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Preface

This collection of selected articles is the culmination of our long journey that began
in August 2019 in Warsaw, Poland, when the International Simulation and Gaming
Association (ISAGA) assigned us the responsibility of organizing the international
conference in 2020 at Shri Vaishnav Vidyapeeth Vishwavidyalaya (SVVV), Indore,
India. In early 2020, the COVID-19 pandemic stopped us in our tracks. By the time
we had agreed to a hybrid conference, the pandemic had grown faster and more severe,
preventing us from a hosting the conference that year.
Both SVVV and ISAGA are grateful that the collaboration continued, allowing

us to hold the conference the next year, i.e., 2021. Taking into account the lockdown
on international travel and other pandemic restrictions, we organized ISAGA 2021 at
SVVV in online mode. We had expert speakers, research papers, workshops, poster
presentations, and a round table discussion. Every day of the conference was flush with
keynote speakers who covered a specialist theme in simulations and games (S&G).
ISAGA 2021 was a product of less-than-ideal circumstances, but our speakers and other
contributors made it a memorable experience for the participants.
S&G entertains and enables participants to test theories, create policies, make

decisions, and draw conclusions from interactions and other experiences. S&G covers
more content in less time, thus helping the participants to learn much faster than other
learning practices. S&G offers challenges, mysteries, and problems that produce high
levels of satisfaction and engagement in the participants. You will find such themes in
this collection of articles that were presented by the authors at ISAGA 2021.
The articles have been collated into four sections, each of six chapters, for

the convenience of the readers. The section on Gaming in Education has chapters
on pedagogy, sustainability, and bio-safety. The section on Player Experience in
Simulations has chapters on player satisfaction, learning style, and changingmoods. The
section on Policy Formulation and Serious Games has chapters on natural resources,
urban resilience, and waste reduction. Finally, the section on Game Design and
Facilitation has chapters on structured instruction, professional training, and mediated
environments.
The tasks of review, assessment, timely communication, and other parts of the article

publication process have been stupendous. We are grateful to the anonymous reviewers
of the manuscripts whose work ensured the high quality of this post-proceedings. We
thank the authors not only for their contributions to ISAGA 2021 but also for making the
speedy changes to their manuscripts. We wish to thank our publisher, Springer, who has
produced compilations of earlier ISAGA post-proceedings under their Lecture Notes in
Computer Science (LNCS) series and is doing so again for ISAGA 2021.



vi Preface

This compilation contains the global expertise, considered opinions, and wisdom of
the best thinkers, researchers, and practitioners in S&G. I am sure the contents will be
useful to you and will provoke further thoughts, discussion, and action.

May 2022 Upinder Dhar
Jigyasu Dubey

Vinod Dumblekar
Sebastiaan Meijer
Heide Lukosch
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Bring Joy to Gamers: Adding Renewable
Energy Alternative through Sustainable

Development Indicators

Shoeib Faraji Abdolmaleki(B) , Yesodharan Vaisakh,
and Pastora Maria Bello Bugallo

TECH-NASE Research Group, School of Engineering (ETSE), Universidade de Santiago de
Compostela Avda. Lope Gomez de Marzoa s/n 15782, Santiago de Compostela, Spain

shoeib.faraji@rai.usc.es

Abstract. This study aims to identify the indicatorswith the potential to be used in
video games by using the concept of sustainable development through Renewable
Energy (RE) sustainability assessment. A systematic review performs to gather the
key indicators. Also, this study seeks to increase players’ awareness about the role
of RE in real life and expands the game appealing to sustainability. In this study,
the game named TOWNSHIP™ is employed to evaluate if we can include RE and
sustainability assessment concepts to use as a tool for sustainable development
consciousness to the public. The work evaluates the availability of environmental,
economic, social, technical, and governmental indicators in the game (capacity,
aptitudes, and attractive options). First, from an existing inventory of sustainable
indicators, more compatible ones for RE are selected. Second, with the help of
expert viewpoints, potential indicators are picked for the game. Finally, from the
analysis of the game structure, some scenarios were constructed, and the game
run in an assumption atmosphere. The study concludes the video game’s potential
for sustainable development indicators in RE and advances recommendations for
improving the game’s attractiveness through updated options.

Keywords: Video game · Renewable energy · Sustainable development ·
Sustainability indicators · Gaming

1 Introduction

Today, to develop a video game in addition to the graphic quality that requires a high
level of distinctive processor systems and platforms, creating content in games is also
of particular importance. In the world of video games, developers try to measure the
players’ interest by using polls in the databases and platforms (e.g., Play Store which
makes these games available for everyone), so they can make positive changes in these
games by reviewing different feedbacks. A quick look at the participation of players
and gamers in the polls can show how much the audience cares about the quality of the
products they receive.

© Springer Nature Switzerland AG 2022
U. Dhar et al. (Eds.): ISAGA 2021, LNCS 13219, pp. 3–14, 2022.
https://doi.org/10.1007/978-3-031-09959-5_1
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The necessity to create a game could be fueled by a variety of backgrounds. For
example, a game can be developed for the sole purpose of entertainment, education (e.g.,
[1, 2]), understanding a process (e.g., [3, 4]), motivational issues, or considering all of
these parameters (e.g., [5]). Meanwhile, games that have been produced for educational
purposes to raise the awareness of the audience with concepts that are substantial such
as energy transition, climate change, engineering process, etc., are in the stage of growth
and development [6–10] (e.g., using RE as a game concept). A review of the existing
literature shows that despite many efforts, the amount of games produced in this field is
growing and the use of basic concepts, frameworks, and ultimately the target audience
is in its infancy.
RE considers a solution and a concept for sustainable development [11], and its role

has rarely been seen in video games. In addition to a small number of video games
(based on Scopus and Web of Science platforms investigation) in which RE is part of
the overall game process (e.g., [1, 8], and [12]), there are several simulations game (e.g.,
[6]) and serious games (e.g., [13]). Therefore, it needs to investigate the role of RE in a
video game by designing a valid route, considering diverse terms and options. Then, we
can expect that involving this notion in games will assist in boosting not only people’s
understanding but also the enjoyment of the game.
Therefore, this study examines the potential of sustainable development indicators

(as options and terms) in RE in the form of video games. Also, it considers a type of
video game that has a high quality, which gives some suggestions on creating game
attractiveness based on enhanced options.

2 Indicators and Frameworks

Since RE is perceived as a crucial pathway to Sustainable Development (SD), its assess-
ment is critical for SD Goals (SDGs). Some SDGs have an excellent connection with
RE. For instance, SDG-7 (refer to ensuring access to affordable, reliable, sustainable,
and modern energy for all) and SDG-13 (refer to taking urgent action to combat climate
change and its impacts) are some examples [14]. As a result, successful implementation
of a RE system can affect these SDGs outlines. In achieving SDGs, more effort than
current policies and approaches is required. It is especially true in the energy sector, as
energy is a necessary component of all development operations.
Many efforts have done to shape this idea to analyze the long-term development of

a system. Sustainability assessments are conducted by SD frameworks, which is one
of the essential factors. It is a logical design on which the indicators are based [15]. A
framework is a high-level, direct reference to SD principles [16]. Many national and
international legal frameworks have been created around the idea of designating energy
sources such as renewable or non-renewable, and RE has become a dominating concept
in energy policies. RE is designed to be firmly associated with the sustainability and
successful mitigation of climate change in public discourse [17].
Besides, analysts and decision-makers at the local, national, and international levels

can use indicators to gain a deeper understanding of the SD circumstances and trends,
the effects of policies, as well as the long-term consequences of policy changes [18].
Indicators can provide a numerical value for the sustainability level and highlight all
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dimensions so that the users can compare the sustainability of different systems and
select the most appropriate one with the lowest costs. The users also must determine if
the benefit of aRE systemexceeds its costs if it ismore attractive than other systems, and a
numerical value helps simplify their assessment and decision-making [19]. Furthermore,
it provides a broad picture of whether governments havemade sufficient progress toward
SD plans and goals [20].
Indicator selection is vital to recognizing SD dimensions. In addition to the three

main pillars of SD (environment, economic, and social), this study investigates the gov-
ernment’s role and technical properties (i.e. by considering governmental and technical
indicators in the RE sector). The study of ref [21] was followed to collect SD indicators
for RE’s evaluation, in which environmental, economic, social, governmental, and tech-
nological indicators were found by comprehensive literature analysis. The authors in ref
[21] used the high-frequency indicators found in the RE and SD literature to choose the
most important indicators in each dimension. Table 1 gathered up a list of indicators in
each dimension.

Table 1. The most important indicators for RE sustainability assessment [21]

Dimension Indicators

Environmental CO2 emission, land use, impact on ecosystem, NOx, and SOx emission,
GHG emission reduction, particle emission, noise, need for waste disposal,
and emission generally.

Economic Investment cost, operation and maintenance cost, energy cost, fuel cost,
payback period, net present value, service life, cost of capital, generation cost
per unit, GDP, and employment rate

Social social acceptability, job creation, social benefit, impact on health,
compatibility with political and legislative situation international obligation,
public awareness and willingness, availability, R&D, government support

Technical Efficiency, reliability, resource availability, maturity, safety, primary energy
ratio, feasibility, continuity and predictability of performance, capacity
factor, and innovativeness

Governmental Legal regulation of activity, government support, political stability, absence
of violence/terrorism, control of corruption, the efficiency of subsidy for the
feed-in tariff, compliance with international obligations, and influence on
sustainable development of energy

3 Material and Methods

3.1 Introducing a Capable Video Game

This study uses a game as an example to better comprehend the use of indicators. TOWN-
SHIP™ is a free-to-play city-building game developed by “Playrix” that is accessible on
various platforms. In this game, players can design their fantasy city according to their
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preferences using the game’s choices. Building infrastructure, harvesting crops, mining,
and trading are some of the game’s most well-known elements. This game gives a core
natural environment that players can personalize to their liking. The game’s architecture
allows players to develop cause-and-effect links with basic life ideas such as environ-
mental awareness, economic relations, and social understanding, all while having fun
with the game’s options.

3.2 Hypothesizing and Assumptions

Using an existing video game provides the necessary foundations (e.g., a huge animation
base, a high-performance technical staff to support newgameoptions, a large fan number,
etc.) to add new concepts and to realize whether players can get satisfied with the new
features through online polls. However, this is an intellectual test to expand the concept
of SD and the use of RE. Also to use a video game, this study follows the results
of some scientific works. For two decades, scholars find out that video games bring
happiness to players. For example, Przybylski et al. (2010) investigated that “videogames
have the potential to enhance intrinsic motivation and short-term well-being insofar as
they provide players with experiences that satisfy universal psychological needs” [22].
Johnson et al. (2013) reviewed the role of video games and well-being. Their findings
indicate a variety of advantages to playing video games, regardless of their substance.
Then, playing video games can lead to improvements in mood, stress reduction, and
emotions of competence and autonomy, among other things [23].
To engage theREwith this game, ifwe apply the concept of energy (energy transition)

and sustainable development to the structure of this game, then we can use the capacity
of indicators in this game as smart options. This study also omits the various perspectives
on sustainable development (such as the triple button line) because it simply wants to
discuss the role of indicators as in-game options.
Moreover, it is assumed that Table 1 provides a sufficient number of appropriate

indicators for this study. This study assumes that all indicators are on an equal footing
in the game to make it easy to use them.
Furthermore, like other features of this game, the RE has equal wealth. For exam-

ple, just as a dairy factory, poultry, and other industries are essential for a city and a
community, RE is also required. By following this supposition, the game forces players
to follow sustainable development solutions for the energy supply of the city as well as
utilizing RE.

3.3 Framework of the Study

This study presents a direction regarding the indicators selection and implementation
through a game with excellent graphical quality and basic potential to add RE and SD
definitions to utilize indicators in this game and evaluate the game’s enjoyment.
Five experts were invited to create the game’s key performance indicators, ensuring

that they were well-versed in RE, SD, and sustainability indicators. They are also the
ones who have played the game and are familiar with the gam’s atmosphere. As a result,
a questionnaire was created based on the data in Table 1 and the question of which
indicators may be used in the game was posed. They then answered by evaluating two
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conditions: 1) what are the most essential indications, and 2) which indicators can be
more consistent with the game’s framework.
The essential information for the initial selection of indicators was acquired based

on the opinions of five specialists (Fig. 1).

Fig. 1. Considering expert viewpoints regarding selecting indicators for the game (top and down)

According to this, they determined that 43 of the 48 accessible indicators possessed
the necessary capacities. The next stage was to construct a condition so that a more
appropriate set of indicators could be selected for use in the game with higher con-
fidence in all opinions to achieve common ground amongst expert perspectives. As a
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result, indicators were chosen on which at least 60% of experts agreed. In other words,
at least three of themmust agree on a particular indicator. Finally, a total of 26 indicators
were discovered. A hierarchical diagram of the selected indicators is shown in Fig. 2.
Regarding this, nine environmental indicators, six economic indicators, four social indi-
cators, four technical indicators, and three government indicators were finalized to use
in the game.

Fig. 2. Potentiated indicators selected to employ in the game

“CO2 emission,” “land use,” and “impact on the ecosystem” are among the most
important environmental indicators. Also, within economic indicators, “energy cost”
and “investment cost” received more votes. Experts, on the other hand, ranked “job
creation” as the most considerable social indicator. Technical indicators are on par in
termsofweight, but “government support” is themost significant governmental indicator.
“Energy costs” and “government support” were the indicators that drew the attention of
all specialists (5 out of 5).
To apply the indicators in the game ventricle this study introduces a flowchart (Fig. 3).

It shows how indicators can be used to feed the game and how they’ll be used as options
in the game. First, this study proposes a game with the possibility of selecting environ-
mental variables (e.g., this city would be located on which continent) to demonstrate
how a city’s sustainability differs from one location to another. The level of sustainabil-
ity for this hypothetical city gauges all the time in step 2 using the various terms and
conditions that this game can add to its framework. For example, the game can assess
the city’s sustainability using SD criteria (environmental, social, economic, and so on)
and approaches based onMulti-Criteria-Decision-Making (MCDM) to measure the sus-
tainability level. The game then proposes a form of RE as a solution to the sustainability
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challenge in the issue of energy generation (wind, solar, bioenergy, hydropower, etc.).
There is a range of terms that it is possible to employ to demonstrate how the game can
provide some form of RE (step 3). For example, the amount of money (a player has
earned while playing the game), the levels of the game, etc. The game will begin the RE
sustainability evaluation after a player selected RE type(s) in step 4 (with the conditions
in step 2). The game will check again if there is non-compliance with the utilization of
RE and SD. If it was not sustainable at that time, the game refers to step 2 for further
investigation. If the condition was sustainable, the game considers more indicators in
each dimension to offer more RE options during the time-play and game stages.

Fig. 3. SD indicators selection and implementation for the video game

3.4 Scenarios for Indicator Selection Within the Game

While renewables are very environmentally sound, the use of land (onshore or off-shore)
for establishing a renewable structure can be a negative factor. Players can choose the RE
option to secure the city’s energy if the game offers several RE types to supply energy for
manufacturing, housing, transportation, and other sectors related to the game’s environ-
ment. However, players need to be careful about their budget, the size of RE (i.e., land
use for renewable system implementation), and CO2 emissions. Besides, the measure of
power plant effect on surroundings, visual impact, manufacturing waste recycling, and
primary greenhouse gas emission can represent other beneficial environmental indicators
(Fig. 4).
Instead of sending messages to show players what they need and what the condition

is, the government in this game (which is defined to control the game as an intelligent
element) can support the idea of RE implementation and examine whether players are
eligible to apply a type of RE. Therefore, the indicators introduced in Fig. 4 (government
role) can be used in this game.
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In this game, the criteria that affect the city’s energy supply, such as the efficiency
of a RE system, capacity, resource availability, and feasibility, can be realized as tech-
nical indicator possibilities. Technical indicators provide gamers with alternatives for
determining which RE system is best to use throughout game stages. Players will be
considered as decision-makers in RE system selection because this game has a dynamic
concept.
People in each community affect government and vice versa. Therefore, society can

ask about what they want. Then, they should be satisfied whit the RE type installed while
it brings them benefits like job creation. The social indicators in Fig. 4 can aid in the
decision of appropriate RE by taking into consideration the social aspects that concern
RE. It can be happening by exposing some messages from citizens in this game because
citizens respond to the changes that players apply during the game.

Fig. 4. Implementing selected indicators for the video game1

Finally, the economic situation of the game (i.e., the amount of money that players
earn through each economic activity like selling products andmining) can controlmost of
the activities that are happening in the game. Investment cost, as an economic indicator,
includes all types of expenses. Hence, players can choose the appropriate RE type for
their budget over time based on their financial resources. In the same way, for other
economic indicators, we can make different scenarios to consider the sustainability of
RE while gaming.

1 In this study, a few snapshots were taken of the game (from Playrix-TOWNSHIP™: https://
www.playrix.com/games/township) so that to present the game space and deal with some
options in the form of indicators.

https://www.playrix.com/games/township
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4 Results and Discussion

One of the goals of any game development company can be to create popular and
enjoyable games. This study introduces how the scientific definition of RE can contribute
to a video game. Therefore, a game is selected to see which interconnections exist
between sustainability indicators and game options. After identifying the indicators of
sustainable development in RE, the structure of the game will be assessed for SD and
RE with available sustainable indicators.
Video games have the potential to be an extremely effective tool for telling stories.

Furthermore, gamers have a pivotal role in the video game storyline as they are required
to make decisions that affect the game route and atmosphere [22]. In this study, gamers
are encouraged to not only have fun while playing, but also to learn about the game’s
possibilities through trial and error, paying fees, and completing RE tasks freely. Also,
they serve as a process designer by providing crucial concepts (i.e., SD and RE).
Nowadays, a significant shift towardmore sustainable energy systems is required. So,

it needs both the utilization of renewable energy sources and comprehensive approaches
that take into account cost reductions, energy efficiency, and institutional innovation
[24]. This game is assumed to provide a geographical area for the game world and
use environmental, economic, social, technical, and governmental indicators to select
a renewable power plant. In this way, after playing a few times, the player realizes the
importance of the indicators and can try to make the fitting choice, which is done in
the real world using complex mathematical algorithms and methods such as MCDM.
Citizens who have a minimum awareness of RE sources are more effective partners in
increasingly complicated power economies and political decisions in general [1].
Developing various scientific strategies and scenarios can boost the attraction option

of the game and player awareness. In this regard, Magnussen et al. in 2013 studied sci-
entific discovery games for authentic science education. This study aimed to investigate
how a scientific game concept can strengthen authentic experimental practice and create
new science, education, and the elements that play a central role in such a game. They
discovered that by collaborating with academics and participants in the research (where
both are highly motivating features), games are commonly utilized in education to drive
students to engage in instructional activities [25]. For instance, by increasing the level of
knowledge (by designing a school and a university in TOWNSHIP™) and boosting the
research level and development (R&D) as an indicator (Table 1), it is possible to create
updates in renewable power plants while playing. It requires incorporating a component
within the game, such as a university, which will display messages on the screen to assist
players in determining whether or not to play the game depending on RE choices and
energy conditions. Therefore, they can expect the amount of energy produced to increase
the financial benefit of gameplay. Also, players are highlymotivated by scientific discov-
ery games and the fact that they allow them to participate in scientific investigations [25].
The video gaming industry is expanding at a breakneck pace, attracting the attention of
gamers of all ages. Thanks to advanced graphics processors and innovations in software
programming and computing platforms, modern games provide appealing and often odd
worlds to explore, escape from, and enjoy. As a result, themajority of individuals spend a
good deal of time engrossed in the gaming world. Furthermore, many people will devote
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a significant amount of time to perfecting their gaming abilities, learning the gaming
environment, and inventing tools to aid them in their game success ([26] and [27]).
There is a vast literature to argue about the enjoyment of a video game. Some of the

critical enjoyment attributes, this research concludes game world, storyline, characters,
music, quality assurance, challenge, competition, art design, and graphics (e.g., [28–
32]). Hence, if we add a new definition to an existing game, we can anticipate that new
challenges added to the game. Therefore, players will face circumstances to solve the
requirement by their decisions. So that is true if we apply SD and RE to the structure
of a high-quality game. The concept of SD and RE should be a concern for the people
while they are living in an era in which problems like climate change, natural security,
energy production-transition, and economy are human being significant affairs. As a
result, subjoining SD indicators to RE can convey some of the enjoyment features of
video games. The game environment, for example, must provide space, or at least a
perception of space, that encourages the player to explore. Therefore, including such a
unique idea can enjoy the game and acquaint the audience with vital concepts. Also,
each game must target a range of abilities, so the combination of experiences required
to solve a game problem must progress incrementally [33]. It is envisaged that players
get involved with the new idea deeply. Besides, incentives must be adequate for the mix
of abilities and skill levels required to complete a gaming problem or challenge, which
TOWNSHIP™ already uses this system of rewarding.
Thus, as can be seen from the examples, this study aims to increase the excitement

by considering new ideas and capabilities of a game. However, it remains a profound
investigation of other enjoyment factors; the emotion of joy, for instance, is out of this
study’s scope.
This study believes that the collaboration between academic and game companies can

bring new ideas for games features. Also, it suggests that the conceptual frameworks
in sustainability assessments should examine to create different scenarios. Therefore,
various updates, different versions, and more attractive options can be provided for the
future of this type of game.

5 Conclusion

This study provides a quick assessment of the potentiated sustainability indicators toward
RE to investigate the hypothetic options that increase video game attraction. Considering
environmental, economic, social, technical, and government drivers, this study came up
with attractive proposals that create the right atmosphere for players. The relationship
between the indicators and RE has examined as well as the creation of appropriate
items to increase the status of the game. The results demonstrate that including a new
impression in the game with sustainability ideas can level up the novel challenges. In
this regard, some assumptions include assessing the ability of the game to adopt the
innovative implication. Enjoyment factors consider both the game’s structure (e.g., high
graphic base) and new concept’s capacity (e.g., bringing new challenges). Hence, it
supposes that the pleasure of playing will increase due to these prospects, and players
will be more associated with the concepts of sustainable development and RE after
repeating this game. Despite the lack of high-quality video games focusing on RE, this
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study recommends using games that can combine this content. Also, to find the best
scenarios in this game and better influence the game structure, it is necessary to evaluate
sustainability frameworks.
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Abstract. Unpacking is one way to reduce bias in team planning. In a simulation
game, a facilitator can ask a fewquestions before the game.Unpacking is occasion-
ally a facilitator’s role, although it does not necessarily enhance team performance.
This study adds a thought-provoking question that requests participants to disclose
the reasoning behind the estimation. Such structured instructions generate serious
discussion in a team. Individual levels of understanding and outcome prediction
were examined and the effect of the structured instruction about the process of
the participants’ estimations was analysed. To disclose the reasoning, participants
needed to search for related information and perform calculations. This deepened
their level of understanding, made their predictions reasonable and improved their
team profit.

Keywords: Facilitator’s role · Production management game · Structured
instruction · Team planning · Unpacking

1 Introduction

1.1 General Review

At the beginning of simulation & gaming (S&G), instructions with information about
rules, roles, alternatives, among others, are given to participants. One of the facilitator’s
roles is to help participants navigate this plethora of information and be ready for action.
When participants work as a team for performing tasks, it should be noted that team
planning tends to be optimistically biased where ‘predictions generated through group
discussion were more optimistic than those generated individually’ [1]. Unpacking is
expected to reduce optimistic bias in team planning. ‘Unpackingwill contribute to reduc-
ing inaccurate estimations, but accuracy of estimation will not automatically lead to a
positive result in the actual game run’ [2].
This study examines the effect of structured instructions in the form of questions

prepared by a facilitator. Unpacking and planning fallacy are explained and the pressure
of reaching a consensus in group discussions is described. The relationship between the
depth of understanding and outcome profits is examined and the effect of structured
instructions that inquire about the process of the participants’ estimations is analysed.
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1.2 Unpacking and Planning Fallacy

Planning fallacy is a phenomenon shown in individual predictions regarding time and
is ‘the tendency to underestimate the duration that is needed to complete a task’ [3–6].
It occurs as people make plans by focusing on a project’s specific aspect [3]. People
usually fail to consider the situation from outside perspectives and become narrow-
minded. ‘People tend to generate their predictions by considering the unique features of
the task at hand and constructing a scenario of their future progress on that task’ [4]. The
act of scenario construction may lead people to exaggerate the likelihood of the scenario
taking place.
Unpacking a task improves the quality of judgment as it is ‘to consider each of the

subcomponents of the task’ [5]. When participants were asked to predict how long it
would take them to complete the task, the answer became 1.6 times longer after they
were asked to list each specific step that would be needed to complete the task. Similar
results were obtained when making a holiday gift shopping plan, cooking a meal, and
dressing for a date. Unpacking was effective in reducing underestimation [5].
The task of document formatting was modified with two conditions of perceived

time consumption: the atypical short component condition which introduces italics and
boldface and atypical long component condition which adds special phonetic characters
[5, 7]. The task duration estimates were assumed to increase only when the unpacked
components are perceived as time consuming. If the unpacking of atypical components
takes a short time to complete, the estimates decrease, but unpacking longer components
increases the estimates.
In a production management game, informative questions were prepared to unpack

the process of achieving the goals of the game [2]. Thosewhowere not asked informative
questions prior to the game were more optimistic when estimating net profits than those
who were asked questions beforehand. Unpacking improved the quality of estimation,
although its accuracy did not automatically lead to a positive result of net profit gain as
an example of how unpacking reduces planning fallacy in S&G settings [2].

1.3 Pressure of Reaching Consensus

Unstructured discussion in the face of a consensus requirement may often fail as a
means of combining unique informational resources [8]. People feel obligated to reach a
consensus when theymake decisions as a group. If their pressure of reaching a consensus
can be released in some way, they can pay more attention to unique informational
resources during a discussion. The expectation of the existence of a correct solution
would shift the focus of discussion toward the critical clues [9]. If they expect the
existence of a correct solution, they may discuss unshared critical information. In a
production management game, the best strategy exists and participants would pursue a
solution through discussions instead of caring about reaching a consensus.
A series of quantitative estimation questions, such as the coldest temperature ever

recorded in Alabama, examined the factors affected group accuracy [10, 11]. Instruc-
tional interventions seem to contribute to structuring group discussion and better
decision-making. Strategic suggestions could have beneficial effects on group perfor-
mance either because they identify a practical strategy or permit groups to make com-
parisons [10]. In a group, people try to be courteous to each other and behave in a
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respectful manner. This atmosphere may hinder serious discussion. However, if people
are presented with a cogent reason for a serious discussion, they are likely to participate
without fear of being perceived as rude. In S&G, a facilitator can prepare a structured
explanation for participants and ask thought-provoking questions to lead to productive
discussions.
If participants get concrete instructions that shift their focus, theymay be able to have

fruitful discussions [12]. Additional strategic instructions would allow them to change
their mindset and spark a serious conversation, resulting in their search for information
regardless of whether it is shared by the majority. In a production management game,
informative questions succeed in unpacking the critical path and reduce planning fal-
lacy, but do not necessarily increase performance [2]. Participants should be asked a
more powerful question so that they may have a deep discussion without being overly
concerned about reaching a consensus.

1.4 Purpose of the Study

This study examines whether structured instructions enable participants to understand
the meaning of critical information. The structured instructions consist of informative
questions and an additional thought-provoking question. By being asked to disclose the
reasoning behind their estimation, participants are expected to understand the meaning
of the critical information deeply and discuss in a team. The purpose of this study is to
examine how structured instructions affect team performance in the setting of S&G.

2 Method

2.1 An OPT Scheduling Game

The game is based on a concept outlined in The Goal and was designed to simulate a
mechanism of optimized production technology called the OPT Scheduling Game [13,
14]. This study used a Japanese version of the game [15].
In the game, participants work in teams of about 10 people each with tasks (Table

1). The goal of the game is to generate profit by producing airplanes with A4 paper.

Table 1. OPT scheduling game: tasks and contents

Task Content

Draw lines Draw two straight lines with a pencil and scale ruler on a sheet of A4
paper to trisect the length of the paper

Cut Cut the sheet of paper with a pair of scissors into three pieces along the
two straight lines

Fold wings Fold a strip and make a pair of wings

(continued)
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Table 1. (continued)

Task Content

Write on the wings Write ‘OPT’ on each wing

Fold fuselages Fold a strip and make a fuselage

Write on the
fuselages

Write the name of a company, such as ‘RYUTSU KEIZAI
UNIVERSITY,’ and three words, ‘TRY,’ ‘OUT,’ and ‘OPT,’ on each side
of the fuselage with two different colors

Combine wings
with fuselages

Combine a pair of wings with a fuselage into the shape of an airplane by
stapling the two parts

Transport materials Transport materials between members who are allocated different tasks
at different places. The materials include A4 plain paper, strips of paper,
and the work-in-progress

This game’s total running time was 900 s. The process bottlenecked at the ‘write on
the fuselage’ step which takes about 30 s to finish. The initial cost was ¥200,000 and
the cost of a sheet of A4 plain paper was ¥3,000 (Table 2). As options, additional staff
assignment cost ¥500,000, changing the location cost ¥200,000, and process improve-
ment cost ¥50,000. In terms of profit, one airplane created ¥20,000, one pair of wings
created ¥5,000 and one fuselage created ¥10,000. To recoup the initial cost, at least 10
airplanes needed to be produced. Making a profit was numerically possible since pro-
ducing 10 airplanes takes about 350 s, which is much less than the 900-s running time.
To solve the bottleneck, assigning the task of ‘writing on the fuselage’ to another person
would be a possible alternative but should be avoided considering the cost of ¥500,000.

Table 2. OPT scheduling game: cost and profit

Items Cost Items Profit

Initial cost ¥200,000 Airplane ¥20,000

A4 plain paper ¥3,000/sheet A pair of wings ¥5,000

Additional staff assignment ¥500,000/staff A fuselage ¥10,000

Changing the location ¥200,000/location

Process improvement ¥50,000/improvement

2.2 Participants and Procedures

Participants were students of a project management course for the first grade first
semester in 2019 and 2020. In 2019, the class was held once a week for 15 weeks
in the first semester. In 2020, the class was held once a week for 13 weeks and was
postponed until the second semester due to COVID-19. The participants’ age ranged
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from 18 to 22 years. The male students comprised 80%. During the semester, students
experienced several types of simulation and gaming on subjects including information
sharing, leadership, social dilemmas and team building before participating in the game.
The game was run for two consecutive class sessions, with sessions 1 and 2 in June and
July 2019 and in December 2020 (Table 3).

Table 3. OPT scheduling game: participants and sessions

Year Session 1 Session 2 Common members teams

2019 105 participants 103 participants 99 participants 11 teams

2020 116 participants 119 participants 116 participants 12 teams

Session 1 was dedicated to preparation: understanding the game rules and proce-
dures, organizing teams, making plans, allocating tasks to each member and rehearsing
the process with the whole group. The participants made their own teams of about 10
members each in 2019. In 2020, teams were organized as an aggregation of small groups
of a few close friends.
Session 2 was dedicated to the game itself: checking the plans and executing them.

Some students were absent for the first session but attended the second session. Others
attended session 1 but were absent from session 2. At the beginning of session 2, each
team was checked for the presence of all members; teams were rearranged so that they
were approximately the same size. In 2019, four teams had 10 members and seven teams
had 9 members. Most teams had a few new members with little knowledge of the game
or its procedures. In 2020, all teams but one had 10 members, while one team had 9
members. The first topic for all teams in session 2 was to review their previous plans
within the team. This helped newmembers understand the team’s plan and refreshed old
members’ memories.

2.3 Questionnaires

Data sets are obtained from 2019 and 2020. In each year, two questionnaires were pre-
pared: before the game run and after the game run. Participants were asked four infor-
mative questions per year and an additional thought-provoking question only in 2020.
The questionnaire after the game run was the same in both the years, where participants
were asked four questions about attitudes. Thus, two sets of data are examined from the
following angles:

1. The individual depth of understanding prior to the game run
2. The individual estimations prior to the game run and the team’s profit
3. The individual attitudes subsequent to the game run

Participants answered questionnaires before and after the game run. A pre-game
questionnaire was prepared to examine the depth of their understanding of related infor-
mation and to express their estimations of their team’s profit. A post-game questionnaire
was used to assess their attitudes toward such factors as the process.
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Questionnaire Before the Game Run. At the end of session 1, after the groupmeeting,
each participant answered four questions in 2019 and five questions in 2020 on the class
website as shown below:

Questionnaire

Q1 Do you understand that the initial cost is ¥200,000?
Q2 Can you correctly estimate the minimum number of airplanes required to recoup

the initial cost?
Q3 Which task do you think is the hardest? Please choose one from the following

alternatives:

Draw lines; Cut; Fold wings; Write on the wings; Fold fuselages;
Write on the fuselages; Combine wings with fuselages; Transport materials

Q4 Please estimate the net profit gain (sales minus costs) of your team.
Q5 Please explain how you calculated the net profit gain. (only in 2020)

Participants answered questions Q1 and Q2 by choosing from among four options:
‘Yes, I do/can,’ ‘Now I understand/can,’ ‘Neither yes nor no,’ and ‘I have no idea.’
Participants answered question Q3 by choosing from among eight options. Questions
Q4 and Q5 called for a free description.

Questionnaire After the Game Run. At the end of session 2, after the game run, a
questionnaire was distributed to each participant in 2019 and the questionnaire was on
the website in 2020 as shown below:

Questionnaire

Q1 Please give us your feedback on this game run in two lines.
Q2-1 How much did you understand of the process of producing the airplane?
Q2-2 Which task looked the hardest?
Q3-1 How well did you understand your team’s plan?
Q3-2 Please explain your team’s plan.
Q4-1 Did you predict your team would end up with this result?
Q4-2 What result did you predict?
Q5-1 How satisfied are you with the result of this game?
Q5-2 Why do you think so?
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Q6 What do you think should have been done better?

Participants answered questions Q2–1, Q3–1, Q4–1, and Q5–1 on a 6-point scale
ranging from 1 (never) to 6 (fully) and then described the details in a few lines to the
questionsQ2–2,Q3–2,Q4–2, andQ5–2.QuestionsQ1andQ6called for free description.

2.4 Hypothesis

Answers to the questionnaire prior to the game run were to determine the index of
how each participant understood the situation. Question 5 was added in 2020 prior to
the game run to help participants understand the meaning of related information. This
small difference would promote the depth of understanding in individual levels, generate
serious discussions in a team, and enhance team performance. The greater the depth of
understanding, the greater would be the team profit.

3 Results

3.1 Depth of Understanding Prior to the Game Run

Tables 4 and 5 show the depth of the participants’ understanding before the game run in
2019 and 2020, respectively. Concerning the initial cost (Q1), 59 out of 99 understood
the game in 2019 and 96 out of 116 did so in 2020. Concerning the minimum number of
airplanes required to recoup the initial cost (Q2), 53 out of 99 understood it in 2019 and
82 out of 116 did so in 2020. The writing on the fuselages was the hardest task of the
production process (Q3) and the bottleneck in the OPT scheduling game; it was chosen
by 43 out of 99 in 2019 and 36 out of 116 in 2020. Instead of writing on the fuselages,
transporting materials was chosen by more than half in 2020. This is because the size of
the classroom was much larger in 2020 than in 2019 to maintain social distancing. Two
columns on the extreme right in Tables 4 and 5 are indexes of the depth of understanding.
Index 1 shows the ratio of participants who understood the situation. Index 2 shows the
additional ratio which added the number of people who chose transporting materials to
those who chose writing on the fuselages.

Table 4. Depth of understanding prior to the game run in 2019

Team ‘Yes’ in
Q1 (a)

‘Yes’ in
Q2 (b)

‘Write on
the
fuselages’
in
Q3 (c)

‘Transport
materials’
in
Q3 (d)

Number of
answers (e)

Index 1:
(a + b +
c)/(3*e)

Index 2:
(a + b + c
+ d)/(3*e)

A 3 5 2 6 9 37% 59%

B 6 6 8 1 9 74% 78%

(continued)
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Table 4. (continued)

Team ‘Yes’ in
Q1 (a)

‘Yes’ in
Q2 (b)

‘Write on
the
fuselages’
in
Q3 (c)

‘Transport
materials’
in
Q3 (d)

Number of
answers (e)

Index 1:
(a + b +
c)/(3*e)

Index 2:
(a + b + c
+ d)/(3*e)

C 7 7 2 4 9 59% 74%

D 8 7 7 0 10 73% 73%

E 9 10 5 5 10 80% 97%

F 2 1 5 2 8 33% 42%

G 8 6 4 3 8 75% 88%

H 4 2 2 5 9 30% 48%

I 5 2 1 4 9 30% 44%

J 5 6 6 2 9 63% 70%

K 2 1 1 6 9 15% 37%

Total 59 53 43 38 99

Table 5. Depth of understanding prior to the game run in 2020

Team ‘Yes’ in
Q1 (a)

‘Yes’ in
Q2 (b)

‘Write on
the
fuselages’
in
Q3 (c)

‘Transport
materials’
in
Q3 (d)

Number of
answers (e)

Index 1:
(a + b +
c)/(3*e)

Index 2:
(a + b + c
+ d)/(3*e)

A 8 6 2 6 10 53% 73%

B 9 10 8 0 10 90% 90%

C 7 5 2 5 10 47% 63%

D 7 5 4 5 10 53% 70%

E 9 8 5 1 9 81% 85%

F 7 7 3 6 9 63% 85%

G 10 8 3 7 10 70% 93%

H 7 7 1 8 9 56% 85%

I 7 6 1 8 9 52% 81%

J 7 3 4 6 10 47% 67%

K 9 8 1 9 10 60% 90%

L 9 9 2 7 10 67% 90%

Total 96 82 36 68 116
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Figures 1 and 2 show the frequency distribution charts for indexes 1 and 2, respec-
tively. Indexes in 2020 are higher than those in 2019. Participants in 2020 understood
the meaning of given information better than those in 2019.
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Fig. 1. Frequency distribution chart of index 1 in 2019 and 2020
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Fig. 2. Frequency distribution chart of index 2 in 2019 and 2020

3.2 Individual Estimations Prior to the Game Run and Teams’ Profit

Tables 6 and 7 show the mean and median of individual estimations on their team’s
profit prior to the game run and the team’s actual profit in 2019 and 2020, respectively.
The Figures are in ascending order of index 1, showing the ratio of participants who
understood the situation. In Table 6, we see that the profits of the upper half of the teams
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are negative, and in Table 7, the profits of the top two teams are negative. When the
depth of understanding is low, a team profit is low.

Table 6. The mean and median of individual estimations and team profit in 2019

Team Index 1 Index 2 Mean (¥) Median (¥) Team profit (¥)

K 15% 37% 329,000 150,000 −30,000
H 30% 48% 378,889 100,000 −157,000
I 30% 44% 448,889 100,000 −93,000
F 33% 42% 525,000 500,000 −1,038,000
A 37% 59% 208,333 200,000 −15,000
C 59% 74% 548,889 1,000,000 132,000

J 63% 70% 1,003,333 200,000 −64,000
D 73% 73% 763,333 200,000 329,000

B 74% 78% 448,750 400,000 303,000

G 75% 88% 67,500 100,000 −50,000
E 80% 97% 228,000 200,000 284,000

Average 52% 65% 449,992 286,364 −36,273

Table 7. The mean and median of individual estimations and team profit in 2020

Team Index 1 Index 2 Mean (¥) Median (¥) Team profit (¥)

C 47% 63% 147,400 50,000 −51,000
J 47% 67% 20,000 0 −320,000
I 52% 81% 61,111 50,000 135,000

A 53% 73% 192,400 200,000 161,000

D 53% 70% 208,600 250,000 132,000

H 56% 85% 99,000 110,000 65,000

K 60% 90% 39,600 44,000 208,000

F 63% 85% 0 0 88,000

L 67% 90% 83,400 100,000 14,000

G 70% 93% 1,180,000 200,000 178,000

E 81% 85% 300,000 300,000 −190,000
B 90% 90% 98,889 100,000 328,000

Average 62% 81% 202,533 117,000 62,333

Figure 3 presents the average of the mean and median of individual estimations and
each team profit in 2019 and 2020. Comparing the averages for 2019 and 2020, we see
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that the mean andmedian of the individual estimations were higher in 2019 than in 2020,
and the team profits were lower in 2019 than in 2020. Participants in 2020 predicted
their team profit better than those in 2019, on average.

-50,000 2,00,000 4,50,000

Mean (¥)

Median (¥)

Team’s final profit (¥)

2019
2020

Fig. 3. The average of the mean and median of individual estimations in teams and team profit
in 2019 and 2020

3.3 Answers to the Questionnaire After the Game Run

Table 8 presents the averages of individual answers to the questionnaire. Q2–1 indicates
the level of understanding of the whole production process. There was a marginally
significant increase in participants who understood thewhole production process in 2020
than in 2019. Q3–1 indicates the level of understanding regarding the team’s strategy.
Participants in 2020 understood their team’s strategy much more significantly than those
in 2019. Q4–1 indicates the level of outcome prediction. The average scores on Q4–1
show no significant difference between 2019 and 2020. As shown in Fig. 3, participants
in 2020 predicted their team profit more accurately than those in 2019 but those in 2020
did not believe that they did well. Q5–1 shows the level of satisfaction with the result.
Participants in 2020 were significantly satisfied more than those in 2019.

Table 8. Answers to questionnaire and team profit in 2019 and 2020

Year Q2–1 Q3–1 Q4–1 Q5–1 Team’s profit (¥)

2019 4.44 4.18 3.75 3.83 −36,273
2020 4.75* 5.09*** 3.41 4.29** 62,333
*: p < .1, **: p < .05, ***: p < .01s

Due to curriculum changes, the number of classes was reduced from 15 to 13 and
the class period increased from 90 min to 120 min (Table 9). Consequently, participants
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could spend more time on planning and performing tasks. Another difference was the
effect of COVID-19. Almost all classes were shifted online in the first semester of
university education all over Japan in 2020. This course was postponed to the second
semester for a larger classroom to avoid direct interaction among participants.

Table 9. Differences between 2019 and 2020

Point 2019 2020 Reason

Number of classes Once a week for
15 weeks

Once a week for
13 weeks

Curriculum change

Class period 90 min 120 min Curriculum change

Time of year First semester
(June-July)

Second semester
(December)

COVID-19

Size of classroom Medium Large COVID-19

Motivation Moderate High COVID-19

Grouping Autonomic Half autonomic COVID-19

Additional question No Question 5 Examination

4 Discussion

This study examined how an additional thought-provoking question affected the depth
of individual understanding and team performance. Question 5 was added prior to the
game run only in 2020 about the process of the participants to estimate the net profit.
It provided a good reason for them to search for related information thoroughly and
encouraged them to exchange opinions actively in the team. They deepened their level
of understanding to a greater degree in 2020. On an average, in 2020 they came to have
reasonable estimations, reduced overestimation and succeeded in earning their team
profit. They understood the production process and the team strategy better than in 2019
and were more satisfied with the result. In terms of outcome prediction, there was no
significant difference between 2019 and 2020 in Table 8.
The structured instructions could shift the focus of discussion in S&G, with a few

exceptions. Team G in Table 6 and Team E in Table 7 indicated very high understanding
but resulted in negative profit. How did this happen? To understand possible causes of
these results, further research would be needed.
In a game, rational estimation is expected to be organized through serious discussion.

Participants in 2020 understood the meaning of the given information, estimated their
team profit and performed well. This study demonstrated that structured instructions
would contribute to bring about this result. Regarding the effect of unpacking and struc-
tured instructions, the additional question should have helped participants to understand
the situation.
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Abstract. Tabletop games that require the aid of a human facilitator are typically
designed for a physical environment. However, during the COVID-19 pandemic,
lockdown measures prevented people from gathering. Therefore, tabletop games
were sometimes played and facilitated in a mediated environment using online
communication tools instead. But this setting possibly deteriorates the players’
game experience. To understand the effect of playing facilitated tabletop games in a
mediated environmentwemeasured the player experience of the gameCueKitchen
in a mixed-method study comparing physical and mediated game sessions. Forty-
four players played eleven game sessions, three in a physical environment and eight
in amediated environment. Of all seven dimensions of game experiencemeasured,
only one differed significantly between the two experimental conditions: players in
a mediated environment became significantly more tired than players in a physical
environment. The qualitative results explained why: players in a physical setting
can wander off, while players in an online setting have to stay focused on their
screen and, therefore, growmore tired. The research results suggest that facilitated
tabletop games may be played in a mediated environment instead of a physical
environment, without significant loss of player experience.

Keywords: Tabletop games · Game experience ·Mediated environment · Sense
of presence · Zoom fatigue

1 Introduction

Playing a tabletop game such as a board game, card game or role-playing game can be
a useful method for analysing and designing complex systems. As opposed to games
played for fun, game technologies can be used for purposes beyond entertainment [1, 2].
In other words, players play a tabletop game with a serious purpose, while having a good
experience (i.e., being entertained) [3].Agamemay supportmulti-actor decision-making
to create an experimental environment for stakeholders to ‘play around’ with different
policies and technologies [4]. Games can also be used to raise awareness or educate
people about complexities in socio-technical systems like energy or public transport
systems.
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In a tabletop game, players sit together around a table andmakedecisions based on the
gameplay in front of them [5]. These games are usually played in a physical environment,
not only because it is a physical game but also because it is intended to reflect reality
[6, 7]. Players can look at each other to interpret mimics and gestures which can help
them understand each other’s actions, even without verbal communication [8–10]. In
the social environment of the game, the players can share emotions, laugh together and
confront each other. Tabletop games for purposes beyond entertainment usually require
a facilitator for storytelling and making the game reactive to the decisions of the players
[11, 12]. The consensus in the field of gaming and simulation is that these games should
therefore be played in a physical environment, but this is not always possible.
During the coronavirus pandemic in 2020, it was not possible to play a (facilitated)

tabletop game in a physical environment. The use of digital tools such as Teams, Zoom
or Skype could enable a mediated environment for players to play a facilitated tabletop
serious game. However, playing a game in a mediated way does not feel the same as
playing the game in a physical environment. Players are not able to feel each other’s
presence, use non-verbal communication, convey emotions, or physically hold the cards,
dies, coins or pawns. In other words, a mediated environment likely changes the game
experience, which is not trivial, because experience is a reason for people to play a game
[13]. To our knowledge, the current scientific literature does not give a clear answer
how playing a (facilitated) tabletop game in a mediated environment changes the game
experience.
The question that will therefore be answered in this paper is: How does playing a

facilitated tabletop game in a mediated environment affect the players’ experience when
compared to playing face to face [14]?

2 Expected Effects of a Mediated Environment

It is possible to obtain insight into the expected effects of a mediated environment on
game experience by combining different ideas emerging from literature on game session
design and facilitation, Zoom fatigue, and mediated presence.

2.1 Game Session Design and Facilitation

Designing a game session is part of the game design process [5]. A wrong game session
design could cause the game to not being played as intended and therefore, cause the
game to fail to achieve its intended objective. Playing a game in a mediated environment
(e.g., using a screen and audio connection) instead of playing face to face may affect
the players’ ability to share emotions in the right way, including facial expressions and
posture. This can change the interpretation of these emotions, and therefore the player
experience. This also relates to the key characteristics of tabletop games where players
sit around a table and can see each other, allowing them to understand each other’s
actions, even without verbal communication [8–10, 15].
Yuan et al. observed that the lack of environmental perception and player awareness

may cause frustration and conflict among the players [16]. They conducted a multi-
method qualitative study to research design opportunities for a socially connected game
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experience for (social) tabletop games in light of the recent COVID-19 pandemic. As
environmental perception andplayer awareness are crucial in tabletopgames, their advice
is to include cameras and other technologies in the remote tabletop gaming setup to
increase social awareness and empathy. They conclude that future research may benefit
from (existing) quantitative methods measuring the social connectedness as part of the
players’ experience, including relationship salience, relationship satisfaction, feeling of
closeness, loneliness, and quality of life [16].
During a physical session, a facilitator has a physical overview of players around

the table and the playing board or cards, which enable them to steer the game. In a
mediated environment, the facilitator does not have a physical overview of the players
and is also responsible for carrying out the gameplay and moderating the discussion.
These limitations in facilitation can jeopardize the game experience [6].

2.2 Zoom Fatigue

During the COVID-19 pandemic in 2020, the term ‘Zoom fatigue’ was introduced to
indicate tirednesswhen using video conferencing applications like Zoom.Grey literature
such as traditional media and lifestyle websites were observing an increased level of
tiredness during video calling [17, 18]. Large studies have been set up to investigate the
psychological effect of video conferencing but results are not published yet. A recent
article based on academic research and small experiments provides interesting arguments
for the cause of Zoom fatigue [19]. People in an online video session look to be really
close on a screen compared to someone who is 1–2 m away. In a physical meeting, a
majority of the people in the room are not looking at the speaker and apart from people
having sidebar conversations, people close to each other do not look at each other’s eyes,
where everyone seems to be looking directly at you in a virtual meeting.

2.3 Mediated Presence

Sense of presence is considered to be a part of game experience [20, 21]. The exact
meaningof presence canbe consideredvague andhard to grasp, but it is related to our very
own existence and perception of reality. Presence is closely linked to ontology, the study
of being [22]. Schloerb defined presence as something physical: “[Presence] designates
the existence of an object in some particular region of space and time” [23]. However,
according to Mantovani and Riva “[…] the meaning of presence depends on the concept
we have of reality and different ontological positions generate different definitions of
presence” [22]. They argue that presence should not be defined as something physical
but propose an alternative conception of presence: (social) presence is a social construct,
as part of reality, including relationships between actors and their surroundings.
The second interpretation creates more possibilities to see presence than only in its

physical form. In other words, to have a sense of presence, despite physical absence.
This phenomenon can be described as mediated presence [24]. Other authors are using
similar terms such as virtual (co)presence or telepresence. The difference between these
terms is mainly a different emphasis of context: ‘tele’ as in presence at or over a distance,
virtual as in presence using software, and mediated as in using a medium. These terms
have a similar notion of presence that is not physical; using a (digital) tool to make the
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communication and interconnection possible to experience presence over a distance.
Through immersive, interactive and perceptually realistic media, people can have a
similar experience of social presence to those in non-mediated environments [25]. People
playing a facilitated tabletop game in a mediated environment could have a similar game
experience as playing face to face, at least regarding their sense of presence.
To summarize, the game experience may be negatively affected by the choice of the

environment since a mediated environment changes the ability of players to interact and
recognize emotions. Amediated environment can limit facilitation and might jeopardize
the outcome of the game. Amediated session may cause players to be more tired, similar
to Zoom fatigue. However, it should also be possible to have some similarities between
the game experience of players in both environments, when a mediated presence is
created.

3 Method

To answer the question ‘How does playing a facilitated tabletop game in a mediated
environment affect the players’ game experience when compared to playing face to
face’, an experiment was conducted where the players’ game experience in a mediated
environment was compared to playing face to face.

3.1 Design of the Study

The research question focuses on comparing the game experience between a physical and
mediated environment and on finding an explanation for a possible difference. Therefore,
a mixed-methods research methodology has been used, combining a qualitative and
quantitative perspective. This method is not limited or constrained by the characteristics
of typical quantitative or qualitative research such as a focus on deduction, confirmation
and prediction from a quantitative perspective and focus on discovery, exploration, and
induction from a qualitative perspective [26]. Instead, it offers the opportunity to collect,
analyse and integrate both quantitative and qualitative data in a single study [27, 28].
The qualitative and quantitative data have been integrated following an explanatory
design: the observations during the game sessions can give context and explanation to
the measured game experience.

3.2 Experimental Setup

The game in this study was Cue Kitchen, a game developed in 2019, which aims to
create awareness about the invisible symptoms of Parkinson’s Disease (PD) in the social
environment of people with PD [29]. Cue Kitchen is a cooperative tabletop card game in
which four players have the objective to run a successful service in a professional kitchen
by using ingredient cards to cook dishes. While playing, each player has an invisible
symptom, something that limits the player in its play. Others need to guess this symptom
and by providing the right cue, players can help each other to overcome this symptom.
While the game is fun to play, the player can experience what it is to have an invisible
symptom and needing a cue from others that relates to Parkinson’s disease. During the
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debriefing, the players reflect on this. With the help of the facilitator, the players relate
their experience in the game to the invisible PD symptoms and to the importance of cues
that can help people with PD. A game session consists of two games of Cue Kitchen
followed by a debriefing. Each game play takes 30–40min and the debriefing takes about
30 min.

Fig. 1. Screenshot of the playing table Fig. 2. Experimental setup

In a mediated session, all players can see the playing field of the game on their
screen (Fig. 1), including the playing cards. By giving the facilitator directions for their
desired actions, they participate in the gameplay. To achieve this, the software of Big
Blue Button has been used. This is an open-source web conferencing software, similar
to Zoom, specially set up for TU Delft for educational purposes1. To make a mediated
environment possible, no professional tools have been used, but only day-to-day objects
that are available to everyone. The playing table was filmed using a smartphone and a
construction made of kitchen stairs, some books, rope, tape, and a bookshelf (Fig. 2).

3.3 Participants

The participants in the study were persons with PD and people in their social network
like family, friends, colleagues or health-care providers. Participants (with PD) were
recruited using the channels of the MaySways foundation2 (e.g., the newsletter) and
via a social media call from the Dutch Parkinson Association. Registered participants
did not receive any compensation for their participation. Every participant was at least
18 years old. The research setup was officially approved by the TU Delft HREC.

1 See https://bigbluebutton.org/ for more information.
2 TheMaySways foundation is committed to creating awareness of invisible symptoms of persons
with PD by artfully expressing their invisible thought and emotional world.

https://bigbluebutton.org/
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3.4 Procedure

The first step was to contact a participant with PD who selected three or four players
in their social environment. Participants from the same household were allowed to play
the game face to face, while the other participants played the game in a mediated envi-
ronment. After the selection of participants, the players were asked to fill in an online
informed consent form, using the Qualtrics platform. A video tutorial explaining the
game was shared beforehand, except for the first session.
The game was played twice, the first time without invisible symptoms so that the

players could get used to the gameplay, and the second time with invisible symptoms.
Each gameplay took about 30–40 min to complete. The debriefing started with a reflec-
tion on the game, followed by a conversation about the personal situation of the person
with PD.
One to three days after the game session, players were emailed a questionnaire on

the Qualtrics platform. Completing the questionnaire took about 10–15 min.

3.5 Data Collection

Quantitative Data. Game experience has beenmeasured using a questionnaire based on
the Game Experience Questionnaire (GEQ) [21], measuring game experience with 12
variables in three different modules. Each variable is an average, constructed out of two
to six items using a five-point Likert-scale (from0= totally disagree to 4= totally agree).
TheGEQCoreModulemeasures seven in-game experience variables: Competence, Sen-
sory and Imaginative Immersion, Flow, Tension/Annoyance, Challenge, Negative affect
and Positive affect. The GEQ Social Presence Module measures sense of presence using
three variables: Behavioural Involvement, Psychological Involvement (Empathy) and
Psychological Involvement (Negative Feelings). The GEQ Post-gameModule measures
how players felt after they had stopped playing, in contrast to the Core Module which is
based on the experience during the game. The four variables measuring the post-game
experience are Positive experience, Negative experience, Tiredness and Returning to
reality.

Qualitative Data. By observing the game sessions, qualitative data has been collected
on how a playing environment affects the game session. Most of the sessions have been
recorded (with informed consent of the players) to make it possible to re-watch the
session and describe the events in the session as specific as possible. In some cases, the
session was not recorded, but notes were taken during the sessions. The observations
are extensively described in game session reports focusing on 1) how the quality of the
game was affected by the player environment, 2) how the playing environment affected
the gameplay and 3) how the playing environment affected the debriefing.

3.6 Data Analysis

The data has been analysed using SPSS, with playing environment as the independent
variable (physical vs. mediated) and the constructed game experience variables as depen-
dent variables. AMann-Whitney test has been used to determine the differences between
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the independent variables. This non-parametric test is an alternative for an independent
samples t-test. A Mann-Whitney test is suitable for small and non-normally distributed
outcome variables in small and uneven samples, and suitable for analysing variables that
are not continuous but ordinal. When reporting the results of a Mann-Whitney test, the
median (Mdn) is used as the measure of central tendency.

4 Results

In this research, 11 sessions have been played. Table 1 gives an overview of the number
of sessions and the number of completed questionnaires per playing environment.

Table 1. Experimental conditions

Environment # sessions # completed questionnaires

Physical 3 13

Mediated 8 31

Total 11 44

4.1 Quantitative Results

Participants in a mediated environment were more tired (Mdn = 1) than participants
playing face to face (Mdn = 0) which was confirmed with a Mann-Whitney test (U =
91.5, z =−2.915, p= .003). The Tiredness construct was found to be highly reliable (2
items; α = .839).
In Fig. 3, the difference in the experience of Tiredness between the two environments

is clearly visible. In a physical environment, all players disagreed or totally disagreed
with the statements ‘I felt exhausted’ and ‘I felt weary’. In a mediated environment,
participants responded in a wider range, sometimes totally agreeing with this statement.
This result indicates that participants in a mediated environment are more tired after
having played the game.
The other game experience variables do not show any significant differences in the

(ranked) scores between aphysical andmediated environment (Fig. 3). These results indi-
cate that, apart from tiredness, the playing environment does not affect the player expe-
rience in a significant way. The feeling of presence without the other players physically
present was not significantly different from playing face to face.

4.2 Qualitative Results

Our observations related to the playing environment were not unambiguous and con-
sistent. Some mediated sessions went very well with only a few problems and resulted
in enthusiasm among the players. Some other mediated sessions had several problems,
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taking a long time to be remedied. We observed that most players in a physical environ-
ment had more social interactions with each other than players in the mediated sessions.
Some players were quite comfortable in the mediated environment.
When playing face to face, players were able to havemany fast and one-on-one inter-

actions while interrupting each other. This does not necessarily mean that these sessions
were more chaotic. Instead, a physical player was able to have a quick conversation
with another player without bothering other players. During some physical sessions,
non-active players (i.e., it was not their turn) were able to tune out for a moment. The
opposite was true for players in a mediated environment, where players had to stay
focused on their screen to follow the gameplay. Some of these players indicated that this
was quite intense. Participants in a mediated environment showed more symptoms of
fatigue than participants in a physical session. In many cases, we observed a decreased
concentration during the second game as well as during the debriefing. In some sessions,
there were connection issues that needed to be restored causing the game to start later
or to interrupt the session. These observations were incidental and not consistent over
all sessions. In some cases, the players seemed to be more focused after a short break,
whether or not this was caused by a technical problem.
Clear differences between the facilitation in both environments were visible. In the

physical sessions, the facilitator has a supportive role, only intervening in the game
as needed. During one session, with the facilitator physically present, the debriefing
became a little uncomfortable when discussing the personal situation of the person with
PD. The facilitator had to ask questions which were answered by the participant, but
almost without a conversation between the participants. During two physical sessions
with the facilitator present through a video connection, an intimate atmosphere was
created in which the conversation became more personal. During the mediated sessions,
the role of the facilitator was much greater, because he controlled the playing table and
acted as a moderator during the debriefing. The advantage of a mediated environment is
that everyone takes turns speaking and allows others to speak.
During some mediated sessions, several people were in the same room. In these

sessions, we observed increased interactions between the physical players but also sig-
nificant noise. As a result, comments from the other players could not be heard and the
interactions with and between these players were reduced.

5 Discussion

In this experiment, no significant difference between the game experience in a physical
and mediated environment was found. From the literature, it could be expected that
reduced non-verbal communication or the inability to convey emotions in a mediated
environment would have affected the game experience. Although some difference has
been observed in this study, these observations were not significant.
Although presence could be defined as something physical [23], the literature also

suggested a feeling of presence could be established without a physical presence [22, 24,
25]. No difference was found in the feeling of presence between a physical and mediated
environment, so it seems the latter is true.
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Fig. 3. Game experience in a physical and mediated environment
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5.1 Tiredness and Zoom Fatigue

Participants in a mediated environment are significantly more tired than in a physical
session. A decreased concentration during the second game and the debriefing was
observed. In several cases where fatigue was higher than average, connection issues
needed to be restored, causing the game to start later or resulting in interruption of the
session. Although some sessions were longer for these reasons, no significant correlation
was found between session duration and tiredness.
The result that mediated sessions cause more tiredness is supported by scientific

literature that a mediated setting can be indeed more tiresome than a physical meeting
and causing so-called ‘Zoom fatigue’ [19]. People have to stay focused on a screen up
close, looking the other players in the eye, while players in a physical meeting can stare
into the distance. It was observed that non-active players (i.e., it was not their turn)
in a physical setting were able to ‘tune out’ for a moment, while players in a mediated
environment had to stay focused. This possibility of being able to have amoment without
concentration could contribute to the players beingmore energetic at the end of the game.

5.2 Differences Between Physical and Mediated Environment

The difference between a physical and mediated environment becomes clear in the
quantitative results where no significant differences were established in the outcome
variables except for tiredness. A clear dividing line could not be drawn between the
performance of a physical and a mediated session for three reasons.
First, the outcome and game experience are highly dependent on the quality of each

session. A mediated session can have no or only a few (technical) problems, resulting in
a successful session. But if things go wrong and it takes a long time for a problem to be
remedied, the outcome is visibly less good, as can be seen from the quantitative results.
In mediated sessions, the dependence on digital technology increases the likelihood that
something may go wrong, resulting in fatigue and a less positive experience.
Second, both physical and mediated sessions have advantages and disadvantages

concerning facilitation. In a physical session, the facilitator plays a supportive role and
can easily adjust intervention in the game as needed. However, the physical presence of
the facilitator can also create an uncomfortable situation because the players play the
game and do the debriefing under the ‘watchful eye’ of the facilitator. During a mediated
session, the facilitator must be more active in guiding the conversation, with greater risks
of making mistakes. On the other hand, a mediated environment makes the facilitator’s
role as a mediator easier because everyone takes turns speaking and allows each other
to speak.
Finally, mediated sessions are sometimes not fully mediated. In several cases in this

study, some mediated players were physically in the same room or even behind the same
screen while the other players were present in a fully mediated way. This is clearly
reflected in the behaviour of the players. The interaction between the physical players
increased because they communicated back and forth faster. This caused significant
noise in the session, where some comments were missed by the players. It also reduced
the interaction with and between the mediated players.
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5.3 Limitations

The test setup of this study has been quite austere. Although many players responded
positively to theway themediated environment had been designed, some testing sessions
might have benefited from the use of more professional tools.
This study has small and uneven samples: 13 participants in a physical environment

vs. 31 in amediated environment. Corresponding statistical testswere used but these tests
have less power, increasing the chance of a Type II error. Finding reliable and significant
differences between both conditions is more difficult with these small samples, because
the quality of a game session plays an important role and is very different per session.
This game was designed for and played by a very specific player group, people with

PD and their relatives. Therefore, the results may not be generalized to other players of
facilitated tabletop games. For example, people with PD can become tired more quickly
[30]. Still, in this study, no significant difference has been found in the game experience
between participants with PD and other players, except for ‘Returning to reality’, where
players with PD seemed to have more difficulty returning to reality than those without
(U = 73.5, z=−2.87, p= 0.003) [14]. Future research should compare our results with
those of different player groups.
Twelve statistical tests were performed to determine the differences between the

game experiences in both conditions in this study, which increases the risk of a Type I
error. Because of the use of the mixed-method approach that integrates both quantitative
and qualitative data, this risk is reduced as the focus is on the relevance of significant
relationships and differences. Only one significant statistical difference was found, the
difference in tiredness between the two conditions, which was fully supported by the
qualitative data and findings in the literature.

6 Conclusion

This article answers the question, ‘How does playing a facilitated tabletop game in a
mediated environment affect the players’ game experience when compared to playing
face to face?’ The players’ game experience in a mediated environment is remarkably
similar to the experience when playing face to face. The only significant difference we
found between the two conditions was the degree of tiredness after the game session
showing that playing a game in a mediated session makes players feel more tired than
playing face to face.
Therefore, playing in a mediated environment does not have a significant effect on

game experience compared to playing face to face. Apart from tiredness, no significant
difference between the two conditions on all variables measuring game experience was
found. This confirms the literature suggesting that it is possible to create a sense of pres-
ence without actually being present. To make this confirmation stronger, more research
with a larger sample and statistical power, is needed.
Compared to players in a physical environment, players in a mediated environment

had a more active posture at the beginning but were tired in the second part of a session.
This was especially noticeable if the game had to start later or was interrupted due to
video or audio problems.
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All in all, the most striking result is that the game experiences in a mediated setting
are so similar to those in a physical setting.

6.1 Recommendations for Future Research

This article fills the gap in scientific knowledge about playing facilitated tabletop games
in a mediated environment instead of playing face to face. Some recommendations for
future research are made below.
The effect of a mediated environment on the outcome of a game can be studied

more extensively. Future research should include more participants and test sessions,
evenly distributed between a physical andmediated environment, tomeasure the effect of
mediated versus physical presence instead of being influenced by the quality of individual
games. This research should also focus on other types of games and player groups.
Players in a mediated environment are more tired while other outcome variables

are not significantly different. With working from home and meeting online being more
common because of the coronavirus disease pandemic, it is important to study the effects
of a mediated environment on people beyond gaming, such as psychological effects or
health-related issues [19].
Finally, more scientific research needs to be done on how games can be played in

a mediated way. Future studies can include more professional tools such as VR/AR 3D
or holographic experiences. The effect of a fully digital game instead of a mediated
tabletop game can be studied. There is much more to discover when researchers from
several scientific disciplines (e.g., behavioural sciences, computer sciences and systems
engineering) coordinate their academic efforts.
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Abstract. The World Health Organization’s (WHO) training simulation exer-
cises (SimEx) are immersive activities that capacitate their audiences by enabling
them to practice and perform various functions in an emergency response. This
paper discusses four tools used in SimEx to maximize the facilitators’ technical
experience to meet the overall learning outcomes and objectives. The findings
have been collected from 12 exercises through feedback sessions and debriefings
with facilitators, written feedback and exercise management observations. They
show that facilitation methods and their usability vary depending on the scope of
the exercise and the facilitators’ experience. Exercise planning needs to fully align
the SimEx activities with their learning objectives for optimal outcomes.

Keywords: Competency-based assessment · Feedback mechanisms · Learning
outcome · Role play · Technical work

1 Introduction

The World Health Organization (WHO) sets out the organization’s strategic priorities
[1]. For the five-year period 2019–2023, health emergencies are the focus of one of the
ambitious triple billion goals setting a target of 1 billion more people better protected
from health emergencies. To achieve this, a prepared and well-trained health workforce
is needed. Against this backdrop, the WHO Health Emergencies Programme (WHE)
launched a Learning Strategy [2] that provides an overarching framework for all learning
and training activities of the health emergencies workforce to create a workforce of
excellence across the globe.
Training simulation exercises (SimEx) for theWHE are designed as immersion exer-

cises to capacitate training audiences by enabling them to practice and perform various
functions in emergency response. WHE training events with simulation exercises aim
to provide continued learning for professionals already working in health emergencies.
WHE trainings draw from workforce learning needs and bring the necessary learning
for critical roles and to support within the curriculum development for learning inter-
ventions. During a training programme, the participants can select problems from work,
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reflect on them and then present and apply skills and concepts presented in the course
to these problems and report back to the group.
Use of simulations in training has proven to be effective for positioning experts in a

safe environment in which operational work can be tested. Evidence from public health
emergency preparedness exercises based on realistic scenarios and specific outcome
measures helped to clarify roles and responsibilities of public health workers. Such
exercises are also useful for knowledge transfer among workers and for identifying
distinct public health structural challenges. The workforce is likely to gain in knowledge
and confidence in capabilities that are tested in exercises [3, 4].
A typical WHE SimEx training simulation is an immersion exercise with functional

elements that lasts about 48 h and takes place physically. These trainings and training
related exercises are developed to simulate working environments inWHE deployments
such as Incident Manager of a response. It is designed to create a safe and realistic
environment for participants to apply existing andnewly acquiredknowledge forworking
in a health emergency. It creates the pressure and urgency of an emergency response and
participants can see how they manage to deliver on individual and team assignments
under pressure. According to the WHE Learning Strategy, trainer capacity should be
created, established and maintained to support a culture of excellence in learning [2].
WHE trainers and facilitators should have the capacity to:

• describe how adult learning theories can be applied to design high-impact training
sessions;

• customize training materials to suit the assessed learning needs of a specific audience;
• apply facilitation skills in a range of participatory training activities and learning
reinforcement techniques including training SimExes and

• exchange constructive feedback with peers and course participants as a means for
refining the content and methodology of a training intervention.

The Strategy specifies the delivery of high-quality products that meet training
objectives. The expectation involves facilitating face-to-face WHE trainings, includ-
ing SimExes, and incorporating subject-matter expertise into the learning events. The
WHE minimum standards for facilitators are to:

• respond to the particular needs of a local delivery context by adjusting the training
design accordingly and

• engage the trainees in a learner-centred approach to ensure joint ownership of
successful training outcomes.

This paper focuses on the facilitation of training SimExes in face-to-face trainings.
A typical event would contain online learning before and after the face-to-face event
including an intense 2-day simulation.

2 Intervention

Facilitators are often experienced professionals in health emergencies who join the train-
ing activity for a short period of time. The first author managed and designed health
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emergency training SimExes and presents various tools to help expedite facilitators’
integration into the SimExes and functions in the simulation. The competency frame-
work is a larger initiative by the Learning and Capacity Development Team of WHE.
General SimEx planning is conducted in linewith theWHOSimulation ExerciseManual
[5].
The SimEx goal is to build on and exercise professional, personal and interpersonal

skills critical to effective emergency response by reinforcing good practices learned
during the training course prior to the SimEx, demonstrating knowledge of the WHO
Emergency response Framework, Humanitarian Programme Cycle and working with
theWHO Incident Management System (IMS). It also includes the special interventions
required for response to both humanitarian crises and disease outbreaks and exercising
field skills with emphasis on teamwork, self and stressmanagement, working under pres-
sure, understanding of the code of conduct and ethics, learning how to handle diverging
views, positions, interests and values, networking techniques and negotiating skills.

3 Methods

This paper presents four different facilitator tools that relate to a facilitator’s ability to
provide professional inputs and transfer their expertise to the simulation exercise in a
health emergency training context.
The research questions are:

1. How can we align the exercise facilitation with the achievement of the desired
learning objectives and outcomes and present it simply for the facilitators?

2. How can experts transfer their expertise through role play?
3. What are the steps to perform a competency-based assessment (CBA) during the
exercise?

4. How do we choose from and utilize a variety of feedback mechanisms during and
after the exercise?

The findings have been collected from 12 exercises during 2015–2019. All exercises
are similar, with humanitarian settings and health emergency events, such as outbreaks.
SimExes have lasted the same time, 48 h each and have been performed through team-
based activities. The assessments of the tools’ usability are based on facilitator feedback
and observations. These have been collected through debriefing sessionswith facilitators,
written and oral feedback, and exercise management observations. In total, more than
150 facilitators attended, 145 attended the debriefings, 15 facilitators provided written
feedback, and 12 were interviewed.
Each exercise has given evidence and elements for further refinement of the tools

and the improvements have been reflected and put in use in the next exercise. This
development process has produced the tools to the stage inwhich they are presented here.
The first author was the exercise manager, led the exercise controls, developed the tools
for practical testing and contributed to the wider Learning and Capacity Development
Unit which designed the CBA [6] for the WHO Health Emergencies Programme during
2018–2019.
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4 Applications

4.1 Exercise Planning and Integration of the Learning Outcomes

Facilitators receive in advance a package on the whole training and SimEx planning and
objectives, including a detailed Master Event List, scenarios, and a planning over- view.
This documentation has been refined in detail to give the necessary at-ease use overview
to manage the complex multi-activity exercise with live elements.

4.2 Knowledge and Skills Transfer Through Role Play

Facilitators perform various role plays during the SimEx to help create a realistic envi-
ronment for the simulation. Through role play, they convey field realities and points of
learning for the participants and collect assessment and feedback elements on the par-
ticipants’ performance. Exercise control provides a role play training spot objective to
align with overall learning objectives and competency framework. Facilitators receive a
role play sheet with the scenario elements and are asked to review it for suitability and
adjust according to the field realities they have experienced.

4.3 Competency-Based Assessment (CBA) Framework

In training events supported by the Learning and Capacity Development unit (LCD),
WHE regularly conducts assessments of its six Core Competencies (Fig. 1) through an
established mechanism (Fig. 2) based on WHO corporate competencies. The behav-
ioral indicators of the WHE CBA are designed for the health emergency personnel to
demonstrate [7].
Competency-based learning consists of identifying the knowledge, skills and atti-

tudes required by staff to fulfil their roles in the Organization’s response and training
to the identified competencies. The training event with SimEx included a process of
assessment, interviews and briefings and was implemented in four training activities
with more than 100 participants. The training activities each 5–6 days long comprised
a mix of classroom sessions, tabletop exercises, group work and 2-day long simulation
exercises. Prior to the training event, using the assessment process requires all facilita-
tors to be trained just-in-time on how to conduct the observations and scoring during the
SimEx, and for them to observe trainees throughout the course of the activity.
DuringSimEx, the training cohortwas divided into teams; separate assessment sheets

were made available for each team and team participant. Close involvement with partic-
ipant team-based activities was required from the facilitators and observations had to be
recorded immediately after each training activity. Exercise control compiled all obser-
vations into two products: 1) Consolidated confidential reports summarizing feedback
for each individual participant to be briefed only with the participants in question, and
2) Consolidated anonymized reports on the trends identified through facilitator feedback
that can be part of a training outcomes report and can be used to identify learning needs
for individuals and the workforce as a whole.
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Fig. 1. WHE’s 6 core competencies.

Fig. 2. Competency-based assessment process during training simulation exercise
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4.4 Feedback

Feedback interventions developed for SimExes and lead by facilitators to enhance self-
reflection, peer-to- peer feedback, team debriefs and individual in and out briefings. A
set of feedback tools was developed for this purpose and refined over each exercise.
People gain new skills in situations that include all four stages of the learning process:
1) gain knowledge 2) practice by applying that knowledge 3) get feedback and 4) reflect
on what has been learned. The feed- back mechanisms of the SimExes address all the
aspects of this learning loop.

5 Results

The facilitationmethods are differently suited, depending on the scope of exercise and the
facilitators’ experience. Less experienced facilitators required more written and verbal
instructions as well as access to more experienced facilitators throughout the process.
More experienced facilitators tended to improvise when they were uncertain, but they
too benefitted from regular debriefing to ensure that they kept the learning objectives
in view at all times. The four tools and their uses are inter-linked and form a set of
interventions that facilitators implement during the SimExes.

5.1 Exercise Planning Driven by Learning Objectives

Exercise planning needs to fully align the SimEx activities with the learning objectives
for optimal outcomes and the planning aid documents need to be easily accessible and
comprehensible at one view. The exercise elements need to be divided into sections
that contribute to the simulation flow and completion of the learning objectives and
competency assessments.
A major problem to be solved was to make available at-ease and at-a-glance types of

simple planning documents that fully align each SimEx activity with the larger learning
objectives for optimal outcomes. The overall objectives of a standard training SimEx for
the participants are:

1. Apply existing and newly acquired knowledge and skills in a near-realistic simulated
outbreak response

2. Demonstrate ability to work under pressure and as part of teams
3. Assess own learning gaps and develop a learning plan

These learning objectives guide the planning of the more detailed exercise activities,
with simple handouts for the facilitators who might join before the start of the SimEx
without any preparation. While facilitators receive a briefing on the exercise scenario –
the learning objectives for each training spot, competency assessments and feedback
mechanisms – some tools and ease-of-use handouts are needed to perform a facilitation
that is aligned and produces desired outcomes during different SimEx activities.
The simulations often run in remote sites, army barracks or mountains for the opti-

mal environment. Several times during activities, facilitators move swiftly from role
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players to assessors and technical feedback contributors. The most important planning
documents need to be at hand for each facilitator. The facilitators must link the activities
with a larger scope of learning outcomes. As well as the event updates, the planning
documents should be easy to carry during the exercise, to follow the necessary sections
and to arrange the competency-based assessment and feedback sessions.

5.2 Making Most Out of the Role Play with Scripting Support

Role play is at themost productive and targeted level, andmeeting the learning objectives
when pre-fabricated, standardized role-play scripts are offered. The script quality and
scope should be reviewed, improved and reflected upon in the field and professional
experience of the facilitators. Such scripts are further revised after the role play spot
based on the training spot completion.
Role play scripts provide the foundation for the facilitators’ contributions during the

live elements in the SimExes. The SimEx Exercise Control (ExCon) suggests the basic
role play script ahead of the events aligned with the exercise planning and outcomes.
Facilitators with field experience can help review, proof and improve the scope, and
ensure that the technical expertise and field realities are incorporated in the role play
script. They are encouraged to incorporate their specific topical and contextual experi-
ence but stay in the SimEx scenario. Most of the training scripts are revised after a first
run in the training spot. If the SimEx scenario changes, experienced facilitators impro-
vise a role and then write the role play script afterwards. They can live scribe, adjust and
improvise their role play.
If the role play cannot convey all the planned inputs, ExCon can inject them as news

or events in other formats, or through other channels of information dissemination during
an exercise, as role play also conveys scenario related information.

5.3 Competency-Based Assessments (CBA)

CBAwith behavioural indicator observation, scoring and individual briefing and debrief-
ing discussions require significant planning, staffing and focus. Training to perform the
assessments is necessary as is seamless collaboration of the whole facilitator group.
The aim and scope of the exercise and the facilitators’ profiles determine the type of
feedback mechanism and its utilization during the exercise. Experience and learning
mindsets stipulate the scope and depth of the facilitator inputs.
The exercise preparatory planning work before each SimEx reflects and pre-defines

behaviours to be observed and maps them based on the Core Competencies and SimEx
planning. The aim of the CBA is to identify the critical knowledge, skills and attitudes
that are required for success for all individuals working in WHO emergency operations.
CBA is conducted through behavioural indicator observation, scoring and individual in-
briefing and out-briefing discussions and requires significant planning effort, staffing and
focus, including training to perform the assessments. In return, they yield meaningful
results in the form of detailed participant assessments. CBA can provide, at best, indi-
vidualized feedback on competency framework-based observations and help formulate
learning objectives and pathways for participants and inform them of future deployment
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decisions. The CBA evidence provides information on training design and assessment
of the learning outcomes.
In two SimExes, the full range of behaviours was observed. In another two SimExes,

the number of behaviours observed was reduced to concentrate on the competencies
expected of those participants. Where participants were observed against all behaviours
throughout the entire training period, the assessment provided an indication of strengths
and areas for development which were agreed with by participants.Where the number of
behaviours observed was reduced, the assessment provided less indication and was less
helpful in guiding briefing conversations with participants. A greater number of facilita-
tors conducting observations improved the feedback as their observations of events and
understanding of behaviours can vary.
It was beneficial to train and brief the observers in the use of the assessment to

reduce the incidences of scores of 0 or 3. High numbers of the extreme scores made
debriefing participants more difficult because justification for those scores was either
not provided or contained insufficient detail to provide evidence for the score. Scores
for all participants of a training activity were also aggregated to give an indication of
areas of strength and weakness for the entire cohort.
From a learning perspective, providing constructive and accurate feedback to partic-

ipants is a key part of the learning process and facilitators play a key role in the feedback
process which goes hand-in-hand with assessments. Facilitators who had coaching skills
tended to be more skilled at providing feedback and were able to link the feedback to
the development of a future learning pathway.

5.4 Feedback Mechanisms

The experience over a dozen exercises has resulted in an array of optional methods to
be used in the training simulation exercises. Training faculty and facilitators can also
choose from the options and utilize a variety of feedback mechanisms before, during
and after the exercise. SimEx facilitators are encouraged to work consciously on the
feedback, including listing instances when feedback is required. They must immerse
in self-reflection, peer-to-peer feedback and debriefing. They must characterize good
feedback and the learning and development mindset to give or receive feedback. A set
of tools and their suitability for the SimEx sequences is suggested (See Table 1).
In and out briefings provide an opportunity for participants and facilitators to discuss

and shape participant learning based on the competency assessment. The information
from these meetings can be used to assess the value and retention of learning including
gaps and needs met. The briefings should ideally take place with three facilitators, at
least one of whom is a learning expert or has coaching experience. This improves the
opportunity for the meaningful feedback due to higher likelihood of having observed
the participant during the training. The briefings should be semi-structured with clear
points for discussion.
The feedback is most hectic where the most learning happens, according to both the

participants and facilitators. Some SimEx events are followed by feedback sessions for
technical work outside the roles, individually or in a team. They can be guided by detailed
feedback instructions that follow the overall planning of the SimEx. Both individual
and team feedback can be situational, based on self-reflection or any exchange with

https://doi.org/10.1007/978-3-031-09959-5_1
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Table 1. SimEx feedback tools

a meaningful approach to learning. As the teams produce content during the exercise,
such as situation reports, communication across different levels, coordination meetings,
planning and funding documents, there are many documents for facilitators to review
and assess. These information products are collected centrally by the Exercise Control
and reviewed by the facilitators who are technical experts in the domains. After the
simulation, time is set aside at the final debrief to provide detailed feedback to the team
on all information products.
Team debriefing has proven to be effective when conducted in an informal and

egalitarian manner like sitting in a circle without desks. The facilitator can outline the
questions and participants can take a moment to reply. Facilitators need to manage the
conversation to ensure that each person is able to speak. Topics can include discussion
such as the plan, the results, the differences, or what went well (list three things), what
did not go well (list three things), and what one thing needs to change if this is done
again.
Self-reflection should be encouraged in all training contexts. SimEx participants are

asked to think about the simulation activity that took place, consider what they did well,
what they did not do well and what they would do differently if they encountered the
same situation again. Aids to self-reflection are observations, giving feedback to other
participants, quiet thinking time and completing learning logs or diaries [8].

6 Discussion

An appropriate set of facilitator tools can help improve the experience and skill transfer
from facilitators to learners and make the most out of the experts’ time. The mix of these
facilitation methods can also help build an immersive learning experience in a training
simulation. Adequate and thought-out facilitator methods and tools assist in realizing
a successful exercise for both facilitators and learners. Facilitators need a system of
briefing, debriefing, coaching and support to help them complete the complex tasks in
SimEx.
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The facilitators and SimEx participants start with realistic and comprehensible learn-
ing objectives and out-comes.When the overall planning is easily understood, the pieces
of the exercise puzzle are easy to absorb and implement. Various planning documents
were tested both in print and electronic format but finally the two text documents were
adequate for the facilitators. Participants have expressed things differently in the evalu-
ations, placing the learning objectives in the live play training spots. This works well if
the scenario allows you to anticipate the context and events. On the other hand, setting
the expectations upfront deviates the attention from the simulation performance and puts
unnecessary attention on the desired learning points only, whilemany learning objectives
can be achieved in each training spot.
The educational content is present at all times due to the facilitator who ensure

that the participants stay motivated and take part in the right activities by following the
planning guidance [9]. Early work on the efficiency of educational role-playing games
suggests that the effectiveness of role play within a simulation depends on the degree
of congruence between the individuals and their roles [10]. Accordingly, the individual
in the simulation and the role will determine knowledge, emotion and performance that
are interdependent.
In transformative role-playing simulation, participants are involved through four

levels of reality: a character, a player, a person and a human being that can be associated
with four dimensions of learning: knowing, doing, being and relating [11]. This unveils
the personal learning and paths towards personal development which is also a goal at
the WHO health emergency training simulations. Researchers have emphasized the role
of briefing and especially debriefing for accomplishing that purpose [12].
These elements make up the entire facilitator loop in the training exercises. In WHE

contexts, the tool for assessing core competencies has provided a way for facilitators to
develop meaningful feedback for learners about their demonstration of core competen-
cies. The process is labour-intensive and requires a collection of multiple observations
from all facilitators to be most effective. The assessment tool has allowed for construc-
tive and critical feedback to be acknowledged by participants. Training and simulations
following a CBA must consider different ways to provide feedback.
If feedback on core competencies is purely subjective, it risks a conscious or uncon-

scious bias on behalf of the observer. The more feedback there is from different facilita-
tors, the less the subjectivity. Each SimEx involved between 3,000 and 5,000 pieces of
feedback from facilitators for an average group of 20–25 participants. Closing the loop,
the analysis of the feedback corresponded with the participant’s own self-assessment
during the briefing. This further underscored the utility and accuracy of the CBA used.
Providing objective, accurate and constructive feedback on behaviours can help a person
identify and reflect on their strengths and areas for development which is a key part of the
professional and function-specific learning process. Competencies must be understood
by the staff and personnel supporting a learning programme and they need to be trained
in their use for designing, delivering and assessment of learning and training activities.
Feedback contributes to the training evaluation and improvement. It is essential to take
the time and effort spent on training to take stock, which leads to improved outcomes
over time.
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7 Conclusion

This work discusses the training exercises and presents four tools for the facilitators.
Simulation exercises are intensive and powerful tools for learning. They impose uncer-
tainty on both participants and facilitators and require full engagement. To make the best
of the experience, adequate planning for the simulation exercise facilitation is necessary.
The time, resources and effort invested will be the best utility when the simulation has
clear objectives and outcomes for learning.
As experienced in the training exercises of WHO’s health emergencies, several

tools are suited for making meaningful exercise facilitations with each having different
strengths and limitations. The tools presented for different purposes are all interlinked
and interdependent. Role play, assessments and feedback form a continuum in which
all parts need to align for the best outputs. The exercise control plays an important role
in selecting the appropriate methods for different exercises and facilitators. It requires
professional grounding in both learning and operations domains to get all pieces playing
together, smoothly and successfully.
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Abstract. Members of teams collaborate on tasks to achieve objectives. Each
member is responsible for contributing to the team which is responsible for team
success. In a game, its players contribute toward the goal of winning a game by
collaborating on activities with defined outcomes. Each member’s influence on
team decisions is critical for overall team performance because mutual influence
andmembers’ ideas are integrated into decision making and implemented through
team actions. Research has revealed that some universal and specific team actions
exert a positive influence on outcomes. Members mostly highlight teamwork,
decision-making, information processing, reaching agreements and dealing with
uncertainty as the most relevant contributions towards their outcomes. The chal-
lenge for a team is to create enjoyment and engagement, relevant and personalized
game experiences for its players which lead to outcomes of the game. The study is
an attempt to understand the perception of engineering students about the factors
and attributes of players and to see the impact of gender on their perception.

Keywords: Ability to collaborate · Ability to enjoy · Enjoyment · Functional
conflict · Social interaction

1 Introduction

1.1 Conceptual Framework

The importance of teams has stimulated considerable interest in recent years. Effective
teamwork is a major contributor for better outcomes in a game, an organization or a
project. The attributes of an effective team are a shared vision, an informal atmosphere,
participation of each team member, effective listening, functional conflict, consensus
for important decisions, open communication, clarity of role, shared leadership and
diversity of team-player styles. A high level of participation of every member is usually
considered an effective characteristic but over involvement can at times lead to little or
no progress towards achieving the team’s goals and hence, calls for introspection. A new
structure as a team is not enough. Members in the gaming team need to understand the
key elements of what it means to be in a team and require direction and facilitation for
team dynamics.
When equipped with the appropriate tactics and resources, team members can make

their teams successful. The major differences between a team and a traditional work
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group are the interdependent nature of the members’ work and their joint accountability.
There is a need to adjust some of the processes to ensure overall alignment with the
team structure. For example, joint accountability runs counter to the individual player’s
performance rewards and incentives that many teams favour. Teammembersmust under-
stand the responsibilities accompanying team membership. Individual influence refers
to the altering of others’ thoughts, feelings and behaviours [1]. Each member’s influence
on team decisions is critical for overall team performance because it is only through
mutual influence and the members’ ideas which are integrated into decision making of
the team and implemented through team actions [2].
There are various types of teams and the basic elements of participation are common

in most of them. To become an effective team player, members must be active. Passive
membership in no way can contribute to the team’s successful performance. Gaming
teams realize performance benefits that can be the integration of diverse perspectives
due to the players’ heterogeneous backgrounds [3]. Individual characteristics such as
task competence and behaviours could influence the team’s tactics [1]. Earning trust is
a central footing for teams because without a trusting environment, members cannot
accomplish their goals. In a game, team members cannot be jointly accountable in an
environment that lacks trust.
It is the responsibility of all the players to create and foster a trusting environment.

Effective team players first give trust to get trust. Too often, players set the entire team
up for loss when they do not trust their fellow members and are not trustworthy them-
selves. Nurturing a trusting environment in a game requires opening up and becoming
susceptible to accept each other. It is easier to play well when team members know that
their fellow members are with them. Players may face insecure situations while playing
a new game. They often seek relationships with members who can mentor and help them
to be ready for the surprises they could face in the new context [4].
Social interaction becomes important because of the role played by team members

in shaping identities of the new members [5]. Identification indicates how strongly (or
not) the newcomer has accepted the goals and values of the team and the intent to
become a full member of the team [6]. This process of identification not only supports
the ability of newcomers to perform in the new team but also positively affects how
existing members respond to them [7]. Members performing together in teams require
effective communication. This is not simply the words that are spoken but non-verbal
communication and listening too.
Members must be aware of how they communicate including the words they choose,

the channel selected to convey the message and the use of feedback. Too often, people
simply assume that others understand what they are saying and they understand what
others are saying. Both of these assumptions are risky while playing a game together.
Research has revealed that some universal and specific team skills exert a positive influ-
ence on outcomes. Members mostly highlight teamwork, decision-making, informa-
tion processing, reaching agreements and dealing with uncertainty as the most relevant
contributions towards their outcomes. These results have instructional implications for
determining the best way to enhance team players’ motivation and learning outcomes.
Functional conflict is essential for effectively playing the team games. While many

believe that conflict should be avoided, functional conflict helps a team to mature and
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perform at optimal levels as against dysfunctional conflict. After resolving key issues,
those teams that have a tentative peace or harmony are usually hesitant to take chal-
lenges. This can stall a team at an immature (and poor performing) stage. Teams that are
more mature encourage their members to articulate their differences and conflict while
playing the game. In any game, three faces of knowledge appear together in the form
of action, the transaction of knowledge and in the performance of the players. Systemic
interdependence arises by virtue of the constraints that these three aspects impose on
each other in the context of every particular application [8].
During game play, specific local circumstances determine how the mutual influences

between the faces of knowledge are affected. Players draw upon rules and resources
and thereby, reproduce them in the course of the game. Especially in free play, the
players have self-organizing transformative power. Games provide an opportunity to
analyze the behavior of individual players within the social network of the team. Varied
situations and broader contextual variablesmaymoderate the effectiveness of a team. For
instance, shared perceptions within the team about procedures followed may moderate
the effectiveness of the team in terms of its members putting more efforts to be effective
performers.

1.2 Rationale

The challenge for a team is to leverage the learning and skills required to play the
game, create enjoying and engaging, relevant and personalized game experiences for all
players which can be reflected in the outcome of the game. Team players could benefit
from the sense of accomplishment during the gaming process and consequently, benefit
from teamwork. The nature of games as interactive systems and playful activities help
in explaining, analyzing and communicating amongst the team members. The percep-
tion of team players about the fellow members enriches the experience of playing team
based games. Educational games usually offer nothing more than systems designed
for repetitive exercises which do not take long to bore the players. Similarly, poorly
designed educational games are unable to guide learners towards gradual learning to
ensure the desired results. Developers must design the games keeping in view the per-
ceived attributes of team players to enhance involvement, enjoyment and commitment
of the members.

1.3 Objectives

The present study was undertaken with the following objectives:

• to understand the perception of engineering students about constituent factors and
attributes of team players.

• to understand the difference in the perception of male and female engineering students
about constituent factors and attributes of team players.
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2 Method

2.1 The Study

It is an exploratory study focused at identifying the factors and attributes of team players.
The convergence of attributes is intended to bring inmore clarity about how team players
are perceived by the youth.

2.2 The Design

The study is having multi stage randomized design starting from identification of the
attributes of team players on the basis of review of literature. The attributes are presented
in the formof statements to test the perception of engineering students. The data collected
from studentswas analyzed for the next stage of the design by applying exploratory factor
analysis to highlight the constituent factors of team players as perceived by the budding
professionals.

2.3 The Sample

The sample was collected online through Google forms. A final sample of 650 engi-
neering students studying in bachelor of technology course was drawn from the initial
total sample of 720 respondents after purification of data, i.e., 70 incomplete, doubtful
or erroneous forms were rejected. The extraneous variables were, thus, controlled by
randomization and elimination. The respondents were in the age group of 18–23 years
with an average age of 22 years. Further distribution of the sample was in terms of males
and females.

2.4 The Tool for Data Collection

Based on review of literature, a tool for data collection was developed on five point
Likert scale. The tool consisted of 28 items with five possible choices as strongly agree,
agree, not sure, disagree and strongly disagree.

2.5 The Tool for Data Analysis

Simple correlation, factor analysis and Z-test were used for data analysis as per need of
the multi-stage design of the study.
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3 Results and Discussion

After running factor analysis on the data, two factors were identified: Ability to
collaborate and ability to enjoy with an Eigen value of 13.05 and 1.96, respectively.

Ability to Collaborate. This factor is constituted of item 4: collaborative relationship
(.79); item 14: thinking and feeling about the role (.74); item 8: willing to provide the
support (.74); item 2: contributes as an active member (.72); item15: true gamer hits
harder (.71); item 26: mind and body perform together (.71); item 7: competent and
committed (.71); item 5: influence on the dynamics of team (.71); item 16: optimistic
(.70); item 13: right frame of mind (.70); item 3: participation in important decisions
(.65); item 11: adds value (.65); item 1: specific expectations related to roles (.64); item
9: flexible (.63); item 17: self–reassessment (.62); item 10: diversity of opinions leading
to optimal solutions (.59); item 18: altering everything when nothing seems to work
(.58); item 25: games are just fun (.57); item 12: different roles while game progresses
(.54); item 6: responsible for outcome(.53) and item 24: new form of the game a priority
(.52) with a total factor load of 13.75 and 35.16% of variance.

Collaboration is defined in many contexts. In the organizational context, it means
working together for mutual benefits like exchange of resources, knowledge sharing,
technological know-how, capacity for innovation and diffusion of technology, strength-
ening of purchasing power and capacity to exert a higher pressure on the market [9].
Collaboration for teamwork can be argued as seeking to share better results and bene-
fits by establishing a relationship. Thus, what seems difficult for individuals to achieve
individually can be achieved with relationships and generating strength through collab-
oration. The collaborative advantage is more than an inter-team competitive advantage
generated by joint value creation mechanisms by which members of a team obtain
strategic benefits.
The belief is that players act in their best interests in relationships while perform-

ing based on what was agreed. They work together to achieve joint benefits, a feature
that affects collaboration [10]. The trust influences the interaction among the members
of a team. It contributes to collective actions and common goals that reduce oppor-
tunistic behaviours. At a relationship level, trust depicts a direct positive effect on the
performance. The development of trust arises from the connectivity established between
companies often derived from informal linkages [11]. Trust alleviates exchange ratios
and is based on relationships that members of the team establish over time. Intense rela-
tionship contributes to reputation of the team which is extremely an important feature
to build trust between members.

Ability to Enjoy. This factor is constituted of item 28: games are just fun (.75); item
22: empathy has intended effects (.68); item 19: fastest route to victory (.68); item 27:
players have fun (.67); item 20: risk is too great if it means avoiding defeat (.64); item
21: able to place soul within the body of the opponent (.60) and item 23: fresh game is
engaging (.59) with a total factor load of 4.61 and 18.45% variance.

Emotional demonstrations are not always vibrant for they alter with time with some
emotional instancesmore significant than others. Some emotional exhibitsmay influence
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players more while playing the game. The distinct emotion of happiness is the most
needed form of positive emotions which are important for building relationships in
interpersonal contexts [12]. Since a game is played for a prolonged period, the displayed
emotions can vacillate. Exhibited delight at its peak moment plays a critical role in
influencing the level of backing support received from the audience.
Gestalt theory maintains that peak is one of the few salient stimuli that are most

memorable to and thus encoded by people, therefore showing a unique effect on people’s
summary assessment beyond the average or general state of all stimuli [13]. Visual
selective attention theory also suggests that people pay the most attention to the stimuli
that are the most vivid and expressive, such as peak moments; greater attention in turn
leads to better memory [14]. Since displayed joy at its peak moment is particularly
noticeable and salient, it has a distinct influence on the response of audience who may
feel more joyful when they sees highest displayed joy by the team players.
This can happen through emotional contagion, a situationwherein an observer, while

observing emotional expressions of another person, mechanically imitates the expres-
sions and starts to feel the same emotion [15]. Emotional contagion is strong when
the emotions are at their peak and are highly expressive [16]. The joyful feeling of
the audience can become meaningful moments in a player’s experience and evaluation
of the game. Earlier studies have shown that positive emotions can reduce debate in
decision-making and lead one to cultivate favorable decisions [17].
Escape smartphone gaming is linked to boredom proneness and gaming related

problems [18]. People who experience intense boredom frequently in everyday life play
smartphone games to escape or alleviate the feeling of boredom and end up with the
problems of excessive game play like addiction to game play for longer periods with
loss of awareness of time and space. The urge is more to escape boredom rather than
to have fun or enjoyment. The game has to be played for fun rather than to escape the
boredom. The joyful experience leads to positive emotions.
To find the difference in the perception ofmale and female students on the constituent

factors of the team players, Z-test was applied. It was found insignificant on both the
factors showing that there is no significant difference in the perception ofmale and female
students on the factors, ability to collaborate and ability to enjoy. Both male and female
students share similar perception on the factors and attributes of team players. This can
be ascribed to the fact that these days, gender has lost its impact on the perception ofmale
and female students about the attributes of team players due to digitization, exposure to
social media and electronic media, equal opportunity to technical education, and games
and sports.
It is well known that the ability to collaborate is essentially a part of teamwork but it

is interesting to note that students perceive fun in terms of ability to enjoy as a constituent
factor of the attributes of team players. Thus, the element of enjoying a game is seen to
be essentially visible in team players and keeps teammates together while setting a goal
to win. The common perception of students is reflected by having no impact of gender
on the perception about the factors and attributes of team players. The study has, thus,
revealed a two tier model in this regard (Fig. 1).
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Fig. 1. Diagram: two tier model of attributes of team players

4 Conclusion

Games have the potential to mix positive experiences. They enhance the opportunities
for players to engage in meaningful discourse, actively construct and reformulate their
knowledge, and to practice scientific reasoning and argumentation. These practices allow
players to enhance their cognitive and metacognitive abilities. The results of the study
have implications for game designers who should consider the scope for collaboration
and fun while designing a new game. Game administrators can also encourage team
players to collaborate and enjoy the game for superior and satisfying outcome.
It needs to be further studied why 21 items converged into a single factor i.e., ability

to collaborate, whereas only seven items converged into the other factor, ability to enjoy.
A comprehensive study needs to be designed to clarify whether the findings of this study
indicate that cognitive elements have an edge over affective elements in a team-based
game. The endorsement of the resultsmay show that a teamgame is perceived by students
as an opportunity to learn while having fun. Enjoyment acts a bond to continue playing
the game. The implications for researchers are to explore the perception in different
age groups, study the perception of non-technical students in the same age group and
compare the impact of culture on the perception of students.
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Abstract. The study presents partial results of the project Simulation+Virtual
Exchange 2021 (Sim+VE 2021). This project successfully brought together stu-
dents from a course on teacher training from the Catholic University of Valen-
cia (UCV) in Spain with student teachers, in-service teachers and academicians
from various universities in Spain, Tunisia, Austria, Romania, USA, Argentina,
Canada, Netherlands and UK. The simulation ‘The School of Valtance’ was car-
ried out for eight weeks by synchronous and asynchronous virtual exchanges.
Using simulation as a methodological strategy, high quality education was con-
tinued through virtual exchanges and the application of simulation in a digital
environment. Thus, this paper is a study of the school environments, doing thor-
ough research and building intercultural dialogue between the professional agents
participating in education. The positive results of the experience suggest that ini-
tiatives using simulation may challenge the policy-makers who perceive teacher
education as a fairly closed experience of professional formation, rather than as
global collaborative and lifelong learning.

Keywords: Simulation · Active listening · Intercultural dialogue · Classroom
management · Cultural diversity · Educational challenges

1 Introduction

The study presented here gathers the most relevant insights of the academicians partic-
ipating in the project Simulation+Virtual Exchange 2021 (Sim+VE 2021). Participants
involved in education worked collaboratively in mixed international teams to solve some
educational challenges collected in the simulation scenario, ‘The School of Valtance’
version 2. Pre-service teachers were given opportunities to develop and practice profes-
sional skills (assuming role profiles such as parents, special needs teacher, head of the
school, language teacher and other colleagues) in a safe simulated environment [1]. This
initiative makes perfect sense in teacher training since mistakes committed in a real-life
environment are difficult to revert, most of the times. Through simulated environments
in which reflective dialogue takes place (reflection-on-action), pre-service teachers have
an opportunity to analyse their performance [2–5]. ‘This kind of repeated practice is not
only possible but encouraged and can be accomplished without any harm to real adults
or children’ [6].
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The present project aligns with the International Higher Education Teaching and
Learning Association, among others, to identify and reflect on the strengths and weak-
nesses of dialogue within the framework of simulation (https://www.hetl.org/). In times
of pandemic, we have attempted to extend this dialogue to other professionals abroad
through virtual exchange as we have had to adapt to an online mode of teaching unex-
pectedly. Originally consisted of face-to-face dialogue practice and a more traditional
classroom simulation, our course had no option but to be adapted entirely to a virtual
mode [7]. It was the leading coordinators’ initiative to enhance intercultural dialogue in
teacher training through the transformation of this project into a large-scale simulation.

1.1 Intercultural Dialogue Through Simulation

In the face of the increasing diversity of society and multicultural classrooms, the White
Paper on intercultural dialogue, ‘Living together as equals in dignity’ defines intercultural
dialogue as:

a process that comprises an open and respectful exchange of views between indi-
viduals and groups with different ethnic, cultural, religious and linguistic back-
grounds and heritage, on the basis of mutual understanding and respect. It requires
the freedom and ability to express oneself, as well as the willingness and capac-
ity to listen to the views of others. Intercultural dialogue contributes to political,
social, cultural and economic integration and the cohesion of culturally diverse
societies. It fosters equality, human dignity and a sense of common purpose. It
aims to develop a deeper understanding of diverse world views and practices, to
increase co-operation and participation (or the freedom tomake choices), to allow
personal growth and transformation, and to promote tolerance and respect for the
other [8].

The document argues that coexisting with dignity will depend on our ability to
promote mutual understanding for managing cultural diversity. Dialogue should be con-
ceived as a collaborative process in which participants search for understanding rather
than confronting [9, 10]. Dialogue involves active listening and the exercise of critical
thinking and can reveal assumptions and biases for re-examination [11–14].
In Sim+VE 2021, intercultural dialogue has proved to be central to embrace edu-

cational issues from different contexts, personal experiences and realities. Testimonies
from all the participants reveal the significance and impact of the learning about other
educational systems, the way students learn better, strengths and limitations in each
place. Training teachers for the future should comprise understanding and reflection
from other educational realities as classrooms tend to be more and more multicultural.
Sim+VE 2021 addressed the communicative and international components in active

dialogic interactionswith agents of educationworldwide in an effort to emulate a realistic
school setting. In the proposed simulation, participants were actively involved to find
solutions to certain educational problems or situations described in the scenario. They
were exposed to reading material, audio-visual resources and recent online news to
familiarise themselveswith educational issues. They did research and proposed thorough
ideas during the virtual exchanges.

https://www.hetl.org/
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1.2 Virtual Exchange

Broadly speaking, virtual exchange refers to online interactions comprising groups of
learners/participants from other cultural contexts or geographical locations who carry
out specific tasks as an integrated part of their educational programmes [13–15]. Through
virtual exchange, people from diverse contexts are brought together in significant cross-
cultural experiences. Due to the pandemic, many students were not able to have their
international experience abroad. Therefore, in Sim+VE 2021, students from teaching
degrees were offered an international experience by participating in an intercultural
simulation through virtual exchange. The added value of the project was the voluntary
participation of professionals from other levels of the educational strata such as school
teachers and teacher trainers from universities. This collaborative intercultural dialogue
facilitated by simulation and virtual exchange became an ideal pedagogical cluster in
times of pandemic [7, 16, 17].

2 Method

The participants and the instruments to collect data in ‘The School of Valtance’ Version
2 are described below.

2.1 ‘The School of Valtance’ Version 2

‘The School of Valtance’ Version 2 is a revised version of ‘The National School of Val-
tance’ which describes a school environment and tackles educational issues that coincide
with the participants’ professional expertise and training for the project [7]. Thus, this
version addressed the following educational challenges for secondary education:

• Teaching methodologies in English as a Second Language (ESL): language teaching
skills

• Classroom management
• Shared teaching through lesson study
• Literature, storytelling and drama in English
• Multiple modalities in teaching & assessing
• Crisis management: coping with crisis, online teaching (COVID19, …)

The scenario fully describes the school project and the educational challenges to be
worked on.

2.2 Participants

Mixed teams [n= 16] of 6–8 participants each of in-service teachers, academicians and
pre-service teachers from faculties of education of Spain, Tunisia, Austria, Romania,
USA, Argentina, Canada, Netherlands and UK were created. All of them volunteered to
participate in the project. An international certificationwas offered to each in recognition
of their participation.
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2.3 Procedure

Data was collected through:

1. Microsoft Teams for recorded synchronous sessions
2. Linkr Education for asynchronous conversations per team
3. Dedoose 9.0 for the qualitative study

The procedure consisted of preparing mixed teams to participate in all the phases
of simulation: briefing, simulation and debriefing (Table 1). The leading university
(Catholic University of Valencia) was in charge of making the teams with the three
figures represented in each: pre-service teachers, academicians and in-service teachers.
Profile roles were assigned to the participants such as Head of the School, the Valtance
English Department (ValED), the Valtance Pedagogical Advisory Board (ValPE), Ser-
vice learning (SerVal), the Valtance Special Education (SpEd) and the Valtance Parent
Association (ValPAR).
The leading university (Catholic University of Valencia) contacted other profes-

sionals from the above-mentioned universities to coordinate the briefing phase and find
in-service teachers and pre-service teachers from abroad as volunteers to participate in
Sim+VE 2021(Fig. 1).
Research, team-making and simulation briefing constitute the initial phase. As in

every simulation, participants not knowing the simulation scenario received guidance
(instruction on simulation procedure, discussions on some educational topics) from their
local university academicians. They did research on current educational topics such as
teaching English as a second language, classroom management, lesson study, special
needs in education, family and education and service learning. These discussions held
at each place helped sharpen the simulation scenario ‘The School of Valtance’ Version
2.
The simulation phase comprised synchronous and asynchronous sessions. For the

synchronous sessions, one session was formally scheduled every week in which teams
got together viaMicrosoft Teams. Participants carried out the simulation by analysing the
educational challenges in the scenario and discussing possible solutions. These sessions
were recorded. For the asynchronous sessions, participants mostly used Linkr Education
to post their views of some topics and share some reading or visual material with their
team. Asynchronous sessions were agreed internally in each team though it was com-
pulsory to participate at least twice a week. Some participants opted to use alternative
tools such as Google Drive or OneDrive.
The simulation and debriefing phases were coordinated by the leading university in

Spain (Table 2).
The preparation phase (finding participants, discussing educational issues and depict-

ing educational challenges) was conducted from week 1 to week 4. This gave the aca-
demicians enough time to prepare the simulation scenario incorporating the suggestions
after the discussions held at each place.
Week 5 to week 8 were devoted to the briefing, simulation and debriefing of the

scenario.Aqualitative analysis of the experts’ perceptionswas conducted. The debriefing
session in Week 8 was recorded in order to recall the scholars’ comments and transcribe



Intercultural Dialogue Through Simulation and Virtual Exchange 65

Table 1. Some teams in Sim+VE 2021.

Pre-service teacher Valencia 1. Head of the School TEAM

Pre-service teacher Valencia
4. ValED, the Valtance English
Department 1

Academic Tunis
2. ValPE, the Valtance
Pedagogical Advisory Board

In-service teacher Tunis
4. ValED, the Valtance English
Department

Academic Lancaster
4. ValED, the Valtance English
Department

In-service teacher Cluj-Napoca 5. SerVal: Service learning

Pre-service teacher Chicago, IL
6. SpEd: the Valtance Special
Education

Academic Netherlands 3. ValPAR, the Valtance Parent 
Association

Pre-service teacher Valencia 1. Head of the School

Pre-service teacher Valencia
4. ValED, the Valtance English
Department TEAM

Academic Tunis
2. ValPE, the Valtance
Pedagogical Advisory Board 2

In-service teacher Tunis
3. ValPAR, the Valtance Parent 
Association

In-service teacher London
4. ValED, the Valtance English
Department

Academic Cluj-Napoca 5. SerVal: Service learning

Pre-service teacher Valencia 1. Head of the School

Academic Valencia
4. ValED, the Valtance English
Department TEAM

Pre-service teacher Tunis
3. ValPAR, the Valtance Parent 
Association 3

In-service teacher Tunis
4. ValED, the Valtance English
Department

In-service teacher Argentina 5. SerVal: Service learning

Pre-service teacher Cluj-Napoca
2. ValPE, the Valtance
Pedagogical Advisory Board

PARTICIPANTS' NAMES & 
POSITION

CITY E-MAIL PROFILE

*Details of participants have been omitted for anonymity.

Fig. 1. Simulation procedure for Sim+VE 2021
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Table 2. Sessions organization

Dates Tasks

Week 1 to Week 3
(February 10th –24th)

Specialized literature analysis, discussion and exemplification

Week 4
March 3rd

Virtual Exchange 1. Synchronous Meeting only with academicians:
Simulation scenario discussion and adaptations
Mixed Teams making

Week 5
March 10th

Virtual Exchange 2. Synchronous Meeting: Briefing+Getting to know
each other

Week 6
March 17th

Scenario analysis Profiles assignation
Virtual Exchange 3. Synchronous Meeting: Simulation ‘The National
School of Valtance’

Week 7
March 24th

Virtual Exchange 4. Synchronous Meeting: Simulation ‘The National
School of Valtance’

Week 8
March 31st

Virtual Exchange 5. Synchronous Meeting: Debriefing by experts.
Recorded session. Transcription and analysis for the qualitative study

them for the study.University teachers’ feedbackwas first classified into initial categories
and subcategories until saturation of the data. The main conceptual categories were
defined and analysed with the software application Dedoose version 9.

3 Results

The qualitative study yielded two main conceptual categories: intercultural dialogue
(sub-categories: cultural differences and language restraints); and simulation interaction
(sub-categories: content-knowledge and anxiety).

3.1 Intercultural Dialogue

The success of the project is closely associatedwith the commitment of the academicians
at each place, most of whom have wide experience in intercultural communication and
virtual exchange. Through the integration of simulation and virtual exchange, the dia-
logue was rich enough to elucidate different aspects of education which are conditioned
by the participants’ expertise and culture. Some participants’ testimonies are:

– I found it very thrilling. Lots of ideas about the simulation topics. There were some
cultural differences that are harder to bridge in a short visit just as there would be
if I, as an American educator teaching in a densely populated urban county would
have if I was talking briefly with a teacher in a different city in another State in the
US. But overall the issues with my European counterparts were the same dilemmas
of practice. (A7)
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– The simulation providedagreat opportunity for all participants to share their concerns
about their educational realities, and to build off of one another to provide adequate
solutions. The variety ofmembers in each teamwas especially interesting, as it allowed
for a good range of discussion. (A15)

– I really liked the experience though in my team there was quite a lot of debate around,
lesson study. Observers are allowed into the classroom in places such as Austria,
UK, USA, etc. However, in some other countries, this is totally forbidden. A good
discussion was held around the regulations in each country, the pros and cons of more
conservative systems. (A16)

This international dimension through simulation and virtual exchange has brought
a unique value as it allowed participants to broaden their professional horizons without
the need to travel while acquiring intercultural knowledge and communication skills.
Participants highly valued the possibility to practice a second/foreign language as their
feedback indicates:

– Pre-service teachers in my team found some difficulties expressing their ideas, prob-
ably due to their level of English. However, they acted as true professionals, they
participated in the discussions and used the chat and online translator when they
occasionally got stuck with an idea. It did not affect the conversation. (A2)

– Dialogue was fluent and the level of English was fine, although I found most of the
discussion based on opinions. I would have liked the participants to support their
ideas more on the previous preparation they received or the specialized literature
studied. (A17)

– The academicians had a very active role in my team. We had agreed on listening to
the analysis of the different problems by the rest of participants, school teachers and
practice teachers. We were surprised by the clear and sound understanding of the
situations in spite of the lack of teaching experience of some of the participants. (A9)

Two relevant aspects can be analysed from these testimonies. First, to be able to
participate in a simulation or international event based on active communication, it is
necessary to have a good command of the target language (English). This communi-
cation practice may stimulate participants to speak up their minds or may hinder them
from collaborating with their opinions and knowledge simply because they lack a good
command of the language. It is important to bear this in mind when making the teams.
Initial interviews to detect participants’ level of English should be conducted to properly
make mixed-level teams and guarantee participation.
Second, to make the most out of the simulation experience, it is important to educate

the ability to listen to each other.All participants should be taughtmulti-partiality to avoid
mental triggers during the preparation and briefing phase. When triggered, participants
have a hard time hearing what the person is actually trying to say because they may give
more attention to those who speak more fluently or those they agree more with. In the
study, academicians were more aware of this and acted as monitors, letting everyone
participate and feel heard and represented.
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3.2 Simulation Interaction

Most academicians highlighted the great value of simulations to tackle educational issues
as their testimonies recall:

– It was really beneficial to share different points of views about the educational delivery
worldwide in order to try to improve it in the future. (A3)

– I am so happy to have such a chance and I definitely would do it again! All the
participants are professional and confident and have a wonderful view on education!
(A6)

– The simulation confirmed that all our student teachers struggle with similar issues on
their journey to become teachers. All the teachers I participated with brought their
full smart, empathetic, generous spirit to the dilemmas of practice. I appreciated their
authentic, curious questions. Bravo to all of the teacher candidates that participated.
(A7)

The academicians observed that most participants found the simulation beneficial.
The fact that they could speak with other professionals of education was something
unique in itself. Most found an inner drive to perform their profile role very naturally.
A few cases showed anxiety and nervousness. For most participants, the simulation was
something new and was totally inexperienced. Yet, for a small group of participants,
the simulation resulted in a problem more than an opportunity to share and learn. The
schedule was tight and the preparation of the scenario may have demanded extensive
research. As some scholars indicated, this anxiety was perceived during the first virtual
exchanges (Weeks 4 and 5) and the synchronous session in the simulation (Week 6).
After the participants got into the dynamics and trust was built among participants, the
rest of the sessions ran smoothly for everyone.

4 Discussion

The integration of simulation and virtual exchange helped participants engage in inter-
cultural dialogue conducive to learning.With this proposal, the strengths andweaknesses
for an intercultural dialogue within the framework of simulation and virtual exchange
were identified. An underpinning strength is the possibility offered to the participants,
especially students from Spain, to successfully achieve the objectives of the Master
Programme.
A true commitment of the academicians in each university made the experience

possible and highly beneficial to all participants. As some recalled, they could prac-
tice English in a professional context. However, in such large scale projects, language
restraints may hinder participants from achieving effective communication. In the case
of Sim+VE 2021, only some participants found some limitations that could be solved
with the assistance of other team members and technological tools (online translators).
This should be taken into account when making teams in order to guarantee active par-
ticipation. The difficulties expressing ideas may boost ‘mental noise’ or ‘triggers’ in
some participants. In highly communicative-based activities, language problems may
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occur such as hearing what the person is actually trying to say or overly-active listen-
ing when someone plans a response without attention to the communications of other
participants. It is important to teach and provide enough practice on how to listen and
avoid mental triggers before the participants are engaged in the simulation. This could
be a long process and the guarantee of success may rely on the effective guidance of
the facilitators. This applies to anxiety management during the simulation. Anticipated
practice and control over the content by thorough research should help participants better
manage emotions during simulation interactions.
Finally, this collaborative intercultural experience enhanced by the integration of

simulation and virtual exchange becomes an ideal strategy to foster interaction between
students and educators worldwide and promote the internationalisation of higher educa-
tion. Using simulation may well challenge the many policy-makers who still see teacher
education as a closed experienceof professional formation rather than as the startingpoint
for global collaborative and lifelong learning which should characterize a twenty-first
century teacher’s career.
The results may be extrapolated to other fields in higher education. Faculties of

Business Administration of Spain, Tunisia and Canada will carry out Virtual exchange
+ simulation in the course 2021–2022. Participants will work in international virtual
teams in the identification of challenges that affect their different communities. Likewise,
the faculties of law of Spain and Italy will work in international virtual teams comparing
judicial systems and applying them through simulations.
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Abstract. Co-design is a widely implemented practice in many areas of design
and systematically incorporates the ideas, knowledge and interests of stakeholders
into the design of an artefact. Literature gives insufficient insight into how the con-
temporary co-design practices in educational video games (EVG) are structured in
the design process. This research aims to resolve that gap by answering the ques-
tions: (1) How are the co-design practices of EVG companies structured? (2)Who
are the relevant stakeholders of EVG? (3) How are those stakeholders involved
in the design process? (4) How do stakeholders influence game design elements
(GDE) of EVG? Twelve educational game designers from international compa-
nies were asked to describe their co-design practices, define their stakeholders and
explain how they are involved. They explored how stakeholders influence specific
GDE that impacted game design. After systematically exploring the influence
of the stakeholders, the data collected from the ranking and hierarchy exercises
were aggregated and contrasted with the interviews for interpretation. The results
show that most co-design practices are similarly structured but display varying
degrees of stakeholder involvement. While stakeholders and their influence on
GDE can vary across projects, some consistencies were found. Three co-design
stages involving at least four of the five types of stakeholders were identified.

Keywords: Collaborative design · Content experts · Game design element ·
Pedagogy experts · Stakeholder involvement

1 Introduction

Educational Video Games (EVG) can be distinguished by their primary design purpose.
Commercial off-the-shelf games may occasionally deliver educational content, but their
design prioritizes fun over learning [1]. On the other hand, purely educational games
prioritize learning over fun. Primary education is the most appropriate age to integrate
EVG due to several reasons, primarily due to the positive attitude educators have towards
games and the flexibility of their curricula [2]. Therefore, this study focuses on the co-
design of purely educational games for children between 6 and 12 years in primary
education.
The term co-design commonly conceptualizes collaborative design by involving

parties from outside of a design and development team [3]. The needs and demands of
students and educators should bemet during the development of EVGwhich could trans-
form serious games in education in innovation and acceptance [4]. Their involvement in
the design process effectively makes them co-creators and stakeholders.
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Previous studies navigate the discourse on the co-design of educational games, their
application within an academic context and identify co-design challenges [5]. The exten-
sive time investment required from stakeholders seems to be a recurring issue in practice.
Co-design may be more efficient by involving stakeholders only when needed and rele-
vant but where and when they should be included in the game’s design process remains
unclear.
It is necessary to review the applied methods to validate contemporary design prac-

tices and ensure the quality and positive impact of future EVG.While most serious EVG
companies claim to co-design their games with stakeholders, they do not provide public
documentation of their practices. No frameworks for co-design seem to be publicly avail-
able or exist in the context of EVG which is a gap in our knowledge. Examples of such
frameworks can be taken from other industries’ product design practices [6] and may
guide the design of a context-specific co-design framework. The aforementioned gap
thereby drives this research to explore the structure and stakeholders of contemporary
co-design practices. The objective is to study the co-design practices of EVG companies
to create a preliminary co-design framework.

2 Study Design

2.1 Research Questions

To close this knowledge gap, the following questions were designed to (1) understand
the structure of co-design practices, (2) how stakeholders are being identified and (3)
involved in the design process and (4) the influential game design elements within
contemporary EVG companies.

• RQ-1: How are co-design practices structured?
• RQ-2:Who are the stakeholders of EVG?
• RQ-3: How are they being involved in their design process?

Through semi-structured interviews with open-ended questions, qualitative data is
collected from educational game designers who define terms and processes of co-design
or stakeholder involvement and explain how they are conceptualized and structured.
Follow-up questions on specific aspects such as stakeholder prioritization or involvement
methods are asked when more detail is needed.
The first research question gives an overview of their co-design practices and struc-

ture, the participants and their involvement. The second and third questions aim to
provide insight into how stakeholders are identified. EVG are expected to be diverse
in nature and purpose, leading them to require a specific cohort of stakeholders. In
anticipation of this problem, a fourth question is asked to support the co-design process.

• RQ-4: How do stakeholders influence game design elements (GDE)?

Game Design Elements (GDE) are components or aspects of a game that can be
conceptualized differently. Exploring how different stakeholders influence specific GDE
during the collaboration appears not to have been done before and could highlight useful
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trends for a more generalized and structured co-design practice. This research uses
GDE proposed by three different authors [2, 7, 8] to accommodate game designers with
potentially different perspectives.
To explore how stakeholders influence GDE, a gamified exercise of custom de-sign

was used to engage game designers during the online interviews. Participants were first
asked to define and rank a maximum of five stakeholders how strongly they believed
them to influence game design choices in a specific game. They often used examples of
other games they had made to compare and exemplify their arguments. After defining
stakeholders, participants built a six-piece pyramidal hierarchy of influence to illustrate
how strongly a specific stakeholder influenced those GDE (Fig. 1). This exercise was
systematically performed for all stakeholders in decreasing order of their ranking. The
interviewer requested explanations to understand how stakeholders influenced the design
process.

Fig. 1. Hierarchy of influence: example response from an interviewee.

This exercise provides qualitative data onhowstakeholders influence the gamedesign
process while collecting quantitative data from their responses. Based on their placement
within the hierarchies of influence, GDE are assigned values. If the quantitative and
qualitative data coincide across interviewees, they may indicate relevant relationships
to aid the design of a systematic approach for the stakeholder involvement process.

2.2 Data Collection

Twelve interviews were conducted with experienced educational game designers from
eleven EVG companies from six countries (The Netherlands, Denmark, Portugal, Peru,
Indonesia and United States of America). Enlisting these participants during COVID-19
pandemic was a challenge. Over 40 EVGwere contacted over their websites, emails and
social media. The majority of companies did not respond or declined. After almost four
months, the twelve interviews were recorded.
Most companies within this sample are small; seven out of 12 companies had five or

fewer employees ofwhom the game designerwould also be theCEO, business developer,
creative director, programmer, researcher or project manager. These interviews offered
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perspectives on their game design process, general company procedures and philoso-
phies. The larger companies would have more specialized roles for their team members,
leading to potential limitations in their knowledge. The different profiles within larger
companies were interviewed to get sufficient insight into their co-design philosophies
and procedures. Two interviewees were unfamiliar with the nuances of their companies’
design practices and were not asked to answer the fourth question.

3 Results

3.1 Contemporary Co-design Practices

Interviews revealed that the co-design practices across companies were relatively similar
in structure. Most EVG are commissioned by clients with specific goals. They occasion-
ally also pitch projects to potential clients. In a few cases, EVG are developed first and
then offered to educational institutions or sold as commercial games. This practice was
described by interviewees as risky and unsustainable, with a limited impact on users and
fewer possibilities of collaboration with stakeholders. From eight out of 11 companies
of the sample worked for commission while the others were less committed to a business
model or co-design process.
Companies working with clients always start with the scoping process which takes

place once a project has been commissioned by a client. It is considered the first step in
co-design and aims to define a set of parameters for the project. One company employs
a questionnaire to establish parameters such as the target audience, context, goal and
the desired change and measurement in behaviour. While larger companies tend to have
systems in place for this process, smaller companies have a less structured approach.
Once the scope is defined, most companies request their clients for a list of relevant

stakeholders for the project. Game designers engage these stakeholders in an iterative
process of design and testing which are reported to overlap and intertwine until the
game is complete. Only one large company profiled its stakeholders for a strategic
approach while designers of other companies did not present a specific structure or a list
of stakeholders for this iterative process.

3.2 Stakeholder Involvement

Game designers generally acknowledge the benefits of collaborating with stakeholders
to design a game with a measurable impact. Interviews reveal mixed opinions on how
extensively they like to involve stakeholders. Most companies do not like to interact
with stakeholders. One interviewee explains how clients tend to be fixated on ideas
or introduce biases which lead to difficult conversations that end in disappointment or
frustration. Smaller companies tend to have fewer resources to manage these situations
andprefer havingmore control over the creative design.They can cost time andnegatively
affect the relationship with their client and their reputation in the market. One of the
smaller companies developed a gamified application that quantitatively samples their
stakeholders’ preferences on features for the project. They could quickly settle disputes
and let the data guide their design process, reducing the need for recurring meetings with
stakeholders.
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Some designers also reported experiencing difficulties managing the expectations
of multiple stakeholders with opposing opinions. Conflicts of interest among stake-
holders, which the team was not equipped to handle, often created unexpected tension
and, in one case, led to a situation where the client had to intervene and dictate the
resolution. Companies that prefer more hands-on involvement from their stakeholders
briefly mention the use of specialized workshops and brainstorming techniques that
can last between 5–6 h and are said to enhance the team spirit. However, they require
resources and time that not all companies, clients or stakeholders have or are willing to
allocate.
As stakeholders, clients seem to be most involved at the beginning of the project

during the scoping stage, after which their involvement declines. On the other hand, the
other stakeholders are brought in soon after the scoping process, some for the design
stage and others for the testing stage. Each stakeholder seems to have a place within the
co-design process which varies based on their role and depends on the scope and context
of the EVG. Different types of stakeholders were identified from interviewees but not
all were considered relevant to all projects.
In the case of a mathematics or programming game, designers did not feel the need

to involve content experts as some of their team members could fulfill that role. One
of the interviewees was an instructional designer who may generally fulfill the role of
a pedagogy expert. In other cases, many unexpected kinds of stakeholders for EVG
emerged that were specific to a project, its learning objectives, context and the needs of
their designers. Some examples were healthcare professionals who care for childrenwith
asthma and are familiar with their condition, psychology researchers who study how to
improve children’s performance with attention deficit disorders and where a client and
a venue were presented as two different clients with different needs and interests.
To avoid the splintering of stakeholders, and to support the stakeholder involvement,

emergent stakeholders were categorized into groups based on the roles they played.
(1) Content experts include subject matter specialists, curriculum coordinators and
researchers who provide knowledge on the subject and guide the content creation of
the game while (2) pedagogy experts include freelance consultants, researchers, health-
care professionals and psychologists who would guide the pedagogical aspects of the
game. Researchers could play either role depending on their expertise. Interviewees’
explanations were essential to guide the interpretation of their roles within their specific
contexts for the most appropriate categorization. This grouping is therefore contex-
tual, non-exclusive and potentially biased by interpretation. Six stakeholder groups with
forty-two stakeholders were identified across the ten game designers.

3.3 Stakeholder Prioritization

The quantitative data collected from the application shows the influence of stakeholders
on GDE. Only two of the 10 interviewees defined five stakeholders, while all others
defined four. The fifth stakeholder was discarded to homogenize the responses so that
only four would be taken into account per participant. Higher ranking stakeholders are
considered to have a higher priority in terms of influence in the game design process.
The highest ranking would receive four points to numerically represent this, while the
lowest would only receive one point. Each interviewee would thereby be assigned 10
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points to different stakeholders, adding up to 100 points. Their rankings were added
individually to quantify their accumulated weight within this sample, labeled as their
prioritization values. All stakeholder groups are arranged in order of these values which
coincide with their reoccurrence, showing how often they were included as stakeholders
by game designers (Fig. 2). Only two stakeholders were discarded, leaving the total
points in reoccurrence at 40.

Fig. 2. Stakeholder ranking.

The mean average weight is calculated by dividing the prioritization values by their
reoccurrence. It averages the influence of the stakeholders in co-design practices within
this sample. Teachers, pedagogy experts and content experts have the same amount of
prioritization points and explain why their average weight inversely mirrors the decrease
in reoccurrence. Teachers are therefore more likely to influence design choices within a
game than pedagogy experts. It is important to note that this can shift dramatically from
project to project according to their context. For example, if the EVG were designed to
be used outside a class, teachers may not be involved at all.

3.4 Stakeholder Influence

From the application data, it can be concluded that GDE are most likely influenced
by stakeholders and are assigned a symbolic value based on their placement within
the hierarchies of influence (Fig. 1). The top pyramid tier gives three points, then two
points and finally one point. These accumulate over entries and show which GDE are
most influenced by stakeholders. Multiplying them with the stakeholders’ prioritization
points from their corresponding hierarchy of influence allows their relative weight to
be factored in for more distinctive results. The accumulated values for all GDE, normal
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and factored, and arranged by factored values reveal a relatively steady curve of decline
which is mirrored by the normal values with very few discrepancies (Fig. 3).

Fig. 3. Most influenced GDE

Stakeholders will be reviewed in descending order of reoccurrence to show how
strongly the identified groups of stakeholders influence individual GDE. Due to the
small sample size and exploratory nature of the quantitative data, these numbers have low
reliability. Strong outliers are only considered indicative if the qualitative data supports
them. Under these conditions, GDE may be potentially relevant in the context of a
specific stakeholder.

Children. As stakeholders, children have the most substantial influence on the engage-
ment, aesthetics and mechanics of EVG as distinctive quantitative outliers as confirmed
by game designers during the interviews (Fig. 4). Aesthetics and mechanics seemed to
create engagement. Some game designers mention their occasional reliance on mechan-
ics as amethod of keeping children engaged.Gamemechanics seem to be amore intuitive
and less challenging method of engagement unlike aesthetics.

One interviewee expressly focuses on their efforts of appealing to children and draw-
ing their attention for engagement. During the design and testing stage, they ‘[…] try
to see whether this style of animation or this storyline is appealing for them and those
are very iterative processes’. Aesthetics are often portrayed as an efficient method of
engaging children with the game but this is not an easy task and must be extensively
iterated. Another game designer acknowledges the importance of aesthetics and elabo-
rates on the challenges they encountered measuring the impact of aesthetics on children.
‘[…] You can’t ask them ‘hey, do you like how this is drawn?’-They’ll have an emotional
connection with the picture, depending on what the picture depicts and not depending
on the art style. […] They could like a specific image with some art style, but then they
would have preferred maybe the other art style if we’d continued with the other one.
It’s hard to measure’.Many other game designers shared similar experiences and some
report relying on parents or guardians to help children convey their feedback accurately.
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Fig. 4. GDE most influenced by children.

Pedagogy Experts. The GDE pedagogy is the most influenced by pedagogy experts
(Fig. 5) who are only one point below children in reoccurrence. Outliers become more
challenging to identify, for which the reliance on qualitative data becomes more impor-
tant. Pedagogy is the main outlier and is supported by qualitative data. This stakeholder
group is defined by its role in the pedagogical design of EVG. To be specific, one inter-
viewee explains how they have ‘[…] their own ways of teaching and we do not want
to block that. […] We want to enhance their ways and that’s one of the most important
things’. This illustrates how strongly they can influence the pedagogical aspect of the
game.

Fig. 5. GDE most influenced by pedagogy experts.

To a lesser degree, the mastery, goals and rules of GDE were often discussed in
the context of learning objectives and pedagogy of a game. However, due to their more
ambiguous result in the application, only goals will be considered a distinctive yet
ambiguous GDE by pedagogy experts.
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Content Experts. The influence of content experts is spread out across many GDE,
resulting in a far too ambiguous graph that does not show distinctive outliers (Fig. 6).
It is possible that the content of an EVG consistently influences most GDE or that the
ambiguity could be resolved by analyzing examples by topic such as STEM, history and
language.

Fig. 6. Most influenced GDE by content experts.

Teachers. Similar to pedagogy experts, teachers have a strong influence on the peda-
gogical design of the game, almost exclusively when the EVG is being designed for a
classroom (Fig. 7). Unlike pedagogy experts, teachers seemmore influential due to their
role as facilitators by using the game in a classroom. Theymay have a lower reoccurrence
than pedagogy experts within the presented sample but rank higher, increasing their
average weight of influence. They are effectively users and are therefore more influential
than most stakeholders and often included in the game’s design and testing stage.

Some game designers briefly referred tomastery, goals and progression as otherGDE
factors that teachers often want to influence. However, only mastery is quantitatively
distinctive enough to be considered a potentially consistent GDE that teachers influence.
Yet this is only true for games designed in the context of a class.

Clients. When included, clients tend to be influential in defining the technology and,
to a lesser extent, pedagogy of a game. Their primary role seems to be to determine
the general scope and context of the project. It reflects their distinctive influence on
the technology for which the game needs to be developed, corresponding to its context
(Fig. 8). According to game designers, the learning objectives tend to be defined by
the clients who sometimes prefer to remain involved, although they are not necessarily
pedagogy experts.

Parents/guardians. The stakeholder group is rarely involved and almost exclusively
considered a facilitator for children who play EVG at home. With the lowest scores
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Fig. 7. Most influenced GDE by teachers.

Fig. 8. Most influenced GDE by clients

on all accounts, parents have the most ambiguous result with engagement, mastery and
technology as potential candidates, but the qualitative data is insufficient to support this
(Fig. 9).

4 Discussion

4.1 Co-design

Most contemporary serious game companies that make EVG seem to follow similar co-
design practiceswhich can be divided into three stages; (1) the scoping process,where the
purpose and context of the game are defined, (2) the co-design stage, where stakeholders
are differently involved and the (3) testing stage, where users and facilitators test the
prototypes until the product is ready for delivery. While the first and second stages are
separate, the second and third stages initially overlap in an iterative cycle, as different
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Fig. 9. Most influenced GDE by parents/guardians.

aspects of the game are adjusted. This structure may have evolved by mimicking the
flexible and iterative nature of game design and is, therefore, appropriate.
According to experienced game designers, involving stakeholders is essential

because it improves the effectiveness and quality of the content and its appeal and prac-
tical application within the intended context. This study did not identify any indicators
to show that the process of extensive and hands-on collaborations was indispensable
to achieve the results. The collaboration can be sufficient when the stakeholders are
sampled for their input. Therefore, small companies should develop tools that aid them
in their data collection from stakeholders and systematize their collaboration efforts.
This can reduce the amount of time and resources needed. On the other hand, larger
companies may choose to do the same or lead more hands-on collaborations.

4.2 Stakeholders

Stakeholder interaction starts with the clients who have been exclusively relied upon by
the subsequent definition of stakeholders for their involvement in the co-design process.
Four stakeholder roles, i.e., the clients, end-users, content experts and pedagogy experts
have been consistent throughout the examined projects and would be required for co-
design practices.
Occasionally, depending on the context, facilitators such as parents, guardians, teach-

ers and healthcare practitioners may be included. Game designers may prioritize facili-
tators over other stakeholders. While teachers and pedagogy experts rank as influential,
parents or guardians rank as the lowest. This preference is due to the relevance of the
facilitator in the context of the game. More research would be required to understand
this observation.
Table 1 presents a summary of the findings regarding stakeholder influence on GDE

which have been arranged by their occurrence in co-design stages and effectively show
stakeholder involvement. GDE written in italics are the more ambiguously influenced
elements that are only slightly distinguished by quantitative and qualitative data.
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Table 1. Most influenced GDE per stakeholder in each co-design stage.

Co-design stage Stakeholder Game design elements

Scoping/co-design
Co-design
Co-design/testing
co-design/testing

Clients
Pedagogy experts content
experts teachers
Parents/guardians children

Technology, pedagogy, mastery
Pedagogy, goals Ambiguous
Pedagogy, mastery Ambiguous
Engagement, aesthetics,
mechanics

Additionally, Goals, Playspace, Actions, Rules, Players and Objects were among the
lowest ranking and least distinguished GDE who may have contributed to ambiguity in
this research. It is recommended to include fewer GDE for more precise results. These
findings may guide the design of a systematic stakeholder involvement method.

4.3 Limitations

This study is constrained by limitations that are intrinsic to qualitative studies such as
the interpretation of statements and opinions. Interviewees’ responses are limited to
their perception of company processes and co-design practices and may not be entirely
accurate. Cultural differences and ambiguity in expressions or terminology across our
international sample of interviewees could also distort the data and influence the inter-
pretation of qualitative data. The quantitative data collection method is exploratory, uses
arbitrary values and has not been thoroughly tested to guarantee conclusive statistical
data.

5 Conclusion

Co-design is being practiced by serious game companies that develop EVG because
of the benefits. The involvement of stakeholders can improve games in terms of con-
tent quality, user engagement and their impact on their intended audience. The degree to
which stakeholders are involved varies among companies. As long as they are thoroughly
sampled for input and feedback, the benefits of their involvement should persist. Com-
panies with fewer resources may systematize their co-design practices through custom
applications and structured processes.
This study identified three stages of co-design and five types of stakeholders and

stakeholders’ involvement and influence on GDE in a diverse sample of EVG. While
their influence on most GDE was inconclusive, indicators were found to support certain
stakeholders consistently influencing specific GDE. A larger research sample may have
been able to provide more reliable data and less ambiguous results. Most stakeholders
can be related to a few specific GDE but provide a preliminary understanding of their
influence over specific aspects of the game. Further research of stakeholder-GDE rela-
tionships could lead to more efficient, reliable and systematized methods to selectively
involve stakeholders in the co-design process. This research focused on EVG for chil-
dren of primary education but it would be worth exploring how co-design may differ
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when applied for other age ranges, specific cultural contexts or the delivery of specific
content in STEM, history, language and other fields.
Developing data-driven systems and methodologies for the co-design of EVG could

optimize the design process and improve the products themselves. EVG are used inmany
contexts from cultural and healthcare to formal education. Having well designed games
could enhance their impact and the reliability of games as educational tools, providing
a meaningful contribution to those contexts.
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Abstract. We explore ways in which managers’ work environments differ from
those in which business students are learning about management. The volatile,
uncertain, complex, and ambiguous (VUCA) environments in which graduates
will be doing management are unlike the stable, contained, familiar and well-
defined classrooms that dominate institutions of higher education. We employ
concepts including theCynefinDomains ofKnowledge (Snowden&Boone, 2009)
to explore how available management education/learning techniques do - do not -
replicate those complex/chaotic VUCA environments. The persistence of the gap
between theory and practice in management education is examined. To reduce the
gap,we propose greater use of experiential simulations and activities.Applying the
concepts explored here may require a willingness to risk entering non-linear and
unfamiliar learning experiences since an efficient transition from stable academic
contexts to VUCA conditions is neither simple nor easily achieved.

Keywords: Cynefin domains of knowledge · Simulation-based learning ·
Systems thinking

1 Introduction

While higher education is intended to prepare students for success in contemporary
workplaces1, there is a wide and expanding gap between formal and orderly academic
teaching contexts and the unorderly and ambiguous conditions of 21st century work-
places, [1, 2]. Since the nature of this gap and its effect on graduate success has been
identified, our focus here is to propose actions educators can take to reduce its adverse
impact on graduate preparedness for employment.
In the 1990’s Peter Vaill described working conditions as ‘permanent white water’

characterised by continuing uncertainty, requiring different strategies to many of those
popular at that time in management education [3]. Prior to his pronouncement the US
Military had already coined the termVUCA -Volatile, Uncertain, Complex andAmbigu-
ous - to describe the global conditions emerging in the late 1980s. By the early 21st

1 Higher education has many goals including creating ‘workplace ready’ graduates. This paper
is focusing on proposing ways to create a state of workplace readiness for students.
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century this term was in extensive use to describe emerging business conditions [4].
Paradoxically, teaching and learning conditions remain largely unchanged.
Employment conditions for academic staff may have changed dramatically, but

expectations about how classrooms should operate have largely not done so. However,
since graduates will experience VUCA conditions almost anywhere, they will need to
know how to become informed about situational characteristics and the constraints fac-
ing them. This awareness is enhanced by using the Cynefin Domains of Knowledge [5].
It is a deceptively simple and rational sense making framework (see Fig. 1) that helps
clarify a decision-maker’s context and provides heuristics about the knowledge needed
to guide action in that context. However, this schema for considering knowledge as
existing in quite distinct ways can be quite difficult to grasp when attempting to achieve
desired outcomes, as that knowledge needs to be managed in qualitatively distinct ways.
In this articlewe are exploring realistic actions for use by individuals wanting to align

academic analysis more closely to practical applications. Aligning learning experiences
with reality provides students with skills and capabilities relevant to prospective work-
places. However, in attempting that, educatorsmust deal withmajor barriers, not the least
of which is the challenge of designing simulations and learning experiences to replicate
aspects of complex environments so that studentswill gain insights that can be transferred
to their future work situations. Additionally, faculty will face the potentially contradic-
tory demands arising frommeeting formal teaching and assessment requirements, which
may have little direct connection with either knowledge acquisition or future workplace
expectations. Attempts to recreate relevant aspects of VUCA environments, may cause
students to resist unfamiliar and uncomfortable learning activities.

2 The Disconnect Dilemma

Quinn raised the issue of deeply engaging students by introducing the concept of ‘hard
fun’, described as “fun, in the sense that you’re engaged…and you have the power to act;
it’s hard in that it’s not trivial there is sufficient challenge to keep you on your toes” [6].
To create such engaged learning Quinn maintains that the work of educators in the 21st

century is not and cannot be…about designing content … we are designing experiences
[and must be] thinking not about creating content but about designing learner environ-
ments and architecting experiences [6]. In effect, he was inviting educators to consider
how to bring knowledge alive in ways that enable students to engage with theory and
put it into practice in the moment. His own work [6] provides rich examples of how to
do so, and clearly implements Dewey’s advice frommuch earlier in the 20th century that
… rather than the child being a passive recipient of knowledge … children were better
served if they took an active part in the process of their own learning. [and place] greater
emphasis on the social context of learning [which at] the turn of the 20th-Century, were
radical ideas [7].
Higher education recognises that its studentsmust becomeaware that after graduation

they will be working in a world experiencing change at a rapid rate. As an example of
efforts to address this need, healthcare education heavily relies on simulation to create
a variety of teaching and learning environments that mirror the array of professional
contexts where learning is a constant. Practice and drills rehearse behaviours needed
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to succeed in chaotic, complex, and complicated situations and simulations help health
professionals assess their information needs and actions and assure effective transfer of
learning [8, 9].
Business schools are expected to have a future-oriented mindset, with an eye to

the knowledge, skills, and abilities needed by both faculty and learners and they will
update curriculum content and faculty skill sets where trends in business education,
employer feedback, and best practices clearly emerge according toAACSB, a prestigious
international accreditor of business schools [10].
Despite this, there is still a significant disconnect between learning and doing in

business education. Consider this example which highlights the ways in which course
content may contradict, or at the very least inhibit, learning experiences. In the textbook
Management: A Practical Introduction, [11], the authors propose that:
… planning and strategic management can help people focus on the most critical

problems, choices and opportunities. If a broad group of employees is involved in the
process, that can foster teamwork, promote learning and build commitment.
At face value this seems an unexceptional statement. Western societies with demo-

cratic tendencies widely acknowledge that involvement fosters commitment. However,
academic classrooms are less often considered to be placeswhere ‘engagement’ is engen-
dered, thus ensuring that modelling of this management proposition seldom occurs.
Indeed, students and administrators often share an expectation that the teacher will be
‘doing’ all the planning and strategic management of classroom, course content and
teaching processes. Such expectations do not allow for involvement of students in any
of these components. Which leads to the question of how students are supposed to learn
‘to do’ such complex processes as earning staff commitment, or designing teamwork to
engage, involve and grow commitment?
Business students do engage intellectually with VUCA when put into in the role of

distal analysts applying concepts to cases written by third parties or to organizations
in the news. This neutral and objective perspective provides a very different learning
experience from an experientially based one where students are invited to develop those
same diagnostic and information-seeking skills amid experiencing realistic situational
pressures and ambiguities.

‘Being Told’ Versus ‘Doing’. However, being told about the truth of a proposition
gives no hint of the potential difficulties likely to arise when it needs to be implemented.
Misalignment of message and process mean that students will learn (memorise) the
message but not necessarily have any idea of how to enact it into practice, nor even
recognise the need to think about the possibility of needing to know how to do so.

An example, common to organizational behavior courses occurs when an educator
introduces ‘Theory X and Theory Y’ [12]. The information can be presented from a
stance of being ‘in charge’ where the lecturer is, knowingly or otherwise, implicitly
employing a Theory X mode of behavior, or they may utilize the precepts of Theory
Y by running an activity allowing students to discover for themselves key aspects of
this theory. If they take the latter path, they may be surprised to find themselves on the
receiving end of complaints from students who believe they were not learning because
they had not ‘been told’ what they think they are supposed to know. Looking ahead to the
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information about the CynefinDomains we suggest that adverse reactions to experiential
approaches to knowledge transmissionmay be the result of the educator moving students
from the Complicated domain in which they know to rely on ‘the teacher as expert’.
Instead, students find themselves in the Complex domain where they are expected to
demonstrate expertise by ‘probing’ for information to develop a reasonable outcome
while simultaneously building their personal knowledge. Unaware of the change in
context, students may remain stuck in the Complicated domain believing that learning
occurs when I am told what is important, by an expert, and I need to avoid deviations
that may unnerve me because of the uncertainty.
Vaill’s precept of ‘learning as a way of being’ provides a way to address the kinds of

complexities we are describing.Writing of his own experience as a managerial educator,
Vaill identified a split between the fairly well developed ideology of keeping theory and
practice together in management education on the one hand and … the.. increasingly
obvious fact that the prevailing forms of education for managerial leadership did not
seem to be contributing very much to the improvement of managerial practice, [for]
individual learners or in themanagement professionat large.His observationwas that the
challenges and puzzles facing managers are potentially infinite in number and that there
are thousands of cultures and sub-cultures to produce them. Given the endless plethora of
possible trials ahead for fledgling managers he concluded that organisations [including
academic ones] have been slow to recognise the interconnectedness of everything [3].

Management as Permanent White Water. Vaill was adamant that management is
‘permanent white water’ Viewing it as such challenges systems and individuals adhering
to positivist principles relying on the possibility (necessity) of finding and applying
abstract and universal laws to the operative dynamics of the social universe. For positivist
thinking ‘orderliness’ is an imperative andVUCA-infused complexitymust be restrained
and confined in every way possible. In formal educational contexts positivist approaches
allow for neatly sequenced units of study for which individual students must find their
own logic, i.e., their internal curriculum, which may or may not fit the intentions of
certain curricula (see more on this below). Vaill’s key component for addressing white
water conditions is systems thinking which involves learners in understanding how to
operate amid interconnectedness through (in part) learning to map relationships in ways
extending far beyond more familiar dichotomies [13]. He did however, caution that
systems thinking can probably not be taught or learned effectively within a learning
philosophy that is itself profoundly antisystemic [3].

This warning has not stopped many educators from attempting to institute various
forms of systems-thinking based teaching and learning strategies. Aware of his own loca-
tion within such potentially anti-systemic contexts, he proposed a mix of self- directed
learning, creativity learning, ‘expressive learning’ (learn in and through expression,
learn from expression and learn by expressing) and feeling learning (Facts do not speak
for themselves … Meanings, implications, significances, and portents are wrested from
the flow of events [by all those] who have a felt stake in how things are unfolding [3].
All four modes of learning are more relevant than ever in these socially tumultuous
times when views on politics, race, and managing a pandemic are radically diverse and
emotions are high.
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Senge andVail identified a systemic conflict characterised as based on the disconnect
which occurs when the types of behaviour rewarded are those which the rewarded is
trying to discourage, while the behaviour desired is not being rewarded at all’ [14, 15].
Consider academic grades where students express interest in knowing what to do to get
a ‘good grade’ and are only tangentially interested in the knowledge they might acquire.
Consider this feedback from a first-year student in an Introduction to Management
subject –
All the assignments were given during the first day and the deadline was the last day

of the course. I understand that it is a management course, and we should take initiative
ourselves in doing work, but I’ve never done this before and all the assignments being
given at once just made me anxious and unwilling to complete them. (anonymous student
feedback 2020)
Clearly the paradox in the message is not evident to the writer who knows what

‘should’ be the focus of attention, but seems mainly concerned to avoid anything likely
to engender anxiety. It is important to note that interim submission milestones were
notified as part of the learning process, and all tasks were designed to help students
track their own learning journey. It seems, therefore, that this student is already – in the
first year of university –entrained to expect clearly delineated step by step progress to a
grade without concern for how the tasks themselves might help to acquire the initiative
acknowledged as something we should take. How this will play out as s/he leaves the
cosy academic environment for real world complexity is yet to be seen, although this
comment indicates that aworld of permanentwhitewatermight be a very difficult concept
to entertain.

A Knowledge Gap. Thus, the gap between what novice managers expect to learn at
university and how they will be expected to perform as managers has already begun to
become real for this writer and will be reinforced for them and their peers by too many
courses where passing exams is the goal and ‘acquiring knowledge’ is of peripheral
interest. It is strange but true that this paradox may be visible to few of those involved
in academic education, and only then because circumstances have in some way altered
their awareness.

For example, much of the literature in management education is sourced from aca-
demic work, even though it has long been understood that “Management writing has
never shown a complete unity, and one of the main distinctions that can be drawn in the
literature is that between books coming out of universities and books written by man-
agers”. [16]. To helpmanagement educators understand the origins of familiar themes in
management literature (drawing on UK and USA writers as far back as the mid-1800’s)
as well as helping them learn to identify implications for future research activity and
educational directions [16]. In 2021 it is clear they identified a well-established trend,
and the gaps between academic theory and managerial practice have continued to widen
rather than close. Argyris alone and with Schön,Wills, Vaill, Rooke and Torbert, Wheat-
ley, all in various ways conducted careful research to provide well-formed advice about
linking research to workplace practices and academic classwork [3, 17–22]. While such
authors work is taught as abstract concepts the precepts are rarely practiced; ensuring
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students ‘know’ concepts well enough to write essays or answer multiple choice ques-
tions but have had little chance to enact them. Yet skilled practice is what workplaces
expect of them.
Workplace indicators suggest that graduates are too often deemed unable to fully

contribute in the manner that employers were or are expecting [23–25]. While manage-
ment theory and research have advanced and evolved concurrent with societal changes
and business practices, higher education workplaces and expectations of (and about)
professional educators and course design have not kept pace. Many academic contexts
require appropriate adherence to ‘accepted’ teaching practices and established modes of
learning assessment often align less with the conditions we must prepare our students to
face and more with institutionalized expectations of the academic classroom and faculty
course delivery. In effect this leads to a paradoxical requirement that we teach in the
mode of do as I say – not as I do.When academic practices misalign message and intent,
it seems that sensible actions are needed to match teaching practices to the workplace
contexts in which the knowledge will be applied. However, doing so is inhibited by
several factors, some of which are explored below.

3 Barriers to Use of Experiential Learning for Simulating
Complex/Chaotic Conditions

Given that the work of educators like Dewey and research and applications following
and paralleling it are widely acknowledged [26–29] why do we not see more direct
engagement in experiential learning about these workplace conditions? Why are ‘con-
ventional forms’ of teaching and assessing such as lectures, tutorials exams, essays still
so prevalent in business education?Why do less conventional learning formats encounter
resistance and generate controversy?
We focus on three possible barriers: i) lack of understanding that knowledge works

differently in different contexts and the paucity of experiential activities to replicate
VUCA conditions, ii) role-related expectations of faculty that limit their use of experi-
ential learning to take students (however temporarily) out of their comfort zones, and
iii) assumptions about curricula that prevent such radical experimentation.

Understanding where Education Formats Fit in the Cynefin Domains. Despite the
barriers, we agree that many educators do still bring the conditions of VUCA in their
classrooms to provide experiences of real workplaces. For those interested in expand-
ing their teaching repertoire to better match workplace conditions, we propose that
understanding the Cynefin Domains of Knowledge framework will help such adventur-
ous educators to step into the (comparatively) unknown space of complexity to bridge
theory and practice.

Cynefin conceptualises knowledge in a way that (eventually) aids understanding of
how clashes and gaps may arise and appear irreconcilable. The framework emerged
from research to understand how informal networks and supporting technologies allow
greater connectivity and more rapid association of unexpected ideas and capabilities
than formal systems and slowly morphed into one that challenges the universality of
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three basic assumptions prevalent in organizational decision support and strategy [viz]
assumptions of order, of rational choice, and of intent [30, 31]. These assumptions
underlie belief systems expressed in terms of dichotomies – right/wrong/ either/or etc.
and can inhibit human ability to recognise or manage the impact of complex conditions
that are neither right/wrong andmay be both/and. Such assumptions prevent recognition
of uncertainty, disorder and confusion as inevitable states of the human condition. To
make such states visible, the Cynefin Domains provide heuristics for guiding processes
of examination of conditions prior to making suitable decisions.
Despite its acceptance as a helpful framework forworkplace applications, it is evident

that workplace uptake is occurring well ahead of steps needed for academic knowledge
to catch up. While academic contexts present themselves as being ‘ahead of the curve’
regarding such things as ‘good’ and ‘best’ practice, lived experience is highlighting
problems with the capacity of academic contexts to address factors represented by the
VUCA acronym and identified by the Cynefin framework.
As illustrated in Fig. 1 the Cynefin framework introduces five domains of knowledge

each of which has its own features and processes for managing information. Together
they are a framework for action through the means they provide for understanding
how information and knowledge work in different contexts. In the centre is the tricky,
puzzling (aporetic2) Confusion space into which almost any set of conditions can thrust
us - momentarily or for long and anxious periods of time. The most helpful advice
for extrication from Confusion is – ‘first identify the Domain most likely to be the one
you have been thrust into, employ the relevant heuristic and take action/make decisions
as suggested’ [32]. While it is less obvious in the figure, it is an equally important
component of the model. When individuals find themselves in a state of confusion, the
goal is to assess the context quickly to determine which quadrant most closely maps
onto it, and then use the correct heuristics for that domain to guide behavior.
The four sectors of Clear, Complicated, Complex and Chaos, surround Confusion.

The right side of the model represents environments that are orderly and familiar. In
the ‘Clear’ Domain occupants know what to do without effort. The heuristic calls for
making sense of a context. Since it is familiar you know what to do and can act. Imagine
yourself walking into a lecture theatre as a student – you know not to go to the podium,
but to sit down facing the front of the room. In the ‘Complicated’ Domain, expertise is
there to be relied on to provide guidance and direction. While conditions may not be
readily familiar to new entrants, guidance is available from experts. The heuristics for
this domain require making sense then analysing before responding.
In contrast to this orderliness, the left-hand side of the Cynefin framework reflects

contexts that are uncomfortable, and disorderly. There is no known and familiar knowl-
edge with which to address conditions in the Complex Domain. While guidance may
be available, the heuristic indicates the need to probe for relevant information, often
in unexpected places, delaying decisions until it is possible to make sense of what is
found. Complexity requires problem-finding and exploring multiple options to create an
appropriate means of addressing the situation.
Beyond that there is also acceptance that success or failure may not be evident until

after the chosen option is implemented. In the ‘Chaos’ Domain, the injunction to take

2 Aporetic refers to involving doubt or puzzlement.
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Fig. 1. Cynefin domains of knowledge

action is paramount. The heuristic indicates that analysis and understanding can only
happen long after the event and thus action precedes any form of analysis.
In Fig. 2 we have mapped categories of experiential activities onto the model. Most

recognised educational formats reside in the two Orderly quadrants. However, it also
indicates that few experiential exercises in collegiate business programs can replicate
the conditions of the left hand (Complex and Chaos) quadrants – although these will be
the ones where graduates will struggle to perform effectively as decision makers. For
educators who truly want to enhance the transfer of learning by engaging their students
in conditions replicating the demands of real-world contexts, this mapping emphasises
the need to identify and/or develop experiential learning to mirror the conditions on the
left side of the model.

Expectations of the Faculty Role-Preventing Use Experiential Learning. Academic
educators are expected to always be the experts in the room, even when it may be more
realistic for them to operate as guides, such as when materials are new, knowledge is
emergent, and conditions are changing more rapidly than textbooks can match. Experts
are supposed to know everything relevant and always lead the way. This image of the
faculty role aligns with the complicated contexts, where students know their place and
experts guide them to the discovery of preferred solutions for handling issues, thus
providing security and intellectual guidance o novice learners.

If/when they abandon the stance of ‘sage on the stage’ to become a ‘guide on the
side’ educators may be generating unnecessary discomfort. Faculty are not expected to
create distress and anxiety nor emphasize that current comfort in academe is not only
short lived, it is short-changing students by providing knowledge without applicable
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Fig. 2. Proposed mapping of educational strategies onto the cynefin domains of knowledge

skills. For students familiar with educational systems that do not ‘throw them into deep
water’ to teach them to swim, experiential situations can appear to be chaotic, creating
anxiety, as evidenced in the student’s feedback comment previously quoted.
It is also true that learning processes intended to replicate Complex domains can

unsettle an educator’s own sense of balance. Thus, even if the value and validity of
creating and using conditions to mirror the ‘real life’ beyond academia is accepted, it
can be difficult to step beyond the comfort zone of the Clear and Complicated domains
of knowledge. Such difficulties will keep faculty iterating course designs better suited to
the right hand side of the Cynefin model and remaining well away from the messiness of
workplace conditions. The Complicated domain can appear to provide enough learning
challenges through expectations about content expertise to make it seem unnecessary to
explore ways to align academic knowledge with workplace requirements and justify the
avoidance of complex simulations with open-ended outcomes.
It therefore takes courage, and an assumption that teaching failures will occur some-

times, to step outside the role expectations associated with expertise in higher education.
An evident paradox here concerns the use of learning designs requiring educators to
step outside the role of ‘expert’ inviting students to become engaged with knowledge
in practical ways. This is not how students expect ‘to be taught’ - yet enabling them to
recognize and operate within complex systems requires accepting that teaching/learning
experiences will not be fully predictable or controlled.

Reframing ‘Curricula’ to Uncover Tacit Knowledge. Wilson examined educational
curricula in American contexts to uncover their varied origins and highlight the sources
of influence exerted on expectations about teaching practices and learning experiences
[33].Herwork underlines associated problems for academics choosing to operate beyond
the implicit and tacit expectations of the various from of curriculum her work identifies.
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She unveiled the complexity built into the apparently routine nature of curriculum devel-
opment and identified 11 ‘sources’ of curricula. In Table 1 we have arranged these into
sub-groups based on their source. Overt curriculum documents are written by academic
educators to accord with institutional guidelines, within a generalised understanding that
these are, in turn, influenced by local, regional and national policymakers and adminis-
trators – i.e., the Rhetorical curriculum. These two originate from institutional sources
and may be quite enough to cause strife if the institution and policymakers have different
views of what is required. Yet they are so familiar as to easily overshadow any awareness
of the remaining sources of curricula.

A teacher’s personal curriculum-in-use is based on their belief in, and use of, edu-
cational principles which may or may not, accord with their institution’s overt position.
For example, an institution that espouses positivist educational concepts will not readily
accept actions that cause student and/or administrative unease through, for example,
an educator employing unfamiliar values (say, for example, constructivist principles).
Torbert recorded his experiences of this clash of principles, describing the (eventual) fail-
ure of efforts to employ a curriculum intended to expose students to self-management
and a ‘liberating structure’) which he termed A Course to “Force Students to be Free”
[34]. Schor wrote of his battle with students to force them to face hidden power issues
and differing aims separating their avoidance of engagement from faculty aspirations of
students owning control within a higher education course [35].
These are extreme and well written examples of the progress and impact of such a

clash of curriculum ideologies. Curricula from ‘within students’ are first, those things
they interact with and take out of the classroom (materials, exam results, etc.) and second,
the ways they integrate (or not) the content of those materials. Wilson emphasizes that
educators have no control over this latter form of curriculum.
We consider the next four sources of curricula to be ‘invisible’ because their influ-

ences are generally unseen until/unless something happens to cause a reframing, such
as happened when Jane Elliott created her ‘brown eyes/blue eyes’ experiments and
subsequent educational work. As she noted recently, the hidden workings of discrimi-
nation are still very active, its ‘hiddenness’ only slowly becoming obvious [36]. Also,
in this category is the ‘null’ curriculum which emerges as choices are made about what
to include or exclude in overt curriculum documents. In his book on the Silk Roads,
Frankopan vividly writes about history lessons where he was taught about Roman and
British Empires, Nazi Germany, and western industrialisation [37]. He would then go
home and look at a map of the world on his bedroomwall and see the huge regions of the
world that had been passed over in silence. Equally well concealed, are the influences
of the ‘phantom’ (e.g., media including advertising, and ‘tops of the pops’ programs)
and ‘electronic’ curricula as shaped by various platforms and their algorithms, which
may be noticeable but are seldom considered as contributors to learning.
Lastly, the community sources of curriculum content are familiar, but usually

unrecognised as contributors shaping aspects of the overt and rhetorical sources. The fate
of the educational program known as Man a Course of Study – MACOS [38] is a long-
standing example of a curriculum that was demolished by community-based backlash
[39]. Although reviewed positively, including by Time Magazine (1970), “it was much
criticized in the United States [partly] because of its emphasis upon questioning aspects
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Table 1. Types of curricula influencing learning (based on Wilson)

of the American tradition, including Western paradigms of belief and morality” [40].
Today much of its content and underlying precepts would be considered unremarkable,
yet it is a lasting example of an educational experience where ‘good practice’ was gutted
by community resistance.
Working through this list of influences on the design and enactment of education

in university contexts, additional causes of complexity and uncertainties surrounding
curriculum choices come into focus. Each source of curriculummaterials and approaches
has its own underlying values and beliefs, and none of them are likely to be fully in accord
with all the others. The challenge of providing learning experiences that do align with
the realities of volatile VUCA-affected workplaces, are significant when done within
educational environments constrained by hidden or strongly controlled beliefs about
what curriculum is, and how it should be offered.
We propose that the 21st century needs an approach that embraces the Cynefin

Domains of Knowledge as a sensemaking framework to help learners become aware of
how to identify situational characteristics and the types of knowledge needed to help
them take informed action. In doing so, we believe they will engage more closely with
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knowledge as they move with greater awareness from familiarity to uncertainty within
a flexible and supportive – although still challenging - manner. Indeed, the umbrella
term constructivist learning theory already offers such a learner-centric framework in
that the underlying belief of all its component theories holds learners to be the center
of attention as builders (constructors) of their own knowledge. Shepherd devised an
interactive tool for exploring some of the many variants of educational theory that aim
to directly engage learners in forming and shaping their own learning experiences [41,
42]. Table 2 lists a selection of relevant educational theories which, taken in almost any
order, can help academic educators explore and choose ways to shift their teaching from
passive transmission of data to active engagement with information and knowledge.

Table 2. Educational concepts informing constructivist practices enabling learning to operate in
complex and chaos domains of knowledge

One example of such an approach is that called Classroom as Organisation (CAO), a
well-known format for active engagement of learners which creates, in effect, an array of
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complex factors that turn out to be replicas of VUCA conditions. Just as in real life it too
can trigger responses ranging from total engagement to absolute rejection by students.
And over time it has become clear that, for some learners, its complexity is too far from
their perceptions of what it means to be ‘a student’ to allow them to participate in the
working out of solutions to the kinds of real-life problems they will one day face in
future workplaces.

4 Future Considerations

Through all this we have noted our awareness that not all students or administrators
appreciate the paradoxes of the misalignments arising from use of teaching methods that
do not align with the content of the message. In future, we will be considering how to
provide students who are studying within traditional course offerings at universities with
experiences ofworkingwithin, andmanaging, complexity, given the constraints outlined.
How can instructors simultaneously introduce theories and concepts for ‘decoding’ the
paradox of clashing expectations while encouraging students to appropriately diagnose
the situation and seek out the knowledge needed to accomplish sound decision making?
We have not proposed a ‘new’ framework for choosing teaching/learning methods to
approximate VUCA conditions and tactics enabling their application in specific educa-
tional contexts. Rather we have highlighted the nature of some of the barriers embedded
in current systems inhibiting closer alignmentwhile also noting thatmuch research exists
supporting the need to change.
Educators need guidance on how to craft learning experiences that replicate the

dynamics and sensibilities of complex environments. This requires the support and
resources of the institution to experiment and move in a direction that allows. The
Cynefin Domains can help to choose and focus experiential learning activities – espe-
cially simulations that help learners to appreciate the difference between stable academic
context and VUCA workplace ones. Cynefin can also assist in choosing learning pro-
cesses for looking beyond the ‘known’ and ‘safe’ by providing a framework for mapping
out the moves needed to step into the unfamiliar and even the entirely unknown – as
workplaces will be initially.
Educators benefit from using Cynefin together with an understanding of Wilson’s

array of syllabus influencers to address student concerns when the ‘expert faculty’ role is
abandoned in favour of a co-inquiry role. Student discomfortwith the resulting ambiguity
may be assuaged as they learn to apply the heuristics provided for each Complex domain.
Educatorswill also need support to become confident inmaking the switch, including

acquiring new and unfamiliar facilitation skills for shifting to operating in classrooms
replicating Complex environments (in whole or part). We propose that management
educators need to reflect self-critically on the principles they espouse as they teach and,
by doing so, find ways to make their medium fit their message.
We acknowledge that sometimes this will lead to failures – given the strength of

habituated reliance on educational processes that nurture dependence and prefer passive
reception of data. Our own teaching practice has certainly encountered barriers and
challenges as we have worked to enact what we are espousing. However, our efforts are
made worthwhile by results produced by students transitioning from dependent learners
via independence to interdependence.
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Abstract. A review of experimental studies accounts for the effectiveness of
simulation-based learning in generating behavior and other variables towards sus-
tainability. A set of 35 studies from 1997–2019 was derived from the bibliometric
database on simulations and serious games (SSG) featuring education for sus-
tainable development (ESD). Key findings highlighted the effects of SSG on sus-
tainable variables. The SSG featured in experiments focused on either multiple
or single dimensions of sustainability and appeared in academic, household and
workplace settings. The experiments are overweighed with quasi-experimental
designs, indicating the challenges to achieve random assignments. The majority
of the simulation gaming interventions showed significant effects on knowledge,
attitude and behavior towards sustainability. Interpreting the effects requires clear
evidence, particularly when effect size indicators were likely to be ignored or
skipped. Future researchers must use appropriate analytical tools and justify key
results to achieve statistically significant effects of SSG on outcome variables.

Keywords: Simulation-based learning · Planned behavior · Quasi-experimental
research · Triple-bottom line · Pretest-posttest design

1 Introduction

Simulations and serious games (SSG) have become significant pedagogical and training
tools used to meet the demands of education for sustainable development (ESD) [1]
[2]. However, the field lacks a critical review of methodologically rigorous studies and
quantitative analysis that are capable of validating existing conclusions on the efficacy
of simulation-based learning (SBL) in ESD [3, 4].
First, the question whether intention toward a sustainable behavior is desirable in

SSG research remains unanswered [5, 6].
Second, the effectiveness of SSG is defined by the framework of knowledge-attitude-

behavior [1, 7]. The unique role of knowledge in the empirical research needs more
attention.
Third, the majority of reviews on SSG effectiveness featuring ESD seems to target

SSG’s design elements, formats or subjects rather than look at research designs [8, 9].
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Fourth, scholars discussed whether SSG on ESD should equally or fully contribute
to triple-bottom line of sustainability [4, 10, 11].
Fifth, experimental and quasi-experimental designs are considered to be most suited

for assessing the effects of interventional treatments [7, 12]. Conceptual and commentary
approaches are the most prevalent methods used in empirical studies representing a
modest portion of research during the last two decades [4]. The examination of the whole
subset of experimentation offers a unique opportunity to investigate methodological
patterns in the empirical SSG research on ESD.
This study is the first attempt to review the effectiveness of SBL on sustainability by

taking into account experimental research. The following questions guide the purpose
of the review:

• What are the characteristics of experimental research featuring SSG in the domain of
ESD?

• What can be concluded regarding the effectiveness of SSG from the findings of
experimental research in ESD literature?

To explore the research questions, the authors used the secondary databases indexed
by Scopus and Google Scholar between 1997 till 2019. The review began by delving into
the nature of SSG incorporating ESD in experimentation. It examined outcome variables
and analyzed research findings.

2 Method

2.1 Identification of Sources

The authors determined three criteria for inclusion in the analysis: (1) each study
explored a simulation or a serious game used for ESD; (2) each study was empirical
with experiments or quasi-experiments; (3) the work employed quantitative or mixed
methods.
This review uses the existing bibliometric data to explore the effects of SBL on ESD

which was not done in the original work [4]. Following PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) guidelines for the document
identification (Fig. 1), three criteria resulted in the selection of 35 experimental and
quasi-experimental studies [13].

2.2 Data Analysis

From 35 experimental studies, relevant data were extracted and aggregated in Excel.
One full quasi-experiment was not available and its data were obtained from the abstract.
Criteria were determined to meet the purpose of the review and recorded in Excel (i.e.,
research design, settings, mode of delivery, method, triple-bottom line dimension, gam-
ing features, statistics, sample size, effect size, attitude, intention, sustainability-related
behavior, other variables and key findings).
The data analysis primarily relied on the use of descriptive statistics and graphing of

research trajectory (e.g., the growth of the behavioral studies) [4]. Comparable criteria
were categorized to capture the findings and compare their variability.
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Fig. 1. The flow chart for identification of sources for the review

3 Results

3.1 Characteristics of Experimental Research Featuring SBL in the Domain
of ESD

Growth in SSG-ESD Research. Although the original dataset including 376 studies
was drawn from 1997 to the end of 2019; the first study in the field was uncovered in
2004 [4]. The experimental portion of SBL in ESD literature did not emerge until the
last decade (2013–2019) and continues growing in the recent years (Fig. 2).

Nature of SSG in Experimental Research in the Domain of ESD. The settings of
SSG in teaching and training sustainability were varied and distributed among higher
education (32%), K-12 schools (26%), household and professional development con-
texts (29%) and evenmultiple settings (9%). Researchers and practitioners used different
tools to deliver SSG in experimentation (Table 1). While computer-based simulations
were preferably used, others used online modes, role-play games, board games and
smartphone gamified apps. Some SSG were conducted in multiple forms of delivery
accounting for 9% of the database.

Content analysis was used to examine the conceptualizations of environmental, eco-
nomic and social dimensions of sustainability in the SSG studies (Table 2). The descrip-
tive analysis shows that the environment-related contents account for themost prominent
portion (32 studies), followed by social aspects (29 studies) and profitable issues (26
studies).
A majority of the studies incorporated three dimensions of triple-bottom line into

their design conceptualization (59%) (Table 2). Some studies show only one or two of
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Fig. 2. Number of experimental articles per year in total and on sustainability-related behaviors

Table 1. Types and subjects of simulations and serious games used in educating for sustainable
development (2004–2020)

Mode of
Delivery Studies Subjects and Articles (Examples)

Computer 9

Climate literacy (Harker-Schuch et al, 2020); water management (Khoury et al,
2018); climate change (Feldpausch Parker, O'Byrne, Endres, & Peterson, 2013;
Nussbaum et al., 2015); environmental impact (Schrier, 2015; Su, 2018);
manufacture and production (Ordaz, Romero, Gorecky, & Siller, 2015); public-
goods (Theodorou, Bandt-Law, & Bryson, 2019); multiple subjects (Weijs et al.,
2016)

Online 6

Green construction (Ayer et al., 2016); corporate social responsibility (Maltseva et
al., 2019); ocean literacy (Brennan et al., 2019);manufacture and production (Perini,
Margoudi, Oliveira, & Taisch, 2017); climate change (Yang et al., 2012); natural
resource (Doucet & Srinivasany, 2010)

Role-play
Game 7

Waste management (Chow et al., 2017; Yeung et al., 2017); manufacture and
production (Choomlucksana&Doolen, 2017); climate change (Jacquet et al., 2013);
political responsibility (Lohmann, 2019); water management (Meinzen-Dick et al.,
2018)

Board Game 8

Green construction (Juan & Chao, 2015); sustainable consumption (Bevilacqua,
Ciarapica, Mazzuto, & Paciarotti, 2015); waste management (Hirose, Sugiura, &
Shimomoto, 2004); climate change (Meya & Eisenack, 2018); green chemistry
(Miller, Wentzel, Clark, & Hurst, 2019); lean production (Yukselen, Ahiska, &
E.king, 2014)

Mobile App 1 Sustainable consumption (Mulcahy et al., 2020)

Multiple 3 Climate change (van Pelt et al., 2015); green construction (Dib & Adamo-Villani,
2014); multiple subjects (Rowe, Lobene, Mott, & Lester, 2014)

Undefined 1 Marine ecosystems (Mayer et al., 2013)
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Table 2. Dimensions of sustainability featured in simulations and serious games in empirical
research (1997–2019).

Dimension Studies % Multiple
Dimensions Studies %

Environmental 32 94% One 1 3%
Social 29 85% Two 13 38%
Economic 26 76% Three 20 59%

those three dimensions depending on contexts [14, 15]. The only simulation to feature
one dimension explicitly explored a factory’s economic performances “such as cycle
times, clocks produced, orders shipped on time, orders shipped late and quality rates”
[16].

Methodological Characteristics of Experimental Research on SSG in ESD.
Five methodological characteristics of research including research design, research
methodology, statistical test, sample size, and effect size were described below.

Research Design. In 11 experimental designs (31.4%), researchers randomly assigned
participants into either a treatment group where they had treatment featuring SBL, or a
control group in which they did not receive the treatment or only received conventional
interventions. Twenty four quasi-experimental studies (68.6%) did not provide evidence
of random assignment (Table 3) [12].

The two designs found among 11 experimental studies were pretest-posttest control
group design (five studies) and posttest-only control group design (six studies). The

Table 3. .

Design Type Studies %

Experimental Designs 11

1. Pretest-Posttest Control Group Design 5 45%

2. Posttest-Only Control Group Design 6 55%

Quasi-Experimental Designs 24

3. Pretest-Posttest Design 16 67%

4. Combination Designs 7 29%

4.1.Nonequivalent Groups Design & Pretest-Posttest Design 3

4.2.Nonequivalent Groups Design & Time Series Design 4

Total 34
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numbers imply that the database is quite limited to drawa concrete conclusion onwhether
the pretest-posttest control group design was the most strongly recommended design of
SSG experimentation for ESD as expected [12].
Twenty-four quasi-experimental studies inwhich the randomassignmentwasmanip-

ulated were classified as pretest-posttest design (16 studies) and combination design
(seven studies). The outstanding number of quasi-experimental studies using pretest-
posttest design indicates that they dominate in SSG efficacy research. The type of com-
bination designs (29%) is normally better than a segregated quasi-experimental design
[17–19].
A typical limitation in quasi-experiments is that it is hard to presume the improve-

ments in dependent variables as the success of the SSG intervention over other methods
[20]. Unless participants are truly randomly assigned to conditions, some important
confounding variables may be neither put into account nor kept constant (i.e., students’
GPA, learning motivation, teaching methods).

Method. Among 35 empirical studies, quantitative and mixed methods were both
employed (57% and 43% respectively) of which the majority of quasi-experimental
studies use only quantitative methods (61%), while experimental studies tend to employ
equally quantitative and mixed methods. The use of qualitative methods to amplify or
broaden quantitative results in those mixed methods studies seems popular [21, 22].

Statistical Test. The authors used the scheme including four analytical levels (Table 4)
to describe statistical approaches [23]. Average statistical levels are dominant in those
studies (43%). Specifically, the t-test seems to be the most common null hypothesis test
to compare the difference between two means. A study (N = 156) was among the few
to predict and explain the behavior based on the players’ subjective norms, attitude, and
intention by employing SEM [19].

Table 4. Sample sizes and levels of statistics in experimental and quasi-experiential studies
featuring simulation-based learning for sustainability education (1997–2019)

Sample Studies Percentage Statistics Studies Percentage
Small
(N < = 20)

3 9% Level 1
(Descriptive statistics)

6 17%

Medium
(N= 21-100)

16 46% Level 2
(Correlation and difference
tests without control variables)

15 43%

Large
(N > 100)

15 43% Level 3
(Correlation and difference
tests with a control variable)

7 20%

Level 4
(Multi-factor structure)

7 20%

Total 34 97% 35 100%
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The inferential analysis challenges readers to draw a complete conclusion how and
whether the observed changes in the outcome variables were caused by chance or by a
SBL intervention.Aquasi-experiment (N=116) reported themeanpre-gameknowledge
score was 6.86, while the mean post-game score was 8.45 with p-value was much lower
(p < 0.0001) [24]. This implies that the significant difference in student knowledge is
more meaningful and occurred as an effect of their gaming experience.

Sample Size. Most studies rank from medium to large sample sizes (e.g., 401 eligible
respondents in one sample) [20]. However, sample size appeared to be explicitly prob-
lematic when reporting the effects. For example, a quasi-experiment showed differential
correlational relationships among knowledge, attitude and behavior [1]. With an average
sample (N = 35), caution must be applied when interpreting those relationships as the
findings might not be generalized for the public.

Effect Size. Table 5 summarizes the interpretations of the effect size, a critical element
of experimentation [25]. Fifty seven per cent of the studies did not report effect size.
Only 39% of the studies provided a justification of effect size and 18% of the studies
explained how discrepant the effect size when compared with p-value. For example,
the multiple regression tests showed the impact of schools was not significant [20]. One
school reported a significant difference in the post-test score compared to the mean score
across all schools.

The articles using level-2 reported no effect size, whereas more complex models
offer the higher percentage of effect size calculations at 64% by average. This finding
seems inconsistent with prior research that effect size was more often explained in t-test
and regression methods.

Table 5. Reporting effect size in experimental research (N= 28) ( adopted from Sun et al., 2010)

Frequency of ES definition and justification Studies %

ES was reported 12 43%

ES was justified 11 39%

ES was explained with p-value 5 18%

Frequency of ES reporting for different ES measures

Measures of mean differences* 6

Measures of strength of relations** 15

Levels of analytical testing methods

Level 2 0

Level 3 6

Level 4 6

*i.e., Cohen’s d, f, h
**i.e., R squared, r, eta-squared, β
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The effect size measures of mean differences (i.e., Cohen’s d, f, h) were less reported
than those of strengths for relationships. This can be explained by the fact that the fre-
quency of effect size reporting tends to depend on the statistical levels of testing, suggest-
ing that more complex models offer the higher frequency of effect size calculations. This
finding seems inconsistent with prior research that effect size was more often explained
in t-test and regression methods. This may also imply that researchers in this simulation
gaming field who use lower levels of analysis are likely to ignore or omit those important
indicators while those using more advanced statistics may highlight the use of effect size
in designing and explaining their quasi-experimental models.

Effectiveness of SBL on Outcome Variables. In general, 22 articles studied variables
of knowledge, while 48%of the articles focused on behaviors. In total, 16 studies focused
on variables of sustainability-related behavior in real, simulated, or gamified environ-
ments. Those variables of behavior were categorized into: (1) Actual behavior in game/in
simulation; (2) Intended behavior in reality; (3) Actual behavior in reality (Fig. 3).

Fig. 3. Categorization of sustainability-related behaviors in experimental simulation gaming
research

Another aspect showed that the variables standing for game features (e.g., fun, melo-
dramatic frame, validity, visual elements and user interface) frequently appeared along
with outcome variables. Twelve of the 34 studies assessed game features and six stud-
ies used quantitative methods to calculate the efficacy. Accordingly, presuming game
features as either direct or indirect, predictors of SBL effects must be approached with
some caution since researchers often use qualitative data to declare the impacts [24, 26].

Research on the Effects of SSG on Learner Behaviors. The analysis shows that sim-
ulation and serious game interventions yielded significant effects on behaviors in the
majority of the studies. Eighty one per cent of studies reported positive effects of
simulation-based learning on behaviors while 13% of studies showed no effects (two



Experimental Research: Simulations and Serious Games for Sustainability 109

studies) and mixed effects with one study. The Sustainability Game facilitated coop-
erative behaviors among anonymous players (p = 0.004) and identifiable players (p =
0.076), both at small effect size (η2p> 0.1) [27]. There exist statistically non-significant
effects of those interventions on behavioral variables [15, 28].

More than half of the behavioral studies did not report effect sizemetrics, while seven
of 16 studies testing sustainability-related behaviors as dependent variables showed
large-sized effects. The only Cohen’s d found in the database indicated the large-sized
effect on users’ behaviors [29]. The other effect size measures on behaviors were repre-
sented byR-squared and eta-squared, indicating strength for relationshipswith behaviors
in treatments. The authors found a considerable difference between the effect size on
in-game and actual behaviors. Particularly, using a gamified app significantly improved
energy saving behaviors in the app with R2 = .49 (p < 0.001) and saving behaviors on
energy bills with R2 = .10 (p < 0.05) [30]. Similarly, consistent results were found in
another study (R2 < .01) in which game-based communities were significantly more
likely to adopt water sustainability actions compared to those without the game inter-
ventions [31]. There would be more evidence in future research to consider if simulation
gaming treatments can cause more effects on in-game behaviors than those in reality to
benefit sustainability.

Research on the Effects of SSG on Learner Knowledge. Eighty two per cent of the
measured sustainability knowledge variables indicated that the majority of simulation-
based learning yielded significant effects on sustainability knowledge [20, 29, 32], 9%
showed non-significant effects [1, 33] and 9% mixed-effects [16, 34].

The popularity of knowledge measures in simulation gaming empirical studies over
other variables can be explained by the fact that 63% of the 35 articles described
and explained knowledge variables, while 46% of the articles focused on behavioral
variables. Only 32% of studies on sustainability knowledge reported effect size.

Research on the Effects of SSG on Learner Attitudes. Another frequently studied
variable in simulation gaming research is associated with users’ attitude although effect
size reports on attitude towards sustainable development are limited. Six of the 9 articles
reported significant effects [1, 19, 22, 29, 35]. At the same time, simulation and game-
based interventions were shown to have no or mixed significant impacts on attitudinal
variables [15, 28].

Attitudinal variables had lower studied rate compared with that of behavior or
knowledge variables. The proportional gaps appear to be relevant to the claim that
pro-environmental behaviors are mainly related with knowledge rather than attitudinal
factors as usually asserted in planned behavior theory [36].

Research on the Effects of SSG on Learner Intention. Amodest proportion of stud-
ies measures intentional factors through simulation-based settings (11%) which inter-
estingly contradicts prior findings on green behaviors studied in general. Prior pro-
environmental studies showed a particular preference on intention, rather than behaviors,
with such explanations as it is not practical to measure behaviors or intention is a key
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to actual behavior [6, 37]. This is rather opposite in the simulation and gaming field.
It looks like researchers have attempted to develop and understand pro-environmental
behavioral developments by using simulations and serious games. Thus, it is not true to
conclude that intention is more preferable than behavior particularly in simulation and
gaming research.

4 Discussion

4.1 Limitations of Findings

First, this study was limited to experimental research on simulations and serious games
in the domain of sustainability. Thus, the review neither covered the entire range of
empirical research (quantitative and qualitative) on simulations and serious games in
the domain of sustainability, nor did it examine experimental studies in simulations and
serious games more broadly. The former objective was previously addressed to some
extent in a prior study [4]. The latter objective is one that could be addressed in a future
study. Nonetheless, the authors examined in detail an important subset of studies on the
use of simulations and serious games for sustainability.
Second, insufficiency of evidence in the database prevents the authors to understand

the causal relationships between sustainability-related behaviors and other outcome vari-
ables in general. In other words, the authors cannot conclude the power of planned
behavior theory in explaining and predicting sustainability-related behavior from other
variables in simulation gaming research. It is promising to explore different behavioral
theories in the general sustainability field [38]. A wide variety of variables has been
targeted in research to address the assumptions of simulation-based learning effective-
ness. This should not be perceived necessarily as a disadvantage but rather as promising
opportunity for future research on sustainability-featured simulations and serious games
[11].
Third, unlike themajority of review studies on simulation- or game-based learning for

ESD, this current study shifted the focus from the roles of design elements of a simulation
or a serious game into features of experimental research design in order to encapsulate the
essence of effectiveness [8, 9]. Although 35% of experiments mentioned game features,
half of them used qualitative methods to deduce the effects of the interventions.

4.2 Interpretations and Suggestions for Future Research

Experimentation accounts for less than 10% of the available literature and did not evolve
until the last decade. The observations in multiple settings indicate a growing demand
of applying and advancing experimental designs into SSG research and understanding
behavior towards sustainability [4, 30].
Diverse forms of SSG have been delivered in practice with various sustainability

topics. Environmental contents are dominant while social and profitable aspects are
expected to be more frequently targeted in empirical research. Researchers are likely to
integrate three dimensions into their designs to address general sustainability issues.
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The fundamental purpose of the study is to investigate the effectiveness of simulation-
based learning from experimental research. The findings broadly support the work of
other studies in this area linking the applications of simulations and games with learning
for sustainability. Consistently using simulation-based learning can increase subjects’
knowledge of sustainable development and develop their sustainability attitudes and
behaviors [39]. Although there was a lack of compatibility between the essential fea-
tures of studies, earlier researchers encouraged a clarification of the effectiveness of
simulations and serious games [8, 11]. Based on the experimental analysis, it can be
concluded that the current results suggest a positive effect from the impact of SSG
on the sustainability knowledge, attitudes and behaviors of users while a few outliers
reported non-significant effects. However, experimentation requires strict evidence and
procedures to interpret the findings.
First, the experimentation segment was overweighed with quasi-experimental

designs whereas experimental designs comprised half. Conducting random assignment
may not be a feasible choice in SBL experimental settings. On the other hand, it might not
be possible to conduct randomized controlled designs while introducing a new teaching
tool or method [18]. Thus, it cannot be concluded that the use of quasi-experimental
research designs is a flaw. In many research and development contexts, they may rep-
resent a justifiable compromise between the needs for stronger research designs and
the constraints imposed by the teaching and learning contexts in which simulations and
games are designed and used.
Second, while some researchers might agree that the pre-test did not necessarily

matter whether SSG interventions worked or not, some others may not skip them in
randomized trials. It is unquestionably simpler to carry out a quasi-experiment with
pretest-posttest design. It is advised to combine different variants of quasi-experimental
designs, such as nonequivalent groups or time series into a quasi-experiment [40].
Third, experiments with or without randomization might confront some statistical

concerns in designprocedures. It is necessary to plan the selectionof acceptable statistical
tests and the interpretation of predicted findings. When t-test is the most popular tool,
the lack of advanced analysis makes it hard to conclude if significant changes are due to
SSG treatments or by coincidence. This recognizes the critical role of reporting effect
size in experimentation.
Although medium and large sample sizes were common, it appears inconceivable to

recognize that 57%of the experimental research ignored or skipped effect size indicators.
It is recommended that effect size measures need to be defined, justified and interpreted
with p-values, research designs, sample size and analytical techniques. This ensures
experimental findings are not only statistically significant but also practicallymeaningful
on a certain size, especially for studies with small sample size.
Fourth, the heterogeneity of sustainability-related behavior implied that scientists

like to create their own measures to operationally define variables. Thus, it is not totally
true to claim that the lack of behavioral measurements disputes the understanding of
behaviors for sustainability [37]. Behavioral measures in either natural or in-game set-
tings can be intended or recorded tasks, timing or self-report questionnaires. Researchers
must clarify the reliability and validity of consistent measures in SSG research.
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Fifth, knowledge and behavior are among the most frequently studied constructs
in trials to demonstrate the SSG efficacy, and have yielded the highest frequency of
statistically significant effects alongside a few insignificant or mixed effects. The limited
numbers of reported effect size indicators prevent further conclusions on the practical
significance of experimental studies.
The intention is rarely targeted even if it is regarded as an important variable to

directly affect behavior. The lack of conceptual definitions can lead to the ambiguity in
developing and measuring some variables such as intention to act sustainably. It can be
more complicated to conceptualize intention towards a sustainable behavior than behav-
ior itself. The future researchers must explicitly define abstract and complex variables
conceptually before measuring them.
In summary, the study demonstrated the diversity of the emerging experimental

designs in SBL for sustainability in the recent decades. The effectiveness of an interven-
tion using a simulation or serious game, regardless of design, depends on the choice of
outcome constructs featuring sustainability, models of experimental design, analytical
methods and key metrics. It is important that research design is clearly presented before
collecting data and interpreting the results.
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Abstract. The objective of the study is to illustrate the use of the frame game,
RElastiCity as a framework to learn about the resilience of urban areas and the
shocks and stresses in those areas. The question is if use of the frame game as
a basis for game co-design is a useful approach to explore complex systems and
its dynamics. This study covers the exploratory application of the approach in
two university courses in the Netherlands. The results show divergent student
experiences between the two courses. The main difference between the courses
was the scope of the co-design assignment and the amount of time students had to
complete the design process. It was found that using frame games as a framework
for understanding complex systems is useful if students have sufficient time to
investigate the topic, develop the game and playtest the game.

Keywords: Co-design · Complex systems · Frame game · Teaching method ·
Urban resilience

1 Introduction

By2050, 80percent of theworld populationwill live in urbanized regions.Cities are incu-
bators for innovation; yet their interconnected infrastructures are vulnerable to shocks,
particularly in deltas. According to statements in a press release on April 16, 2013 from
the European Union, more than 5.5 million people between 1980 and 2011 were affected
by floods in Europe. The costs of not adapting are expected to rise to 250 billion Euros per
year in 2050. The need to adopt a comprehensive strategy to make cities more resilient
cannot be postponed [1].
With this comes the requirement to teach engineering students about urban resilience

and make them aware of the impact of engineering solutions on the urban system. For
this research, the following objectives for urban resilience are adopted: well-functioning
cities that ensure the security and safety of people, property and infrastructure, pro-
vide basic services such as public health, water, sanitation and electricity and guarantee
basic norms and rights [2]. Students of urban resilience must think in interdependencies
between systems and the expected and unexpected (negative) consequences of inter-
ventions in preparing urban areas for shocks. Gaming is seen as one of the methods to
experience such complex systems and their dynamics [3].
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Many scholars use games as teaching methods in a variety of topics for knowledge,
skills and changing attitudes. Besides using games, gamification or gamified approaches
are used in classrooms to increase the motivation of learners. Another use of games in
education is to design games to acquire skills like students’ knowledge and skills in pro-
gramming [4], to learn about mathematics [5] or teaching Human Computer Interaction
Skills [6].
Research shows positive effects on learning skills and a positive attitude of students

about the topic when using games in higher education. Some studies focussed on using
game design to teach specific content-related topics such as in the field of construction
and engineering [7]. By designing games, students improved their knowledge about
the concepts and had a greater enjoyment because of the involvement of creativity and
group work [7]. Game design in secondary education was used to teach students about
informatics and society topics [8]. Using game design did not specifically lead to an
increase in level of knowledge compared to not using game design, but that game design
led to a higher degree of sensitisation although it took time to learn how to design games
[8].
In professional settings, frame games have been shown to provide a combination

of structure and flexibility that help practitioners to engage in shared learning about
complex urban systems [9]. Game co-design has been used to gather knowledge about
real-world issues for contextualization [10]. A frame game is a structured set of rules of
a game into which different contents can be loaded, i.e. the frame contains the rules and
procedures of the activity in which the desired information/knowledge to be transferred
is placed [11]. The advantage of using a frame game is that students gain the creative
and discursive aspect of game design by focusing on content and are not hindered by
the lack of knowledge about the game design process.
The research question is: What can we learn about the use of frame games as teach-

ing method to increase understandings of urban resilience? The research objective is
to explore the use of a frame game as teaching method to teach urban resilience. An
explorative approach is used to get a general understanding of the frame game as a con-
ceptual model. RElastiCity is a game about urban resilience conducted in two different
occasions in engineering courses in the Netherlands. At Delft University of Technol-
ogy, a multi-session game was conducted where results and general observations of the
co-design experience were collected. For the single-session game at the University of
Twente, a short survey was used to collect data about the use of the frame game as a
conceptual model. This paper begins with an explanation of frame games as conceptual
models for simulating urban systems.

2 Frame Games as Conceptual Models

Simulation gaming can deal with complex, uncertain and unique issues and provides
a language for combining the social-human with the physical, technological and eco-
nomic knowledge domains and can represent socio-technical complex systems [12, 13].
Designing simulation games follows a generic design process: understanding the real
world issue, developing a conceptual map of the situation, using that map for a concep-
tual game design, followed by the specification of the game and testing and application
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[14]. The finished game can be used in classroom settings to learn about the behaviour
of the real world dynamics and challenges (Fig. 1).

Fig. 1. Basic structure of developing simulation games and playing to understand the real world
issue

Game design is a time consuming process and the designers need expertise. The use
of a frame gamemakes it possible to easily adapt the content of the game to new issues or
problem environment without changing the game mechanics and structure of the game
[15]. This makes it possible to implement contextual variables of specific situations in
an existing game environment. The design process of a frame game is slightly different
in that the first design step uses the frame game as a structure for integrating real-world
contextual issues (Fig. 2).
Starting with the conceptual game, the game elements have to be specified based

on the real world issue. By putting all the elements together and after some tests, one
gains a better understanding of the real-world situation from a system perspective, as the
students define game elements and their relations with other elements. On a higher level
of abstraction, students use higher order thinking specifically analyzing, evaluating [16]
and creating to translate a complex real-world situation to this simplified representation.

Fig. 2. Frame game for analysing the real world situation

The difference between using a frame game as teaching method in comparison to a
game design assignment is that students are not distracted by the conceptual game design
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and the knowledge required for game design. Giving students a framework provides a
low threshold to start the assignment and a high ceiling of challenges as all elements
have to come together [8]. Working with this framework, therefore, allows them to focus
their attention on learning about complex systems. Although the novelty of the games
is lower, this novelty is less relevant as the objective is to learn about urban resilience.
This model of learning is applied in two different settings with the use of RElastiCity.

3 Frame Game, RElastiCity

RElastiCity (combination of Resilience Engineering, Elasticity and City) is a game
about urban resilience [17]. The objective of the game is to understand the effects of
shocks (such as earthquakes, heat, dam breaks and power outages) on the urban area,
the measures to make the urban areas more resilient and the consequences. One of the
learning outcomes is that urban subsystems are connected and problems in one system
cause cascading effects in other systems.
The game has a basic version simulating a generic Dutch urban area with four sub-

systems (transportation, energy, water and built environment). The game is played with
four participants, each participant being responsible for one subsystem. A participant has
to take measures (adaptive, mitigation and recovery) by playing cards that prepare the
urban area to deal with shocks represented by cards and to improve the environmental,
social and economic resilience of the area. After an introduction, the game is played in
10 rounds. Each round consists of rolling a dice to determine if a shock happens (the
further in the game, the higher the probability of a shock occurring). In case of a shock,
the players need to check if they are sufficiently prepared or if they have to recover
within the turn. Next, players can discuss and decide which measures they want to buy
and implement and if they are willing to buy measures together. At the end of the turn,
the players check if they recovered from the shock and have to update the resilience level
of the city based on the implemented measures. After 10 rounds, the game ends and a
debriefing starts in which the strategies, decisions and results are discussed.
RElastiCity is built as a frame gamewhere the content used on the cards can easily be

replaced with other content. New measures can be added to or replace the existing cards
and new shocks or cascading effects can be added or changed. It is even possible to add
an entirely new subsystem such as agriculture or coastal areas and develop appropriate
shock cards and measure cards.

4 Two Applications of RElastiCity in Higher Education

In the academic year 2020 – 2021, RElastiCity was used as a teaching method in two
different courses, Integrated Project for Environmental Engineering in the first semester
and Urban Resilience in A Changing Climate in the second semester. The way it was
used and the experiences of using it as a teaching method are described below.
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4.1 Integrated Project for Environmental Engineering

Integrated Project is a first-year Master course at Delft University of Technology about
integrated engineering and students learn about problem structuring and project manage-
ment. The course is given in two periods. In the first period, students selected an urban
area and made an initial concept map, followed by an analysis of shocks and stresses
in the urban area leading to different trend reports about a specific area. In the second
period, the students developed a game based on RElastiCity by using the trend reports
for defining the game elements and exploring the interaction of the different shocks and
stresses analyzed in the first period. They developed 34 trend reports and 10 different
games and presented the games at the JIRC conference in November 2020 [18].
Data of the experiences of the studentswas collected in feedback sessions and discus-

sions with them and from the opinion of the course manager of the results. The students
were asked about what they learned by using this frame game in their project.
Students used the elements of the game to search for specific information. A student

group told us that they design stress cards based on actual journal articles; shock cards
were based on news articles and measures based on policies of the municipality under
study. This group found that this was a creative way to communicate and another group
observed that the game opened the discussion about integrating other factors than the
key performance indicators (KPIs) given in the format. A third group found that the
game helped them to prepare for the worst. All groups learned about ‘the complexity of
urban resilience’ and ‘how integrated everything is’ while designing the game.
The course coordinator observed that using a frame game stimulates students to think

analytically as conceptualization and abstraction is required rather than merely listening
to information which is a risk with writing reports. Students were more motivated to
work on a game in comparison to writing a report. They have to place the information
in context and consider the relationships and integration. Working in a group to design
a game supports collaboration and communication. In many group work situations,
students divide the work and the different outcomes are loosely coupled. In game design
this does not work.
Although results are based on generic feedback sessions, we observed using the

frame game gave a context for students to co-design and discuss the content. The frame
serves as a framework for analyzing the system and as a starting point for discussion.
These discussionswere focused on the content and designing relations between elements
of resilience challenge which is in line with our objectives and hardly on discussion and
confusing about the game concepts.

4.2 Urban Resilience in a Changing Climate

The Urban Resilience course is an 8-week Master course at the University Twente in
different topics such as conceptual modelling, measures and effects. One of the work-
shops in the course was ‘Evaluating the Impact of Resilience Measures – a game design
exercise’ whose objective was resilience measures and to explore and discuss the impact
of these measures.
RElastiCity was used as framework for the workshop which lasted two hours and

was conducted online. The idea was that a group of students select a (published) trend
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report of the Integrated Project Course. With this information as starting point, students
worked in groups to develop ‘measure cards’ for the game. This meant that they had to
think about type of measures, costs and effects of these measures. Students discussed
and developed a list of measures in Excel sheets about shocks, stresses and potential
effects, but could not develop playing cards due to lack of time.
The survey instrument of 11 questions with a 7-point Likert scale (1 means totally

agree, 7 means totally disagree) was completed by 13 students after the session. It had
two ranking questions and one question of 10-point Likert scale (1 means totally agree,
10 means totally disagree). The objective of the workshop was to learn about shocks,
measures and effects of measures on urban resilience. The students did not agree or
disagree that they gained a deeper understanding of the measures or the impact of shocks
on the system (Table 1). The students slightly agree that they could evaluate the impact
of the measures from the indicators of economy, community and nature.

Table 1. Average score of learning effects

N= M= SD=

Q2. I gained a deeper understanding of the measures for which I filled in
game

13 3.6 1.50

Q3. While filling in the game cards, I gained a better understanding of the
impact of the shocks I selected on a specific urban (sub) system:

13 3.7 1.25

Q4. The performance indicators (economy, community, nature) were an
effective means of evaluating the impact of the measures:

13 2.8 0.55

The second group of measures was about the use of the game as conceptual frame-
work (Table 2). The students somewhat agreed that the assignment was useful and that
filling in the cards was an engaging way to learn about measuring resilience. They
somewhat disagreed that they had enough time. They said that it was difficult to fill in
the excel sheet as more explanation was necessary and that they need more time to do
the exercise. They assessed the exercise with 5.7 out of 10 and stated that the exercise
was useful to learn to measure resilience in an integrated way. Taking a closer look
at the individual answers, the average is highly influenced by one participant scoring
extremely low and in complete disagreement with each statement.
The number of respondents of the survey has been limited, however based on the

overall numbers, we conclude that in principle the idea of using this game as a frame to
discuss urban resilience can work. However, we and the teachers experienced that time
for doing the exercise in this workshop was too limited to dive into the topic completely.
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Table 2. The game as conceptual frame-work

N= M= SD=

Q9. I found the assignment useful for understanding the impact of measures
on the resilience of an urban (sub) system:

11 2.9 1.22

Q10. I thought that creating the game cards was a fun way to learn about
measuring resilience:

11 3 1.95

Q13. I had sufficient time to complete this in class assignment 11 4.4 1.56

Q14. How likely are you to recommend this assignment to other students or
your friends? (10 point scale)

11 5.7 2.02

For Q9, Q10, Q13 (7-point Likert scale) and Q14 (10-point scale)

5 Discussion

RElastiCitywas used as a conceptual framework to analyze the resilience of an urban area
with a focus on shocks and stresses. The game functioned as a starting point to explore
measures and analyze their effects in an integrated way. This concept was studied in two
different ways. In the first situation, the game gave structure to an extensive analysis and
design process while in the second situation the game was used in a two-hour workshop.
One of the difficulties for students when they start a project or explore a complex

system is to choose a focus when everything seems interesting. Students in a frame
game are given an open framework within which to think and explore. Students apply
it to a specific urban area and that provokes discussions on complexity of the topic and
how to simplify that into a game. The openness of the game concept grants students
the flexibility to explore topics of interest to them but also the structure to guide them
in the translation of real-world issues into the game environment. The game opened
discussions with conference participants about how to integrate social factors like health
and well-being with engineered systems. This way of thinking demonstrated by the
students shows the current resilience conversations within municipalities, representing
an important link between their education as engineers and real-world impact. Social
considerations of health, well-being and justice will be fundamental as cities are set to
encounter increasing shocks and intensifying stresses in the decades to come.
Second, it is necessary to include the interdependencies and integration bydeveloping

a game. In the Integrated Project course, all elements had to be connected, and if not,
students needed to discuss. In the second course, the effects of measures were discussed,
although these were more per measure and not about the integration of the measures
with the existing system.
Third, students can engage in game designwithout previous training or a specific skill

set by using a simple game concept. Starting game design from scratch requires prereq-
uisite knowledge, training and time to develop a concept. By excluding this step, students
can focus on learning and communicating about interdependencies and dynamics of a
complex system.
Big differences between the two setups were observed. In the Integrated project,

the results were better and students were more engaged due to the time spent on this
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exercise. The students had the time to analyze a specific area and its urban resilience.
They had sufficient time to translate this to the game elements, could playtest the game
and reflect on the system analysis in the first part of the course. In the limited time of a
two-hour workshop, this process was not possible. The proportion of time in a two-hour
session to understand the teachingmethod ismuch greater than in a semester-long course
where more time can be spent on experimentation and iterative learning. Although using
a frame game as a framework can be time saving from a game co-design perspective,
it takes time to engage in important processes of learning about the real-world issues,
negotiating with group members to decide how to fill in the framework and playtesting
to understand the interdependencies. This iterative process contributes to learning about
complex urban systems.

6 Conclusion

Based on two instances of using RElastiCity as conceptual framework to study Urban
Resilience, students could experience structured shared learning and communication
about an urban area using a game concept as a starting point of a game design pro-
cess. It supports setting boundaries which is always a challenge for students, enabling
more attention to specific elements, while granting space to include other elements. All
elements have to be integrated for playtesting and reflection by the students. This can
be applied without detailed instructions about game design or a lot of time to create a
conceptual game. Finally, in general students enjoy the game design process.
Students must have sufficient time to do the complete loop of analysis, design, play,

reflect, redesign and replay, as this contributes to the learning process. In short sessions,
the time to become acquainted with the conceptual game is relatively long because less
focus can be given to the content and its discussion. Just as for other simulations and
models, choices have been made about what to include and what to exclude which must
be discussed in the debriefing of the exercise.
In conclusion, conceptual game customization is an engaging and fun alternative to

more traditional modeling approaches. The level of engagement generated from students
and the integral understanding of the interrelations shows that the frame game is well
suited for learning about complex systems and their interdependencies.
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Abstract. As part of a Dutch Science Foundation project called T-TRIPP, the
authors developed the serious game Cards for Biosafety. The aim of Cards for
Biosafety is to let young biotechnology researchers learn more about biosafety.
Analyses of workshopswith researchers from the biotechnology domain aswell as
results of interviews with several biosafety officers clearly indicated the need for
such a serious game with a focus on educational learning. Cards for Biosafety is a
physical (also playable online on Tabletopia) round-based card game and playable
with up to eight players. The game itself consists of scenario, risk and measure
cards, and the task of the players is to choose risk and measure cards that fit the
scenario explained by the facilitator at the beginning of each round. To test the
efficiency of Cards for Biosafety as a learning tool, the authors conducted two
online-workshops with twelve participants. The results of these sessions have not
only shown that Cards for Biosafety is a well-designed game, but also a successful
game to achieve the intended learning goal. In addition, the authors recognized
that ‘fun’ is an important element in the game which leads to ‘learning’ in a very
effective way. Future research should focus on the role of such positive states in
serious games and their influence on learning outcomes.

Keywords: Biosafety · Biotechnology · Cards for Biosafety · Covid-19 · Game
design · Learning goals · Self-reflection moments · Serious games

1 Introduction

The Dutch T-TRIPP (Tools for Translation of Risk Research into Policies and Practices)
project is part of a National Biotechnology and Safety research programme, and it aims
to design and develop interactive and innovative tools to give biotechnology stakeholders
a platform to interact with each other. Serious games can be an important part of such a
platform, because of advantages, such as providing a safe and interactive environment
for the participants [1]. Therefore, the decision has beenmade to develop such a game. To
identify the problem this game should address, the authors followed the IDEAS approach
[2]. In general, IDEAS consists of four steps: interviews with subject-matter experts,
discussion round(s) with experts, Moscow analysis [3], and participatory gamestorm
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sessions. In a first step, all project partners of the T-TRIPP project conducted six inter-
active and gamified (online) workshops (each with max. 4 participants) in June 2020
with researchers (Principal investigators, Postdocs and PhD’s) from different projects of
the Biotechnology and Safety programme to identify the major issues around biotech-
nology and safety, to learn more about the current risk governance system and how
people working in modern biotechnology view and experience this system. According
to the issues and challenges mentioned by the workshop participants, these workshops
were transcribed and analysed, and several clusters (groups of identified issues and chal-
lenges) were derived according to the frequency of issues and challenges mentioned by
the workshop participants. In a second step, the authors discussed these derived clus-
ters with biotechnology experts, brainstormed some first game ideas, and conducted a
Moscow analysis as a third step (see Fig. 1). In general, a Moscow analysis can help to
prioritize game objectives and / or ideas by putting them into one of the following four
categories: must-haves, could-haves, should-haves and won’t haves (see Fig. 1).

Fig. 1. Moscow analysis to prioritize derived game ideas as part of the IDEAS approach and with
the aim to identify the problem the game should address.

As can be seen in Fig. 1 from the won’t haves, the game will not address any of the
following game objectives:

– Providing insight into risk assessment procedures (decisions, involved parties),
because the risk assessment procedures in biotechnology are too complex to be covered
by a serious game;

– Improving communication between different stakeholders, because the authors
already developed theMachiaCelli game that can be used to focus on communication-
related barriers [4];

– Increasing awareness of needs for certain types of information. Also here, the above
mentioned MachiaCelli game be used as a game to address this topic.
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The results of this Moscow analysis and the frequency of statements the authors
got during the conducted workshops and interviews with biosafety officers included
statements, such as:

– “It is difficult to explain the system/rules to a researcher”
– “For a researcher, publishing new innovative research is more important than safety”
– “[There are] differences in or lack of awareness amongst researchers”
– “Yeah, I’m not always following it [safety] because it depends on the workload I
guess.”

– “There is no clear definition of safety (what is safe?) and that is a problem in
communication”

– “And it alsomeans that everybodymust be aware about the fact that safety is important,
and that there’s also kind of commitment to safety as being one of the primary values
or norms […].”

– “I’m not always thinking about the risks, and I don’t think all scientists do”.

The above-described analyses have shown that a training game for young biotech-
nology researchers is needed with the aim to let them think more deeply about biosafety.
In comparison to standard training methods (e.g., bi-annual refresher courses), such a
game can create awareness of risks and measures related to different biotechnology sce-
narios by actively discussing them (and not only listening to a personwho communicates
very abstract input in a passive way) and it might help to prevent desensitisation. Also,
Orhan and Sahin highlighted the added value of innovative teaching approaches in the
biotechnology domain [5].
To understand the aim of the game more precisely, participatory online gamestorm

sessions were held with project partners and partners from the field. During these
meetings and several feedback loops it was concluded that:

– Authors follow the definition of biosafety by Biosafety Europe [6]: “Laboratory
biosafety embraces facilities, equipment, practices and procedures deemed to reduce
or prevent the risk of exposure of workers and environment to dangerous pathogens”.

– Authors define junior researchers as Master students, PhD students or Postdocs. In
addition to this, the authors recommend to let the game be facilitated by a more
experienced senior researcher or a biosafety officer.

– Authors structure their game according to biotechnology-related scenarios, risks and
measures.

These decisions functioned as a solid base for the development of the interactive
Cards for Biosafety game.

2 Cards for Biosafety

The aim of Cards for Biosafety is to let junior researchers in biotechnology think
more deeply about biosafety. The game should be played with both junior and senior
researchers and / or biosafety officers to enhance the learning potential. The game is flex-
ible in terms of play time because it is possible to play as many rounds as you want. It is
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also easy to adjust the game for different scenarios or different biotechnology directions,
because it follows a modular approach.

2.1 Game Play

Cards for Biosafety is a physical round-based card game and playable with up to eight
players (up to five junior researchers, and up to three senior researchers or biosafety
officers). Due to Covid-19 the game is also playable online on Tabletopia. The facilitator
hosts the game and starts by choosing a predefined scenario or picking a random scenario
and introducing it to the researchers. After this, every player will get five risk cards from
which they must choose one card that represents the most appropriate or interesting risk
for that scenario. The players also need to think about a good argumentation, presented
as a short pitch, why they have chosen this card.
Depending on the general set-up, a first (in-between) debriefing can follow. Hereby,

the discussion between the senior and junior researchers about the chosen risk cards
including the players’ argumentation, and also the connection with the real world is
crucial. The senior researchers (who can take over the role of a facilitator) stimulate
the other players in their discussion, argumentation and linkage with real life situations.
Even if a player has chosen a card that is less suitable for the situation or contains some
unrealistic elements, it is possible to convince the other players by appropriate argumen-
tations and to discuss in exchange with the senior and more experienced scientists to
what extent realistic elements are contained. More than 98% of all predefined risks and
measures in the game can actually occur in reality and have been checked by experts
from the biotechnology field.
Based on the chosen risk cards, a voting phase takes place, meaning that every player

can vote for a risk card that represents the most appropriate risk for the chosen scenario
in their opinion. Of course, this decision can be influenced by the short pitches and
convincing arguments of the other players. Based on the scoring, the risk card with
the most points will be the starting point for the next phase, namely the choice for an
appropriatemeasure card. Every player will get fivemeasure cards fromwhich theymust
choose one card that represents the best measure for the previously chosen risk. After
this, a second voting with regard of the best measure card takes place. A new round can
be played after that, meaning that the facilitator can pick a new scenario, either randomly
or from a predefined sequence of scenarios.
It takes approximately 20 min (1st and 2nd round) to get acquainted with the game

plus 10 min (from the 3rd round onward) per round to play this game. This is excluding
the final debriefing, which might take 15 to 30 min, or as long as the facilitator wants it
to take. Quite some time of the 10 to 20 min per round is spent on the in-game debriefing
between the different phases and different rounds.
To make a connection with the real working practices of the participants and with the

aim to deepen the discussions about real-life (self-experienced) examples, the authors
defined those in-game debriefing questions with regard to the choice of a risk card:

– Why did you choose this card?
– Do you have an idea about what a specific reason for the occurrence of such a risk
could be?
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– Have you (or a colleague) already experienced this or a similar situation?
– For the chosen scenario, what is the main risk you need to take into account when
planning, preparing or doing research?

Possible in-game debriefing questions related to the choice of a measure card could
be:

– Why did you choose this card?
– For the chosen scenario, what could be an appropriate measure to mitigate the
corresponding risk?

– Do you see a connection between the information about the measure on the card and
reality?

– How can you transfer such a measure to your everyday work and what is needed to
do so?

2.2 Adjustments Due to Covid-19 Pandemic

To be able to test and play the Cards for Biosafety card game during the Covid-19
pandemic and its lockdowns, the authors published the game on the web-based board
game simulator Tabletopia [7].
Tabletopia is a tool in which players can log in and play a board game in a 3D

environment without automation. It is therefore a direct board game simulator which
means that players need to move cards and pawns and roll dice themselves, just like
playing a real board game. The authors chose to use Tabletopia because the platform
is relatively easy to use, looks very realistic and has an easy to learn editor in which
you can create your own board game. It does not take any programming experience and
because it is such a direct copy of a real board game, the authors could design the game
like a physical one.
To set up the game in Tabletopia, the authors needed to upload the art of the Cards

for Biosafety cards (see Fig. 2) in the editor and place them on a virtual table, together
with some pre-made tokens and coins. To play the game, one can create a virtual room
that loads a pre-set of the game on a table and people can use a link to enter this room.
The system is quick in setup. However, some challenges in building and using the

platform for playtests and sessions exists which the authors recognized during several
prototyping sessions:

– The platform is still relatively limited in editing options and has some user interface
issues. Cards for Biosafety is a simple game which did not limit the authors too much.

– Connection issues are a bigger challenge. In many cases players could not connect or
needed to start in different browsers or on different computers.

– Using the 3D environment is difficult for some players. It is therefore important to
provide a legend and do a tutorial or test round of five to ten minutes, so players can
get familiar with the controls.

– You still need a secondary videoconferencing application to communicate.
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Fig. 2. Design of Cards for Biosafety game cards.

3 Experimental Set-Up

To test the efficiency of Cards for Biosafety as a learning tool – that has the aim to let
participants learn more about biosafety aspects – the authors conducted two workshops
with five participants (junior researchers) in the first, and seven participants (six junior
researchers and one senior researcher) in the second workshop (n = 12, w = 6). Two
participants were Bachelor and nine participants were Master students. The authors also
asked them about their experience in the field. Ten participants answered zero to five
years, one participant said six to 10 years, and one participant chose 11 to 20 years
(senior researcher).
Due to the ongoing Covid-19 pandemic, the authors organized two online gam-

ing sessions in which they used a combination of both a communication platform and
Tabletopia as the gaming platform. The sessions consisted of several phases:

– First, they had an interactive introductory round in which the authors asked the
participants to think about a board game that represents their personality best.

– Second, the authors introduced the general aim of the session as well as the T-TRIPP
project.

– Third, the authors explained the main functions of Tabletopia and the participants had
the chance to get to know this platform by practicing certain actions.

– Fourth, the authors shared the link to the pre-game questionnaire with the participants.
This questionnaire included some demographic questions, questions about board and
digital game play experience, questions about personality traits of the participants, and
their emotional state. It took approximately tenminutes to complete this questionnaire.

– Fifth, the authors explained the game rules by letting players interactively play the
first round of Cards for Biosafety. After finishing the first round, the authors continued
with the second one and added a new rule to the game, namely the exchange of two
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risk and / or measure cards. This rule was added to increase the probability of finding
a proper risk and / or measure card. In total, all players played three rounds in both
workshops.

– Sixth, the authors shared the link to the post-game questionnaire with the participants.
This questionnaire asked them about the game itself, about their in-game strategies as
well as possible learning effects and emotional states after playing the game. It took
approximately ten minutes to complete the questionnaire.

4 Results

4.1 Feedback on the Game

In the post-game questionnaire, the authors asked the players about game-related aspects.
From the survey data,

– 50% of the participants completely agreed and 50% agreed that the objective of the
game was sufficiently clear;

– 50% of the participants completely agreed and 41.67% agreed (8.33% neutral) that
they were engaged in the game play and

– 66.67% of the participants completely agreed and 33.33% agreed that it was easy to
understand the rules of the game.

During the feedback round, participants shared that it was a fun game to play and
that all of them could imagine to use the Cards for Biosafety game in an educational
setting.

4.2 Learning Goal

With respect to the learning goal, the authors asked the participants what they learned.
In Fig. 3, an overview of self-clustered learning experiences is depicted. These clusters
were grouped by the authors.
Choosing the ‘right’ risk and measure card is one of the most important game

mechanics of the Cards for Biosafety game. To find out more about the motivation
of the participants, the authors asked them about the strategy they followed for choosing
an appropiate (risk and / or measure) card. Three participants said that they made use of
“[…] knowledge I have on risk and calamity management […]”, “[…] protocols I have
learned […]” and “Mostly from experience […]”. Three participants focused on cards
that “could have the greatest impact” and “the likelihood that it would really happen”.
One participant specified his / her answer a bit by saying that “it can happen to me when
I am in lab […]”. Other participants “tried to come up with realistic risks and measure
cards […]” or they tried to choose the “most out of the box […]” card.
In addition to this, Fig. 4 compares the achieved learning goal between the two

sessions. Particpants of the second session agreedmore that they learned something about
biosafety. This can be explained by the attendance of a senior resarcher during the second
session who explained several things to the junior researchers, shared his experiences
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Fig. 3. Overview of clustered learning experiences.

with them and communicated interesting anecdotes. One participant mentioned that a
senior or more experienced researcher is needed “to bring it [the game] to the next level”.
This shows that it is of utmost importance to include more experienced researchers in
the game play.

Fig. 4. Comparison of the two sessions with regard to learning outcome.
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5 Discussion, Conclusions and Outlook

The present paper focused on the design and development steps of theCards forBiosafety
game which has the aim to let young biotechnology researchers learn more about
biosafety. Due to the Covid-19 pandemic, the authors started with the development
of an online-version of this game that they tested with junior and senior researchers
from biotechnology. The results of these sessions have shown that Cards for Biosafety
is a successful game to achieve the above-mentioned learning goal. The authors also
recognized that the learning objective is not only limited to biosafety aspects, but also
focused on related risk management and risk assessment procedures.
In addition to this, the results presented in Sect. 4 showed the added value of serious

games. The serious part of this game is based on the learning through sharing principle,
meaning that players learn from other players. The interplay between junior and senior
experienced players and related self-reflectionmoments are crucialmoments of the game
in which learning happens. The game itself should be seen as a starting point for sharing
of anecdotes and discussions on biosafety aspects. Due to the huge variety of different
risks and measures cards, it is not that easy to identify and choose the ‘right’ risk and
measure card during play. The players often have to pick the least non-fitting card and
need to find good arguments for their choice. In many cases, the players will choose
seemingly funny cards, but might defend their choice very interestingly or might cause
other players to explain that their card is actually realistic and relevant. In this way
‘fun’ (e.g., “That risk management can actually be fun”) leads to ‘learning’ in a very
effective way. This ‘Out-of-the-lab thinking’ is what the authors want to support with
this game, because it allows players to get to interesting anecdotes and lessons learned
for the junior researchers. The seemingly funny cards might initiate the most interesting
discussions and in addition to this, the playerswill be having fun doing so.Adding serious
discussions as part of the debriefing closes the bridge between funny moments and the
intended learning objective. The role of serious fun [8], related emotions, and their
influence on learning could be an interesting subject of further research. Furthermore,
the feedback of the participants will help us to improve some game mechanics of the
Cards for Biosafety game.
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Abstract. The social economy and social enterprises are a part of entrepreneur-
ship, gaining more visibility in recent years, especially in the European Union.
The unique characteristic of social enterprises and their complex relationship to
the concept of profit pose significant challenges in designing educational tools
for this sector. Accurate simulation of social enterprise must include elements of
profit and loss analysis because those enterprises operate as usual market entities.
It must highlight the importance of each social enterprise’s social impact on its
community. This paper presents the game mechanics, the simulation model of the
social enterprise and the implementation of the educational game, Social Economy,
designed for the Regional Center of Social Politics in Poland.

Keywords: Simulation board game · Social entrepreneurship · Social
cooperative · Social indicators ·Worker placement

1 Introduction

Social economy is understood as ‘commercial and non-commercial activity largely in
the hands of third-sector or community organizations that gives priority to meeting
social and environmental needs before profit maximization’ [1]. It is a concept not new
to the economic theory and gained a lot of momentum after the 2008 financial crisis.
The idea of economic activity that benefits the local community and stakeholders other
than the owner of the enterprise or its shareholders is at the center of this concept and
is fundamental to the Social Economy game presented in this paper. Promotion of the
concept of social economy and education about its applications is an important element
of the EU strategy of economic development. A decade ago, the development of the
social economy sector was perceived as a means of recovery after the 2008 financial
crisis and recession, which resulted in long-term unemployment in several EU coun-
tries [2, 3]. Recently, social entrepreneurship has been perceived more as an integral
element of several strategic goals of EU economic development, mainly in the areas
of youth employment, development of small and medium enterprises, the inclusion of
people disconnected from the job market and creation of high-quality secure job posi-
tions with sustainable wages. This recent approach is well visible in the communication
from European Commission to the European Parliament, the Council, the European and
Social Committee and the Committee of the Regions titled ‘A Strong Social Europe for

© Springer Nature Switzerland AG 2022
U. Dhar et al. (Eds.): ISAGA 2021, LNCS 13219, pp. 134–144, 2022.
https://doi.org/10.1007/978-3-031-09959-5_12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-09959-5_12&domain=pdf
http://orcid.org/0000-0002-9266-225X
https://doi.org/10.1007/978-3-031-09959-5_12


Social Economy: A Simulation Game in Model Social Enterprises 135

Just Transitions’ (2020). In the contemporary Polish context, the central government
document implicating the high role of social economy is the Strategy for Responsible
Development (2014) and the area III of the National Program of Social Economy Devel-
opment (first published in 2014, [4]. The Program’s priority 2 highlights the importance
of education and tools fostering cooperation and mutual understanding between social
enterprises and business organizations. At the regional level, the guidelines for social
economy development are included in the Regional Plans of Social Economy Develop-
ment. The game Social Economy was funded as a part of such a program for Silesian
voivodship.

2 Social Economy – Game Design

2.1 Game Concept

Social Economy is a simulation gamedeveloped in 2016 for theRegionalCenter of Social
Politics (RCSP) in Katowice, capital of Polish Silesian voivodship. The game develop-
ment team included the author of this paper and Katarzyna Kotarska from InteliGames
company and was supervised by the project team fromRCSP. It was created as an educa-
tion tool for five types of model social enterprises specific to the Polish social economy
sector that was considered as the new types of social enterprises as opposed to traditional,
well-established forms like cooperatives [5]:

• Disabled cooperative
• Social cooperative
• Vocational Rehabilitation Facility
• Social Integration Centers
• Foundation

The game target groups were teenagers and young adults who didn’t have any pre-
vious experience or knowledge about the social economy sector. The main educational
goals of the game were:

• Teaching the basic concept of social economy
• Increasing the awareness of stakeholders surrounding the social enterprise
• Raising the awareness of types of activity (economic and organizational) conducted
by the management team of social enterprise

• Improving the understanding of specific activities for different kinds of social
enterprises

• Improving the understanding of the complexity of impact and the measure of success
of a social enterprise.

2.2 Development Process

Social Economy was developed during the three months of 2016 which included a com-
plete design process. It started with precise guidelines about the game goals pre- pared
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by the RCSP, brainstorming and prototyping, testing, production and finally delivering
the game. It was play- tested over 50 times with internal testers, eight test groups of
independent testers and assessors and finally reviewed by the RCSP team before run-
ning the final print. The RCSP had a significant impact upon the final shape of the game,
consulting all the test results and delivering field-specific knowledge such as reports and
articles about the social enterprises models.

2.3 Game Content and Setup

Players start the game by selecting one of the available types of social enterprise:

• Disabled cooperative
• Social cooperative
• Vocational Rehabilitation Facility
• Social Integration Centers
• Foundation

This decision impacts the initial social factors which represent the specialization of
each type of enterprise. For example, the social cooperative begins with level 2 of job
development and a low level of fixed costs, reflecting its focus on workforce activation
and tendency to rely on low-cost or costless solutions such as work by volunteers. The
game is played by a team of five players in a cooperative mode. Players discuss their
preferences and then each player assumes one role from those below:

• Head of the organization
• Financier
• Marketing specialist
• Work coordinator
• HR Manager

Each player receives two special cards associated with his role, representing unique
assets, contacts and knowledge that a management team member brings to the organi-
zation (Fig. 1). For example, the marketing specialist has two cards, Community Sup-
port and Community Project, which reflect the focus of social enterprise marketing on
relation- building rather than on direct sales marketing.
The game board setup includes marking the starting level of social factors on three

tracks in the lower part of the board (Fig. 2). The board itself comprises three main
components:

• Available actions - in rectangle fields around the board, with the name of the action,
places for pawns to activate each action, its requirements, and effects (costs and
benefits for the organization).

• The impact made by the organization stakeholders and competition - in the central
part of the board, each stakeholder can have a minor random effect described in the
relevant field.



Social Economy: A Simulation Game in Model Social Enterprises 137

Fig. 1. Game board of social economy

• The tracks of social factors - three tracks that represent the level of each factor,
which impacts the overall score and after moving through a certain threshold, unlocks
additional actions that require a high level of each factor.

Fig. 2. Game board
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2.4 Game Process

The game consists of three main stages:

• Selection of one social enterprise type which impacts the basic financial parameters
of the simulation and the available special action card placed upon the board.

• Selection of a specific role for each playerwhich is associatedwith a pawn representing
the time one can allocate to enterprise management and two cards representing unique
competencies or assets related to a particular position.

• Four decision-making rounds in which players conduct operational decisions for their
enterprise.

The decision-making rounds in the central part of the game and each round is
structured around four stages:

1. Dice roll to determine the small but sometimes significant impact of enterprise stake-
holders or themarket due to effects such as losing themost valuable employees to the
competition, inspection from the local government agency or conflict with project
partner. This stage is based on the roll of a simple dice but the event table is con-
structed so that the long run effects of random events impact the result of the game
minimally.

2. Group discussion and placing the player pawns on the selected action fields on the
board give players some benefits of income or social impact having additional costs
and requiring at least one pawn to be activated. This stage represents their internal
discussion on organizational and time management priorities.

3. Playing particular action cards for additional benefits. Each player has two cards
which can be played in each round. Thus eight out of 10 available cards are played
in each game. Each card represents the unique skills or assets such as knowledge
of additional funding possibility, extra business contacts or knowledge of each
character.

4. The summary of profit and loss and social indicators of each round is made in a
chart. The players summarize the economic and social effects of all their decisions
in the profit and loss account (P&L) with categories such as

– P&L data

• Total income
• Fixed costs (determined by the type of social enterprise)
• Variable costs (determined by the actions taken on the board and cards played)
• Net income (difference between income and all costs)

– Social indicators typical for the Polish social economy sector:

• Level of job development
• Relations with stakeholders
• Level of employee satisfaction
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At the end of the last round, the final score is calculated as the sum of points after
each round. This model promotes effective strategic planning throughout the game and
reduces the risk of unrealistic decision making based on profit maximization to win the
game in the last round. The game is played in the cooperative mode where all players
around a single board work towards a common goal, but the inclusion of several teams
in the classroom or the workshop adds an element of competition. Different simulated
social enterprisesmay compare the results of their strategy and its impact on organization
profitability and achieved social indicators in this mode.

2.5 Design Challenges

The project team faced several challenges in game development, symptomatic of the
social economy sector. First, the business simulation games in entrepreneurship are a
well-established genre of educational tools and their research is widely available and
present in the scientific and professional discourse since at least the early ‘80s [6–10].
Yet, the literature and examples of business games aimed at the social economy sector
and the promotion of social entrepreneurship are scarce. This challengemay be attributed
to several factors.
Games simulating social economy are scarce and are a relative novelty in training

social entrepreneurs [11]. They are hard to reach because most of them are funded as a
part of educational projects for particular groups. Very few of them are published for a
wider audience. Of the several titles useful for business education in the social economy
sector, the only ones widely available are those simulating regular business organizations
such as Simventure and The Startup Game [2].
The second challenge was to address the complexity of social enterprise business

and social goals in the game narrative and simulation framework. Most early business
simulations and some even now present the financial indicators as the only measure
of success of the entrepreneur. In the social economy sector, profit is essential for the
organization’s sustainable growth but other impact areas such as the three sectors of the
economy are as important [12]:

• The private sector, profit-driven and market-oriented
• The public sector, driven by the population needs and oriented towards providing
centrally planned public services that fulfill those needs

• The social economy, which is partially market-based and based on multiple agents
with- out central planning but oriented towards the needs and well-being of the local
community

It is the role of the profit that distinguishes the three groups:

• The private sector: the profit is transferred to the shareholders and is essential for the
enterprise continuity

• The public sector: the profit is absent by definition
• The social economy: the profit is present but consumed by the organization to secure
its continuity
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This specific situation required the reward structure in the game to be designed
around the maximization of profit and the measurement of social impact. The business
games in corporate social responsibility face similar problems as they mostly use social
or environmental indicators to measure business success which varied from game to
game [13–15].
After the discussion with the RCSP team, the final list of factors representing the

impact of the social enterprise was found to be:

• Level of job development - most simulated organizations are aimed at social inclusion
through work and returning people who had dropped out to the job market. The level
of employment is their primary measure of success.

• Relations with stakeholders - all organizations in the game provide, to some extent,
public services for the local community, complementary for the public sector. The
level of satisfaction of local society was taken as a synthetic measure of organizational
impact.

• Level of employee satisfaction - most social economy organizations in the game are
team-oriented as employee engagement and teamwork are the factors that contribute
significantly to their success. They are limited by the amount of financial motivation
they can provide to their workers. The satisfaction was taken as a measure of the
impact of organizational culture upon social enterprise members.

Those factors are present in the game in two forms. Firstly, they are the success indi-
cators in the game and measure the quality of decisions made by the players. Secondly,
they impact the course of the game so that, on high levels, they unlock specific additional
actions and options and reward the organization’s development and specialization during
the game.
The third challenge of the design process was to include the classical board game

mechanics of worker placement [16]. The simulation of the social enterprise is con-
structed on a high level of abstraction in the game. Worker placement was considered
an efficient compromise between strategic challenge presented by the game, simulation
accuracy and the cognitive load on the player. The underlying rhetoric of moving pawns
on the board might be considered an example of instrumental treatment of enterprise
employees. This meaning is often a problem in board game design because its elements
such as color or shape of the components, a pattern of movement, types of decisions
made by the player and the avatar may be discriminatory or evoke associations that may
distract the players from the game [17]. This problem was managed through the game
manual narrative where pawns are described as measuring the players’ work time.

3 Game Reception and Evaluation

The data about game reception and evaluation is from three sources:

• Yearly reports about the development of the social economy in the Silesia region
published by RCSP (published twice a year: mid-year and for the whole year)

• Evaluation made during the development phase including the pretest and post-test
surveys with game testers (85 complete surveys from 17 recorded sessions)
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• Interviews with 32 participants (teenagers and adults) conducted by the game
development team independently

The game was delivered in November 2016 and came to public use in early 2017. At
first, the RCSP employees used the game during the planned educational sessions in local
schools (10 educational events for 2017 and 2018) and distributed it to local high schools
for use during the classes on promoting the social economy. The recommendations from
the 2017mid-year report stated that the game has the potential for use in amore engaging
tournament form [18].
In early 2017, the management of the game community was redirected from the

RCSP team to the Fajna Social Cooperative which was assigned the task of preparing
the game tournament and conducting additional promotional events. The game was
presented during fairs and conferences dedicated to the social economy sector (the First
Forum of Social and Solidary Economy held on 17 November 2017). Fifteen schools
and 65 students participated in the first two-stage regional tournament.
Excellent reception of the game and higher than expected interest in the game dis-

tribution from the schools resulted in the second print of 300 copies in late 2018 and a
recommendation for another tournament in 2019. This tournament included the elim-
inations in five cities of the region (Częstochowa, Bielsko-Biała, Dąbrowa Górnicza,
Katowice and Rybnik) and the final on November 6 held in Katowice.
The project team also has access to the evaluation of the game from the final stage of

the development phasewhich included 85 surveys as a pretest and post-test measurement
of these variables:

• Assessment of overall game attractiveness (post-test only)
• Level of knowledge about social economy sector (pretest and post-test)
• Attitude towards social economy sector (pretest and post-test)

Game attractiveness was measured after the game on a five-point Likert scale. The
overall attractiveness was high or very high (together 82% responses). There was no
significant impact of demographic variables of gender and age on the level of perceived
attractiveness.
The level of knowledge about social economy sector was measured from a test of

ten questions about the definition of key terms in this field such as types of institutions,
social factors and economic terms. It was measured on a 10- point scale as a number of
correct answers. The post-test showed a significant increase of knowledge as predicted,
since initial knowledge level was very low. The result of comparison (mean in pretest:
3.34, mean in post-test: 7.73, t = −20.64, df = 129.63, p-value < .05) was strong and
statistically significant.
The attitude towards social economy sector was measured before and after the game

on a five-point Likert scale. In this case, the difference was also statistically significant
showing a better perception of social economy sector after the game session. The overall
effect should be considered weak (mean in pretest: 3.32, mean in post-test: 3.79, t = −
3.36, df = 145.05, p-value < .001).
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In both cases of knowledge and attitude, there was no significant impact of demo-
graphic variables. In the qualitative reviews of the game, the school participants
highlighted certain strong sides of the game:

• For most players, it was the only business simulation they ever played and for all of
them, it was the only one focused on the social economy.

• The game mechanics of ‘worker placement’ was well received as an excellent way to
provide strategic challenges during the game.

• The game allowed players to efficiently learn basic concepts of social economy such
as types of institutions, types of projects and tasks in social enterprise, assets, and
funding options which help the organization and the general issues of social economy
sector. Most players could recall those concepts correctly in the interviews conducted
two to eight months after the game.

• The game allowed several non-trivial strategies of play such as specialization, bal-
anced development and focus on profit. Players could evaluate and figure out the
optimal development pattern by themselves although the balanced development was
optimal but hard to follow in the simulation model, which significantly increased their
understanding of the difference between social economy and regular business.

• Although unintended for adults as a target group, the game worked out well during
the workshops with them who received the P&L chart exceptionally well.

The interviewed players also stated some drawbacks of the game and the areas to
improve:

• The cognitive load in the beginning of the game was declared as still high, even
though its reduction was one of the primary project goals, especially when the game
was played in school within a week.

• The game’s replay value was limited to 4–8 plays. The most limiting factors were
the number of various organizations in the game (five types) and possible winning
strategies perceived by the players (3 to 4, dependent on the player).

4 Discussion

Social Economy is one of the most successful simulation games developed for the Polish
social economy sector in terms of player frequency and range of the educational activities
conducted with the game. The design was based on a high-level simulation combined
with mechanics from entertainment board games and limited knowledge elements and
critical concepts and processes. It resulted in a tool that is highly effective as an introduc-
tion to the field of social economy and is well received by its target group of high school
students and adult players. Game evaluation shows that it was well received and signif-
icantly increased the understanding of basic concepts of social economy and players’
attitude, although only the knowledge improvement effect could be considered large.
This result was not surprising to the project team, as the social economy is a concept
basically unknown by general audience. Presenting the students with new knowledge
about its scope as an engaging simulation game could almost certainly improve their
understanding.
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The game implementation in partnership with the social cooperative as a project
leader resulted in forming an active community of students playing the game. In addi-
tion to other benefits, it allowed two editions of the regional tournament. The biggest
challenge in the game design was to obtain the correct balance between simulation
accuracy, gameplay attractiveness and cognitive load for the players.
The Social Economy is well balanced in the first two areas although the simulation

complexity is limited. The cognitive load required to play the game proved to be its
most significant limitation. The most common game mode used in the schools was quite
challenging to grasp for its youngest target group.
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Abstract. To develop a scale of player satisfaction in simulation and games, an
instrument of 30 statements was first developed. The initial pool of 658 responses
(undergraduate students and others) was purified by rejecting 61 duplicate and
incorrect responses and two inappropriate statements. The data from the remaining
597 responses and 28 statements were processed for factor analysis. Five factors
each of eigenvalue more than 1 were produced at high reliability of Cronbach α
of .93. The factors were named excitement, challenge, learning experience, team
victory and self-discovery to represent the statements that comprised the factors.
The study found no impact of gender and category on player satisfaction. This
paper discusses the nature of the factors of player satisfaction and their potential
utility in further research and applications.

Keywords: Challenge · Excitement · Learning experience · Player satisfaction ·
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1 Introduction

The success of some kinds of games depends on the satisfaction of the players. The sat-
isfaction affects their emotional attachment to the game. It drives their repeated use of
the product and encourages them to recommend it to others. Player satisfaction emerges
from expectations of utility, value and quality of the product features and the game
experience. Therefore, satisfaction is an important consideration in game design, devel-
opment, use and sales. For video game players, satisfaction is ‘the degree to which the
player feels gratified with the experience while playing a video game’ [1].
Playing games is attractive because it offers diverse experiences [2]. Some games

offer a learning experience while others offer problems to solve. Some games offer an
artificial scenario that could be engaging and far from reality, yet captivating its players.
Because of the inherent entertainment in some games, the experience is a diversion for
players. Generally, the player experience is comprised of their thoughts, feelings and
interactions with other players which motivate and shape their gameplay.
The games and simulations have common characteristics of design and facilitation

and similar objectives such as entertainment and learning. This study applies to both of
them. Henceforth, the terms ‘games’ and ‘simulations’ will be used interchangeably in
this paper.
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1.1 Player Satisfaction is an Experience

The satisfaction of 140 students in an enterprise business management simulation game
was influenced by their participation and grades from their relative overall performance
(net profit) in the game [3]. In an online course, the students’ satisfaction is due to their
self-motivation, learning style and actions, the course structure and their interactions
and their teachers’ competence and behaviour [4]. These reasons may also be true for a
serious game where the objective of play is only to learn.
Player satisfaction derives from the perceived benefits such as entertainment, plea-

sure, challenge, interest, ease of use such as conveniences of consistency, flexibility,
navigation, documentation and authenticity from play [5]. The players’ experience is
affected by the suspense, narrative and competitiveness in the game [6]. Their self-
efficacy in action, performance, convenience in play, control over game features and
actions, and their fantasy-based relationship with the game characters enhance or reduce
their satisfaction with the game. Their ease of use of the game features also drives their
satisfaction. The learning satisfaction in a marketing simulation game can be a proxy
for their learning effectiveness and outcome in the game [7].
Player satisfaction may be derived from clashing with opponents, overcoming dif-

ficult challenges, learning and practising new skills, achieving personal and team goals
and winning competitions and battles [8]. The nature of games varies in terms of their
artificial environment, the kind of problems posed to the players, their skills and actions,
the nature of their social interactions with their team members and competitors, and the
pace at which the challenges and stages maintain the players’ interest in the games.
Player satisfaction is related to game complexity, expectations of success and players’

performance in the games. It is an outcome of resolving problems or completing tasks
and is reflected in the players’ rising self-esteem. Players seek success through their
gaming actions and choose challenges that are appropriate for them to address with their
abilities and actions to win the game [9]. Both their expectations and actions are based
on their evaluations and therefore, their satisfaction is an experience of fun, enjoyment
and feelings of accomplishment.
Interactivity in play is one of the most powerful factors in player satisfaction, irre-

spective of any other form of motivation [10]. When the players’ need for excitement
and stimulation is high, their enjoyment is high, but only when their interactivity is high.
When their need for interest and engagement is high, their enjoyment is high irrespective
of the level of interactivity. Similarly, rising levels of interactivity address and satisfy
their needs for competence (the feeling of capability) and autonomy (the freedom to
behave independently) and thus, help them enjoy their game experience.
Player satisfaction develops from the feelings of mastery (ability to overcome chal-

lenges) and control (freedom to choose and act). Collecting points, deploying resources,
defeating competitors and reaching tougher stages of the games are some tasks that
arouse players’ actions leading to their fun and enjoyment in games. Their actions in the
game generate their self-efficacy experience which predicts and shapes their enjoyment
[11].
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1.2 Satisfaction in Online, Video and Other Electronic Games

The satisfaction of online game players is determined by the reliability, responsibility,
assurance and empathy perceptions of the service quality of the game [12]. Touchscreen
players are satisfied with their feelings of pleasure, achievement, involvement, game
design elements of story and interactions and game process and delivery [13]. Their
experience could be measured by their satisfaction, ease of task completion (movement
or other actions within the game) and ease of controls, such as keyboard and other tools.
Video gamers are satisfied due to usability, playability, narratives, enjoyment, cre-

ative freedom, audio and visual aesthetics, personal gratification and social connectivity
of the games [14]. While earlier research had found immersion, fun, aesthetics, moti-
vation, engagement, presence, flow and enjoyment in games to be factors and facets of
game satisfaction, some terms like immersion and engagement had multiple definitions
and different meanings. Consumer videogame engagement was conceptualised as a state
of interactions between the consumer and the product that produced cognitive, affective
and behavioural types of consumer engagement [15]. Game engagement was found to
be a composite of three constructs with two factors each, viz., cognitive engagement
(absorption and conscious attention), affective engagement (dedication and enthusiasm)
and behavioural engagement (interaction and social connection).
Satisfaction is derived from expectations of utility and value and quality of the

product features and is a sign of the users’ intention to buy and use the product again.
Pokémon players’ satisfaction was affected by their feelings of flow, such as challenge,
control, curiosity and concentration and their expected service quality in terms of the
immediacy of information and responsiveness of the entertainment services [16]. A study
of 244,360 reviews from 6,170 video games in nine genres such as adventure, racing and
strategy showed that satisfied gamers played the games repeatedly and recommended
them to others [17].
A study of 353 video gamers using the game user experience satisfaction scale

(GUESS) [15] found that their desire to play the game could be seen in their curiosity,
eagerness to win, desire to experience a fantasy role or story in the game, solve a prob-
lem, use intellectual abilities and connect with others. Players with a need to compete,
interact and imagine and like fancy worlds would be more satisfied than others. Those
who experience high satisfaction may play the game more often. Some frameworks of
game experience have components such as challenge, sensation, curiosity, absorption,
concentration, motivation, arousal, fantasy, discovery and interaction [18].
From the review of literature, player satisfaction may be defined as a range of expe-

riences that may include ease of use, freedoms and controls, participation, performance,
competitiveness, interactions and learning. For online and related game players, the sat-
isfaction may be affected by their engagement, narrative, discovery, fantasy, sensation,
need to compete and win, immersion and game features and aesthetics. Thus, player
satisfaction is a product of several forces such as the nature of the game, players’ expec-
tations, perceptions and behaviour and the learning, competition or other objectives of
the game.
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1.3 The Objectives of the Study

Much of the foregoing reviewof literature showed that no research attempted to develop a
meaning of player satisfaction in games except in the domain of electronic games. Player
satisfaction appears to be amulti-dimensional construct withmany sources, explanations
and perceptions. A deeper understanding of player satisfaction may guide the design and
development of more satisfying games. Therefore, the objectives of the study are:

1. To develop a scale of player satisfaction in games
2. To identify the factors of player satisfaction
3. To study the effects of player gender and category on player satisfaction.

2 Method

2.1 The Instrument

From the review of literature, several feelings representing player satisfaction as experi-
ences at the end of a game were identified and simplified. After a preliminary scrutiny,
the feelings were converted into statements and were tested for ambiguity, simplicity,
repetition and grammar. The new list of statements was then reviewed by other faculty
for the statements’ logical links to player satisfaction. After receiving the observations
of players of some games, a few statements were combined, while some others of similar
themes were restructured and relocated within the instrument. This pruned list had 30
statements which were finally reviewed by the authors in comparison to the objectives
of the study. The statements were scored from 1 to 5 with 1 for ‘least agreement’ and 5
for ‘highest agreement’; a 0 (zero) option was added for ‘not applicable’.
To this list, cells to enter the respondent’s name, gender, age and other demographics

and names of games played by the respondentwere added. Respondentswere also invited
to discuss their experiences with the authors. This instrument was then transcribed into
the Google Forms page. It was again scrutinized by the authors till no further error was
found.

2.2 The Respondents

The instrument for data collection was emailed to more than 1,550 students (undergoing
graduation and post-graduation in engineering and management) and others who were
not students. Students and others were treated as two separate categories for the study.
Responses were received from 658 survey recipients (42.45%). After a visual examina-
tion of the data, 61 duplicate and incorrect records were rejected and 597 records were
processed. The sample had a mean age of 20.57 years with a standard deviation (SD)
of 5.03 years. The age of 549 students was in the range of 17–26 years while age of 48
others was in the range of 21–59 years (Fig. 1).
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Fig. 1. Players: Age, gender and category distribution

2.3 The Procedure

The instrument was communicated to the prospective respondents inMay and June 2021
along with an appeal for their cooperation. After a fortnight, the survey was closed and
the data were processed using SPSS 21.0. To understand the players’ responses to the
instrument, the first author interviewed approximately 5 percent of the sample after the
consents of the respondents were received. The respondents were asked to name their
favourite games, to explain why they played games and to describe what they learnt from
playing games.

3 Results

A reading of the completed forms showed that chess, ludo and sudoku were the most
common indoor games,while rummywas the popular card game. Cricketwas the leading
outdoor game; Volleyball, football, badminton and basketball were also liked but less
popular outdoor games. PUBG was their favourite mobile game. Athletics was also
mentioned as a popular game by many respondents. Thus, the respondents had played a
wide variety of games.
The statements #15 (‘I felt sad when it ended’) and #16 (‘When I played alone,

my confidence increased’) were dropped because of their insignificant correlations with
the total. The factor analysis processed the remaining 28 statements in the instrument
and extracted five factors each of eigenvalue more than 1 that explained the variance of
53.53 percent. The KMO measure of sampling adequacy of .95 and Cronbach α of .93
of the results confirmed the reliability of the instrument. Bartlett’s test of sphericity was
highly significant (χ2 (378)= 6496.24, p< .000). The factors were named excitement,
challenge, learning experience, team victory and self-discovery after considering the
relative weights of the statements comprising each factor (Table 1).
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Table 1. Player satisfaction: Factors and their respective statements and loadings

Loadings

F1 F2 F3 F4 F5

Factor 1 (F1): Excitement

23 I liked the way the game was organised .65

24 I will cherish the outcome of the game for a long time .62

25 I liked the game structure .56

21 It was an exciting moment to conquer the competition .55

5 It was exciting to recall the game events .53

18 I was relaxed due to the presence of my team members .52

26 My memory goes back to the post-game experience .49

19 I was excited even after the game had ended .48

Factor 2 (F2): Challenge

17 I was happy that I will remember the game experience
for a long time

.28

20 The game prepared me to face bigger problems in the
real world

.65

8 I understood many things that I did not know before .63

14 I am now ready to face new problems .62

7 I discovered that I could overcome difficult problems .58

22 I am glad that I know more after the end of the game .51

Factor 3 (F3): Learning experience

1 I felt elated .69

2 I learnt how to confront problems .56

3 As I played more games, my satisfaction increased .53

6 The game experience was thrilling .49

4 In team games, we talked a lot .46

27 It is worth playing such games .41

Factor 4 (F4): Team victory

12 I wanted to win, and I did .73

10 I am glad I won .73

11 I learnt from other members in the team .57

13 Everyone’s communication had something valuable
for me

.50

(continued)
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Table 1. (continued)

Loadings

F1 F2 F3 F4 F5

9 I am happy that I helped my fellow team members in
the game

.48

Factor 5 (F5): Self-discovery

29 Every time I finished playing a game, I wanted to play
it again

.71

30 Playing such games gave me recognition .66

28 I discovered myself every time I played the game .59

Eigenvalues 9.98 1.54 1.28 1.17 1.02

Percent of variance explained 14.80 10.36 10.14 9.34 8.89

The factors showed highly significant and positive correlationswith each other (Table
2). The results suggest that player satisfaction is amulti-dimensional construct composed
of factors closely associated with each other.

Table 2. Player satisfaction factors: Descriptives and correlations

Mean SD F1 F2 F3 F4

F1 Excitement 27.68 7.38 1

F2 Challenge 20.91 5.65 .70 1

F3 Learning experience 20.35 5.54 .70 .66 1

F4 Team victory 18.41 4.74 .64 .62 .63 1

F5 Self-discovery 10.27 3.33 .62 .58 .51 .48

All correlations are significant at the 0.01 level (2-tailed)

The sample groups were based on gender (female and male) and category (students
and others); z tests were conducted to determine the differences within the groups. Player
satisfaction did not significantly differ within the gender and the player category for the
construct of player satisfaction and its factors.

3.1 Interview Results

Only 21 students, not the others, volunteered for the interview. Here are two responses
(edited for brevity):

Student 1. Plays only online games (3–4 h a day). Learning experience: playing within
a team (PUBG), coordination, strategy, leadership, role, guiding others, patience, and
how to deal with failure.
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Student 2. Plays only online games (4–5 h a day). Likes simulations and plays for plea-
sure and competition. Online games are better because time moves faster and learning
is faster. One can learn from a chemistry simulation within hours as against a lab exer-
cise that may take a week or more. Learning experience: strategy, repetition, failure,
learning, making decisions, solving problems through trial and error, never give up, and
learn and act under pressure. We need more S&G, and games must show reality more
often.
Twelve more respondents filled the instrument with their feedback, although they

did not offer to be interviewed. Three observations (edited for brevity) are shown below:

Student 3. Every game brings a chance to enhance skills and do well. Through watching
scrims and all I come to learn that we can learn through seeing others the way they
practice and exercise their skills and perform.

Student 4.When I play games it relieves tension, and there is a different kind of excite-
ment. Especially, the Single-player computer games are really good. They have this
cinematic experience, making use of all sorts of modern technology, and they are more
immersive.

Student 5. After corona came in March 2020 and lockdown happened. Since then, I am
here in my village and I am playing cricket for two hours daily for the last one and a
half years. We play even when it is raining and I can proudly say that after every day’s
play, I feel absolutely energetic. Those two hours of play give me the strength to face
the world (right now virtually) for the next 24 h, and it’s not that we only play cricket,
we talk a lot, we make fun of each other a lot and we enjoy every moment of the time
that we play. The satisfaction which it gives to me, I cannot say it in words. Now, even
after playing for this much time, every day I feel the same energy to go there and play.
Even when I go out to the town to do some of the housework that my family gives me, I
try my best to finish the tasks and come home before 16:30 so that I can play. And this
also gives me the courage to overcome the negativity going around in this tough time.
And lastly, I feel so much better mentally and physically.
Out of the 33 interview and feedback respondents, 25 said that they played for the

competition, excitement and relaxation without specifying any learning as a goal or an
achievement.

4 Discussion

The study created, reviewed and administered an instrument of player satisfaction for
over 1,550 potential respondents. From 597 valid responses and 28 valid statements, it
achieved the first study objective by developing a scale of player satisfaction in games
of adequate statistical reliability.

4.1 Factors of Player Satisfaction

The second objective was achieved when five factors were extracted from the respondent
data and named as excitement, challenge, learning experience, team victory and self-
discovery. For a better understanding of the results, these factors and their relevance to
the study objectives are discussed below.
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Excitement. Excitement could be measured to represent the changes in the expectation
of victory during the game. Higher scoring rates, clashes between stronger teams, swings
during the game and proximity to an expected win enhance the excitement in games such
as soccer [19]. It may be seen as the probability of winning and could be codified and
mathematically expressed as a formula for use in games such as tennis and golf [20]. The
simulation is an active learning mechanism that engages students by evoking intrinsic
interest, enjoyment, confidence, understanding, self-efficacy, enthusiasm and excitement
for their course [21].
Excitement is an emotion that is characterised by feelings of elation, exhilaration and

enthusiasm. Like any emotion, it influences decision making and communication and is
an active and powerful ingredient in gamification [22]. Within groups, it is a product of
interactions such as in games that may further enhance engagement and cohesion. Both
hope and fear generate excitement in the form of uncertainty, pleasure, anxiety, suspense
and nervousness during the game [23]. The results may produce other emotions such
as annoyance, dissatisfaction, elation, relief, anguish and disappointment as different
forms of excitement at the end of the game.

Challenge. A game is a set of problems that provokes players into action. Players may
be more inclined to challenge and solve problems due to their experience in difficult
situations, their conviction to solve problems, resilience, self-esteem, self-efficacy and
determination to act. [9, 24]. A game evokes and retains the players’ interest when it
offers challenge, fantasy, control and curiosity. Game features include difficulty levels,
points, badges and goals to challenge the players [25].
Successful problem solvers confront, learn from and enjoy challenges. They are

extremely curious about new and difficult environments, ready to investigate problems
from all angles, prepared to seek ideas and advice from others and eager to experiment
for better results [26]. Problems can be solved effectively by using a broader lens for
perception and understanding. One view of this lens may see problems as networks of
people connected by trust, relationships and interactions. Another could be the evolution
of groups of people, things and others connected by problems, decisions and behaviours.
A systems view may see an information system of objects and resources connected by
their features, flows, costs and applications. These views shape mindsets to choose one
or more of these views to solve problems [27].

Learning Experience. Significant improvements in learning outcomes can be achieved
even from small improvements like aesthetic features (such as graphics and music in
a video game) in game design [28]. Quizzes and other gamification elements provide
feedback that enhances engagement, learning outcome, motivation and subjective sat-
isfaction [29]. Games that use different kinds of assignments and gamification markers
such as badges and scorecards increase player motivation. Such actions would influence
player performance to produce better learning and satisfaction.
The players are more engaged when they solve problems in the game because their

actions enhance their learning and retention [30]. Learning is the product of interactions
and experiences in a business simulation game where the players understand business
goals and how to compete and collaborate and become aware of business and selling
skills [7, 31]. This learning is possible due to the design of the game, the gamedocuments,
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the facilitation during and after the game ends and the problems solved by the players
during the game.

Team Victory. Group conditions such as size, heterogeneity, status, empowerment and
climate and group interactions such as discussions and leadership affect the satisfaction
of team members [32]. The players’ task satisfaction would be affected by the team’s
levels of task satisfaction and vice versa.
Heterogeneous teams with members of diverse backgrounds and opinions perform

better in a cohesive environment of psychological safety for their members [33]. In
cohesive teams, their members are focused on and interact with each other towards
the goal, share information and opinions with other members of the team without fear
or embarrassment and trust, assist and depend on each other to resolve their problems
[34]. Such teams are more likely to win competitions and therefore, have high levels of
team satisfaction [35]. Satisfaction is an outcome when members share knowledge with
others in the team and focus on the goal; both are facets of cohesiveness [36]. Therefore,
satisfaction is a personal and team result of accomplishing team goals which translate
to victories in competitive games.

Self-discovery. Self-examination leads to self-discovery which is the players’ deter-
mination that dictates and shapes intentions, decisions and behaviour and builds their
self-mastery. Thus, their satisfaction arises because they recognize their own and others’
strengths and weaknesses and manage them to seek mastery of their environments. Such
understanding enables the players to make deliberate decisions and solve problems [37].

Players discover themselves most when they solve tough challenges using their
superior skills. The discovery encourages them to learn more, use their capabilities again
and attend tomore problems to enhance their self-esteem. In this state of flow, the players
would feel more active, alert, concentrated, happy, satisfied, creative and motivated [38].
Players discover what they can do when confronted with problems in social interactive
environments. They learn to think flexibly by integrating their understanding with other
domains under varied conditions. They develop learning and reasoning skills and the
maturity for assessing their actions and results. In team games, they construct meaning
and learn to communicate, negotiate and share ideas and assist one another [39].

5 Effects of Player Gender and Category on Player Satisfaction

Gender and Category. The absence of the effects of gender and category suggested that
both genders and both categories of respondents had similar levels of satisfaction. Thus,
no gender or category had more excitement and challenges, better learning experience
and team victory, andmore self-discovery than the other gender and category. Therefore,
game features would not engage one gender or category more than the other.
The interviews and written observations of some students described and con-

firmed the statistical findings that they played games mostly for excitement and social
engagement.
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5.1 Limitations

The instrumentwas administered during the covid19-related lockdown of 2021. Students
who normally play outdoor games like cricket and football would not have played them
for (perhaps) the previous two months or more. The reduced duration of their playing
experiences may have diluted their responses to the instrument.
The study covered a variety of games where the fun, engagement, enjoyment and

excitement experienceswere generated fromhigh levels of participation and interactivity.
None of the respondents based their survey answers on any serious game. Therefore,
the study did not cover serious games whose focus is on the learning of facts and events
such as in historical simulations [40] and where the nature and factors of the player
satisfaction may be vastly different from the findings of the study.

5.2 Conclusion

The authors developed a scale of player satisfaction based on many games. The scale
was built from a survey of 658 respondents of indoor, outdoor, board, electronic and
other games. The study extracted, named and discussed the factors of player satisfaction
as excitement, challenge, learning experience, team victory and self-discovery and found
that the gender and player category of the respondents did not affect player satisfaction.

5.3 Implications of the Study

The findings of this study may be valid for youth aged 18–21 years because the sample
size (n= 549) of students was large and fairly homogeneous (mean= 19.29 years, SD=
1.45 years). The sample of others (n= 48) was relatively small and more heterogeneous
(mean = 35.21 years, SD = 7.65 years) than the student sample; therefore, extending
the findings to older others may not be suitable.
Researchers may study the nature of satisfaction and its antecedents throughout a

game because the player’s satisfaction would change during play. The findings may be
useful and interesting to game developers so that they can add the appropriate features
to generate satisfaction at desired stages in the game. An index of satisfaction may help
to measure and understand it better than before as in the case of excitement [19].
Researchers must use measures, such as the number of times or hours that players

played the most satisfying games as an objective and reliable assessment [20]. The
study used players’ self-reports as measures to assess their perspectives about their
satisfaction. While it was convenient to capture their playing experience as perceptions,
their subjective responses may not have been fully factual. Therefore, the frequency of
play is a better pointer to satisfaction than self-reports [41].
Researchers must develop scales of player satisfaction for specific games like chess

and football. Players would face different kinds and levels of engagements, emotions
and satisfaction as experiences even if the games belong to the same genre [41]. Games
within the same genre differ vastly in terms of competitive strategy, game modes, design
and features.
Game designers and developers must embed the five factors as necessary elements

into their games so that players play often and recommend the games to others. The
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objective of gamification to entice and keep customers engaged with the game can be
served by using features like scoring, rewards and frequent communications. Satisfied
customers would then be a sign of business capability to serve its customers and perform
and survive in the future [42, 43].
A serious game is a teaching tool that promotes learning and behavioural change,

unlike other games where the objective is to challenge and win against competitors.
Serious game developers should include elements of challenge, recognition, problems
to solve and social interactions in the games to enhance the players’ excitement and their
learning experience [44]. Serious games must capture and engage the players’ attention
with elements like fantasy, challenge and adventure to create an enjoyable learning
experience [45].
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Abstract. The effect of the learning styles of management students on a learning
experience in marketing management game was studied. The scales on learning
experience andKolb’s learning styles inventorywere administered on 120 students
who played the game. The findings of the study revealed a significant effect of
Concrete Experience (CE) and Abstract Conceptualization (AC) on the learning
experience. The gender-wise significant difference was observed in the learning
experience. Findings of the study revealed a significant interactive effect of gender
and Reflective Observation style of learning on the learning experience in the
marketing management game.

Keywords: Brainstorming · Concept development · Field exercises ·
Instructional games · Systematic planning

1 Introduction

The instructional games in the curriculum improve learning; therefore, the teaching
fraternity has shown interest in using these games as one of the student learning styles
[1]. Learning brings changes in the behavior of the students. It is the process through
which knowledge is created through the transformation of experience [2] Learning style
is the way an individual processes and retains new information and skills; hence, it
plays an important role in the behavior of the students. No single approach provides
the best learning for the students as every individual has different approaches in the
learning process because of the different backgrounds, motivations, demographics, and
their characteristics [3]. Better management games can be developed by understanding
the learning styles and encouraging students’ participation to develop better learning
about the concepts. In complex disciplines such as management where the educators
must link theory into practice, they take the help of in-class and out-of-class activities to
make the learning more effective. Learning styles are measured by the Learning Scale
Inventory (LSI) and generalized in four stages of the learning process [4].

1.1 Kolb’s Learning Style

Simulations contribute to all phases of Kolb’s (1984) learning cycle [5]. Experiential
learning accommodates learners of all styles and described simulations as learning activ-
ities [6]. Students found games as fun and motivating [7]. Fun and humor elements also
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facilitated creative problem solving [8]. Games lead to improved learning and academic
performance [9].
Kolb’s model of learning style was used to understand the effect of marketing man-

agement games on students learning experience. Games have been known to engage and
interest people since their inception. Management games have found their use in differ-
ent fields such as marketing, healthcare, business and education [10]. If implemented
correctly, gamification can make a positive impact on students’ learning, motivation
and participation [11]. Students in the marketing stream are very diverse in nature and
have learners of different styles [12] Therefore, for effective learning, the interesting
marketing game would give the students a better learning experience.
Management games provide a real learning experience to the students and hence

make the learning more effective. [9] The use of instructional games has grown in the
past decade and students find the games full of fun and interesting but sometimes, do
not constitute any learning [13]. These games are at least an inducement to learning
and necessary preconditions for higher-order learning and self-learning [14]. Primary
goals of experiential learning consider them to serve as reasonable substitutions for
learning [15–19]. Another essential factor to consider is whether games should be fully
incorporated or only partially integrated into the learning process. Games should be
viewed as supplemental elements because complete integration necessitates high-quality
mechanisms, student involvement and instructor support [20]. In other circumstances,
the inclusion of games in the curriculum has been successful if the instructions provided
to the students are effective.
Studies discussed the role of gender in simulation games and have suggested that

women lack technological competence and want to adequately perform femininity; on
the other hand, men are technologically proficient by virtue of their performance of
masculinity [21] Games are often used in educational settings because they provide
increased learner motivation. It is particularly important to use games that appeal to both
genders to provide equal educational opportunities to all students. The present study uses
the literature on Kolb’s learning model, experiential learning, strategic business games,
and learning styles.

2 Rationale of the Study

Different learning styles make the students learn in different ways. Management games
play an important role to make learning more effective and provide a real learning
experience to the students. Research suggested that around 2000 instructional games are
available and faculty members are using these games to make the students more engaged
in learning. Marketing is the area where the students must go in the field to understand
the concepts practically. To provide real-time exposure to the marketing students, the
marketing game was planned for experiential learning.

3 Objectives

1. To study the impact of learning style on the learning experience of marketing
management games.
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2. To study the effect of gender on the learning experience of marketing management
games.

3. To study the interactive effect of gender and learning style on the learning experience.

4 Method

Sampling Procedure: Purposive sampling method was used.

Sample size: 120 students played marketing management game.

Tools for Data Collection: Students’ learning experience was measured on a self-
developed eight-item scale.

The Kolb’s Learning Style Inventory was used to assess learning styles (Table 1). It
has 12 items and is measured on a ranking scale. However, for the study, these itemswere
measured on a five-point rating scale from ‘strongly disagree’ (1) to ‘strongly agree’
(5). The ranking format essentially forces the data to fit into two opposing dimensions
and the rating format should allow a less biased test of the “polar opposite” prediction
[22] Thomas (1978)]. Changing from a ranking format to a rating format increased the
average reliability of the sub-scales from .48 to .57.

Table 1. Reliability coefficient of learning experience and LSI scales

Cronbach’s Alpha

Learning Experience (LE) 0.82

Concrete Experience (CE) 0.63

Reflective Observation (RO) 0.68

Abstract Conceptualization (AC) 0.76

Active Experimentation (AE) 0.75

Tools forData analysis: Regression analysis, independent sample TTest, and Two-way
ANOVA were used as tools for data analysis.

Hypotheses. Following null hypotheses were formulated and tested at a 5 percent level
of significance.

H01: There is no significant effect of Concrete Experience (CE) on the learning
experience in the marketing management game.
H02: There is no significant effect of Reflective Observation (RO) on the learning

experience in the marketing management game.
H03:There is no significant effect ofAbstractConceptualization (AC) on the learning

experience in the marketing management game.
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H04: There is no significant effect of Active Experimentation (AE) on the learning
experience in the marketing management game.
H05: Gender-wise, there is no significant difference in the learning experience in the

marketing management game.
H06: There is no interactive effect of gender and Concrete Experience (CE) on the

learning experience in the marketing management game.
H07: There is no interactive effect of gender and Reflective Observation (RO) on the

learning experience in the marketing management game.
H08: There is no interactive effect of gender and Abstract Conceptualization (AC)

on the learning experience in the marketing management game.
H09: There is no interactive effect of gender and Active Experimentation (AE) on

the learning experience in the marketing management game.

An Examination of Learning Experiences Toward PlayingMarketing Games. One
hundred and twenty MBA students played a game as in-class and out-of-class exercises
in two sections with the same faculty who administered the game. The students played
in groups of six each; hence 20 teams.

Description of the Game
The game consists of four customer segments and two different product categories of
different features offered to themarket. The industry in the game is the chocolate industry
which needs to start its fresh operations in urban areas (Tier II city). One student in every
team was appointed as a marketing manager to build a marketing mix to increase the
profitability by 20 percent assuming that breakeven was achieved.

1. Every team consisted of six members having equal number of males and females.
2. A budget of 2 million was allocated to each team.
3. Every team decided the strategy for the first quarter of Jan-March.
4. Two varieties of chocolate products were manufactured and sold at their decided
price.

Each group needed to frame a business model showing the price mix, promotion mix
and distribution mix.

Participants’ Tasks

1. Every team decided the four customer segments.
2. The data of costing of the product was provided to every team.
3. They allocated the budget on the different heads – Research & Development
promotion, pricing & distribution mix.

Key Learning Areas
The game covered the basic understanding of the topics such as product mix, market
segmentation and targeting, distribution channel investments, promotional budget allo-
cation, pricing, market research, competitor’s analysis and overall profitability.
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Data Analysis: To test the hypotheses, regression analysis was used to study the effect
of learning style on the learning experience in marketing management games.

The Table 2 shows the descriptive statistics of learning experience and learning styles
of the sample.

Table 2. Descriptive statistics of the sample

Mean Std. Deviation n

Learning Experience 3.83 .48 120

Concrete Experience 3.68 .56 120

Reflective Observation 3.84 .70 120

Abstract
Conceptualization

3.89 .74 120

Active Experimentation 3.30 .84 120

TheR-value of 0.62 indicates amoderate degree of regression (Table 3). TheR2 value
of 0.38 indicates that learning styles contribute to only 38% variation in the learning
experience. The DurbinWatson value is below 2 and indicates a positive autocorrelation.

Table 3. Model summary

Model R R Square Adjusted R
Square

Std. Error of
the Estimate

Durbin-Watson

1 .62 .38 .36 .38 1.99

Predictors: (Constant), Active Experimentation, Abstract Conceptualization, Concrete Experi-
ence, Reflective Observation. Dependent Variable: Learning Experience.

The F ratio is 17.73 and the p-value is less than 0.05 (Table 4). Hence, the null
hypotheses which suggest that there is no relationship between the learning style and
learning experience in marketing management games stand rejected.
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Table 4. Details of the analysis of variance

Model Sum of Squares Df Mean
Square

F Sig

Regression 10.51 4 2.63 17.73 .00*

1 Residual 17.03 115 .15

Total 27.54 119

Dependent Variable: Learning Experience. Predictors: (Constant), Active Experimentation,
Abstract Conceptualization, Concrete Experience, Reflective Observation

The regression model for the learning styles and learning experience of the students
in the marketing management games shows significant effects of Concrete Experience
(CE) and Abstract Conceptualization (AC) on the learning experience (Table 5). Thus,
hypotheses H01 and H03 were rejected. H02 and H04 hypotheses were accepted which
showed that Reflective Observation and Active Experimentation have no significant
effect on the learning experience in marketing management game.

Table 5. Regression model for the learning styles and learning experience

Model Unstandardized
Coefficients

Standa
rdized
Coeffic
ients

T Sig. Collinearity
Statistics

B Std. Error Beta Tolerance V I
F

(Constant) 1.89 .26 7.33 .00

Concrete
Experience (CE)

.21 .08 .24 2.67 .00* .67 1.50

Reflective
Observation (RO)

.14 .074 .20 1.89 .06 .47 2.12

Abstract
Conceptualization
(AC)

.21 .07 .32 2.92 .00* .46 2.16

Active
Experimentation
(AE)

-.04 .05 -.08 -.96 .34 .85 1.17

Dependent Variable: Learning Experience.

The Independent-sample t-Test was used to compare means of male and female
groups of students (Tables 6 and 7).
If the significance value for the Levene test is greater than 0.05, it satisfies the

assumption of equal variances for both groups. The p-value (significance) for the t-test
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Table 6. Gender-wise mean and standard deviation

Gender n Mean Std. Deviation

Learning
Experience

Male 50 3.94 .52

Female 70 3.76 .44

is less than 0.05, hence null hypothesis H05 was rejected. It indicated that gender-wise
there was a significant difference in the learning experience (Table 7).

Table 7. Gender-wise T-test

Levene’s Test
for Equality of
Variances

F Sig. t df Sig. (2-tailed)

Learning Experience Equal variances
assumed

.59 .44 1.98 118 .04*

Gender and Reflective Observation have a significant interactive effect on learning
experience as the p < .05 and hypothesis H07 was rejected (Table 8).

Table 8. Two way ANOVA to test the Hypotheses: H06-H09

Source Sum of Squares df Mean Square F Sig.

H06 Gender * Concrete
Experience

1.51 6 .25 1.54 .17

H07 Gender * Reflective
Observation

4.12 8 .52 4.53 .00*

H08 Gender * Abstract
Conceptualization

1.57 7 .23 1.91 .08

H09 Gender * Active
Experimentation

2.12 9 .24 1.31 .24

5 Discussion

Overall, the students have a very positive experience in thismarketingmanagement game
and found the game very interesting and challenging. Results indicated that out of the
four Kolb’s learning styles, the Concrete Experience (CE) and Abstract conceptualiza-
tion (AC) have shown a significant impact on the learning experience in the marketing
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management game. However, the effects of Reflective Observation (RO) and Active
Experimentation (AE) style of learning were found to be insignificant on the learning
experience. The findings of the present study were also supported by Kolb who had
suggested that in Concrete Experience, the learning aspect covered intuition and special
experiences and established a relationship with the people [23]. The activities included
in the concrete experience were readings, field searches and simulations. The Abstract
Conceptualization (AC) consists of learning by thinking, logical analysis of thoughts and
systematic planning which included activities such as field exercises, simulation exer-
cises and situation-based exercises. The games helped to build the concept development
and learn to assess simulation effectiveness [24].
The findings of the study revealed the significant gender-wise difference in the learn-

ing experience. The probable reason could be that most females do not take upmarketing
as a specialization or field jobs. A similar result was observed that female enrollment in
the marketing field was less, and they had not shown much interest in playing situation-
based games [25]. Men generally prefer to play games that are active and competitive
while women prefer logic, puzzles and skill training games and enjoy social interac-
tions in games [26] These gender differences provide some unique challenges to game
designers as they attempt to design games that appeal to as broad as of a game playing
audience as possible.
Gender-wise learning differences were also observed in an empirical study with a

small sample size supporting the finding that Gender and Reflective Observation (RO)
have a significant interactive effect on the learning experience [27]. The Reflective
Observations were measured with the help of brainstorming activities, discussions and
thought-provoking questions and included learning through their senses and an attentive
observation before deciding. The task of the students in the gamewas to take the decisions
related to 4 P’s (Product, Price, Promotion and Place) and the group consisted of both
males and females. In a similar result, students had shown more interest when they
performed the activities such as excursions, discussions, brainstorming and thought-
provoking questions [28].

6 Conclusion

The Learning style plays an important role in creating a positive and unforgettable expe-
rience about the concepts of marketing. For the study, Kolb’s Learning Style Inventory
(LSI)was used and the effects of four learning styles on learning experiencewere studied.
The findings revealed the significant effect of Concrete Experience (CE) and Abstract
Conceptualization (AC) on the learning experience in the marketing management game.
The gender-wise significant difference was observed in the learning experience. The
findings showed the significant interactive effect of gender and Reflective Observation
style of learning on the learning experience in the marketing management game.
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Abstract. This paper focused on using mood changes created by biometric mea-
surements to improve the player experience (PE). Currently, biometric measure-
ments are being used in game experience research. Earlier studies focused on the
possibilities of modifying the game experience with real-time biometric measure-
ments. The biometric measurements were gathered from the Empatica E4 and
used to apply the mood changes while questionnaires were used before and after
the experience to gather data. For the adapted group, the weather effects increased
when their arousal increased while it remained constant for the control group.
The adapted group rated their emotions, the overall experience and game features
lower than the control group, just as their arousal and valence. The player experi-
ence was not enhanced but reduced. There are many explanations for this finding
such as the negative feedback loop and the negative connotations of rain. The
emotions and the experience of the participants were negatively impacted by the
heavy storm indicating that real-time biometric measurements could impact the
PE which could be improved by a positive feedback loop.

Keywords: Emotional arousal · Feedback loop ·Maze · Transitional music ·
Virtual reality

1 Introduction

A key component of games is the player experience (PE). When the PE is not enjoyable,
it has an impact on the graphics and the gameplay [1]. The entertainment of the player,
created by the interactivity of the game, is frequently seen as the definition of PE [2].
It is suggested that without players, games have little or no value [3]. PE testing is
constantly evolving since the creativemedia industry is competitive. The use of biometric
measurements in the gaming industry is one of these evolutions. Interest has been shown
in implementing biometric measurement in the gaming industry [4]. The integration of
physiological measurements is to evaluate the emotional engagement of the player and
has been demonstrated as a suitable method using sensors for the game industry [4]. The
measurements could be acceleration, eye tracking, heart rate, skin connectivity and skin
temperature [5]. The gathered data could be analysed and combined to create datasets
such as the arousal or valence of the player [6].
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Biometricmeasurements could be used to track the PE through a controller. AnXbox
[7] 360 controller was altered to include biometric sensors [8]. Heart rate andmovements
are examples of biometric measurements performed by this altered controller. Sony [9]
patented biometric measurements for the PlayStation 5 [10] controllers [11].
In the game industry, biometric measurements are mainly used in research to test

game events [12], features [13] or social interactions [14]. The use of biometric mea-
surements to manipulate the game experience in real-time is still in development [15].
Biometric measurements could be used to control characters in Flappy bird [16], Snake
[17],World ofWarcraft [18], Portal 2 [19] and racing games [20]. It is possible to modify
game elements dynamically in a dynamic difficulty system. Here the skill level of the
player dictates the difficulty of the game and could be linked to the biometric measure-
ments of the players [21, 22]. Applying biometrics in games can also be done differently
by creating a framework [6]. The overall impact of these design changes on the PE has
not been assessed. In this framework, Electrocardiogram sensors, electrodermal activity
sensors and an accelerometer were used. Four different factors were adjusted based on
the measurements. A threshold in the biometric measurements was set for the shooting
mechanic, were the player would attack once the threshold was exceeded. The attack of
the enemies would become more powerful after the player crosses an arousal level. The
emotions of the player impacted the mood of the game [23], creating positive feelings
for a bright environment and negative feelings for a dark environment. The difference
between the framework [6] and the presented study is that the study focused more on the
relationship between the design change and the PE. No research was done on the impact
of the framework. The framework is more detailed than the study since the impact of
changing one aspect of the game was researched.
In the study, the PE is measured using different indicators. The first indicator is the

emotions and feelings of the participants since the PE is often described as the amount
of fun of the player [2]. The competence of the participant can also be an indicator for
the PE. The enjoyment of the art style impacts the player experience because different
types of visual styles are pleasing to different people [24]. Another indicator of the PE
is the immersion of the participants which keeps the interests to suspend disbelief. The
final indicator used in this study is the experience with virtual reality (VR). To create
a pleasant PE, the participant should help with the immersion without motion sickness
from VR.
For this study, a VR corn maze was created with two different versions, one (the

adapted version) includedweather effects that weremanipulatedwhen emotional arousal
peaks occurred. The other version (the control version) was a set experience without any
manipulation of the weather effects. When the arousal levels of the participants were
above a set threshold in the adapted version, the weather got worse.
The study focused on improving the PE by applying mood changes based on real-

time biometric measurements in a virtual reality corn maze game. The assumption was
thatmanipulating the gameworld using real-time biometricmeasurements would impact
the PE.
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2 Method

Two versions of the VR corn maze were developed for the study. The first version of the
maze had a constant experience that did not change due to the biometric measurements.
The weather and lighting for the second version of the maze were changed due to the
biometric measurements.

2.1 Research Design

The environment needed to create a visible arousal spike in the biometric measurements
of the participant. A questionnaire was made to understand the emotions evoked by
different environments using 15 different mood boards. For each mood board, the par-
ticipant had to rate the pleasantness from one to five, which can be seen in Fig. 1 which
shows the emotions evoked by the pictures.

Fig. 1. The pleasantness of the mood boards

To trigger the mood changingmultiple times, the VR environment should evoke both
negative and positive feelings. The cornfield mood board was the only one that seems to
evoke a range of different emotions. The horror genre influenced the participants’ view
on a cornfield, making it chilling when it is dark and soothing when it is light. To make
the experience enjoyable, a gameplay element was added by making it a corn maze.
All mazes were completed by two participants who did not participate in the final

experiment, which gave an indication of the time it would take to complete the maze.
Figure 2 displays the mazes and the completion times of two participants for each maze.
The experience was intended to take a couple of minutes, which meant that maze 1, 4,
and 6 were too short. With the changing mood and extra decorations, it was expected
that the completion time would increase by a couple of minutes. The fifth maze was
chosen to keep the experience relatively short. This maze was not the longest, but long
enough for the biometric measurements to impact the PE.
A closed area is the start of the VR environment where the maze is the next part of

the environment and at the end is another closed-off part. The environment is decorated
to resemble a farm. The Empatica E4 [25], the biometric measurement device used for
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Fig. 2. Six different mazes and their completion times (minutes)

the study, needed some time to obtain a baseline for the Galvanic Skin Response (GSR)
and the skin temperature of the participant. The gates to the maze would open once the
calibration was done.
Three different lighting sets were created (Fig. 3). Two different skyboxes were used,

a bright skybox and a dark skybox. The sound system includes changing the background
music, rain getting louder, and thunder starting toplaywhenan arousal peakwasdetected.
The weather can change and can become more or less cloudy, rainy and windy. At the
last weather stage, thunder starts as well.

Fig. 3. The different moods and weather states

Ten zones were created in the VR environment (Fig. 4). In the starting and ending
zones and zone 0, calm music played. Halfway between calm and stormy, transitional
music would play, when the mood had entirely changed, the stormy scary music would
play. Zone 1 works the same as zone 0. As a crow flies past the participant in zone 2, the
intensity of the light source placed inside the scarecrows increased, and the transitional
music played unless the mood had changed to a full storm. Zone 3 and 4 were almost
identical to zone two; the only difference is that there is no crow. In zone 5, light
rain started and stayed for all the zones after this and scary music would be playing
continuously. A crow crawl sound would play occasionally and the intensity of the light
in the scarecrows increased. Zone 6 was almost the same as zone 5; another crow flies
past the participant in this zone. Zone 7 was identical to zone 5. Zone 8 and 9 were the
same; the music changed back to the transitional music when the mood was not fully
stormy. The intensity of the light inside the scarecrow would decrease.
The Empatica E4 [25] did not record the biometric measurements; it was more

important for the plug-in to function in Unity [26]. A Python plug-in was used five
requirements to discover the presence of an arousal peak [27]. According to rule number
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Fig. 4. Different zones of the maze

1, the period between the stimulus and response had to be between one and five seconds.
Rule number 2 stated that there had to be a drop in the skin temperature after the peak.
The latency affected the rising time according to rule number 3. Rule number 4 stated
that a steeper slope to the peak indicated a more intense arousal peak. According to the
rule 5, the recovery time had to be between one to 10 s. When an arousal peak was
determined, the plug-in would send a signal to Unity which could change the weather
and lighting in the environment [26]. It took the participants roughly eight minutes to
complete the maze.

2.2 Materials

The hardware for the biometric measurements was the Empatica E4 wristband [25]. The
GSR data and skin temperature were used based on factors that showed an arousal peak
[28]. The Python [27] plug-in [29] and the Patterns of Basic Emotions [23] were used
as supporting theory.
The Unity Engine [26] was chosen because it was familiar to the participants. The

assets for the corn maze were gathered from different places, and two different VR
head-mounted displays (HMD) were used.
The assets were selected because they looked like they belonged on a farm. A bright

and a dark skybox were used. A couple of different weather particle effects were added
in the Unity scene. The sound effects of a crow, rain, thunder, wind and background
music were gathered from Quixel Bridge [30], the Unity asset store [31], websites like
TurboSquid [32] or a universal sound FX library [33].
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There were two HMD, the HTC Vive Pro and HTC Cosmos [34]. Three different
VR set-ups were used of which two of them were used for testing the research while
the other was for the development. The Experience lab [35], a research group at Breda
University of Applied Sciences that works on interactive experiences, was used as the
main set-up for the study. A private set-up was used for the participants that could not
travel to the campus in Breda (Fig. 5).

Fig. 5. Experience lab VR set-up and private VR set-up

3 Method

Aplaytest session was held to discover if the player experience can be enhanced by using
real-time biometric data to adapt the mood of a VR game environment. The biometric
measurements of the Empatica E4 [2] were used to change the mood in the maze.
Data about the emotions and player experience of the participants before and after

the playtest session was gathered from the pre-experience and post-experience ques-
tionnaires which gave insights into the feelings of the participants before and after the
maze, their experience while playing the maze and their PE. The pre-experience ques-
tionnaire included questions about general information such as participant number, time
and research group. Participant information such as age, gender, nationality and level of
education was gathered if the participant stresses easily, or was a gamer, or had expe-
rienced VR before, and their favourite game genre. The last part of this questionnaire
measured the arousal, valence and current emotions of the participants [36, 37].
The post-experience questionnaire started with whether or not the participants com-

pleted the maze and the time they took. The same questions as in the pre-experience
questionnaire were used for the measurement of the arousal, valence and current emo-
tions to compare the participants’ emotions before and after the experience. To gather
information about the PE, data was gathered on the feelings during the experience, skill
of the participant, visuals, engagement andVR. The last part of the questionnaire focused
on how recommendable the experience was and the overall grade. A combination of the
Game Experience Questionnaire and Player Experience of Need Satisfaction [38, 39]
was used. Both questionnaires used the Likert scale from extremely agree to extremely
disagree, apart from open questions and emotions. The data analysis was done in SPSS
[40].
Thirty-four participants were recruited through convenience sampling. Seventeen

participants each were randomly assigned to the control group and the adapted group for
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the Empatica E4 [25]. The adapted group had real-time biometric measurement mood
adaptations, and in the control group, the biometric measurements did not influence the
mood. Since the experiment was done in the Netherlands at a university, the majority
of the participants were Western European and between the ages of 20 and 30. The
experience took place in two locations in the Netherlands, Breda and Zutphen in March
2021.
Fourteen participantsweremale and 20were female. Themean age of the participants

was 27.5 years, with the youngest being 12 years and the oldest being 69 years old. The
12 year old participant had played with permission from both the parents. One parent
participated before the child and the other parent watched the spouse. The study had 28
Dutch participants. Out of the other six participants, fourwereBulgarians. The remaining
two participants were from Germany and Zimbabwe. Twelve participants had not used
any type of VR over the past 12 months. Ten of the remaining participants had used VR
once. The last two participants had more experience with VR and had used it 20–30 and
50+ times respectively.

4 Results

The control group all had the same experience. The mood was sunny until zone 5, when
the rain started. There were five different outcomes for the adapted group (Fig. 6). The
biometric measurements of the participant could stay low without fluctuation, imply-
ing the participant was calm, due to only sunny weather. With the second outcome,
the biometric measurements could stay low with minor fluctuations, implying that the
participant was reasonably calm due to the mostly sunny experience. The biometric
measurements could continuously stay high, suggesting that the participant was emo-
tionally aroused. The experience quickly went from sunny to stormy. The biometric
measurements could stay high and still fluctuate, implying reasonably aroused partici-
pants, which lead to a mood that fluctuated between a light storm and a heavy storm.
Alternatively, the biometric measurements could fluctuate, insinuating that the partici-
pant got emotionally aroused at certain places, which caused an experience where the

Fig. 6. Experience of the adapted group
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mood was constantly shifting. The participants were not aware of other participants
having a different experience.
The means and standard deviations of six dimensions of the adapted and controlled

experiments are shown in Table 1 below.

Table 1. Means and standard deviations

5 Discussion

Improving the PE by applying real-time biometric mood changes to a game was the
intention of the study. Both study groups rated the overall experience pleasant and worth
recommending. A minor yet visible dissimilarity could be seen in the data of the control
and adapted groups. The participants felt better after the experience than before and the
control group felt better than the adapted group. The maze was more difficult for the
adapted group due to the worsening weather, which explained why the participants felt
less skilled. The visuals, immersion and VR experience were also rated lower by the
adapted group. Thus, the PE was not enhanced but rather reduced.
It is possible that arousal changes during the game play do not make for a better PE

[41]. The worsening weather may have created a negative feedback loop which would
have been enhanced by the negative connotations of rain and storm [42]. It had a negative
effect on the feelings of the participants and impacted the sight of the participants. It was
taxing for the eyes, the lower-rated visual style, VR experience and competence which
could be explained by the connection between real-time biometric mood changes and
the PE.
The reduction of PE does not mean that the PE could not be enhanced using real-time

biometric data. If a positive feedback loop was created instead, the PE possibly could
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have been enhanced. The possibility of combining real-time biometric measurements
with VR games is relatively new. There has not been much academic research in this
field due to which comparing data in the study has proven to be a challenge.

5.1 Limitations

Some improvements could be made to the VR corn maze. The resolution and frame
rate in VR was sufficient but not optimal. The corn maze walls could have been made
denser. Places in the VR environment were not properly lit and some signposts were not
readable. Every time the mood changed, the crops reset to their original position. These
issues were known but could not be resolved in time due to the scope of the project.
The most important part of the VR environment was the changing of the mood which

could have been handled differently. It was used to suit the scope of the project. The lack
of an arousal peak could be used as a trigger for the changing of the mood.
The plug-in worked adequately but could have been tweaked more. Arousal peaks

were detected occasionally, giving a null or a maximum value. This issue could not be
resolved due to the limited time.
Due to theCOVID-19pandemic, gatheringparticipants to play the gamewasdifficult.

The extent of their VR experiencewas therefore limited. The lack of participants resulted
in two different game locations.

5.2 Future Indications

A continuation of the present study is suggested to inspect the negative relation between
the mood changes and the PE. A different implementation of the real-time biometric
mood changes could create a positive relationship between the mood changes and the
PE, and therefore, further study into this positive relationship is advised. Increasing the
number of participants and using a more diverse sample could create a more accurate
assessment.
The possible uses for changing a game based on biometrics could be personalization,

a dynamic difficulty system and physiological horror elements. A game experience using
real-time biometric measurements to customize sound, character or environment design
could improve the PE [43]. Real-time biometric measurements could be used for real-
time adjustable difficulty settings which could prevent players from getting frustrated
due to difficulty of the game and would improve the PE [44].
A different type of implementation could use real-time biometric measurements to

increase psychological horror elements in games. If the measurement would pass a set
threshold, the actual horror event could happen. If the threshold is not reached, the
tension could increase [6, 45].
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Abstract. Mass Casualty Incidents (MCI) occur when the number of patients in
an incident exceed the number of available resources, require a multi-disciplinary
approach and are protracted; fortunately, they are rare. When they do occur, first
responders –including paramedics, police and fire fighters - must respond instantly
and effectively. This article introduces research on use of an MCI simulation as
the capstone subject for a degree program preparing student paramedics for the
disorder and chaos of their first MCI. The University of Tasmania’s (UTAS) Syd-
ney campus ran three iterations of an MCI simulation for students in the Bachelor
of Paramedic Practice degree. The MCI required paramedics to respond to a
gas explosion involving mass casualties in a public setting - using 30 moulage
enhanced (makeup-based mock injuries) simulated patients in varying degrees
of distress. The MCI scenario was specifically designed as an immersive experi-
ence within which participants could review their current capabilities. This article
reflects on the impact of the third iteration, drawing on post event interviews
to review experiences occurring during/after such large scale, complex, stress-
inducing simulations. Fidelity to conditions in real MCIs was elevated through
use of intrusive noise, simulated patients and live radio communications. The
impact on participants – both facilitators and students as patients or paramedics –
has been long lasting. Future research will consider the extent to which the effect
of emotional engagement and skills acquisition persist and re-surface long after
the event is over.

Keywords: Simulation · Paramedics ·Mass casualty incident · Simulated
patient · Intrusive noise · Fidelity · Skill acquisition · Experience-based learning

1 Introduction

When I think about that training day, I see how it prepared me to know what I should do,
that the scale gets overwhelming but that’s part of what happens, crews will go renegade
if not included in plans, that clear communication and teamwork is key, and staying calm
and following the process helps to keep things running as smooth as possible. (Graduated
participant reflecting on events described here).
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In Australia, paramedics are health care professionals who usually work outside
hospital contexts treating medical and trauma emergencies beginning at the site of an
incident and continuing during transport to relevant hospital support and/or between
such facilities. Formal education programs in Australia provide paramedic students with
strong theoretical foundations, practical skill application, and clinical placements.
However, there are indicators that this cannot constitute fully adequate preparation

for the disorder of real emergencies, which graduates can expect to encounter in their
workplaces. Acquiring skills in isolated sequences does not fully prepare graduates for
the confusion created by multiple simultaneous demands being made on their skills
and knowledge. Thus, this experience was specifically intended to be messy, noisy,
demanding with inherently uncertain outcomes.

2 Mass Casualty Incidents

Mass Casualty Incidents (MCI) occur when the location, number, severity, or type of
live casualties, requires extraordinary resources (e.g. the number of patients requiring
treatment exceeds the number of trained staff available to deal with them). MCIs may
have human origins (rail or road accidents) or be the result of natural disasters (earth-
quakes, bushfires, cyclones, floods, epidemics/pandemics) and include care of evacuated
populations.
MCI are unexpected emergencies, involvingmessy, noisy environmentswhere famil-

iar procedures will be challenged by intensified emotional and physical demands on first
responders. To enable practice of formal procedures in volatile and uncertain conditions
University of Tasmania’s (UTAS) Sydney campus conducted MCI simulations for 2nd

year students as a capstone unit in the Bachelor of Paramedic Practice degree. The sce-
nariowas created as a gas explosion involvingmass casualties in a public setting employ-
ing 30 simulated patients (1st year students) enhanced by moulage (makeup-based mock
injuries) with roles indicating their physical condition. Second year students became
paramedic first responders with functions self-selected from relevant roles including on
site, command and control liaison positions.
The scenario, situated in a large relatively secluded open space on university grounds,

included distraught patients with minor injuries, who were mobile and distracting for
paramedics, as well as patients in various life-threatening conditions with (simulated)
complex traumatic injuries. A few patients were designated as deceased and some
were instructed to die during the event. Three patients were depicted as advanced age
(>75 years), with grey hair, age-wrinkled faces, and appropriate clothing. Figure 1 shows
a moment in the hectic efforts to triage patients before deciding medical treatment and
evacuation sequences. Triage is a method for determining the severity of illness or injury
of patient based on physiological signs and physical activity.

3 Rationale

For effective transition from university to unique paramedic workplaces, students need a
deep and visceral understanding of what will happenwhen they encounter such complex,
and disordered MCI environments. A limited amount of operational exposure occurs in



184 P. Lyndon-James and E. Leigh

Fig. 1. ‘Mass casualty’ – students gaining paramedic practice in a simulated chaotic environment

clinical placements where students, as supernumeraries are able to observe/assist expe-
rienced paramedics. Such experiences go some way towards helping students develop
important and requisite professional capabilities. Other relevant and specific clinical
skills are acquired via use of manikin-based simulations. However, in an MCI, sim-
ulated patients [1] (real people in role as patients) create dynamic learning environ-
ments because their emotional engagement produces unpredictable behaviours and
continuing levels of intrusive noise hampering essential lifesaving actions. Provision
of such an immersive experience is essential for the development of confident and
capable paramedics. Notably, such improvements are only achievable if taught in the
undergraduate and early clinical training years [1].
The design of this MCI simulation deliberately chose to use simulated patients (in

lieu of manikins) to create a high-fidelity learning event where animated engagement
would be essential to establishing an overall environment of disorder. Fidelity is a con-
tested term in simulation given that it may infer such terms as authenticity, degree of
realism regarding actual events, and plausibility consistent with real events. This means
that simulations must select component/s - from among all that is possible – on which to
focus the level of fidelity. Given that the students receive extensive training in sequen-
tial management of injuries/patient conditions, the MCI designers chose to replicate
the noisy, confusing uncertainty of a sudden emergency where specific skills (insert-
ing a cannula, managing an airway) were subservient to acting effectively in chaotic
conditions.

4 This MCI Scenario

Events reported here occurred during the third iteration of the MCI. It involved 100
participants, 49 of whom were 2nd year students working as if paramedics attempting
to bring the chaos to order. Their task was to manage 30 simulated patients (50% female
and 50%male, aged 18 and 75) enacted by 1st year students in the Bachelor of Paramedic
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Practice. Other participants included academic staff as simulation directors/observers,
and relevant qualified professionals supporting the students.
All roles in the simulation were played by student participants, with staff providing

educational as well as work, health, and safety support. Student paramedic participants
self-selected their role choosing from a management framework representing a formal
chain of command. Patients were to be extricated from the scene, as delegated by a site
supervisor, to a casualty clearing station for reassessment and hospital allocation.
It is totally impossible to replicate - in the calm sequencing of an academic paper – the

noisy chaotic conditions that unfolded on the lawn that morning. Some patients sponta-
neously decided to act-out their distress becoming both a nuisance to the paramedics and
emblematic of how people in real emergency situations may behave. Some paramedics
were (at least temporarily) confounded by the paradoxical demands of specific health
management and general situation control. The impact of this intrusive noise created by a
multiplicity of micro-events associated with patients, alongwith the competing demands
of patients and management requirements will be the subject of future research. On this
occasion it was a surprising and unsettling factor affecting almost every part of the scene.
Figure 2 captures a moment of apparent calm among the chaos of deciding who to

extricate and in what order. The boundary between simulation and reality was extended
through engagement with the real workings of NSW Ambulance by linking the MCI
medical commander’s decision process to actual command and control conditions con-
cerning extrication of patients to hospital. This was done via live communication radios,
provided by NSW Ambulance - a collaboration with the real world which made the
simulation closer to reality.

Fig. 2. Managing the chaos - planning the extrication order of patients
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Team leaders and paramedics extricated patients to a simulated hospital in a nearby
university building, handing over to a real Registered Nurse, again paralleling real life.
The event lasted four hours, including time for briefing and debriefing.

5 Review of the Literature

5.1 Increasing Number of Mass Casualty Incidents

The rapid rise in the occurrence of natural disasters and wilful acts of mass destruction
resulting in MCIs requires a focused view on preparation of Registered Paramedic [2].
The high number of casualties generated by such incidents often results in medical crises
where the ‘demand for medical care exceeds the capacity of supplies and staff available’
[3] In order to manage this need, timely and effective decision-making processes are
indispensable for positive patient outcomes [4] To ensure effective decision making,
it is paramount that extensive preplanning and preparedness training is conducted to
minimise morbidity and mortality [5].
Interestingly, it has been revealed that perceptions of preparedness are significantly

correlated with the volume of training [6]. An inevitable challenge to learning about,
and preparing for, such events is their lack of frequency [7]. Furthermore, there are
indications that training delivery via full-scale drills (such as this MCI Simulation),
rather than online learning provides better preparedness [8, 9]. A continuing issue is the
limited amount of research into the value and validity ofMCI simulations, made difficult
by the comparatively low number of actual incidents of appropriate severity [7]. It is
also clear that use of manikins for such research and learning purposes is not feasible
for MCI learning events due to the large numbers required [10].

5.2 Achieving Appropriate Realism

Despite the latest technology in simulation, realism cannot be achieved if the learn-
ing environment is not contextualised to professional practice conditions [11]. As MCI
exceeds the normal activities of emergency care in thefield [12], itwarrants a specific app-
roach and requires testing of its durability in a pressurised high-fidelity event [13]. This
requires the inclusion of sensory overload, which is imperative to allow realistic practise
of skills [7]. Sensory overload, coupled with environmental fidelity [14], suggests that
for maximum effect, participants must encounter real difficulties of communicating in
noisy situations. Environmental fidelity can be achieved by utilising simulated patients
[2] behaving as people with or without actual disease who have been trained to portray
a medical case [15] Their inclusion in MCI simulations provides an emotional impact,
ensuring a disordered environment and adding another dimension to simulated learning
events.

5.3 Contextualising Experience-Based Learning

The excitement of the technology era, has in many contexts, shifted the learning focus to
acquisition of clinical rather than interpersonal or field skills [14]. However, MCI simu-
lations are expressly intended to elevate communication skills, augmenting confidence
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and providing experience in learning to mitigate the impact of unexpected obstacles
[15]. A key point here is that contextualised learning is a) acquired from synergistic
exchanges between people and environments, b) holistic and c) requires adaptability to
the material world [16].
Simulation as a technique …. to amplify real life experiences [17] provides exactly

such environmentswhen students in health care cangain insights into the vital importance
of understanding that the secret of care of the patient; is in caring for the patient [18].
Successful acquisition of this unique knowledge requires engagement in environments
where participants must learn to choreograph their care of others within disordered
situations.

6 Method

All participants contributed to an extensive post-event debriefing, and then, for the pur-
poses of collecting data about participant experiences as paramedics the 2nd year students
were invited to participate in follow up research processes. Information about the study
was provided via a Participant Information Sheet. All consent forms for their various
responses to be used anonymously the research study itself, and all documents were
approved by the UTAS Human Research Ethics Committee. Respondents participated
in a large-scale debriefing session, followed by post event interviews, which utilised semi
structured research questions, presented simultaneously to seven focus groups. Most of
the data collected will be analysed and presented in future research reports. In this article
some key early observations regarding overall responses, and facilitator observations are
introduced to lay the foundation for the research ahead.
An hour was allocated to complete the interviews and 49 of the 50 2nd year stu-

dents responded, 24 were female. The interviews were electronically recorded to enable
transcription of the respondents’ responses. An inductive thematic analysis was utilised,
to allows for identification, analysis and illustration of emerging patterns within the
research data [19]. All focus groups were conducted by different academics at the same
time, and all were asked the same set of semi-structured questions.

7 Emerging Issues

Several issues emerging from the interview data, are beginning to highlight both the
value and limitations of use of MCI learning strategies including the use of simulated
patients. What follows are initial impressions arising from the emerging data. Direct
quotes are included as indicative descriptions of responses.

7.1 Noise is More Than a Distractor

The most surprising initial observation concerns the impact of intrusive noise, which
proved to be than just a distractor, moreover it seems possible that mitigation of such dis-
tractors can be learned. This event produced a variety of sources of intrusive noise, includ-
ing the chain of command delegating tasks by radio; paramedics communicating with
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each other; the screams of patients in pain and patients with minor injuries demanding
assistance. Most respondents noted that the presence of intrusive noise enhanced fidelity
and allowed for immersion and cultivation of a unique problem-solving environment
supporting the findings of Kaplan et al. [13].
Stress resulting from intrusive noise provides insights into the management of dis-

ordered environments. The purpose of simulated MCIs is to test participants against
numerous stressors that tax and overwhelm. ThisMCI provided an immersive experience
providing exposure to and appreciation of the difficulties in communicating during a real
MCI. Respondents playing the ambulance control and ambulance command positions
were staged separately from the scene of the simulatedMCI and provided a commentary
of the event from their unique perspective through the radio communications network.
Figure 3 shows a rare moment of apparent peace as the Commanders wait for the next
wave of patients.

Fig. 3. Commander andDeputyCommander engaged inmanaging the chaos during the simulated
MCI

Interviewees specifically noted the elevation of stress amongMCIparticipants,which
occurred during extensive periods of noise. Symptoms of elevated stress included alter-
ations in vocal tones, including changes in the pitch of their voice. Excessive stress
was perceived when chain of command personnel on scene stopped answering the
radio. These observations are congruent with a study that highlights the importance
of stimulation overload to imitate stress produced by real MCIs [7].
The limitless array of intrusive noises was a challenging context, which while dis-

tracting, providedfirst-hand experience in learning tomitigate it. The noisewas perceived
by a team leader as, a slap in the face initially and then identified as beneficial for the
development of thinking and professional behaviour. It appears that experience-based
learning is not always appreciated by educational systems, which rely on classroom
learning, literature-based concept acquisition, and teacher’s knowledge [20]. However,
direct personal experience can be a vital learning element as one respondent noted -
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when they are screaming in your face, you need that experience, that’s really what it’s
about.
Conversely an absence of noise from patients (shown in Fig. 4) was equally alarming

for respondents, who noted that the ones that were quiet, just lying there, they were the
scary ones. Experiencing a patient’s silence was a prompt to seek immediate clinical
action and reporting of the patient’s severity up the chain of command.

Fig. 4. Silence as a scary aspect of chaos

These experiences contextualised the complex communications required in the MCI
and contrast with the limited interactions from manikins (usually as moaning or short
static statements) [2]. While some manikins allow an operator to speak through them,
such interactions fall short of simulating the intrusive noise that real patients generate,
nor do they provide ways for learners to develop techniques to mitigate the noise.
Techniques used to combat intrusive noise relied on existing life experiences and

ingenuity. Respondents reported that the noise of the event was comparable to playing in
a football gamewith a crowd of fans or coming from a large rowdy family, where airtime
is at a premium. Yet, it was also rationalised as expected of disordered environments that
MCIs present - you’re not walking into a controlled environment! The experiences led to
reframing modes of communication, with non-verbal strategies become the new norm,
including the use of direct eye contact and sign language. Learning to adapt practice
to the needs of unique contexts is considered a universities responsibility, as graduates
must be capable of negotiating workplaces that are constantly evolving [21]. Exposure
to a practice MCI has potential to influence actions and reactions of participants in real
MCIs making the skills transferable to professional practice.

7.2 Emotional Reactions by Simulated Patients as an Added Value

Patient care is a complex process that requires human empathy and connection [17].
While simulation using manikins is intended to replicate responses and reactions in a
unique learning platform, [22] learners are aware that the manikin will not die [23].
For many respondents the possibility of simulated death of a real person, was a salient



190 P. Lyndon-James and E. Leigh

provision of fidelity. One respondent summarised that feeling by saying - it was great
that patients were dropping here and there, because it added more realism.
Some respondents saw it differently, with one expressing sadness at a patient’s death,

because the patient was human and the inability to preserve life was emotionally con-
fronting, even during a simulation. This demonstrates the value of incorporating human
factors into simulation [17], since exposure to such feelings prepares students for future
professional practice; and supports findings that paramedic personnel are at high risk of
post-traumatic stress [24] while appropriate education and social support can provide
major protective factors [25].
Simulated patients enhanced fidelity by incorporating human expression and non-

verbal cues which cannot be accurately reproduced bymanikins [23]. There were several
mentions of verbal cues as vital for assessing patient pain and even comments such as
you could see his face, he was in pain. Non-verbal signs of pain and suffering were
considered hardest to endure, among them wincing and withdrawing from touch and
such reactions enticed the paramedics to draw on their innate capacity to care, which is
reliant on both attitude and emotion [26]. Respondents noticed that their caring extended
beyond concern about physical pain and understood that patients’ emotional pain was
acutely real. Some felt this empathic response constrained their efficiency, because they
felt emotionally sucked in and taxed in terms of both time and energy.
Some respondents used non-technical actions to improve patient comfort and felt

that trust and connection with their patients were essential. An example of this was
the paramedic who stood blocking the sun from shining on a patient’s face. Such non-
technical actions showed the coveted benevolence of the healthcare profession [26]
brought to the fore by the presence of real people as patients during a simulation-based
learning event.

7.3 Communication - A Key Capability

Advanced cognitive skills are required when working with simulated patients [22] as
demonstrated by a respondent for whom the experience provided opportunities to evalu-
ate their professional approach in the following terms:Did I treat themwith respect? Did
I interact? Did I build that rapport? This self-reflection demonstrates the connection
to, and responsibility for, the patient as a human being, and it is one that respondents
explained is just not achievable with a manikin.
Human interactions and communications are critical for safe patient care and require

adherence to specific processes [22]. Figure 5 illustrates some of the technical aspects
of the extrication process.
Respondents described how critical aspects of safety, such as seeking consent were

more real thanwhen practicedwithmanikin-based simulation, becausewe explain things
to them, but a manikin doesn’t care. This factor was considered during the design phase
when it was decided that providing more complex information to simulated patients
could cause unnecessary confusion so ‘history taking’ (Fig. 6) was limited during the
MCI.
One valuable insight came from a respondent who explained they had experienced

difficulty in communicating with a simulated patient. The respondent revealed that I
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Fig. 5. Simulated patients increase difficulty of extrication

Fig. 6. History taking of a simulated patient by a paramedic

was actually stuck for words, and I think that it is because I am used to walking up to a
manikin - and they found the real person intimidating.

7.4 Safety with Simulated Patients

Simulated learning experiences must be designed with participant safety as paramount.
The literature explains the importance of managing potential risks arising from unpre-
dictable actions and reactions in simulated events [22]. To ensure the safety of the
participants, seven UTAS and ten allied personnel provided educational support and
work, health and safety compliance. In the three years the event has been run, with over
200 participants, supervising staff have intervened in only a handful of occasions to cor-
rect manual handling processes. The safety record is due to extensive manual handling
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training and a thorough inspection of the simulated MCI scene conducted in the weeks
prior to the event. Respondents appreciated the way in which their safety was prepared
for, and maintained, throughout the event.
A thorough safety briefing of students and staff ensured expectations were clearly

defined and maintained. Within this briefing, the term No Duff a phrase meaning this
is not a drill was introduced as the ‘safe word’ to be used in the event that an injury
was legitimate rather than simulated [27]. An example of this usage could be either a
simulated patient or a paramedic saying No duff, I have pain in my ankle. To date no
injuries from the event have been reported.

7.5 Additional Unexpected Outcome – Realising Limitations of Simulated
Patients

There are some limitations noted in the literature about use of simulated patients. One
of these is that realistic clinical observations to indicate physiological decline are not
possiblewhich potentially affects fidelity [10]. Preliminary observations from this UTAS
study confirms this limitation. The 1st year students acting as simulated patients had
limited knowledge and no clinical experience. Although they were required to memorise
their condition and investigate symptoms of their injuries, their clinical presentations
remained static. One paramedic identified this as an issue because if you are giving a
certain treatment, and they don’t understand that, it might improve their observations.
An allied concern relates to ineffective suspension of disbelief when the fidelity of an

event suffers due to inconsistent portrayal of patient injury. This was identified by a small
number of respondents who reported that patients occasionally broke out of character
near the end of the event which affected fidelity. However, most respondents tended to
disregard such disruptions and encouraged reengagement of the patient by remaining in
their paramedic character. It is also noteworthy that the focus on the use of simulated
patients is on communication, human engagement, and physical assessment [28]. Several
respondents identified this as a central feature of their learning in a disordered untethered
environment. In addition, they considered this as of higher importance than diagnostic
clinical interventions.

7.6 Unforeseen Learning Gains

In thisMCI simulation, opportunities to practise on simulated patients resulted in unfore-
seen learning gains. These included enabling respondents to recall tactics witnessed dur-
ing clinical placements and test them out in a safe learning environment. Early obser-
vations revealed that the simulated patients promoted contractual agreements with their
care giver, as one paramedic student reported: We explained things to them, they knew
what was happening, and you have kind of made an agreement. Figure 7 illustrates
difficulties encountered during manual handling.
Another indelible insight involved revelations about challengeswithmanual handling

of real people because manikins are usually of a similar size and do not reflect the
weight of a human patient. A team leader explained how: One patient was a small
woman and the next was a 120 kg man, every person you went to had challenges.
Respondents saw that such variation were contributing to their tacit knowledge and
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Fig. 7. Complex manual handling

expressed appreciation for the opportunity ofmanually handling patients in a pressurised
environment. The respondents also valued having sole responsibility for themanagement
of difficult behaviours and being able to practise negotiation skills, a rare opportunity to
develop them. As one respondent noted: during clinical placement the real paramedics
take over when things get messy. It was also noted that graduates have limited initial
ability to apply the knowledge gained in university study, making such events as this
MCI vital for practice of key communication and observation skills [29].
The linkage of industry stakeholders to university via MCI events provides oppor-

tunities to witness student ability and invites open discussion of learning acquired in
such simulations. The NSW Ambulance, as the clinical placement provider for UTAS
paramedic students, generously granted time for staff to attend the event. UTAS aca-
demics who are not paramedics also attended the event and subsequently were able
to further contextualise their classes to paramedic practice. It is noteworthy too, that
The Makeup Technicians ™, a vocational education and training provider of moulage
(use of special effects makeup – e.g. artificial wounds) incorporated the event into its
curriculum. These makeup artist students had the opportunity to transform the 1st year
students into bloodied patients under strictly timed conditions, providing them with
unique challenges.
Further collaboration across the healthcare system was achieved when paramedic

students conducted the handover of patients to real Registered Nurses. These healthcare
professionals were also permitted insights into the complex nature of paramedic practice,
rarely viewed by hospital staff.

8 Limitations

The simulation scenario did not include planned hazards nor require the attendance of
allied emergency personnel. Although there could be additional benefits from the use
of these components, it was not possible to incorporate them. This was mostly due to
the inability of personnel to commit to such an event due to real emergency services
operational demands. The authors also acknowledge that learning within this context
described may not represent learning across all tertiary paramedic programs.
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9 Conclusions

The increasing occurrence of Mass Casualty Incidents world-wide highlights the impor-
tance of healthcare professional preparedness. Yet, the limited frequency of large-scale
learning events can adversely impact community survival during MCIs. A key aim of
MCI learning events requires exposure to such factors as intrusive noise generated by
emotive patients and continuing uncertainty created by the scope of the incident and
ambiguity about available resources and support. Simulated exposure to such conditions
can help elicit benevolence, promote development of – both personal and agency - con-
tingency plans and flexible responsiveness, vital to graduates entering the workforce.
The opportunity to manage intrusively noisy environments is eliminated by manikin-
based simulation in such a simulated event, due to ill-fitting verbal and absent non-verbal
cues. In addition, the lack of emotional connection between manikins and participants,
demonstrates that not all professional practice aptitudes can be achieved via technical
simulation modalities.
There is a perceived disparity of simulation fidelity within the literature, concerning

the static clinical nature of the simulated patient. However, this study highlighted the
importance to MCI simulation events of appropriate levels of complexity in commu-
nication processes, the value of having real people rather than inanimate manikins for
patient assessment, and the adverse impact of high levels of noise on human engagement
in a disordered environment. The literature suggested that safety issues exist for partic-
ipants; although over the three years this simulation has been conducted, no injuries
have been reported due to detailed planning, clear briefing of expectations and adequate
supervision.
Unforeseen learning gains, such as the experience of contractual agreements with

patients; behavioural management and challenges of patient weight and size during
manual handling, are all part of proposed further exploration. These initial observations
have highlighted the benefits of ordering the disorder in challenging environments,which
may well determine the future survival of a community during a real MCI.
Finally, Fig. 8 shows the entire cohort of simulated patients and staff, demonstrat-

ing the scale of the third, and largest of the exercises, and also indicates the sense of
achievement when it was concluded.
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Fig. 8. MCI, fun, and research – the relief of success is palpable
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Abstract. Fun is a fundamental driver of games. In serious games, the expectation
to fulfil the purpose is oftentimes prioritised over elements of fun. In this paper, we
analyse the concept of fun across domains and distinguish it from its allied con-
structs like flow, enjoyment, amusement, and so forth. We deduce the attributes of
fun and elaborate concepts and their relationships. Our approach helps to advance
the conceptualisation of fun in games from a design science perspective and sug-
gests possible directions to assess serious games for better player experiences.
Implications of the suggested attributes of fun in the domain of serious games are
discussed.

Keywords: Fun · Conceptual analysis · Player experience · Serious games ·
Game design

1 Introduction

Designers have adopted elements of games to various non-game contexts [1]. Game-
based learning, gamification, and serious games are instances of such applications. These
efforts aim to improve the efficacy of the task at hand by improving engagement with the
content. For example, exergames (a special case of serious games) aim to make players
exert physical effort in the most efficient way possible, and game-based learning tech-
niques would focus on better learning outcomes. In this sense, the content to be gamified
is designed and evaluated, but player experiences in such games are not designed, they’re
only evaluated.
Gamifying a context involves applying game elements to non-game contexts [1]. A

typical game has anatomical game elements (like goals, rules, mechanics, assets, and
so forth) and player experiential elements (like immersion, presence, fun, etc.). Many
gamification frameworks focus on anatomical elements of games (like goals, rewards,
challenges) [2, 3].However, player experiential elements are not translated in a non-game
context as the focus of most serious game research remains on improving the game’s
efficacy in achieving the purpose through the game [4, 5]. At times, serious games are
defined as “games that do not have entertainment, enjoyment, or fun as their primary
purpose” (vide, [4]).
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There are two particular shortcomings to this approach of gamification. First is the
shallowness of gamified interactions concerning their content. Researchers of serious
games have criticised this type of gamification as “chocolate coated broccoli” [6] and
“dry and tedious” [7]. The critique mainly revolves around the shallowness of the game
or game-like artifact produced—either the content is retrofitted to the game elements or
superficial game elements like points, leaderboards, and game-like graphics are used to
call it a gamified experience. This problem of exogenous game designs has been solved
by the Endogen framework for purposeful games [8]. It facilitates designers to arrive at
game mechanics from within the content in an endogenous manner. However, there is
a lack of understanding about the problem of expected player experiences in games [5,
9].
The importance of studying player experiences in serious games has been sufficiently

stressed [4, 10]. In the domain of player experiences, there are several concepts that are
conflated with fun. Usage of the word fun is so commonplace that any pleasure derived
out of games is labelled as fun. This has led to a mix-up of the concept with various
other “sorry imposters” like pleasure, delight, amusement, etc. [11] and seemingly simi-
lar experiences like flow, engagement, entertainment, leisure, etc. Research on pleasures
in games uses “fun” and related constructs like enjoyment, pleasure, motivation inter-
changeably [12, 13]. To initiate and advance the much-needed work on fun in games,
Sharp and Thomas consider fun as a larger (yet, understudied) aesthetic of the game
[11]. Other experiences in games such as flow, engagement, immersion, and so forth
are considered under the larger gamut of fun. Similarly, Hunicke et al. also intentionally
“move away from words like fun” [14] and divide the concept of fun in games into eight
aesthetic components. Both these approaches consider fun to be composed of many
constructs, highlighting the polymorphic nature of the concept of fun in games.
Given the complexities to understand multi-dimensional, pervasive, and polymor-

phous concepts like fun, researchers of different domains like education research, health
research, nursing sciences, sociology, and sports psychology use Conceptual Analysis
as a method [13, 15–17]. We analyse pleasures obtained in games, keeping “fun” in the
centre to identify different attributes of fun that can support the construction of a design
theory of fun for simulations and serious games.

2 Method

The strength of conceptual analysis lies in systematically examining a concept and
arriving at its essence without relying on its nominal definitions [18]. It does so by
considering the explicated meanings of the concept and synthesising it in a form that
can be used by related domains. The method has been primarily used for philosophical
analysis of ideas, but several disciplines have used it to establish their core concepts [13,
19–21].
Conceptual analysis is rigorously used in humanities and philosophy of language for

the analysis of complex, polymorphous concepts [22]. Of the three types of conceptual
analysis suggested by Kosterec, we use Constructive Conceptual Analysis. Constructive
Conceptual Analysis aims to build a conceptual meaning by finding new concepts and
relations. It does so by preserving existing concepts of the domain. Guidelines to conduct
such an analysis is suggested as follows:
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1. Specify the initial conceptual background
2. Formulate the conceptual problems
3. State the new conceptual relations
4. Formulate tests of the conceptual relations within the conceptual background
5. Elaborate the new relations by tests respecting the conceptual background
6. If the relations succeed in tests, declare them as a part of conceptual background

Using definitions and existing theories of fun as an initial conceptual background is
possible if accepted definitions have few variations. However, in our case, fun has been
historically under-theorised [11]. It was considered trivial [11, 20, 23] as compared to
other concepts like beauty and truth. Its use is “commonplace”; hence finding attributes
through definitions approach would not take us far in conceptualising fun. Hence, we
take the distinction approach.We distinguish fun from other concepts, and in the process,
we identify attributes and relations of them with fun. Using the above guidelines, we
perform the analysis in this paper.
The initial conceptual background is described in Sects. 3 through 5 to arrive at the

conceptual problem pertaining to fun. In Sects. 6 through 9, we identify the new concepts
and establish relations among them. Those new relations are tested, and the concepts are
further elaborated, keeping in mind the formulated conceptual problem (Sect. 10) using
constructed cases. Final attributes and their relations are explained in Sect. 11.

3 Linguistic Roots of Fun

Fun is often etymologically linked with “fon” and “folly” [11, 24], which depending on
the usage, can mean “to fool”, “stupidity”, or “madness”. While folly can be associated
with “carelessness” or “uselessness”, Sharp and Thomas examine the historical context
in which folly was used historically. They argue that “folly”, in essence, is delight and
pleasure. The futility and pleasure in acts like painting, singing, and enjoying simple
things was encapsulated within this medieval word. The futility aspect of the act propa-
gated, leading to multiple interpretations through time, and the pleasure aspect was lost
entirely [24].
Bogost digs deeper into the “foolery” aspect of “folly” and “fon”. The essay “Fun

isn’t pleasure, it’s novelty” describes the role of a fool in medieval society [24]. A fool
is a person who can see and create uncommon things which are oblivious in common
settings. As coined by Bogost, this phenomenon is reframing. Reframing reality; seeing
the lesser seen and experiencing the lesser experienced is the effort that an individual
puts to get the pleasure. Although Bogost, and Sharp and Thomas produce different
ways to look at fun, understanding fun through linguistic roots can give us the broadest
idea. Such ideas encompass multiple experiences resembling fun but are not fun.

4 Distinguishing Fun from Other Pleasures in Games: An Analysis

Enjoyment is a defined and well-studied pleasure in academia, as compared to fun. So
much so that fun is considered as a frivolous instance of enjoyment [12]. Kimiecik and
Harris argue,most research on enjoyment in psychology focuses on predicting enjoyment



200 M. Dhamelia and G. Dalvi

through a cause-effect relationship [13]. This approach has some limitations. Primary
among them, it does not help in characterising enjoyment or identifying conditions of
enjoyment. Kimiecik and Harris, and several others propose enjoyment to be a closer
conceptual construct to the concept of flow [12, 13, 25].
Flow is achieved by conditions of “a close match between skill and challenge, clear

goals and constant feedback on performance”, fun is often considered as a distraction
and a trivial experience than the experience of flow [12]. Flow is dependent on the
difficulty level of tasks and skills to achieve those tasks. In contrast, fun is not necessarily
dependent on skill utilisation. Fun is considered as a short-lived experience, spontaneous
and suitable for designing repetitive and routine activities, while enjoyment and flow
are progression and absorption based [12]. They consider fun as a spectacle, while
enjoyment, flow and psychological absorption as an aesthetic. Fun is considered as a
distraction from repetition, while enjoyment and related constructs are considered as a
progression.
This view of fun can be contrasted to recent developments in game studies. Lazzaro

considers fun as a progression through cycles of emotions [26], so does Järvinen, who
considers player experience as a sequence of game events causing emotions [27]. The
approach of Bogost partially agrees with Blythe’s and Hassenzahl’s fun as a distraction
in the sense that he considers the act of generating fun as an act of seeing uncommon
things in a common setting, a break from the routine and the obvious. Partially because
Bogost’s reframing is agential and autotelic. The individual reframes the situation, and
in the process, they have fun. The goal of individuals reframing is just to reframe, not
to be distracted.
Similar contradictions can be presented where fun is seen as a spectacle and enjoy-

ment as an aesthetic. Sharp and Thomas’s treatise on fun consider fun as an aesthetic and
argue that other experiences such as flow, enjoyment, immersion, and so forth should be
looked at as smaller aesthetics under the larger umbrella of fun [11]. In this sense, fun
can be a spectacle when looked at from its usage, but we look at it as an aesthetic. The
limitation of viewing fun only as a spectacle and distraction is that it does not consider
an individual’s agency in creating pleasure for herself. It feels that individuals are robbed
off of their agencies and then provided entertainment. In his book Amusing Ourselves
to Death, Postman imagines a society similar to what Debord imagines as a society
of the spectacle [27, 28]. Such spectacles bring users or players into the Magic Circle
(as conceptualised by [29]) and supposedly rob off their agency. The primary goal of
spectacle and spectacle based fun is to bring users and players into the Magic Circle.
The view of fun as a distraction may be appropriate to consider commuting people

stuck with their phones, but players of games have fun while having their agency in the
Magic Circle. In the Magic Circle, it is important for a player to have agency and auton-
omy, as suggested by multiple researchers [30–32]. Players are not distracted or passive
while playing a game, but they’re active, autonomous, and agential. Designers of serious
games consider fun that a game generates inside of the Magic Circle, i.e. while players
are playing the game, and in that sense, fun is neither a distraction nor a spectacle in its
complete sense. Fun as a spectacle is amusement. When players are already considered
passive, distracted consumers of information in a spectacle, interactions among them
are not considered.
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Fun, on theother hand, is interactional. In leisure studies, it is oneof thedistinguishing
characteristics between fun and enjoyment [21].While enjoyment is self-referential ([33]
vide, [21]) fun has the Other-referential assumption. One cannot have fun with Self; Self
needs the Other to have fun. One can enjoy oneself, but, to have fun, one needs the Other.
This notion of Other can be manifested in forms of other people (as in playing games
with other people), the same person separated by time (playing chess alone), playing
against a system (games like solitaire, or single-player computer games). However, the
Other has to have autonomy. This deduction can be verified by the presence of player
autonomy in several player experience models for video games [30, 32, 34, 35].
Fun is spontaneous, but that does not necessarily make it a distraction, and certainly

does not make it trivial and frivolous. When considered inside of the Magic Circle as we
are thinking like designers and researchers of serious games, fun needs agency. Agency
to perform actions within the Magic Circle. It can be short-lived and spontaneous, as
well as it can be a progression and its development, gradual. Here, we subscribe to
the approach of Sharp and Thomas—considering fun as a larger aesthetic instantiated to
various smaller aesthetics like flow, immersion, enjoyment, absorption, amusement. This
type of fun is interactional and needs some manifestation of the Other. This interactional
aspect of fun needsmore analysis as any interaction that is spontaneous, has theOther, has
agential participants, is a positive affect, cannot be called fun. What provides favourable
conditions for fun to emerge?Howdo interactions of individualswith such characteristics
bring out fun?

5 Emergence of Fun in Interactions

In his essay From Prohibition to Enjoyment, McGowan analyses the role of prohibition
in creating enjoyment [36]. The sense of enjoyment used here is different from the
Csikszentmihalyian enjoyment (which equates to flow [13]). This enjoyment, as we
shall see, is interactional and needs work. The essay does not rely on the motivations of
an individual, hence notions of skills or difficulty are not explicitly discussed. However,
it looks at the problem of emergence enjoyment among individuals in a society [36].
The essay brings in works of Levi-Strauss, Freud and majorly, Lacan to explain the role
of prohibition in enjoyment.
In society, for everyone to be able to enjoy, as the author explains, a shared sacrifice

of individual private enjoyment is necessary, which Levi-Strauss calls an “entry fee”. An
individual cannot enjoy infinitely. This creates a prohibition for everyone to have direct
access to enjoyment, at the same time, prohibition promises a form of enjoyment to
people who sacrifice their private enjoyment. This kind of collective sacrifice of private
enjoyment gives rise to social order. Such an order generated out of prohibition, creates
organisation, distributes enjoyment amongst all the subjects. Individuals of this order
voluntarily sacrifice enjoyment as the prohibition promises their share of enjoyment.
For example, the early capitalist idea of work so that you can enjoy it and religions have
the concept of an afterlife where sacrifices in this life ensure unrestricted enjoyment
in the afterlife. Although sacrifice is one other feature of collective enjoyment, it does
not restrict the reach of the subject to enjoyment completely. This order born out of
prohibition is symbolic in nature (vide, [36]). Symbolic order mediates the access to fun
and enjoyment of individuals. Without symbolic order, enjoyment does not exist.
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With the prohibition on enjoyment, enjoyment now resides in the imaginations and
fantasies of individuals. However, this is in the form of desires. McGowan calls such
a desire as sustained dissatisfaction. Prohibition takes individuals who have sacrificed
their private enjoyments and converts them to dissatisfied desiring individualswho prefer
to remain under the secure confines of social order. Thus, symbolic order provides a
medium and its norms to interact amongst individuals and access enjoyment within
symbolic order (vide, [36]).

5.1 Emergence of Equality and Inequality

Prohibition binds individuals of a society by distancing them from enjoyment. This gives
birth to social bonds, the basis of which is the collective sacrifice of private enjoyment
and shared dissatisfaction. Within symbolic order, every subject is equal. This is sim-
ilar to what Kelly says about conditions to create fun, fun can happen only amongst
equal-human-bonds [20]. Hence, prohibition first creates a sense of equality among the
individuals.
Individuals in the realm of Imaginary access are barricaded by the symbolic order. In

the imaginary, subjects feel complete power; they forget that access is just temporary and
are still in the confines of the symbolic order. In this state where they look at the Other for
enjoyment and feel that they have complete power, it gives rise to indifference towards
others and hence now the social bonds no longer remain equal, but begin becoming
unequal. In such a state, they forget that the Imaginary realmdoes not embody enjoyment,
but it is merely policed. Thus, prohibition creates a possibility of coexistence by making
all subjects equal, but also because of the Imaginary, it creates indifference which gives
rise to inequality. Hence, it creates distance between subjects and enjoyment, while
creating a distance within subjects.

5.2 Emergence of Secrets

In addition to distance, equality, indifferences, and imaginations, symbolic order creates
secrets. The distance created between subjects and enjoyment and among the subjects
mutually is not physical in nature, but symbolic. The symbolic distancemakes it possible
to conceal something. As an example of symbolic distance in action, consider individuals
who go to remote places to ignore the hustle of the city, but still, the hustle is in their
reality which cannot be escaped merely by increasing the physical distance. Because
physical distance is a property of the Real. Within symbolic order, the nature of distance
is not physical. It is possible to access the realm of Imaginary while being in the Real.
For example, it is possible to be in the Imaginary created with your loved one, while
being in the middle of the city. Games can be looked at in a similar way. While playing
the game, the Real is what is seen on the board, but the Imaginary contains the strategies,
the concealments, the intentions and possible moves of a player. The players can plot
revenge while being present with other players. This resonates with Malone’s idea of
fun when he says fun lies in unrevealing secrets [37, 38]. In order to conceal things and
make someone reveal the concealed things, individuals have to exert effort.
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5.3 Emergence of Meaningful Work

Understanding enjoyment thisway has several implications for researchers and designers
of games. Primary being the importance of prohibitions in generating enjoyment.What a
player is allowed to do in a game is important as it provides agency, but no player, at any
given point in time, should have the ultimate agency. Thus, players should be equally
prohibited. Just like in a society operated by symbolic order, equal human bonds are
formed, in a game, all the players should be treated equally at the beginning of the game.
Inequalities should be generated by the fine balance between prohibition and agency on
players. The transgression of the symbolic order allows the reframing in games—the
ability to imagine uncommon things in a familiar setting. While Blythe and Hassenzahl
consider it fun in transgression, the notion of transgression is not seen in the light of
prohibition and the symbolic order that creates it. Transgression within the boundaries
of theMagic Circle is fun and pleasurable. In games, because rules prohibit players from
achieving the goal directly, players have to take imaginative and analytical leaps. To take
leaps is to do work.
The analytical and imaginative leaps under prohibitions need work from players.

Each time, a new kind of work has to be done to attain the same kind of fun. There are
three concepts associated with work here. First among these is repetition. If the same
type of work is to be done, it becomes repetitive to achieve the same transgression in a
similar way. The symbolic distance between the Real and the Imaginary decreases. The
work done to traverse that symbolic distance reduces with each act of transgression and
the meaning that was offered by transgression and prohibition is lost.
In order to create variations in the imagination of individuals and make them do

meaningful work, there has to be a method of creating multiple ways to transgress from
theReal to the Imaginary. Repetitions, aswe saw, cannotmake individuals domeaningful
work. A game offers variations to players by creating newer gameplays where players
have to learn about the system better than the previous game. This learning is quite
similar to the learning of patterns as proposed by Koster [39] and Falstein’s theory of
Natural Funativity [40]. Thus, in the process of working towards the Imaginary and
coming back to the Symbolic and learning about the patterns of the system, “meaning”
is produced.
Sharp and Thomas propose an important role of ambiguity in creating fun in games

and themeaning associated with it [11]. This is the second concept associated with work.
Ambiguity producesmeaningfulwork in games. In their triadicmodel of fun, they believe
that meaning is partially generated by the game and partially by players’ efforts. Each
player has their own meaning subjective to their actions and interpretations. Thus, fun
is also grounded in cultural background, age groups, and other subjective determinants
of meaning-making processes.
The third one is the reward. Once work is done by individuals, if an external agency,

outside of themagic circle validates their work and rewards themwith an experience, that
would be called reward-based fun. As the experience of fun is dependent on work, the
meaning that is acknowledged and verified by a third agency only comes at the end. The
work is expected to be done in order to have (or allot) the quota of fun. That fun as a reward
is considered capitalistic andmakes an individual feel “framed” [2] in absence of fun that
is internally motivating-internally rewarding, and an autotelic experience [41, 42].
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5.4 Summing Up

Thus, fun can be defined as a pleasure that needs prohibitions to emerge. Since it is
interactional, the Other, with which an individual is interacting has to be treated as
equal. However, the fun lies in bringing inequality through an individual’s agency. The
equality-inequality flux is fun. To create and maintain the flux, constant reframing by
players with an agency is essential. Fun is a spontaneous experience. To maintain the
equality-inequality flux, meaningful work needs to be done by individuals. Fun is in
the moment, achieved through meaningful work. However, if fun is allotted against the
work done, then it ceases being fun as it defeats its autotelic nature. In this sense, fun is
work (absorption) and not a break from work (distraction).

6 Discussion

In conceptual analysis, the attributes and the relations are tested. Tests are formulated
by constructing three types of cases [19]—model case, related case, and a contrary case.
The model case depicts a situation or an event or a case where the concept in focus is
definitely found.A related case is a boundary case—where a similar concept is discussed,
but not the concept in focus. Such an illustration depicts the differentiating attributes.
Not all attributes and conditions are varied to produce similar concepts. In the contrary
case, a situation or an event or a case is illustrated where the concept in focus is definitely
not present.
We discuss the attributes and conditions of fun applied to the players playing a game

of Scrabble. Interactions of players in Scrabble are discussed and fun is distinguished
and exemplified in this context. Scrabble is not considered here as a serious game, but
because it has a learning value and the game is common enough to be known by readers.
The situations in the case are fictional and created for illustrating the attributes of fun.

6.1 Model Case

Scrabble is fun for adults and children alike. In this case, consider the game is played by
three kids of age 10 years—Ankit(m), Sam(m), and Radha(f). The game starts with all
the players allotted a random set of letter tiles from a common repository of tiles. The
player starting the game has to figure out a starting word from the allotted random set
of tiles. Turn by turn, each player has to do the same, except with a constraint that the
new word a player makes should contain at least one letter from the existing words on
the board. Players can choose to make words in any direction. The goal of the game is to
collect the highest number of points by strategically placing long, rare, complex words.
Ankit, Sam, and Radha begin playing the game, in the same order. Ankit being the

first player begins the game by placing the word—“GUY” vertically, in the centre. Sam
has to choose a word in the constraints of the letters G, U, or Y. He chooses Y and makes
“YUM”. Radha realises that to maximise her score, she can choose words that cover the
premium tiles (double letter, triple letter, double word, and triple word). She executes
her strategy and gradually wins the game.
Here, the game begins considering all the players as equal (Equality). Everyone is

restricted by the same constraints (Prohibition). Random allotment of tiles makes the
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players unequal, but the constraints make them imagine newer words (Randomness).
These constraints make them do meaningful work. Sam would have to reframe the
existing word “GUY” into a new word using some of his tiles “YUM”. In the process,
not only does he do meaningful work, he interacts with Ankit, indirectly via the game
board (Interaction). This process of finding a newword is spontaneous and fun (Temporal
aspects). Sam interacts by teasing Ankit and screaming that he got more points than him,
that would be fun as it would have a performance and interactional aspect. While all
the players have the agency to make words in any direction on the board (Agency),
Radha uses it to manifest into finding more meaningful choices—using premium tiles
on the board to maximise her points. In other words, she found a new way of meaning-
making—-premium tiles and used it to achieve the goal.

6.2 Contrary Case

Now, if we change the player configuration and make the three kids play with an English
professor, the hierarchy is already established. The players are no longer equal, although
games try to make them equal through the random distribution of tiles. In such a case,
the professor will not have fun as the inequality is already established and nomeaningful
work is to be done by him to establish the inequality.
Meaning is a subjective property, and work is a cultural and subjective property.

For example, Koster takes an example of kids playing tic-tac-toe to talk about how fun
ceases to occur when they decipher the pattern [43]. In this sense, once they stop finding
meaning associatedwith the system, they stopworking for and hence fun ceases to occur.

6.3 Related Cases

While players of Scrabble have fun in their turn by trying to reframe the existing word
into a new word, once they place the words and count their points they have enjoyment.
Formulating a new word is a fun activity because there is reframing involved and the
pleasure is in the task itself. The task derives pleasure from a fine balance between what
a player can do (agency and autonomy) and what they cannot do (prohibition). In the
process of reframing, meaning is produced. This meaning can be provided by many
design elements of games; in the case of scrabble, part of the meaning is provided by
the goal to make a word from an English dictionary and part by the ambiguity presented
by the board. Once the word is made, points are counted and the score is updated.
In a single turn, collecting points is a self-referential activity, and is not interactional,

hence, pleasure from points would be called enjoyment. However, in the larger arc of
the game, collecting points becomes interactional as scores are visible by all and the
players devise strategies to interact with other players through the system. The goal of
the larger arc is then to establish inequality in their favour and subsequently win. In any
case, fun is interactional with an autonomous and agential individual.
Scrabble when played online against an AI, the interaction of players with the system

can be amusing, it can have learning effects, and it can be an enjoyable experience.
However, fun only comes with social interactions; in this case, playing with humans.
It is not a matter of autonomy, as the enactivist view of games considers games as
autonomous systems interacting with players [34]. They’re autonomous in the sense



206 M. Dhamelia and G. Dalvi

that presents challenges to players and induces randomness through multiple techniques
like gameplay mutation, dynamic difficulty adjustments, and so forth. However, playing
alone with a system still will not be considered fun, as social aspects of fun are not
present in the play [21, 25, 44, 45]. Hence, fun is necessarily produced out of social
interactions amongst equals created by prohibition. The work thus produced can then
have meaning.

7 Critical Attributes

Conceptual analysis brings out the features from the distinctions with allied concepts.
These attributes are not definitive or exhaustive, but present an outline of the concept
[46]. These attributes are faithful to a domain from which they are derived. In our case,
the concept of fun and its attributes are faithful to the domain of games.

1. Fun is interactional. Fun needs the presence of the Other to emerge out of the
interaction. The Other can take multiple forms—a person, a system. However, the
Other should have autonomy against the Self.

2. Fun as meaningful work. Fun can be looked at as a meaning producing process. A
player works towards something, and the process is engaging and meaningful such
that it ceases being effortful and the pleasure is in the effort itself. When looked at
fun as an autotelic experience, meaning is found in the work itself.

3. Fun needs reframing.Reframing is the act of seeing uncommon things in a common
setting. Since fun is interactional, and to reframe reality, one needs to act, creating
a reframed reality is also fun. Reframing can be manifested into surprise, secrecy,
concealing information. Reframing can be conscious, by an individual or the Other
can create situations for reframing. Reframing thus produces meaningful work.

4. Fun has temporal aspects. As described by Blythe and Hassenzahl, fun is sponta-
neous. However, reframing and interactions can also happen over time. Depending
on whether fun is spontaneous or gradual, academia has labelled the pleasures.
The flow is labelled be gradual, fun would be spontaneous. Enjoyment would be
gradual, amusement would be spontaneous.

5. Fun as a reward. Fun can be an end. When fun is awarded for work done, fun is
treated as a reward.While thiswill be anothermanifestation of fun, it is significantly
different from fun as meaningful work.

6. Fun needs equality among individuals. Since fun is interactional, equality among
the Self and the Other has to exist. As Kelly suggests (and Podilchak extends), fun
cannot exist in situations of hierarchies and power distance. Individuals, by some
means, when treating each other as equals, fun can exist.

7. Individuals need an agency to experience fun. In situations of power distance, an
individual’ agency is a threat. For the equals to interactwith each other, an individual
must have the agency to make choice, act, object, and interact in such forms.

8. Fun needs prohibition to emerge. Just as an individual is allowed to interact
with something, they should not have complete freedom. They should be equally
prohibited from certain well-defined actions.
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9. Randomness is an essential ingredient of fun. Randomness (or Uncertainty) can be
looked at simultaneous existence of is and is not [11, 47]. It can be individually
generated or system generated. Uncertainty should be generated by the Other. As
described by Sharp and Thomas, meaningful work is produced by uncertainty.

10. Fun is social. An individual cannot have fun in isolation; she needs the Other
with the agency. Although enactivist viewpoints suggest viewing systems as
autonomous, the pleasure derived out of them cannot be considered fun, it can
be considered amusement (as used in amusement machines, [48]) or enjoyment (as
used by [21]).

11. Fun is contextual. It depends on demographics, culture and other such contextual
factors. This is similar to how self-determination theory factors in relatedness.
Further probing needs into the contextual aspects of fun, but meaning-making and
the notion of work are some constituents.

8 Conclusion

Through the process of conceptualising fun, we realise finding meaning and articu-
lating different types of fun is needed for games studies and simulation studies. We
acknowledge that consensus will never be reached around notions of fun, enjoyment,
and pleasures in games. It would be difficult to claim that the attributes and conditions
enumerated here are exhaustive. It is even harder to claim that they encapsulate con-
temporary or totalistic versions of fun. We also recognise the limitations of conceptual
analysis and the paradox of analysis [49]. The aim of a constructive analysis is to be
correct and need not always be coherent [22]. Conceptual analysis is considered correct
if the relations in the initial conceptual background are intact and is considered coherent
if the new relations are made of the same material as the initial conceptual background.
This implies that the relations mentioned in our analyses consider existing concepts as
their subpart. Hence, we do not claim any modification in the theories of flow, enjoy-
ment, amusement and entertainment, we construct a theory using those concepts which
help designers understand the concept of fun in a new light. Another limitation of the
conceptual analysis lies in the exceptions explored. While the paper attempts to be as
precise and relevant to games, other examples may yield new attributes of fun.
Thinking of pleasures in terms of fun and above listed attributes helps us in under-

standing related experiences in a richerway. For example, it is indispensable for designers
of gamified experiences and serious games to view that fun is interactional and process-
based; fun is in the working and not necessarily a reward for the work. We believe such a
viewpoint can show an initial direction to keep away from “chocolate-coated broccolis”,
dull and boring games, and resolve issues of “shallow gamification” and “framification”.
Our study provides an initial step towards designing and analysing player experience in
serious games and simulations, which research and practice have found to be lacking
[7–9, 25].
Design research aims to achieve the ultimate particular (vide [9]). The critical

attributes and conditions derived in this paper can help designers identify the partic-
ulars of a player’s experience and attribute them to the design of a serious game. In this
sense, our findings have the potential to guide a designer in analysing player experi-
ences in serious games. Since these are the conditions, they can be applied to multiple
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gamified experiences apart from serious games. Advancement of research in this direc-
tion can have sophisticated frameworks to analyse gameplays and troubleshoot game
design. Another direction this paper points towards is studying manifestations of the
conditions and the attributes. For example, one can analyse how agency manifested
through design elements of games? Furthermore, we believe that designers’ reflections
on these attributes of fun will take the domain further towards designing for aesthetics
in simulations and games.
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Abstract. According to national health services, between 5–10% of school-aged
children are diagnosed with Attention Deficit Hyperactivity Disorder (ADHD).
ADHD can influence the well-being and performance of children in formal edu-
cation. Children with ADHD can show hyperactivity or impulsiveness and might
struggle with their executive functioning, including planning of tasks, remember-
ing instructions or focusing their attention. Virtual reality (VR) games can offer
realistic, simplified and safe experienceswhere childrenwithADHDcould experi-
ence learning situations tailored to their unique learning needs. Games are already
successful in transmitting learning contents for ADHD diagnosed individuals and
VR technology is increasingly incorporated in education. The review of litera-
ture explores the use of VR games to support learning of children with ADHD
in formal education and shows how certain immersive game elements addressing
specific ADHD learning needs could be derived, providing insights into possible
game requirements and the first prototype.

Keywords: Executive function · Hyperactivity · Impulsiveness · Inattention ·
Multidisciplinary thinking · Virtual reality · Games

1 Introduction

Children who are diagnosed with Attention Deficit Hyperactivity Disorder (ADHD)
often face enormous challenges in formal education settings. The classroom, designed
for children without learning disabilities, can be overwhelming or distracting. Learning
techniques applied in formal education can demonstrate a mismatch for the abilities and
needs of ADHD children. The main symptoms of ADHD are hyperactivity, impulsive-
ness and inattention as well as poor executive functioning [1], which means difficulties
in planning and remembering a task as well as keeping the focus on it.
While studies explore ways to address the discrepancy between children with and

without ADHD in the classroom, virtual reality (VR) games have not been explored
extensively as a tool for learning support yet. VR shows characteristics that are promis-
ing in helping children with ADHD to better deal with learning in formal learning
settings. It carries the potential to deliver information successfully through visualization
and immersion. It provides engaging and attention holding experiences often used for
illustrating abstract or inaccessible learning contents [2, 3].
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In this article, the authors discuss the results of review of literature on the use of VR
games in formal education for ADHD children leading to an identification of VR game
elements related to various aspects of ADHD.

2 Challenges Caused by Attention Deficit Hyperactivity Disorder
(ADHD) in Formal Education

The authors used multiple search terms such as ‘ADHD’, ‘ADHD symptoms’, ‘ADHD
and school’, ADHD and education’, ‘ADHD intervention’, ‘ADHD intervention and
game’, ‘ADHD and Intervention andVirtual Reality’ to review the databases like Google
Scholar, Scopus, SocINDEX, ScienceDirect, ResearchGate and Education Source. The
review was undertaken to gather a better understanding of the typical challenges faced
by the children with ADHD in formal education.
Scholars have explored the main symptoms of ADHD over the past 50 years. ADHD

is characterized by a number of main symptoms, namely hyperactivity, impulsiveness
and poor sustained attention [4–6]. It can cause significant negative impact on ones’ aca-
demic and social engagements [7, 8]. These developmental complications may include
poor academic achievements, problems with peer relationships or substance abusive
behaviour [9]. Poor executive function (EF) can cause major impairment on neurodevel-
opment level in ADHD diagnosed individuals [5, 10, 11]. Consequences of this develop-
ment can negatively affect three key functions of attention, motor planning and working
memory [4].
Individuals with ADHD may have poor inference control, causing disruptions of

executive functions leading to a lack of self-control and persistence [4]. This may lead
to incompletion of tasks with little or no instant reward and eventually, inconsistent,
inattentive behaviour. It is clear that inability to be attentive and a weak impulse control
can cause difficulties for children in formal learning settings, resulting in a challenging
situation for all involved.
Children diagnosed with ADHD attend standard formal education in most cases.

Hence, these children follow the same educational curricula and learning plans as chil-
dren without ADHD diagnosis. The researchers found approximately 5–10% of all chil-
dren attending formal education affected by ADHD [12]. Schools play a key role in the
facilitation ofADHD [13]. Compared to their peers, diagnosed children engagemore fre-
quently in off-task behaviour during class [14, 15]. Whilst ADHD affected boys engage
more frequently in rule breaking and externalising behaviour, girls seem to bemore often
involved with verbal aggression in class [14]. Children with ADHD lack basic skill sets,
which mark a precondition for academic success [16]. Research indicates that children
with a predominately inattentive onset of ADHD show poor academic achievement and
difficulties with literacy and numeracy skills [13, 17]. In formal settings such as class-
rooms, children struggling with a predominant hyperactive ADHD subtype experience
day dreaming or engage in creating weird sounds [18].
Weak EF can create impactful difficulties for ADHD children in effective and effi-

cient information retrieval and selection [19]. Children with ADHD experience difficul-
ties with directional execution of tasks grounded in poor working memory, eventually
resulting in insufficient in-class task performance [4]. Poor executive functioning of
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working memory influences several basic school subjects such as reading, writing, lan-
guage and mathematics negatively [13]. An association between weak EF and physical
aggression for mainly hyperactive children has been reported [20].
In literature, a link between impaired executive functioning and academic success is

often discussed. Thus, when accommodating ADHD children in the classroom, the right
stimulation of EF would play a key role. Accommodating these challenges with success-
ful interventions requires a holistic approach and an interdisciplinary view. Successful
interventions may be best applied in school settings directly [19]. Involvement of teach-
ers and parents in the accommodation process is essential for academic success of the
affected children [16]. The adoption of successful interventions in learning challenges
of ADHD children requires considerate administration and curricula [19].

3 Virtual Reality Games for Learning in Formal Education

Multiple search terms such as ‘Immersive Virtual Reality’, ‘Immersive Virtual Reality
andSchool’, ‘ADHDandgamebased learning’,ADHDandgames’, ‘ADHDand learning
and school’, ‘ADHD intervention and game’, ‘Applied Immersive Games and ADHD
and school’where used to review the databases likeGoogle Scholar, Scopus, SocINDEX,
ScienceDirect, ResearchGate, and Education Source.
In the past, games have drawn increased attention in education. Educational games

seem to support many skills such as planning, strategic thinking, communication and
group decision-making [21]. Video games are an effective tool for acquiring knowledge
in several domains such as language or history [22]. Besides the positive results of
applying games in educational contexts, literature maps out several complications in
regards to the usage of games in formal education. Games seem to be hard to integrate in
traditional learning routines due to time and space restrictions present [21, 23]. Games
not tailor-made per curricula often fail to match the required learning content [21].
The potential of games in educational settings is often accompanied by scepti-

cism from teachers, parents and students [23]. Technology and technological skills of
humans are fast progressing and new opportunities for games in education are emerging
rapidly. Educational designers, parents and teachers must explore to which extent edu-
cational games may be useful for learning to exhaust its full potential for education [22].
Incorporating pedagogy and educational design in digital games is essential for future
development and success of serious games [24].
Recent technological advancement made VR games accessible to the broad con-

sumer market and therefore, also feasible for implementation in formal education [25].
VR has gained increasing attention in literature due to its promising effects on learning.
Research has mapped out the potential of VR to enhance learning through visualiza-
tion of information eventually allowing for effective information retention [2, 26]. VR
tools hold the capability to enhance classroom instructed learning by adding engaging
and immersive experiences that would motivate learners [2, 25]. VR is often used for
scenarios or environments which cannot be experienced in reality or for experiencing
physically inaccessible objects such as the solar system [3]. The gamification aspect of
VR in education appears to be of great importance. Students preferred game-based VR
software to a non-game-based application [25].
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The implementation of VR in education represents an underexplored field in its
usability and user acceptance, as most VR applications tend to host complex user inter-
faces. Students trained in VR displayed greater levels of interest, engagement and moti-
vation. VR holds great potential for engaging and attention sustaining education which
is interesting for children with ADHD but needs to be equally effective when it comes
to learning.
Only limited literature can be found on how VR may be of advantage in knowledge

transmission and retrieval for ADHD children. Most studies investigate the usage of VR
tools for ADHD assessment rather than for knowledge transfer [27–29]. VR holds great
potential for controlled assessment of ADHD children in education [30]. The researchers
created a virtual classroom andwere able to conclude that ADHD diagnosed children are
impacted by distractions, making more errors of commission and omission than peers.
VR is effective for attention enhancement and improved task focus, marking a

promising result for VR usage in ADHD accommodation [16] and improves time per-
ception of ADHD individuals [31]. Time perception belongs to a category of exec-
utive functioning and therefore encourages the usage of VR for ADHD in education.
ADHD severity and core symptomatic differ per affected individual and therefore, needs
customizable VR for effective learning. Immersive VR classified as an effective tool
for enabling the required flexibility and immediate response to accommodate ADHD
patients [5]. The flexibility provided byVR is beneficial not only inADHD rehabilitation
but also in formal learning settings when children with ADHD are involved. VR allows
for active movement and therefore, allows for the effectiveness of exercise in ADHD
accommodation [32]. A virtual world may also be used for knowledge transmission
without further negative implications of VR on individuals with ADHD. Effective VR
learning applications for childrenwithADHDcould support difficulties with inattention,
EF and hyperactivity.

4 VR Game Design Requirements for the Learning of Children
with ADHD

The authors could not find any design guidelines defined for VR game that supports
children with ADHD in formal education. To close this gap, the authors aim at matching
characteristics of ADHD as defined in literature with VR game elements, and look closer
into themain characteristics of ADHD. Threemajor models of ADHDwere defined over
the past two decades; the cognitive interaction model [10], the behavioural inhibition
model [4] and the transactional neurodevelopmental model [44]. The characteristics of
ADHD such as hyperactivity, inattention and inhibitory difficulties lead to impairment
in executive functioning.
Inhibitory difficulties show as an individual with ADHD’s problems with planning

and control [1, 4, 10]. Similarly, inattention and hyperactivity demonstrate a generic
high-level concept of ADHD with all models attributing deficits in self-regulation and
arousal modulation to the appearance of hyperactivity. Children with ADHD need spe-
cific support, meaning learning requirements have to be adjusted to develop skills and
strategies to cope with the ADHD related challenges. In a formal education setting, a VR
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game needs to help the children with planning and controlling, focusing their attention,
and coping with hyperactivity.
The possible factors causing ADHD in the first place range from genetic disposition

to exposure to environmental toxins and premature birth [1, 4]. It often remains unclear
what is causing this neuro-diversity in individuals. While VR cannot reverse the onset
of ADHD, it may address other influencing factors. Environmental factors like home
and school context, or social factors influence the severity and development of ADHD
in children [33]. Since authors are aiming at developing VR games for children in a
school context, environmental factors are considered, where ADHD characteristics are
matched with VR game elements and requirements.
For an applied immersive game to be effective, the application contextmust be under-

stood and translated into technological features. The authors match major impairments
of children with ADHD experience with principles or guidelines that have proven to be
effective for their special needs. The mitigations are derived from a variety of interven-
tional backgrounds and have been selected upon translatability into an immersive VR
context. Environmental factors are contemplated and factors from a school context are
selected to be of importance for creating effective immersive VR games for children
with ADHD in formal education.
VR games are an emerging field of research and seem to be promising for supporting

children with ADHD in a school context. A study of related work to define mitigation
strategies marks an important starting point for establishing guidelines and requirements
for such an application in the future.

4.1 Addressing Inattention Challenge

Inattention as a characteristic of ADHD includes difficulties to complete two tasks at
once (divide attention), to stay on-task, to disregard distractions effectively and to sustain
attention [33]. Design requirements for VR games to address this include:

• visual features identifiable for producing correct attentionpatterns in immersive scenes
[34]

• avoidance of visually or semantically similar objects as they may cause distraction
and interrupt attention [34]

• allowing enough time to observe visual cues for greater attention and correct intake
of information provided, e.g. by fixating crucial visual cues [34]

• avoiding scenes that depend on exact timing of attention as that can cause misinfor-
mation [34]

• creation of consistent player feedback and clear goals for higher task engagement [35]

4.2 Dealing with Self-regulation and Arousal Modulation

Individuals affected by this ADHD symptom are unable to self-regulate, e.g. control
emotions and arousal levels [33]. This leads to following design requirements:

• No imposition of time limits as they may affect arousal negatively [36]
• Immersive VR can increase physiological arousal levels and must be designed
avoiding over-stimuli for children with ADHD [36]
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4.3 Improving Working Memory

One of the main ADHD characteristics children struggle with in formal educational
settings is the affected working memory. Diagnosed children can have difficulties with
short-termmemory and holding information temporarily, making it difficult tomemorize
information important to carrying out learn-related tasks [1, 4]. The VR game should
include elements such as:

• Display of few information at a time to avoid information overload [37]
• Allow enough time for extended practice [38, 39]
• Balanced game challenges and defined goals that match player performance [35, 40]

4.4 Helping with the Internalization of Speech

Subjects can have deficits in internalizing speech that in turn guides behavior and actions
[1, 4]. Children with ADHD can hear what a teacher says but may find it difficult to
understand it and to translate it into concrete action. Game elements that need to be
considered to help children are:

• Incorporation of clear verbal cues for supporting task-switching situations and guiding
actions [41]

• Inclusion of reminder questions into the game play for training inner speech [42], such
as ‘What is the task that you have to complete?’, ‘How are you supposed to execute
the task?’

4.5 Dealing with a Demanding School Environment

The school environment can be very demanding for childrenwithADHD.Some elements
that work well for such children should be incorporated into VR games for their learning
such as:

• Using a pedagogical agent displayed as virtual character in computer mediated
learning environment with an instructional goal [43]

• Creating and welcoming aesthetic and safe learning environment for accommodating
ADHD children [44]

• Making use of the name of students frequently, with calm and stern voice as well as
short instructions for attention and engagement [44].

5 First Low-Fidelity Game Prototype

Based on the comprehensive review of literature and game design requirements, this
early prototype provides an immersive and non-distracting environment for children
with ADHD. One game design expert and a subject matter expert have been consulted
to support and shape the creation of the first design idea. A math game was created for
children aged 7–12 years which is the age range for ADHD to show in an unmasked



Virtual Reality Games for Children with ADHD in Formal Education 217

way and further, mathematics often presents as a weak subject for children with EF and
inhibitory difficulties [1, 4].
The overarching structure of the game refers to a series of mini-games that all lead to

earning coins of rewards and are centred on the principle of helping people to conduct a
certain task. The reward coin systemhas been included based on the need of childrenwith
ADHD for immediate reward as motivational and attention keeping measure. Helping
people within the mini-games has been included to provide the children with a sense of
responsibility leading to greater task engagement. No time limitations are imposed to
avoid cognitive stress and to allow enough time for extended practice at individual pace
[38, 39].
For the VR environment, a tropical coastline and beach scenario can be pictured.

The player goes on a ride on a sea turtle to travel between several islands each marking
one mini-game. This design choice has been made based on its friendly and adventurous
look and feel [44]. While prototyping the environment, attention was paid to keeping
it clean and with little cognitive distractors, with the idea of focussing attention on the
actual task [36]. The player is at all times accompanied by a guiding figure namedMaia.
This character functions as reassuring and harmonious support but also as an entity that
is supposed to draw attention of the child back onto the actual task through questions and
feedback [42, 44]. This supports the children’s needs of engagement, close instructional
support and verbal cues especially in task switching situations [35, 41, 43].
The game user interface provides the option for the player to access a so-called task

sheet at all times. This sheet summarizes in easy language the next steps to be taken for
the player to progress in the game and reminds the player of the overarching game goal
[35]. The player can also access their personal game achievements directly through the
user interface. This function remains present during all times and provides the player
with the option of retrieving immediate reward and motivation through a feeling of
mastery and success [35].
The overall aim of the game is to allow for math practice and does not intend to

be a teaching tool. The prototype has been designed with the unique challenges faced
by children with ADHD. Next to its strong applied focus in the area of learner needs,
this game is also designed with the future application context in mind in an educational
environment. Unity has been chosen to develop a first fully functional digital prototype as
it is a cross-platform game engine. This development platform is selected due to its wide
range of assets, its extensive game development community and due to its availability
free for the anticipated development scale of this project.

6 Discussion and Conclusion

ADHD diagnosis in children often correlates with weak academic performance leading
to unequal opportunities for those affected. Inattention, hyperactivity, impulsivity and
poor EF can cause major difficulties with knowledge acquisition, retrieval and repro-
duction for ADHD children in formal education. Educational institutions play a major
role in accommodating and facilitating the special learning needs. Rapid technological
advancement allows for new and feasible ways of digital learning and testing in schools.
VR games seem to hold great potential for aiding distinct learning difficulties associated
with ADHD.
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Literature from across several disciplines offers principles and factors which are
well suited for being translated into a VR game design. The flexible and customizable
nature of VR offers the possibility to create a learning environment with only essential
visual cues and features for minimal distraction. Utilizing the full potential of VR games
in formal education requires more in-depth multidisciplinary thinking and research.
Research findings from different disciplines could be combined for implementing these
new ways of learning into formal curricula with the goal to change learning for children
with ADHD in formal education.
Future research will be focused on a deeper analysis of the ADHD aspects and

their impact on performance and behaviour of children in formal learning settings. By
matching ADHD characteristics with VR game elements, concrete design decisions can
be made, leading to case studies by the teachers and caregivers of children diagnosed
with ADHD. This study offers a design framework for VR games in formal education
to support children in facing learning challenges and to provide customized education
to enable equal learning opportunities for ADHD diagnosed and undiagnosed children.
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Abstract. The use of serious games in training and policy development has the
potential to enhance communication and creativity, simplifying complex environ-
ments and consensus building. This article explores examples of existing games
in urban resilience policy implementation on the basis of a systematic literature
review. It delves into the theory on urban resilience and stresses the role of poli-
cymaking within it as well as the application of serious games in complex envi-
ronments like cities. The findings reveal the core urban resilience areas addressed
by games. The article defines the goals, the participants and the characteristics of
games that reinforce the implementation of urban resilience policies. The research
offers a differentiation between the approaches to distinct stakeholders including
their roles in urban resilience. It shows the existing shortcomings in measuring
the long-term effects of serious games on the implementation of urban resilience
policies.

Keywords: Serious games · Urban resilience · Policy · Complexity ·
Meta-analysis

1 Introduction

This article is an attempt to explore examples of existing games dealing with urban
resilience policy implementation. The use of serious games in training and policy devel-
opment has the potential to enhance communication and creativity, simplifying complex
environments and consensus building [1]. Games appear to be a promising tool in the
challenging areas of urban resilience [2–4]. To analyze the current state of research and
practical implementation, the authors have conducted a systematic literature review in
the aforementioned thematic area. The article also defines the core focus areas, goals,
participants and characteristics of games that address the problemof implementing urban
resilience policies.

1.1 Urban Resilience

In 2018, over 55% of the world’s population inhabited cities. In 2050, the number
is expected to exceed 68%. The unsustainable growth of urban areas is followed by
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an increasing vulnerability to acute problems including air pollution, floods, droughts,
overpopulation and natural disasters [5–7].
Dealing with such issues is problematic because cities are complex systems com-

posed of multidimensional structures. Yet, defining what is urban raises concerns; while
some agree on the commonly adopted administrative or geographic boundaries, others
point to identity, population density or the infrastructure and services available as core
urban indicators [8]. In this research project, urban boundaries are considered admin-
istrative borders because policies affect certain administrative areas. Nevertheless, it is
generally agreed that urban systems are composed of some ecological, technical and
social elements. Depending on literature, the emphasis is put on distinct aspects and
connections, leading to the perspective of cities as socio-ecological systems [9] or cities
as socio-technical networks [10]. Such networks have a dynamic nature because of the
constant interactions between the actors and the socio-economic and biophysical forces
involved. Like natural ecosystems, urban systems adapt to changing environments to
survive [11].
As a concept, urban resilience has been introduced to describe the complexity of

vulnerability, risks and adaptation of cities [12]. As a term, resilience is rooted deeply
in the natural sciences of ecology and physics. It implies the ability of a material or an
ecosystem to absorb a disturbance without changing its permanent structure [13], deal
with external shocks efficiently and bounce back to the state of equilibrium [14]. Urban
resilience links the definition of resilience with cities. Its underlying idea is that a city is
able to survive, adapt and develop despite the problems arising from the advanced level
of industrialization, growing urbanization, decaying infrastructures or natural disasters
[15].
However, academic sources are not consistent in terms of what makes a city resilient

and how this resilience is manifested. Urban resilience is the degree to which cities tol-
erate alteration before reorganizing around a new set of structures and processes [9]. It
referred mostly to the urban environment, agriculture, and biology [16], underlined the
aspect of sustainability of human communities and physical systems. The core charac-
teristic of a resilient city is its ability to adjust [17], while a resilient city quickly created
a new, improved equilibrium after facing a disaster or a problem [18]. Therefore, it can
be summarized that a resilient city displays some skills to adapt rather than a specific
state.
The set of adaptive skills was described as the transformative capacity to face uncer-

tainty and change [18]. Others have followed this idea, distinguishing the ability to
respond, recover and adapt quickly to new circumstances [19, 20], involving an inno-
vative approach to foster transformation [21] and the establishment of the necessary
functionality to prevent catastrophic failure at a minimum and the ability to thrive at best
[22]. Urban resilience has been explored further in social sciences, equated for instance
with the general quality of the city’s social, economic and natural systems to be suffi-
ciently future-proof [23]. Urban resilience was a task and a shared responsibility for all
societal actors of the system, which demanded an inclusive approach [24]. Therefore,
urban resilience requires new forms and ways of collaboration between stakeholders,
going beyond the already existing networks [25, 26].
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The lack of collective understanding of urban resilience has resulted in distinct oper-
ationalization strategies and subdomains derived from the same backbone of resilience
such as disaster or community resilience. Disaster resilience focuses on risk prepared-
ness and post-disaster recovery. Community resilience refers to the adaptive capacities of
vulnerable groups [27]. Nevertheless, all concepts concentrate on resisting stress, recov-
ering from disasters, adapting to changing conditions and transforming to maintain and
ensure fair and livable conditions for all citizens [6].

1.2 Policy Implementation

Urban resilience assumes that cities have the capacity to self-organize and adapt to change
[28, 29]. However, at an ontological level, urban resilience derives from Lefebvre’s right
to the city (1968) viz., voting citizens have a right to safe, fair and sustainable life within
urban boundaries, regardless of their ethnicity, origin or identity. It implies necessary
changes in policymaking and governance. Thus, suitable policies play a vital role in the
practical implementation of urban resilience. However, establishing them is challenging
in the complex urban reality.
Firstly, urban authorities face the need tomeasure, benchmark and plan for resilience.

It requires a certain level of knowledge of decision-makers as well as collaboration to
achieve the set goals [6]. It involves the application of measurement tools, constant
data tracking, and a comprehensive analysis of risks by decision-makers and citizens.
Operationalizingurban resilience is another challenging aspectwhere citiesmust develop
a context-specific understanding of urban resilience with core dimensions that may
evolve.
Secondly, urban resilience tackles policies with various backgrounds including cli-

mate change, urban planning, urban communities, energy and various types of disaster
preparedness [17]. Integrating those policies is essential as social, environmental and
economic dimensions of urban resilience are interdependent. Nevertheless, infrequently
siloed from reality, political mechanisms are not cross-sectoral or interdisciplinary. The
reasons behind this situation are disputable due to the lack of mutual understanding
between individual actors, high complexity of urban systems, fragmentation of executive
bodies or different interests or values represented by different policies [5, 27].
Thirdly, policymaking requires active engagement of citizens. It is especially prob-

lematic as the awareness of urban resilience and the concepts related thereto is insuf-
ficient. The processes related to resilience are complex and have sources in wicked
problems. Citizens need appropriate means to absorb knowledge and understand the
impact of urban resilience on their lives. Situational awareness is critical in terms of risk
preparedness, viable solutions, and developing scenarios for a resilient future [30].
Lastly, urban resilience involves cross-sectoral collaboration and a transdisciplinary

approachwhich is determined by the complex nature of the stress factors and responses of
urban systems. Such collaboration provides opportunities for interdisciplinary solutions
towicked problems and synergic outcomes beneficial for various groups of interests [19].
Nevertheless, it requires an inclusive approach and communication based on consensus.
Therefore, authorities need to provide means for consensus-building and collaboration
between various stakeholders to foster the development of future-proof cities.
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2 Serious Games

Games are believed to be significantly effective in teaching complex problems and
explaining how systems work [31]. They facilitate discussion about possible futures
without setting a trap resulting fromknowledge limitations [32]. It is especially important
in the case of urban resilience where an inclusive discussion on adaptation to future chal-
lenges is essential. Specifically, serious games represent a variant of games designed for
non-entertainment purposes and could support the implementation of urban resilience-
related policies. They may be defined as experimental, experiential, rule-based, interac-
tive environments where players learn by actions and self-assessing their efforts through
feedbackmechanisms. There have been attempts to systematize serious games made, for
instance, by [33] who proposed a simple G/P/Smodel modified and developed further by
[34]. It consisted of gameplay (game-based or play-based), Purpose (message broadcast-
ing, training or data exchange), and Scope (market or public). [35] came up with classifi-
cation into application area (sector), activity (physical/physiological/mental), modality
(visual, auditory, haptic, smell, other), interaction style, and environment (online or
offline).
Games were classified according to their application domain, distinguishing health,

public policy, strategy and communication, education, and training & simulation [36].
[37] applied a perspective of skills, dividing them into soft skills (team building, commu-
nication, interpersonal, negotiation, creativity, collaboration or learning) and hard skills
(product or service knowledge, sales, discipline-based training, project management,
innovation, health and safety, risk management, legal or regulatory compliance) while
[38] proposed a division into the environment of application, design elements of user
interface, target groups, goals, objectives and feedback, user relation/community and
model. These are only a few examples showing that despite the collective understanding
of what a game is, there is no clear way to classify and define the game.
Serious games embedded in urban systemsmust deal with urban complexity, an issue

that invariably emerges in heated discussions. Complexity refers to interconnected parts
of a system characterized by an overly complicated arrangement [39]. The outcome of
interactions results in more than just the sum of its elements [40, 41]. Complexity is
a relative term, depending on the eye of the beholder. In an urban context, complex-
ity derives from the intersection of governmental, environmental, economic and social
factors and their physical manifestation [5]. It is evident even in the earliest attempts
to deal with urban complexity which took place in 1950 in urban planning games [42,
43]. With time, serious games have also gained recognition in relevant urban sectors like
governance, education, corporate, healthcare and crisis response in cities [44].
Gaming provides a safe, interactive and cooperative environment based on simplified

reality in which participants can experiment with decisions and negotiations [31, 45].
The simplified representation of real stakeholders and actual problems makes games
perfectly capable of inspiring discoveries of unexpected solutions through social inter-
actions. Games are effective in representing interactions between participants, flows of
resources, urban space, roles and dependencies between city actors or infrastructure and
the systems around them [46]. The outcomes of such games have three kinds of impact:
they enable their participants to learn and comprehend a system through hands-on expe-
rience, they provide data and information for researchers about the interactions between



Between Urban Resilience and Serious Gaming 227

participants and elements of the model, and they create a safe environment to design and
test new decision-making and policymaking concepts [47]. [48] underlined the explo-
rative potential of simulation games for investigating urban complexity and different
policy outcomes. On the other hand, a positive impact on urban participatory planning
and design is indisputable.
Games are related to policymaking in several ways. Firstly, they help to foresee

the possible future which is crucial to appropriate policy design and the anticipation
of negative consequences. Secondly, gaming makes it possible to test various versions
of new or existing policies and determine which one is most effective in a particular
context. An experimental environment enables thinking outside the box, beyond the
existing patterns or knowledge boundaries and offers a new perspective on the existing
status quo. Thirdly, gaming facilitates and initiates a dialogue between stakeholders,
creating a universal language [49] to discuss policies and their outcomes, thus supporting
urban governance and inclusive dialogue. Lastly, it is a source of knowledge for actors
to comprehend, interpret and navigate within the complex systems of understanding of
what is crucial for urban policymaking.

3 Method

The research was based on a systematic review of literature [50]. Firstly, three key
phrases were selected: urban resilience, policy and serious games. They were searched
for in the most recognized databases including Science Direct, JSTOR, Web of Science
and Google Scholar in the time frame of 2005–2021. The initial search revealed 786
articles. After the initial title and abstract screening, 61 articles were selected for further
investigation. Articles were chosen based on exclusion criteria – lack of relevance for
urban areas (e.g. rural areas, unspecified areas), games designed before 2005, lack of
keywords, metaphorical application of keyword or repeated material.
The next phase consisted of full screening and selection based on the perspective of

resilience in the urban context (different aspects of urban resilience such as community
resilience or social resilience), application of a game to improve resilience or its elements,
and sufficient information about the game to assess it.

3.1 Exclusion Criteria

The first exclusion criterion was the lack of one of the adopted keywords (urban
resilience, serious games or policy) because it pointed to the lack of relevance for the
subject and indicated other areas of research (e.g. policy games, policymaking for urban
resilience or games loosely related to resilience). The metaphorical (or random) use of
keywords was excluded such as rules of the game, game changers and game theory.
Articles were excluded if published before 2005 because the concept of urban resilience
in policy discourse started to emerge at that time. Articles in which game cases were
repeated excluded. The last exclusion criterion was unspecified or non-urban embedded-
ness of the game. Resilience in regions or geographical areas does not consider urban
complexity and policymaking. It was important as the aim of this research was to focus
specifically on cities.
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3.2 Inclusion Criteria

Only the articles that indirectly referred to resilience policies in the urban context were
taken into consideration. It was important to find cases explicitly addressing urban stake-
holders and considering their characteristics, which were verified by checking the goals
of the games. Only the cases that contributed to urban resilience or its derivatives were
considered. Finally, if there was not sufficient information about game design, games
were not included in the research.
The review resulted in a total number of 20 articles. By applying the snowball

method, two new articles were discovered in references and added to the list during the
full screening stage. Finally, 22 articles were selected as case studies (Fig. 1). Seven
articles provided an evaluation of games and debriefing.

Fig. 1. Steps of review of literature.

3.3 Research Process

Based on the chosen elements of game taxonomy, the authors decided to research the
following elements: application area, goals, target groups, main design elements and
feedback. The qualified articles were classified according to keywords relevant for each
element. Then, the keywords were standardized by proximity criterion to create clusters.
In terms of the area, the initial research revealed four main thematic groups referring
to relevant urban policies: (general) urban resilience, disaster resilience, community
resilience, climate change adaptation and one non-specific category. The investigated
games originated from 17 countries and were from 2010–21. Three cases focused on
developed countries, while 19 cases on developing countries. Six referred to one specific
city, seven to a region or country. Others were abstract and did not refer to any specific
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location. Seven of the games were game-interventions to solve existing problems, and
15 were educational games.

4 Discussion

Among the topics covered by serious games for urban resilience policies, disaster
resilience was the most common one (8 games) that dealt with preparation for natural
hazards, teaching the origin of risk, raising awareness of the process, building resilience,
and testing policy responses (Table 1). The popularity of games for disaster resilience is
understandable as the link between riskmanagement and virtual simulations is clear. The
second groupwas games related to community resilience (5 games) that included intend-
ing to strengthen community bonds, empower citizen engagement, improve situational
awareness, communication, collaboration and coordination. The third group consisted
of games focusing on urban resilience (4 games), its improvement and supporting the
decision-making process. It also included one game addressing the field of planning for
urban resilience. The fourth group included games addressing climate change adaptation
(3 games) which explained the complexity of the problem and knowledge co-creation.
Two games were not classified; one dealt with sustainable tourism and the other with
sustainable energy management for urban resilience.

Table 1. Goals of serious games related to urban resilience areas.

Community
resilience

Climate change
adaptation

Urban resilience Disaster
resilience

Others

Understand the
complexity and the
concept

Understand the
complexity and
the concept

Understand the
complexity and
the concept

Situational
awareness

Test future
scenarios

Knowledge transfer Knowledge
transfer

Multi-stakeholder
inclusion in
planning &
co-design

Knowledge
transfer

Support
decision-driven
approach

Increase situational
awareness

Increase
situational
awareness

Improve
collaboration

Assessment of
the current
situation

Building consensus
among stakeholders

Introduce
solutions

Risk
preparedness

Support
decision-making

Knowledge
co-creation and
information
exchange

Inclusion of
stakeholders

Communication Improve
collaboration

Crisis
management

(continued)
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Table 1. (continued)

Community
resilience

Climate change
adaptation

Urban resilience Disaster
resilience

Others

Identify risks Build adaptive
capacity

Another classification emerged while the content was analyzed. It divided games
into context-specific and universal. The first group consisted of games designed to solve
a context-specific problem, applied real data and referred to a location recognized by
the participants. The second group applied to a wider public, not addressing any spe-
cific problems, but raising awareness or introducing a problem. Some universal games
dealt with specific problems, for instance, with sustainable tourism for urban resilience.
Nevertheless, the proposed solutions and the framework were applicable in distinct
locations.
Games reinforcing urban resilience policiesweremost common inEurope (17 cases),

namely in the Netherlands (3), Germany (3), Sweden (2), Spain (2), Great Britain, Hun-
gary, Serbia, France, Switzerland, Norway and Italy. One of the games was designed
as a joint Dutch-Serbian-German-Swedish-Norwegian-Spanish undertaking. Such pop-
ularity may be justified by the relative popularity of urban resilience in the EU policy
discourse. There were six identified cases from North America – one from Canada and
five from the USA (including three different games designed within the framework of
one project). Only two cases were identified in Asia and South America. In South Amer-
ica, games were designed collaboratively with Switzerland and the Netherlands (Table
2).

Table 2. Countries included in the research. *Some cases are overlapping in one game.

Region No. of cases* Countries

Europe 17 Netherlands (3), Germany (3), Sweden (2), Spain (2), Great
Britain, Hungary, Serbia, France, Switzerland, Norway, Italy

North America 7 USA, Canada

South America 2 Mexico (collaboration), Peru (collaboration)

Asia 2 Thailand, India

4.1 Disaster Resilience

Disaster resilience urban games turned out to be themost common type of games encoun-
tered. Policies that addressed this subject concerned mostly urban infrastructure, risk
management and preparedness. Therefore, most games have been designed for citi-
zens and/or students. However, there were exceptions: one case was designed for city
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decision-makers, one for multiple urban stakeholders, and one for emergency response
personnel.
Games for urban disaster resilience educated homeowners and residents in the area of

the impacts of natural hazards and extreme weather conditions, including building indi-
vidual adaptive capacity [4, 51] and taught territorial riskmanagement aswell as newcon-
cepts related to urban resilience [2, 52–54]. They helped to reinforce (specifically) flood
urban resilience and explore vulnerability as well as test responses of different actors to
policy innovations [2, 55].One gamewas designed to assess resilience-related competen-
cies and improve them by translating general knowledge into procedural knowledge. It
was the case of emergency response personnel who took part in an immersive simulation
of disaster to improve their preparedness [2, 56].
Games for urban disaster resilience represented two types of mechanics: mobile-

based and board-based. Mobile-based games strove mostly to create an immersive expe-
rience, often achieved by first-person narratives and enabling learning by doing [2, 52,
57]. Interestingly, mobile games were merely context-specific and deployed real data.
On the other hand, board games involved more interactions between the participants,
for instance, through role-play or practicing different risk reduction strategies by taking
various protective actions [4, 55].
Regardless of the design, every game presented real dangers and problems, for

instance, regional characteristics of socio-economic factors [4], housing and land use
[51], environment and health [2, 53] and floodmanagement [54]. Among themost crucial
elements, the authors have stressed immediate feedback [2], convincing visual represen-
tations and discussions on hazards [2, 54, 57], spatial exposure, vulnerability, disaster
risk reduction and mitigation strategies [2, 52].

4.2 Community Resilience

Community resilience games tackled areas of infrastructure/built environment, disas-
ter mitigation (flood and drought) and planning. Most games were based on disaster
scenarios [58, 59] while one addressed social problems and social resilience [60]. The
participants were either citizens, or in two cases, representatives of the most vulnerable
groups.
Therewas a gap between awareness-focused and skills-focused goals. The first group

covered familiarizing and educating citizens [60], empowering their engagement in
building urban resilience [2, 61] and education on sustainable living [62]. The sec-
ond group of goals referred to increasing situational awareness and orientation in a
post-disaster environment [58, 59]. Every game focused to some extent on consensus-
building, communication and cooperation. It was exposed in various aspects such as
urban planning, mapping community assets and risk mitigation.
The formats used to deliver gameswere diverse such as board games [62],mobile app

[58], a digital program based on GIS [2, 61] and role-playing game (RPG) [59]. In this
case, RPG and board games were applied to transfer general knowledge on resilience,
whereas mobile app and programs focused on issues such as to prepare communities
for disastrous situations or to plan a road in a specific location. In the case of the GIS
application, the participants were expected to use critical thinking and GIS-based tools
to analyze and overcome both topographic and economic obstacles for constructing a
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road which represented a specific problem faced by citizens. Nevertheless, the emphasis
was on collaboration, negotiation and consensus-building [2, 61]. The core elements
of the app included a realistic environment that provided players with an immersive
experience of a post-disaster setting, an option to self-evaluate and utilize the abilities
required for improved community resilience and effective gamedesign balancing realism
with resource use [58].

4.3 Urban Resilience

Games on urban resilience were dedicated mainly to citizens who were familiarized
with the concepts [63] and core competencies [64]. In one case, the participants were
relevant city decision-makers [3]. The game operationalized the concept of urban
resilience and supported decision-making within the process. Other games focused on
multi-stakeholder inclusion, co-design, planning and examining crisis dynamics [65].
Despite similar goals, the applied mechanics differed significantly, including rule-

based emergent planning supported through mobile augmented reality [64], RPG [65]
boardgame [63] and simulation of policies implementation based on existing scenarios
[4]. The last example was designed for city decision-makers to experiment with future
policies. There were two groups of core elements: immersive and abstract. Immersive
games offered a convincing simulation of the built environment [64], applied existing
data and information (crowd-sourced data, maps, realistic representation of existing
policies and resources) [64]. On the other hand, abstract games provided unrealistic
(future-based) narratives and focused on collaboration, resources exchange, time pres-
sure and stimulating knowledge flows. It was achieved through a metaphorical approach
to urban resilience as communicating vessels [65].

4.4 Climate Change Adaptation

Climate change adaptation was another important theme incorporated in the games
supporting urban resilience policies. All the games were designed for citizens to raise
awareness of the problem [66] and to underline the dilemmas involved in climate-proof
construction/restructuring and spatial developments inside and outside the city [67]. One
of the games supported knowledge exchange between experts and citizens [68].
Realistic representation was underlined in all games as it pertained to urban con-

ditions, the complexity of adaptation to climate change and conflicting values. Nev-
ertheless, every game showed appropriate solutions to deal with climate change using
different media as in RPG [68] Minecraft software [66] and simulation program of the
city [67]. Each game resembled a part of reality in a specific way (flooding/heat island
effect, decision-making process or conflicting values within risk management), depend-
ing on its goals. Immersion was also considered an essential element and was offered,
for instance, through first-person experience [66] of exploring urban spaces [67] and
role-play design [68]. There was no experience required to play those games which
made them inclusive, of which one game became an integral element of official urban
resilience strategy implementation.
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4.5 Others

Some games supported specific policies related to urban resilience, addressing very spe-
cific areas such as sustainable urban tourism [69] and energy management [70] in North-
ern Europe. The games were designed for relevant stakeholders such as city decision-
makers, entrepreneurs and NGO representatives. They investigated specific problems
such as in the first case, price-effects, experimenting with different scenarios, and antic-
ipating the problem; in the second case, it was destination design-driven approach to
tourism governance [69]. Energy management was explored through scenario-based
decisions in response to rising energy prices according to the participants’ actual roles
and responsibilities in local government. The simulation was realistic and applied exist-
ing data reflecting real conditions in which policymaking actually occurred and occurs
[70].
Sustainable tourist management was improved through flexible modeling, sto-

ryboarding and quantitative simulation. The participants were stimulated and sup-
ported to collaboratively reflect on the current situation, its true complexity, and the
intended/unintended implications of a range of possible interventions.

5 Evaluation

None of the articles measured the outcomes reaching beyond the game sessions. They
focused on elements related to policy dissemination and future improvements. Nev-
ertheless, debriefing game results were very promising. Debriefing consisted either of
generic surveys [58–60, 69], an informal session [58, 60] or an open discussion [52].
In two cases, participants took tests immediately after the game [52, 60]. Nonetheless,
in terms of the evaluation of long-term learning outcomes and impact on policies, there
was a lack of systematic feedback.
Debriefing sessions revealed an improved situational awareness [58], a better under-

standing of problems [52], successful acquisition of specific knowledge (drought
resilience, risk management and planning) [52, 59] improved decision-making [59, 60]
and an in-depth reflection on existing and future policies [60]. The players admitted that
they had a strongermotivation to focus on urban resilience-related initiatives in the future
[52, 59] using new approaches and new ideas [4]. They reflected upon the differences
in policy goals [69] policymaking styles and real-life issues [4]. The sessions enhanced
collaboration and communication and showed different points of view, engaging the
players in a search for satisfying solutions [69].
The investigated games contributed to policy implementation in several ways. They

led to the creation of strategic documents [60], enhanced the skills and attitudes necessary
for the process of policy implementation [64, 65, 68] revealed the possible outcomes
of policy implementation [3] pointed to the shortcomings and future challenges [4]
and contributed to policy awareness [63]. They were designed mostly as supplements
to the policy implementation process and therefore, their long-term effects were not
measured. On the other hand, urban resilience policies are implemented in complex
environments, which means that assessing only the impact of the considered games
could be problematic. As for the achievement of short-term goals, most of the cases
appeared to be successful.
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6 Conclusion

Diversified forms of application of serious games prove that their use is highly context-
specific. It can be seen in the featured themes (community resilience, disaster resilience,
climate change adaptation and general urban resilience), goals (knowledge exchange
and transfer, hard and soft skills development and future projections), media (boards,
RPG, virtual simulations and apps) and areas (water management, spatial planning,
risk management, power balance and roles within city) or the stakeholders (citizens,
decision-makers, business representatives, NGOs and academics). This is a group of
games with an abstract, metaphorical message, though it is still in line with urban
resilience implementation through education.
Regardless of the theme, immersionwas named as a crucial gameplay element. There

were different ways to offer and achieve it through augmented reality application and
first-person perspective, convincing representations of built infrastructure or urban ele-
ments, and application of existing data. Every game contained elements of knowledge
transfer or/and exchange. Engaging relevant stakeholders, in general, was limited, espe-
cially in the games addressing climate change adaptation and community resilience,
which makes games a tool for education rather than a driving force of real change.
However, in several cases, games were treated as interventions, solving real problems
of communities or supporting the policymaking process and evaluation.
The featured narratives were based mostly on a natural disaster (natural forces) story

to understand the phenomenon’s complexity and connectionwith various urban elements
to prepare and act after a disaster. Most of the games were models of simplified reality.
Yet, in several cases, abstract narratives were used to focus on a certain real problem
(e.g. power imbalance). Although developing countries are more vulnerable to acute
problems, serious gaming in the urban resilience context was a domain of developed
states.
The goals of the games concerned implicitly urban resilience policies. Theypromoted

the concept of resilience, explored its different aspects, helped to operationalize it and
developed inclusive tools to implement it in cities. What raises concerns is that none of
the games investigated the long-term effects of applying serious games to support the
implementation or development of urban resilience policies. It could be reasonable to
focus on games addressing the matter of stakeholders and cross-sectoral collaboration in
the future as this area was underrepresented among the games analyzed in this project.
The article suffers from a lot of limitations. The article sample was limited to both

period and online availability, the search engines, and language (English). The authors
are aware that there are significantly more articles and papers published in the area of
concern, and that the selection is limited due to themethods applied and other constraints.
Their future efforts will broaden and study the underlying design methods, implemen-
tation taxonomies, narratives for serious game design and fostering urban resilience in
more detail. The aims of the future are to extend the classifications of serious games
usage and look for similarities to create a meta-model of serious games design and
implementation for improving urban resilience.
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Abstract. Designing simulation game is a difficult task, although demands for
such learning methods are increasing. Currently, many games are created by an
original author and are improved independently. If one can include young students
who have just finished playing a game to enhance games, then one might be able
to solve human resource shortage. Student-teacher collaboration is rare and such
experience is limited.AtTohokuUniversity in Japan, and at ThammasatUniversity
in Thailand, a business game designing project was conducted during 2003–2019
that included students and teachers under the management policy called The Great
Charter. The authors assigned the most appropriate roles to individual students
who were stimulated through collaboration. Some students were awakened, later
harnessing and sharing their young energy as great game designers and global
players and through businesses as entrepreneurs.

Keywords: Awakening · Business game camp · Close communication ·
Entrepreneurship ·Mindset

1 Introduction

Demand for simulation and gaming (S/G) for education is increasing and many teachers
are developing S/G alone. Opportunities to acquire, share and exchange ideas remain
limited. Many developers do not know how to gain such opportunities. Developing new
S/G with colleagues in a university is generally difficult. It is necessary to secure human
resources for sustainable S/G development.
Business andAccounting School for Entrepreneurs (BASE) Project is a rare example

bywhich students collaboratewith a teacher to produce a newbusiness game. The Project
was sustained for 16 years (2003–2019) over 15 generations and included 110 students.
In the BASEProject, students with intense enthusiasm and talent persistently surrounded
paths of developing analogue business games. They designed and created new games
rapidly, thereby delivering joy to later generations. The BASE Project includes various
related works such as sales, technology transfer to foreign institutions, internal manage-
ment and funding. They dressed in business suits and worked globally. They were no
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longer mere students but acted as entrepreneurs. The authors believe that students can
be reliable partners for a teacher with appropriate management style. Sometimes, they
contribute more than their teachers in terms of social achievements.
Using theBASE experience, the authors discuss newpossibilities for student–teacher

collaboration in new gaming to contribute to society. In so doing, they determine a
standard approach to let students participate in game development and to extend their
interests to globalization and entrepreneurship.

2 Review of Literature

There has been wide consensus on the importance of abandoning one-way lectures.
The most famous idea is active learning. Student–teacher collaboration and similar
approaches have been discussed since the 1970s in three methods. One is to let stu-
dents participate in lectures. A second is to induce students to teach together in a lecture.
A third is to allow students to teach instead of a teacher.

2.1 Letting Students Participate in the Lecture

Some approaches involve students in one-way lectures whose major idea is active learn-
ing. In 1970s to 80s, to replace teacher-centered to student-centered become common in
higher education, educators argued that students must work as a team to find the prob-
lems of history and the present [1]. The importance of collaborative work of students
was found in role-play, debate, case study and other activities [2].
With respect to language education, the collaborative learning in foreign language

education had become a tradition and learners are fundamental resources for collabora-
tive learning [3]. Collaboration helps learners to extend their knowledge and language
learning for bilingual students. Teaching was categorized in three ways: traditional ped-
agogy, progressive pedagogy and transformative pedagogy [4]. Progressive pedagogy
posits the student as an excellent learner. It is a process that lets students study positively
and experientially using collaborative inquiry and construction of meanings by a teacher
and students. The study showed that teacher-student/student-student collaboration is
important on foreign language training [5].

2.2 Letting Students Study Together

Computer-Supported Collaborative Learning (CSCL) has been explored with informa-
tion and communications technology (ICT) education. It has created a stream of research
using ICT to support student learning. For the efficiency of mathematics education, stu-
dent group work was introduced in middle schools [6]. In music education, the effec-
tiveness of student teaching became a standard mode of music teaching in the 1980s but
it was criticized for its over-reliance on student–teacher effectiveness [7, 8]. In medical
education, teaching effectiveness in clinical training is recognized as a type of Program
Based Learning (PBL) that is still commonly used [9, 10].
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2.3 Letting Students Teach as Student Teachers

Students teach in the classroomasTeachingAssistants (TA). TAcovers various academic
disciplines andhas excellent opportunities to apply their pedagogical skills in a classroom
[11]. Comparable research has covered the status and skills of graduate student TA at
universities in the United Kingdom and North America [12].
In career development education, Mie University in Japan certifies senior students

as Student Assistants (SAs) and lets SAs teach junior students [13]. The SA system
connects faculty members, academic affairs division and student support affairs which
supervise SA activity.

3 BASE Project

To keep human resources focused on game development, the authors invited students to
act as game developers to develop and maintain more effective games. They have been
practicing Student–Teacher collaboration in the BASE Project.

Outline. BASE is the brand name of the tabletop business game series. The BASE
Project represents actual activities to develop business games. The original meaning of
BASE was ‘Business and Accounting School of Entrepreneurs’. Skill or knowledge is
obtained by playing the games as a BASE skill of any business person.
Nineteen games were developed in eight categories under the BASE brand at Tohoku

University, Japan (2003–2014) and at Sirindhorn International Institute of Technology
(SIIT), Thammasat University, Thailand (2014–2019). Table 1 shows major achieve-
ments of the project and an approximate portion of efforts from students and teachers
through student–teacher collaboration for the details of individual games [14–22].

Table 1. Major BASE business games

Year Name Approximate
efforts on original
idea (%, total 100)

Approximate
efforts for
development (%,
total 100)

Approximate
accumulated number of
participants

Student Teacher Student Teacher

2007 Hospital 50 50 80 20 50

2008 Manufacturer *1 50 50 50 50 2000

2009 Software *2 90 10 80 20 1000

2011 Supply Chain *3 0 100 0 100 500

2011 Large Classroom
Version

20 80 50 50 1600

2013 Medical Device 30 70 90 10 50

(continued)
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Table 1. (continued)

Year Name Approximate
efforts on original
idea (%, total 100)

Approximate
efforts for
development (%,
total 100)

Approximate
accumulated number of
participants

Student Teacher Student Teacher

2016 Manufacture in
Thai *4

50 50 100 0 80

2017 Agriculture *5 80 20 90 10 40

2018 Construction *6 50 50 90 10 60

Tangibility. The most notable feature that distinguishes BASE games from others is
their analogue style (Fig. 1). They are mostly designed to play in a real stage, not
on a computer screen or the internet. Students form a company, receive share capital,
purchase machines and materials, hire engineers and salespersons, and sell. They record
those processes in a couple of paper tables using a pencil, eraser and calculator. It is a
rare opportunity to use hand-writing to learn the business. Due to excessive digitalization
in recent days, such experience has a fresh impact on learners. As players calculate all
numbers by themselves, they understand the value of numbers better than computer-
generated numbers and acquire respect for the rules of business.

Fig. 1. BASE Software Manufacture Game (Left), BASE Software Kaihatsu (Development)
Game Company Board (Right)

Close Communication. In BASE games, two or three students of diverse profiles form
a firm, considering the students’ academic grade, major and gender. In most cases, a
game workshop is the first opportunity to work and learn together through conversation
to carry out their tasks.
There are three to four rivals on the same table. They closely talk and learn a lotwithin

close communications. Since players are human beings, notmachines, they often become
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excited, delighted, disappointed and make mistakes. Failure is the mother of success.
They recognize important ideas to manage a company through tough communication
and experience.

3.1 BASE Project in Its Early Days

The authors took a long time to develop a framework. At this moment, the authors can
relate the BASE project history from a human-related perspective.

Origin: Step-in students at Tohoku University. The authors hosted a large event
called a Business Game Camp to provide opportunities for engineers to learn busi-
nesses within a limited duration. The first Business Game Camp was held for three days
at a lodge during a weekend in December 2004. About 30 students participated from
various faculties, grades, gender, nationalities, and from many departments and schools
of Tohoku University.
Within a week thereafter, three students stated their opinions related to their expe-

riences in the business game. One had failed at the game and wished to have another
chance at playing it. One had a complaint about the rules of the game and urged that it
must be improved. The authors were receptive to their enthusiasm. After some discus-
sion, a gaming group of interested people was launched which became the origin of the
business game-related work for student.

Increased Personal Communications. The author respected the opinions of those stu-
dents because they came to continue the Business Game Camp during the next year on
their own time despite their other responsibilities at their primary laboratories or semi-
nars. After the authors had many lively discussions, in November 2005, they hosted the
second camp. The first batch of students had to leave the project. However, the next batch
of students participated in the games of their own accord. By holding high awareness
of their duties and continuing such a project cycle, the team maintained an intergener-
ational chain of human resources. The team repeated ten such changes during 11 years
at Tohoku University, and during four years at SIIT.

Game Development Through Student–Teacher Collaboration. Around 2006, the
authors recognized that the game methods and practices were correct. Creating an origi-
nal business game had become a common interest. Corresponding to the many demands
to play the gamewas important. Under tightened student–teacher collaboration, the team
released the first game (BASE Hospital) in 2007. In 2008, the team created a fundamen-
tal engineering business game called BaseManufacture Game. Original games made the
BASE Project possible to host an event at any request at any time.

3.2 The Great Charter: Rule of Student-Teacher Collaborative Projects

In 2009, the authors reviewed the situation and directions for future management. The
members implicitly shared the idea that they could develop new games. They might feel
anxious whether their work is correct. To satisfy such demands, the team tried to present
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ideas in sentences. In 2010, the teamcompiledTheGreatCharter, consisting of seven arti-
cles representing the BASE project’s fundamental principles as the basic framework of
Student–teacher collaboration, university–industry collaboration and entrepreneurship.

Articles. BASE develops world-class analogue business games.

1. BASE contributes to society by spreading our business games to encourage industry.
2. BASE members must be ambitious, active, innovative, and global.
3. BASE provides equal opportunities to members despite their affiliation.
4. BASE sustains its own sales revenue and does not overly rely on subsidies.
5. BASE merges social science and engineering to cultivate an interdisciplinary
community.

6. BASE recognizes its high appreciation and responsibility in the world and behaves
as an example to game developers.

Explanations. The charter expresses the BASE project features clearly. Article 1
presents the vision. Throughout the experiences, the authors know that the digital game
market is highly competitive and challenging for beginners. The authors recognized
BASE analogue games as having sufficient characteristics to appeal to people world-
wide. Article 2 explains the mission briefly. Business games are useful not only in
academia but also in industry. The business game must describe characteristics of the
market principles. Therefore, it must be a useful tool in society. Article 3 states that
BASE members must have definite views. To see the new horizon of analogue games
for themselves, they work with high performance while recognizing that the work will
spread worldwide. To achieve this purpose, the author selected students carefully.
Article 4 declares that all people involved in the BASE project have the same rights

and an equal and fair relation that includes teachers. BASE becomes an activity that is
fulfilling with delight and joy, as proved later. Article 5 addresses the spirit of our origin,
Business and Accounting School of Entrepreneurs. The business game is not supported
by government or university subsidies, presenting an awkward relation to real business.
It was a real business resembling that of an entrepreneur. Article 6 describes a core
value, diversity. To ensure amember’s new trial, being interdisciplinary is fundamentally
necessary. The BASEProject includes students from various fields of study fromfine arts
to agriculture, gender and nationalities. Those commitments from different disciplines
and aspects make the Project more fun. The business game bonds them with stronger
friendships. Article 7 represents our responsibility to society by developing new business
games and behaving as business entrepreneurs.

Student Attitudes About the Great Charter. Before the enactment of the rules, the
BASEProject seemed to lack long-term strategies, only to repeat game-events. TheGreat
Charter assured members as global challengers to seek worldwide research without the
need for a finance perspective. Members welcomed the use of explicit knowledge and
are proud to be members of the most entrepreneurial group at traditional, conventional
universities. They are motivated to work as the number one analogue business game
developer. The fixed policy confirmed and supported their efforts. As a result, students
came to enjoy a relaxed atmosphere and to concentrate their efforts in the games.
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Students at Thammasat University. Asother facultymembers do, the first author took
care of 3–4 teams (total 8–15 students/year) as a senior project advisor. Most students
were fourth-year students of the undergraduate program. Selecting the author’s topic
was their choice. If a group did not prefer to do gaming, the author provided topics of
other kinds. If they selected gaming, it was the same story as that at Tohoku University.

4 BASE Human Resource Management Protocol

Most members were students before they participated in a BASE event or applied for the
senior project. They had no experience at developing games. An innovative atmosphere
was fulfilled through joy, producing outstanding human resources not only in terms
of developing a game, but also in terms of globalization and business. To promote
such diverse career development opportunities, following the earlier case and the Great
Charter, the authors completed the BASE Human Resource Management Protocol in six
stages, as presented in Fig. 2.

Fig. 2. Structure of BASE to encourage member’s growth.

4.1 Origin: Decision by Student

Byplaying the game and listening to the debriefing, some playerswere deeply impressed.
That is true because any impression decreased as time passed. The author never called
a student. A person’s own will is necessary to keep further motivation. Because it was
their decision first, no one expressed regret later.

4.2 Students Learn Games

In the BASE Project, the teacher does not speak much and should take care of students.
The first step is to introduce oneself to other members. The second step is to replay the
game. Game lovers can learn by themselves.
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4.3 Students Teach Games

The authors have lecture duties using games apart from the project. The authors invited
the team to participate in the lecture but from the teacher’s perspective. To facilitate the
game lecture, they must learn the game deeply and should be able to answer questions in
front of their juniors (Fig. 3). They raisedmotivations and increased teaching experience,
and finally got some confidence in their talents. They developed close communications
with colleagues. When they read the Great Charter in this period again, they recognize
the meaning of their work, understand senior generation students’ achievements and
encourage themselves based on past efforts.

Fig. 3. Student teachers

4.4 Adequate Role Assignment

The roles were defined according to skill at games, and as human relationships become
established. For example, if Mr. A wishes to develop the game, the authors carefully
evaluate his ability at development and assign to him the title of Developer. Ms. D is pro-
ficient at English and wishes to communicate with international students using business
games. In this case, the person’s title is International Officer. The student’s duty is taking
care of exchange students during events that are ongoing or upcoming. By exploiting
appropriate roles for individuals, they respect other members and recognize the impor-
tance of teams. That is a moment to form a strong team similarly to an entrepreneur
developing an enterprise.

4.5 Business Game-Centered Atmosphere

In the teacher-only project, the teacher must take care of all game-associated activities
of the human network in BASE Project (Fig. 4). Work is separated into three segments:
academic, international and social. Students who are proficient in English come into the
green circle, pure game lovers are assigned to the red circle, and students who wish to
learn entrepreneurship join the blue circle. They plan to export the work to the university
from which foreign graduate students came from within the green circle. They design,
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Fig. 4. Human resource management system in BASE project.

manage and choose the international conference to proceed. In the red circle, they play a
game every day and polish new ideas. In the blue circle, theywear a business suit, prepare
business cards and find sales opportunities to host seminars or events. Sometimes, they
drive to the client company.
There is a business game-centered atmosphere of engage members, shared interests,

innovative atmosphere and a strong desire for success. The teacher’s role resembles that
of an ambulance. The teacher prepares for cases that students cannot resolve and if some
difficulty arises, can devote efforts to other works while overseeing the circles. Being
free from a teacher’s unnecessary commitment motivates students. They feel that it is
great fun and proceed to learn autonomously.

4.6 Generational Limitations

Students have time limitations and when their primary duties in the laboratory such as
master thesis, job hunting or graduation become pressing, they must return to them.
They know that from the beginning and therefore, work hard during their period. To
carve their names and achievements in the history of BASE is an important value for
them. They met their seniors who worked hard and leave their actual results as a legacy.
After a year, they wish to overtake their seniors. To compete with the seniors’ legend
in their minds, they plan an annual event as a Business Game Camp to leave a strong
impression on their juniors as a last duty.

5 Students’ Rapid Growth

Approximately 3–6 months after an orchestra starts to play a symphony, some students
in the group show amazing progress. The phenomenon, which is called Awakening, is
not universal for all members but appears regularly in the group. The student is free from
being nervous as a beginner, works as a leader and acts with full confidence.
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5.1 Are You a Faculty Member?

The reader of the book may have met the authors and a group of young undergraduate
students at Simulation/Gaming (S/G) conferences. Students were often asked similar
questions over the years such as ‘Are you faculty member?’ Collaboration with the
teacher is flexible and adequate. After disclosing that a person is a fourth-year student
of SIIT, most people have been strongly shocked.

5.2 Examples of Awakening

Here the authors present three examples of awakening from three dimensions: develop-
ment, international and entrepreneurship.

Development. During the development of the Software Development Game (Table 1,
Column. 3), Kota Toma, a Graduate Student of Information Sciences at Tohoku Univer-
sity, was inspired by games and wished to develop an ICT-related game. One day, the
BASE project got a request to train ICT company employees to understand ICT business
activities from a broad perspective. The first author and Toma interviewed some com-
panies across three months to make a game scenario that is available to most software
development firms in Sendai city. Toma introduced ideas from a computer-based role
playing game and drafted a new game proposal. The members testified to the prototype
and confirmed its effectiveness and developed the new game. His idea is still alive in
2020 with its original features except for three minor changes to improve operations.

International Activities. Yuta Morimoto was a graduate student of Information Sci-
ences at Tohoku University. He promoted the BASE Business Game at U.S. universities
and was granted appointments for meetings not only at UC Berkeley but at Stanford
and MIT. The first author and four students visited those business schools and discussed
future collaboration. They could not make further use of the business game with them
but acquired many fruitful comments from the top authorities of American business edu-
cation. After finishing the U.S. stay, Morimoto came to Thailand to teach Thai students
without remuneration as he regarded it as an investment in himself.

Entrepreneurship. Shigeru Ikeda andMizuki Shimada, first-year students at theSchool
of Economics of Tohoku University, joined BASE camp 2013 as members. They
launched a small business called ‘BASELABO.com’ and registered it at the LegalAffairs
Office in Sendai inApril 2014.Although the teacherswere no longer in Japan, they devel-
oped customized business games for employee education. They attended business game
lectures and made presentations at Thaisim International Conference as undergraduate
students.



Designing Business Game by Student-Teacher Collaboration 249

5.3 Awakening

According to the Great Charter article 3, BASE members are ambitious and innovative
and its awakening students are an active example of mindsets. No one in the group
expressed jealousy against successors. Other members welcomed those colleagues’
achievements and worked diligently to make a good impression. Over the generations,
BASE produced many marvelous games in development and produced well-talented
entrepreneurs.

5.4 Limitations

Some ideas are widely recognized as useful methods to encourage students to participate
in lectures. There are limitations to student involvement in education. Teachers decided
earlier on the teaching framework. Then students followed the policy. Both teachers and
students are wedded unconsciously to the idea of ‘Teachers are of higher status than
students’. Even in the Mie University case, SAs are under the supervision of the student
support division. The authors doubt such prejudice because students are likely to be
more familiar with game culture than people of the teacher’s generation. Developing
and updating the game are difficult to achieve, especially for busy instructors.

6 Reason of Success in the BASE Project

The BASE project has student–teacher collaboration, a well-structured group and out-
standing growth which is not an accidental success. The reasons may be found in the
nature of S/G, another in the effectiveness of management like a company, and finally
another in students’ mindsets.

6.1 Characteristics of Simulation/Gaming (S/G)

The most important reason for the student–teacher collaboration in the BASE Project is
the characteristic and standpoint of S/G. In a traditional discipline, a teacher knows the
target workmuch better than the students andmust follow the state-of-the-art as well. By
contrast, S/G is an experiential and practical discipline. S/G stands between teaching and
research. Therefore, the distance between research and a lecture is shorter than that of
conventional studies. S/G accompanies great fun and teaching effectiveness to learners
and can cover most topics. Emotional factors affect the game quality. Therefore, S/G
has a characteristic that is familiar to beginners, easy to master and easy to develop. It
is possible to overtake mature people depending on the talent.

6.2 Entrepreneurship

Many readerswere surprised at theGreatCharterArticle 5. The projectwasmanaged as if
it was a small company. The business principle learningmethod (game) or such personnel
(team) must not rely on the government’s deep pockets or university. Company seminars
were proposed to gain the financial resources. BASE was not a company, students are
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not employees, and the teacher is not a president. However, it existed on the university
campus. Doing the same trial at an active company is too risky for students. An interface
such as a university laboratory makes students feel safe. The members understood that
the team must earn funds independently of its academic success. Such beliefs forced the
team and the students to be entrepreneurial.

6.3 Mindsets of Students for the Awakening

The authors conducted interviews with many students to understand their actual image
of the BASE Project. To understand many reasons individually, the following mindsets
might be reported (Mindset A).
Mindset A (BASE)

1. I love this environment.
2. I love my friends and my teachers.
3. I love a game. I do not mind even there is no remuneration or credit.
4. I love to act socially. I want to spread our game.
5. I want to take over my senior’s contribution to delivering to the next generation.

The authors conducted many formal lectures with credits using a business game
where the student mindset was characterized as shown below (Mindset B).
Mindset B (Lecture using Game)

1. I am neutral on this game. I have to play a game because the teacher checks
attendance.

2. I want to get a better score than my rivals get.
3. I like this game. However, it remains on the level of ‘better than a one-way lecture’.
4. It is an obstacle to be forced to communicate with other students in the game.
5. After this semester, I will be free from the game, also from the teacher.

The Mindsets A and B differed for many reasons. A traditional lecture does not
provide close communication among students. Students are isolated but are compelled
to participate in active learning. Merely playing the game is insufficient to arrive at an
Awakening from the descriptions above. Some factors other than those of games are
necessary.
If BASE is a real company selling a business game or proposing a seminar to other

companies, what is a mindset of an employee of a company (Mindset C)?
Mindset C (Company)

1. I am neutral on this game, but demonstrating, promoting, and selling it is my duty.
2. I must work harder to receive a salary and to gain a promotion.
3. I associate with my colleagues only to stay in this company comfortably.
4. If I resign from this company, I have no relation to the game and colleagues anymore.

Compared with mindset B, mindset C recognizes the target more positively because
it is necessary to live. Communication takes place between a customer and colleagues
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because it is necessary to remain in the company. Those skills and behaviors are derived
from a sincere motivation. It might be readily apparent that working in mindset C is not
fun, just as a gaming lecture in mindset B is not attractive. In mindsets B and C, they
are forced to attend, participate passively and gain something other than a game, feeling
obstacles to committing to others. The differences between mindsets A, B and C are
summarized (Table 2).

Table 2. Mindsets in BASE

Do they love their
activity?

Do they form a
group and
communicate?

What do they
acquire as
remuneration?

Motivation

Mindset A
(BASE)

Strongly Yes Private, tighten,
and hot network

Happiness
Friendship
Satisfaction

Remarkably
High

Mindset B
(Lecture using
game)

Better than
one-way lecture,
but less interested

Least group and
least
communication;
Temporally

Credit Neutral or
Low

Mindset C
(Company)

Neutral Least group and
least
communication;
Official and dry
network

Salary and
position

Neutral or
Low

The key factors of project success are ambitious mindsets shared with the following
features: 1) students love games; 2) they feel a bond with other members; and 3) they
see no relation to money, duty or academic credits.
To achieve student-teacher collaboration as a tool to develop a great game with

the possibility of extension to wider society, students who have no experiences with
game-play can be admitted to create a group with common interests. Then, the game
development experience would let students stimulate their curiosity, awaken, extend
their talents without limitations and deliver new generations’ impression. The primary
factor of student–teacher collaboration led to strong loyalty, friendship, awakening and
sustained an incredible business games network.

7 Conclusion

This study explored the possibility of generalizing the BASE project characteristics.
BASE developed new student-teacher collaboration style that was more practical and
durable than similar trials based on the recognition of a teacher as higher than stu-
dents. BASE included youth power in a digital age as important potential partners, while
optimizing rules, arranging a stage on which to work comfortably and ensuring student
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growth in the right directionwithout limitation. Awakening produced an ambitiousmind-
set, a global spirit, and entrepreneurship. Such practices derived from student-teacher
collaboration have proven its effectiveness throughout BASE history.
Across 16 years since the beginning of the project, the team obtained ideas to sus-

tain its own experiences. Individual readers should design a unique solution to com-
ply with each demand and limitation. The BASE project introduces many tips deliv-
ered from student-teacher collaboration on S/G development that are ready to use in a
project. Student-teacher collaboration is useful to seek a dream and provide the project
sustainability.
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Abstract. The growing interest in game-based approaches is evident. But estab-
lishingGamification andSeriousGameprocesses are challenging, especiallywhen
there are few available resources and game design knowledge. Low-tech and low-
budget games can be the solution to learn and foster game-based approaches.
We propose a method where modern board games were successfully adapted,
through a modding process, to deliver a game-based experience to adult students,
allowing them to learn about serious games and gamification as tools to train
skills. Ice-breaking exercises and an expositive lecture introduced game-based
approaches. Selected modern board games to play with students were adapted
previously through interactive playtest with hobby gamers. The final play session
was done during a one-day session, playing seven different modified board games
followed by debriefing stages, discussion, and evaluation of each experience. Stu-
dents were able to identify the skills defined for each game and differentiate
between gamification and serious game approaches.

Keywords: Analog games · Board games · Gamification ·Modding · Serious
games

1 Introduction

Game-based approaches have been increasing in the last years [1, 2]. Despite some
failures, many new projects explore the benefits of gamification and Serious Games (SG)
[3]. Games fascinate innovators that want to improve performances while providing
enjoyable experiences. But profiting from these game usages is challenging to do in
practice due to insufficient knowledge and resources [4].
Gamification and SG can motivate and engage players to learn, develop skills and

produce valuable outcomes to many different activities [5]. But authors like Deterding
et al. [6] argue that in gamification, players are prone to focus on secondary traits of
the experiences, like too much focus on winning and getting prizes without being con-
nected to the serious purposes of the activities. Authors like Werbach et al. [7, 8] and
Chou [9] give some solutions to go beyond the simple patching and pasting of “Points,
Badges, Leaderboards and Prizes” to generate a gamification approach. In a successful
gamification approach, game mechanisms must relate to goals beyond the game system.
Deterding et al. [6] argue that SG can surpass this problem because the intrinsic motiva-
tion of play dismisses the need for extrinsic prizes. Despite these problems, there have
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been many successful uses of gamification and SG [5, 10]. We argue that the quality of
the game design is the core ingredient for success for gamelike approaches, even when
the product is not complete games [11, 12].
But howcanwe explore and use successful game design traits to improve game-based

approaches for specific purposes? Are there ways to prepare users and institutions to
profit from gamification and SGwithout being experts in game design? Can this be done
progressively and using low-budget and low-tech solutions to learn and test prototypes?
We believe that modern board games can play a role as a support tool for gamification

and SG development. Learning from modern board game design innovation [13] can be
valuable. The innovation in the components and the fascination with the materiality of
these games [14] and their social engagement potential [15] can teach us about game
design and user engagement.
Several experiences of modding modern board games to became SG exist [16–20].

These entertainment board games became serious games when played to address spe-
cific purposes beyond playing for fun. For example, we can invite players to play a
storytelling game and transform it into a serious game by defining the theme and later
debriefing the game outcomes. Tweaking the rules also can work. Modding are inex-
pensive approaches that deliver fast results. Diving into their game systems and mech-
anisms to design new games is another promising possibility. In these analogue game,
the lack of automation empowers the players [21] and establish inevitable collaborations
[22–25], which demand players to interact directly with each other and the game mech-
anisms [26, 27]. This way players can reflect on what is common regarding systems of
entertainment games, gamification, and serious games. Players can see how the game
mechanisms can deliver experiences (aesthetics) and relate these experiences to the goals
of serious games. Simultaneously, players can testify how to go beyond points, badges,
leaderboards, and extrinsic rewards, focusing on the effects of the mechanisms to build
intrinsic gamification.
The main objective of this experience is to propose a method that allows introducing

newcomers to gamification and SG. By playing modified modern board games and
debriefing out the experiences, players will train skills and develop a new consciousness
about game usage. In this experiment, adult students played several modified modern
board games to practise skills and reflect on the implemented SG and gamification
approaches. Modding in this context is a softer and simpler way of redesigning game-
based approaches. The success of the proposed method depends on the ability to engage
students during the games and verify if they related the game experiences with the skills.
We present a method to select, modify and conduct game sessions to teach about SG
and gamification while training soft skills. Other skills, issues and objectives can be
addressed by the prosed method.

2 Method

Before the game session, the game session facilitator selected and modified (modding)
seven modern board games to deliver specific experiences to students. The game session
had a duration of 8 h, attended by mini-MBA adult students. After a brief presentation
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about modern board games and game-based approaches (30 min), the facilitator con-
ducted the game session to train generic skills valuable professional activities. We will
use the terms “students” and “players” as synonyms to describe the experiment subjects.
We started by defining what skills to explore in the sequence of games. These skills

were the main goals of playing the games. The concept of Soft skills delivers a base
of essential skills all professionals must have [28, 29]. We defined “communication,
creativity, problem-solving and collaboration” as the basic skills to approach during the
experiment. We combined “communication and creativity” as two related concepts to
match the Engagement Design Model (EDM) [30] and establish relationships to what
engages player profiles (Fig. 1). We acknowledge that the player typified profiles by
Zagalo [30] are guides. Players tend to relate in different percentages of the several
typified player profiles (Abstracters, Tinkerers and Dramatists). Absolute matching is
unlikely to happen. Communication between players is a transversal skill because it is
necessary to play multiplayer games.

Fig. 1. Simplified Engagement design [30] model to support game selection.

Figure 2 presents the implemented method. First, we recorded players’ experiences
in a questionnaire, gathering data from their previous game experiences and preferences
(Step 1). The same questionnaire recorded feelings and players’ perceptions after each
game (Step 4) and at the end of the session (Step 6).
Although we will propose games playable within the available time because we can

estimate how much time they require to play according to Board Game Geek (BGG)
(www.boardgamegeek.com) databases, games may take longer to play. BGG is the
biggest database for modern board games and the one the industry and hobby com-
munity uses to analyse, critic and rank games [13, 15, 31]. The game durations can vary
because players might need extra explanation [17, 32, 33]. On the other hand, engage-
ment during play and debriefingmight go beyond expectations. Stopping these dynamics
might frustrate players and reduce learning [34].
The questionnaire followed Mayer et al. [35] framework, evaluating players’ game

experiences, enjoyment during play, and final perceptions. It was a simple form with
multiple-choice questions through a Likert scale (1 to 7), allowing to gather data fast
and without downtime or breaking the flow of games. Additionally, players could write
words to describe the skills they experienced.
During Step 4, players filled out the questionnaire recording feelings (Table 1) and

perceptions before and after the session (Tables 5, 6, 7, 8 and 9). These predefined

http://www.boardgamegeek.com
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feelings resulted from The Big Five Personality traits [28] and related skills with the
preferences of the EMD [30] player profiles, as tested before in the Light Collabora-
tive Process for Ideation [19]. The continuous questionnaire filling allowed the record
players’ engagement in every played game of the session. After playing each game,
players directly classified their feelings through a Likert scale (1 to 7), as presented in
Table 1. After the session, players classified how the overall game session trained the
skills (S) defined in Table 1, again through a multiple-choice Likert scale (1 to 7). The
general perceptions of the game experiences, like fun, potential using games as tools for
serious purposes, the compatibility of addressing seriousness issues through fun, and
the potential of analogue games over digital games were classified by the participants
following the same method.

Table 1. Feelings after each game and relationships to the EDM profiles preferences.

Feelings Profile typology Value by the
profile

Related skills (S)

Efficiency/competence Abstracters Progression and
challenge

Problem-solving and
decision-making (S1)

Imagination/creativity Tinkerers Expression and
creativity

Communication and
creativity (S2)

Empathy/altruism Dramatists Narrative and
interaction

Communication and
collaboration (S3)

Confusion/complexity All General General

Sadness/tedious

Excitement/motivation

After each game, players wrote words related to the skills they thought each game
trained. These words were analysed through the grounded theory [36] to cross with other
data from the questionnaires.
We selected seven different modern board games that could explore the predefined

skills and engage the three typified player profiles during Step 5. In Step 2, for the
“Ice-breaking” dynamic, we used Dixit [37] cards as support. We displayed 100 cards
on a table and allowed students to choose a card and use it to present themselves (self-
presentation).
Step 3 consisted of a presentation to introduce the game systems, modern board

games, gamification and SG principles and usages (30 min).
For the seven games played in Step 4, we defined a weighting classification for each

game, according to the skills each game was supposed to deliver, balancing the skills
(S#) and the player profiles (S1: Problem-solving; S2: Communication and Creativity;
S3: Collaboration). We selected games with complexity below 2.0 (considered medium
according toBGGranking from1 to 5) playable in less than 30min. Sheriff of Nottingham
[38] and Detective Club [39] games were adapted to reduce playtime (modding).
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Fig. 2. Train session with modern board games scheme.

Tables 2 and 3 describe the selected games for the session. They also refer to the
level of modification done in each game (modding). These game adaptations were how
these entertainment games were transformed into serious games, addressing the skills
to train as objectives for the session. Building these tables (2 and 3) are necessary to
plan the session. Selected games must be easy to understand (low complexity) and be
played in the available time of the session, leaving time to fill out questionnaires, do the
discussions and debrief. Each game is presented with its expected impact (percentage
height) regarding the silks (S#) players explore when playing them). These relationships
are how the game relates to the goals of the serious games.
After Step 4 (Fig. 2), we introduced a decision box to evaluate available time because

time could not be enough to do the final debriefing (Step 5) and finish filling out the
questionnaires (Step 6).
Final scoring is the sum of the scores of each game. After each played game, the

leaderboard changes according to accumulated scores. The defined gamification badges
correspond to the three general skills (S1, S2, and S3). Badge scoring results from the
multiplication of the weight factor of the contribution of each game to the specific skill
(S#). The sum of the percentages of all the game’s contributions to each skill equals one.
It means that all games approached all the skills but in different intensities. In short, the
scoring value of each badge was the sum of the contribution of all games. The calibration
of these weights for each game occurred previously as a subprocess. Playtesting before
with experienced gamers helped define these values (subprocess of Step 4). Playtesting,
evaluating, and changing values demanded to define a specific subprocess for Fig. 2.
This subprocess of Fig. 3 may require multiple iterations until the final selection of
games are selected because games should deliver SG goals and an equilibrium between
the different skills to address during gameplay (Fig. 3).
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Table 2. Selected games, related skills, and weighting values to final scoring. Morning.

Game Brief description Modification
Level (Modding)

Complexity
(1–5) (BGG)

Time
(min.)
(BGG)

Skills (S) to train
(Weights)

S1 S2 S3

Happy
Salmon
[40]

Players do
different forms of
actions and
greetings related
to cards they
have to get rid of
them. Players
need to find other
players with a
matching card to
do the actions.
When players get
rid of all the
cards they win.
Real-time play

Low: mixing
several copies of
the game to
allow more
players playing
the game
simultaneously

1.10 2 0.05 0.10 0.10

Magic
Maze
[41]

Players
collaborate to
explore a maze,
moving pawns to
objectives and
then escape the
maze. Players
cannot talk. Each
player can only
make a specific
move. Real-time.
Limited time

Low: reducing
complexity
without traps,
doble time to
pause, and only
one exit

1,75 15 0.3 0.05 0.35

Rail Pass
[42]

Players
collaborate to
deliver cargo
cubes to stations
by manoeuvring
trains. Trains
must be passed
hand to hand,
through tunnels
and bridges.
Penalties for
losing cargo,
dropping trains
and resigned
train drivers.
Real-time.
Limited time

Low: running
two games
simultaneously
to introduce
competition
between tables

2,00 10 0.3 0.05 0.35
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Table 3. Selected games, related skills and weighing values to final scoring. Afternoon.

Game Brief
description

Modification
level
(Modding)

Complexity
(1–5) (BGG)

Time (min.)
(BGG)

Skills (S) to train
(Weights)

S1 S2 S3

Sheriff of
Nottingham
[38]

Players
negotiate and
try to have the
most goods
and money.
Players play
the role of
traders and
the sheriff to
collect,
negotiate and
bribe.
Turn-based
game. Limit
of turns

Low: reduce
the number
of turns to
play faster

1.65 30 0.2 0.2 0.05

Telestrations
[43]

Players do
sequences of
words and
drawings in
notebooks.
Each turn,
players pass
the notebooks
in a chain,
seeing only
the last page.
If a player
gets a word,
they must
draw it. If
they get a
drawing, they
must write a
word.
Turn-based
game with
simultaneous
play. Limit of
turns

Medium:
players
choose the
word to start
drawing
related to the
theme the
facilitator
provided

1.08 30 0.05 0.20 0.05

(continued)
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Table 3. (continued)

Game Brief
description

Modification
level
(Modding)

Complexity
(1–5) (BGG)

Time (min.)
(BGG)

Skills (S) to train
(Weights)

S1 S2 S3

Detective
Club [39]

Players play
illustrated
cards to match
the narrator
selected word.
One player
ignores the
word. After
the card play
the narrator
revealed the
word to all
players. They
do
storytelling to
justify their
card play.
Players vote
to find which
one ignored
the word.
Turn-based. A
limited
number of
turns

Medium:
players
choose the
word to start
drawing
related to the
theme the
facilitator
provided

1.19 30 0.05 0.20 0.05

Ikonikus
[44]

Players play
cards to try to
guess the
beast answer
the active
player would
take or feel.
The active
player
chooses a card
/response that
better suits its
preferences

High: the
storytelling
was about a
project or
idea

1.19 15 0.05 0.20 0.05
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Fig. 3. Sub process of Step 4 scheme.

Table 4 highlight the type of adaptations done to each game (modding), adding the
scoring systems to implement the point system of the gamification approach. Each score
range is also associated with the skill at stake (S#).

Table 4. Game adaptations and modification to achieve the session serious goals.

Feelings Profile typology and
modding

Value by the profile Related skills (S)

Happy Salmon Played with 2 copies of
the game to allow
playing altogether

1st & 2nd place: 6VP
3rd & 4th place: 3VP
Other others: 1VP

S1: 0.05
S2: 0.10
S3: 0.10

Magic Maze Low adaptation
Two tables playing at the
same time competing to
be the fastest

1st team to finish: 6VP
2nd team to finish: 3VP

S1: 0.30
S2: 0.05
S3: 0.35

Rail Pass Low adaptation
Two tables playing at the
same time competing to
be the fastest

1st team to finish: 6VP
2nd team to finish: 3VP

S1: 0.30
S2: 0.05
S3: 0.35

Sheriff of Nottingham Low adaptation
Two tables playing at the
same time, with each
player competing to have
the most money

1st & 2nd place: 6VP
3rd & 4th place: 3VP
Other others: 1VP

S1: 0.20
S2: 0.20
S3: 0.05

(continued)
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Table 4. (continued)

Feelings Profile typology and
modding

Value by the profile Related skills (S)

Telestrations Each player could pick
the initial word. Words
should be related to the
final work of the
mini-MBA course
Two tables playing at the
same time, with each
player competing to have
the most votes

1st and 2nd players: 6VP
3rd and 4th players: 3VP
Other players: 1VP

S1: 0.05
S2: 0.20
S3: 0.05

Detective Club The narrator should pick
a word related to an idea
related to the final work
of the mini-MBA course
Two tables play at the
same time, with each
player competing to win
the most rounds

1st & 2nd place: 6VP
3rd & 4th place: 3VP
Other others: 1VP

S1: 0.05
S2: 0.20
S3: 0.05

Ikonikus The narrator picks a
concrete situation related
to the mini-MBA final
work and asks for
feedback. Other players
critically analyse the
proposed situation and
choose a card to support
their argument. The
narrator chose the best
feedback
Two tables playing at the
same time, each player
competing to win the
most votes

1st & 2nd place: 6VP
3rd & 4th place: 3VP
Other others: 1VP

S1: 0.05
S2: 0.20
S3: 0.05

We followed the “points, badges, leaderboards and prizes” for the gamification app-
roach. This gamification approach did not require do modify the game mechanisms.
The winning conditions of each game were converted into points (Table 4) to define the
leaderboard, the badges, and the prizes. The facilitator attributed scores to the players
after each game, according to Table 4. Players accumulated points for every played game
for motivational purposes. Game points resulted from the multiplication of the weight
of the game and the player score in each played game. The accumulated game points
generated the leaderboards of players. The top-score players got badges according to
the typology of skills (S1, S2, S3). A spreadsheet supported the overall gamification
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approach. These options were addressed during the final debriefing session (Step 5)
as an example of “pasted” gamification. At this stage, players could suggest modifica-
tions. It was expected that students suggested integrating game mechanisms with the
gamification system.
Weestablished four badges and associatedprizes:GlobalWiner;Winer for “Problem-

solving” (S1: Abstracters); Winer for “Communication and Creativity skills” (S2: Tin-
kerers); Winer for “Collaboration skills” (S3: Tinkerers). Each winner receives a scratch
card.
Final debriefing should reinforce learning and promote discussion to improve gam-

ification mechanisms and relate them to the session’s goals. In the final questionnaire,
students also classified the impact and usefulness of the “points, badges, leaderboards,
and prizes” for the game session. They did this following the same Likert scale as imple-
mented for the other session dimensions. Additionally, players could freely write loose
words to describe the generic skills experimented during the session. This data was
analysed through grounded theory [36, 45] clustering of clustering of similar words to
express quantitative results.

3 Results

Ten participants (n = 10) attended the session, eight male and two female. Only one
participant was familiar with modern board games. 30% of the participants had previous
experiences with SG. Attendants had 42.5 years old on average (Av), with a Standard
Deviations (SD) of 8.70 years. Participants revealed a moderate interest in sports games
(4.60) but low, below 4 (Likert scale 1 to 7) in analogue games (2.60) and digital games
(3.10).

Table 5. Students’ preferences per type of game.

Type of games Preferences (Likert scale results 1 to 7)

Average (Av) Standard Deviation (SD)

Sports 4.60 1.02

Analog 2.60 1.62

Digital 3.10 1.97

During Step 4, players filled out the questionnaires to record their feelings (imple-
menting the relationship expressed in Table 1). Table 6 and Fig. 4 express the
changes in players’ feelings from game to game. “Efficiency/competence”, “Imagi-
nation/creativity”, and “Empathy/altruism” varied continuously but ended higher than
before the games. “Stress/Anxiety” and “Sadness/tedious” decreased as expected. The
unfamiliarity with modern board games and SG could make attendants uncomfortable at
the start of the session. “Excitement/motivation” also changed, ending lower than before
the session. The enjoyment of each game was always equal to or above 5.20, which can
be considered positive.
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Table 6. Session attendants’ feelings after playing each game (Average)

Feelings Before Happy
Salmon

Magic
Maze

Rail
Pass

Sheriff of
Nottingham

Telestrations Detective
Club

Efficiency/competence 4.80 4.90 5.80 5.70 5.10 5.00 5.50

Imagination/creativity 4.50 4.40 5.20 5.40 5.10 6.30 6.60

Empathy/altruism 4.90 6.00 5.40 5.60 5.00 4.70 5.90

Confusion/complexity 3.80 3.70 5.00 4.80 4.50 3.40 4.30

Stress/anxiety 4.30 3.20 5.20 4.50 3.80 2.70 4.10

Sadness/tedious 2.10 1.50 1.40 1.50 1.40 1.20 1.20

Excitement/motivation 5.20 5.20 5.40 6.00 5.90 5.30 5.80

Enjoyment of the
game

- 6.10 6.60 6.80 6.50 6.10 6.50

Figure 4 highlights tendencies along with the game session. It is notorious for some
tendencies. Start playing the games reduced tedious/sadness at the beginning of the
session while increasing again at the end due to tiredness. Stress was high in games
with time pressure (Magic Maze, Rail pass) and creativity busted in games specifically
chosen to foster imagination (Telestrations, Detective Club).

Fig. 4. Graphical evolution of feelings during the game session

After playing the games, players classified the potential of the session to train skills
(related to soft skills) [28, 29], as defined previously in Table 1. All the evaluations were
above 5.50 (Table 7). “Communicative expression”, “Idea generation”, “Teamwork” and
“Meet other attendants/players” skills had evaluations equal to or over 6.00.
According to Mayer et al. [35], it is necessary to consider the background of each

player and if the games delivered a pleasant. Table 8 compares the change of players’
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Table 7. Players’ evaluation of the session potential to train skills (Av)

Skills Players’ perceptions (Av)

Communicative expression 6.20

Idea generation 6.40

Teamwork 6.00

Problem-solving 5.90

Negotiation 5.60

Time management 5.50

Strategic planning 5.50

Meet other attendants/players 6.70

perceptions of fun, the relationship between seriousness and fun, and the potential of ana-
logue games to deliver meaningful experiences (+1.20). The relationship of seriousness
and fun increased slightly (+0.10).

Table 8. Players’ perceptions about fun and seriousness of games

Affirmations Players’ level of agreement (Av)

Before session After session Variation

Games are fun 6.00 6.50 +0.50

Seriousness and fun are compatible 6.50 6.60 +0.10

Analog games can deliver better experiences for
serious purposes than digital games

4.80 6.00 +1.20

Table 9 shows the dimensions players identified according to the EDM [30]. Players
classified the dimensions that described their profile before and after the sessions of
games. All the players identified themselves with traits related to the typified three pro-
files. After the session, trait dimensions related to Tinkerers (expression and challenge)
and Dramatists (narrative and interaction) increased. The Abstracters’ trait dimensions

Valued by players in a game
(color code of the EDM)

Players’ level of agreement
Before 
session

After 
session

Variation

Progression and challenge (Abstracters) 5.90 5.80 -0.10
Expression and creativity (Tinkerers) 5.30 6.20 +0.90
Narrative and interaction (Dramatists) 4.90 5.60 +0.70

Fig. 5. What players value in games and the relationship to the EDMplayer profiles. (Color figure
online)
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(progression and challenge) decreased slightly (see Fig. 5). Figure 5 relates to Table 1
skills and feeling identification.
Table 9 provides an overall evaluation of the session’s final remarks. Players consid-

ered the games to be above medium complexity (4.50). When comparing to gameplay
data (Table 6 and Fig. 4),Magic Maze was the most complex game (5.00), followed by
Rail Pass (4.80), which is coherent with BGG complexity (Table 1). Evaluations were
all considered good, above, or equal to 5.70.
According to player perceptions, games related to the objectives of the session (5.90)

and the gameplay contributed to achieving it (6.60). Attendants’ perception of their
ability to use the games as SG and their willingness to play these games just for fun was
lower but still positive (5.70 each).

Table 9. Final evaluation of the session and the relationship to the SG goals.

Session classification Player’s perception

Complexity of games 4.50

Game relationship to the serious goals 5.90

The games achieved their serious goals 6.60

Application of the games in the attendants’ professional activities 5.70

Willingness to play the games just for fun 5.70

Complexity of games 4.50

Participants did not express relevant difficulty to understand some games (4.50). If
the modding did not simplify games, the complexity value could be higher. There was
no record of any game failure during gameplay, which means the modding did not affect
the game’s playability.
Players wrote in the questionnaire’s words related to skills they think they trained

while playing. These words were analysed through the grounded theory [36, 46], gradu-
ally defining clusters that relate to the skills. Several iterations lead to five skills (Fig. 6).
Because students wrote isolated words, they were directly associated with the defined
skills of Table 1 and EDM three player profiles (Fig. 1).
The player reactions to the gamification approach were varied (Fig. 7). The compe-

tition trait had the most spread votes. One person disliked the competition while four
loved it. Badges had a similar distribution in preferences, but fewer players loved it. The
points, leaderboards, and prizes were enjoyed by eight participants, while two loved it.
In the end, one of the players won three prizes and respective badges (Global Prize,

“Communication and Creativity”, and Problem-solving). This result allowed the game
facilitator to approach gamification issues during debriefing [6]. Players considered that
the leaderboard motivated the players with the most score and demotivated those at
the bottom. Attendants considered it unfair that a single player could win three prizes.
Players decided that the Global winner could only win this prize. The other prizes should
go to the second-place players. This solution demonstrated the importance of design
flexibility. It motivated players by introducing the feeling of justice. It highlighted the
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Happy Salmon
S1:0.05 S2:0.10 S3:0.10

4 0 6 0 2

Magic Maze
S1:0.30 S2:0.05 S3:0.35

4 0 0 6 6

Rail Pass
S1:0.30 S2:0.05 S3:0.35

4 0 0 5 5

Sheriff of Nottingham
S1:0.20 S2:0.20 S3:0.05

6 0 6 6 0

Telestrations
S1:0.05 S2:0.20 S3:0.05

7 5 5 0 0

Detective club
S1:0.05 S2:0.20 S3:0.05

7 6 0 0 0

Ikonikus
S1:0.05 S2:0.20 S3:0.05

6 8 0 0 0

Fig. 6. Players’ evaluation of the skills trained in each game.

Fig. 7. Players’ evaluation of gamification traits.

importance of debriefing in learn-based processes [34]. The collective decision changed
the scoring mechanism of the gamification dimension to improve the process. Although
a simple modification, this example showed that changing the system affect results
and motivation. Players acknowledge the objectives of the session (training skills of
communication, decision-making, and collaboration).
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4 Discussion

We argue that the method provided results and achieved intended objectives.Welcoming
students with “ice-breaking” game exercises and delivering a simple expositive lecture
worked. It helped players to understand that they were playing with purposes. It prepared
them to approach the games beyond entertainment. The debriefing stages and reflections
after each gameplay (Step 4 of Fig. 2) reinforced the awareness of the serious side of
games.
Players enjoyed the games and considered them able to address other objectives

beyond entertainment (Table 6 and Fig. 4). Each player was able to relate with the
trait dimensions of the player EDM typified profiles. No Single player matched totally
with just a type of profile. Selecting a group of games that can provide experiences all
player profiles can enjoy can have a higher potential of global engagement. The player
appreciation of the games and ability to identify the skills each game should approach
proved that the selection and modifying process (Fig. 3) was successful. Searching
for games, gathering information and playtesting the games with hobby gamers before
building a game session is valuable.
Having players engaged helps to achieve SG goals. During the session, the levels of

Stress/Anxiety and Sadness/Tedious were low. Players considered that selected games
achieved the serious game objectives of using games to explore relevant skills for profes-
sional activities. Players’ perceptions match the words they wrote when analysing what
skills each game could foster (Fig. 6). Players recognized they would play the games just
for fun (5.70), and the perception that games are fun activities increased after play (from
6.00 to 6.50), which is relevant because students’ interest in games at the beginning of
the session was low (Table 5). The perception of what to value in a game also changed.
The valorisation of expression, creativity, empathy, and relation increased significantly
(Fig. 5). This growth might also explain the increasing notion that games are fun.
In general, we can argue that the games accomplished their serious goals. Table

7 reveal high values in all skills. These player perceptions accompany the feelings
expressed during play (Table 6 and Fig. 4) and the summary of words (Fig. 6). Modding
the games was able to control complexity and focus the gameplay experience into the
intended skills to explore.
FromFig. 6, we recognize that weight adjustments could improve the scoring system.

In the game Sheriff of Nottingham, the weight should be higher. Negotiation experiences
demand communication and empathy, which relate to Tinkerers (S2) andDramatists (S3)
profiles. This example shows that the weights must be constantly tested, also considering
the duration of each game. If a game takes 5min (i.e.,Happy Salmon) to play and another
30min (i.e., Sheriff of Nottingham), the impact on players can be different. Players might
not have enough time to acknowledge the SG dimensions. In games like Magic Maze
and Rail Pass, the match between the weights and players’ perception was more accurate
(Table 6, Fig. 4 and 6) for collaboration skills. These variations suggest that playtesting
this SG process is constantly necessary. But gamers’ previous feedback avoided even
higher gaps and mismatches. Constant playtest and adapt to the public and available
resources (e.g., time, space) can improve these experiences and interactions.
Although the gamification approach was simple and a “pasting” of the “points,

leaderboards, badges and prizes”, players realized its potential to maintain ongoing
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engagement. However, the debriefing stage was essential to establish the collaborative
decision-making process that corrected the gamification approach. It proved that atten-
dants understood the potentials and challenges of gamification while being introduced to
SG approaches. The game session demonstrated that a one-day training session impact
attends and deliver experiences to learn about basic gamification and SG. Inexperienced
players played modern board games during several hours, maintaining focus and energy.
The games proved to be adaptable for specific goals beyond entertainment. In the case
of this experiment, game trained essential skills for professional use (soft skills). As
expected, the collaboration and communication skills were high due to the nature of
these analogue games.

5 Gaps and Future Research

Future research should consider an evaluation per individual player and establish statisti-
cal significance between data information. Video recording and biometric data collection
could lead to clear conclusions.
Testing the weights and the scoring system for different values and groups of players

could lead to the emergence of meaningful patterns to support game-based approaches.
Future experiments could profit more from codesign to adjust and correct the game-

based process. Testing if the students could apply what they learned about serious games
and gamification to their projects will be recommended. This new learning process
requires more time and sessions. But it would allow evaluating the session impact better
and with more detail. We could realize the exact duration of a future course and what
kind of supervision would be adequate to teaching gamification and SG with modern
board games in a way students could deliver ready-to-use solutions.
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Abstract. The coronavirus disease (COVID-19) has affected global economies
including food industry. The food service industry is unable to operate normally
and faces issues such as frequent leave requests, shortened business hours and
reduction in the number of seats in restaurants to prevent the spread of COVID-
19. As a result, several restaurants have been forced to close. Therefore, this study
proposes a game system that applies the mechanism of the prediction market to
solicit ideas from employees for recovery of sales in small restaurants and effective
use of ingredients (including reduction of food waste) under the business scenario
in COVID-19. In such a game, routine restaurant operations can be understood,
current issues can be analyzed and the deductions from these can be used as a
reference for subsequent business opportunities. The game will improve com-
munication between owners and employees. Understanding the contents of food
waste will be beneficial to employees and consumers.

Keywords: Foodservice studies · Interview survey · Prediction market ·
Purchase behaviour · Reduction method

1 Introduction

Coronavirus disease (COVID-19) which spread around the world in 2020 affected the
food industry. Restaurants continue to be unable to operate normally and face issues
such as frequent leave requests, shortened business hours and reduction in the number
of seats to prevent the spread of COVID-19. As a result, restaurant management has been
severely compromised and many restaurants have been forced to close. According to a
report by the Japan Society of Foodservice Studies, restaurants’ sales in 2020 decreased
15.1% from 2019 [1]. However, such a sharp decline is because the data includes those
of fast-food restaurants which were relatively dominant in the foodservice industry. The
loss of sales of small restaurants is expected to be quite large. Moreover, such an impact
on the restaurants is occurring not only in Japan but also overseas. According to the
National Restaurant Association, American restaurant businesses lost approximately
$24 billion in 2020 under the influence of COVID-19 [2].
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Although the business situation of restaurants is deteriorating, new systems respond-
ing to COVID-19 have been introduced both in Japan and overseas such as online order-
ing and takeout systems. These systems had been introduced in some restaurants before
COVID-19 but they are expanding now due to the influence of COVID-19. In delivery
systems such as Uber Eats, the delivery cost is added to the unit price of the dish and the
price per dish increases. Therefore, in aWith-COVID-19 scenario, the content promotes
purchase behavior when consumers use online orders [3]. When ordering online, the
visual quality of the food and its delivery method reduce the risk of COVID-19 infection
and promote purchase behavior.
It is important to make good use of online orders, especially in small restaurants.

Large-scale restaurants such as large-chain restaurants have begun to reduce the number
of unprofitable restaurants. For small restaurants such as private restaurants, reducing
the number of restaurants often means closing the business. Innovations such as online
ordering to promote consumers’ willingness to purchase and improve sales are indis-
pensable for business continuity. As more detailed services are required, it is necessary
to share the knowledge of employees. COVID-19 implications have reduced the number
of visitors and made it difficult to forecast the number of visitors, thus reducing the
feasibility of purchasing ingredients and adjusting the menu. Therefore, the ingredients
need to be used efficiently or else, they would be wasted.
The waste from the food industry in 2016 was 27.59 million tons contributed by

16.17 million tons from the food manufacturing industry, 270,000 tons from the food
wholesale industry, 1.27million tons from the food retail industry, 1.99million tons from
the food service industry (including restaurants) and 7.89 million tons from consumers
[4]. Among them, the amount of edible food discarded (known as food loss) is 6.43
million tons [5]. In the food service industry, approximately 10% of the food is wasted
and 23% of this waste is recycled [4].
Before COVID-19 impacted the food service industry (including restaurants), the

causes of food waste were leftover food and over-preparation. From interviews on food
waste efforts at 15 restaurants in Setagaya-ku, Tokyo, it was found that employees are
interested in understanding food waste at most restaurants [6]. In addition, the most
common type of food waste was found to be leftover food. To reduce leftover food,
efforts should be made such as not to order for more food than can be eaten at each
restaurant and using the surplus ingredients for meals. It is difficult to reduce food waste
at restaurants. In university cafeterias, more over-prepared food (cooked food that has
not been eaten) is wasted than leftover food. Unsold dishes are put together in a lunch
box and sold cheaply. Thesemeasures are implemented independently by each restaurant
and are rarely discussed. Thus, employees are making efforts to reduce food waste under
Before-COVID-19 but their efforts are not effective. With-COVID-19 emphasizes the
recovery of the business situation to the Before COVID-19 scenario. Therefore, the
awareness and role of employees are significant, and it is necessary to make good use
of that knowledge.
The purpose of this research is to develop a game system that applies the mechanism

of the prediction market to solicit ideas from employees for the recovery of sales in small
restaurants and the effective use of ingredients (including reduction of food waste) in
the With-COVID-19 scenario. The prediction market is a future trading market where
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many users can buy and sell securities in a virtual market. Based on the changes in
securities prices, it is possible to obtain dynamic predictions about the future state of
the forecast target. This prediction market model will be used as a communication tool
between employees and customers. The base prediction market model uses the model
of product proposals at companies [7].

2 Review of Literature

Most workers in Japanese restaurants are part-time employees such as students and
housewives whose turnover rate is high. The deterioration of human relations, dissatis-
faction with the guidance system and dissatisfaction with work and growth were found
to be factors of job turnover of part-time college students [8]. To decrease the turnover
rate, job satisfaction and communication between employees are important. In high-class
restaurants in India, employees who share knowledge such as new menu development
have a positive impact on restaurant management [9]. Communication with employees
and utilisation of their knowledge contributes to restaurant management. If the menu
developed by the employees is adopted in the restaurant, it will motivate the employees
to work and reduce the turnover rate. The role of employees is greater due to the effects
of COVID-19.
The food waste of restaurants (taverns and fast-food joints) could be understood

in terms of food loss, cooking waste, cooking loss and leftover food. A considerable
amount of leftover food is generated in all restaurants and it is difficult to reduce it by
company efforts alone [10]. From the food waste in student cafeterias in Japan, 16%was
leftover food and 84% was unsold food, i.e., there was more unsold food than leftover
food. Approximately 97% (7,122 g/day) of unsold rice was utilized by storing white rice
in the refrigerator and using it the next day and selling the unsold food to employees
[11]. A large-scale study of school meals in 78 schools in Italy showed that the food
waste is related to the ingredients (such as bread), amount of food, location of cooking,
meals provided during the morning break, menu structure and geographical location of
the school [12].
A survey of Portuguese restaurant managers and owners during COVID-19 led to

a grounded theory analysis that identified issues and 18 themes. The owners intro-
duced takeout as a new business so as to attend to employee payments [13]. Takeout
at restaurants helped to continue the restaurant business. When restaurant management
and takeout management did not perform well, restaurant performance may deteriorate.
From a survey in food waste among consumers in the USA and Italy between Before-
COVID-19 andWith-COVID-19 scenarios, it was found that food waste was less during
COVID-19for reasons such as increased cooking at home [14]. Since the number of
consumers who cook at home is increasing, it is necessary to devise a takeout menu that
meets the needs of consumers. For this reason, it is important to use the knowledge of
employees.
Using games is one of the effective methods of sharing the knowledge of employees.

Overseas studies have been reported that showing the amount of reduction in food waste
in terms of monetary amount and environmental load leads to incentive effects [15,
16]. Games can be used to analyze restaurant pricing [17]. In an educational game
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about restaurant management, each group (each restaurant) competes in purchasing
ingredients at an auction for the purpose ofmaximizing profits, although, it is not actually
implemented in restaurants [18].
The mechanism of the prediction market can be used as a gamified approach for

sharing knowledge among employees [7, 19]. This approach aims at collecting effective
knowledge from employees to achieve a goal or solve a problem in an organization. It was
successfully use for refining the strategy of a sales negotiation with shared knowledge
among several salespersons [7]. It is composed of a few prediction market sessions in
each of which the participants can forecast the success or failure of sales negotiation.
When buying or selling prediction securities in the session, they must explain their
buying or selling decisions and review other participants’ comments. These comments
contain valuable knowledge to refine the decisions of the sales negotiation and collected
and evaluated throughout the sessions. This paper extends the approach for collecting
employees’ knowledge on how to enhance sales and reduce food waste in a restaurant.

3 Overview of the Proposed Game

3.1 Knowledge Sharing Game for Sales Recovery

First, an interview survey is conducted on purchasing, cooking, eating, and preservation
at restaurants in Tokyo (Fig. 1: Step 1). The results focus on issues and aspects that have
not been visualized until now (e.g., supplier, ordering method, food delivery method,

Fig. 1. Knowledge sharing game for sales recovery at restaurant



Knowledge Sharing Game for Sales Recovery and Food Waste Reduction 277

cookingmethod, order contents, leftover food and storagemethod of surplus food) Then,
a sales target is set (Fig. 1: Step 2). Subsequently, employees, owners and consumers
(university students and working people) use the prediction market model to buy and
sell securities for ideas that can contribute to the recovery of restaurant sales as well
as improvement of sales for each restaurant (Fig. 1: Step 3). Step 3 is performed twice
every time for one month (eight times in total).
If the experiment can be longer, it may be extended for approximately 3 months.

In this prediction market, restaurant employees can become owners of their proposals
by offering new ideas. Other participants (employees, students and adults) evaluate
proposals, provide improvement comments, predict the effect of each idea (buy and sell
forecast securities) and suggest methods to implement these ideas. The opinions of the
participants are assessed and disclosed to other participants so that they are evaluated
for their quality according to the subsequent price fluctuations of the forecast securities.
By repeating the trading of these securities for a certain period, it will be possible to
devise and evaluate ideas that are more suitable for each restaurant.

3.2 Knowledge Sharing Game for Reducing Food Waste

First, an interview survey is conducted on purchasing, cooking, eating and preserva-
tion at restaurants in Tokyo and regarding food waste at each stage (Fig. 2: Step 1).
Then, goals are set such as aiming for food waste “0” (Fig. 2: Step 2). Subsequently,

Fig. 2. Knowledge sharing game for reducing food waste
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employees, owners and consumers (university students and working people) use the
prediction market model to buy and sell securities for ideas for reducing food waste
and to find a food waste reduction method that suits each restaurant (Fig. 2: Step 3).
Step 3 is performed twice every time for one month (eight times in total). If the experi-
ment is longer, it is performed for approximately three months. In this prediction market,
restaurant employees can become owners of their proposals by offering new ideas. Other
participants (employees, students and adults) evaluate proposals, provide improvement
comments, predict the effect of each idea (buy and sell forecast securities) and suggest
methods to implement these ideas. The opinions of the participants are assessed and
disclosed to other participants so that their opinions are gathered according to the sub-
sequent price fluctuations of the forecast securities. By repeating the trading of these
securities for a certain period, each restaurant can devise and evaluate food waste.

3.3 Fusion of Shared Knowledge for Sales Recovery and Food Waste Reduction

Reducing food waste mitigates waste generation and leads to recovery in sales at restau-
rants. The results from the knowledge sharing games for sales recovery and reducing
food waste can be compared, integrated and studied for their relationship.

4 Conclusions

1. There are various types of small restaurants which are run by a limited number of
people. Therefore, routine operations are difficult to visualize. By visualizing such
operations, current issues can be studied and used as a reference for subsequent
business opportunities.

2. The relationship between employees and restaurant owners is not always good. In
addition, employees may find it difficult to express their opinions to the owner which
results in employee dissatisfaction and subsequent resignations. By playing a game
that shares the knowledge of employees, it will be easier to express opinions that
cannot normally be expressed to the owner.

3. Ideas for sales recovery are also given by employees. By combining the ideas with
the opinions of various people to improve and implement them, a positive effect can
be expected on employee motivation for work.

4. Ideas for reducing food waste have not been proposed. Therefore, understanding the
current situation and its cause of occurrence and proposing ideas for waste reduction
methods will be helpful. Understanding the contents of food waste will lead to
awareness of employees and consumers.
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Abstract. Natural security refers to all aspects of security related to a reliable,
sufficient, affordable and sustainable supply of natural resources, and energy to
meet the needs of society by protecting the environment, human health, and living
things. Effects derived from climate change are one of the biggest challenges
encountered in terms of natural security. Simulation games play a vital role in
building a sustainable world. This study investigates the games for topics like
natural security, energy security, carbon capture and storage, renewable energy
and waste. A review of the literature showed forty-three studies which focused on
the objective of the study. Most of the games were used in education and used to
transfer knowledge in the field of waste. The paper points out the importance of
natural security and the need to develop more games in natural security and its
related fields to build a regenerative economy.

Keywords: Simulation game · Serious game · Carbon capture and storage ·
Energy security · Renewable energy

1 Introduction

Natural security refers to all aspects of security relating to a reliable, sufficient, afford-
able and sustainable supply of natural resources and energy to meet the needs of society
by protecting the environment, human health, and living things [1]. According to the
proposal for the VIII Environmental program of the EU, the long-term priority objective
for 2050 states that ‘citizens live well, within the planetary boundaries in a regenera-
tive economy where no waste is generated, no net emissions of greenhouse gases are
produced, and economic growth is decoupled from resource use and environmental
degradation, and natural capital is protected, restored and valued in ways that enhance
resilience to climate change and other environmental risks’ [2].
Natural capital refers to the world’s stocks of natural resources which include geol-

ogy, soil, air, water, and all living things [3]. From minerals for manufacturing goods,
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water for drinking, and land for agriculture to produce food, humans rely on natural
resources beyond limits. Excessive use of natural resources has resulted in resource
depletion and improper waste treatments have increased landfills affecting biodiversity
and climatic change [4, 5]. To fuel vehicles, light and heat homes and businesses and to
run industry and agriculture, energy dependence has increased drastically and become an
essential part of all dimensions of human life. This has created a huge demand for fossil
fuels which has resulted in the depletion of non-renewable resources and global warm-
ing affecting biodiversity [6]. In this context, it is essential to ensure the natural security
related to energy and natural resources. Some of the essential factors with which natu-
ral security can be achieved are using renewable energy resources [7], attaining energy
security [8], implementing carbon capture techniques [9], and reducing waste [10].
Gaming/simulation was defined as ‘a gestalt communication mode which contains a

game-specific language, appropriate communication technologies and multilogue inter-
action pattern’. Gaming and simulation give importance to a heuristic under-standing of
complex reality [11]. Scientific results can be translated into a language easily under-
stood by the public with the application of games [12]. Simulation games are best suited
for dealing with complex and interrelated problems and could be used beneficially in the
field related to environmental problems and sustainable development [13]. They have
the potential to embrace time, approach a large audience, and generate a real impact to
contribute to sustainability [14]. Serious games were first recognized as ‘games which
have an explicit and carefully thought-out educational purpose and are not intended
primarily for amusement’ [15]. They are ‘digital games, simulations, virtual environ-
ments and mixed reality/media that provide opportunities to engage in activities through
responsive narrative/story, gameplay or encounters to inform, influence, for wellbeing,
and experience to convey meanings’ [16].
This paperwill present an overviewof the games related to natural security alongwith

energy security, renewable energy, carbon capture and storage, and waste. It presents a
complete review of the games related to the fields related to natural security and analyses
certain specific characteristics such as year, type of games, and area of application.

2 Method

A survey of the literature was carried out using the Web of Science (WoS) and Scopus
comprehensive database platform from the year 1950 to 2021 [17]. The keywords used
for the global search were ‘natural security’, ‘carbon capture and storage’, ‘renewable
energy’, ‘waste’, ‘energy security’, ‘game’, ‘simulation game’, and ‘serious game’. The
resultant articles were screened after reading the abstracts.
Despite their lexical similarities, game theory and gaming simulations are employed

to define two seemingly distinct topics. The study of mathematical models of conflict
and cooperation between intelligent rational players which leads to ‘game concepts’ is
known as ‘game theory’ [18]. The articles on game theory were not included in this
review.

3 Development

Based on critical keywords, 17 articles in the field of renewable energy were found. The
sources of more than 50% of the articles were proceedings of international conferences
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(Fig. 1(a)). Since 1993, twenty articles are found in the field related to waste and most
of them are simulation and serious games (Fig. 1(b)). Six articles on carbon capture and
storage from 2013 to 2020 are obtained (Fig. 1(c)) which consist of simulation games,
video games, and online games, of which the most widely used type of game is the
simulation game.

Fig. 1. Game type assessment over years

4 Results

Serious games and simulation games are themost important types of games in renewable
energy, with increasing research interest in the serious games (Table 1).
The objective of these games is to increase the understanding of the players and their

familiarity with the engineering process (Fig. 2(a)). The scope of the games in renewable
energy is for education and understanding the processes in renewables. The interaction
of games and renewables requires more comprehensive study (18%). Generally, most
articles have referred to energy transition and considered renewable energy as a sustain-
able alternative ([19, 20], and [21]). Although games have dealt more with the use of
renewables (such as energy supply [22], increase awareness of renewable energy [19],
energy system [23], and complex energy system functions [20]), a few games have par-
tially addressed the deeper concepts of natural security [7, 21, 24]. Some games focused
on both definitions (12%).
Simulation games and serious games have been widely used for a long time for

creating awareness about waste and its prevention, recycling, and reduction effectively.
They were mostly used (60%) to educate school children, university graduates, and
workers in industries (Fig. 2(b)). Most serious games used robots [31], board games
[32], role-play [38], 3D virtual environment [39] and tangible user interface [40]. Recent
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Table 1. Description of games related to waste

Type of game Scope of the game Building blocks of the game Reference

Serious games Academic, training
university graduates

Software development kit
(Microsoft Kinetic software),
virtual interface, waste sorting
algorithm

[30]

Academic, children’s
attitude

Social robot (PeppeRecycle),
convolutional neural network

[31]

Academic, construction
management students

Board game, tower of infinity,
LEGO bricks

[32]

Academic, environmental
education

Android video game consisting
of characters

[33]

Academic, high school
students

Gagne’s learning model
(pedagogical aspects)

[34]

Simulation game Academic, process
management students

Assembly of the toy house,
simulation of real process

[35]

Public administration,
citizen training

GarbMAS, multi agent system [36]

Academic, higher
education students

Electriver board game [37]

Fig. 2. Scope of various games
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advances in the field of waste are the use of simulation games for improving the skills of
engineering graduates and training industrial workers in lean manufacturing [41]. The
use of simulation games creates a behavioural change in its players, helping them to
understand the impacts created by waste on the environment and to act accordingly.
The articles on carbon capture and storage address areas of applications such as

environment, policy, economics, education, public, and technique (Fig. 2(c)). Several
simulation games relate to carbon capture and storage [25–28]. An evolutionary game
model can analyze the stability of and discuss the systematic dynamic processes to cover
the conflict of interests on carbon capture and storage adoption between governments
and coal-fired power plants in China [25]. There are other types of games such as video
games [26] and online games [29]. While searching for games related to energy security,
it was found that a major share of the results was related to the game theory which
was out of the scope of this study as mentioned in the methodology and there were no
simulation or serious games related to energy security. Another interesting search result
was related to natural security as there were no games developed in this field.

5 Discussion

This study has shown an overview of games related to natural security and its associated
building blocks such as renewable energy, carbon capture and storage, energy security,
and waste. Forty-three studies on games were found and used in the study.
Most games are applied in education. A simulation game on the sustainability of

plastic waste improved the knowledge acquisition and behavioural changes of University
students [42]. Games not only help in enhancing technical knowledge and skill but also
improved teamwork and competitiveness among scholars in educational institutions
[43]. Electriver board game, a serious simulation game on the waste of electronic and
electrical equipment and closed-loop supply chain, enhanced the learning effectiveness
and competitiveness among participants [37]. The simulation games in training workers
for a better understanding ofmethods in analyzingwaste in the assembly process showed
improvements [41]. Simulation games help in promoting change in customer habits
related to the recycling/reuse of waste. Games in carbon capture and storage have a
larger scope of application and are specially used in policymaking and economics.
Some parameters related to renewable energy and the concept of natural security

in games are cost and environment, production, people, profit and balance information,
technical issue, regions and self-efficacy. The frameworks with more details are needed
to develop renewable energy games. They should consider social factors and institutional
points of view while energy transition and technical factors were the focus of the game.
Energy security is likely to receive more attention from the theme of games with the
potential for scenarios for future energy issues.

6 Conclusion

Natural security is a novel idea that has amajor role in achieving sustainable development
goals. This article provides a review of simulation and serious games in natural security,
energy security, carbon capture and storage, renewable energy and zero waste. It gives
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a strong analysis of the areas of applications of simulation and serious games. The huge
gap in games for natural security and energy security requires an adequate amount of
development to enhance the knowledge for a heuristic understanding of complex reality.
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ING 2019. LNME, pp. 358–369. Springer, Cham (2019). https://doi.org/10.1007/978-3-030-
18789-7_30

36. González-Briones, A., et al.: GarbMAS: simulation of the application of gamification tech-
niques to increase the amount of recycled waste through a multi-agent system. In: De La Pri-
eta, F., Omatu, S., Fernández-Caballero, A. (eds.) DCAI 2018. AISC, vol. 800, pp. 332–343.
Springer, Cham (2019). https://doi.org/10.1007/978-3-319-94649-8_40

37. Destyanto, A.R., Fajar, N.F., Ardi, R.: Serious simulation game design to support extensive
understanding of closed-loop supply chain concept in e-waste management context. In: ACM
International Conference Proceeding Series, September 2019, pp. 101–105. https://doi.org/
10.1145/3364335.3364347

38. Bevilacqua, M., Ciarapica, F.E., Mazzuto, G., Paciarotti, C.: ‘Cook & teach’: learning by
playing. J. Clean. Prod. 106, 259–271 (2015). https://doi.org/10.1016/j.jclepro.2014.11.085

39. Nunes, E.P., Luz, A.R.: Mobile Serious Game Proposal for Environmental Awareness of
Children (2016)

40. Havrez, C., Lepreux, S., Lebrun, Y., Haudegond, S., Ethuin, P., Kolski, C.: A design model
for tangible interaction: case study in waste sorting. IFAC-PapersOnLine 49(19), 373–378
(2016). https://doi.org/10.1016/j.ifacol.2016.10.594

41. Terpend, R., Shannon, P.: Teaching lean principles in nonmanufacturing settings using a
computer equipment order quotation administrative process. Decis. Sci. J. Innov. Educ. 19(1),
63–89 (2021). https://doi.org/10.1111/dsji.12227

42. Yeung, S.K., So, W.M.W., Cheng, N.Y.I., Cheung, T.Y., Chow, C.F.: Comparing pedagogies
for plasticwastemanagement at university level. Int. J. Sustain. High. Educ. 18(7), 1039–1059
(2017). https://doi.org/10.1108/IJSHE-04-2016-0073

43. Vieira, E.L.: Signatures factory: a dynamic alternative for teaching - learning layout concepts
and waste disposal. Production 27(Special issue) (2017). https://doi.org/10.1590/0103-6513.
221716

https://doi.org/10.1007/978-3-030-18789-7_30
https://doi.org/10.1007/978-3-319-94649-8_40
https://doi.org/10.1145/3364335.3364347
https://doi.org/10.1016/j.jclepro.2014.11.085
https://doi.org/10.1016/j.ifacol.2016.10.594
https://doi.org/10.1111/dsji.12227
https://doi.org/10.1108/IJSHE-04-2016-0073
https://doi.org/10.1590/0103-6513.221716


Participatory Simulation Framework
for Agent-Based Model Validation in Air Traffic

Management

Bill Roungas1(B), Lucía Herrero Álvarez2, and Sebastiaan Meijer1

1 KTH Royal Institute of Technology, Stockholm, Sweden
{vasroung,smeijer}@kth.se

2 Universidad Politécnica de Madrid, Madrid, Spain

Abstract. The EU Air Traffic Management (ATM) system is responsible for
the safe and timely transportation of more than a billion passengers annually.
It is a system that depends heavily on technology and is expected to stay on
top of the technological advancements and be an early adopter of technologies.
Technological change in ATMhas historically developed at a slow pace. An agent-
basedmodel (ABM)of theATMtechnologydeployment cycle has beendeveloped.
This ABM is part of a larger project, which intends to recommend new policy
measures for overcoming any barriers associated with technology adoption in
ATM. In this paper, a participatory simulation framework validating this ABM is
proposed. The aim of the framework is to be able to provide evidence for validation
both in an agent level as well as in a system level.

Keywords: Belief-Desire-Intent architecture · Knowledge validation ·Modeling
assumptions · Technological upgrade · Tweaking

1 Introduction

Air Traffic Management (ATM) is an umbrella term used in aviation for describing
all systems that enable an aircraft to depart from an airport, transit the airspace and
eventually land at the destination airport. Particularly in EU, ATM as a system was
responsible for the safe and timely transportation of more than one billion passengers
in 2019. Despite the major disruption due to COVID-19 crisis, this is a figure that
is expected to grow and consequently the demands for ATM will also grow. Despite
depending heavily on technology, ATM is still required and expected to stay on top of
the technological advancements and be an early adopter of technologies.
Nevertheless, technological change in ATM has historically developed at a slow

pace. The demanding safety requirements, the coordination effort required to harmonise
standards around the world, the interdependencies between ground and airborne tech-
nologies, the monopolistic nature of air navigation service provision and the relatively
small size of the global ATM market compared to other technology markets are among
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the reasons that explain why ATM technological modernisation has traditionally fol-
lowed a slow, evolutionary path. In recent years, the need to accelerate ATM technolog-
ical change has become more and more evident. The growing traffic demand and new
market entrants, such as commercial drone applications, are rapidly pushing the ATM
system to its limits, calling for disruptive solutions to boost the performance of ATM
operations.
Emerging technologies, especially digitisation and automation, have the potential to

facilitate this urgently needed technological upgrade. Technology evolution is a neces-
sary but not sufficient condition; innovation is a complex phenomenon, which depends
not only on the development of new technologies but also on the existence of regulation
and institutions to facilitate and foster the implementation of such technologies. There-
fore, decisions that affect ATM as a whole are not just influenced by the technical and
economic factors but also by political, legal and social aspects [1].
To identify the factors that hinder technology adoption in ATM and to tackle them,

an agent-based model (ABM) of the ATM technology deployment cycle has been devel-
oped [2]. As a modelling method, ABM offers several features that make it particularly
interesting for the study of innovation processes such as the possibility to model agents’
heterogeneity, the explicit representation of the agents’ interactions, the possibility to
endow the agents with non-rational behaviours and behavioural biases (such as loss
aversion) and the ability to model learning processes, evolutionary behaviour and path
dependence [3]. The novelty of the model stems from the fact that scarcely any refer-
ences, and hence relevant work, were identified in the field of ABM in ATM technology
diffusion. The organisational point of view at the stakeholders’ level, the focus on policy
testing and the inclusion of behavioural economics aspects separately do not represent a
new contribution. It is the first time that such comprehensive approach is applied to the
study of technology adoption by combining all these three aspects.
The ABM is focused on reproducing the mechanisms that drive the adoption and

implementation of newATMtechnologies. It includes a representation of all stakeholders
identified as relevant for technology adoption in ATM such as air navigation service
providers (ANSPs), airports, airlines, the network manager, aircraft manufacturers and
ATM technology providers, labour unions and policy makers. The model represents the
long-term evolution of the system (such as up to 2050), paying special attention to the
coupling between slow and fast dynamics (to explain how the cumulative effect of the
system performance on short timescales ends up triggering long-term decisions such as
the decision to invest in new technologies) and building on and extending approaches
[4]. As with all models, development is just one phase towards having a model that can
effectively be used in real-world decision making. Validation is the next phase that gives
credibility to the model’s results.
The aim of this paper is to propose an ABM validation framework which includes a

behavioural analysis of agents and a participatory simulation experiment. The analysis
will examine the behaviour of actors in past and future scenarios. The participatory sim-
ulations will validate the model in an aggregated/system level and in an individual/agent
level.
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2 Background

ABM validation consists of 3 steps as following (Fig. 1):

Fig. 1. Stages of ABM validation

1. Knowledge validation: Ontology is the first step for developing an ABM [5] with
the agents, their attributes and relationships. Therefore, the validation of ABM starts
with the validation of the ontology [6].

2. Process validation: The existing relationships between agents are not enough to
define the interactions. Therefore, the attributes and interactions of agent behaviour
must be modelled separately. At this stage, ABM agents mainly represent two
components: behavioural attributes and interaction protocols.

3. System validation: The third stage of the validation follows traditional procedure.
The performance indicators of models are validated with hypothesis (in case of
synthetic data) or real world measurements of those indicators (in case of real data)
[7].

ABM validation could benefit greatly from participatory methods where various
quantitative methods can be and have been used with success as well.

2.1 Quantitative Methods

In a quantitative validation, the results of the ABM are analysed with empirical data
where four aspects are considered: i. the nature of the object under study (qualitative
or quantitative), ii. the goal of the analysis (such as descriptive, forecasting and policy
analysis), iii. the modeling assumptions (such as size of the space of representation and
time considerations), and iv. the sensitivity of the results to different criteria (such as
initial conditions and micro/macro parameters) [8].
In ABM validation, traditional quantitative validation methods can be used such as

the Temporal Variant - Invariant Analysis (TVIA) [9], the Analytical Hierarchy Process
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[10], the Mean Square Error and Kappa Index of Agreement [11] and traditional statis-
tical techniques [12]. On the other hand, validation frameworks specifically targeted at
ABM have been proposed to provide an intuitive and comprehensive validation analysis
like VOMAS [13] and VALFRAM [14].

2.2 Participatory Methods

Participatory simulations are an effective alternative to the more traditional methods
[15] for gathering information about stakeholders, their interlocking behaviour, and
their tacit knowledge [16]. Participants are placed in the dynamic environment of the
ABM so that their decision making is intertwined with each other. By joining an agent-
based simulationmodel with human participants, an environment is created using formal
methods [17] where they make decisions based on underlying rules that are consistent
and coherent [18]. Results from the application of participatory simulations in ABM
validation have shown qualitative and quantitative agreement between the decision-
making of agents and the players [19, 20].
In order to validate the behaviour of agents using participatory simulations, informa-

tion about the representative participants’ behavioural attributes is collected. An agent’s
decision-making mechanism follows the Belief-Desire-Intent architecture. An agent’s
belief is defined as the information it perceives about the state of the model’s environ-
ment and represents the agent’s perception of the current state of the system. The agent’s
desire is then represented as a desirable motivational state where desires are priorities
for the agent’s goals in different situations. Finally, the agent’s intention is described as
the final act that the agent performs based on the beliefs and desires at the particular
stage of the system [21].
The schema for ABM validation using a participatory simulation is shown below

(Fig. 2). The left side represents the typical process for developing the agent’s behaviour
in the ABM. The right side shows the process for collecting decision-making attributes
from participants using the participatory simulation [20].

Fig. 2. ABM validation using participatory simulations

3 ABM Validation Framework

The framework consists of a behavioural analysis which covers the knowledge validation
and partially the process validation and participatory simulations which complement the
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behavioural analysis by covering the remaining part of the process validation and the
system validation. The validation of an ABMmodel occurs at two levels which coincide
with the two parts of the framework, i.e. the behavioural analysis and the participatory
simulations. The first level is behavioural analysis which validates the conceptual model.
The second level is the participatory simulations which validates the operational model.

3.1 Behavioural Analysis

The aimof the behavioural analysis is to validate the conceptualmodel of the assumptions
made by the modellers while building the ABM and the behavioural aspects embedded
in the ABM. To gather data for conducting the behavioural analysis, interviews with
experts in the field of ATM will be conducted. The questionnaire in the interview has
four different stages:

1. Experts check the list of assumptions and in a semi-structured short discussion, they
clarify whether they agree or not with them and why. Then, they are informed on the
proposals with the new potential technologies to adopt in the ATM system.

2. Experts indicate their role and the agent they represent. Then, through a series of
questions, they answer whether they would adopt each of the technologies proposed
as well as questions related to the behavioural aspects of the ABM.

3. Experts are asked to rank the new technologies based on their probability to be
accepted by other agents. Their objective is to capture the perspective of the agents
of the other agents and the assumptions of considerations about the vision of the
people involved in ATM.

4. Experts are asked whether they would change their answers knowing the answers of
the rest of stakeholders, aiming to get greater insight into the social dimension.

3.2 Participatory Simulations

The participatory simulations will be used to validate the operational model which is the
executable ABM. The aim of participatory simulations is to enable the validation of the
ABM in an individual/agent level and in an aggregated/system level using both formal
and informal methods.

Formal and Informal Validation Methods. The combination of formal and informal
validation methods allows for a more holistic approach to validation since the shortcom-
ings of the former can be mitigated by the advantages of the latter and vice versa. Formal
methods have the major advantage of data-driven results from hard evidence and two
significant disadvantages. Informal methods are human-driven, rely almost exclusively
on experts’ opinion and are considered equally powerful as formal methods.

The first disadvantage of formal methods is that validation can only be performed
synchronously. To validate the model or a component of the model, the model or the
component shouldfirst be built and later, all the necessary data should begathered in order
to run all the tests. This sequential process is time and resource intense and could cause
unforeseen delays and expenses. This is where informal methods complement formal
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ones by using both synchronous and asynchronous validation. An informal method can
be applied before, during and after the design and implementation of the model or the
component of the model, enabling an iterative process where improvements can be
identified and implemented in a timely efficient manner.
The second disadvantage is that formal methods can only validate what is already

known. The application of a formal method for validation requires specific criteria that
need to be defined beforehand which in turn means that if certain aspects of the model
are not known during the design of the validation study, a formal method would fail.
Informalmethods can be very handy because of their human-driven naturewhich enables
them to capture relationships that had not been identified and account for, them almost
immediately. Therefore, informal methods enable the validation of models beyond the
defined KPIs.

Levels of Validation. The participatory simulation is implemented in such a way as to
allow for the validation to occur in two different levels, in an individual/agent level and
in an aggregated/system level. To accomplish that, participants are able to play in two
different ways:

– Playing in the model: Participants assume the role of agents in the model. This game-
play enables participants to actually play the role of an agent who is relevant to their
experience, thus allowing for the validation of the agents’ behaviour (individual/agent
level).

– Playing with the model: Participants tweak the parameters of the model. This game-
play enables participants to play around with the model changing parameters not
necessarily directly related to their expertise, thus allowing for the validation of the
model as a whole (aggregated/system level).

In both gameplays, it is important for designers and decision makers to have two
questions in mind:

1. What are the questions we need to answer now?
2. What are the decisions that need to be made?

Keeping track of these questions would enable to always know what is needed from
any game session.

Modes of Play. The participatory simulationwhich is in the formof a game is developed
online with the capability of interacting with the ABM. The game has two modes of play
both of which can accommodate the validation of the ABM in both levels, i.e. agent and
system as described above. The two modes of play are single-player and multi-player.

Playing in the model in the single-player mode allows one participant to take over
an agent while the remaining agents are run by the model itself. Playing with the model
in the single-player mode allows the participant to tweak the parameters of the model in
order to see the model reaction. In the multi-player mode, many participants take over
several or even all agents.
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Playing with the model in the multi-player mode allows many participants to tweak
parameters in the model at the same time, although this is very challenging. While it
seems more realistic and intuitive to have only a multi-player mode for the many agents
of the ABM, it comes with certain challenges that the single-player mode can overcome.
The challenges of having all agents or even several of them played by human participants
at the same time are the following:

1. It is a logistical nightmare to coordinate 10+ very busy professionals to participate at
the same time. The single-player mode allows them to play at their own time when
it is convenient for them.

2. Given that it is very difficult to coordinate many participants at the same time, the
best case scenario would be to conduct two or three game sessions with each having
five or six variations. This would result in a maximum of 20 distinct exercises,
which although not entirely bad, is still weak with regards to establishing statistical
significance.

3. Playing with the model with many players tweaking more than a few parameters at
the same time would most probably yield results very difficult to analyse. It would
be very challenging to interpret the effects of tweaking a certain parameter for 10
or even more parameters. The concept of tweaking a single parameter in order to
observe its effects to the whole is known in economics as ceteris paribus and the
single-player mode could in several occasions accomplish it.

4. From the design and implementation point of view, it is much more complicated and
time consuming to build an interface for a multi-player game. When a player tweaks
one parameter or takes any action within the game, the change of state should be
immediately communicated to the other players, which is one of themost challenging
tasks in to software development.

4 Conclusion and Future Work

In this paper, a participatory simulation framework was defined for the validation of an
agent-based model (ABM) in air traffic management (ATM). The framework consists
of two parts; the first part is the behavioural analysis of agents and the second part is a
participatory simulation experiment. The behavioural analysis examines the behaviour
of actors in past and future scenarios, whereas the participatory simulations validate
the ABM in an individual/agent level and an aggregated/system level. The participatory
simulations are in the form of a game and are played with two options, playing in
the model and playing with the model. The game can be played in both single and
multi-player mode, with an emphasis on the former due to its several advantages. The
work presented in this paper is just the first step towards a comprehensive participatory
simulation framework for ABM validation, not just in ATM but in various other fields
as well.
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