
questionnaires.

Furthermore, we assessed trust by some frameworks that were incorporated in the
pregame, in-game (leaderboard) and postgame questionnaires. We developed a 16
question (in Swahili) rating scale, using the YUTPA conceptual framework [50] and its
four dimensions (time, place, action, relation), for the leaderboard. Additionally, we
used two techniques to assess trust, the first to assess the personality and the second; for
self-assessment of one’s level of trust at the beginning of the game and the end of the
game. The personality inventory in the pregame questionnaire was developed using
questions from the North-western University personality project website®. This website
uses the Synthetic Aperture Personality Assessment (SAPA) method to assess the data
and classifies personalities in the Big Five categories’. In addition to the personality
test, the participants assessed their level of trust at the start and end of the game using
18 questions filtered from the IPIP Scale measuring constructs for trust*. We designed a
research approach to assess collaborative actions using the in-game data, observation
reports, debriefing notes and the recorded videotapes. Detailed descriptions and
assessments of the various components of the theoretical framework are not within the
scope of this paper. Therefore, each theory will be assessed separately, and discussed in
detail, in subsequent papers.

4 Nile WeSharelt Climate Change Game

Before designing the WeSharelt climate change game, we assessed whether there are
existing games that match the WeSharelt game specifications. In the assessment, we
came across over fifty sophisticated climate change games [51]. Conversely, the focus
of these games was mainly on the climate change negotiations at the global scale (for
example, WORLD CLIMATE [52]) and decision support to reduce green gas emis-
sions (for example, PLANET GREEN GAME, 2007 [53]). There are a few that focused
on disaster risk reduction (for example, BEFORE THE STORM [54]/EARLY
WARNING, EARLY ACTION, 2009 [55]). Alternatively, there are more recent cli-
mate change games that focus on water management and skills development (for
example, AQUA-PLANNING [56] and FLOODED [57]).

From our assessment, we could not find a single game that met all the game
specifications that we had defined for the WeSharelt Game. As a consequence, we
developed WeSharelt as a new game aimed at focusing on the interaction between
climate change adaptation, disaster risk reduction & management, water management,
benefit sharing (energy, food, and nature), trust-building, situation awareness, and
collaboration.

2 http://personality-project.org.
3 Openness, Conscientiousness, Extroversion, Agreeableness, and Neuroticism.
* http://ipip.ori.org/newNEOKey.htm#Trust.
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WeSharelt is a hybrid board game designed to explore whether disaster diplomacy
can foster water cooperation through joint planning, production, and trade in energy,
food, and nature, within the Nile Basin. The game consists of five select boards. The
goal of WeSharelt is for policymakers to get as many “happy faces” as possible. There
are also regional collaboration strategies that need to be met by each player or a team of
players. We designed the game with multiple continuing rounds, each consisting of a
pay-out session (A) and a water allocation session (B). In the session, A, food, wood
fuel (nature) and hydro-electric energy are harvested, bought and sold, in the trade
round. After the trade, players invest in public services or buy solar panels (to reduce
their energy need). In session B, the players may adjust their water allocation strategies
to make their citizens happy and meet their regional collaboration strategies.

5 Game Application and Findings

Game design, testing and a series of iterations took place between October 2014 and
October 2015. On 22 October 2015, WeSharelt was played by ten policymakers from
the Kenyan Ministry of Water and Irrigation in Maji House (Ministry Headquarters),
Nairobi, Kenya [36]. The players played three regular rounds and one drought round.
In the drought round, their resources (food, energy, and nature) are halved. Since the
players had not developed a joint action plan to buffer the river basin from future
disasters, they were not prepared for the fourth round. None of the countries could meet
their citizens’ needs in the fourth round (see Fig. 4).

The findings discussed in this paper are general findings that seek to investigate the
contribution of gaming to pre-disaster capacity development. The three contextual
factors (trust, situation awareness and collaboration), identified during the scenario
construction stage emerged during the game sessions as critical determinants of the
outcomes. First, the riparian states could not trust other countries to be their sole
providers or suppliers for their basic needs (food and energy). Second, the players
barely made water allocation changes because these changes required trust and a robust
collaborative process. Figures 4.1 and 4.2 indicate a correlation between trust and
collaboration. When there was distrust, there was barely any collaboration between the
players. Trust led to increased collaboration. Third, there was a false sense of security.
This false perception led to low situation awareness. As a consequence, all countries
were pre-occupied with local investments to be self-sufficient (national strategy to
produce locally, all food and energy needs, without undermining the environment), and
did not address trans-boundary strategies (cooperate and produce food and energy only
according to one’s comparative advantage). As a result, they were ill-prepared for the
drought round.

From the players’ statements in Fig. 4, we identified a shift in their mental models
on managing uncertainties. One of the players representing Ethiopia made the first two
statements (1 and 2) during the first three rounds. Later, he made the last statement,
during the debriefing session. An assessment of the statements indicates that at first
instance, the player was not ready to collaborate and was more focused on taking care
of national interests. In the first three rounds, players did not incorporate uncertainties
in their planning. Consequently, the players remained within their national social
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Fig. 4. On the left side is quantitative data illustrated by three (3) graphs to explain three
significant findings of the initial game sessions. On the right side are excerpts of players’
perceptions that were expressed during the game and at the debriefing stage that illustrate that the
main factors that challenges were distrust, weak collaboration, and low situation awareness.
Figure 4.1: Minimal changes to the original allocations despite the allocations producing adverse
outcomes for three of the five players in subsequent rounds. These minimal changes were
attributed to lack of trust in other countries to produce basic needs (energy and food) on behalf of
other countries. Figure 4.2: Minimal collaborative actions between countries despite having three
(3) countries having three (3) successive negative scores from the previous rounds. There was
much focus on seeking internal solutions to the problems and not joint planning and
decision-making. Figure 4.3: Low situation awareness characterized by long-term planning
without taking into account deep uncertainties and disasters. Figures 4.2 and 4.3 have a similar
trend, leading us to conclude that there was a correlation between where the countries were
investing their resources and the game outcomes. All the countries invested in strategies aimed at
making their citizens happy and took little account of the overall basin needs. When faced with
climate change, the water resources diminished significantly reducing the hydro-electric energy
and food supplies, and none of the countries could meet their citizens’ needs, despite the
comprehensive planning that had taken place before-hand.

networks (riparian state) and maintained the established roles and identities without
questioning the game rules. However, after the drought, the players stopped playing
and sought advice and the opinion of other players on how to address uncertainties. In
the discussions, new roles and identities began to emerge. For example, Ethiopia and
South Sudan understood their roles as respectively energy and food providers. The last



Designing Disaster Diplomacy in the Context of a Climate Change 53

statement (Fig. 4.3) corroborates players increase in situation awareness. Players
realized the value of cooperation because it prepared them to address future uncer-
tainties, including disasters.

Moreover, there was more collaboration in round four than all the previous rounds.
Figure 4.2 indicates a steep decline in adverse outcomes for Egypt for round 4 and a
subsequent decrease in positive outcomes for Ethiopia, which was occasioned by the
increased trust and situation awareness after the drought round. Ethiopia decided to
forego some of its national priorities and ensure that it produces and sells sufficient
energy to other riparian states, leading to a positive change for Egypt. The drought
round increased situation awareness and raised the levels of trust to facilitate collab-
oration. Additionally, the sudden awareness that the system is unsafe and unknown led
to distrust of the system and initiated a collaborative process, to address their
challenges.

Despite weak collaboration in the first three rounds, the players ranked the col-
laborative process in the game highly (see Fig. 5). By their responses, we identified
areas in the collaborative process in which they have sufficient capacity and the areas in
which the players are in need of further support. We concluded that future work should
give more priority to the capacity development of policymakers to (i) focus on col-
lective interests, (ii) successfully negotiate and (iii) manage conflicts.

Furthermore, the participants were requested to rate their overall satisfaction with
the game: 40% were extremely satisfied, 50% were very satisfied, and 10% were
satisfied. No player was dissatisfied with the game session. Based on the positive
outcome, we concluded that we could use WeSharelt game as a pre-disaster capacity
development tool and gaming as a useful tool in preparing policymakers to utilize
disasters as an opportunity for change.

Strongly
Agree S & 5
horee > : : -
Neither
Agree |1 2
nor Disagree
Disagree |1 1
Strongly

Disagree

Well managed process [l Focus on collective interests Successful negotiations

B Well managed confiicts

Fig. 5. The responses we received from the ten (10) players to Question 6 of the post-game
questionnaire. The question is: “what is your analysis of cooperation in the game?”

Based on the player’s recommendations, future work may entail decision support
on complex interactions between the social, physical and built environments to mini-
mize future adverse outcomes. We plan to do this through the use of already established
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frameworks like the Cynefin Domains of Knowledge model [58] Moreover; we plan to
improve on the current game and customize it for a smaller catchment in the Nile basin,
known as the river Nzoia catchment. Additionally, we plan to play it with key poli-
cymakers, in the river Nzoia catchment.

6 Concluding Remarks

In this paper, we discuss the emerging concept of disaster diplomacy with specific
reference to gaming. Thus, background information is provided to contextualize the
opportunities that may face the Nile Basin by 2050 when we use climate change
disasters as an opportunity for change. Also, three barriers emerge to the efficient
utilization of climate change disasters as an opportunity for change: low trust, low
situation awareness, and weak collaboration. Consequently, we developed a theoretical
framework aimed at addressing the three barriers. After that, based on the already
developed framework, a game known as WeSharelt was designed and applied in
Nairobi, Kenya. Based on the initial game findings, it is evident that climate change
induced disasters may provide an opportunity for change if the Nile Basin policy-
makers overcome the three. In particular, shared learning through a well-designed and
applied climate change game can help policymakers overcome these barriers. Future
work will entail more detailed assessments of game findings and provision of specific
policy analysis support to the policymakers.
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Abstract. The Maritime Spatial Planning (MSP) Challenge game: Short Sea
Shipping (SSS) Edition is a table-top strategy board game, designed for
policy-makers and stakeholders involved in MSP, short-sea shipping and the
Blue Economy. It is a ‘serious game’, allowing the development of a better
understanding of the issues involved in MSP through creative and imaginative
role playing, taking into account the relevant professional and personal expe-
rience of the players. The authors present and discuss the use of the MSP
Challenge board game to test how, and to what extent, the concept can help
stakeholders understand Maritime Spatial Planning.

Keywords: Maritime Spatial Planning - Stakeholder involvement
Serious gaming + Board game - Short sea shipping - Blue Growth

1 Introduction

European countries have relied on access to seas and oceans for their economic and
social development for many centuries [1]. As a result, these areas have experienced
increased pressures, both in terms of space and uses made of the marine environment.
Many different activities take place at sea; ranging from shipping, fisheries, oil and gas
extraction, to offshore wind energy and military activities. As increased use is made of
offshore marine resources, the requirement becomes greater for countries to work more
effectively together if those resources are to be utilised sustainably. Simultaneously,
new and evolving policies focus on tools to integrate different marine demands in space
and resources [2].

Uncoordinated planning and management of marine space can result in underper-
formance of the (blue) economy and/or the overexploitation of resources (e.g. marine
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ecosystem goods and services) [3]. Marine or Maritime Spatial Planning (MSP) is
defined as “a process of public authorities of analyzing and allocating the spatial and
temporal distribution of human activities in marine areas to achieve ecological, eco-
nomic and social objective” [4]. Further, MSP is described as “optimizing sea use and
ensuring the integrity of the ecosystem at the same time” [5]. MSP has been developed
in response to these current challenges and is still a rather new governmental approach
in most parts of Europe [6].

MSP has been introduced in different countries [7] and can be considered a much
needed approach to manage and organize the use of the sea and oceans. Stakeholder
participation and involvement is an important factor to the success of MSP [8]; and has
furthermore been identified as being key to MSP [9]. Stakeholder involvement and
cross-border cooperation provide opportunities to deepen mutual understanding about
MSP issues, explore and integrate ideas and generate new options and solutions [8].
However, according to Pomeroy and Douvere (2008), stakeholder participation alone is
not enough. Stakeholders need to be (and feel) empowered to enable their full
engagement [8].

Collaborative tools, such as serious gaming/simulation gaming (SG), can be used to
facilitate stakeholder engagement and, in turn, to gather evidence about the
human-level processes involved. This improves the available body of literature and,
thereby, increases trust in scientific evidence [10]. According to Morf et al. (2013),
there is a need of personal experience and interactive practice in MSP, as planning can
hardly be taught and learned individually or by books [11].

As a result, the MSP Challenge: Short Sea Shipping (SSS) Edition board game has
been developed. It is designed to let stakeholders experience some of the dynamic and
complex interactions in ecosystem-based MSP in relation to short sea shipping and
Blue Growth and to start ‘thinking and talking’ about the interrelations among different
sea uses and objectives.

This paper discusses ‘How and to what extent the MSP Challenge: Short Sea
Shipping board game can help stakeholders understand MSP? First, we describe the
main design characteristics of the MSP Challenge SSS board game. We continue the
discussion to consider ‘To what extent can MSP professionals broaden and improve
their understanding of MSP following gameplay?’ Finally, we address the question of
“To what extent do individual and professional backgrounds and perspectives influence
participants’ general understanding of MSP as a result of gameplay?’

2 MSP Challenge Board Games

The MSP Challenge: Short Sea Shipping (SSS) edition was developed for a high level
meeting on short sea shipping in Amsterdam on 15 February 2016, held as part of the
NL Presidency of the EU Council [12]. It is an adaptation into board game form of the
electronic simulation game ‘Maritime Spatial Planning Challenge 2050 [10, 13].
Following the success of the Short Sea Shipping edition, other versions of the MSP
Challenge board game have been developed [13-15] for different groups of stake-
holders concentrating on different aspects of, and contexts for, maritime spatial plan-
ning. In this paper we do not make a significant distinction between these games. More
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information about the different versions and design decisions can be found on www.
mspchallenge.info [13].

The MSP Challenge SSS is a ‘table top strategy board game’ designed for
policy-makers and stakeholders with an interest in the field of MSP [12, 13]. The game
is designed to run for between one to three hours, depending on the setting, involving
twelve to thirty players.

The goal is to let players experience some of the dynamic and complex interactions
between Short Sea Shipping and Maritime Spatial Planning (MSP). The main challenge
for the players is to achieve Blue Growth (BG) and Good Environmental Status
(GES) in their national and shared marine waters through the spatial allocation of
economic functions and ecological features and the development of short sea shipping
[12, 14, 15].

The game is played in the fictional sea basin called the ‘Rica Sea’ (see Fig. 1),
which gives players a level playing field. The Rica Sea is shared by three countries:
Bayland, Peninsuland and Island. These countries have their own maritime heritage and
ideas about the future development of the Rica Sea. The map shows various para-
meters, such as cities/ports and water depths; important information for maritime
spatial planners [12, 14, 15].

Fig. 1. Impression of the MSP Challenge board game in use with tokens to illustrate different
marine activities in the Rica Sea.

In each country, players assume the roles of Maritime Spatial Planners, Nature
Conservationists or a representative of a marine-related industry, such as Shipping,
Fisheries, (Renewable) Energy or Tourism & Recreation. The players receive some
background information about the Rica Sea and policy objectives per country. Fur-
thermore, players will receive ‘opportunity maps’ at some point during the game-play.
These maps give the ‘best available scientific evidence’ which hint at opportunities and
threats for achieving a blue economy [12, 14, 15].

At the start of the game, the game board is set up by the facilitators and shows a few
‘opportunity areas’ such as ports, cultural sites, wrecks, bird areas, etc. However, most
of the sea area is still undeveloped; it is up to the players to further develop the ‘Rica
Sea’ taking into account the countries’ national policy objectives and wider interna-
tional objectives, like achieving BG and GES. This is done by placing various tokens
and threads on the game board [12, 14, 15].
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These tokens and threads, symbolize all kinds of human activities (e.g. energy,
fisheries), ecological functions (e.g. bird and habitat areas) and shipping (e.g. cargo,
ferries). There are 25-40 different tokens and 5-10 different coloured threads. The
number of different tokens and threads, and combination in which they are placed on
the board, is up to the players. During the game, the players may gradually find out that
they get into each other’s way and this should players start ‘thinking and talking’ about
the interrelations among the different objectives [12, 14, 15].

The game is facilitated by a moderator and a Game Overall Director (G.O.D.).
The G.O.D., a policy expert, has the authority to give additional information, decide or
intervene in all matters that are unclear or not provided for in the game. At the start of
the game, the moderator briefly explains the rules and objectives of the game. At
chosen intervals, the moderator pauses the game in order to facilitate a discussion on
some key observations. The G.O.D. plays an important role in the game, giving or
asking feedback and explanation from the real MSP world. After the game, the
moderator explains key concepts and practices of MSP processes and an evaluation
takes place with the players on successes and apparent inconsistencies in developing a
Blue Economy for the ‘Rica Sea’ [12, 14, 15].

3 Method

Our empirical research strategy has thus far been mostly quantitative in nature, using
questionnaires to obtain information on participants’ level of MSP understanding and
its possible influential factors after each session. The questionnaires were intentionally
brief (2 pages) as the gameplay is already demanding. The questionnaire consisted of
background questions (demographics, sector of employment, pre-existing MSP
involvement, perspective on sustainability) and statements (scale: 1 = strongly dis-
agree; 5 = strongly agree) on game play experience (general perceived usability and
playability of the game), and MSP appreciation and understanding. We included one
open question for comments and feedback, and we noted our general observations as
facilitators and observers of the sessions.
In this paper we analyze data from the following gameplay sessions:

e Session in Millport (3 h), Scotland on 15 October 2016 - 9 respondents (all but one
female; all working in the UK, with one originating from Ecuador)

e Session at Baltic MSP Forum in Riga (1 h), Latvia on 24 November 2016 - 13
respondents (7 female; 5 male; originating from and working in several different
European countries)

e Session at North Sea Days in Scheveningen (1 h), the Netherlands on 6 October
2016 - 22 respondents (14 male; 8 female; all but one originating from the
Netherlands, all but two working in the Netherlands)

e Session with two game boards at Atlantic Strategy Stakeholder Conference in
Dublin (1 h), Ireland on 26 September 2016 - 32 respondents (16 male; 15 female;
mostly originating from and working in Ireland and the UK).

Of the 76 respondents in total, 36 (47%) were male and 38 (50%) were female.
Most respondents (50%) worked in the non-profit sector (e.g. science and academia,
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NGO:s), followed by those who worked in the public sector (36.5%; e.g. government,
public administration, public policy advice). A final 12.2% worked in the private sector
(e.g. fishing, shipping, tourism, energy). Given the limited set of data, all further
statistical analyses are non-parametric (Figs. 2 and 3).

MFinland
Mireland
13,33%)|5,33%) [CLatvia
MNetherlands
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Mother

Fig. 2. Distribution of  countries  of Fig. 3. Distribution of age of participants.
employment.

We conducted various descriptive, reliability and correlation analyses to answer our
research questions. We were able to calculate and work with two components: a
component representing five statements on overall game experience assessment (us-
ability, playability, enjoyment) and a component representing four statements on
overall MSP understanding. These and other ordinal and scale variables were not
normally distributed. Thus we were mindful to conduct only non-parametric analyses.

4 Results

Table 1 shows that, in general, respondents scored positively on our measures of MSP
understanding.

Table 1. Obtaining a general understanding of MSP — key descriptives

Measure Mean £+ SD | Min—-Max | Median | Mode
‘I know better what MSP is.” (N = 75) 373 £1.031-5 4 4

‘I can better imagine the different viewpoints on | 3.96 £ 0.95 | 1-5 4 4
MSP.” (N = 73)

‘I gained more insight into what the important 377 £ 0.87|1-5 4 4

factors in MSP are and how they (can) influence
each other.” (N = 74)

‘I gained insights on how different planning scales | 3.53 £+ 1.06 | 1-5 4 4
(local, regional, national, international. etc.) can
influence decisions made.” (N = 74)

General understanding of MSP (N = 72; 3.76 + 0.80| 1.75-5.00 | 4.00 N/A
Cronbach’s Alpha: .835)
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The overall component, derived from all four statements, indicates a positive
overall response, though not highly positive. Additionally, roughly one-fifth of the
respondents provided insightful remarks pertaining to their understanding of
MSP. Seven respondents remarked critical aspects and common challenges of MSP,
thereby indicating that they better understand MSP itself. For example:

e ‘Really interesting and innovative way [for] getting people to think about the dif-
ferent interests and viewpoints of the various stakeholders.’

e ‘The game shows clearly how governance and communication links work in reality.
Everyone undermines the planners and mind[s] their own interest.’

e ‘Nice to see how you experience that you first go for your own interests, then
national, and only then international in this game. Actually isn’t good, but this is
how it worked. Also: everyone wants to plan as much as possible.’

Another eight respondents provided remarks that signaled a lack of understanding
of MSP characteristics and issues, mostly because they attributed their experience to
flaws in game design and facilitation rather than the collective play and MSP itself. For
example:

e ‘In terms of set up players tend to [remain] in the space in front of them, and not
move around the table.

e ‘Personally would have benefited from more information about tokens e.g.
requirements for building of wind power, transport options for oil + gas, etc.’

e ‘Clearer game rules and objectives, and consequences of actions would make the
game clearer and more fun ... The chaos would then get less, I think (without
consequences nobody feels responsible).’

4.1 Factors Influencing MSP Understanding

Gameplay Experience

Table 2 shows that overall respondents assessed the gameplay experience positively.
Kendall’s tau and Spearman’s rho tests revealed significant, though rather limited,
positive correlations between the gameplay experience assessment component and
MSP understanding (respectively .227, p = .012 and .304, p = .011).

Table 2. General gameplay experience assessment — key descriptives.

Measure Mean £ SD | Min—Max | Median | Mode
‘I think it is easy to learn how to play the game.” |3.86 &£ 0.80 | 1-5 4 4

(N =174)

‘I think the information provided in the game is | 3.56 £ 0.81 | 1-5 4 4
clear.” (N =75)

‘I feel creative while playing the game.” (N = 75) | 4.00 £ 0.85 | 2-5 4

‘I think the game is fun.” (N = 75) 448 + 0.58 |3-5 5 5

‘I enjoy playing the game.” (N = 73) 4.40 £ 0.66 | 3-5 4 5
Gameplay experience assessment (N = 72; 4.06 £ 0.50 | 2.80-5.00 | 4.20 N/A
Cronbach’s Alpha: .691)
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Kruskal-Wallis tests revealed statistically significant differences between the four
gameplay sessions on both gameplay experience assessment (p = .024) and MSP
understanding (p = .000). Further Kruskal-Wallis tests also revealed significant dif-
ferences between the different countries of origin (p = .000) and employment
(p = .028) on MSP understanding. The distributions on gameplay experience assess-
ment and MSP understanding for each are shown in the boxplots below (Figs. 4 and 5).
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Employment Sector

Another Kruskal-Wallis test revealed statistically significant differences (p = .008)
between sectors of employment on the distribution of MSP understanding. The dis-
tributions on MSP understanding for each category are shown in the table below
(Fig. 6).

2,00 S

MSP understanding
w » (4]
o o o
T 3 9

1,00

,00 T T T
Public sector  Private sector Non-profit sector

Sector of employment

Fig. 6. Distribution of MSP understanding per sector of employment

Sustainability Perspective

Table 3 shows how we measured two different perspectives on sustainability - ‘soft’
vs. ‘hard’ — with a significant though rather limited negative correlation between the
two (Spearman’s rho: —.334, p = .005; Kendall’s tau: —.294, p = .005).
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Table 3. Sustainability perspectives — key descriptives.

Statement Mean £ SD Min-Max Median Mode

‘Depletions in natural resources and 2.55 + 1.32 1-5 2 1
decline of biodiversity can be
compensated for through economic
growth and improvements in technology.’
(“soft’ sustainability; N = 71)

‘Human activity and economic 442 £0.77 |25 5 5
development should not be allowed to
undermine natural systems and processes
that are vital to the existence of humans.’
(‘hard’ sustainability; N = 71)

Twenty-one respondents (29.6%) at least slightly agreed with the ‘soft’ sustain-
ability statement. Kruskal-Wallis, Spearman’s rho and Kendall’s tau tests revealed only
a significant correlation between ‘soft’ sustainability perspective and MSP under-
standing (respectively p = .010; .353, p = .003; .289, p = .002).

5 Discussion and Conclusion

From our data analyses we conclude that, in general, MSP stakeholders from any sector
and background can enjoy and appreciate the experience of a ‘serious game’ on
Maritime Spatial Planning (MSP). Whether they understand MSP better afterwards
depends not only on key session characteristics (such as quality of facilitation, number
of participants, timing, scenarios and the gameplay itself), but also on key character-
istics of the participant’s own professional background, notably their perspective on
sustainability and sector of employment. Participants from public and non-profit sectors
and those with a ‘soft’ sustainability perspective seem to be more open towards
MSP. Cultural differences in organization and communication might have an influence
on the game play and its effect on MSP understanding, but our data is inconclusive in
this respect.

Although our data shows a positive relationship between participation and under-
standing of MSP, we cannot conclude that gaming is more effective than other, more
conventional means such as presentations or publications. Further studies could be
conducted in a quasi-experimental manner to determine this. Other future research
could also focus on the role of gaming in the MSP process itself; to what extent does
gaming influence actual MSP processes and outcomes?
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Abstract. Cities face a challenging task in reducing CO, emissions. Multiple
technical solutions on district level as well as household level are available;
multiple stakeholders with different values and possibilities to intervene are
involved; and their actions highly influence the performance. To get a better
understanding of these complexities and to contribute to a community-based
transition process towards a CO; city, a simulation game was developed. This
game, GO2Zero, represents an abstract district that is challenged to reduce the CO,
emission to zero. Multiple stakeholders take actions, observe the challenges, and
deal with these challenges with the final objective a sustainable district. This paper
illustrates the first sessions with this game and show that different strategies of
stakeholders lead to different challenges, ways to solve these, and a variety of
outcomes.

Keywords: CO, emissions - Simulation game - Sustainability
Table top game

1 Introduction

The depletion of fossil fuel sources for our energy systems requires new ways and new
sources to fulfil our energy demand. More importantly these sources have a large
influence on the CO, emission. Other sources than fossil fuel ones (wind, sun, biomass)
and related technologies (wind turbines, solar cells, biomass combustion) are available
and implemented. At this moment, this is done insufficiently. A large transition towards
more sustainable energy systems is necessary. This requires not only the use of
renewable sources but requires a more holistic approach that addresses cost savings,
energy efficiency and institutional innovation as well.

The current transition process is scattered. Although the urgency for this transition
is well known, stakeholders act alone and their actions and implementations are limited
to what they individually can do. Is it possible to coordinate a collaborative transition
process, how would the roles of stakeholders change, and what does this mean for the
sustainability?
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To test and explore different strategies, it was decided to develop a simulation game
about the transition process with the aim of reducing CO, emissions on a district level.
Simulation gaming is considered as an approach to freely experiment with different
strategies and experience and reflect on the consequences of one’s actions [1]. Further-
more, a simulation game can be considered as a complex system in itself, that makes it
possible to represent a real world complex system [2, 3]. In the game, multiple stake-
holders on a district level can work together, experience, and learn how a transition
process can be organized, who needs to take the lead and how to achieve collaboration and
alignment among stakeholders. This game is intended for European city stakeholders.
Before this game could go life it had been tested with students from Tilburg University.

This paper presents the results of these student sessions. The main questions are:
does this game provide enough freedom to experiment with different strategies, does it
result in a variety of outcomes, is it a game nice to play?

We will first introduce the challenges in the transition towards a sustainable city. In
Sect. 3, we will describe the game GO2Zero, which is developed by Delft University of
Technology in cooperation with DNV GL. Section 4 describes the research approach,
and the results of the sessions are described in Sect. 5. We end with the conclusions
that the game provides the possibility to experience challenges in the transition pro-
cesses towards sustainable cities and could be a starting point for a collaborative design
of this process.

2 Transition Towards Sustainable Energy Cities

Cities can be considered as complex socio-technical systems [4]. Due to the charac-
teristics of these complex systems, planning and steering the system towards a new
system state is difficult and maybe even impossible. Looking at energy transition
processes on a district level, we observe a network of a variety of stakeholders, for-
mally and informally dependent on each other, and many technical and managerial
possibilities, which are highly connected and interacting. That means the system can
show emergent behavior, which could be unexpected and undesirable.

Main actors on a district level are the municipality, inhabitants of the district, the
social housing corporation, businesses, but also the energy network operator and
energy companies. These stakeholders operate on different levels and make decisions
based on different values. Whereas a citizen mainly focusses on its direct living
environment, a network operator or energy company reaches a larger geographical
level. Although, in general, the actors would agree that sustainability is important, the
ways in which this can be achieved varies from high-level top-down interventions to
small-scale bottom-up initiatives.

In addition, the variety of technical solutions and the relationships between them
are large. A number of possibilities are available, from reducing energy consumption
by insulation, double glazing, and energy saving appliances, to producing energy on a
household scale (e.g. heat pumps, photovoltaic (PV) panels) and a district scale (e.g.
PV farms, wind farms, and using rest heat from industry), or changing energy sources
from using gas towards using heat. The problem with these measures is that they could
negatively influence each other. If households insulate their houses and install heat
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pumps, the demand for heat from the network will decline and investing in a heat
network will not be efficient. Placing multiple PV panels on roofs might require
changing the capacity of the electricity network.

Finally, the technical system and the stakeholder network interact. Owners decide
about placing PV panels, which require an action from network operators to adapt the
networks; subsidies from a municipality steer the selection of measures causing dif-
ferent performances of the system. These interactions lead to emergent behavior on the
level of the district and consequently on the national and international scale.

Challenges
Getting a city towards a state of zero CO, emission faces some challenges.

— Stakeholders must invest first, while the return of investment is uncertain. PV
panels will not be optimally used when they were closed from the network with
insufficient capacity.

— The transition is a kind of chicken and egg story; on the one hand, the electricity
network must be ready and on the other hand stakeholders need to invest in sus-
tainable measures. It is not clear where to start.

— If everybody is deciding on their own, coordination problems will occur. Who
needs to take this initiative to coordinate this process?

— Many stakeholders look at municipalities to organize this process. A municipality
can follow a more top-down approach in which the local government in leading (by
rules and regulations, incentives etc.) or follow a more bottom-up approach where
the individual stakeholders take the lead and take actions based on their priorities
and expectations.

3 The Game GO2Zero

GO2Zero is a multiplayer tabletop game, developed as part of the EU project Cityzen.
The development followed the game design philosophy of Harteveld [5] and the design
approach of Duke and Geurts [1]. The main objective of the game is to get a better
understanding of the challenges of the transition process towards zero emissions in
cities and to provide an experiential space to explore different transition strategies. In
the development, we started with a thorough system analysis, including interviews with
different stakeholders in Europe to understand the main variables, relations and chal-
lenges. In the design of the game, we set some clear boundaries to make the game more
playable and more focused. Therefore, the transportation sector was left outside the
scope, just as the commercial businesses in a district.

The game GO2Zero simulates a transition process towards sustainable energy.
Multiple players, divided over different roles need to take actions to reduce energy
consumption, increase sustainable production and make the district CO2 free. A board,
with 12 houses with their families and gas and electricity networks, represents the
district (See Fig. 2). All households have four piles of fiches representing the energy
consumption (heat and electricity), the energy production, and the CO2 emissions. The
potential local production areas also have a place on the map.
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The participants play the families, municipality, grid operator, technology con-
tractors, housing corporation and the local energy company. Half of the families rent a
house from the housing corporation and the other half are house owners. All house-
holds have a grey energy contract with a national energy company (played by the
facilitator) to start with. The grid operator is responsible for ensuring sufficient capacity
on the grid. The needed capacity will change due to actions of the families and the
housing corporation, but also by newly installed production capacity of the local energy
company. The participants are placed at different tables in the room, with a placemat
containing information about their personal situation, available contracts, and assets.
They are allowed to move around and communicate with each other.

The challenge in the game is to reduce the CO, emissions in the district back to
ZERO! Additionally, participants should achieve energy consumption reduction by
50%, and produce all energy locally. The transition process is not determined yet, so
the participants need to think about strategies to reduce energy demand, and produce
green energy locally. Cooperation and coordination is necessary, but they must con-
sider their personal values as well as their financial possibilities and consumption
pattern.

Fig. 1. Discussion with grid operators

¢ > o Fig. 2. Representation of the district. The piles
(picture used with permission)

represent CO, emission, energy use and consump-
tion per household

A gaming session of GO2zero starts with a briefing about the background of the
energy problem and an introduction to the game. The game starts with a strategy phase
where participants have time to read the information and develop a strategy. The game
takes place in several rounds consisting of three steps: (1) payments, (2) negotiation,
and (3) consumption. In the first step, households receive their salary and they have to
pay their rent, energy bills, grid costs and municipality taxes. During the second step,
all stakeholders can buy technology assets, negotiate about costs, make appointments,
change contracts, and organize community meetings (See Fig. 1). In the third step, the
city map is adapted to the new situation. A complete gaming session has four rounds.
After the rounds, the final score is registered and all participants have to count their
money and get an overview of their individual situation.
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Then a debriefing starts, during which participants share and discuss their results,
followed by sharing of emotions surfaced during the game, and reflect on the overall
outcomes of the game. Further, they discuss what has happened, which challenges they
faced and how this could be done differently. Finally, together they look forward to
what this could mean for the transition process in the real cities.

4 Participants and Research Set-up

The game was play-tested with the municipality of Amsterdam (The Netherlands) and
Dubrovnik (Croatia). From these sessions, the design of the game and materials have
been improved, like the game flow and amount of possible measures. In this paper, we
focus on the realism and utility of the final design with student sessions.

4.1 Participants

The game was played with first year students following a public policy making course
at Tilburg University. At the end of the course, they played GO2Zero, to experience the
policy making and decision-making concepts discussed in the lectures in a simulated
real-life situation. In total 46 Dutch students played the game. The average age was
19.6 years (sd. 2.4), more women than men played the game, respectively 64% and
36%. They were randomly divided in three groups consisting of 15, 15 and 16 students.
This was an optimal number of players for the game.

4.2 Research Set up

As this is one of the first sessions of the final game, we were especially interested in the
game play, the possibilities within the game, and experiences of players. To collect data
about these points, we used the following methods:

— Game results; each round results of the situation in the game were collected.

— Game observations: each group had one general game leader and one or two
teachers to observe the game play and listen to the discussion between participants.

— Postgame questionnaire which focused on the game experiences and changing
perspectives about the transition process. All participants received a link to an
online survey.

5 Results

The results are divided in game outcomes to observe the varieties of strategies and
game experiences to present the game play according to participants.
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5.1 Game Outcomes

All groups started from the same position, which means that the houses have a low
energy label (G or H), which is an indicator of the sustainability of the house, and they
use non-sustainable energy sources for their consumption. We observed different
strategies and results between the three teams. Table 1 shows the outcomes on the three
main indicators. In general, none of the groups reached the final objective on any of
performance indicators. This was hardly possible, as the game has been designed for
four rounds of playing and due to time limitations, we played two rounds.

Table 1. Results of the different groups on the three main key performance indicators.

Target | Team 1 | Team 2 | Team 3
CO2 reduction 100% |46.7% |45.5% |33.4%
Reduction energy consumption | 50% |27.0% |33.6% |14.8%
% local produced 100% |29.5% |6.7% 3.0% (52%)*

aGroup 3 build a couple of local production assets, which had not been
connected to the network at the end of the session. Otherwise, the local
production would have been 52%.

Team one clearly focused on reducing CO, emissions by changing the grey energy
contracts to a contract with energy generated by nuclear power. This had a large impact
on CO, emissions. Secondly, the households focused on energy reduction and local
production via PV panels. They did this without any communication with the grid
operator. Consequently, the network had insufficient capacity to deal with the new
production. In the second round, the grid operator invested in increasing the grid
capacity and the households applied energy reduction measures. This lead to an overly
dimensioned network and a waste of resources.

The second group focused most on the reduction of energy. Together with some
sustainable energy contracts, they were about halfway the CO, reduction targets and
reached the highest reduction in energy use. With this group, the grid operator was also
not part of the discussion about how to execute the transition. They had the idea that
they could only react on the actions of others and need to follow the dynamics.

The third group had a strong grid operator, who took the leading position. To
survive as a company, they had the strategy to focus on district production instead of
household production. They actively discussed with the local energy company about
investments in the grid and new production assets. In this session, the households had
less influence and needed to pay higher grid costs. In the results, this is not yet visible,
as the installed power was not connected to the grid at the end of the game. If it had
been connected, the energy from local production would have been 52%, which would
have been substantially higher than in other groups, especially taking into account that
their energy consumption was higher.

During the debriefing, it became clear that it was not so easy to align the strategies
among the stakeholders. Although they share the same ambition, when it comes to
discussing investments problems occur, which lead to a deadlock. The discussion about
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implementing a heat network was a good example; everybody had agreed that this was
a good solution, but nobody wanted to invest. Finally, the heat network was not
implemented. A second general observation was that stakeholders focused on the
well-known measures as PV panels, insulation and double-glazing. They did not
research other opportunities.

5.2 Game Experience

In the postgame survey, we asked for players’ experiences while playing this game.
The number of responses of the postgame questionnaire was 24 (51%). Table 2 pre-
sents averages of answers to the statements (on a 5-point Likert scale). The participants
agree that the game was relevant (M = 3.9, SD = 0.5) and they put themselves into
their role M = 3.9, SD = 0.6). Further, they slightly agree on the clarity of aim, the
level of detail, and the realism of dynamics. In the debriefing, we observed that the
students were surprised that in reality stakeholders often do not communicate well and
believed that you could take decisions only with complete information. Further, they
slightly agree that they enjoyed playing the game and they would like to play again.
From the reactions in the open questions, we conclude that a better introduction of the
different roles is needed as students lack knowledge about different roles. In addition,
they asked for more time, so they would have the opportunity to finish the game. Both
points influenced their experiences.

Table 2. Statistics about game play experiences

Statement Average St.
(n =24) deviation

The aim of GO2Zero was clear 3.5 1.0
The aim of GO2Zero was relevant 39 0.5
I really put myself into my role 39 0.6
Given the aim of the simulation, the performance indicators 3.5 1.2
were sufficiently detailed

Given the aim of the simulation, the dynamics were sufficiently | 3.5 1.3
realistic

I enjoyed taking part in GO2Zero 3.6 1.1
I would like to play GO2Zero again 3.5 1.1

6 Discussion and Conclusions

The goal of the GO2Zero game is to provide more insights in the challenges of a
transition process towards sustainable cities. Our observations, coupled with the results
of the sessions, show that the game provides room for testing a variety of strategies and
related outcomes. Further observations showed that a good alignment between different
stakeholders is necessary to stimulate the transition process and to optimally use
limited resources. Especially the role or involvement of a grid operator seemed to be
critical in this transition. A second observation was that well known and easy to apply
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measures had been taken, like new appliances and PV panels. Other less known
measures as heat pumps were not implemented.

The post survey shows that participants liked to play the game and would like to
play the game again. The experience could become better if the roles had been
explained better and if there was enough time to finish the game. The participants
agreed that this game gave more insights in challenges of the transition process.

Based on the results, we conclude that GO2Zero represents a complex system in a
playable way and gives room for discussion. More respondents are needed to measure
the changing opinion about the transition process by playing this game.

Acknowledgement. The game development and sessions played have been part of the EU FP7
supported project ‘City-zen, new urban energy’. The game has been developed in collaboration
with DNVGL.
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Abstract. Preferred team role composition is said to influence team work
effectiveness and communication patterns within teams. It is often recommended
to balance team members in terms of socio-emotional and task-oriented pre-
ferred roles. However results obtained during this study indicate that there might
not be such a possibility in the managerial environment. Hereby we present case
studies of two extremely unbalanced teams in terms of socio-emotional and
task-oriented role preference and its relationship with communication patterns in
teamwork effectiveness. As suggested by literature, neither of these extremities
is fully beneficial in terms of game play results. However it seems that a team
consisting of only task-oriented participants performed better than purely
socio-emotional oriented team. The first part of this article summarizes theo-
retical background and outlines the method used in this study. In the second part
we present case studies of chosen unbalanced teams with in-depth analysis of
their communication patterns.

Keywords: Team communication patterns * Preferred team roles
Serious games - Effectiveness

1 Introduction

Team work, team communication and effectiveness are a commonly combined and
extensively researched areas in context of Business Simulation Games (BSG). Findings
related to these topics come from many fields (i.e.: management, psychology, computer
science, sociology, education, marketing, game-theory, etc.), and thus, BSG as a
research domain, tend to be highly interdisciplinary. As a result an interdisciplinary
approach is also highly recommended by scholars and practitioners of the field,
especially for research methods employing serious games [1].

The majority of authors agree on the importance of the role of communication in
experiential learning and serious game-based learning courses [2—7]. In fact, this
consensus is reached, across all the fields related, stating communication to be central
to any team actions. However, authors generally disagree on the way learning effectives
is reached and measured.

This study derives from process-oriented research method for teamwork effec-
tiveness assessment in BSG that was elaborated to take into account the dynamics of
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the game processes and encompass qualitative and quantitative measures [8]. The
aforementioned method was employed to examine a group of master level business
students taking part in a business simulation games course, and will be briefly intro-
duced for the purposes of this paper. The aim of this study however, is to elaborate in
greater detail on chosen inter-dependencies and processes captured by the above
mentioned method.

1.1 Communication and Effectiveness in Teams in Business Simulation
Games

Communication in group processes research derives from the psychological domain of
group dynamics. In order to define a ‘group’ or a ‘team’ there is usually a list of their
descriptive characteristics created. It is worth noting that Levi [9] particularly stresses
the importance of interpersonal interactions among the group members, stating the
communication to be the main and most important group process. Nevertheless, their
definitions also underline direct interactions and performance, together with comple-
mentary skills of the members as teams’ core qualities [10]. Thus, communicative
behaviours were one of the core components of the case study analyses in this research.
In addition, Barnlund’s Transactional Model of Communication was used at the con-
ceptual stage of the original study [11].

Existing studies of team work, lack sound empirical evidence around serious games
effectiveness. This fact is attributed to the diversity of measures for effectiveness and
communication assessment, plurality of data collection methods, and overall subopti-
mal study designs [12]. Several researchers point out to the necessity of further
exploration of this matter, as serious games are discussed in the literature to be pow-
erful learning tools [13-16].

It is also important to mention that the general logic and methodological approach
of original study for communication effectiveness in teamwork was derived from
studies in group development models, where two criteria were considered for group
development models construction and analysis: (1) process- and (2) outcome-oriented
[17].

1.2 Belbin’s Self Perception Inventory — Team Roles and the Balance
Between Socio-emotional and Task Role Preferences

Belbin defines preferred team roles as “a tendency to behave, contribute and interrelate
with others in a particular way”, pointing out that they are to be understood as a limited
set of beneficial behaviors that bring meaningful input into the teams actions and can be
divided into a few interconnected groups [18]. Each role is characterized in Appendix 1.

The questionnaire itself is being widely used in managerial practice. The main
reason for that might be the fact that it addresses a literature gap regarding practice of
working teams, especially in the field of balanced teams composition [19]. In this study
the questionnaire was used to determine the balance of socio-emotional and task —
oriented roles in researched teams.
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There is ample research literature regarding relationship between team work
effectiveness and Belbin team roles balance that confirms its existence [20] and lack of
it [21].

Polish validation of this questionnaire, which was used for the purpose of this study
is described as a valuable tool. However, its authors underline that this method should
be approached as experimental, as it lacks an in-depth research of accuracy of its scales
[22].

To determine whether the team is balanced or not, Fisher, Hunter and Macrosson
method was used. Each members result was classified according to two categories:
(a) socio-emotional or (b) task-oriented [23].

2 Method

The method of the original study was described in great detail in the authors former
article, [8]. For the purpose of this paper the method will be briefly outlined to provide
a point of reference.

The aim of the original research was to scrutinize team work effectiveness in
context of team communicative behaviors. In this study the main focus will regard the
preferred team role balance/imbalance results and combining them with communica-
tion behaviours obtained.

2.1 Socio-emotional and Task-Oriented Role Balance

First, the preferred team roles of the team members were diagnosed by Belbin’s
Self-Perception Inventory [24]. The results of each member were classified according
to two categories: (a) socio-emotional or (b) task-oriented — using Fisher, Hunter and
Macrosson method [23]. Next, the ratio of both categories was assessed as balanced or
not by the rule of thumb as suggested by the authors. See Table 1 below for Belbin’s
role categorization.

Table 1. Preferred group role categories. Own elaboration.

Socio-emotional oriented Task-oriented
Chairman (coordinator) Shaper

Company worker (implementer) | Plant

Resource investigator Monitor-evaluator
Team worker Completer-finisher

As a result, the “profiles” of teams were obtained, indicating balance or imbalance
of preferred roles.
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2.2 Team Work Effectiveness Measures for Communication Behaviours
and Engagement in Teamwork

Financial Game Results. Financial results were expressed by stock price of the
company (in Euro) point to teamwork effectiveness by outcome-oriented measure.
Financial results are used to rank the researched teams. The final ranking of the
companies (teams) was prepared and the teams were divided in two categories:
“winning” or “losing”, including first and second degree winning and losing teams.

Communicative Behaviours. Communicative behaviours were measured through
video analysis of team members’ behaviours during gameplay. Communicative
behaviours relate to teamwork effectiveness as process-oriented measures. The analysis
was run by trained behavioural judges who categorized observed behaviours. There
were three categories of behaviours defined — see Fig. 1 below:

y Y
A 4
L. Non-
Communicative - ..
p Individual work communicative
behaviour behaviour
(iw)

(c) (n)

Fig. 1. Communicative behaviours of examined teams.

Communicative Behaviour (Code: c). 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 [25].

Individual Work (Code: iw). Operations on objects, when a person does not com-
municate directly with other team members and is busy with individual activity. For
example: reading course materials, making necessary calculations with computer.

Non-communicative Behaviour (Code: n). Opposing the definition of communicative
behaviour. This included all behaviours containing no intention towards the partner of
interaction and serving other purposes than communicating with another team member.

Active Engagement in Team Activities. The level of active engagement was assessed
by trained behavioral judges based on a video recording of game play situation. The
experts were assessing the observed engagement on a 5-level Likert scale, where:
1 = “no active engagement in team activities, the team is not working” and 5 = “all
team members actively engaged in team activities, full engagement”.
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2.3 Subjects

The research was conducted at the authors’ university, during Business Simulation
Games courses (employing “TOPSiM” managerial game). The subjects were the last
year, part-time business students of master-level studies, aged from 21 to 42 (mean
age = 27). Four student classes were researched in total, one of which was removed
from the analysis of this study due to missing data. The students had previously
finished their courses in finance, accounting, strategic management, marketing.

2.4 Research and Data Analysis Procedure

Research Procedure. The students gathered in their classroom were informed by the
teacher about the opportunity to take part in a research study regarding group pro-
cesses. The research situation was separated from the standard course situation, by
introducing a researcher.

Next, the professor would leave the classroom. The researcher described the
research procedure, and provided Belbin Self Perception Inventory for the subjects.
After the questionnaire was filled, the teacher was invited back to the classroom and
started the class by instructing participants to form 4-6 person teams [26].

All teams worked in the open space of the classroom, where two video cameras
were registering their behaviors.

Data Analysis Procedure. After registering team members behavior in the classroom,
the video material was processed for the use of behavioral judges: from each decisive
round (90 min each) first 15 and last 15 min sections were selected for analysis. The
experts were given assessment sheets, instructions regarding behavioral categories, and
received training.

To provide the highest internal consistency of assessment, the experts were asked to
work in pairs — discussing to agree on a certain behavior categorization if in doubt.

The research material was categorized by judges according to the instructions
given: communicative behaviors and active engagement in team work were noted and
categorized every 30 s of the video, for every person from each team. Dominant
behaviors were categorized and noted down.

3 Results

3.1 Financial Results of Teams

For the financial results of each group and its teams see tables in Appendix 2. Financial
results were used in character of grouping variable to rank researched teams.

3.2 Socio-emotional and Task-Oriented Balance in Teams

Table 2 below summarizes socio-emotional and task — oriented balance in teams, that
was created based on Belbin Self-Perception Inventory questionnaire results. The table
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contains additional information on final rankings of teams derived from their financial
results. In addition, the number of roles that emerged in teams were noted.

Table 2. Socio-emotional and task — oriented balance in teams with ranked game results

Ranking Team Game Socio-emotional/task - Number of

order no result oriented proportions [%] present roles
Group 1 |1 4 Winning 1 | 20/80 6 of 8

2 1 Winning 2 | 20/80 6 of 8

3 3 Losing 2 25/75 4 of 8

4 2 Losing 1 25/75 Sof 8
Group 2 |1 3 Winning 1 | 40/60 7 of 8

2 4 Winning 2 | 60/40 8 of 8

3 1 Losing 2 20/80 7 of 8

4 2 Losing 1 100/0 6 of 8
Group 3 |1 1 Winning 1 | 20/80 7 of 8

2 2 Winning 2 | 0/100 40f 8

3 4 Losing 2 50/50 8 of 8

4 3 Losing 1 20/80 7 of 8

This overview of researched teams shows that eight out of twelve teams were
imbalanced towards task-oriented roles, while only one team held the opposite. There is
one nominally balanced team, however, in cases of teams number one and two, in
group three, there is a ratio pointing towards balance, as these two teams were com-
posed of odd number of members (5 people). Thus, this could be interpreted as a
presence of three balanced teams out of twelve researched teams.

It is also worth noting that each group forms its own micro-world. Group one is
most homogenous in terms of team role imbalance — all of its teams have more
task-oriented preferences than socio-emotional ones. Ratios for winning teams are
20:80 and for losing 25:75.

Group two is not homogenous, with winning teams tendency towards balanced
ratios (40:60 and 60:40), while losing teams with a bias towards extreme values: losing
team number one with 100:0 and losing team number two with ratio 20:80.

Group number three is also not homogenous. Winning team 1 and losing team 1
exhibited the same ratios of socio-emotional and task-oriented role preferences, which
is 20:80. The only nominally balanced team with ratio 50:50 was a second degree
winner. Second degree losing teams lacked team members with socio-emotional
preferences.

Additionally, there was a summary of the number of different roles appearing in
each team. Number of present roles varies from 4 to 8 (out of 8), and only two teams
displayed a complete set of eight team roles. One of them was a second degree winner
(team number 2 in group 2), and the other was ranked as second degree losing team
(team number 4 in group 3).
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Teams marked in bold (team number 2 in group 3, and team number 2 in group 2)
were chosen for deeper analysis of their communicative results as extremely unbal-
anced team roles of all teams that were researched.

3.3 Communicative Behaviours and Active Engagement Results of Two
Extremely Unbalanced Cases

Two teams were chosen for further in-depth investigation of their communicative
patterns based on their extreme team role imbalance. Summary charts were created for
team number two in group two and team number two in group three (see Figs. 2 and 3).

First Degree Losing Team. The team number 2 in group 2 (see Fig. 2) finished the
game as a first degree losing team (Losing 1). There were no preferences for
task-oriented roles diagnosed in this team. General communicative behaviours in time
(per round) seemed consistently focused on communication and individual work: with
communication varying from 56% to 45% and individual work varying from 42% to
49% throughout all decisive rounds. Non-communicative behaviours were consistently
marginal throughout the whole gameplay varying form 1.54% to 6.33% with 6.33%
being the highest ratio of non-communicative behaviours displayed, which appeared in
round 3.

In closer analysis of communicative behaviours observations for the beginning and
the end of each decisive round the bar graphs showed that this particular team’s
members communicated with one another more frequently in second halves of their
decisive rounds.

Even though there were numerous communication behaviours displayed, the team
started off from rank position number 3 after the first round. They managed to shift to
second rank after round 2, and after that the team gradually dropped their position to
the bottom of the ranking.

It is also worth noting that the team started the game off with extremely engaged
attitude of all its members (scoring 4.94 points out of 5 in behavioural judges
assessment), which lasted to the end of round 2. After that round the displayed
engagement dropped to be assessed 3.07 points and in next two rounds it gradually
shifted to the value of 3.93. This particular breaking point of engagement occurred
simultaneously with a drop in the ranking position.

Second Degree Winning Team. The team number 2 in group 3 (see Fig. 3) finished
their game as a second degree winner (Winning 2). There were no preferences for
socio-emotional-oriented roles diagnosed in this team. General communicative beha-
viours in time (per round) seemed to gradually increase, with two 7-8% drops in round
one and three. The team started off with 46.86% communicative behaviours ratio and
finished with the ratio of 70.83% communicative behaviours, consequently increasing
communication throughout their gameplay. Their individual work per round varied
from 45.61% to 20.42%. Non-communicative behaviours of this team held the level
below 1% for 3 out of five decisive rounds. However in round 1 and round 3 they
increased to 7.53% and 8.76% respectively.
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In closer analysis of communicative behaviours observations for the beginning and
the end of each decisive round the bar graphs show that this particular team members
communicated with one another more frequently in the second halves of their decisive
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rounds, reaching their most extreme difference in last - fifth - round shifting from
48.33% to 93.33%.

The team started the game off ranked second in round 1 and shifted to rank 1 for
rounds 2,3, and 4. In the fifth round — simultaneously to the communication behaviours
biggest shift - the team lost their leading financial position and finished the game
ranked as second.

This particular team started the game with moderately engaged attitude of its
members (scoring 3.53 averaged points out of 5 in behavioural judges assessment).
However, their engagement was increasing consequently through the gameplay (to end
the game scoring 4.37 averaged points). The engagement progressed in parallel with
financial progress of this team.

4 Discussion

Communication processes can be viewed 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 [11].This approach illustrates how team communication is a
dynamic process that undergoes constant changes, therefore, this study focused on
both: results and processes taking place during the gameplay. Thus, methods employed
for the purpose of data collection and analysis of this study were combined in accor-
dance to both, process- and outcome-oriented approaches of measuring effectiveness.
This was performed in order to bring a wider and more detailed picture to the research
situation. Nevertheless, these tools also comprise certain limitations that had to be
taken into consideration.

Some of them were already addressed by Palyga and Wardaszko in their original study
on process-oriented research method for teamwork effectiveness assessment in Business
Simulation Games [8]. To name the foremost, it was stated that there is no possibility for
results generalization, as the scale of original study was not large enough. Secondly, the
research method forged for the purpose of this study is still untested and needs further
calibration. Thirdly, although the results of application of the method brings some very
interesting insights, there is no causal reasoning allowed to be run here.

Also, Belbin’s Self-Perception Inventory (SPI) is widely criticized as a tool that does
not conform fully with all psychometric requirements of a psychological test [27, 28]. Itis,
however, very often used by researchers and practitioners for its coverage of very relevant
concerns in teamwork theory and practice. SPIs relationship with teamwork is not con-
clusive as well, however some researchers claim this fact to be a reason for further
exploration of this tool’s properties and applications [29, 30]. Nonetheless, Polish vali-
dation of this questionnaire which was used for the purpose of this study is claimed by its
authors as worth attention and offering some valuable properties.

Another important issue to be addressed, concerns the procedural decisions regarding
this study. Firstly, the students participating in the research situation were allowed to
create their teams by themselves. Such decision was made in order to obtain a natural team
composition, allowing better communication from the start [31-36]. It is also worth
addressing that the cameras used to record the teams could influence teams behaviors by



Preferred Team Roles and Communication Patterns in Teamwork 85

distracting participants attention. Nonetheless, a direct observation by behavioral judges
could intensify such phenomenon even more. In order to mitigate such influence, the
participants were informed about (1) cameras presence prior to research beginning and
(2) possibility of withdrawal from participation in research at every moment of the
recording. All questions and requirements about anonymity, confidentiality and proce-
dures of recording were answered. On the side of behavioral judges there was instruction
given to note behavioral indicators of interest in cameras presence (like direct gazing,
pointing and looking at the devices). The judges reported few indications of interest in
recording devices, but the amount was considered insignificant.

Results obtained in the three researched student groups might serve as an example
of how each group forms different internal culture and how each team develops its own
“personality” over time [6]. Results obtained by two teams chosen for case study
analysis emerged as extremely unbalanced in terms of socio-emotional and
task-oriented role preference. Imbalance in favor of task-oriented roles was observed in
all researched groups (majority of the teams) which could constitute a premise about
managerial population possessing such characteristic. However the sample size does
not allow such reasoning and permits to interpret this observation only as a suggestion
for further exploration.

Two extremely imbalanced teams came to the attention of the close observation and
analysis of this study. Obtained results suggest that neither of extremities in preferred
roles (either 100% task-orientation, nor 100% socio-emotional-orientation) is fully
beneficial in terms of team effectiveness. It is suggested in the reference literature that
excessive focus on only one role type might restrain the other and lead to a regression
of group development [37]. However, in the light of this research, it seems that the
team consisting of only task-oriented participants performed more effectively than
purely socio-emotionally oriented team. This study does not attempt to answer the
question why such situation occurred, yet its results might serve as a premise to explore
this matter further.

Appendix 1. Belbin Team Role Typology

Type Symbol | Typical feature Positive qualities Allowable
weaknesses
Company CwW Conservative, Organising ability, Lack of
worker predictable, Practical common sense, flexibility,
dutiful Hardworking, Self unresponsiveness
discipline to unproven ideas
Chairman CH Calm, self A capacity for treating No more than
controlled, self and welcoming all ordinary in terms
confident potential contributors on | of intellect or
their merit; and without creative ability
prejudice. A strong
sense of objectives

(continued)
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(continued)
Type Symbol | Typical feature Positive qualities Allowable
weaknesses
Shaper SH Highly strung, Drive and a readiness to | Proneness to
dynamic, challenge inertia, provocation,
outgoing ineffectiveness, irritation and
complacency or self impatience
deception
Plant PL Individualistic, Genius, imagination, Up in the clouds,
serious minded, | intellect and knowledge | inclined to
unorthodox disregard
practical details or
protocol
Resource RI Extroverted, A capacity for Liable to lose
investigator enthusiastic, contacting people and interest once the
curious, exploring anything new. | initial
communicative An ability to respond to | fascination has
a challenge passed
Monitor ME Sober, Judgement, discretion, Lacks the
evaluator unemotional, hard headedness inspiration or the
prudent ability to motivate
others
Team ™ Socially An ability to respond to | Indecisiveness at
worker orientated, people and to situations, | moments of crisis
rather mild, and to promote team
sensitive spirit
Completer CF Painstaking, A capacity for follow A tendency to
finisher orderly, through. Perfectionism worry about the
conscientious, small things.
anxious A reluctance to
“let go”

Source: Belbin (2004)
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Appendix 2 — Game Results
Share price in EUR )
Final rank
Groupl Round0 Roundl Round2 Round3 Round4
Team 1 100 106,6 136,2 189,2 255,5 Winning 2
Team 2 100 120,1 78,8 145,6 158,7 Losing 1
Team 3 100 173,5 128,5 182,8 235,8 Losing 2
Team 4 100 104,7 171,4 2143 275,3 Winning 1
Share price in EUR )
Final rank
Group2 Round0 Roundl Round2 Round3 Round4
Team 1 100 141,3 156 122,9 137,8 Losing 2
Team 2 100 126,3 104,6 129 71,8 Losing 1
Team 3 100 159,9 101,8 162,6 194,6 Winning 1
Team 4 100 1154 80,3 136,1 186,7 Winning 2
Share price in EUR )
Final rank
Group3 Round0 Roundl Round2 Round3 Round4  Round5
Team 1 100 78,4 142,9 189,7 299,1 519 Winning 1
Team 2 100 97,8 144,8 211,4 299,8 419,5 Winning 2
Team 3 100 112 99.4 168 125,7 0 Losing 1
Team 4 100 76,6 135,5 125,6 168,6 1342 Losing 2
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Abstract. This paper presents teachers training to design, develop, and apply
educational games and simulations in their class. The development of training
teachers to design, develop, and apply educational games and simulations in
their class in the era of 21* century and educational reform during 2006-2016
are discussed. Pedagogical knowledge and application as well as techniques of
design, development, and application of educational games are offered. Benefit
of games and simulations from teachers’ products is revealed. The development
and application of educational games and simulations may be one of efficient
tools in the 21% Century where teachers need to integrate language, culture,
innovation and information technology for their teaching.

1 Introduction

In the era of 21* century, globally, many young learners have difficulties in using their
high order thinking skills, collaborating with others, or creating new ideas or products.
These learners need to be trained in such skills, so they can survive and live happily.
This calls for educational reform, and learning and teaching methods and techniques
need to be change in accordance with the complexity of society, economics, and
technology. A new approach such as active learning is introduced by educators to
increase quality of learners. In this approach, one technique to enhance active learning
is to employ games and simulations.

21 Century Skills

Students need to be prepared very well for living in the era of 21* century. Students
must be equipped with three core skills, including learning and innovation skills,
information, media and technology skills, and life and career skills in order to succeed
in their work, life, and citizenship [1]. See Fig. 1. These skills need to be integrated
across a curriculum and instructions through standards such as ASEAN University
Network-Quality Assurance (AUN-QA) and assessments such as the Common Euro-
pean Framework of Reference for Languages (CEF or CEFR).
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P21 Framework for 21st Century Learning

21st Century Student Outcomes and Support Systems

Key Subjects - 3Rs
- and 21st Century Themes Information,
Life and Media, and
Career Skills Techn'ology
Skills

Standards and
Assessments

Curriculum and Instruction
Professional Development

Learning Environments

However, mostly, the current curriculums are not designed to produce students for
embedding such 21* century skills in tomorrow’s world [2]. This is because Internet
and computer technology are under constant development. Charles Fadel, from Global
Lead, Education Cisco Systems, Inc [3] stated that “The Internet is changing the way
we work, live, play, and learn” (p. 21). All students must be trained to use high order
thinking skills such as critical thinking and problem solving skills as well as life and
career skills. At the same time, students must be equipped with innovation and cre-
ativity skills, information, media and technology skills [3]. See Table 1.

Table 1. What’s new about 21st century skills?

New understanding of coverage New areas of emphasis

Critical thinking and problem solving skills for Innovation and creativity skills

EVERYONE

Life and career skills for EVERYONE Information, media and technology
skills

Presently, learning and innovation skills include 7C and 3R. See Table 2.

What approach and teaching techniques should we use to build up those various
skills for our students? How will we train them? We chose active learning and games
and simulations.

Active Learning
Whenever experiences stimulate mental activities that lead to meaningful learning, this
is active learning [5].“Active learning involves providing opportunities for students to
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Table 2. 7C and 3R in learning and innovation skills

7C 3R

o Critical Thinking & Problem Solving | e Reflectiveness
e Communication e Resilience

o Collaboration e Risk Taking

e Creativity & Innovation

e Curiosity & Inquiry

o Cultural Understanding

e Care for our self, others, and the planet]

Source: [4] http://www.banb7.sa.edu.au/docs/capabilities_
dispositions.pdf

meaningfully talk and listen, write, read, and reflect on the content, ideas, issues, and
concerns of an academic subject” [6] (p. 6). Active learning characterizes as follows:
Students are involved in more than listening. Less emphasis is placed on transmitting
information and more on extending students’ skills and ideas. Students are involved in
higher-order thinking (analysis, synthesis, and evaluation). Students are engaged in
activities (e.g., reading, discussion, and writing). Greater emphasis is placed on stu-
dents’ exploration of their own attitudes, values, and prior experiences [7].

Techniques of applying active learning to class included active listening, active
writing, visual-based active learning, brainstorming, collaborative learning, peer
teaching, problem-based learning, case studies, class discussions, questioning sessions,
role playing, drama, and simulations [8].

Games and Simulations

Kapp and O’Driscoll [9] state that games and simulations are very useful for learning.
Students collaborate, share their vision, work together to achieve a common goal, have
fun and excitement, and put high levels of energy when they play games and simu-
lations with their friends. Computer games especially online games enhance the cog-
nitive advantages of learning because of repetition. Students as players play games
again and again when games are over and over for getting a higher score, to beat a
colleague, or to reach the next higher level. This motivates players to play more and
more. Games also provide a goal and an immediate feedback for players, so they have
direction and learn while they play games. In simulations, students have chances to act
as in a real situation, so their cognitive elements are transferable.

Classically, simulation games include 6 elements [10]. Roles: What roles are
involved in situations? What is the status? How are persons in each role affected by the
problem situation? Goals: What are the goals of individuals and groups in the situa-
tion? Goals in simulation games which involve conflict or problem solving should not
be the same for every group. Alternatives: What alternatives do individuals or groups
have in trying to achieve their goals? Do they make decisions and use high order
thinking skills? “Chance” element: Do students as players can anticipate in some
situations and cannot in others? Focus on interaction: Do students have interaction
within or between their groups while they are playing games in order to achieve the
goals? There is no need to have “winner” or “loser” in simulation games when games
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are ended. Finally, debriefing: Do students talk about and examine what happen during
the games including feeling, actions, and reactions? Do students demonstrate creativity
and innovation of products or learning after playing games?

To conclude, educational games and simulations or simulation games need to be
designed and developed based on both global and local environment. Students actively
learn through games and simulations, and teachers should design their simulation
games which include roles, goals, alternatives, “chance” element, focus on interaction,
and debriefing elements.

2 How We Train Our Students

In this section, we shared our experiences of training our student teachers to design and
develop their games and simulations.

2.1 Course and Purposes

The 93001: Language, Culture, Innovation and Information Technology in Education
course is offered for student teachers. The main purposes of the course are to train
students: (1) to use both native and target languages academically and efficiently, (2) to
apply teaching theories, technology, culture to create new tools and new teaching
materials. We, then, discussed what strategies we should use. We decided to use games
and simulations as a tool and product for this course. The reasons are the following.
Kids like to play games, pupils have chances to simulate what they will do in their real
life, culture can be integrated while playing games and simulations, teacher-students
can design and create their games suit to their pupils and contexts in a limited of time.
Moreover, teacher-students use 4 language skills because they are trained and assigned
to design, develop and implement their games and simulations systematically and
scientifically by using research methodology, explain and demonstrate their games and
simulations in teacher-students’ class before implementing in their own class. Write up
their games and simulations as a paper and present in a conference.

2.2 Target Group

The target group is teacher-students who study a teacher certificate program during
2006-2015 at Thonburi University, Thailand. There are about 110-120
teacher-students in each year and 30 are put into classes based on their level of
teaching, viz., kindergarten, primary, secondary, and vocational. Most of them are
young teachers, but a few are old. All have graduate bachelor degrees, and most are
subject matter experts in their fields. However, none have a professional teacher
license. In this paper, this group is called students; whereas, pupils is used for a group
of students who are taught by these teacher-students. I refer to the first author, and we
refer to all three authors.



Facilitating 21st Century Skills and Increasing Active Learning 97

2.3 Training

We use active learning approach to train our students to design, develop, and apply
educational games and simulations in their class. This is because our students have
chances to use their high order thinking skills, involve in creating and using their
products, and get their feedback from us and their peers after they finish playing their
games and simulations.

2.3.1 Pre-training

We plan to integrate games and simulations (G & S) development into the course:
Language, Culture, Innovation, and Information Technology in Education (2-2-5), so
one hour is allocated for this activity in each week. Then in the next semester, students
bring their games and simulations to experiment in their class, write their paper, and
present their experiments in the ThaiSim national conference. We plan to introduce
examples, the concept, process of game and simulation development, and debriefing
little by little. Students have chances to think, create, design, develop, use, and evaluate
their games and simulations. We play as a helper and supporter.

2.3.2 Training
The process of this training activity is shown in Fig. 1.

Tell objectives of
the course &
provide examples
of G & S

Select topic & set
goals & objectives
of G&S

ractice G & S In Design game for
class Feed back warm up and
Debrief simulation for

Evaluation < learning content

Fig. 1. A process of training game and simulation development for teachers

Introduction of objectives of the course and provide examples of G & S

I describe the objectives of the course and the major activity which students will have
to do. Students need to learn language, culture, innovation, and information technology
in education. These four elements must be integrated into their own games and sim-
ulations. They will design and develop their own games and simulations. By doing
these, they use information technology (IT) techniques and skills to search, read, and
evaluate what information they find from the Internet. They have to summarize
information and have conversation within their group. Then they write information in
their own words and present to class. While searching and reading information,
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students learn culture of Thai or other countries. Microsoft Word, PowerPoint, Google
drive and form, Facebook, LINE, Skype, and SPSS are introduced via learning by
doing, so students embed necessary IT skills. By the end of the course, I hope students
will produce their own games and simulations which are considered as innovation for
their teaching.

I divide students into 4 groups according to the level of teaching: kindergarten,
primary, secondary, and vocational and ask two students to work together to create
their game and simulation as a core activity of this course. One example of games and
simulations of each level is introduced for students, and they play for the purpose of
learning and experience, before they develop their own games and simulations.

Selection of Topic and Contents

Students know well their learning and teaching situation, so I ask them to discuss with
their partners to choose the topic from their courses and prepare their contents
according to the topic they choose to develop their games and simulations. The criteria
are set for choosing their topic: the topic is difficult to understand or complicated, it acts
as a background for the next one, and students will use it in their real life. Students
search for and study theories of learning, games, and simulations. Then they select one
or two theories which are relevant to the topic they choose and suitable for teaching
technique they will use.

Setting up Goals and Objectives of Learning

A direction is very crucial; as a result, I ask students to set up goals and objectives of
learning for this topic. Goals of games are broader; while, objectives for the contents
are more specific. My students and I discuss goals and objectives of learning in order to
make clear and have mutual understanding. Then they note down these goals and
objectives of learning. I remind them that when they design their games and simula-
tions, they have to look at their goals and objectives of learning so they will not get
lost.

Design Educational Games and Simulations
Six elements of designing educational games and simulations [10] are explicitly
explained, and students need to apply these elements in their games and simulations.

Roles: Each pair of students identifies a learning situation: level, age, numbers, and
characteristics of students, subject taught, times and duration of teaching, and equip-
ment. Games and simulations must be designed appropriate to their students’
group. Games are encouraged to use as an input of a lesson; while, simulations are
employed for students to act, react, and interact as in a real situation. For example, in a
class of graphic design, students do matching tools of Adobe Photoshop before doing
simulations with their graphic team to design name cards and sale in Facebook. Each
group has to try hard to attract their customers. Members of each group function
differently such as a manger, 3 graphic designers, a marketing and sale person, and a
secretary.

Goals: Students set up the goals and objectives of their games and simulations. Goals
are broader; while, objectives are narrower. Goals are focus on learning from playing
games, and objectives are emphasized on content knowledge. For examples, goals of
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this game are: (1) to enhance team work and co-operation and (2) to encourage students
to use high order thinking skills. Objectives of this game: After students finish playing
this game, they will be able to: (1) indicate the names of functions of the industry tools
correctly and (2) select appropriate tools for using in each situation.

Alternatives: Students have to create their own games, so they have chances to make
decisions and use high order thinking skills. At the same time, they have to design their
games which encourage their pupils to think and make decisions while playing the
games too.

“Chance” Element: Students design games and simulations and apply them in class
within 6 months and all are manual games, so as players, they can anticipate what will
happen in some situations and what will not happen in other situations.

Focus on Interaction: Small games which serve as input of the lesson have less
interaction than simulations. After students’ attention is attracted to focus on their
lesson, they do the simulation. Students should design this simulation to provide for
students to have interaction within and between groups. Though no need to have
“winner” or “loser” in simulation games when games are ended, most students design
their game for competition.

Debriefing: All groups need to debrief after they finish their games and simulations.
Students prepare four to five open-ended questions to ask their pupils. The examples of
questions are:-

(a) How do you feel after playing games and simulations?

(b) What did you learn from playing games and simulations?

(c) What should be done to improve playing games and simulations?

(d) Can you use what you learnt from playing games and simulations to your real life
or daily life and study? How? Please explain.

At this point, all students compile their devices for using in as well as write their
manual of their games and simulations.

Trial out

Students have to trial out 2 times at least. I ask my students to test their games and
simulations in my class. Their friends pretend to be pupils. Two students check devices
as stated on the manual and examine the objectives, a process of running simulations in
their own classes, and debriefing of games and simulations. Two students act as
observers and one serves to a time keeper. After each group finished its games and
simulations, both my students and I provide comments and suggestions. Students take
comments and suggestions to improve their games and simulations. They play their
games and simulations one more time before applying games and simulations in their
own class rooms.

Apply
Students run their games and simulations in their own classes. Pictures and video are
taken during the games with two purposes: to review and improve and to be evidences.
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Evaluation

Students report their results of running games and simulations in their real classrooms.
How is the climate of their class? Do their pupils like and willing to learn more? What
did their pupils say about playing games and simulations? To increase reliability of
games and simulations, two students of each pair run their games and simulations in
their respective schools to see that (1) pupils like games and simulations and (2) the
mean scores before and after playing games and simulations of each group increase or
not.

2.3.3 Post-training

Students improve their games and simulations, and they prepare to present and run their
games and simulations in conferences. The purposes of this activity are to have experts
evaluate these games and encourage students to share and experience an activity at the
national level.

3 Reflection of Actual Practice

Training games and simulations for teacher-students enhance their 21* Century Skills
and active learning as follows.

21st Century Skills

Designing and developing games and simulations provide opportunities for students to
use high order of thinking which are critical thinking and problem solving. Students
have to analyze their pupils and learning environment before setting the goals and
objectives of games, simulations, and learning. Then they have to select the most
suitable topic, design, develop, test, and apply in their classroom which students must
complete this process in limited time. Students need to study existing games and
simulations before starting to think of developing their own games and simulations, so
they have to search, read, compare, and make their games and simulations different
from the previous ones so they inquire new information and knowledge. Thus, students
are asked to create new games and simulations which are considered as their creativity
and innovation. Students work in pairs, in a small group, and in the whole class while
they design and develop their games and simulations. They have to communicate and
collaborate with their partners and friends.

All students and pupils are Thai, so cultural understanding is not a problem or
concern. About 2-3 pairs teach Thai dance or Thai language, so they integrate Thai
culture into their games. Those students who teach kindergarten have to carefully
design their games and simulations to avoid any accidents from running or competing.

Students practice their games and simulations in class and do debrief at the end of
games and simulations, and have chances to reflect their feeling, knowledge, and
experiences. Two students brought one game and simulation which created by two of
them to experiment in each of their class. Each pairs of students mostly teach in
different schools. Thus, students have to be flexible and adjust more or less, so their
games and simulations are suitable for running in the two real classes. Students are
required to present their games and simulations in a conference which there are 4-5
senior teachers act as evaluators to evaluate their games and simulations. Most students
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are young and have never had experience to make any presentation. They have to take
risk, but they did, courageously, by practicing before presenting their games and
simulations in the conference.

Active Learning

Training students to design, develop, and employ games and simulations in classrooms
can be considerate as embedded active learning to this group. The process of training
game and simulation development for teachers (Fig. 1) facilitates active learning.
Students have to talk and discuss the learning situation of their class, and then analyze
the situation before synthesis their situation and knowledge of their subject contents
with games and simulations. The ultimate goal of this activity is to produce games and
simulations which are new and suitable for their pupils. This idea and process is
congruent with Rusbult [5] which students create games and simulations leading to
meaningful learning. The process also co-responds to Meyers and Jones [6] because it
provides students to have meaningfully conversation and communications of four
skills. Students reflect their learning and experience with their peer while they practice
and with their pupils while they run their games and simulations in the debrief session.
To conclude, games and simulations create active learning as Bonnell and Eison [7]
stated because students use their high order thinking skills, they engage in games and
simulations, and they explore their attitudes and experiences after playing games.

Consequence

After integration games and simulations into one course: Language, Culture, Inno-
vation, and Information Technology in Education 3 credits (2-2-5) for 6 years, the
program developed a new course Simulations and Games for Learning 2 credits (2-0-4)
for the teacher certificate program.

4 Limitation

Time is limited, so only one topic or lesson is used for developing a game and a
simulation to experiment in only 1-3 hours according to the level of pupils. This
contrasts with the learning idea which is an accumulating process little by little. We as
teachers encourage them to continue design and develop their games and simulations
for their class because the results from their experiments reveal that pupils are alert and
active. They have fun and learn while playing games and simulations.

Levels of students: There were 4 levels of students in this program: kindergarten,
primary, secondary, and vocational level. Moreover, there is one more group which
works under informal education section in this program. They were mixed with dif-
ferent levels for the first six years because students were put into class according to
“first come, first serve’ basis. Then students were put into each level of their teaching in
the last two years. The reasons are that the purpose, design, process, motivation, and
care and management of each level are quite different. When they work in groups,
either pairs, small groups, or the whole class, they feel they have more mutual
understanding because they have the same background.
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Games and Simulations Design: In the early period of training, all students designed
only manual games and worked in groups of 4-5 members. From our observation, only
2 students worked; while, the other two sat and watched. Thus, we decided to make the
group smaller by pairing them. We encouraged students who taught or had knowledge
and skills in computer or information technology to apply their knowledge and skills to
develop their computer games. This is still embryo because limited of time, knowledge,
and experience, so mostly, students used PowerPoint to present or run their games and
simulations.

5 Conclusion

In the 21° Century where teachers need to integrate language, culture, innovation and
information technology for their teaching, one of efficient tools may be development
and application of educational games and simulations. The learning situation should be
analyzed first, and the element of games and simulations need to be considered and
included in the process of games and simulations design and development.
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Abstract. This paper discusses the ways in which design games are used as
scaffolds for knowledge creation. Using players’ reports on time-efficiency in
deployments of Topaasia Cards, it demonstrates that play appears to foster
creative dialogue and meaningful interaction that lead to user experiences of
positive organizational knowledge creation.

Keywords: Design games + Knowledge creation - Organizational learning
User experience research

1 Introduction

This paper discusses design games as a method for knowledge creation necessary for
developing practices and organizational processes by providing a space for playful
creativity. Although playfulness and creativity have been linked in organizational life
[13] and many solutions to foster playful activities in organizational contexts have been
created (e.g. [8, 15]), the use of service design games for organizational learning
remains an understudied area.

In this paper we begin this inquiry by discussing design games, an existing tradition
of applying games in organizations, and describe how they foster playfulness and
creativity for organizational learning. We propose that design games increase creative
thinking in discussions about current working practices and thereby contribute to
knowledge creation.

To achieve this end, we use a case example to examine two research questions:

RQ1: How do design games foster creative discussion for organizational learning?
RQ2: How are such tools perceived by their players?

To answer these questions, we first introduce service design games as organiza-
tional learning tools.
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2 Design Games as Creative Interventions

Design games are a method of participatory design which uses game rules and material
to serve different interests in the design process. They are a loose group of structured,
often somewhat shallow forms of play, conducted for service innovation, improvement,
or knowledge creation [9]. No exact definition of design games exists, and as a phe-
nomenon they tend to be defined more by their context than with any specific game
properties [5]. Yet they have been documented as being highly efficient for the pur-
poses of facilitating collaboration, because they enable the sharing of experiences [2,
16]. A design game may just as well be a card game, a role play, a physical exercise, or
something digital. This flexibility, together with their shallow structures, together
enables designers to easily tailor the games for various organizations’ and stakeholders’
needs [9].

According to the seminal Play framework of Vaajakallio [15], the use of design
games can best be understood through three perspectives. For the designer, the game is
a tool for gathering input from a number of participants in an organized manner. For the
player, it is a mind-set that allows associative and representational thinking across
space and time. Finally, for the designer of a particular design game, the game forms a
structure for creating materials and roles for the participants [15, 16].

The Play framework implies that for the designer the playfulness and creativity in
design games exist in service to the design process. Design games organize dialogue
and collect contributions from multiple participants, and promote exploration at the
expense of negotiation or compromise [2]. This means that as a whole, design games’
potential as an organizational learning intervention has been left underexplored.
Especially design games applied in service design have been used to interrupt routines
and focus on building new understanding [10].

Design games work on principles of expansive learning (as per [3]) and the
development of practices through shared discourses [6]. According to expansive
learning, the development of practices takes place when the members of a community
identify contradictions in their collective activity and respond to the contradictions by
reorganizing their activity [4]. Mainemelis and Ronson [13] have studied the role of
playfulness in fostering creativity in organizations, and identified five
creativity-relevant cognitive processes supported by play: problem framing, divergent
thinking, mental transformations, practice with alternative solutions, and evaluative
ability. Design games aim to support all of these, by fostering discourses and thinking
patterns that enable creativity, exploration, problem-forming, while giving each player
a level field to propose ideas and evaluate those proposed by others [15]. Our case
example Topaasia Cards focuses on precisely this kind of discussion support.

3 Case Topaasia Card

Our case example, Topaasia Cards, is designed and sold by Finnish company Galli-
washere. Topaasia is a family of organizational learning games which combine a
dialogue for developing practices (as per [7]) and simple game rules which structure the
discussion on shared topics and provide some competitiveness to the interaction.
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Topaasia Cards can be played without a facilitator and the game is intended to be
played multiple times over a period of time for continuous reflection. Different decks,
such as “Sales” or “Projects”, are available.

In Topaasia Cards (Fig. 1), players choose a topic of discussion for each round,
and play a card from their hands. Each card has a suit which corresponds to a theme of
development within the game, as well as a keyword which refers to a specific item of
development. The selected cards are shuffled to hide which player chose which card,
and the group decides which card is the most important one. That card is then moved
aside together with the chosen topic marker. Out of those, at the end, the most pressing
issue is selected for further development. One game usually takes from 30 to 45 min of
play, and is able to optimally accommodate four to eight players.

Fig. 1. A Topaasia Cards deck, rulebook, package and hourglass timer. (Gélliwashere)

In order to facilitate a dialogue on developing practices, the game uses cards act as
shared points of reference. The text on the card acts as a trigger for the player to
consider each card’s potential significance, and each player’s best cards are further
discussed once the cards have been played. The downside of this is that some key
topics may not come up for discussion because that particular card was not played
during the game. To manage this risk, best results are acquired from multiple rounds
played either simultaneous or by the same group over time.

A key feature of Topaasia Cards at the time of this research the goal of getting the
most points by playing cards that will be picked the best by the group. Because of this
competition, the game might be perceived as more engaging than design games without
competitive elements or clear winners (e.g., [8]).



106 O. Hannula and J. T. Harviainen

4 Data

Our data set comes directly from the producing company, Gélliwashere. After each
session, the players could choose to use the feedback system, Kiteyttdjd, to provide a
summary of their play and provide data for the game designers. Different versions of
the feedback system have included questions related to development suggestions,
usefulness, etc., but we have focused our analysis to the five questions present in all
submitted feedback, presented in Table 2.

At the time of writing this paper, Topaasia Cards been played over 300 times in
over 100 companies. Exact numbers are not available because of the voluntary nature
of the feedback system. A total of 53 answers were received from play sessions with an
older version of Kiteyttdji (January 1, 2015 to May 12, 2016) and 54 with a newer one
(May 13, 2016 to August 19, 2016) (Table 1).

Table 1. Feedback questions of Topaasia Cards (translated by Harviainen)

How useful was the session, compared to the time you used (1 = No benefit compared to time;
3 = Equally useful compared to time [as other methods]; 5 = Produced significantly more value
compared to time.)

How well was the play session organized on a scale of 1-5, with 5 being the best?
Do you have suggestions on how the session could have been improved?

What functioned well in the session?

Other feedback?

5 Results

Galliwashere gathered evaluations for each game session with the instructions that the
answers should be determined by group consensus after the play session. The average
time-effectiveness evaluation was 3.74 (n = 53) for the older version and 3.78 (n = 54)
for the new version. Neither data set contained any ratings of 1 (the lowest), and only
one rating of 2 each. A total of 28 answers rated the sessions with an evaluation of 3,
denoting that the session in question was perceived to be as time-effective for orga-
nizational learning as other methods. 66 gave a rating of 4, for somewhat more
time-effective, and 10 gave a rating of 5, meaning extremely useful. The last 25 ratings
were all 4 or above, which suggests that the iterative design may be improving its
performance rate (see Table 2).

Table 2. Summaries of user group feedback on time-efficiency

Useless 1|2 | As useful 3 |4 | More useful 5
Old Kiteyttdji |0 1|17 30 5
New Kiteyttdjdi | O 111 36| 5
TOTAL 0 2128 66|10
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Although the available data does not allow for deep analysis, we can see that the
consistent majority (71%) of Giélliwashere clients perceived that the play was more
useful for organizational learning than other methods they had tried. Given how dif-
ficult it is to convince corporate clients to see cost-effective benefits in play, we find
this significant, especially since many clients have continued using the game after the
initial workshops in which it was introduced. So while part of “work”, the play still also
seems to preserve a voluntary aspect to it as well (see e.g., [11]), especially given the
high approval ratings. It appears that a combination of playful engagement, competi-
tion, and constant reflection is able to lead to organizational learning — or at least the
experience that organizational learning is taking place.

It must be noted, however, that Topaasia play seems to be quite
backcasting-oriented. This is not necessarily a bad thing: the identification of existing
challenges, risks and potentials through the examination of present data is a key
advantage of organizational gaming. Topaasia Cards thus provides important insight
on the current state of the organizations within which it is played.

While user satisfaction is no gauge for organizational learning, we believe that its
correlations with existing findings on knowledge creation point to there being actual
benefits in this sort of play. We next turn to those correlations.

6 Discussion and Conclusions

According to Tsoukas [14], organizational knowledge creation takes place in dialogues,
but all dialogues are not equally useful for that purpose. Dialogue has to be productive
and therefore requires a type of commitment and engagement in which participants
relate to each other and make it obvious that they want to work together. The partic-
ipants have to separate themselves from the organization’s existing practices in order to
reflect on them, while still remaining aware of existing practices to create relevant
knowledge. However, should participants try and protect their own interests by
engaging in calculated participation at the expense of productive dialogue, knowledge
creation and transfer fail.

We believe that Topaasia Cards excels at fostering productive dialogue. As each
proposition in the card games is group arbitrated, the desire to win is re-appropriated
for the purpose of knowledge creation. The reflective work required for both learning
and assessment of competitive learning games is thus embedded in their play. Thereby,
the game scaffolds the creation of new organizational knowledge, and also enables its
players to pinpoint information needs of which they, or even the organization as a
whole, may not have been aware before.

Service design games tend to be very efficient in facilitating knowledge creation, as
they encourage creative discussions, shared reflection and task-completion oriented
thinking in a playful mode [7]. The Topaasia games take this further. Through their
competitive-reflective mode, they on the one hand enable participants to fuse those
three information needs into a single whole, making task completion, context, and
information creation one integrated process. They also increase time-on-task, a factor
noted as a key facet of game-based learning (e.g., [12]). At the same time, they enable
fluent switching between a goal-oriented and a reflective mind-state and a
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playful-speculative-competitive mind state (as per [1]) when players navigate optimal
play choices based on their existing organizational knowledge. Topaasia Cards
exemplifies the way in which those co-exist in a learning game. Whereas organizational
play tends to be focused on just efficiency, and is thus often constrained [17], design
games can create a safe space for innovative exploration - and make that exploration
highly enjoyable.

The expansive learning potential of these kinds of games is in providing methods
for interrupting the routines of organizations by allowing players to “bring in” their
existing practices and contradictions and setting up a space in which the players feel at
liberty to engage in playful examination of the existing practices and modelling new
solutions.
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this particular research project.
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Abstract. There are various brands of milk with different “best use before”
dates in supermarkets. Each milk package must be sold by this corresponding
selling time limit, which is set as two-thirds of the time of its best used before
date from production under the so-called one-third rule. If the milk remains
unsold when the selling time expires, milk waste occurs. This paper gives a
detailed design of a milk supply chain game that simulates the situation and
carries out the game experiments. In addition, a questionnaire is completed
before and after the experiments to help evaluate the educational effect of the
game in increasing awareness of food waste.

Keywords: Milk industry - Dairy farm - Supermarket - Supply chain
Waste

1 Introduction

Many milk-based drinks are currently available in the marketplace and the nutritional
benefit that milk provides, such as calcium, is well known. As most Japanese people
are said to be deficient in this [1], the recommendation is that they drink milk regularly.
However, there is a decreasing trend in its consumption and a large amount of raw milk
is reportedly wasted every year. For example, in 2006, as much as 1,000 tons of raw
milk was wasted, with an economic value of approximately 76 million yen [2]. 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 recovers in winter
[3]. In contrast, the demand for milk from consumers increases in summer and
decreases in winter.

For milk with a certain “best used by” date, the period corresponding to two-thirds
of the best used by date from production is set as the selling duration and a supermarket
has to sell the milk within this period under the so-called one-third rule. There are
various brands of milk packages with different best used by dates being sold in
supermarkets. If some remain unsold when the selling duration is over, the milk is
wasted. Thus, at the International Simulation and Gaming Association (ISAGA)
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conference in 2016, we proposed a milk supply chain game that simulates this situation
[4]; in this paper, we elaborate on the design of the milk supply chain game including
an auction model and consumer agents. Several other papers are available as references
for our study, which designs and evaluates a milk supply chain management game. For
example, in one study, a pedagogical game mimicking negotiations in a supply chain
was proposed [5]; and in another, the role of gaming simulation in policy research was
discussed [6]. Our study was conducted based on this literature, namely, our game
experiments were conducted with university students focusing on milk waste under two
cases: with and without the one-third rule. In addition, a questionnaire survey was
conducted both before and after the game experiments to evaluate the educational
effects of the game in increasing food waste awareness and, thereby, ultimately
decreasing waste.

2 Methodology

2.1 Game Scenario

The game scenario is shown in Fig. 1. The major stakeholders in a milk supply chain
include dairy farmers, milk manufacturers, supermarkets, and consumers. Players are
assigned to the roles of three milk manufacturers and three supermarkets, and the
transactions between the two roles are modeled as an auction. Dairy farmer roles are
modeled by a computer agent, which automatically receives orders for purchasing raw
milk from manufacturers. Customer behavior is modeled by a logit model. Therefore,
the total number of human players is six.

Milk Supermarket 1
Manufacturer 1
- Consumer 1
Specified
Organization -
Milk Supermarket 2
Manufacturer 2
Consumer 2

Milk
Manufacturer 3

Supermarket 3

Fig. 1. Game scenario

Once every two days, an auction is conducted between milk manufacturers and
supermarkets. The game was played for 13 days fictionally from October 1 to October
13 and the auction was done five times in this game. Each milk manufacturer tries to
sell as much milk as possible to as many supermarkets as possible as at high a price as
possible, and each supermarket tries to buy milk from as many milk manufacturers as
possible as at low a price as possible. The milk manufacturer players make a production
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plan so that milk waste does not occur, and the supermarket players need to consider
customer behavior. The milk size available is only 1L.

2.2 Player Actions

2.2.1 Milk Manufacturers

Each of the milk manufacturer players can check the total sales account, total waste of
milk, amount of raw milk, production plan, total stock of milk, and the result of the last
auction at any time.

9 am: Delivery plan

(1) The player creates a delivery plan for milk based on the previous day’s auction
result.

(2) If the volume of milk sold can be met by the total stock, there is no work for the
player here.

(3) If the volume of milk sold exceeds the total stock, the player has to decide how
much milk to move to each of the supermarkets 1 to 3.

1 pm: Production plan and the raw milk order (only Tuesday and Friday)

(1) On Tuesday: the amount of milk production will be decided for Friday, next
Monday, and next Tuesday.

(2) On Friday: the amount of milk production will be decided for next Wednesday
and Thursday.

(3) According to the production plan, raw milk is ordered.
The raw milk ordered on Tuesday is delivered on Thursday, and this milk can be
used as of Friday. The raw milk ordered on Friday is delivered on Tuesday, and
this milk can be used as of Wednesday (Table 1).

3 pm: Auction time

(1) It is possible to bring to the auction the milk stocked in the warehouse and
available by 5 pm of the auction day.
(2) The player offers the volume and selling price of the milk produced every day.

5 pm: Reconsideration of the production plan
The production plan drafted on Tuesday and Friday can be modified the day before (the
last decision).

9 pm: Check the sales

Today’s sales and the amounts unsold raw milk and milk waste are counted.

To achieve the most points, it is important that the manufacturer player makes good
decisions. The points of this player are calculated as follows:

Table 1. Time schedule of the flow of raw milk

Order Received Day used
October 1 (Tues) | October 3 (Thu) | October 4 (Fri)
October 4 (Fri) | October 8 (Tue) | October 9 (Weds)
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<Plus points>
e The volume of the sales * sale price
<Minus points>

e The purchased amount of raw milk * 10
e The amount of milk that could not be sold * 30% of the price decided by the
auction.

2.2.2 Supermarkets
Each of the supermarket players can check the total sales account, total milk waste,
stock of milk, and the result of the last auction any time.

9 am: Shelf stacking
The player decides how much milk of each brand with a best sell before date should be
moved from the warehouse to the shelf as well as the selling price.

1 pm: Shelf stacking

The player confirms the sales of the milk that were moved to the shelf at 9 am and
decides the further amount of the milk to be moved from the warehouse to the shelf and
the selling price.

3 pm: Auction time
The player decides on and offers for a purchase amount and a price of the milk
produced by the milk manufacturers 1 to 3 on each production date.

5 pm: Shelf stacking and discount

(1) The player moves some milk to the shelf as done at 9 am and 1 pm.
(2) The player may discount the price of milk that has been stacked on the shelf.

9 pm: Confirmation of sales
Today’s sales and the amount of the milk wasted are counted.
To gain the most points, it is important for the supermarket player to make good
decisions. The points of the supermarket player are calculated as follows:
<Plus points>

e The sales price * (1-discount rate) * the amount of milk sold
<Minus points>

e The amount of milk that cannot be sold * 10
e The purchased amount of milk * the purchase price from the manufacturer.

2.3 Auction Model

The transaction between the manufacturers and the supermarkets is modeled as a
double-sided auction. The auction is conducted separately for the milk produced on
each day by each milk manufacturer. The manufacturer bids the minimum price and the
maximum amount and each supermarket bids the maximum price and the maximum
amount for the milk. Then, the bids are aggregated into the supply and demand curves,



114 M. Sato et al.

and who buys how much of the milk at what price is determined by the intersection
point between the curves.

24 Logit Model

A logit choice model represents the consumers’ preference in which the total utility is
determined by the sum of the partial utilities on the price, the discount rate, and the best
use before date. The parameter values of the model are estimated through the choice
based conjoint analysis. Eighteen university students answered a questionnaire with 20
choice questions created for the analysis and the parameter values were estimated for
each respondent. The respondents can be clustered into three groups by applying
cluster analysis to the data. Accordingly, three types of consumer agents were created.

In the game, a consumer agent appears following an exponential distribution, and
she/he chooses which milk to buy from those on the shelf or decides not to buy any
according to the logit choice model with the parameter values corresponding to her/his
group. Further, the supermarket he/she goes to is determined by the probability pro-
portional to the mean utility gained in each supermarket by a consumer of the group on
the day before.

3 Results
3.1 Milk Manufacture

(1) The difference in milk waste between the cases with and without the one-third rule
was analyzed. When the rule was used in the game, the packaged milk waste
increased. This is because when the rule was not imposed, the milk manufacturers
could sell the milk for 12 days, however, when the rule was imposed in the game,
they could sell the milk only for four days. Of note, the number of selling days
was significantly fewer.

(2) The data on milk waste on Wednesday, October 2 are shown in Figs. 2, 3, 4 and
5. If the one-third rule is used, the selling time limit of this milk is Sunday,
October 6. Since the auction is conducted once every two days, it is only possible
to sell this milk on Thursday, October 3. On the other hand, in the case without
the rule, this milk can be sold four times during the game period. Thus, when the
rule was used, in every round (from 1 to 4) more milk waste was caused for the
milk manufacturer. When the one-third rule is used, therefore, a price decision can
be made only once, and hence, it is critically important.

(3) However, the difference in the amount of raw milk waste between the cases with
and without the one-third rule was not large. This is because the players can
review the production plan every day.

3.2 Supermarket

Milk waste occurred between two and four times more when the one-third rule was
used during this game. However, when the rule was not used, there was no milk waste
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Fig. 2. The waste of milk at the first trial (October 2)
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Fig. 3. The waste of milk at the second trial (October 2)
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Fig. 4. The waste of milk at the third trial (October 2)
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Fig. 5. The waste of milk at the fourth trial (October 2)
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or very little. When the rule was imposed, it was clear that the quantity of wasted milk
was large. When the rule was used, the sales period was four to seven days. However,
when it was not used, the sales period was 11 days. Thus, the sales period without the
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rule was longer than with the rule. Therefore, when the one-third rule was imposed, the
players could not sell a large amount of stock without wasting milk.

The volume of milk purchased, the volume of milk sold, unsold milk, and waste in
the fourth trial is shown in Tables 2, 3 and 4. When the one-third rule is not used, the
players can sell a large amount of milk and decrease the amount of wasted milk.
Because of this situation, the supermarket players can choose milk with the best sell by
date he/she wants to buy from the manufacturer. The supermarket can sell the milk for
a longer time and the decision-making period is also longer. Thus, the players are able
to consider the consumer’s demand as well. When playing without the one-third rule,
the supermarket players are able to sell more milk efficiently with less waste than in the
alternative case.

Table 2. Milk manufacturer 1 (milk purchased, sales volume, unsold milk, and waste)

With one-third rule | Without one-third rule
Volume of milk purchased | 1986 1360
Sales volume 1046 1238
Unsold milk 863 122
Milk waste 77 0

Table 3. Milk manufacturer 2 (milk purchased, sales volume, unsold milk, and waste)

With one-third rule | Without one-third rule
Volume of milk purchased | 2280 1380
Sales volume 1292 1330
Unsold milk 400 50
Milk waste 588 0

Table 4. Milk manufacturer 3 (milk purchased, sales volume, unsold milk, and waste)

With one-third rule | Without one-third rule
Volume of milk purchased | 2279 1604
Sales volume 1149 1489
Unsold milk 538 115
Milk waste 592 0

3.3 Change in Customer Behavior

Before and after the game, we conducted a survey questionnaire on consciousness
regarding food waste. Before the game, we asked the game players, for example, “Do
you know the one-third rule?” Only 20% of the players knew the rule (this meant that
the majority, 80% did not). Therefore, it was important for these players to learn about
the rule. In the survey after the game, we asked, “Have you ever heard news about food
waste in Japan?” Of the players, 70% had heard such news, however, only 25%
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indicated a consciousness of food waste. In addition, we asked, if “the best use before
date of the food has passed, do you still eat the food?” About 60% of the players
indicated that they would not eat such food. Although there were many players who
knew about the problem of food waste, they did not know the details around the
problem.

After the game, we asked, “Do you think about the problem of food waste?” In this
survey, 53% of the players who answered stated that we all should think about the
problem. However, in the survey before the game, only 30% of the players answered
this way. Thus, there was a 23% increase in consciousness regarding food waste after
the game. Furthermore, before the game, the ratio of players who checked the refrig-
erator before going shopping was less than 50%; however, after the game, this
increased to 87%. More than 90% of the players answered that they will pay more
attention to food waste from now.

4 Study Limitations and Future Considerations

In terms of study limitations, research indicates that a student’s ability to apply
knowledge is important in solving an internal pricing problem in a supply chain and
that such knowledge could affect the results. In addition, the findings should be
reconfirmed by using new data to assess the reliability of the results [7]. Thus, it is also
important for us to confirm the results with other data and carefully evaluate the
effectiveness of the game for the reduction of food waste.

Future study considerations are as follows:

(1) This game tests only 13 days, so we need to lengthen the period and check for
milk waste.

(2) Here, the difference in milk waste between the cases with and without the
one-third rule was analyzed. Thus, we should try another system, for example, a
half rule.

(3) As the players here were university students, we should try to use this game with
milk manufacture workers, supermarket workers, and others.

(4) In asupermarket, there are many brands of milk with different sell before dates are
being supplied. Therefore, we should incorporate more items into the game.

(5) It remains to be answered whether our game is effective as an educational tool that
can actually decrease food waste.

S Summary

We gathered the following insights from our study results:

(1) By analyzing the questionnaire before and after the experiments, the effectiveness
of the game was clarified.

(2) We found that it was possible to subdivide consumers according to their buying
behaviors regarding milk, as revealed in the consumer questionnaire.
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(3) We were able to effectively compare milk waste between the cases with and
without the one-third rule in this game. More waste was created when the players
were under the rule. Thus, we saw the importance of reconsidering the impact of
the one-third rule.

(4) We were able to develop a serious game that can be used effectively to enhance
consumer consciousness around decreasing food waste.
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Abstract. The use of simulation games in education requires coherence in their
understanding as methods of instruction. Variety of definitions of the game
concept has been put forth; but is still difficult to give an unambiguous and
universally accepted one. To identify how a simulation game is understood by
its participants the study of subjective perceptions of game was undertaken.
Results obtained showed that, primarily, the game is described by all partici-
pants as an active form of learning-by-doing (regardless of gaming experience).
Participants’ subjective perceptions of game reality are mostly influenced by
experience of participation in simulation games. The perception of game also
depends on the cultural context.
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1 Introduction

The use of simulation games in education requires coherence in their understanding as
methods of instruction. For example, variety of definitions of the game concept has
been put forth; but is still difficult to give an unambiguous and universally accepted
one. It is natural that people with diverse backgrounds have different subjective
opinions. To identify how a simulation game is understood by its participants the study
of subjective perceptions of a game was undertaken. We wanted to detect similarities
and substantial differences, depending on game experience, gender and cultural context
(here as represented by language — English or Russian).

2 The Study

To conduct this investigation, we developed a questionnaire [1]. For the purpose of
obtaining spontaneous answers of participants the questionnaire contained the open
type questions as they provide an opportunity to give answers in free form and are not
restricted by rigid statements. The survey involved 125 attendees of the several Russian
and International conferences, seminars, schools on interactive methods (including
participants of ISAGA Summer School-2005 and several ISAGA conferences). The
participants differed in gaming experience, gender and cultural contexts (Table 1).
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Table 1. Distribution of participants by their game experience, gender and cultural context
(N = 125)

Game experience | Gender Cultural context (language)

Absence | Presence | Men | Women | Did not specify | Russian speaking | English speaking
54 71 40 |77 8 89 36

Game experience was determined by the participant’s answer to the first question:
“What is your experience of playing/facilitation games?” 54 persons out of 125 par-
ticipants (43.2%) had no experience or had an insignificant one (participation in 1-2
games); 71 persons (56.8%) had an experience of participation in simulation games,
facilitation and their designing.

89 persons (71.2%) were Russian-speaking people (including the CIS countries),
out of them 54 persons had no or an insignificant experience, 35 persons had such
experience (rarely in designing); 36 (28.8%) — English-speaking participants (all had a
game experience).

117 participants specified their gender: 40 men, 77 women. Due to the small
number of the participants who did not specify gender, the comparative analysis
between this group and two other groups (men and women) was not carried out.

The age was specified by 52 participants (covers the range from 22 to 68 years).
Due to the small amount of participants who indicated their age the comparative
analysis of different age groups was not carried out.

As long as there were no English-speaking participants without game experience, to
exclude an influence of game experience on final results the comparison only between
the following groups was executed:

1. The Russian-speaking participants with (N = 35) and without (N = 54) experience;

2. Russian-speaking (N = 35) and English-speaking (N = 36) participants having an
experience of participation, facilitation and designing of simulation games;

3. Men (N = 40) and women (N = 77).

Analysis was performed using the content-analysis technique [2]. Procedure of
content-analysis included the text splitting into meaningful units and calculation of
frequency and number of the text units. A certain category was given to each statement
(if possible) or unit. The attribution of a text unit to a certain category sometimes
caused difficulties, since being included by different participants into various contexts
the unit got a slightly different meaning. In other words, the strict categorization of the
data was impossible without loss of the semantic nuances given to the same concept
(phenomenon, object, etc.) by different participants. Thus, the meaning of the same
statement sometimes was set to several categories, for example: “For me the game is an
interesting pastime and an opportunity to be not myself, but another person”, received
categories: (1) game is interesting; (2) it is related with rest, pastime, etc.

After the calculation of the allocated specific categories they were grouped into
more general blocks, for example: self-cognition; sphere of personality; cognitive
sphere, etc. Then calculation of their occurrence for each of the groups of participants
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and comparison were carried out. Statistical significance of differences between groups
of participants was checked by the y2—Pearson criterion (p < 0.01) [3] (MATLAB
R2007b package).

3 Results Obtained and Discussion

Participation in simulation games allowed participants without game experience or with
insignificant game experience to learn new things about games, to reconsider their
views on learning. It changed their perception (including perception of games). Game
is described by them as an active form of education. Training, learning is mentioned as
the goal and meaning of simulation games. Thereby the participants without an
experience of participation in games or with insignificant one perceive simulation
game, first of all, as a form of learning.

Experienced participants consider the game as a synthesis of knowledge and
experience, they connect simulation games with efficiency and productivity, and they
consider personal experience of participation in the games and receiving practice as
important. They define game as a set of several features (list of its characteristics):
“Model of life, a type of human activity, the source of energy, knowledge and feel-
ings”. These participants distinguish simulation games from methods of conventional
education by:

— Subject-subject approach to learning (the learner is active in the process of
instruction);

— Higher motivation of participants;

— More effective use of the available resources;

— Orientation of methods of conventional education towards the transfer of
knowledge.

The goal and meaning of simulation games for participants with game experience
are cognition, including development of thinking (in particular, environmental and
logical thinking). Personal experience of participation, practice, and orientation to the
problem-based learning were mentioned as variants of meaning of simulation games.

Thus, the participants with experience of participation in games (especially, their
design and facilitation), perceive simulation games more broadly than inexperienced
participants (more answers). The game is perceived by them as an effective way to
learn something new through complicity and activity, experimenting, practice. This
special way of learning through personal experience gives the chance and an impulse
for the development of cognitive and motivational spheres of the personality. We
propose that in a process of accumulation of game experience the perception of dif-
ferences between simulation games and methods of conventional education shifts, first,
from the narrower to broader (more categories) and, secondly, from external, unstable
interest in games towards internally driven cognitive interest and motivational
involvement.

In order to identify an influence of a cultural context on the participants’ subjective
perceptions of game reality we carried out the comparative analysis of the answers of
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English-speaking and Russian-speaking participants, who had an experience of
designing, facilitation and participation in simulation games.

Russian-speaking participants more often experienced difficulties while formulating
the specific answers to the questions “What did the game experience change for you?
What new have you learned about yourself?”; they answered that they didn’t learn
anything new about themselves and about the games more frequently. While answering
the question about the differences between simulation games and conventional edu-
cation these participants experienced difficulties more often than English-speaking
participants, as the specific differences between the games and traditional methods of
learning were not revealed (answers are terse and short): “Yes, it differs”.
Russian-speaking participants associate games with a form of cognition, transfer of
knowledge, opportunity for an application of knowledge to practice (an emphasis on
cognitive aspect of simulation games is made). The development of thinking, in par-
ticular, of environmental thinking was mentioned as the goal of the simulation games.
These participants more often mentioned the development of cognitive abilities (a
cognitive component of the games), visual presentation and interest as advantages of
simulation games.

It is interesting that Russian-speaking participants with game experience signifi-
cantly more often did not give answers to the question “What did the game experience
change for you? What new have you learned about yourself?” than Russian inexpe-
rienced participants. May be this result could be connected with cultural context:
generally English-speaking participants, all with experience in games, gave answers to
this question in contrast to experienced Russian-speaking participants. We propose that
traditions of life in Russian-speaking countries imply closeness and intimity concerning
information about oneself.

English-speaking participants specified that games had an impact on their thinking
and allowed them to learn new about themselves and about the sphere of the per-
sonality in games. Apparently, as a result, these participants mention development of
the personality and learning as the goals and meanings of simulation games. For many
participants with experience game is specially modeled reality, “a magic door to the
special world”: “... educational games: they are as attractive initiation to the world of
special reality which cannot be transferred in other ways” (the English-speaking tea-
cher, the designer, the researcher of simulation games; experience of studying, use,
teaching and game-design — more than 19 years). Games involve the person in learning
and change: “For the personality it gives an opportunity to be oneself because I'm
active and alive!”.

Thus, Russian-speaking participants perceive the game through the development of
the cognitive sphere of the participant’s personality. English-speaking participants
perceive it more as learning through feeling of immersiveness, active involvement and
an opportunity for personal development. Representation of game reality in a world of
English-speaking participants has a clear emotional accent: unlike methods of con-
ventional education, game for them is the tool allowing to express emotions freely in
the game environment.

In order to identify an influence of a gender on subjective perceptions of partici-
pants we carried out the comparative analysis of the answers of men and women.
Significant differences were revealed in the answers to a question “What are the goal
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and the meaning of the simulation games?”” Men significantly more often than women
answered that modeling of a situation and transfer of its results to the real life is the
goal of game.

In order to identify the factors which have the strongest impact on the subjective
perceptions of the game reality we summarized the amount of differences for each
group of participants in Table 2. In the 1% column of the Table questions are shown; in
2" column the number of participants is shown; in the 3™ column the number of the
categories revealed by means of the content-analysis is shown. The numbers in the 4,
5" 6™ columns show the amount of categories with significant differences between
groups of participants.

The greatest number of differences — 38 — was revealed in the groups differing by
game experience (column 5). Thus, the experience of participation in simulation games
mostly influences subjective perceptions of the game reality. Participants without game
experience perceive games as a form of learning. For experienced participants the game
is not only an effective way of learning, but is also a way to acquire/develop moti-
vational sphere of personality.

In a group of the participants differing by a cultural context and with game
experience 14 differences (column 6) were revealed. The smallest number of differ-
ences — 1 — was revealed in a group of the participants differing by gender (column 4).
Thus, an influence of a cultural context (Russian-speaking and English-speaking) on
subjective perceptions is much less important than gaming experience. The gender
actually does not influence the subjective perceptions of game reality.

We also compared and identified questions that provided significant differences in
answers. From Table 2, in a group “Presence/absence of game experience in a group of
Russian-speaking participants” (column 5), the greatest number of differences (9) was
revealed in the answers to the question “Do you have any experience of the use of
interactive and game learning methods? What results have you got from their appli-
cation?” Experienced participants use these methods of education and can describe
results of their work in more detailed answers in contrast to inexperienced participants.

In a group “Presence/Absence of game experience in cultural contexts” (column 6),
the greatest number of differences (4) was revealed in the answers to the questions
“What did the game experience change for you? What new have you learned about
yourself?” and “What are the goal and the meaning of the simulation games?”

In general, the greatest number of differences (10) was revealed in answers to a
question “What are the goal and the meaning of the simulation games?” We propose
that every participant (despite game experience, gender and cultural context) has
his/her own understanding of things that happen in games and of the goals, aims, and
meanings that simulation game has. Thus, the debriefing becomes the key value for
promoting the holistic understanding of game and of the meanings that it has; and it
also provides new meanings for everyone.

An analysis of the answers to the questions “Did your opinion about the subject of
the game change after the game ...?” and “What disadvantages does the interactive
simulation method of learning have?” did not reveal significant differences (0).
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Table 2. Summary of Statistically Significant Differences in the Answers of Different Groups of
Participants (p < 0.01)

1

2

3

4

5

6

7

Questions

What did the game
experience change for
you? What new have
you learned about
yourself?

Did your opinion
about the subject of the
game change after the
game (the specific
subject of specific
game)?

Do you have any
experience of the use
of interactive and
game learning
methods? What results
have you got from
their application?
What is the game for
you (simulation,
educational, role, etc.)?
Does the simulation
game differ from the
conventional
education? How?
Please, define.

What are the goal and
meaning of the
simulation games?
‘What advantages an
interactive simulation
method of education
has?

What disadvantages an
interactive simulation
method of education
has?

‘What personal
qualities the facilitator
must possess?

Total

N participants

124

33

85

106

103

124

121

121

104

N categories
discovered

38

17

32

25

35

50

26

52

282

Gender

Presence/absence
of game
experience in a
group of
Russian-speaking
participants

4

38

Presence/absence
of game
experience in
cultural contexts

14

Total
(sum)

10

53
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4 Conclusions

We carried out the comparative analysis of the subjective perceptions of participants
differing by a game experience, a gender and a cultural context. Results obtained
showed that, primarily, the game is described by all participants as an active form of
learning (regardless of gaming experience). Participants’ subjective perceptions of
game reality are mostly influenced by experience of participation in simulation games.
The accumulation of gaming experience makes the perception of differences between
conventional forms of education and simulation games broader, and shifts from
pragmatic motives (cognition), simple curiosity and excitement of gaming to the
motivational component of educational games.

There are fewer differences in answers between participants belonging to two
cultural groups than between two groups differing by a game experience. It is inter-
esting that subjective perceptions of game reality of English-speaking participants are
more emotional (in contrast to Russian-speaking participants): unlike conventional
forms of education, game allows participants to freely express their emotions in
communication. The gender actually does not influence subjective perceptions of the
reality of game.

All participants perceive game as the space which unites the processes of acquiring
of new knowledge and of its application — learning-by-doing. The perception of game
depends on experience of gaming and on the cultural context. These specifics should be
considered in facilitation of games, especially during briefing and debriefing of par-
ticular game.

Simulation games on sustainable cities are used not only with academic and sci-
entific purposes but also as a tool of managers’ education, with participants of diverse
origin and background. Therefore, it is important for facilitators to know that partici-
pants may represent games differently, to understand how these perceptions can be
documented and adapt the process of game.
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Abstract. Residential energy efficiency improvements often have a smaller
effect than expected. Although there is agreement on the existence of this effect,
called the rebound effect, there is no agreement on the size of the effect. The
objective of this study was to investigate the potential of using serious games to
assess this effect. We used a game in which participants play home owners who
manage their households in terms of energy consumption. Results of experi-
ments with 50 players showed signs of the rebound effect when players with a
low efficiency house reduced their energy consumption more than players with a
high efficiency house. In addition, some issues related to previous studies were
addressed, such as the possibility to perform an ex-ante assessment and to
conduct the study in a controlled environment. Calculations of the size of the
rebound effect depended on the approach used to determine the expected effect
and showed differences between appliances.

Keywords: Rebound effect - Energy savings - NRG game
Game as a research instrument

1 Introduction

Improvements in household energy efficiency often do not lead to the energy savings
which are expected. If energy efficiency is improved by 10%, one would also expect
energy consumption to be decreased by 10%. However, due to the rebound effect,
energy consumption is not reduced by that same percentage. Although there are dif-
ferent definitions in the literature, the following definition is explanatory and clear:
“The rebound effect is the extent of the energy saving produced by an efficiency
investment that is taken back by consumers in the form of higher consumption” [1,
p- 2].

Figure 1 illustrates how the rebound effect works in household energy consumption
[2]. First, technical improvements produce a more comfortable indoor environment and
reduce the energy use. Second, this energy use reduction increases the disposable
income which, together with a more comfortable indoor environment, produces an
increment of the household lifestyle. Finally, a better lifestyle with more disposable
income produces extra energy consumption (either in the same energy service
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producing a direct rebound effect, or in other energy services producing an indirect
rebound effect). The latter partially offsets the initial energy reduction. This process of
offsetting initial energy savings is called the rebound effect.

| !

Technical | — 5 | More Comfortable | | More Comfortable

Measures Indoor Environment Household Lifestyle
Y
Y Y
Less Energy Use, More Disposable More Consumption
Energy Conservation Income of Energy or Others

4Rebound Effects

Fig. 1. Formation process of the rebound effect. (Source: [2].)

The rebound effect has been widely studied and analyzed (see [3-6], among oth-
ers). Although the scientific community agrees that the rebound effect is true and can be
measured, the size of the rebound effect is unclear since different scholars have cal-
culated and measured different magnitudes of the effect [3-5].

Four main methodologies have been used in previous studies to measure the
rebound effect: econometric studies of historical data, quasi-experimental analysis,
direct surveys, and benchmarking techniques. One of the reasons why the extent of the
rebound effect is unclear is that previous attempts to measure the rebound effect have
some methodological issues [6—8]. Econometric and quasi-experimental studies pro-
vide ex-post information. In such studies it is difficult to isolate the rebound effect from
other effects. Direct surveys suffer from biases as they do not rely on independently
observed behavior. Benchmarking depends on data collected in other studies which
suggests that there is not an exact fit between the studies and the objective to estimate
rebound effects mainly due to socio-economic differences between the groups under
study.

Serious games have a number of advantages compared to the studies above, in that
in a game: variables can be controlled, an ex-ante analysis can be done, and a control
group can be added. However, there are not only advantages to using a serious game.
Since we are working with a representation of the real world, the applicability to the
actual context is always an issue. Additionally, developing and using serious games is
time-intensive which in practice limits the realism of the games used and the repre-
sentativeness of the studies using serious games.

In this study, a serious game will serve as a laboratory environment to assess the
rebound effect. This research aims to address the methodological problems identified in
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previous research and investigate the potential of using a serious game to assess the
rebound effect.

The remainder of this paper is organized as follows. In Sect. 2 the game which is
used to assess the rebound effect and the experimental setup are explained. Section 3
provides the results of the assessment and Sect. 4 concludes the paper.

2 Using the NRG Game to Assess the Rebound Effect

2.1 The NRG Game

The serious game which is used to assess the rebound effect in this study is called the
NRG game. The NRG game was originally developed to test the influence of different
interventions, such as information, feedback, discounts and subsidies, on energy
conservation in households. The NRG game simulates the basic decisions households
make regarding energy consumption.

The players’ objective in the game is to manage their household in terms of energy
consumption. Players must pay gas and electricity bills, can buy new appliances,
produce energy using solar panels or wind turbines, sell appliances to get some money
back, increase thermal or electric efficiency by investing in thermal insulation or smart
meters, and so forth.

The main screen of the game is shown in Fig. 2, which shows the house a player
has. Players can navigate through their house, and during the course of the game
money becomes available to spend in order to simulate the income people would
receive in real life.

Fig. 2. Screenshot of the main screen of the NRG game.

The players can see a catalogue containing all available appliances that can be
acquired (Fig. 3(a)) and they see the extent to which appliances are luxury and
eco-friendly (Fig. 3(b)). The higher the luxury level of an item, the more expensive it is
and the more comfort it adds. The higher the eco-friendly level of the item, the more
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expensive it is and the less energy it consumes. All (types of) energy consuming
appliances in households are covered in the game with realistic relative performance
and costs.

ﬁ

This is the catalog
of all the available
things players can

buy. Building
G | '
- This is the energy
=" consumption per
year of the item.
Click here to
select the uxury
and eco-friendly
level of the new s s howanch ks
item to buy (g0 added 1o the total
o O — comior indcser
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Fig. 3. Screenshot of part of the item catalogue in the NRG game.

After each round, players can monitor their performance in the game: their energy
consumption, their energy production (if they decided to produce energy), their total
comfort level, the condition of all the appliances and furniture they have in their
houses, the total money they spend on electricity and gas, and the annual income they
receive.

After players make any decision in the game, the choice they have made is stored.
Specifically, the game stores the following information: the appliance, the comfort and
eco-friendly level selected by the player, the money paid (received) after the purchase
(sale), the money left in the player’s budget, the total energy and gas consumption in
the house after the decision, the money the player will have to pay at the end of the
round for energy bills, and the round of the game in which the decision was made. This
information is used to analyze the players’ behavior and way of thinking regarding
energy consumption.

2.2 Using the NRG Game to Assess the Rebound Effect

For the purpose of this study, we modelled two types of houses in the game. The only
difference between these two houses is the energy efficiency level. One is called a “low
efficiency house” and the other one a “high efficiency house”. Players are randomly
assigned to one of these houses. We observed and analyzed whether these two different
but comparable groups of people behaved differently in the game. The “high effi-
ciency” house represents a house with improved energy efficiency and the “low effi-
ciency house” represents a house in which energy efficiency has not been improved.

Players were asked to follow three steps to complete the experiments. First, they
were asked to answer a pre-game questionnaire to understand their socio-demographic
characteristics and their real life behavior regarding energy consumption. Second, they
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were asked to play the NRG game for 45 min on average, in which they played 10
rounds of the game, simulating 10 years. Each player started the game with the same
amount of money, which was available for buying new appliances, new thermal
insulation or new devices to increase energy efficiency. The available catalogue for
buying new devices contains 97 different appliances (this includes TVs, HiFi systems,
washing and drying machines, movement sensors for reducing energy consumption, air
conditioning, solar panels, wind turbines, different types of insulation etc.). After each
round (i.e. each simulated year) players received an annual income that simulated the
average annual amount of money people spend on electric appliances or energy effi-
ciency solutions. The one and only instruction players received was to play the game as
they would do it in real in life. Round by round, players had to pay their energy bills
according to the energy consumption they had in that specific round. That money for
paying bills was automatically deducted from the income players received after each
round. Players used different strategies to manage their energy consumption in the
game. Some players preferred to increase their comfort level in their virtual houses by
buying luxurious appliances without taking care too much of their energy consumption,
while others preferred to reduce their energy consumption by buying energy efficient
appliances in order to spend less money on their energy bills after each round. All the
decisions players made to manage their energy consumption were stored during the
game for further analysis. The main idea was to compare how the two different groups
of players (who received a house with a different initial energy efficiency) behaved
throughout the rounds.

The third and final step was to answer a post-game questionnaire about their
impressions of the game and the strategies they used while playing the game. From all
that information (the questionnaires and the game itself) it was possible to investigate
each group of players according to their decisions. If the two groups of players behaved
significantly different with respect some of the defined KPI’s we could infer that
receiving a house with a certain initial energy efficiency affected their behavior during
the game.

This experimental setup is different from a real before/after analysis in which the
energy efficiency would have been improved at a certain point in the game and we
investigate the behavior of players after it has been improved. The reason for this setup
is rooted in the duration of the experiments. If one player is exposed to efficiency
improvements in the middle of the game, there may not be enough time left in the game
to properly analyze the impact of the efficiency improvement. If we can analyze the
impact of this stimulus from the beginning of the game, the results may be richer and
more conclusions may be obtained.

The low efficiency house group is used as a control group for the analysis, since
they did not start with an “improved” energy efficiency house. The actual savings
consist of the difference between the consumption of the low efficiency group and the
high efficiency group (as this is what the high efficiency group saved).

The two types of houses have the same appliances at the beginning of the game and
the only difference is the efficiency level of those appliances, resulting in a different
energy consumption. Since the NRG game also gives an indication about the comfort
level of players, this index must initially be equal in both types of houses. In doing so,
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the possible differences in the energy consumption of the two types of houses
throughout the game is caused uniquely by a different initial energy efficiency level.

Fifty participants took part in the experiments of which 65% were students and
35% were (self) employed, 64% of the participants were male and 36% female, 15%
were home owners and 85% lived in rented accommodation. These socio-demographic
characteristics may have influenced the way participants behaved when consuming
energy, which may limit the representativeness of the results.

3 Results

3.1 Presence of the Rebound Effect

Over the course of the game, the energy consumption of the two groups showed that
the low efficiency houses group decreased their average energy consumption more than
the other group, up to the point that in round 10 they consumed, on average, less than
the high efficiency houses group (see Fig. 4), although the difference at the end is not
statistically significant.

Total average energy consumption
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Fig. 4. Total average energy consumption per group per round.

The comfort level (Fig. 5) did not show significant differences between the two
groups from round 1 to round 5 (both groups started at the same comfort level).
However, from round 6 onwards, the comfort level showed significant differences
between both groups. After finishing the game in round 10, the high efficiency houses
group had increased their total comfort level by 16% on average, whereas the low
efficiency houses group had increased their total comfort level by 4% on average.



Assessing the Residential Energy Rebound Effect 135

Average comfort level
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Fig. 5. Average comfort level per group.

Different patterns are observed for different types of decisions that can be made by
players. With regard to purchasing energy management devices (any device that can
reduce the overall consumption of a house, such as smart meters, movement sensors,
stand-by-killers, or insulation), the average reduction of the total energy consumption
can be seen in Fig. 6.

Average reduction total energy consumption (including energy management
devices)
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Fig. 6. Reduction of total energy consumption by including energy management devices.

The group with the low efficiency houses reduced their energy consumption more
by including energy management devices than the high efficiency houses group. There
is a significant difference in terms of the reduction of energy consumption between the
two groups.

In Ref. [9] other decisions players made are analyzed in order to investigate if both
groups significantly differ in taking one action more than the other group. For example,
both groups did not show any significant difference in the decision to buy energy
production devices (wind turbines/solar panels). However, when the decision of selling
or getting rid of appliances was analyzed, the behavior showed that the low efficiency
group got rid of more appliances than the high efficiency group, in a way to reduce their
initially high energy consumption.

It is also interesting to note that from the post-game questionnaire it became clear
that in the game significantly more people invested in energy production devices than



136 O. Garay Garcia et al.

in energy management devices, whereas energy management devices are more eco-
nomically profitable. The latter shows that participants were more influenced by their
own previous knowledge of the appliances than the information given in the game,
somehow replicating what may happen in real life when consumers show irrational
behavior when making a decision.

3.2 Calculation of the Rebound Effect

The differences between the two groups of players can be used to estimate the size of
the rebound effect, which we do according to Eq. (1), which follows directly from our
definition of the rebound effect [8].

r=((e —a)/e) * 100 (1)

Where r is the rebound effect, e represents the expected savings and a represents the
actual savings.

However, we first need to determine actual and expected ‘savings’ in order to be
able to apply the equation. The actual savings consist of the difference between the
consumption of the low efficiency group and the high efficiency group (as this is what
the high efficiency group saved).

In order to determine the expected savings we need a base case scenario. The base
case scenario represents the behavior of the high efficiency houses group if the rebound
effect was zero (note that this is not the same as the control group which is the low
efficiency group). In other words, the base case scenario can be interpreted as the
lowest energy consumption the high efficiency houses group could have had (the
situation in which no energy savings are lost due to the rebound effect). Two different
ways to define the base case scenario were implemented, one taking into account that
that the high efficiency houses group has less opportunity to improve their energy
efficiency since they are already highly efficient, and one without considering this
difference in the opportunities to improve energy efficiency. Calculations using both
approaches are discussed in [9]. The two approaches to calculate the base case sce-
narios showed similar behavior. The results for the (simplest) approach in which they
have the same possibilities for reduction are shown in Fig. 7.

The dotted (green) line is the base case scenario and shows what reductions the
high efficiency group could have achieved if they had reduced their consumption in the
same way as the low efficiency group. For this reason the dotted line is parallel to the
low efficiency (blue/top) line. We can see that the high efficiency houses (orange
line/line which starts at same point as dotted line) in the game do not decrease their
energy consumption to the same extent as could have been expected (dotted line). For
each round the rebound effect (Eq. 1) may be calculated and the results are shown in
the black line in Fig. 7, with the related axis on the right hand side.

When we regard individual rebound effects of the most energy consuming appli-
ances in households, e.g. central heating, shower, refrigerator, the results differ from the
overall rebound effect and also show differences between the two approaches to cal-
culate the base case scenario [9]. The results show that the way the base case scenario is
calculated is crucial for the final calculation of the rebound effect.
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Rebound effect and total energy consumption
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Fig. 7. Illustration of rebound effect calculation. (Color figure online)

With regard to Fig. 7, we conclude that the game enables us to calculate a rebound
effect, but the number as such is very sensitive to the approach to determine the
expected effect (base case).

4 Conclusions and Discussion

The results of the experiments allow us to draw some initial conclusions about the
presence of the rebound effect in the game. If we take a look at the total energy
consumption, we can see that the initial difference between the groups diminished over
time. The low energy efficiency houses group managed to reduce their energy con-
sumption more than the high efficiency houses group. With respect to the comfort level,
we saw that in the later rounds, the high efficiency houses show a significantly higher
comfort level than the low efficiency houses. This is explained by the fact that the high
efficiency group had more money to spend due to their lower initial consumption, and
thus lower energy bills. As a result, this group had the opportunity to buy more
appliances that increased their overall comfort level than the other group. We also
found that the group with the low efficiency houses reduced their energy consumption
more by including energy management devices than the high efficiency houses
group. Calculations of the size of the rebound effect depend on the definition of a base
case and showed differences between appliances, confirming that the existence of one
single rebound effect size should not be the focus of a study aiming to assess the
rebound effect.

The objective of this study was to investigate the potential of a game to investigate
the rebound effect. Using the game, we were able to conduct an ex-ante analysis and
compare groups in a controlled setting. However, there were also some limitations
which could be addressed in future research. The modified before/after setup may have
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influenced the outcome, since there was no change in efficiency within groups during
the game. The post-game questionnaire also indicated that the realism of the game still
requires some attention, partially because the way the game is set up does not allow
players to change the real usage of appliances and it is assumed that appliances have a
constant energy consumption.
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Abstract. In this paper, a model for serious game (SG) development is pre-
sented and explained along with a definition of stealth serious games (SSG).
A systemic review on existing models is performed; based on the existing
model’s deficiencies and the researchers’ previous experience in the develop-
ment of SG the SSG model is created and explained. To observe how a SSG
developed with the SSG Model would behave, “Chain of Command: A Sus-
tainable Supply Chain Management Stealth Serious Game” is developed and
tested. The developed SG is tested on 4 metrics: replay value, education, fun and
simple vs realistic. The SSG model is successful in helping to develop a SSG
that performs acceptably. Further validation of the SSG model is still required.

Keywords: Serious game model + Sustainable supply chain management
Stealth serious games - Replay value - Stealth learning

1 Introduction

Any serious game (SG) starts with an idea, how the idea of the specific serious game is
further developed is the responsibility of the SG designer. Serious game designers have
several tools at their disposal, such as models, to help them along the creative process.
In this paper, a model is a simplified version of a system to facilitate understanding by
eliminating unnecessary components and presenting only the most important features
that should be considered when developing SG. The use of models help ensure quality
work.

Mechanics Dynamics Aesthetics (MDA) [1] is a model whose limitation is pri-
marily that is was not conceived as a model to help in the design of SG, MDA’s
primary concern is the design of entertainment games. This issue was partially solved
by Design Play Experience (DPE) [2] which is an extension of MDA. The player is
presented with what he/she must learn from the SG. The Educational Games
(EG) Design Framework [3], provides a model that focuses on Game Design, Peda-
gogy and Learning Content Modelling. This model/framework leans towards the
design of highly educational SG that clearly show the user what he or she should be
learning. The EG Design Framework generates SG that remove from the player the
opportunity to experiment and build his/her own knowledge without him/her being
aware of it. This paper presents an alternative model for SG development and a defi-
nition for stealth serious games (SSG).
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A novel model for SG design is presented in this paper, the SSG model (SSG). The
purpose of the SSG model is to bridge the gap between game design and serious game
design, to create experiences that are educational, nevertheless, the player is not fully
aware the he or she is learning, known as “stealth learning” [4] and that possess a high
replay value. Replay value is the property of the SG to be played repeatedly, providing
new experiences, and learning to the player every time the SG is played. Additional to
presenting a model to develop SG, a definition of what SSG should be is presented.
SSG have a high replay value coupled with an equal ratio of fun to educational content,
the player is not aware that he or she is learning when playing and can be played for
amusement or education. SSG are primarily designed with education as a goal, thus,
SSG differ from conventional games acquired at toy shops. Games acquired at toy
shops have not been designed with any educational purpose into consideration.

2 Background Research

A systemic review of models available for SG development is performed to identify
what current models may lack. Systematic review has its origins in the medical field [5]
but has also been adopted to education [6]. This study’s approach entailed extensive
searches using a meta search engine (Google scholar). Words used for performing the
search were: Serious, Game, Model, Framework, Education. The previous keywords
are later combined into several strings. The strings used in the search are:

(1) Serious Game Model

(2) Serious Game Framework

(3) Serious Game Model Education

(4) Serious Game Framework Education

The intention is to create a search that will yield the most relevant examples.
A 12-year limitation is set as to encompass all possible modern SG models. The results
of the search are categorized as follows:

Models taking into consideration Fun: Educational Games Design Framework [3],
MDA [1], Design Play Experience (DPE) [2], P-IIl Framework [7], SGSID [8], The-
oretical Framework for Serious Game Design [9], Robert L. Appelman Model [10], Six
Facets of Serious Game Design [11] Serious Game Constructivist Framework for
Children [12], SGameFlow Framework [13].

Models taking into consideration replay value: Key Criteria for Game Design [14].

Models taking into consideration stealth learning: Design Play Experience
(DPE) [2], Theoretical Framework for Serious Game Design [9], Serious Game Con-
structivist Framework for Children [12].

Models not including fun, replay value or stealth learning: Simport [15], HABS
+ISIS [16], Model Driven Framework to Support Development of SG [17], DODDEL
[18], 4 Dimensional Framework [19], CMX Design Framework [20], Digital Game
Based Training Systems [21], ARCS [22].

19 models were analyzed and categorized; based on the limitations that these
models possessed the SSG model was developed. Stealth learning and replay value
were 2 important concepts that the previous models do not address in conjunction.
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3 Stealth Serious Games Model

3.1 Replay Value

Replay value is the property of the SG to be played repeatedly, providing a new
experience, and learning to the player every time the SG is played. Replay value has a
direct interaction with the Gaming aspect of the model and is profoundly dependent on
mechanics and dynamics. SG often make the mistake of not emphasizing replay value.
After playing the SG once, there is no need to replay the SG again, as all learning has
already been achieved.

Replay value has three main aspects:

No game is the same: The SG should have several mechanics and dynamics that
can generate multiple scenarios and situations.

Allow for different approaches: The SG should permit the player the freedom to
approach any situation the game simulates in any way he/she wants.

New learning happens every time the game is played: Not all learning should be
achieved if the game is played once.

\

Replay Value
-No Game is the same.
-Allow for different approaches.
-New learning happens every time

b
! -Low rules complexity
the game is played

Visuals Stealth Learning
-Appealing -Eductional topics feed
-Provide support to play the mechanics.
Serious Game.
-Free mental resources from the
player. Fun
-Not a simulation.

\ -Not overly simple.

Fig. 1. SSG model components.

/

3.2 Gaming

Low Rule Complexity: This aspect is extremely important, if the rules are too complex
the barrier to play the game becomes too high and some players might lose motivation
to learn how to play. Rules directly affect mechanics and dynamics; simple rules that
allow for deep mechanics and dynamics are necessary.
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Mechanics: Describe the components of the SG, at the level of data representation
and algorithms [1].

Dynamics: Describes the run-time behavior of the mechanics acting on player
inputs and each other’s outputs over time [1].

3.3 Stealth Learning

Stealth learning: Eventuates when “players are focused not on learning but on playing”
(23]

Educational topics feed mechanics: The mechanics in the SG must be generated
using the topics the designer wants the player to learn. It is important to state that the
topics must be presented in such a way that the player does not fully realize he/she is
learning.

34 Fun

Fun is a combination of simulation, simplicity, and the gaming and stealth facet.

Not a simulation: If the game is a simulation the SG becomes too complex for
non-professionals and can potentially lead to boredom for those who are not profes-
sionals. Complexity in this case is defined as giving the player several variables and
interdependencies to control when playing the SG, the ability to control every aspect of
the game is not always met with joy by players.

Not overly simple: If the game is too simple, professionals will not take the game
seriously.

3.5 Visuals

Visuals encompass how the SG looks and must emerge from the Gaming aspect of the
SSG model.

Appealing: SG usually lack enthralling visuals; good visual representations allow
for more player immersion and make the player feel excited about playing the SG.

Provide support to play the SG: The player does not need to remember everything
in the game. It is the game’s responsibility to remind players about important rules,
mechanics, and dynamics.

Free Mental resources from the player: Well implemented visuals free mental
resources in the player allowing him/her to focus on the strategic layer of playing the
SG.

4 Method

The SSG model and the five dimensions it encompasses are developed based on the
gap current models exhibit and from the lessons learned from previous SG develop-
ment and testing [24].

Chain of Command: A Sustainable Supply Chain Management Stealth Serious
Game (CoC) Fig. 1 is the SSG developed to test the SSG model. CoC is a board game



A Model for the Development of Stealth Serious Games 143

(2 to 4 players) where players need to optimize their supply chain to meet environ-
mental needs, achieve economic success, uphold ethical behavior in dealings with other
players and manage risk as they try to outperform rival supply chains to be the only
player left in the game. Players must make decisions to go green, invest in technology,
establish partnerships with other players, build close loop supply chains, optimize their
supply chain to meet their needs and choose which products to manufacture to have an
edge over the competition. The game uses event cards to introduce penalties and
bonuses as well as a dice mechanic for the strategic combat mechanic in the SG.

CoC manages each of the SSG model dimensions in the following way:

Replay Value: Adversarial multiplayer SSG with a strategic layer giving players
control over where they produce, deploy units, and how to invest his/her cash.
Depending on how the players chooses to invest cash and interact with other players
he/she will learn different aspects of sustainability in supply chains.

Gaming: In CoC the game manual is designed to have many visuals and as few text
as possible. Rules are simple to understand yet the mechanics and dynamics allow for
multiple scenarios to develop.

Stealth Learning: Focus is not placed on definitions of supply chains or sustain-
ability. It is not desired to portray CoC as a SG in the mind of the player. The player
acquires knowledge by exercising the mechanics and dynamics of CoC.

Fun: The player is given just enough controllable parameters to not overburden
his/her decision process. Relevant parameters for sustainability and supply chains are
chosen, such parameters include lead time, investment in newer technologies, human
relationships etc.

Visuals: CoC is made to be visually appealing and present the player with relevant
information that helps the player focus on controlling the parameters that are important
for sustainability and supply chain management (Fig. 2).
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Fig. 2. Chain of command a sustainable supply chain stealth serious game
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To observe how SSG developed with the SSG model perform, CoC is tested with a
sample of 30 people. A total of 8 tests are performed, each testing session lasting an
average of 3.5 h and having 4 to 2 players per test. Test participants are graduate
students with no background knowledge on sustainable supply chain management,
50% engineers and 50% other disciplines. The participants were given the game
manual to read, the facilitator was present during the time the participants were reading
the manual to answer any questions regarding the rules. There was no further inter-
action with the facilitator after the game rules were read by the participants. The game
facilitator was present during the whole game session. At the end of each test, players
are required to evaluate the SSG CoC on the following four important metrics: Fun,
Simple vs Realistic, Replay Value and Educational. Prior to each session players were
briefed on how to play the SG CoC. Sessions were photographed. No explanation
regarding sustainable supply chain management was given to the players before or after
the game session. Users rated the game on a 0 to 100 scale on the following metrics:
simple vs realistic (closer to 0 means the SG is simple closer to 100 means the SG is
realistic), fun (closer to 0 means not fun and closer to 100 means significantly fun),
replay value (closer to 0 means low replay value and closer to 100 means high replay
value) and educational (closer to 0 means less educational and closer to 100 means
highly educational). The average rating for each metric is then calculated and reported
in Fig. 3.

5 Results

In Fig. 3 the results of the evaluation of CoC can be observed. In the “Simple vs
Realistic” metric, CoC was rated 67.25 points. CoC, as based on the SSG model was
designed to not be overly simple or overly realistic. The perfect score for CoC, from the
researchers and developer’s viewpoint, would have been a 50. It is important to clarify
that CoC was rated by non-experts in SSCM. CoC could come across as simple when
rated by experts in the field of sustainable supply chain management. The rating of
67.25 as rated by non-expert users is an acceptable rating. “Replay value”, the game
was given an average score of 64.75. It is important to mention that participants did not
play CoC more than once, hence, the rating in this category represents the potential
replay value as perceived by the players. The game was rated a 62 in the “Fun” metric.
While the game is fun to play, there is still a considerable amount of player downtime
which negatively impacts the fun factor of the game. The “Educational” metric had an
average rating of 57.5 points. A possible explanation for the low rating in this area can
be the way the tests were conducted. Participants were never briefed on SSCM; par-
ticipants were only instructed to play the game. It is conceivable that a structured
SSCM discussion before playing CoC can further enhance the rating given on the
“Educational” metric. The fact that CoC manages to have an average rating in edu-
cation above 50 with no discussion of SSCM indicates that stealth learning is being
achieved.
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Chain of Command Evaluation

Fun
100
8062.5
60 /%
0
Replay Value 64.75¢ 0 »57.5 Educational
L
67.25

Simple vs Realistic

Fig. 3. Results of chain of command evaluation

6 Discussion and Conclusion

Using the SSG model could lead to more compelling SG that can make players learn
without them realizing and also provide enjoyment. The next generation of SG should
aim to educate and entertain in equal shares. The difficulty lies in balancing the pre-
vious two dimensions. Failing to do so, results in games that are too serious or games
that are not serious enough, and therefore, not useful for learning. By bringing an
emphasis on visuals, the SSG model can help create more compelling experiences that
should be able to rival conventional board games or video games. The significance of
having a high replay value is that the player must play the SSG several times to
potentially experience everything the SSG has to offer. The SSG model aim is to
develop SG in which no facilitator is required, at the same time, the SG is able to teach
players regarding the topic for which it was designed.

This paper presented a systemic review of current models and tested the SSG model
with the development and testing of CoC. Further validation of the SSG model is still
required. Additional SSG using the SSG model need to be developed and tested. The
concept of SSG requires additional empirical evidence.
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Abstract. Transportation systems are complex yet vital infrastructures. Dif-
ferent stakeholders have to work together to guarantee the most efficient traffic
of humans and goods. Challenges that stakeholders face in such infrastructure
systems, like divergent interests and attitudes, make it hard to predict behaviour.
To understand the complex systems including the behaviour of the stakeholders,
it is relevant to model decision-making processes. For this reason, simulation
games were developed. The present article focuses on two different case studies.
Both are studies in which board games were used. After explaining each case
study, a comparative section follows to give an overview about advantages and
disadvantages of the use of board games in the transportation sector.

Keywords: Airport management * Freight transport - Simulation games
Board games - Digital games

1 Introduction

Transport systems are critical infrastructures that facilitate the mobility of humans and
freight, which are imperative for the functioning of economical and societal well-being
[1]. These systems are complex because they represent limited resources and at the
same time consist of a network of interdependent stakeholders who have to work
together to ensure the functioning of such systems [1]. Given the different stakeholders
with varied power, divergent interests and attitude it is hard to predict or assess the
behavior when changes or new ways of working are introduced within the systems. In
particular, when government agencies, think tanks or research bodies study the effects
of an innovative transport concept theoretically, another challenge is to visualize its
effects or consequences when applied in practice [2]. Therefore, we used simulation
games to introduce innovative ideas that have a potential to streamline and optimize
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transport systems to stakeholders. The main objective of this paper is to evaluate the
value of two board games in the complex system of transportation. In this paper two
case studies are presented: freight bundling in rail transport (simulation game “Rail
Cargo Challenge”) and planning activities in airport management (simulation game
D-CITE"). Both games are played with professionals having a background respectively
in the rail and the airport system. This paper explains the design of the games and the
experiences of using these games in the design process to optimize the performance of
the rail and airport system. The comparative approach enabled us to explore board
game characteristics that are useful for attitude measurement and changes on a more
general level than when only one game would have been addressed. In this case, some
of the results could have been relate top the distinct context of the game. In a com-
parison, we were able to better identify the shared characteristics of board games.

2 Case Study 1: Freight Bundling with Rail Transport

Freight bundling describes the process of consolidating shipments in one vehicle (like
truck or train) during a common part of their journey from their origin to the destination
[3]. Operators opt for the bundling solution to decrease the number of empty or half full
loads achieving better economies of scale and higher environmental advantages.
Bundling can have disadvantages such as longer routes, longer travel times and in
many cases extra handling of transport units when they are loaded/ unloaded to the
different modes [4]. Bundling freight, especially in rail transport and between the
different terminals of a seaport, is a complex process that requires a good understanding
of the challenges faced by stakeholders, like the pre-planning of transport capacities, or
the coordination of different modalities of transportation. A game was designed that
aims at illustrating these challenges to the stakeholders and raise their awareness of the
importance of sharing information and good communication, defined as attitude change
towards these aspects of transportation.

2.1 Description of the Rail Cargo Challenge Game

The key objective of the Rail Cargo Challenge (RCC) was to assess the attitudes and
behaviour of stakeholders in the freight transportation domain with respect to efficient
transportation of containers through rail. The RCC is a multiplayer board game, set in
the ambience of a seaport corridor connecting the port to several destinations in Eur-
ope. The roles in the game are two competing rail operators who can transport freight
using rail by charging a price to shippers, who are played by the other participants. The
shippers have to organize the transport of the containers from various container ter-
minals in the port. In the first round of the game, there are three terminals A, B and C
and three shippers in the game. Each shipper has order cards that denote the number of
containers that need to be transported, the terminal in which they are stored, their
destination and the time limit for transporting them. The rail operators have to pick up

! Decisions based on Collaborative Interactions in TEams.
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freight from different terminals in the port at a pre-defined or a negotiated price.
However, rail operators have only a limited capacity of picking up containers from
different terminals. By throwing a dice, the number of terminals that can be visited is
determined. All rail operators and shippers start with 50 tokens, each one representing a
certain amount of money. The rail operators can arrange trains, each with a capacity of
10 containers for 10 tokens. The shippers can make arrangements with the rail oper-
ators to pick up their containers from a certain terminal at a specific price. If they can
ship their containers successfully through rail they receive four tokens per shipment. If
they fail to reach an agreement they have to send their containers through trucks to
higher costs. The rail operators will benefit most if they can manage to fill up all their
trains up to full capacity and make sure they can pick up shipments from the terminals
as agreed with the shippers. If the dice is in their favour, and they are able to transport
all containers as planned on time, they receive four tokens per shipment. If they fail to
do so, they are responsible to ship the cargo using trucks that will cost them additional
tokens. Additionally, the competitiveness of the port will drastically reduce if many
containers are shipped using trucks instead of rail. In the subsequent rounds, two new
terminals open up in the port. This makes the starting position of the containers more
scattered across the port, while the rail services and frequency remain the same. The
challenge of the game is to efficiently transport the dispersed freight through rail. At the
end of the game play session, a de-briefing discussion is held to allow participants for
reflection on the opportunities and challenges of rail transportation. The de-briefing
includes a conversation on how innovative solutions like freight bundling help in
increasing the efficiency and favourability of rail as a transport option for shippers,
representing one alternative for freight bundling.

2.2 Participants and Experimental Set-Up

We organized a game session with 20 participants who were professionals in the Dutch
logistics industry at a transport conference held at Tilburg, Netherlands. The session
comprised three parts:

1. Briefing and pre-survey - The game master gave a brief introduction on the
background of the game together with the game rules for about 10 min. He also
mentioned the research aspect of the game and requested the participants to fill in a
pre-game survey. In this survey, the participants were asked about their attitudes
towards freight bundling together with their demographic information.

2. Game-play - The game play lasted one hour, and we only played two rounds of the
game due to time limitations (see Fig. 1). We took observation notes during the
game play related to the player decisions.

3. De-briefing and post-survey - The game master concluded the session by inviting
the participants for a discussion on their game playing experience. We administered
a post-game survey to measure the change in attitude of the players related to freight
bundling using rail.
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Fig. 1. Impression of the game board and play session of RCC.

2.3 Results

Pre-survey. On beforehand, the majority of the respondents agreed that rail bundling
would increase rail efficiency by decreasing the amount of trains traveling empty or
half empty. They also believed it could lead to lower costs and overall improvement of
the sustainability of freight transport. The design of an efficient rail network, with
optimized and synchronized schedules that permitted the consolidation of freight could
increase the benefit of train modal share. According to the respondents, the promotion
of collaboration between the different stakeholders had been a critical point.

On the other hand, professionals highlighted the challenges they expect to face
when consolidating freight. For them, information and data sharing is one of the
biggest hindrances in freight bundling together with legal issues that are expected to
rise. Bundling is complex because it will require mode coordination, capacity avail-
ability and synchronization of modes and services to align transport containers within
the time constraints given.

Post-survey. After the participants played the game they completed a post-game survey.
Specifically they were asked to state their level of agreement in a scale where 1 = totally
disagree and 7 = totally agree. Figure 2 shows the opinions on the game play. The
figure shows five aspects that have been addressed by the game. The participants had to
rate in how far they thought the game was able to illustrate the respective topics. In
general, the participants agreed that the game gave them an insight on rail bundling and
helped to reflect on the challenges and opportunities related to freight consolidation.

We then asked them to reconsider the opportunities and challenges and tried to
observed modifications in their attitudes towards those. The generalized reflection is
that we did not observe significant modifications in the replies of the stakeholders
before and after the game session. They continued to believe that cost reduction,
environmental benefits and higher rail efficiency are amongst the most important
advantages of rail bundling. On the other hand, the majority of respondents highlighted
the importance of designing e-solutions to enhance the provision of essential infor-
mation for the scheduling of services. In addition, the adoption of profit-loss models is
considered as one of the essential challenges that should be solved along with the
related legal issues.
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The game was:

(Mean in a scale from 1= totally disagree and 7= totally agree)

vy

Information needs for rail bundling
Reflect on the opportunities
Reflect on the challenges

Insight to rail bundling

Sufficient clear objective

/

2,9 3 31 32 33 34 35 36 37 38

Fig. 2. The opinion of the participants about the game.

2.4 Discussion on the Rail Cargo Challenge Board Game

Positive Aspects of the Game Play. The participants were very enthusiastic to play the
RCC. They were very playful with the tokens, cards and pawns of the game. Many
participants requested to organize another session to play further rounds of the game
play. Many critical points related to the challenges and opportunities of freight bund-
ling were part of the de-briefing discussion. The design of the game is such that after
inserting more terminals the players will fail because they will gradually decrease the
reputation of the port and lose the cargo to the rival port. Shippers understand the
importance of cooperating with the terminal operator because a low reputation port will
impact their operations.

Challenges in the Game Play. The key challenges in the game play were to maintain
the time for decision making in every round. The game was heavily dependent on the
game master; therefore he had to explain several rules to the participants who often
interrupted the game play. It was also challenging to keep track of all the decisions
made by the players regarding price agreements and rail dispatching.

3 Case Study 2: Decision-Making in Airport Management

Air traffic is nowadays pressed by high demands on safety, punctuality, and economy.
Therefore, it is necessary to use all capacities efficiently. To guarantee this, different
stakeholders (e.g., airlines, air navigation service providers, airport authorities, ground
handlers) have to work together. Particularly during disturbances all involved stake-
holders must be included in the decision-making process to mitigate negative effects.
As a result most European airports have already implemented the Airport Collaborative
Decision-Making (A-CDM) [5, 6]. This concept allows the involved stakeholders to
use a common database and share useful information with each other. But there are
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challenges, like divergent interests and goals, which make it hard to find a common
solution. Because of this, it is relevant to model decision-making processes and find
factors, which have an influence on the process in the area of airport management. With
the help of the simulation games it is possible to analyze complex human
decision-making processes.

3.1 Description of D-CITE

The simulation game D-CITE was initially developed as a research instrument with
focus on human decision-making processes [7]. It exists as a digital and paper-based
version. In the present paper the focus will be on the paper-based version (see Fig. 3).
D-CITE is a round-based multi-player simulation game, which can be playable with
four people. The roles are two airlines agents (it is possible to add more airline agents),
one ground-handler agent and one airport agent. Moreover, a game master moderates
the game play.

Fig. 3. Overview on the paper-based version of D-CITE.

The overall goal of all players is to optimize the business of an airport while
playing the game. D-CITE consists of two phases for each round. The first phase is the
planning phase, in which the players have the task of collaboratively optimizing a flight
plan, taking critical events (e.g. thunderstorm) into consideration. These critical events
lead to limited resources (e.g., a closed runway in one step). After finishing the
planning phase, the simulation phase starts. In this phase the simulation of all planning
activities is conducted. All players have to pay attention to and maximize their indi-
vidual financial incomes and expenses. Each player has individual tasks to fulfill,
which have an influence on the financial situation. Furthermore, there is a team score,
which consists of the financial parameters of each player. The team score is an indicator
of how good the team worked together. The higher the team score is, the better the
whole team worked in collaboration. More details about the game mechanics can be
found in [8] and an overview about the financial aspects of one paper-based version of
D-CITE can be found in [9].

Studies [8, 10] have already shown that it is possible to transform D-CITE from a
research instrument to a training environment. For example showed [10] already how
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playing D-CITE influences the attitude of airport managers towards A-CDM in a
positive way. This study has been conducted to analyze a possible attitude change
towards simulation games in general after playing D-CITE as well as to discuss pros
and cons of paper-based games in contrast to digital ones.

3.2 Participants and Experimental Set-Up

A workshop was conducted with four participants from the Institute of Flight Guidance
(N=4, w=1; M =28.50yrs., SD = 5.32yrs., R =23-34). One team was testing
consisting of four players (airline red, airline yellow, airport agent, ground-handler
agent). They already knew and played the digital version of D-CITE. No special
training was necessary. The experimental set-up took about 90 min and consisted of
three phases:

1. Briefing and pre-survey - After some minutes where the players had the chance to
get to know each other, an introduction about the structure of the session was given.
Then, D-CITE was introduced, whereas the focus was on changes in contrast to the
digital version. After this, a demographic questionnaire and a questionnaire about
simulation games were distributed. This phase lasted 15 min.

2. Game-play - During this phase all players took part in a round of D-CITE. This
phase lasted 30 min. Observations during the game-play were noted.

3. De-briefing and post-survey - In the discussion phase the participants were asked
about pros and cons of paper-based games. In addition to this, a post-survey was
conducted.

In this study only four participants participated. Therefore, the data will only be
analyzed descriptively. For more generalizable statements it iS necessary to test more
people.

3.3 Results

Attitude Measurement. Before actual game-play started, the familiarity (1 = familiar,
5 = not familiar) and thoughts about the use of simulation games (1 = positive,
5 = negative) were measured. The participants were familiar with simulation games
M = 2.25, SD = 0.96). Furthermore, they felt positive towards the use of simulation
games (M = 2.25, SD = 0.50). The main focus is on the attitude change of the par-
ticipants. Therefore, their attitude towards simulation games was measured before and
after playing D-CITE. The attitude toward simulation gaming has changed slightly in a
positive direction (1 = very positive, 5 = very negative, My = 2.25, SDpe = 0.50;
Mpost = 2.00, SDpose = 0.00).

Post-survey. During the post-survey, the participants had the task of fulfilling ques-
tions about the game, the role and design aspects of D-CITE and the abstracted degree
of reality. The game is especially for the game-based learning approach relevant. The
players should feel engaged and be motivated to learn (see Fig. 4). The results indicate
that D-CITE is a well-designed game with focus on decision-making.
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D_CITE_supported_sufficient_interactions—,

I_would_like to_play D_CITE_again—,

D_CITE was_motivating_to_deal_with
collaborative decision making

Through D CITE relevance of information
exchange was_visible

The game play was_:

Fig. 4. The opinion of the participants about D-CITE (selected questions): mean scores
(five-point scale from O = I agree through 4 = did not agree).

Observations. During the game play it was visible that all participants worked col-
laboratively until the end. Their primary goal was to maximize the team score. Fur-
thermore, each player considered his or her own targets.

3.4 Discussion on the D-CITE Game Results

D-CITE is a simulation game to analyze human decision-making in the environment of
airport management. In a first step it had been developed as a research instrument and
was already successfully evaluated. The next step will be to transform D-CITE to a
training environment. In the area of game-based learning it is necessary to have a
positive attitude towards simulation games. It is easier to conduct a simulation game
session if the players are open to simulation games. The results of the participants have
shown that the attitude towards simulation games in general can be positively changed.
It could be possible that the collected experience during the game-play can influence
real-life attitudes.

Positive Aspects of the Game Play. The participants enjoyed the higher number of
social interactions during the game play in contrast to the digital version of D-CITE.
This led to a better understanding for the other players, their particular tasks, and to a
higher situational awareness. All participants had a better understanding of the
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gameplay from the paper-based game cards, game board, and tokens. The closer
cooperation in contrast to the digital version was fun for all participants.

Challenges in the Game Play. One of the main challenges is that playing the
paper-based version of D-CITE took more time than the digital version. One reason for
this is that one must move the tokens by yourself. This can result in mistakes or in
accidental movements of the tokens.

The limited number of participants has to be discussed. It is not possible to derive
generalizable statements. To do this more participants have to be analyzed.

4 Discussion and Conclusion

The main objective of this paper is to understand the value and limitations of board
game to conduct research in the transportation domain despite the availability of digital
tools in today’s technological society. Therefore, two case studies were conducted. In
the first study, attitudes towards and solutions in the field of synchromodal hinterland
transportation were addressed. The second study considered attitude change in the area
of airport management. Before and after playing rounds of D-CITE, attitude ques-
tionnaires were distributed. The results have shown a slightly positive attitude change
towards serious games in general. Moreover, based on our experience with the Rail
Cargo Challenge and D-CITE we will present the advantages and disadvantages of
board games. The principle advantages of the board game are the social cohesion and
interaction offered by the board game environment. Participants have a shared view of
the game environment and can interact naturally. The physical elements of the board
game such as tokens, cards and pawns increase the fun element of an otherwise serious
play. It is relatively inexpensive to create prototypes of the board games. Board games
also produce rich qualitative data. [11] also shares our view on the ease of prototyping
and the social and flexible environment of the board games. On the flip side, we
observed that data collection was very difficult during a board game session. It was not
possible to collect sufficient quantitative data from the session. [11] also acknowledges
this disadvantage. The presence of the game master, while adding to the social envi-
ronment to the game, poses a challenge with respect to scalability and portability of
board games to conduct extensive research studies. The issues of scalability of board
games are also highlighted in [12] work on transferring board games to digital games.
We can conclude that, despite the limitations related to data collection and portability,
board games offer a valuable social environment to observe the behaviour of partici-
pants in their natural form. Therefore board games are valuable research instruments
even in today’s digital era.

In future studies, we will include more participants to generate more generalizable
results. To make more comparable statements, it is furthermore necessary to focus on
identical research instruments in different experimental set-ups. This makes an objec-
tive comparison challenging. However, the focus of the present paper was not only on
attitude change via different methods, but on the advantages and disadvantages of
board games. As D-CITE exists as both physical and digital version, we would like to
conduct sessions with both versions, to find out more on the advantages and
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disadvantages of both technologies. It’s also very interesting to investigate how expert
players value the fidelity, or level of realism that can only be limited in physical games.
The fidelity might affect the results of the game sessions, and how these can influence
the attitudes of the players. This will also be subject of future studies.
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Abstract. Hybrid board games draw benefits from both the digital and physical
worlds. They increase social interaction and provide an enjoyable, seamless
experience. Nevertheless, hybrid artefacts do not fit snugly into established
game genres, leading to ambiguity regarding the selection of measurement tools.
To address this challenge, a video game assessment framework, as outlined in
Beatty (2014), was selected. It has a generic template, four dimensions with their
respective templates (macro-level, micro-level, builder meta-level and social
meta-level) and two feedback loops. This framework was applied from April to
August 2016 in Kenya, to assess the learning outcomes of the Nzoia WeSharelt
game. Results indicate that the framework could provide a solution for assessing
hybrid board games, subject to some adjustments, as outlined in this paper.
Future work may entail application of the framework, in other drainage basins.

Keywords: Assessment - Game-based learning - Complexity science
Board games - Digital games - Hybrid games - Theoretical framework

1 Introduction

The global game market is rapidly growing, with an estimated revenue of 108.9 billion
in 2017 [1]. As new hybrid games emerge, corresponding assessment frameworks are
being developed or customized. With this massive growth, should there be generic
“multi-purpose frameworks for evaluating games” [2 p. 233], or are games too diverse
to fall into straight-jackets? This complicated question is not the focus of this paper.
However, it triggers discourse and enhances learning.

Klabbers (2009) defines a game as “any contest or effort (play) among adversaries
or teammates (players) operating under constraints (rules and resources) for an
objective (winning, victory, prestige, status, or pay-off)” [3 p. 33]. A hybrid game is
one that is designed for players to experience both the virtual and physical realities,
simultaneously. An assessment is “the process of using data to demonstrate that stated
goals and objectives are being met” [4 p. 2]. Assessment of game-based learning is the
use of data to establish whether a particular game has facilitated the attainment of
teaching and learning objectives [5].
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Assessments are vital in establishing a niche for game-based learning, in diverse
fields and sectors [6, 7]. Examples include, games assessing: situation awareness in a
logistics value chain [8]; upper extremity motor dysfunctions [9]; cooperative learning
in design studios [9]; values in the design of socially-oriented games [10]; pain
application for adolescents with cancer [11]; content validity for ICT managers [12];
influence on sustainable behaviour in higher education institutions [13]; effectiveness
of blended e-learning in secondary schools [14]; residents preparedness for emergen-
cies [15]; and patients’ dynamic balance when undergoing rehabilitation [16]. There-
fore, assessments are diverse and span multiple sectors and fields.

Since assessments mainly influence the creation of niche markets, many game design
applications have custom-made assessments, as part of the game design. Examples of
assessment frameworks designed for specific games are: the three dialogs [17], designed
for the Gamestar mechanic [18]; the post-test assessment framework for second language
acquisition [19]; the PACE framework, for a localised iterative language learning game
[20]; the game-based stealth assessment to assess skills and abilities through learners
interactions [21]; and the C-VAT 2.0 assessment tool for a game that clinically tests
disorders [22]. Harteveld’s (2011) triadic game design [23] also supports game assess-
ment. Thus, custom-made assessments are useful, if there are no time and budget con-
straints, and especially when the game is new in the market, with no corresponding tools.

Alternatively, some scholars argue that there exists untapped potential, due to the
absence of a formalized approach or overarching methodology to game evaluations [2,
24, 25]. In response, game experts designed some generic frameworks. These include:
(1) Beatty (2014) “video games as a theoretical framework for instructional design”
[26]; (2) Mitgutsch (2012) “serious game design assessment framework” [25];
(3) Annetta et. al (2011) “serious educational game assessment” [27]; (4) Winn (2009)
“design, play and experience” framework [24]; (5) Sanchez (2011) key game design
criteria through “a framework” [28]; and (6) Mayer (2012) “comprehensive method-
ology for the research and evaluation of serious games” [2].

In deciding which framework to select for the Nzoia WeSharelt game, we preferred
the generic frameworks over custom-made assessment frameworks. There is a danger
of not maintaining internal consistency, reliability, and validity when further adopting
custom-made tools. The frameworks of Annetta et al. (2011), Winn (2009) and San-
chez (2011), were not selected because the Nzoia WeSharelt game assessment purpose
was different from their respective assessment purposes. The Nzoia WeSharelt
assessment framework seeks to assess more than the game content and whether the
design, play, and interactions between players contribute to the game purpose. Beatty
(2014) was selected instead of Mitgutsch (2012) and Mayer (2012) because it is easy to
design and contained all the sought game assessment framework components. The
paper seeks to assess whether the Beatty framework, designed for video games, applies
to hybrid board games. The paper concludes that the framework applies to hybrid board
games, subject to certain limitations, as explained in the discussion section.
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2 Background

2.1 Nzoia WeSharelt Game

Nzoia WeSharelt is a hybrid board game designed to enhance water partnerships
between policymakers through harnessing their respective comparative advantages, in
the Nzoia catchment [29]. We designed the game to address the challenges of weak
cooperation and low trust, as identified during the Nile Basin by 2050 scenario
development process [30-34]. Nzoia catchment comprises of six local governments
(Trans-Nzoia, Uasin-Gishu, Kakamega, Bungoma, Siaya, and Busia). Water partner-
ships between these governments were weak, leading to unsustainable management of
the catchment area [31]. Strengthened water partnerships would lead to increased water
access, food production, and energy.

The game comprises of two parts; a trading and water allocation part. In the trading
part, the countries trade in food, energy and wood fuel. In the allocation part, they make
water allocation decisions aimed at increasing productivity and ensuring that their
citizens are happy. A climate change round (fourth) is introduced to increase trust,
situation awareness, and collaborative actions. In this round, all their resources are
halved, encouraging governments to manage the food and energy crises, jointly.

2.2 The Beatty (2014) Framework

Beatty framework (see Fig. 1), is designed to address complex multi-actor system
challenges through multiple layers [35]. The multi-layer phenomena, facilitates sys-
tematic mastery of specific skills, through iteration and leveling up. Beatty designed the
framework based on learning principles from various research professional [35],
including McGonigal (2011), [36] Gee (2005, 2007) [37, 38], Squire (2006) [39] and
Steinkuehler (2006) [40].

Fig. 1. The generic template for a framework layer.
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The Beatty framework comprises of the generic template, four core templates, and
two feedback loops. The generic template is the basic template that guides the overall
design of the other templates and assessment tools. The micro-level game layer focuses
on problem-solving and learning (both facts and skills). The macro-level game layer is
designed to assess players experience of the world, storyline, and learning (professional
attitudes and identity). The builder, meta-level game layer, assesses whether the players
were part of the game development. The social meta-level game layer evaluates social
experiences within the group and the extent that social identity is developed. The
Intrinsic motivation and exploratory learning loop measure the quality of the learning
environment and player motivation. Finally, we did not exclusively integrate the
identity loop, into the feedback form. We incorporated this loop into the in-game data
collection tool and in-game questionnaire.

3 Methods

3.1 Participants

Beatty framework was applied from April to August 2016 in Kenya, to assess the
learning outcomes of the Nzoia WeSharelt game. 35 (23 male and 12 female) poli-
cymakers, between the ages of eighteen and sixty-four, participated in the game ses-
sions. We conducted seven-game sessions on different days, in four of the six county
governments (Trans-Nzoia, Bungoma, Kakamega, and Busia). All the participants were
Kenyans from the public sector, water companies, and other private institutions.

3.2 Procedures

The assessment of the game is through pre-game, in-game, post-game questionnaires,
debriefing sessions, observations and rough-cut videos clips. The theoretical frame-
work was used to design the post-game questionnaire (Fig. 2).
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Busia - Round 1 Very Inaccurate  Inaccurate Inaccurate Accurate Very Acourate
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oo 1 goal
Hydro: 1leamt something
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Fig. 2. Screenshots of the (a) first screen of the Nzoia WeSharelt game with a button on the top
left that enables the players to access both the pre-game and post-game questionnaires; and
(b) the Survey-monkey post-game questionnaire with the microgame layer questions.
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3.3 Statistical Analysis

The paper’s purpose is to consider whether the Beatty theoretical framework applies to
hybrid board games. This sub-section seeks to answer two procedural questions:
(1) does the Nzoia WeSharelt post-game questionnaire demonstrate content validity?
Moreover, (2) does the modified Beatty framework maintain internal reliability, when
applied in a hybrid board game, in the form of questionnaires? In this section, we
discuss these procedural questions in detail and make conclusions.

3.3.1 Content Validity Analysis

Before adopting the designed post-game questionnaire, we undertook a content validity
analysis, through an iterative process. We assessed whether the questionnaire:
(1) measured the Beatty framework elements; (2) incorporated all the essentials; (3) had
no overlaps and (4) and is replicable. Several drafts were developed and mirrored
against the framework to remove overlaps, add content that was not captured and
reword questions to ensure critical components are measured and guarantee replica-
bility (see Fig. 3). The final questionnaire was found to demonstrate content validity.

g

=5
.
polhimeys

R

Fig. 3. The outcome of the content validity analysis. (a) micro-level; (b) macro-level; (c) builder
meta-level; and (d) social meta-level. The red rectangles represent elements that were not
adequately measured by the post-game questionnaire. Place consistency between missing
elements in the various templates was an important outcome of the analysis. The same place
where elements were not sufficiently measured in template A was replicated in subsequent
templates, though the content changed. Nevertheless, some elements were addressed in the game
design and measured by the in-game assessment tool. The drought round increased player
interaction and compensated for the missing elements in the questionnaire (Color figure online).
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3.3.2 Chi-Square Goodness of Fit Analysis

The test was conducted to check whether the modified Beatty framework maintained
internal reliability when applied in a hybrid board game, in the form of questionnaires.
Chi-square goodness of fit test was applied because n was above 5 and the variables are
categorical. Since n = 35, the specified distribution is an equal distribution on a
five-point Likert scale (35/5 = 7). The null hypothesis provides that the data is con-
sistent with the specified distribution (equal distribution of 7 in all the responses). The
alternative hypothesis provides that the data is not consistent with a specified distri-
bution. The p-value is calculated using the CHISQ.TEST function. Alternatively, the
level of significance (o) is calculated using the CHISQ.INV.RT function. As illustrated
in Fig. 4, p < o, in all the responses. Therefore we rejected the null hypothesis, and
the alternative hypothesis is adopted. Based on the findings of the chi-square goodness
of fit test, the survey monkey data is considered reliable.

150 Micro-Level Layer Macro-Level Layer
150
100 100 mm=CH[SQ.TEST (p value)
50 50 CHISQ.INV.RT (a)
0 0
Builder Meta-Level Social Meta-Layer 1o INtrinsic Motivation
60 150
40 100 50
20 50

Fig. 4. Results of the reliability assessment. In all the findings p < o and there is a significant
difference between p and o, which increases the reliability of the findings.

4 Results

A significant proportion of the results is positive, as illustrated in Figs. 5 and 6, with a
few areas that need improvement. Majority of the responses fall between the “very
accurate” and “moderately accurate” range. The highest number of responses, in all the
categories, is the “very accurate” response. In addition to the positive outcomes, the
results indicate essential areas that need further development.

The findings identified several critical areas that need further development. First,
the builder’s meta-level should be adjusted to provide more room for players to
co-design, change rules and make rules. Second, missing or weak links between the
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primary goal, actions leading to a mastery of skills and the player’s strategies, needs to
be strengthened. Third, the macro-level layer’s storyline was not clear. The players
preferred a simulated game that reflects the actual circumstances in the watershed.
Fourth, the players recommended improvement of the user interface to increase
players’ interaction with two worlds, three identities, and three interfaces.

The rating average function provided vital information that we could not derive
directly from the survey monkey feedback (Figs. 5 and 6).
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5 Discussion

This section will critically discuss the advantages and limitations of using the Beatty
framework and examine whether the framework applies to hybrid board games.

5.1 Advantages of Using the Theoretical Framework

This discussion is guided by Mayer (2012) list of requirements and comprehensive
methodology to evaluate serious games [2 p. 237]. The list checks whether a frame-
work is comprehensive. Mayer (2012) developed the list of requirements from the
lessons drawn between 2004 and 2012 through numerous game session for twelve
different games. We framed the twelve requirements as advantages, which if met,
become game benefits, as explained in Table 1.

Table 1. Advantages of using Beatty framework, guided by Mayer (2012) list of requirements

Broad Scope = Easily adapted to non-video game - Nzoia WeSharelt game.

Comparative = Applied in seven games and seamlessly consolidated into one data set.

Specific = Divided into four specific layers and two feedback loops and each
template has explicit variables to support precise data measurement

Flexible = Allows the use of inbuilt game dynamics to satisfy the template elements
that were eliminated when designing the questionnaire.

Triangulated = Quantitative: Continuous: time and money.

Multi-Levelled

Qualitative: (1) Categorical: gender, education, country, local authority,
industry, knowledge of gaming; and (2) Ordinal: Rankings, survey
monkey questions on a five-point Likert scale.

Further triangulation through in-game Quantitative discrete data: units
of energy, food, and wood sold, unit of solar panels bought, amount
invested, and so forth, and Qualitative data from debriefing sessions.
Each template is divided into the “game,” “play” and “player.”

Micro and macro layers, two meta-layers and two feedback loops.

Standardised = The comprehensive framework leads to standardization.

Validated = The inclusion of “game” and “play” in all templates validates the game
design.

Expandable = The template is broad enough for new measures to be added.

Unobtrusive = The post-game questionnaire was highly ranked and not obtrusive.

Fast = The design of the questionnaires was fast, easy and economical.

Multi- Developers know that the game purpose had been attained [41].

Purposed TU Delft can demonstrate the game’s added value, to policymakers.

Has informed future designs and may lead to improved upgrades [7].
Players know whether they had mastered a particular skill.

Facilitators know learners have understood the learning objectives[42].
Results can strengthen the niche for game-based learning [6, 7].

The results ensure accountability and responsibility [2].
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5.2 Limitations of Using the Theoretical Framework

Beatty framework’s application resulted in many benefits, as outlined in the previous
sub-section and also limitations. We grouped the limitations into three main groups,
namely: the framing of the words, the challenge of undertaking comparative and
longitudinal research and practical/technical limitations of adopting a video game
assessment framework for a hybrid board game.

Framing is a critical issue when adopting an assessment framework from a different
genre of games. The framing of words in video games and hybrid board games is
different. Examples of words used in the Beatty framework that are common in video
games and though known by hybrid board game developers, are rarely used, include
powers, elements, space, avatar, thrill, identity grokking, virtual professional, virtual
skills, virtual world, affinity group and virtual identity. Some words may not be
appropriate, due to the nature of the game. Some may be applicable but may eventually
not have a comfortable resting place in the customized assessment framework. Some of
these words are applicable but need to be reframed to reflect or communicate the same
meaning to a different audience. Since these words form a critical part of the assess-
ment, accurate framing and reframing are essential to the success of the customized
framework. If we missed the meanings, then customization will not be an accurate
reflection of the original framework. We addressed this major challenge by research
and consultation. Eventually, based on the research and consultation outcomes, we left
some parts out of the customized framework.

Challenges that accompany comparative and longitudinal research was also another
limitation. WeSharelt game is a hybrid board game. The stand-alone game transverses
two game genres, digital games, and board games. Also, the game seeks to simulate a
drainage basin in Kenya. Additionally, simulation and trans-boundary water manage-
ment are complex fields. We heightened the complexity when we adopted the video
game assessment framework for a hybrid board game. To address this, we conducted
in-depth research to understand the framework and the context it is embedded. Also,
the process of designing the assessment framework underwent several iterations, while
synchronizing with the Nzoia policymakers and other stakeholders, to ensure that the
final product met the framework requirements, was replicable, comparable and met the
game goals and the needs of the beneficiaries.

Finally, there were practical/technical limitations to adopting the Beatty framework.
Beatty framework was preferred to other known frameworks because it was not a
high-level model. It specifies what needs to be assessed, in great detail. However, since
Beatty designed the framework for video games, we made some adjustments to the
measured elements, as illustrated in Fig. 3. As a consequence, some elements were not
measured in the post-game questionnaire, as planned, but incorporated in the in-game
assessments. Moreover, time and resource constraints led to the design of the assess-
ment tool separate from the game and after that linking it to the game. Thus limiting the
number of elements that could be measured. Measuring all the elements would make
the assessment long and tedious and would affect the final results.

These trade-offs had definite effects on the quality of the assessment. However,
according to Fig. 3, it was evident that the non-measured elements in the first two
templates were compensated by the in-game assessment, leading to a positive outcome.
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The flexibility of the framework was a positive indication of applicability outside the
realm of video games. Based on the findings, we safely concluded that despite the
challenges, we overcame all the three limitations.

5.3 Applicability of the Beatty Theoretical Framework

The Beatty framework holds a promise for future assessment of hybrid board games
because of the positive findings from its application. Additionally, the benefits derived
from the game outcomes outweigh the three limitations, as explained in Sect. 5.2.
Moreover, the process of addressing the challenges increases knowledge and builds
synergies between different disciplines.

Importantly, the pressing questions that we seek to address are: why should this
framework be applied to hybrid board games, since it belongs to a different field of
game development? Why should the framework be selected, if it augments complexity,
increases framing issues, involves extensive comparative and longitudinal research and
leads to practical/technical limitation challenges?

The global game market is rapidly growing, and we are at a critical point when
game experts are constructing the game layer. Undoubtedly, the construction of a game
layer is more critical than the current Facebook social layer. Games use dynamics that
are consciously or unconsciously incorporated to influence behavior. Since games
influence behavior, they affect people acutely and mostly, unconsciously. To build
efficient game dynamics requires persons who are willing to span through the already
established boundaries and strengthen collaboration between critical game developer
groups.

Video game developers are at the forefront of generating most of the games that
influence our day to day lives. These developers have mastered the skill of drawing
large groups to play games for extended periods of time. Game-based learning experts
have mastered the skills of developing games that enhance learning for the social good,
in specialized fields. A mix of these two skills and a combination of these two game
developer worlds is a necessity. However, since most of these developers are busy
designing more games, in their respective fields, we need a practical approach to bring
these groups together. Sharing frameworks is one of the practical ways to learn and get
into another game developer world and experience it.

Admittedly, the Beatty framework is not only applicable because the results were
beneficial and outweighed the limitations, but also because it is a baby-step towards
bridging two game-worlds to solve global challenges, together. Future work may entail
applying the WeSharelt game and its assessment framework in other drainage basins,
in Kenya.
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Abstract. The present study examined the effects of debriefing on 171 Japanese
university students as part of an international collaboration between Austria and
Japan. There were eight experimental conditions, as follows: control group
without treatment, fun game with no debriefing, Prisoner’s Dilemma (PD) game
with no debriefing, PD game with self-completed debriefing, PD game with
guided written debriefing, PD game with guided written debriefing and a con-
ceptual frame, no game but reading of a text, and no game but study of a picture.
Following completion of these activities, groups of four participants then played
the Highway Planning Game [1], which deals with cooperation and conflict.
Although performance during the Highway Planning Game did not significantly
differ among the groups (probably because of the small number of groups), there
were interesting differences in terms of performance and attitudes that will
stimulate further research.

Keywords: Debriefing + Learning + Engagement - Cooperation
Conflict

1 Introduction

The effects of debriefing are of primary interest in the field of simulation and gaming.
Because gaming simulations represent various aspects of reality, the question arises as to
how the experiences and results of games for a given participant are related back to their
own reality and context. The term “debriefing” refers to a method used to combine
participants’ reflections on their experiences with the assessment of mental (cognition,
emotion, etc.), social (action, communication, etc.), and reference systems (change of
resources, structures, etc.) processes to deduce applications for real situations beyond
the gaming simulation experience [2]. The use of gaming simulations that allow for
experiential learning, in conjunction with debriefing, has a long history of creating
active and engaging learning opportunities [3]. Debriefing can be defined as “the process
in which people who have had an experience are led through a purposive discussion of
that experience” [p. 146; 4]. Gaming simulations without adequate debriefing are often
considered to be ineffective, and it is widely understood that effective learning is
dependent on reflection during the debriefing process [5—7]. In terms of debriefing in
educational gaming simulations, learning stems from the debriefing rather than from the
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game itself [8]. In fact, Crookall proposed a formula to this effect, as follows:
“[(Simulation/game + proper debriefing) x engagement] = learning” [p. 419; 9].

Although many good arguments have been derived from theories of learning and
instruction regarding why and how debriefing is an important factor in learning during
gaming, remarkably few studies have attempted to research this crucial element
empirically. For example, Crookall’s formula has never been supported by empirical
data. Additionally, a review of the literature reveals two major weaknesses of past
research. First, few systematic studies with sound methodologies have been conducted.
Second, many studies utilized only questionnaire data to measure the outcomes of
gaming and, as a result, performance data are lacking.

The aim of the present study was to address these gaps in the literature and
overcome the weaknesses of previous studies. Our group began a research project to
this end in 2016 and performed the first experiments in 2017; as a result, a large amount
of performance data remains to be produced. Thus, the primary aim of the present paper
was to describe our research approach and to discuss the initial pre-post questionnaire
and group performance data. More specifically, the present study examined the effects
of different types of debriefing, using a no debriefing condition as a control. Because
several experimental conditions were run simultaneously including large numbers of
students (i.e., up to 140 students per class), all debriefing sessions employed a written
answer sheet. In other words, the debriefing process was performed by the participants
themselves, by following written instructions, to remove the possibility of experimenter
effects.

2 Method

Participants The present study included 171 university students from Tokyo, Japan
aged between 19 and 25 years (mean age = 20.39 £ .89 years); there were 114 females
and 57 males.

Procedure The procedure was identical in all experimental conditions. First, the
participants filled out a questionnaire (hereafter referred to as the pre-test question-
naire), completed the activity for their condition, and then were either debriefed or not
debriefed. Next, as a test scenario, the participants played the Highway Planning Game
in groups of four and individual and group performances were measured. Finally, the
participants filled out another questionnaire (hereafter referred to as the post-test
questionnaire). The overall length of the experiment was 90 min, which included the
briefing and debriefing procedures.

Experimental Design and Manipulations. The present study utilized a between-
subjects design with eight experimental conditions (Table 1).

Treatments. In our opinion, it is not sufficient to only assess the effects of different
types of debriefing, because it is possible that the gaming experience itself could
generate a positive mood among the participants, thus encouraging learning even
without debriefing. To examine this possibility, a “fun game” condition with no
debriefing element— the Footsteps game [10] — was included in the present study and
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Table 1. Summary of the experimental design

Condition | (5) Pre-test- | (15) Treatment | (5) Debriefing (30) (5) Post-test-
questionnaire Test-scenario game| questionnaire

1 yes Fun game no yes yes

2 yes PD game no yes yes

3 yes PD game self-completed yes yes

4 yes PD game written guidelines | yes yes

5 yes PD game written guidelines + | yes yes

conceptual frame

6 yes Text no yes yes

7 yes Picture (comic) | no yes yes

8 yes no no yes yes

Note: Numbers in parentheses indicate time in minutes.

played in pairs. The study also included the Prisoner’s Dilemma (PD) game, which is a
modified version of the Baregg Tunnel game [11]; this educational game concerns
conflict and cooperation and was also played in pairs.

To precisely measure the effects of gaming, it is necessary to compare gaming with
other learning activities. Thus, the present study included three conditions without
games. The first of these conditions involved pairs of participants reading a text about
cooperation and conflict, extracted and translated into Japanese [p. 362-367; 12]; the
text comprised approximately 1,000 Japanese characters and the participants were
asked to underline the most important points. The second non-game condition involved
pairs of participants looking at an image relating to cooperation and conflict. The image
contained a small number of sequential pictures (i.e., a comic strip), portraying two
donkeys, which began with a conflict situation and ended in cooperation. The comics
were taken from a book [p. 349; 11] and did not include an explanation. The third
condition was the “control group without treatment” condition.

Debriefing. The study included four debriefing categories. The first category did not
involve a debriefing (no debriefing); the second involved self-completed debriefing; the
third involved debriefing with written guidance; and the fourth involved debriefing
with written guidance and a conceptual frame.

In the self-completed debriefing condition, the participants were asked to discuss
the gaming experience freely in pairs. In the debriefing condition with written guid-
ance, pairs of participants discussed the following four subsets of questions that were
written on an instruction sheet: (1) “How did you feel during the game?”” and “Describe
your feelings during the game.”; (2) “What happened during the game?” and “Talk
about your perceptions, observations, and current thoughts about the game”; (3) “In
what respects are aspects of the game connected with reality?” and “What are the
commonalities between the game and reality?” (e.g., behaviors used both in the game
and in society); and (4) “What did you learn?” and “What are the main conclusions you
can draw from the gaming experience?”.

The debriefing condition with written guidance and a conceptual frame aimed to
explore the effects of debriefing that provided the participants with an opportunity to
more deeply reflect on the gaming experience. According to Kolb’s learning cycle [13],
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a gaming experience can be conceptualized as including a “concrete experience” and
“observations and reflections” as the first and second steps. Although debriefing after
the gaming session could accelerate the reflection process, the third and fourth steps
(i.e., “formation of abstract concepts and generalizations” and “testing implications of
concepts in new situations”) are essentially for participants to complete by themselves.
It seems somewhat difficult for participants to derive abstract concepts from concrete
experiences. However, if at least the third debriefing step is included, this would
facilitate more effective and deeper learning. In the presently described condition, the
participants were given a conceptual frame, or theory, with which to interpret their
experience of the game in addition to the four abovementioned questions.

All of the debriefing conditions had written instructions and did not include verbal
debriefing from an experimenter (facilitator).

Test-Scenario-game (The Freeway Planning game). Groups of four participants
played the Highway Planning Game, which involves communication, teamwork,
cooperation, and conflict [1]. Typically, the Highway Planning Game is played by
groups of six players with different roles, but only four roles were used in the present
experiment; i.e., Archeologist, Resident, Storekeeper, and City Engineer. Each partic-
ipant in the groups of four students assumed one of the roles during the game, the
ultimate goal of which was to agree on a common route for the highway that, at the same
time, was advantageous for each individual. Each participant received a map featuring
hexagons (representing land) and symbols (representing houses, shops, mountains, and
cultural and archeological sites). Each student were required to pay different penalties,
according to their assumed role, for building the highway through hexagons with
symbols that were relatively more or less important from their particular perspective.

Dependent variables. The study measured two types of dependent variable to eval-
uate the effects of both the games and the debriefing. The first type of dependent
variable encompassed performance indices that were calculated according to the
number of hexagons that the highway passed through (each consumption of a hexagon
of land causes penalties), the route used and the penalties (for destroying objects
situated on the land) that were incurred. The second type of dependent variable
encompassed the questionnaires assessing cooperation and leadership that were com-
pleted before and after the activity; i.e., a pre- and post-test questionnaire. Attitudes
toward cooperation were indexed by five items (e.g., “It is important to cooperate to
achieve a goal”, “I prioritize my own interests over helping others” (reverse item), and
“I like to actively cooperate when necessary”). Leadership was assessed by one item, as
follows: “When working in a team, I prefer to take a leadership role rather than be a
follower”.

The study also measured learning effects, teamwork behaviors, and satisfaction
regarding the results of the game using 5-point Likert scales ranging from 1 (strongly
disagree) to 5 (strongly agree). These items included the following: “I am satisfied
with the results of the game”, “I told the others what the most important result was for
us”, and “Through playing the game, I know more about the factors involved in
effective teamwork”. Additionally, items assessing the game playing experience,
experience of the group work, and several demographic variables were included in the
post-test questionnaire.
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3 Results

3.1 Performance

There were no statistically significant performance differences among the experimental
conditions. This was likely due to there being an insufficient amount of data to conduct an
analysis of variance (ANOV A) including all eight conditions; there were only 3—6 groups
(of four students) per condition. Therefore, to provide a rough initial look at this study, the
data were merged into two conditions: Condition A, in which the participants either did
not play an educational game (PD game) or played a game without debriefing (original
conditions 1, 2, 6, 7, and 8), and Condition B, in which the participants played an
educational game and received some form of debriefing (original conditions 3, 4, and 5).

The group results are shown in Table 2. Groups that played a game and received a
debriefing exhibited better performance compared to those that either did not play a
game or played a game without debriefing. Better performance was indexed by the
following:

less total use of land (i.e., less hexagons used on the game board);
lower total cost to the group (calculated by summing the costs incurred by all four
participants in the group); and

e smaller standard deviation between individual costs (taking into account the sum of
the costs incurred by all four participants in the group).

Lower scores denoted greater social equality; i.e., all group members made sacri-
fices of equal magnitude when deciding on the joint route compared with the egoistic
optimum for each individual role.

3.2 Changes in Attitudes Toward Cooperation and Leadership

A two-way ANOVA with experimental condition as the between-subjects factor and
pre- and post-test questionnaire results as within-subject factors was conducted. The
analysis revealed that attitudes toward cooperation significantly decreased after playing
the Highway Planning Game (F(; 157y = 1102.67, p < .001; Table 3) but the main effect
of experimental condition and the interaction effect were not significant (F7 157, <1
and F( 57y = 1.09, respectively; n.s.). On the other hand, leadership significantly
increased after playing the Highway Planning Game (F(; 155, = 5.77, p < .05; Table 4).
The main effect of experimental condition (F(7;s7, = 2.05, 0.05 < p < .10) and the
interaction effect (F7 155, = 1.82, 0.05 < p < .10) were marginally significant.

Table 2. Means of performance indices

Performance A: No game or no debriefing B: Game with debriefing
indices (N =25) (N =18)

Number of 17.00 (2.92) 16.22 (.88)

hexagons

Total cost 464.12 (53.39) 445.17 (22.45)

Equality of costs 19.65 (7. 85) 19.07 (7.85)

Note: numbers in parentheses show standard deviation.
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Table 3. Means of attitude toward cooperation

Condition Before After N
Fun game with no debriefing 3.91 (.23) 1 3.08 (.28)| 18
PD-game with no debriefing 3.95 (.30) 1 3.17 (32) | 12

PD-game, self-organized debriefing 3.82 (140) 1 2.93 (32)| 24
PD-game, written guided debriefing 3.81 (.35)12.99 (37)| 23
PD-game, guided and conceptual frame | 3.80 (.32) |2.95 (.29) | 24

Text 3.85 (.38) | 2.97 (30) | 30
Picture 3.96 (.37) 2.91 (46) | 18
Control 3.88 (42) 3.06 (32) 16
Total 3.86 (.35) | 3.00 (.33) | 165

Note: Numbers in parentheses show standard deviation.

Table 4. Means of attitude toward leadership

Condition Before After N
Fun game with no debriefing 2.56 (.92) |2.89 (.96) 18
PD-game with no debriefing 2.41 (90) |2.50 (1.09)| 12

PD-game, self-organized debriefing 3.29 (.95) [3.29 (1.12)| 24
PD-game, written guided debriefing 2.52 (95) |3.22 (.74) 23
PD-game, guided and conceptual frame | 3.12 (.94) | 3.25 (.85) 24

Text 2.60 (1.00) | 2.80 (1.00) 30
Picture 279 (.63) |2.89 (88) | 18
Control 3.06 (.93) 2.85(1.02) 16
Total 2.81 (.95) |3.00 (.97) | 165

Note: Numbers in parentheses show standard deviation.

4 Discussion

Task performance in the present study did not significantly differ among conditions, but
this was likely due to the small number of groups that were assessed. However, the
results were as expected (as shown by the mean scores) in indicating that the groups
that played a game and then received a debriefing exhibited better performance than did
the groups that either did not play a game or played a game but did not receive a
debriefing. Future research with a larger number of participants and groups in each of
the eight conditions will be necessary to validate the hypothesis that completion of
educational games results in better performance in a subsequent test scenario compared
to conditions that do not include a game. Additionally, our research group intends to
investigate the hypothesis that games including debriefing lead to better performance. It
was hypothesized that the condition that included debriefing with written guidance and
a conceptual frame would produce the best performance, followed by the debriefing
with written guidance only condition and the self-completed (unstructured) debriefing
condition.
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The present study found significant differences in questionnaire data among con-
ditions, probably because these data were in the form of individual responses. The test
scenario game can also be interpreted as being an experimental condition in the context
of the differences between the pre- and post-questionnaire data. All participants in all
conditions played the Highway Planning Game and, overall, attitudes towards taking a
leadership role after playing the game got significantly stronger after playing the game.
This was interpreted to mean that the study participants were more involved and
engaged in the game, and were trying to contribute to resolving the predetermined
role/conflict scenario. However, the degree of cooperation significantly decreased from
a very high level (pre-game) to a medium level, or even to a medium level of conflict
(post-game).

This finding is in accordance with the leadership results. After playing the Highway
Planning Game, the individual players (and groups) were more engaged in negotiation
and bargaining, and actively attempted to solve conflicts. In trying to solve conflicts,
engage in different forms of cooperative behavior, and ensure equality among group
members in terms of penalties, the participants had to deal with conflict in an authentic
way and leave their comfort zone. Therefore, the decrease from unrealistically high
levels of cooperation to a more realistic level of conflict during the game is actually a
positive sign with respect to maintaining harmony within the group (i.e., “cozy” team
behavior as seen prior to playing the game). According to previous research on conflict
levels and group performance [p. 409; 14], very high and very low levels of conflict are
both signs of dysfunction that lead to low group performance. Thus, a medium level of
conflict may be optimal, because such functional conflict can lead to higher group
performance. In the present study, there was a significant shift towards this functional
level of conflict within the groups, but at the same time the conflict level did not
become too high. Nevertheless, additional data will be necessary to explore the dif-
ferences in conflict levels among the eight conditions in more detail.

Our group has several plans for future research. First, the number of participants
and groups in the experiments will be increased to detect the effects of different
debriefing methods more precisely. Second, additional methods of debriefing will be
assessed. For example, at least two forms of standardized oral debriefing supervised by
a moderating facilitator (with and without a conceptual frame) will be included,
because this is more common in the debriefing sessions of studies on games and
simulations. Third, the present study was originally designed as an international col-
laboration between Austria and Japan, and the Austrian branch of the study will begin
soon. Based on the present data, several inferences regarding the characteristics of our
Japanese cohort, with respect to cooperation and conflict resolution, can be drawn,
particularly regarding consensus-making; the results could be different in the Austrian
population. Additionally, cultural influences on the effectiveness of different forms of
debriefing will be investigated. These data should produce interesting results regarding
cultural differences in cooperation and negotiation that will contribute to gaming and
simulation research, as well as the field of conflict resolution. Finally, future studies
could also include participants from countries other than Japan and Austria.

Acknowledgments. Part of this work was supported by JSPS KAKENHI Grant Number
JP15K0436.
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Transitions — From Deterministic
to Probabilistic Learning Conditions -
Managing Simulations in Complex Conditions
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Abstract. When human beings congregate — whether in meetings, public pla-
ces, urban environments or learning contexts — there is a need for management
of the emotional content of the milieu. In many situations this is a personal and
private task and its enactment does not intrude on others. In simulations this task
is — to varying degrees — deferred to the facilitator. When simulations and
game-based activities are used for social change purposes a specific set of
(usually) unspoken assumptions must be identified and controlled for. This
paper explores the role of the facilitator in regard to the knowledge and capa-
bilities required to successfully engage the diversity of interests and embedded
assumptions which shape and inform the actions of all those present (including
themselves).

Keywords: Innovation diffusion barriers + Environmental conditions
Power relationships - Skill and attitude development

1 Introduction

Why do people resist change? What causes perfectly acceptable and achievable change
to be stalled, even undone? How do individuals justify their opposition to new con-
cepts? Why do ‘good ideas’ become mired in delay and denial? What would cause
sensible adults to flee from beneficial new concepts? Understanding how to identify
and address factors behind such resistance to ‘good ideas’ is an essential first step for
anyone hoping to see their ideas embedded in future developments. We are concerned
here with the role and requirements of individuals given the task of managing public
events intended to achieve ‘buy-in’ from those affected by change in regard to com-
munity engagement projects. The merits of such changes are acknowledged as having
an ongoing impact on all activity, and are usually subject to intense scrutiny. We want
to highlight expectations about the person/s tasked with managing those public events,
and how hidden assumptions may affect their capacity to operate effectively.

We suggest that ‘resistance’ is logical, practical and familiar and that even great
ideas are opposed when they first emerge as alternatives to current practices and beliefs,
especially when they seem likely to alter social and power relationships.

Apart from the emotions raised by the nature of proposed physical and
community-based changes responses to ideas promulgated in public meetings are often
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based on challengeable - but widely accepted — assumptions. Such assumptions also
shape beliefs about what is appropriate when constructing and managing meeting
formats, as well as concern for who is ‘in control’ of the process. Facilitators cham-
pioning use of simulations and games for such engagements, can quickly become
mired in diverse — and often diffuse — forms of resistance to, and denial of, their
efficacy. Such opposition may come from employers as well as those present and
involved, and can severely limit the options available for achieving positive engage-
ment with urban change projects. When the process is not well managed this may
ensure ongoing opposition as long as emotionally charged issues remain unresolved.

2 Assumptions and Beliefs

We all have embedded, hidden, assumptions about ‘how things work’ which shape and
inform our responses to events and conditions. One way of thinking about where and
how they are embedded in human thinking is to consider the formation and basic tenets
of educational curricula and how these influence our responses. In her work on the
formation and sources of educational curricula, Wilson [9] lists eleven different ways of
thinking about them, and describes assumptions and beliefs underlying each one.
Community engagement activities, insofar as they are educationally oriented, encounter
similar assumptions and beliefs, making her work a useful tool for exploring the ‘world
views’ or mental models held by individuals likely to engage in community engage-
ment projects.

Each of the perspectives informing these curricula have their own stakeholders and
driving forces. A wise facilitator facing the task of managing public communication
events will give close attention to addressing as many of these assumptions and sets of
beliefs as possible, well before engaging with their audience.

They remain constantly aware that not everything can be anticipated, so that
reserves of energy must be withheld for unexpected emergences. This paper (i) ex-
plores barriers to implementing innovation, (ii) suggests how Wilson’s list of
explanatory frameworks can inform planning and management of public communi-
cation events, (iii) offers a knowledge management approach with which to address
emerging conflicts, and (iv) proposes use of knowledge management tools as a way to
prepare for unknown uncertainties and emergent opposition. Change champions must
navigate these perspectives, while they help resistors to sustain the status quo. Thus a
problem for those hoping to create and sustain change may be too many forces are
arrayed against them. Their own enthusiasm may be their own worst enemy (Table 1).

Overstepping, even unintentionally, the mark of advocacy for change frequently
generates stakeholder opposition, influencing and shaping one or more of Wilson’s
curricula. This is seldom clearly defined and can be passed by, easily and quickly.

Motivated by curiosity, pleasure in working with what is ‘new’, and enjoyment of
the challenge of being at the leading edge, early enthusiasts may not even realise that
they have moved beyond the ‘known’ into unknown territory. In a major educational
change strategy, Jerome Bruner and his supporters discovered this in the 1970’s as they
strove to implement a celebrated — and reviled — educational program called “Man: A
Course Of Study” (MACOS). The initially enthusiastic uptake was worn away by a
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Table 1. Forms of curricula compared across domains of activity

Forms of educational curricula

Community engagement concepts

Overt, explicit, or written curriculum

That written as part of formal instruction of
schooling experiences.

Societal curriculum

Informal curriculum of socializing forces
“educating” all of us throughout our lives.
Hidden or covert curriculum

Derived from the nature and organizational
design of school, as well as the behaviors and
attitudes of teachers and administrators.

Null curriculum

Documents and guides for community
development/urban renewal projects.

Informal forces at work shaping social
perspectives on planned actions.

Factors so familiar, in a context, as to be
hidden - e.g. side of the road on which we
drive; shape and operation of traffic lights

‘What we do not teach, giving a message that
it is not important in education or in society.

Phantom curriculum

Messages given in/through exposure to
media.

Concomitant curriculum
Taught/emphasized at home; experiences as
a family, or sanctioned by the family.
Rhetorical curriculum

Ideas from policymakers, school officials,
administrators, or professionals involved in
concept formation and content changes

Curriculum-in-use
As delivered and presented by each teacher.
Received curriculum

Concepts and content that are truly learned
and remembered.

Internal curriculum

Educators have little control over an internal
curriculum - it is unique to each student.
Electronic curriculum

Lessons from searching the Internet for
information, and e-forms of communication.

Things we do not talk about: inequities in
access to housing; accessible public
transport, etc.

What/how media sources speak about our
context.

Messages from family through use/non-use
of relevant public spaces and facilities.

What we hear politicians and public figures
tell us about our environment.

Evident in facilitators’ work and actions.

What we take from all we hear/encounter
about environmental needs/purposes/values.

We individually make sense of what we hear,
receive and remember

The same for community engagement and
urban development as for schooling.

campaign of opposition from conservative Christians who perceived it to be a means of
indoctrinating young students into a kind of ‘secular humanism’ or ‘cultural relativism’
[4] thus challenging beliefs embedded in powerful societal thinking frameworks.
Proposed curricula-in-use changes, championed by MACOS supporters, was seen to
have such beneficial potential, that its advocates found it hard to conceive of anyone
denying the validity of their work. One key difference between proponents of change,
and those who resist, may be that the former sees obstacles as barriers to be overcome
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on the way to new understanding, while the latter simply regard change as defeat,
desolation and loss. For enthusiasts, ‘societal’ resistance comes as an unpleasant sur-
prise. And unless they prepare and develop sustainable arguments, it will continue to
do so for modern evangelists of change — including, in this context — the use of
simulations and games as learning strategies.

Given this perspective two key questions emerge —

1. How can those who prefer the safe and familiar learn to appreciate the benefits of
loosening their grip on the ‘known’ and step into new challenges with hope?

2. How can enthusiasts learn to walk alongside those who cannot yet see the benefits
and provide insight and guidance appropriate to their concerns, rather than relying
on insistent claims of ‘value’ and ‘rightness’?

Addressing these questions requires analysis of both perspectives, and a clear and
dispassionate understanding of why there is resistance to change. This helps in
preparation and accurate application of advocacy strategies. Understanding both the
espoused and in-action [1] positions of resisters assist achievement of outcomes that
contribute to sustainably improved practices and environments which are also
acceptable to all stakeholders who claim an interest in the matter. The causes for
opposition and resistance must be addressed - not denied or denigrated.

3 Who ‘Consumes’ Innovation?

So who are the ‘consumers’ in settings where the use of ‘play’ (simulations and games)
in change management contexts? Analysis shows there are four identifiable ‘consumer
groups’ in all social change settings. The first, most obvious, consumer-group is par-
ticipants involved in the process of ‘playing to learn’ about change. The other three
groups may not be obvious ‘consumers’ but addressing their needs and concerns is
vital, because the use of games and simulations for community engagement must pass
through their ‘gateways’ before reaching the players.

e The first ‘gateway’ is defended by those who are unfamiliar with such communi-
cation strategies and yet are asked to use them to achieve pre-determined goals.
They are conscious of demands for consistency and conformity, and concerned
about their own insecurities in regard to using such strategies. They believe they
know what has worked with relevant target groups before, and are hesitant to stray
from the ‘tried and true’.

e The second ‘gateway’ is watched over by administrators who believe they must
control what happens in public meetings within their context. They want outcomes
and progress, yet are reluctant to try anything that may not guarantee desired
outcomes. They are conscious of other measures of performance, especially ones
used by those controlling the final gateway.

e This final ‘gateway’ is safeguarded by external groups — parents, social groups,
professional and government bodies who are certain of their right to intervene.
Members of this group may be unaware of the paradoxical nature of their demands
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on all the other consumers. These external groups, may — at any time — emerge to
drive opposition to many proposed changes.

While we respect the power of this final group and are concerned by the frequently
paradoxical nature of their opposition, this chapter offers facilitators and administrators
resources for addressing such opposition to good ideas.

Observed from enough distance, all these groups can be seen as engaged in a
formal ‘dance’ with pre-determined steps timeframes and rules. As long as everyone
performs the steps in an agreed manner the dance continues. Disturbing the steps of the
dance challenges everything. Introducing change strategies that may unsettle the
‘thythm of the dance’, can be disturbing and will generate opposition.

4 Deterministic and Probabilistic Environments

Reducing the impact of such opposition needs focused attention on identifying and
resolving the causes for both overt and covert (unexpressed) reservations. This section
introduces two ways of thinking about how to manage and set up the environments for
public engagement. These are described as deterministic and probabilistic environ-
ments which each has characteristics, benefits and drawbacks.

Deterministic environments
Deterministic environments are familiar to everyone. Human beings have been
establishing and using them for centuries. While they enable us to impart vast quan-
tities of information they do not always accurately address the immediate needs of
those being ‘informed’. A ‘deterministic environment’ is one where conditions are
completely predictable [10] which is exactly what many are led to believe is the best
setting for achieving information transfer. In the world of artificial intelligence — where
this term is frequently found — this may be true. However, it can seldom be applied to
effective information sharing among human beings in the 21* century where the goal is
achieving satisfactory transitions to new and different conditions. Deterministic envi-
ronments are comfortable but unchallenging.

While human organisations are not ‘completely’ predictable environments, working
to achieve predictability is often considered desirable. In this context, challenges to its
validity are considered traitorous denials of the validity of the ‘ideal’.

4.1 Probabilistic Environments

Probabilistic environments are the common state of most simulations and games. As
Klayman [6] notes -

A great deal of what people know about the world is handed to us from learners of the past,
through books, schools, and social interaction. But if knowledge is to be advanced, or new
problems mastered, we must of necessity learn from experience in probabilistic environments.

Using simulation or game-based activities affect all the factors which support stable
relationships in deterministic educational settings. They do so in ways that individuals,
who like certainty and order, will inevitably find hard to accept. Games introduce
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uncertainty and alter relationships, shift perceptions of power and authority and
redefine disruption. Outcomes will ‘probably’ be as predicted — but are never certain to
be so. The uncertainty of ‘probabilistic’ environments is unlikely to be attractive to
individuals who prefer stability and order and keeping control. Sensibly enough, they
do not welcome efforts to destabilize things, especially when a tenuous goal of ‘ad-
vancing knowledge/living conditions/etc.” in some unknown future context, is not
equivalent to maintaining control now.

4.2 Resisting the Transition

Failure to address real and immediate concerns about loss of control is a sure fire way
to generate resistance to change. Relying on enthusiasm for ‘new’ ideas while not
providing adequate support or rationale for thoughtful transitions from order to
uncertainty is not an effective way to generate enthusiasm for change. As Machiavelli
(quoted in Watford, 2006) noted succinctly

there is nothing more difficult to take in hand, more perilous to conduct, or more uncertain of
success, than to take the lead in the introduction of a new order of things. Because the
innovator has for enemies all those who have done well under the old conditions, and lukewarm
defenders in those who may do well under the new.

And in this regard Dewey [3] noted that

Man is not logical and his intellectual history is a record of mental reserves and compromises.
He hangs on to what he can in his old beliefs even when he is compelled to surrender their
logical basis.

So we should not be surprised if over-enthusiastic promotion of new ideas, that
seem to come with attendant denial of the value of current efforts, generates a hard-
ening of resistance, and not unalloyed joy. Committed enthusiasts do not have a clear
view of the problems anticipated by resistors, considering them simply to be ‘chal-
lenges to be overcome’ bypassing deeper implications. Those who are not fearful of
challenges are prepared for occasional failures relishing the delights of new, original
and engaging learning. However, they are regularly surprised by the vehemence of
resistance, asking in surprise “can 't you see the delights to be enjoyed?” and are unable
to accept the legitimacy of the response “No! No I can’t”.

5 Encouraging Uptake

If enthusiasm and clear sighted awareness of the value of games and simulations for
learning is not sufficient to help resistors consider adopting them — what will be enough
to make new ideas acceptable? We propose nine key actions to help ‘early adopters of
games for learning’ assist colleagues in making a shift in their thinking and practices.
Four of these are “always do”, three are “never do’s” while the last three are “backup
options” to keep in mind.
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5.1 Strategies to Encourage Uptake

Listen

The first logical, but often difficult, action involves simply listening to objections and
seeking out the ‘question behind the question’ [8] that is shaping a speaker’s concerns
and objections.

Understand the constraints in the wider context

The second strategy requires allowing time to understand a speaker’s wider context. It
will often be that they are — or believe themselves to be - in a place that is not
supportive of innovation. Give them credit for understanding the limitations imposed
on them, and seek ways to help them expand their horizons by walking alongside them
instead of rushing at them front on.

Acknowledge all efforts
Thirdly, acknowledge and admire all efforts to be good at what they do and how they
do it. Remember, no one deliberately set out to be a ‘poor performer’, and educators,
more than most, value quality performance.

Listening, understanding and acknowledging the present situation, will also gen-
erate resources and insights to assist in addressing resistance to change. This helps
create an atmosphere of mutual admiration rather than shared dislike.

At all times - Exercise restraint

The first — and most constant — action to take when working to achieve uptake of new
ideas is the exercise of restraint in regard to displays of enthusiasm and engagement.
Enthusiasts too easily forget their own first tentative steps, the failures and setbacks that
contributed to their present engagement with new ideas. The rush of excitement when
something works — and then continues to deliver on its promise - obscures early doubts
and deletes memories of those initial hesitations.

5.2 Actions and Beliefs to Avoid
These all involve conscious effort and require rigid avoidance of criticism.

Never claim to have the ‘right’ answer

Never insist that you possess ‘the right answer’ to a problem. Claims of ‘rightness’ are
seldom a winning argument when working with resistors uncertain of their own fal-
libility and certainly unconvinced by your enthusiasm. Halfman et al. [5] noted -

Difficulties of Change. .... to suggest an alternative [to my well-practiced actions] is, by
definition, to attack me.

Avoid rushing in - “Angels” have a special wisdom

The saying that “fools rush in where angels fear to tread” is vital when promoting
change. Never push pass resistance. Stop and consider its origins and causes; and
accept that it has a validity which may initially escape you.

Promote slow change
Never demand swift replacement of existing practices with new ones. Invite engage-
ment, seek adaptation, encourage small tests, support small steps, celebrate minor



188 E. Leigh and E. Tipton

changes and resist the impulse to rush to change. The hare and the tortoise show the
problem of using speed to get to a difficult goal.

5.3 Backup Options — Strategies to Consider

Tackle projects collaboratively

Work with ‘like minds” who have a capacity to influence resistors. Offer to do some of
the work in tandem with the person/team you are engaged with. This help with handing
on ideas and skills in a collaborative atmosphere and enacts the mantra of “teaching a
man to fish gives him a lifetime of skills, rather than giving him a fish, which only
feeds him today and leaves him to starve again tomorrow”.

Publicise indicators of change

Ensure that achievements are widely advertised remembering that ‘nothing succeeds so
well as obvious success’. This takes longer — but then again everything that is worth
doing does so.

Provide resources — do not impose their use

Make resources available but do not inflict them on others. Make them easy to read,
and use. Help others find the fun in new activities — the WIIFM' factor is a powerful
motivator. And make yourself available when someone is ready to ask about the new
ideas you are proposing!

6 Why Games and Simulations Unsettle Stability

Regardless of the care with which a game or simulation is chosen to achieve specific
communication goals, it is vital to remember that intended learning outcomes can be
affected by circumstances — and may be unknown until they emerge during the action.
Sometimes this may be simply a small shift sideways into topics not usually touched on
in similar conditions; however, on some occasions the shift can be so dramatic that a
planned lesson does not occur.

For a facilitator, decisions about choosing — or not choosing — to use simulations
and games for communication activities will determine much of what happens next. In
effect, pre-conditions shape mindsets. A factor limiting acceptance of games and
simulations for community engagement is the tendency to imagine things going wrong,
this is often coupled with an emotional state of unease generated by such thoughts. To
call experienced group facilitators ‘novices’ may seem discourteous. However being
skilled at ‘session management’ is not the same as being skilled in managing envi-
ronments where things will be un-ordered for much of the time. Such conditions
require a particular set of skills, since effective actions for probabilistic working con-
ditions involves abstaining from any move to impose ‘order’.

! WIIFM - what’s in it for me?
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A real and continuing problem facing those promoting change, is the question of
how to demonstrate that richer, deeper, yet totally unplanned benefits may emerge
during probabilistic conditions and that these may have a profound impact on partic-
ipants’ ultimate success. While such unplanned learning may disrupt a short term plan,
the long term gains are well worth the deviation.

7 Perspectives, Theories, Frameworks

In summary, we know that the innovation/diffusion problem is not new. In fact, its
impact affects every facet of change, yet enthusiasts committed to achieving
social/political/economic change often overlook it as a factor requiring sustained
attention. Personal security, emotional inhibitions (e.g. ‘locus of control’ personal
preferences, group dynamics) and organizational/structural factors all influence the
capacity of any individual to willingly adopt anything new.

Knowledge Management provides frameworks for deciphering some aspects of the
situation, and the psychotherapeutic work of researchers including Wilfred Bion, Carl
Rogers, Lev Vygotsky, Ivan Illich, and Karen Horney, provides insights and strategies
to address actual and anticipated resistance.

The scope of that work is too broad to be explored here, however the general
message from such work is that learning is a complex, multivariate process unique to
each individual. While orderliness can impart facts and data and enable one person to
maintain control of a situation, it cannot guarantee that the data will be understood,
absorbed or made personal or enacted in any future time. In truth nothing can guarantee
that.

8 Future Needs

In 1930s the author of the “Saber Tooth Curriculum” - J Abner Pettiwell [2] - pointed
out that a particularly vital ‘future need’ is to eradicate the belief -

. that the essence of true education is timelessness. It is something that endures through
changing conditions like a solid rock standing squarely and firmly in the middle of a raging
torrent. You must know that there are some eternal verities, and the saber-tooth curriculum is
one of them!”

in the 21* century awareness of the fact that education must accept change is
slowly being accepted - although accompanied by continuing resistance. Facilitators
involved in community engagement contexts must accept that this is a dance of two
partners — change and resistance - and that their key task is to manage the music so as to
allow each partner to remain engaged while moving the whole in a direction most
likely to achieve positive outcomes for all — whether these are recognised at once or
over a longer period of time.
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Abstract. Artificial Neural Networks make it possible to develop faster model-
based business games, but in general, they are neither easy to develop nor easy
to understand. This paper presents a highly automated framework for developing
Multi-Layered Networks of Active Neurons for simulation experiments and
model-based business games using self-organizing data mining with the Group
Method of Data Handling. It discusses some of the results from international
research done in Europe, Australia, and most recently at Walla Walla University
in College Place, Washington, USA.
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1 Introduction

Business simulation is described, in general, as a sequential decision-making exercise
structure around a model of a business operation, in which participants assume the role
of managing the simulated operation [1]. Management and business games are defined
as a simplified simulated experiential environment that contains enough verisimilitude,
or illusion of reality, to include real world-like responses by those participating in the
exercise [2]. Consequently, a simulation game contains a mixture of skills, chance, and
strategy to simulate an aspect of reality, such as a stock exchange, with rules that refer
to an empirical model of reality. It combines the features of a game (competition,
cooperation, rules, participants, roles) with those of a simulation (i.e. incorporation of
critical features of reality).

A properly designed simulation game for business training would closely follow
the assumptions and rules of the theoretical models within this discipline. In the
model-based games, especially, if the game does not accurately represent a real system,
then the knowledge that the students receive about real-life business is questionable.
Therefore, if the game model is not accurate and the predictions made by students are
not close enough to the real-life business case, then learning will be minimal.
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Artificial Neural Networks (ANNs) make it possible to develop faster and more
accurate model-based business games, but in general, they are neither easy to develop
nor easy to understand. The difficulties with ease of development and use stem mainly
from the extensive data preparation required to get good results from a neural network
model. The results are difficult to understand because an ANN is a complex nonlinear
model that does not produce rules.

This paper presents a highly automated framework for developing Multi-Layered
Networks of Active Neurons (MLNANs) for simulation experiments and model-based
business games using self-organizing data mining with the Group Method of Data
Handling (GMDH). It discusses some of the results from international research done in
Europe, Australia, and most recently at Walla Walla University in College Place,
Washington, USA.

2 Artificial Neural Networks for Business Games
and Simulations

The basic objective of Artificial Neural Networks (ANNs), according to Berry and
Linoff [3], and many other authors (Zhang et al. [4]) is to construct a model for
mimicking the intelligence of the human brain into machine. Similar to the work of a
human brain, ANNs try to recognize regularities and patterns in the input data, “learn”
from experience, and then provide generalized results based on their known previous
knowledge.

In neural network terminology, a neural network (NN) can be thought of as a
network of “neurons” organized in layers as shown on Fig. 1. The factors form the
input layer (the first layer), and the projections form the output layer (the last layer).
Each of the inputs gets its own unit, or network node. In general, it is not the actual
values of the input variables that are fed into the input layer, but some transformation of
those values. Each input unit is connected to the output unit with a weight. Inside the
output unit, the input weights are combined using a combination function and then
passed to a transfer function, the result of which is the output of the network. Together,
the combination function and the transfer function make up the unit’s activation
function. The value produced by the output node’s activation function is usually some
transformation of the actual desired output.

Figure 1(a) contains no hidden layers and can be considered a neural network
version of a linear regression with four predictors. The coefficients attached to these
predictors are the weights. The projections are calculated by a linear combination of the
inputs. The weights are selected in the neural network framework using a learning
algorithm that minimizes a cost function such as Mean Squared Error (MSE). Usually,
most ANNs have one or more additional layers (called hidden layers) of hidden units
between the input and output layers (Fig. 1b).

If the model, cost function, and learning algorithm are selected appropriately, the
resulting ANNSs can be extremely robust. ANNs are data-driven and self-adaptive in
nature [3, 4] (i.e. there is no need to specify a particular model form or to make any a
priori assumption about the statistical distribution of the data). Perhaps the greatest
advantage of ANNSs is their ability to be used as an arbitrary function approximation
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Input Output Input Hidden Output
layer layer layer layer layer
Input #1 Input #1
Input #2 — Input #2 — > 4
. . Output < . . - Output
Input #3 — Input #3 — N
Input #4 Input #4

a) A simple Artificial Neural Network b) Multilayer Feed-Forward Network

Fig. 1. Examples of Artificial Neural Networks

mechanism that “learns” from observed data. As mentioned by Hornik and Stinch-
combe [5], ANNs are universal functional approximators and can deal with situations
where the input data are erroneous, incomplete, or fuzzy, as shown in [6, 7].

ANNSs are a good choice for most classification and prediction tasks when the
results of the model are more important than understanding how the model works. At
the same time, there are many issues that should be addressed during the major steps in
ANN model building [8]. For example, in data selection and pre-processing, how can
secondary series be inferred for the network generating process, or what forms of data
treatment such as scaling, smoothing, interpolation should be applied to training data?
Other questions include, given selected and treated data, how should data be segmented
for network training? What should the number of input nodes for the NN be (i.e. what
is the order of the model)? In ANNs architecture, what should the number of hidden
nodes be, and/or which is the best activation function in any given instance, and what
bias does it introduce? Concerning learning rule and style, what rule should be used to
control the weight update during training? Finally, once all of the above have been
completed, how should the network be validated?

3 Group Method of Data Handling ANN Algorithms

The Group Method of Data Handling (GMDH)' was introduced in 1968 by Alexy
Ivakhnenko as a heuristic self-organizing modeling method [9]. In GMDH-based
self-organizing modeling algorithms, models are generated adaptively from data in the
form of networks of active neurons in a repetitive generation of populations of com-
peting models of growing complexity, corresponding cross-validation, and model
selection until an optimal complex model is finalized (Fig. 2).

In ANNS, the user estimates its structure by choosing the number of layers and the
number and transfer functions of nodes. This requires not only knowledge about the

! Group Method of Data Handling (GMDH) is a method of inductive statistical learning. See: www.
gmdh.net.


http://www.gmdh.net
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Fig. 2. General scheme of GMDH self-organizing modeling algorithm [9]

theory of ANNSs, but also knowledge of the modeled object’s nature. In addition, the
knowledge from systems theory about the object is not applicable without transfor-
mation in the NN world, and the rules of translation are usually unknown.

GMDH ANNSs can overcome these problems — they can pick out knowledge about
object directly from data sampling. GMDH is an inductive sorting-out method, which
has advantages in case of rather complex objects and/or when there is no explicit
theory.

Comparisons [10] show that, in distinction to neural networks, the results of
GMDH algorithms are explicit mathematical models generated in a relatively short
time on the basis of even small samples. The well-known problems of an optimal
(subjective) choice of the neural network architecture are addressed in the GMDH
algorithms by means of an adaptive synthesis (objective choice) of the architecture.
GMDH algorithms could be used to estimate networks of the right size with a structure
evolved during the estimation process to provide a parsimonious model for the par-
ticular desired function. Such algorithms, combining in a powerful way the best fea-
tures of neural nets and statistical techniques, identify the entire model structure in the
form of a network of polynomial functions, differential equations and others. Models
are selected automatically based on their ability to solve a given task such as
approximation, identification, prediction, or classification.

4 A Framework for Developing Multi-Layered Networks
of Active Neurons for Simulation Experiments
and Model-Based Business Games with the Group Method
of Data Handling

The self-organizing GMDH ANNSs are similar in many respects to the NN of active
neurons. The goal in combining many neurons into a network is to enhance the
accuracy in achieving the assigned task through a better use of input data. The
exhaustive search is first applied to determine the number of neuron layers and the sets
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of input and output variables for each neuron. The minimum of the external criterion
suggests the variables for which it is advantageous to build a neural network, as well as
how many neuron layers should be used. Active neurons are able, during the
self-organizing process, to estimate which inputs are necessary to minimize the given
objective function of the neuron.

The framework proposed here for developing a Multi-Layer Net of Active Neurons
(MLNAN) is a hybrid GMDH algorithm. It works both for multi-input to single-output
model identification (for example, different types of regression models) and for
building complex models of simultaneous equations (i.e. multi-input to multi-output).
The net of complex active neurons identifies the effective inputs and their corre-
sponding coefficients in a process of highly automated self-organization.

The MLNAN model with multiple inputs (x;) and one output (Y) is a subset of
components of the base function (1):

Y(x1,.. %) =ao+ Zaiﬁ (1)

— where f; are functions dependent on different sets of inputs (i = 1, 2 ... m);
— x; (G =1, 2 ...n) are the inputs at the first layer (predictors)

— ay is the constant term;

— a; are the unknown coefficients and

— m is the number of the base function components.

In order to find the best solution, MLNAN considers various component subsets of
the base function (1) known as partial models. Unknown coefficients «; in these models
are estimated by the Least Squares (LS) method. MLNAN algorithms gradually
increase the number of partial model components as shown on Fig. 3 and find a model
structure with optimal complexity indicated by the minimum value of an external
criterion. For multi-input to single-output model identification task, the framework
follows the typical Multilayered Iterative (MIA) procedure [9], similar to the general
scheme of GMDH self-organizing modeling algorithm (Fig. 2). At first, the partial
models on a lower layer are estimated and the corresponding intermediate outputs are
computed. These outputs become inputs of the next layer where the new partial models
are estimated, and so on. Estimation of the coefficients in each partial model is per-
formed using LS and cross validated by MSE criterion [11].

At the first layer, all possible pairs of the inputs are considered as potential factors,
and only some of the best (in the sense of the selection criteria — here coefficient of
correlation) intermediate partial models are used as inputs for the next layer(s). In the
succeeding layers, all possible pairs of the intermediate models from the preceding
layer(s) are connected as inputs to the partial models of the next layer(s). This means
that the output of a partial model at a given layer is or may become an input (depending
on a local threshold value for the selection criterion, which here is the coefficient of
determination of the partial model) to one or more partial models at the next layer
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(Fig. 3). Finally, if additional layers provide no further improvements to the models’
accuracy, the network self-organization stops.

input
layer layer 1 layer 2 layer 3
(m=35) (Fi=5) (Fy=5) (F3=35)
u
i15)
U3
g
Us

Fig. 3. General scheme of multilayered active neuron neural network (MLNAN) [9]

At the end, a certain predefined number of partial models with similar accuracy

from the last layer are selected and the base function (1) for each of them is restored
using an automated backward tracking algorithm, providing “freedom of choice” (i.e.
the user has a set of alternative good models).

In case of synthesizing complex multi-input to multi-output models in the form of

simultaneous equations (SE), there is an additional layer where the framework is
similar to the Combinatorial (COMBI) algorithm [9]. Here:

Similar to the combinatorial algorithm, the partial models are generated combining
already chosen outputs (i.e. equations) from the last layer of multi-input to
single-output procedure;

Each new input represents a hypothesis about the significance of entering a given
version of a single equation into the system of SE;

Each generated system of SE is considered as a potential final model, which
competes with other potential models “fighting for survival’;

The evaluation of these competing models is performed, using a complex set of
criteria — MSE, coefficient of determination, MAPE, and others.

If the results are unsatisfactory after solving the structural form of the SE (biased
values of the coefficients and/or low accuracy of the SE model), the procedure
returns to the first step.

Now, the decision maker can apply new, a priori knowledge and/or add fresh data
observations (if available), or change the selection criteria. MLNAN begins again,
and with the so-updated new set of equations, the final part is repeated. The iter-
ations end when satisfactory results are achieved. In the end, the user has a set of
alternative SE models with similar accuracy.
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The final choice of the best model is made by the decision maker, who has the
option to apply additional insights, qualitative information, or knowledge, but after
having the guarantee that a large number of possible models have been evaluated and
the final choice is based on a small number of good ones.

The main advantages of MLNAN over structural identification, genetic and best
regression selection algorithms are as follows:

— Use of external criteria, which are based on cross-validation and are adequate to
model building with low volume of initial information;

— It provides more diversity of structure identification than in regression algorithms
through full/reduced sorting out of structure variants in multi layered procedures;

— Higher level of automation — it has a multi layered structure which allows parallel
computing, and it is only necessary to enter the initial data sample and the type of
external criterion — no need of data preprocessing at all;

— Provides additional definition and automatic adaptation of optimal model com-
plexity and the external criteria to the level of noise or statistical variation — effect of
noise immunity causes robustness of the approach;

— Applies the principle of inconclusive decisions and freedom of choice in the process
of gradual models complication.

Of course, there are limitations of such algorithms based on data fitting. For
example, the future cannot always be predicted based on history; using relations
derived from historical data to predict the future implicitly assumes certain steady-state
conditions or constants in the complex system.

Another issue is the “unknown unknowns”. In all data collection, the researcher first
defines the set of variables for which data is collected. However, no matter how
extensive the researcher considers his selection of the variables, there is always the
possibility of new variables that have not been considered or even defined, yet that are
critical to the outcome.

5 Applications

The MLNAN presented above provides processed data that are needed in the business
context. The researcher has to decide the relative importance of the facts generated
within the framework. The extracted information is useful to a business in making
decisions that create value or that predict market behavior in a way that provide a
competitive advantage.

MLNAN algorithms have been used successfully in many different areas, including
simulation experiments and model-based business games for training and education.
The first working prototype of the MLNAN described above was used to improve an
existing business game [12]. The “National Economy” game has been used for many
years at the Economic University in Sofia, Bulgaria. The original version contains a
model developed with the general multiple regression analysis. The same data and set
of variables were used to build a new model using the MLNAN algorithm. The new
model has much better accuracy (more than five times smaller MSE%) and thus pro-
vides a more reliable base for simulations and what-if analysis. Increasing model
accuracy also provides many other benefits [6].
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More recently, the MLNAN was used in the process of developing the “NEW
PRODUCT” game series at the Walla Walla University in College Place, USA [13] —
an integrated, role-playing, model-based, simulation game designed for the purposes of
business training and education. The latest versions of the game cover all major stages
in the process of new product planning and development, production and operations
management, sales and marketing. It could be used not only as an educational tool for
teaching business, but it may also be carried out for business training in general
management, production management, inventory and stock control, and small business
management.

Another area of application of the MLNAN is the predictive modeling. A series of
increasingly complex simulation models of the Bulgarian economy was developed with
a very high level of accuracy [11, 12]. It is worth mentioning that a similar algorithm is
used [10] successfully in developing a simulation model of the National Economy of
Germany. Simulations and predictions made with both models show almost insignif-
icant difference in their errors and similar high level of accuracy [12].

6 Conclusions

The proposed framework helps researchers by making business simulations and
model-based business games development more cost-effective. All results so far show
that it is able to develop even complex models reliably with better overall error rates
than state-of-the-art methods.

The framework makes it possible to develop faster model-based business games
and to improve the decisions that students make during the games. It provides
opportunities to shorten time and reduce the cost and efforts in game model building
and at the same time to develop reliable complex models with low overall error rates.
Increasing model accuracy helps users to analyze problems more precisely, which leads
to deeper and better understanding. Finally, models with increased accuracy generate
better predictions and support managers in making better decisions that more closely
relate to real-life business problems.
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