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Preface

Serious games operate on the interdisciplinary interactions of art, design, computer
science, engineering, entertainment, human computer interaction, psychology,
education, and numerous application domains. The Joint Conference on Serious Games
(JCSG) has the mission to bring together game designers and developers, researchers
and practitioners from diverse backgrounds relating to serious games.

We, as an international Steering Committee, present the conference proceedings of
JCSG 2021. The event was the 16th edition of JCSG and its predecessors GameDays
and SGDA. The conference merged the GameDays conference and the Conference on
Serious Games Development and Applications (SGDA) in 2015. Both conferences were
founded in 2010 and have been running for over a decade, taking place in Derby, UK
(2010), Lisbon, Portugal (2011), Bremen, Germany (2012), Trondheim, Norway (2013),
Berlin, Germany (2014), Huddersfield, UK (2015), Brisbane, Australia (2016), Valencia,
Spain (2017), Darmstadt, Germany (2018), Arequipa, Peru (2019), and online (2020).

We initially planned to host JCSG 2021 at Staffordshire University, Stoke-on-Trent,
UK as a hybrid conference with delegates joining in person or online. However, due
to the ongoing global situation with COVID-19, JCSG 2021 was organised as a virtual
event again this year. When this pandemic is all over, we hope to meet you in person
and that you will come join us in future JCSG.

After a process of peer review, we selected 20 papers including 6 papers on solving
problems through games design and study, 3 games narrative papers from tabletop
to narrative frameworks, 4 games in health papers focussing on vulnerable people, 4
papers in the field of competitive gaming and exercise, incorporating papers on esports,
exergaming and physical exercise, and finally 3 games in education papers looking at
learning soft and hard skills through serious games.

We would like to thank the members of the Program Committee, without whom the
conference would not be possible. The JCSG 2021 Program Committee was composed
of a wide variety of members of the serious games community representing an ever
expanding subject area .
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Designing Analytic Serious Games: An Expert
Affordance View on Privacy Decision-Making

Patrick Jost®™) @ and Monica Divitini

Department of Computer Science, Norwegian University of Science and Technology,
Trondheim, Norway
{patrick.jost,divitini}@ntnu.no

Abstract. With advancing digitalisation and the associated ubiquitous data pro-
cessing, people face frequent privacy decisions. As personal data is often collected
and processed in non-transparent ways, decision-making is tedious and regularly
results in unthoughtful choices that resign privacy to comfort. Serious Games (SG)
could be instrumentalised to raise awareness about privacy concerns and investi-
gate how better privacy decisions can be encouraged. However, creating a SG that
can research and promote better privacy choices while providing exciting game-
play requires carefully balanced game design. In this study, we interviewed 20
international experts in privacy, psychology, education, game studies, and inter-
action design to elicit design suggestions for analytic Serious Games that can be
applied to research and improve privacy decision-making. With a mixed-method
approach, we conducted a qualitative affordance analysis and quantified the find-
ings to determine each expert groups’ perceptions of how to investigate and edu-
cate privacy decision-making with games while keeping an engaging experience
for players. The findings suggest that privacy decision-making is best analysed
by storytelling that extends to a real-world context and engages the player with
curiosity. Decision-making investigation is suggested to either apply unobtru-
sive in-game monitoring with story-aligned character interrogation, switching to
a meta-context or include personal data and devices from daily routines. Conclu-
sively, design implications for analytic SG targeting privacy are synthesised from
the experts’ suggestions.

Keywords: Serious games - Game design - Analytic game challenges - Privacy -
Decision making - Data sharing

1 Introduction

Through ubiquitous computing and the associated data-processing, people are faced
with making privacy decisions practically every day. However, while the services we use
generally have apparent benefits, the possibilities and threats of private data sharing and
processing remain largely hidden to most users. This often results in automatic/instinctive
decisions instead of thoughtful privacy decision-making [1]. A group of concern in this
regard are teenagers and adolescents who are more susceptible to making less reflected
privacy and information sharing decisions [2]. One way to engage this target group and

© The Author(s) 2021
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create awareness is Serious Games [3]. However, creating a Serious Game (SG) concept
requires careful balancing of game design. As Dorner et al. [4] define, SGs are games that
integrate at least one other goal than pure entertainment (e.g. learning). Additionally, in
the case of learning about privacy, a SG may also require including research goals. For
example, influences on privacy calculus (weighing risks against benefits) and privacy
paradox (acting against better knowledge) such as individual risk propensity or social
pressure may be investigated to improve the efficacy of the game [5, 6]. On the other hand,
assessing such factors can potentially influence enjoyment by breaking an engaging game
flow [7]. Similarly, cognitive factors such as reflection time when deciding about privacy
can be affected by extraneous cognitive load from game interaction [8]. While there are
SGs about privacy that aim to educate, for example, about social media privacy [9] and
cybersecurity [10], potentials for researching privacy decisions and related influences
with SGs are so far not explored.

Including the outlined different perspectives in the early stages of game design
can help to create such an analytic SG — meaning a game that meets educational and
research goals while maintaining the players’ goal of having an engaging experience.
Understanding the different perspectives is important not only for balancing privacy
education games but also for SG design toolsets that could incorporate design suggestions
for each of the involved roles. In this paper, we explore the multiperspectivity of SG
design in the case of privacy to learn about different design proposals and potential
design balancing strategies.

1.1 Balancing Analytic Serious Game Design

A recently developed toolset for analytic SG design took the multi-perspective view and
synthesised associated affordances from literature and existing Serious Game design
toolsets [11]. By taking an action affordance approach, the involved roles — domain
expert, player, educator, researcher, and interaction designer — were used in a goal-
driven analysis to identify suggestions on how to design balanced privacy decision game
challenges.

Context/Frame Domain Expert Player Educator - Researcher - HCI Designer -
informing playing educating investigating using
adapting monitoring

analytic Serious Game

Fig. 1. Multi-perspective affordance framework for balancing analytic SGs as adapted from [11]

The resulting game design toolkit consists of affordance card decks for each goal-
driven perspective in an analytic SG (Fig. 1). The cards in each deck are representing
design proposals for actualising the affordance generated from the literature analysis.
For example, the player affordance (card deck) engaging includes suggestions such as
competition, curiosity, and gaining awards. The reflecting cards of the educator include
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design proposals such as journal writing or showing decision summaries. The chal-
lenging cards address privacy domain challenges such as sharing fake data, profiling,
and tracking personal location. Additionally, the toolkit entails suggestions for setting
the context of the game. These contain design proposals for the domain (what), target
group (who), location (where), and time (when) the game is planned to be played. In
the present study, we apply this proposed action affordance framework to analyse in-
depth interviews with international expert groups. Thus, design proposals for balanced
game concepts are elicited that are suitable for raising privacy awareness and analysing
privacy decision-making while maintaining an engaging game flow. Disclosed design
patterns can be utilised for designing analytic SG about privacy choices and adapted for
SG design toolkits that consider research aims.

1.2 Research Objectives

The research conducted contributes to the SG knowledge base by eliciting design
strategies for balancing engagement, reflection, and assessment in games about privacy
decision-making. By taking a multiperspectivity approach, the different viewpoints of
international expert groups are explored and synthesised to identify design patterns for
balancing analytic SGs. Therefore, the research questions for this study were formulated
as:

1. What contextual configurations concerning who, where and when are proposed by
the expert groups for analytic SGs about privacy decision-making?

2. Whatare the preferred SG design suggestions of each expert group regarding the role-
oriented affordances of domain expert, player, educator, researcher, and interaction
designer?

3. Which design patterns for balancing analytic SGs about privacy emerge from the
analysis of the expert interviews?

2 Method

To get a comprehensive insight into how each expert group suggests actualis-
ing/designing the affordances, we conducted 20 semi-structured interviews that focused
on designing SGs that can analyse and encourage better privacy decisions while main-
taining an engaging game flow. International experts regarding privacy, psychology,
educational sciences, game studies and human-computer interaction were sampled by
e-mail inquiry from six different European universities to conduct a one-hour interview
each. To be included in the study, experts were required to have at least three years
of experience in their respective field while preferably more (Table 1). Moreover, psy-
chologists had to have experience in decision-making, risk-behaviour, or media use,
while privacy experts, educators and HCI designers were required to have experience
with game-based approaches/projects. We subsequently applied the affordance frame-
work for analytic SGs (Fig. 1) to elicit each expert groups design suggestions from the
interviews by deductive-inductive Qualitative Content Analysis (QCA) as proposed by
Ridiker and Kuckartz [12, 13] and described in detail in Sect. 2.2.
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2.1 Participants

Of the total interviewed experts, 10 were female and 10 were male. The mean age was
40.4 years, while the mean professional experience was 13 years. Table 1 lists the country
of origin of each expert and the average years of expertise per group.

Table 1. Demographics and expertise of the interviewed experts

No. Field of Age Gender | Country of origin | Years of Group
expertise expertise | expertise
(Mean
Years)
1 Privacy 40 f Norway 15 13.8
2 Privacy 44 m Norway 12
3 Privacy 36 f Turkey 8
4 Privacy 45 f Germany 20
5 Game studies 42 m Austria 10 12.3
6 Game studies 32 f Norway 10
7 Game studies 45 m Norway 14
8 Game studies 36 f Austria 15
9 Education 24 f Norway 3 9.0
10 Education 30 m India 11
11 Education 33 f Greece 6
12 Education 42 f Greece 16
13 Psychology 31 m Italy 6 22.3
14 Psychology 57 f Germany 26
15 Psychology 55 m Austria 35
16 HCI Design 46 m Austria 18 10.6
17 HCI Design 47 m Switzerland 20
18 HCI Design 28 m Austria
19 HCI Design 59 f Austria
20 HCI Design 36 m Italy
Total Average | 40.4 13
(Mean Years)

2.2 Data Collection and Analysis

Before proceeding to the interview, each expert was informed about the research intent,
data processing and research goals. After receiving oral consent on the started recording,
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a semi-structured interview was conducted. The interview guide was developed from
current research on privacy [5, 6], SG design [4, 14] and SG learning/analytics [15]
and followed five basic categories: (i) privacy challenges, (ii) engaging game mechanics
regarding privacy decision-making, (iii) unobtrusive scientific assessment in games, (iv)
reflection and educational practices for analytic games, (v) aspects of games as adequate
qualitative/quantitative research instrument. Exemplary open questions included “What
issues come to your mind when thinking about privacy and data sharing?”, “What
would be enjoyable game goals related to privacy?” and “How would you scientifically
assess privacy decision-making with a game?”. The interviews were transcribed and
analysed according to a codebook developed from the SG design framework displayed
in Fig. 1. After initial coding of the same interview by two researchers, the codebook was
refined to reach acceptable intercoder agreement. Thereby, the affordances’ overlaps and
ambiguities were discussed, and two modifications to the basic framework [11] were
made. First, it was established that challenging — as representing the domain goal —
is, in fact, the main affordance of the domain expert, not the player. While this role
is often combined with the educator or researcher, it can also be an additional expert,
as in this study, the privacy experts. Second, the researcher affordance analysing was
adapted to monitoring since analysis follows monitoring in research practice. After
refining the codebook, adapting coding rules and adding examples for each affordance
from the transcripts, an acceptable intercoder agreement of 82% was reached, and each
researcher was coding 10 transcripts in a first round. As suggested by QCA methodology
[13], the coding followed a two-step process of basic and refined coding. In the first
round of coding, researchers applied the context coding of who, where and when design
suggestions and then progressed to code each role/perspective iteratively. Thereby they
coded with the affordance-oriented questions in mind:

“How does the (e.g. game expert) suggest to afford (e.g. engaging) gameplay?”. In
this approach, a design suggestion could be coded with more than one affordance when,
for example, the expert suggested having a real-world scenario for engaging and pro-
gressing the player. Subsequently, a second round of inductive fine coding was conducted
to group and unfold experts’ affordance suggestions. These synthesised suggestions on
designing SGs about privacy were quantified and presented in the following findings
section.

3 Findings

The following sections present the findings starting with the contextual who, where
and when suggestions and the challenging affordance of the domain experts. Subse-
quently, the results are structured by the role/expert affordances — playing, educating,
researching, and using. The design suggestions of the privacy experts (abbreviated with
P) are thereby reported first and contrasted with the corresponding role expert propos-
als and agreements/disagreements from the other groups. The other reporting acronyms
for each expert group are: playing — Game studies (G), educating — Education (E),
researching — Psychology (PS) and using — Human-Computer-Interaction (H).
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3.1 Context

Cuumed suggestions Who
will play the game
Privacy
W Games

M Education
IIII IIII III I- . N [T} " Em - m

M Psychology
Teams  Unspecified Children Individuals Students Teenagers Multiplayer Adults mHCl
Groups Participants School
Target Population University

Fig. 2. Counted suggestions on who to target for analytic Serious Games about privacy

Who. When first looking at targeted players for privacy game challenges (Fig. 2), pri-
vacy experts were not specifying favoured groups or individuals but would address them
broadly: “...fowards everyone, towards the society...” (P-4). Game experts and HCI
designers, on the other hand, more clearly suggested creating challenges for teams or
groups: “...a collaborative game where you have to collaborate with friends online could
be an interesting way. You must decide who needs to know what and be selective about
what information is passed to team members.” (H-2). Psychologists rather referred to
“participants”, suggesting a research focus while educators did notably not single out
students as primary target group.

Euunted suggestions When

will the game be played and how long/often will the game be played
Privacy
1[] II I I II M Games
M Education
mil 1 .. 1 II T N [T e
Lab Leisure School  Events Repeatedly Minutes Adaptive  Hours Days to Weeks

Mobile Class Scheduled = HC

At Home Course Player aligned
Social Media  University

Fig. 3. Suggestions on where and when to apply analytic Serious Games about privacy

Where/When. Privacy experts did make only a few recommendations (Fig. 3) on where
and when to play. However, they joined the other experts in suggesting a repeated and
adaptive play. Particularly game experts and educators were promoting a recurring expe-
rience with a variability of choices/outcomes: “Where you'd like to go back and play the
game again to see if you can use what you have learned to make more informed choices
and get another ending.” (G-4). The same groups also more often suggested the lab
as location of play over leisure settings primarily due to the possibility to observe the
players reactions/interactions: “Because I'm a big believer in Serious Games used in a
context where it’s possible to facilitate discussions and reflections afterwards.” (G-4).
HCI experts, on the other hand, proposed to play in real-world context or combined
settings.

3.2 Challenging and Playing

Challenging/Acting. Privacy experts suggested considerably more challenges to ad-
dress with decision-making games than the other groups (Fig. 4). They strongly sug-
gested addressing the privacy/convenience trade-off and the associated habits/resignation
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Counted suggestions ( Acting
| [ in-game

25

20

15
10

Understanding Complexity Nuisance Perspective  Trust Emotions Malice Group Individual Perspective

Misconceptions Trade-offs  Habits Government Control Biases Misuse Pressure Roleplay Government

Possibilities Integrity Resignation ~ Company Social Pressure  Fraud Interaction Company

Consequences  Patterns Ubiquity Breaches Malice
Privacy M Games M Education M Psychology W HCI

Fig. 4. Suggestions on how to afford challenging and acting in analytic SG about privacy

from ubiquitous data-processing. Moreover, as expressed by expert 3, privacy experts
suggested to convey the experience of consequences: “Their experience doesn’t match
the stories they are told. Because they are told a story of potential risk, but they have an
experience of actual consequences which is zero very often.” (P-3). Decision complexity
and trade-offs were not prominent with game experts, who had few suggestions on this
issue. On the other hand, in their domain of playing, they strongly suggested that the
in-game acting affords group interaction, as did their peers from HCI and most other
experts.

However, while the suggestions were to investigate group decisions and social fac-
tors, many also referred to online multiplayer interaction as afforded quality: “If players
in a multiplayer game can chat with each other and collaborate in the game, then you
can get exciting data.” (G-4). At the same time, privacy and game experts suggested sup-
porting team and individual perspectives while some also proposed to include switching
perspective to government or criminal acting: “I see that group interaction is very rele-
vant and I think it should be there. But maybe it should be separated.” (P-4), “But you
know, stepping a little bit into the dark side, that’s what you need to create the situations
where awareness becomes an issue.” (G-1).

Counted suggestions Achieving
| game objectives
15 Privacy
10 W Games
5 II I I I M Education
= (M ™ alon Om ull w_ulll 00
Missions Optimising  Balancing Collecting  Creating Guarding o HCI
Invading Level-up Evading Rewards Society Protecting
Solving Time Resisting Badges Relations Outwitting
Training Points/Data Conquering

Fig. 5. Suggestions on how to afford achieving in analytic Serious Games about privacy

Achieving. Concerning the game objectives, privacy experts held a broad view on sug-
gestions except for collecting rewards, badges, or points/data (Fig. 5). While they regard
creating a data-driven society as an intriguing game goal, they are joined by education,
HCT and game experts in their opinions that problem-solving missions are generally a
good achievement fit. Psychologists suggest evading/protecting action to achieve goals.

“«

One game expert describes his evading/resisting plot where the player is: “...some-one
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who tries not to be discovered and then presumably leaves his privacy traces behind
and gets into trouble...” (G-2). Notably, educators differ from the other experts by lay-
ing a focus on collectable achievements: “...from my experience when children play
some-thing individually, they ask each other: how much is your score?” (E-1).

Counted suggestions Progressing
! game progression
30 Privacy
25 B Games
20 M Education
15 M Psychology
10 I HHCI
: [ |
II 1 ] | ll - I - ulls_ =l
Story Scoring Level Chapters Difficulty Training
Quest Milestones Rank Situations Time Limit Pathfinding
Events Mini Quests Resource Limit

Conquering

Fig. 6. Suggestions on how to afford progressing in analytic Serious Games about privacy

Progressing. While privacy experts commented on game progression in a broad sense
with no clear preference (Fig. 6), they did not endorse classical strategies such as scoring,
training, or raising difficulty. Contrarily, education experts did strongly suggest affording
scoring for progressing the game challenge: “...you get a new question then you maybe
lose points if you don’t answer it. So, either you can gain, or you can lose your, yeah,
activity level. Because then you have another incentive to make progress.” (E-4). In
contrast, game experts, as well as HCI designers and psychologists, did not recommend
using a scoring mechanism for progression in a significant number but instead decidedly
proposed an event-driven story/quest advancement: “...maybe it doesn’t have a win
state. It’s just that you read a found smartphone as you would read a novel and every
step discloses more personal details about a person you didn’t know...” (G-1).

Counted suggestions Engaging
| players

; ||. |||| T T T

Storytelling  Curiosity ~ Roleplay  Competition Discovery Collecting Real World Fellowship Mastery  Creating

Problem solving Surprise Imagination  Teams Revealing  Points Location Cooperation  Level-up Society
Consequences  Taunting Fantasy Multiplayer Gratification  Devices Community
Punishment  Morality Personal Data

Privacy M Games M Education M Psychology W HCI

Fig. 7. Suggestions on how to afford engaging in analytic Serious Games about privacy

Engaging. When it comes to engaging the player, the experts have made numerous
suggestions (Fig. 7). Privacy, game and HCI experts strongly agreed on storytelling
with problem-solving activity that entails conveying consequences as most engaging and
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fitting to privacy decisions: “So, I would think, that for this kind of game, a solid narrative,
relevant choices and branching storylines which will show you different consequences of
your actions would be the way to go.” (G-4). Together with the second and third frequent
proposals for engagement, curiosity/surprise, and roleplay, it is easily conceivable why
several experts from different groups suggested a detective/crime themed narrative that
allows for revealing secrets or exposing someone — another suggestion for affording
engagement: “...when it comes to security, often people find it fun to take the role of
the bad guy.” (P-1), “I could imagine it more in this agent, detective genre, where you
naturally take on a concrete role.” (G-2). Different from the other groups, educators
also see competition and collecting points as valuable for engagement.
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Fig. 8. Suggestions on how to afford adapting in analytic Serious Games about privacy

Adapting. Although essential for maintaining an engaging flow experience, experts
made few comments about adapting to growing player skills (Fig. 8). Privacy and
HCI experts were suggesting changing perspective and extending context for adap-
tion. Thereby, they also often suggested extending to meaningful real-world settings

explicitly. “...if you switch to what if your mother looks at your SMS conversations.
Then suddenly it feels more real.” (P-3). Game experts were more suggesting stories
that adapt by decision-making: “...with different branches and choices that you would

have to make judgments at relevant points in the game. And then based on the choices
the outcome would be very different.” (G-4).

3.3 Educating

Reflecting. The educator affordance of reflecting was commented on quite frequently
and in a wide variety by the groups. Suggestions can be classified in in-game and con-
textual reflection affordances (Fig. 9). Privacy experts were emphasising morality and
emotional impact for inducing more reflective choice-making in analytic decision games:
“...you as the player can misuse information that you have available. And then you will
think how that feels...let’s try for some empathy for the victim.” (P-3). Also, they put
forward to clearly visualise judgements for reflection: “...a visual indicator of how nice
you are. And you can see how some people don’t care about it and how some people
do care.” (P-3). Game and HCI experts, as well as psychologists, however, were rec-
ommending more unobtrusive in-game triggering of reflection by plot characters: “You
could have a character that asks questions that make them reflect upon choices that they
make.” (G-2).
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Fig. 9. Suggestions on how to afford reflecting in analytic Serious Games about privacy

Game experts also suggested three further strategies. First, combining in-game reflec-
tion with contextual interviews in groups or by the educator: “...you can get some of the
data what they think in the moment and then have follow-up interviews later to ask if
that influenced their decision-making” (G-4). Second, similar to the proposal of privacy
experts on adapting by switching or extending to a real-world context, game experts
suggested adapting in-game interactions to real-world scenarios: “...that it’s playfully
integrated. Where you sit virtually in front of a computer and write an e-mail to some-
one. You have to type it in and enter something that fits a question accordingly.” (G-2).
Third, they also suggested switching perspective by using time-machine like repetition:
“...after you played it once, you can just rewind the track to decide on different choices
and experience different outcomes.” (G-4). Educators additionally recommend a more
interface-oriented reflection by applying subtle decision hints at decision-time: “...you
show them this is important; you should think about it. And then the question should pop
up.” (E-1).
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Fig. 10. Suggestions on how to afford examining in analytic Serious Games about privacy

Examining. For examining player progress/learning toward the domain goal privacy
awareness, privacy and game experts mainly advised to analyse decision paths/patterns
and team interaction (Fig. 10): “...which decision path is he or she following? You could
then apply collaborative filtering to find users with similar behaviour.” (P-4).
Conversely, psychologists, educators and HCI designers are emphasising reflection
time as in-game examination of progress: “... you can always analyse the time they took
to think about a decision.” (H-2). A further recommendation shared by HCI experts and
educators is to examine learning progress by the underlying competency model: “If the
score is a good reflection of learning, then you can use the learning curve itself.” (E-3).
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3.4 Investigating
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Fig. 11. Suggestions on objectives for researching privacy decisions with analytic SG

Researching. Affordance analysis of researching has revealed that suitable research
objectives are grouped in researching decision-making and the secondary influences
that potentially influence the decision outcome (Fig. 11). Psychologists and privacy
experts suggested primarily focusing on comparing decision patterns/situations with de-
pendent secondary variables: “...could be the time pressure, social factors or discomfort
associated with a predicted outcome. And how would I assess for a decision-making game
is having different versions of the game in which some of these parameters vary.” (PS-1).

Psychologists and privacy experts also suggested that traits/risk propensity can be
a research aim with implemented scales such as cognitive reflection test (CRT) [16] or
the balloon analogue risk task [17] in a quest structure: “For example with the CRT you
could make it as you are playing and you meet in the game and you need to sort out a
quest.” (PS-1).
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Fig. 12. Suggestions on how to afford reporting in analytic Serious Games about privacy

Reporting. For assessing subjective measures towards the research objectives while
controlling for game activity, most experts agree on having aligned in-game dialogue
for questioning players (Fig. 12): “...someone else will ask the players advice in the
game...” (G-1), “...or there is a character that simply asks you why you did that.” (P-3).
Besides having dialogue-like asking, experts also had two further suggestions to control
for confounding influences from gameplay. First, game experts suggested introducing a
meta-level aligned on the narrative to set the interrogation context — or breaking the 4th
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wall — from the in-game role to the actual real-world person for questioning: “...in this
meta-level, where someone explains, hey, it’s cool you have taken part in our experiment
so far...” (G-2). Second, as G-4 exemplary suggested, extend the context to the real-
world by using personal data/devices: “...on a cell phone that mimics the environment
that you are usually on when you’re browsing the internet and it uses your selfies.”. A
third approach was suggested by HCI experts/educators by utilising the interface layer
for micro questions aligned on game action: “...integrate some low-threshold questions
that ask for my mood, my feelings, my assessment of certain topics.” (H-1).
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Fig. 13. Suggestions on how to afford monitoring in analytic Serious Games about privacy

Monitoring. Unobtrusive in-game monitoring towards the research objectives of pri-
vacy decision-making was strongly suggested by HCI experts and psychologists
(Fig. 13). The propositions included in-game monitoring of reflection time, deci-
sion/interaction paths/patterns and decision outcome changes over time. In contrast to
psychologists, the other expert groups were also encouraging in-game and contextual
monitoring by observation. The proposed focus was on conversation analysis of intra-
team decisions and team differences: “...record both the screen and the people playing
the game, record their social interactions and the dialog.” (G-4).
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Fig. 14. Suggestions on how to afford presenting/interacting with analytic SG about privacy
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Presenting/Interacting. Real-world alignment and extension were frequently sug-
gested for presenting analytic SG about privacy (Fig. 14). One HCI expert commented
on both design strategies. The first suggestion refers to aligning to a real-world setting
by simulating interaction processes in-game: “...and then I meet persons in the game
or find interaction terminals where I can simply indicate my current emotional state via
emoticons, or I can give feedback on a certain question via visual analogue scales.”
(H-1). The second suggestion extends further and connects privacy decision-making to
the real world by following the player adaptively: “Well, ultimately it could be a game
that is seamlessly integrated into my everyday life through different channels, different
media, different locations.” (H-1). Aside from this adaptive presenting/interacting sce-
nario, experts mostly suggested addressing the mobile platform as the device with the
greatest ubiquity and interaction designs with conventional click/touch interaction.

4 Discussion

The analysis of the international experts’ suggestions revealed a broad array of design
suggestions for the integrated goals of an analytic SG.

When looking at the findings to answer the first research question on the contextual
who, where and when of gameplay, an emphasis on children, teenagers and students as
players becomes apparent. While game and HCI experts also emphasise a group focus,
the other experts were not showing a clear preference between group and individual play.
Both approaches can be seen as equivalent in answering the question of who should be
targeted, as privacy decisions are often made at an individual level but can also potentially
be influenced by peer pressure and thus require group gameplay.

As regards where and when to apply games about privacy, the suggestions revolved
around lab research, school and leisure focus associated with mobile phones and social
media. Interestingly, both privacy experts and psychologists were not targeting the school
scenario. Eventually, the research objective can act as a detailing factor in determining
which context is best to address. The experts strongly agreed on game designs that afford
repeated play in any case. This is further mirrored in the suggestions for examining
and researching, where comparing of sessions, reflection time, change over time and
repetition as progress/engagement metric were suggested throughout all expert groups.

Regarding the second and third research questions, the analysis further revealed
expert group preferences for the role-oriented design parts that allow for several design
implications. Creators of analytic SGs aimed at promoting better privacy decisions can
refer to the following insights to maintain an engaging game flow while integrating
educational and researching qualities:

First, privacy games are suggested to include challenging goals that transmit tan-
gible, real-world oriented consequences of privacy decisions. Thereby, they should
aim to counteract carelessness in trade-offs and resigning to universal data sharing.
This becomes apparent when looking at the challenging objective where the privacy
experts strongly recommended making consequences palpable and revealing the per-
sonal downsides of skipping privacy calculus. Biases, misuse, breaches, and fraud, on
the other hand, were considered secondary challenges by the experts in terms of privacy
decision-making.
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Second, engaging gameplay and decision-making analysis may both be supported by
team and group playing modes that also allow investigating emotional and social factors.
Considering the game experts’ proposals on how to design acting in the game, a prefer-
ence for multiplayer/group acting was apparent and supported by the other experts. This
design also allows researching peer influences on privacy decision-making as suggested
by privacy experts and psychologists and team competition as an engaging quality fre-
quently recommended by the educators in this study. However, privacy and game experts
have suggested a complementary single-acting perspective, especially in combination
with switching to government or criminal acting to demonstrate consequences.

Third, privacy SG designs could integrate storytelling, curiosity, and roleplay in real-
world oriented scenarios for game progression through meaningful decision-making.
Consequently, allowing more authentic insight into decision influences and motives. In
this study, educators favoured scoring/collectable rewarding and competition as designs
for engaging the player, progressing the gameplay, and achieving game goals. As Chou
[14] puts it, this refers to people’s inner drive to progress by developing skills to overcome
challenges and the widely known strategy of rewarding with points and badges. Privacy
experts instead, in accordance with the other groups, preferred design patterns that engage
with curiosity and avoidance, which are two other core drivers in Chou’s framework [14].
Progression through problem-solving, evasion/resistance and achievements by mission-
oriented storytelling, including optimisation or balancing tasks, form the main design
pattern for analytical SGs about privacy found in this study.

Competitive games with a scoring mechanism have advantages from an educator
viewpoint as they are easily explained in teaching scenarios and quantifiable for com-
parative evaluation of learning progress. However, scoring as artificial in-game reward-
ing influences decision-making through game mechanics. Engaging the player through
curiosity and progressing through problem-solving to achieve real-world/story-oriented
missions characterises a design that, on the other hand, can provide a more authentic
insight into decision-making processes and related strategies to encourage reflection.
This holds particularly true when also considering the next design implication.

Fourth, the authenticity of in-game decisions can be supported by mapping game
interaction to familiar real-world situations, connecting/integrating real, physical
devices of daily routine to the gameplay or introducing a metareference. Change of
context or alignment to real-world processes were general design patterns that emerged
from the experts’ suggestions. Game experts proposed to align in-game activities to sim-
ilar real-world activities, such as writing text messages to peers in the game to encourage
reflection. Privacy and HCI experts suggested the same contextual change for adapting
to improving player skills while stating it enhances the authenticity of threats. These sug-
gestions to include a reality reference were further emphasised in the design proposals
stated for presenting the SG. All expert groups strongly suggested including real-world
aspects in the game representation with either simulating certain processes or extending
the context of play to reality where devices of daily use such as the smartphone get con-
nected to the gameplay. In addition to alignment or extension, a third design proposal to
increase the authenticity of decision-making suggested by game experts was to introduce
a meta context that breaks the fourth wall when players are asked to state their decision-
making motives. Notably, introducing meta-reflection can also contribute to learning
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gain, as shown by previous research [18]. Thus, the reality and meta references repre-
sent balancing design patterns that support the authenticity of players’ decision-making
while they can also help reflection through context extension/adaption.

Fifth, unobtrusive in-game logging of reflection time, decision paths and team/world
interaction allows investigating decision-making improvements while maintaining game
flow. Privacy and game experts most frequently suggested monitoring decision paths to
research decision-making and record interaction between teams/scenarios for examining
learning progress. Psychologists, educators, and HCI experts proposed more to monitor
reflection time to investigate privacy decisions and examine improvements concerning
making better choices. The underlying design pattern of recording these parameters
unobtrusively in the game can thus be used as a stealth analytics strategy [15] to balance
educational and research objectives without interrupting the game’s flow.

Finally, in-game questions aligned to the game’s story and asked in a dialogue
by non-playing characters can help reflection and investigation of privacy decisions.
When looking at reporting motives behind decisions, psychologists, game and HCI
experts suggested most to align questioning to the game story with characters. Similarly,
reflecting about decisions was proposed to be integrated with character dialogues as
well. While educators showed a preference for questions/hints presented on the game
interface, previous studies have shown that dialogic interrogation can be applied for
researching decision motives while keeping an engaging game flow [2]. The design
pattern can thus help balance a SG to meet the goals of research, teaching, and exciting

play.

5 Conclusion

The multi-perspective lens proved valuable for exploring design patterns to balance an
analytical SG aimed at privacy decision-making. By qualitative content analysis of the
twenty expert interviews, several strategies were uncovered for designing SGs that are
engaging while promoting reflection and supporting authentic decision-making research.
SG creators can adapt these suggestions to avoid gameplay disruption through assess-
ment or distorted insights into decision reasoning and motives through inappropriate
game mechanics. Further research is encouraged to employ the discovered design pat-
terns to create analytic SG about privacy and validate their educational and researching
effectiveness as well as their engagement qualities in the field. Ultimately, the elicited
design suggestions of each expert group can be integrated into design toolkits that allow
non-experts to balance concepts for analytic SGs.
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Abstract. Especially in times of distance learning, educational institutions need
to diversify their digital teaching methods. Often, they offer only few opportuni-
ties for interaction, which is, however, essential for learning motivation. To inte-
grate motivational aspects into digital teaching, this study tests digital games for
their compatibility with a learning objectives catalogue of economics. Numerous
studies have already shown that serious games have positive effects on learning
motivation. In this study, however, not only serious games are considered, but also
entertainment games. The main findings include that, on average, there is a 57%
thematic overlap with the learning objectives catalogue. 20% of the objectives are
explained in a way that makes abstract application possible. The thematic overlap
of serious and entertainment games is nearly the same. The results show that there
is a lack of games that are compatible with the considered learning catalogue.
Remarkably, on average no major differences regarding knowledge transfer were
found between the analysed serious and entertainment Games.

Keywords: Serious games - Game-based learning - Economics - Pedagogical
use - Higher education

1 Introduction

It is not only since the Covid-19 pandemic and the resulting shift of many teach- ing
and learning opportunities to the digital realm that scholars have increasingly concerned
themselves with serious games: In a literature review, Zhonggen shows that the number
of scientific publications on serious games assisted education rose steadily from 2009
(under 20) to 2017 (over 200) [15]. Other literature reviews show similar conclusions,
e.g. [2, 6].

The reason for this is obvious: many studies have shown that serious games can
increase both the motivation to learn and the learning success of learners, and thus provide
an effective tool for learning, e.g. [3, 7, 10]. Although this is not viewed uniformly in
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academic circles [5] (e.g., Sward et al. could only find a positive influence on motivation,
but not on success [12]), this view is now supported by most scholars in the field [13].

A uniform definition of serious Games, on the other hand, has not yet been estab-
lished. Common definitions describe them as games that, in addition to their entertain-
ment value, also or primarily pursue educational goals [4, 6]. Many definitions go back
to C. Abt, “who in 1970 first defined serious games as games that” have an explicit and
carefully thought-out educational purpose and are not intended to be played primarily
for amusement” [1]. Serious games and related concepts such as simulations have been
used successfully for a long time for teaching purposes, especially in the military and
medicine sector [6, 8, 11, pp. 29-35]. In classical educational institutions such as schools
and universities, however, their use is still in its infancy [8, p. 35], although their potential
is considered to be high in this area as well [9].

Among other things, this may be due to the fact that so far, many serious games
have been developed for specific skills without taking learning catalogues of univer-
sity lectures or schools into account. This means that although games can be used to
learn individual skills, they cannot (or only partially) accompany or replace large-scale
learning formats such as lectures. Also, financial limitations and the particular difficulty
of developing serious games for teaching highly complex subjects similar to university
courses pose challenges for large-scale use in educational institutions [9].

In a first study, Wittrin et al. already examined the extent to which selected digital
games from the entertainment sector can impart knowledge from the field of economics
on bachelor/undergraduate level [13]. The aim of this paper is to investigate the extent to
which selected digital serious games convey the same learning content and to compare
the results from both studies. This leads to the following research question: 7o what extent
have serious games and selected games from the entertainment sector the potential to
impart knowledge in the context of economics reliant on a curriculum-based learning
objective catalogue and how do they differ from each other? Chapter 2 provides an
appropriate methodology to answer the posed question.

2 Methodology

This paper is based on the study carried out in [13], where five strategy games from the
entertainment sector were examined for their compatibility with a learning catalogue in
the field of economics. The results of that paper, which con- tribute data from entertain-
ment games, will be compared to the findings of this study, in which serious games are
analysed. The comparison assesses how well serious and entertainment games perform
in the context of knowledge transfer in the field of economics.

To ensure comparability, the test followed the same testing methodology established
in [13] and applied it to serious games. Hence, the serious games were analysed in three
steps: The transmission of the learning objectives catalogue from [13], an identification
of suitable games and a test run.

2.1 Learning Objectives Catalogue

The basis of this experiment is a catalogue of learning objectives from the bachelor’s
degree course in economics at Mittweida University of Applied Sciences. It does not
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depend on already existing knowledge in the subject area. The under- standing of the
learning objectives enables the learners to evaluate basic functionalities of market-based
economies. The learning content was divided into 25 learning objectives and categorized
into five groups and an assignment of IDs, which is shown in “Table 1”. According to
[13], the learning objectives were adapted by considering two classes of requirements.
Requirement class I investigated a “thematic reference”: In the analysed game, a thematic
reference to the learning objective must be visible. This means that the game elements
must be thematically linked with the content of the learning objective. Content-related
learning objective elements are, for example, the existence of an entity, its properties
or related terms and chains of effects. The content counterpart in the game can be
characters, buildings, explanatory texts, or game mechanisms. The minimum amount of
convergence is defined individually for each learning objective.

Table 1. Learning objective catalogue

LOID Learning objective

LO.01 The user has knowledge about economic entities and their interests

LO.01.1-LO.01.5 | Households; Companies; Banks; Government; Foreign countries

LO.02 The user is aware of the conditions which drive a market economy

LO.02.1-L0.02.3 Competition; Basic freedoms; Monetary stability

LO.03 The user has knowledge about how economic entities interact with each
other.

LO.03.1-L0.03.4 Interactions on labour market; Interactions on goods market;
Interactions on the capital market

LO.04 The user has knowledge about the objectives of economic policy

LO.04.1-L0O.04.6 Full employment; Growth; Foreign trade balance; Ecological balance;
Social balance; Price stability

LO.05 The user has knowledge about mechanisms of economic policy
intervention and can distinguish perfect markets from realistic market
conditions

LO.05.1 The user has knowledge about instruments of economic policies, their
characteristics and effects

LO.05.2 The user has knowledge about economic systems, their characteristics
and effects

LO.05.3 The user has knowledge on how to achieve goals in general by means of
the instruments

LO.05.4 The user has knowledge of market imperfections

LO.05.5 The user is aware of types of market failure

LO.05.6 The user has knowledge on how to tackle market failures in particular

through the instruments
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Requirement class II “Explanation on abstract levels”: This requirement class is
based on the first one. Butin contrast to that, class Il not only requires a thematic reference
to the learning objective. Additionally, there has to be a more detailed explanation of
the learning content. This explanation is the main condition of requirement class II and
includes both an explanation of factual contexts within the learning objective and an
explanation on the level of abstraction. Through that, the knowledge gained in the game
is raised to a level that allows it to be used in contexts other than the game itself. The
acquired knowledge must therefore not only be relevant within the game but must also
be applicable outside the game environment and thus be technically correct.

2.2 Selection of Games

In order to pre-qualify serious games fitting the needs of the study, several inclusion
criteria were formulated. These are based on the requirements that allow knowledge
transfer under academic conditions. Games were only included in the study when meeting
all the following criteria.

Enabling a low-threshold implementation of the games in existing learning envi-
ronments, a low financial outlay was deemed necessary. Additionally, considering the
potential of serious games in individual learning, all games had to be playable alone and
without any external guidance. This is especially important in times of distance learning
and remote schooling.

To include only games with a high potential to cover the learning objectives catalogue,
only games having an economical background and educational content were analysed.
Furthermore, only games which connect game design elements to learning content in
multiple ways were included. That led to the exclusion of games based on a single game
mechanic (such as question and answer-based dialog simulations) because of their lower
motivational level they produce [14].

In connection to that, only digital video games have been considered because of
their independence from physical game materials and suitability for remote schooling
scenarios without direct contact between players. This led to the exclusion of bard or
card games.

To find suitable serious games, an extensive online research was carried out. In partic-
ular, the serious games database from the Serious Games Information Center (http://ser
iousgames-portal.org), which contains over 100 games, was used. Additionally, Google
Scholar was searched for publications on serious games with an economic background.
The research led to more than 20 potentially suitable serious games.

After the detailed assessment regarding their compatibility with the inclusion criteria
however, only four games remained in our selection: Energetika, Mayor’s Table, ars
regenti and Imagine Earth. The economical background is given by story elements or
integrated quests and game mechanics. However, the main intention of these games
is not to impart economic content. Economic issues are thus not the main topic of
the games examined but are touched upon. All of them have also a mix of different
game mechanics like structure systems, characters, or a story. In this regard, the game
mechanics of Mayor’s Table are compared to the three other games rather simple while
Imagine Earth has the most complex game mechanics.


http://seriousgames-portal.org

24 R. Wittrin et al.

2.3 Test Run

Three players tested the serious games in multiple test runs for the learning objectives.
As a test protocol, they used a cross matrix which was developed in [13]. It contains
the learning objective IDs and the tested serious games. Whether a thematic reference
to a specific learning objective was given could be answered in binary form (yes/no).
To be able to make a more precise distinction in requirement class II, a third option
was added there. Thus, the extent of the explanation on the level of abstraction could be
answered in tertiary form (yes/no/proportionate). The thematic reference or explanation
on the level of abstraction was assumed as given if the individually defined learning-
objective-specific requirements were fully met. Proportional fulfilment is given if at least
one element of the defined requirements could be identified. A qualitative assessment
of the implementation was not carried out.

3 Results

In addition to the five entertainment games already mentioned in [ 13], four serious games
matching the selection criteria as described in Sect. 2.2 were identified.

3.1 Overview

On average there is a 57% thematic reference and 21% occurrence of explanation on the
level of abstraction. The thematic reference of serious games (57%) and entertainment
games (56%) are nearly the same. A higher value was expected for serious games. In
addition, serious games (23%) only provide on average five percent more explanation at
an abstraction level than entertainment games (18%). The intersections of entertainment
games and serious games per learning objective category are shown on average in Fig. 1.
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olic
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Fig. 1. Intersections of each learning objective category with the two game types “serious games”
and “entertainment games”
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These values result from the mean value formation of the respective calculated partial
achievement values per learning objective, which are shown in Fig. 2 in the lower section
of the diagram. These, in turn, are calculated from the binary or tertiary structured data
indicated in the cross table. “Available” and “Explained” are each calculated as full
compliance, “Partially explained” is considered as half compliance. The mean values
obtained from the individual achievement values of the learning objectives are given per
learning objective category (below) and per game (right) in decimal notation.

The results show a slight similar distribution of the thematic reference and explana-
tory values from LO.01 to LO.05 - in all cases, there is only a small explanation rate,
and the values of serious and entertainment games differ only slightly from each other.
The highest difference of 11% was found for the thematic reference within the learning
objective category L.04 (the objectives of economy policy).

The serious game ars regenti matches with 88% most of the learning objectives
catalogue on the level of thematic reference. Moreover, half of the topics are explained
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Fig. 2. Overview of analysis results: Assignment of learning objectives to selected computer
games within the domains of serious games and entertainment games
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on the level of abstraction. Thus, the contents imparted by ars regenti show the highest
compatibility with the learning objectives catalogue. This shows the potential and the
thematic fitness of games as teaching medium in curricular contexts as well. Furthermore,
it is remarkable that four of the five entertainment games touch on more than half of the
learning objective’s catalogue. A reason for this can be found in the placement of the
learning objectives at the basic bachelor level. Here, the level of detail in the formulation
of learning objectives is still quite wide, in contrast to specialised learning objectives at
master levels.

3.2 Intersections of Learning Objective Categories and Games in Detail

Below, the intersections per learning objective category are explained. The results are
visualized in “Fig. 3”.

LO.01. A game with economic reference needs characters and entities that interact with
each other economically. Economic entities are a key prerequisite for any economic
action. It is therefore not surprising that this basic learning objective “The user knows
economic subjects and their interests” (LO.01) has the highest average thematic reference
- both in entertainment games (76%) and serious games (80%).

Amazingly, a wide range of different kinds of economic entities like households,
companies or banks occur. As expected, the entertainment games provide not much
explanation at a level of abstraction. Contrary to our expectations the serious games
follow this trend and provide on average only about 20% explanation of the learning
objective category. This is probably due to the fact that the considered serious games
have an economic background but are not designed based on our learning objectives.
Nevertheless, ars regenti elaborates on about 50% of the economic entities on the basis
of explanatory texts.

LO.02. In the games analysed, the learning objective category “The user is aware of
the conditions which drive a market economy.” is the least referred to both thematically
and explanatory. This may be due both to a higher level of detail in the formulation
of the learning objective and to the deliberate simplification of the game environment
by eliminating complicated elements and contexts. But there is one game that scores
significantly better: ars regenti fits thematically all prerequisites of a market economy.
The three main conditions (competition; basic freedoms; monetary stability) occur and
are mainly explained (about 70%).

LO.03. Based on LO.01 the LO.03 (“The user has knowledge about how economic
entities interact with each other”) is very well presented in both kinds of games. Due
to the complex combination of the structure system and related economic facts City
Skylines has a full thematic reference in this category. For example, the labour market
is represented closely to reality and it is a main task of the player to balance supply and
demand. He is also forced to care about appropriate working conditions. The difference
between the thematic reference and the explanation is significant, this accounts especially
for the entertainment games.
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This can be substantiated, because interactions between economic subjects are ele-
mentary for the course of the game and often represent an important indicator of success
for the actions and reactions of the player. Interactions are therefore needed for the basic
game design. However, since interactions in the real market are sometimes subject to
very complex influencing factors and mechanisms, the game environments analysed are
mostly greatly simplified. A technically correct representation or explanation on the level
of abstraction is therefore not possible in most cases. Here, ars regenti is an exception
with an explanation rate of 100%.

LO.04. In this learning objective category (“The user has knowledge about the objec-
tives of economic policy”), the difference between the evaluated serious games and
entertainment games is the highest. On average, the serious games reach a score of just
under 60%, whereas the score of the entertainment games lies at under 50%. Interest-
ingly, three out of the four tested serious games reach the same score of 50%. Only
Energetika reaches a lower score of just over 30%. In Mayor’s Table, four avatars repre-
senting different interests (for example the “social advisor” representing the needs of the
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Fig. 3. Intersections of learning objective categories with individual serious games and entertain-
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population or the “environmental advisor” representing the needs of the environment)
must be preferably equally satisfied in order to get good results. Through this, the player
learns in multiple tasks the necessities of a good and sustainable economic policy.

The difference between the two kinds of games in requirement class II is not as big
as it is in requirement class 1. The serious games give an explanation on the level of
abstraction in around 30% of the cases. The entertainment games reach a slightly lower
score.

LO.05. Learning objective category five “The user has knowledge about mechanisms of
economic policy intervention and can distinguish perfect markets from realistic market
conditions” is met better by the entertainment games (around 50%) than by the serious
games (around 40%). This may be since in entertainment games, the challenge for the
player often is to cope with crises like wars or natural catastrophes in the most effective
way. In serious games, on the other hand, imparting knowledge about how economies
work in theory might be seen as more important. Civilization VI and Europa Universalis
IV fit learning objective category five with around 80%. In Civilization VI the player
needs to cope with natural disasters, global warming, or the rise of the sea level if he
does not pay attention to an ecologically balanced economy. In Europa Universalis 1V,
it is important to control the inflation to benefit from a stable currency. From the serious
games, only ars regenti reaches a score higher than 80%. Both kinds of games reach a
significantly lower score in requirement class two. However, in case of the entertainment
games, the score is with over 30% the highest achieved score of all learning objective
categories in this requirement class. The serious games give explanations on the level of
abstraction here in only over 20% on average.

4 Discussion

It could be criticized that some inclusion criteria for the experiment, especially the
criterion individual learning, led to the exclusion of some potentially valuable serious
games like Isle of Economy. However, this study focused on possibilities for independent
individual learning, which explains the strong criteria.

Further limitations may lie in the process of the test runs, as they were carried out
only by few persons. If more test runs with different people had been done, the results
may possibly differ in some areas.

Finally, it could be argued that the cross matrix that was used as test proto- col gives
insufficient information about the degree of fulfilment of the different learning objectives
in each game. Especially the binary form (yes/no) leaves no opportunity to distinguish
between games that detailly explain the respective learning objectives from games that
only slightly touch them.

5 Conclusion

The comparison of entertainment games and serious games in the context of knowledge
transfer might seem predictable, but it led to interesting results: Contrary to what might
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have been expected, the investigated serious games do not on average convey signifi-
cantly more learning content than entertainment games. Furthermore, as in entertainment
games, only a small part of the learning content conveyed in the selected serious games is
explained at an abstraction level. No game with the explicit aim to impart knowledge of
learning objects from the economic field based on an established curriculum was found.
The content of the games lies in the economic periphery, but the explanation of detailed
economic relationships like the construction of supply and demand curve was not the
main intention. This leads to a conceivable scenario in which the game with the highest
degree of congruence with the learning objectives is selected and played by learners.
The deficit of explanation at a level of abstraction can be compensated by additional
teaching whereas the thematic congruence in the game is identified by learners and can
be reflected within a lecture. The serious games ars regenti already has a high thematic
compliance (88%) and also a good explanation rate of 44%. Amazingly, City Skylines
from the entertainment sector has a thematic overlap of nearly 70% and an explanation
rate of 26%. This makes us consider the integration of both games in an economic lecture
in order to combine the motivational impact of games with the more “serious” character
of regular teaching.

Further research potential lies in the integration of motivational aspects related to
entertainment and serious games in the field of knowledge transfer. In addition, a serious
game prototype based on selected learning objects from the economic field could be
developed to compare it on the basis of learning and motivation aspects with the games
examined in this study.
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Abstract. There are no perfect recipes to develop a game, even less for creating an
effective serious game. Nevertheless, it is crucial to employ methods and protocols
to that ensure certain criteria and goals are met during their development. For that
intention, we propose the Mechanics for Engagement Design Protocol (MEDP),
a procedure that emerges from the need to consider the mechanisms explored
through the Design, Play and Experience (DPE) framework’s dimensions to meet
a serious game’s goals, while considering the player profiles according to the
Engagement Model. This protocol was implemented and tested during the devel-
opment of FlavourGame (FG), a serious game that aims to promote discussion
and awareness about nutrition for children. The exploration and testing process
also allowed to support the MEDP for other serious game projects, as well as to
consider the state of the art of current analogue and hybrid games related to food,
the theme of FG.

Keywords: Game mechanics - Mechanisms - Engagement design - Serious
games - Hybrid games

1 Introduction

Today, hybrid games present themselves as a recent realm in gaming, opening new
possibilities, making use of the best of both physical and virtual worlds [1], enhancing
players’ immersion and interaction in the game as well as its contents, presentation,
atmosphere, and control [2]. FlavourGame (FG) is a serious hybrid game for children
aged 10-12 years old, which aims to promote discussion and awareness about nutrition,
more specifically about everyday choices regarding nourishment and food, integrating
emotional and social components of communication.

This paper is organized in three major sections. Section 2 is about how games build
meaning, and how mechanisms act as building blocks that bridge theme with player
engagement. In Sect. 3, we present a new method to start the design of a Serious Game
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(SG) from existing game mechanisms of analogue and hybrid games: the Mechanisms
to Engagement Design Protocol (MEDP). Section 4 presents the FG case study where
the MEDP protocol was employed, demonstrating how the protocol supported the first
steps of development of an analogue and hybrid SG.

2 Towards Engagement

2.1 Objectives and Theme as Starting Points

Serious games reduce the complexity of the reality being addressed to a level of abstrac-
tion that allows such subject to be playable [3, 4], but that can jeopardize the balance
between playability and serious objectives [5—7]. Therefore, defining game elements,
like game mechanisms and their relation to the theme and objectives of the game is
essential.

Another important aspect of the implementation of a SG is the support during and
after gameplay through facilitation [8]. During a SG it is mandatory to gather information
from players’ performance and behaviour [5]. The debriefing process must complement
the game experience [9], with facilitators that help players analysing and evaluating their
decisions and interactions, relating them to the serious objectives of the games [8, 10].

Usually, SG have strong thematic manifestations. It could be something more
abstract, like a mathematical learning intention, but even in these cases some theme or
story may be included to engage with larger audiences, including the narrative dimension
or the possibility to socialize and express creativity through gameplay [11, 12]. So, a
SG project should start from the objectives’ definition and its thematic integration [5, 6].
Then, project developers will combine knowledge from content experts and game devel-
opers, continually testing the game in its playability and ability to achieve the desirable
serious goals.

2.2 Mechanisms as Bridging from Building Blocks

Mechanic, Dynamics and Aesthetics (MDA) [13] and its variant Design, Play, Experience
(DPE) [7] framework consider mechanics as essential elements in game development, but
they also identify the purpose of games as artefacts that convey experiences, something
Salen and Zimmerman [4] highlighted in their foundational work. The DPE is a variation
of MDA for SG applications, introducing new flows between designers and players,
considering the learning and narrative dimensions, as well as the role of technology.

Since Board Game Geek (BGG) [14] — the main database for analogue and hybrid
games [15, 16] — abandoned the term mechanics [17] and adopted the concept of mech-
anisms from Engelstein and Shalev [18], we will follow the same approach. Although
mechanics and mechanisms can be described as synonyms, we will consider mecha-
nisms as the building blocks for analogue games [19] and hybrid games, since these
kind of games demand that players activate the mechanisms directly to generate the
game dynamics.

Mastering a game’s mechanisms is a form of learning [20], as well as a way to engage
directly with some player profiles that value the mechanical side of the game system
[11, 12, 21]. When the mechanisms are integrated with the themes they represent, they
can enforce players’ behaviours and actions in a meaningful way [4], which can help
learning the game and their serious goals [22].
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2.3 Engagement as the End Point

When Abt [23] said that games were able to educate, train, and simulate realities where
players should overcome challenges to achieve goals, he did not exclude the dimen-
sion of fun. Overcoming game challenges, tensions, uncertainties [24] and conflicts [4]
can be engaging and fun [25]. The concept of engagement has been discussed over the
past decade in different domains from Education [26-28] to Management [29-31] and
Marketing [32, 33], particularly with the emergence of social media [34, 35]. In fact,
there has been an interest in studying how engagement occurs and what are its effects
and patterns on behaviour. In this paper, we follow the perspective of Zagalo [12], who
defends that we should “move the research on interactive media design from experi-
ence to engagement”, because “we need motivational patterns that engage humans, not
meanings generated by users while engaged”. The author seeks a balance between two
opposite sides: a) the subjectivity related to a qualitative mode where the meaning-
making and context-dependent factors are present, and b) a quantitative mode related to
the digital data that tries to calculate the behavioural change: engagement. In this sense,
Zagalo looked at the most recent models capable of operating both modes to understand
what properties promote engagement and how it can be designed.

Engagement, seriousness, and fun may be difficult to achieve and to balance. Players
should never be forced to play a game [36], otherwise, games may fail to be compelling.
These games need to be engaging to the player through their design, while maintaining
rigorous relation to the theme, narrative and context of simulation, which relate to seri-
ous objectives of each SG [37]. To Michael and Chen [38], SG are created to support
objectives other than fun, while maintaining it. So, any game can be useful to learn/train
something [5], but to create a SG requires a proper design process [6].

One of the main applications of SG is education, and without delivering a compelling
experience for players, with the possibility to experiment, explore personal behaviour
and get feedback, they would not be such powerful learning tools [9]. Training and
simulation are other major applications of SG [39], sometimes used as a global approach,
without clear boundaries. Experimentation in these games is essential to their success,
relating to the notion of “learning by doing” [40]. The interactivity of gameplay, where
players can see the direct consequences of their actions, can be more compelling than a
traditional learning or simulation activity, and be a valid way for player to understand
new information [41, 42].

Since players bear different backgrounds, preferences and agendas, and act differ-
ently during gameplay [11], designers should take player engagement into account when
designing a game’s mechanics to make such experiences desirable. Zagalo [12] presents
three engagement streams: progression, expression and relation. Progression is related
to the engagement through abstraction and problem solving; expression considers the
building and creation of the new; and relation is understood as a central motivation for the
human relationships and their changes. These three streams result from the interaction
between players and the game system. According the DPE framework, designers can use
game mechanics to deliver the experiences, and the EM explores how these experiences
engage different player profiles. Our proposal consists of a protocol that explores exist-
ing mechanisms to create a SG that engages different player profiles. That said, certain
mechanisms influence the engagement and experiences that a game provides, and this
can impact SG’s success.
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3 The Mechanics for Engagement Design Protocol

3.1 The Overall Process

LLIT3

Mayer [39] refers that SG are related to classifications like “games with purpose”, “per-
suasive games”, “social impact games” or simple “learning” or “training” games. The
idea to produce a SG usually starts when project developers want to approach a problem,
find a solution, change behaviour or help to produce something new. Considering FG’s
base theme and the objective to promote discussion and awareness around nutrition, we
concocted a new planning approach to SG development. Following the previous recom-
mendations [5, 6, 38], we propose an overall solution to guide FG development, also

applicable to other SG (see Fig. 1).

N

No Is engaging Yes :
Objectives and Theme (1) and achieve ]gghg)r
SG?als?

v
Game developing (2) |——P| Playtesting (3) I—DI Game Analysis (4) |

Fig. 1. Overall SG development process. Own source.

Stage 1 starts by defining the objectives and themes at the same time (Yellow). The
objectives consist of the achievements to meet by using the game, and the theme sets the
context and game environment to be used in the narrative during stage game development
(2), always bearing a direct relationship with the objectives of the game. In stage 2,
game developers aim to conceive a solution cognizant of the game’s objectives and
that stimulates and engages players. Stage 2 is where the MEDP protocol is employed.
Afterwards, follows a playtesting phase (stage 3) and then evaluation of the quality of
the SG (stage 4)'. This process suffers many interactions, through which game’s design
may change which in its turn may also lead to adaptations on theme and to reformulation
of the game’s objectives. This process continues until the game is ready to be delivered
according to the project’s requirements.

In hybrid games, the role of digital technology is not limited to the introduction of
automatic processes or functional and descriptive mechanisms. In this games, Virtual
Reality [43], Augmented Reality [44], and TUI [45] could transform the game’s concept,
its mechanisms, and even its narrative. Thus, the inclusion of the concept of hybrid games
in our model will bring new layers of complexity and possibilities.

I Between stages 3 and 4, facilitators and debriefing processes play major roles in analysing the
quality and efficiency of the game [8, 9, 51]. In analogue games, with no automatization of the
game system [52, 53] and limited progressive learning to help new players [54], the facilitator
presence is mandatory to teach the players [22]. This is fundamental for FG.
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3.2 The Protocol in Detail
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The MEDP (see Fig. 2) is a preliminary phase of stage 2 of the overall process (Fig. 1).
The MEDP explores the relationship between the DPE and EM frameworks through the
engagement dimensions (see Fig. 3).

v

Use BGG database (2.1):

----- » + Organize by rank;

» Searching for BGG family games:

« Define the quantity of games to analyze.
* Understand how to play the games

Complement BGG (2.2):

.

Consider other game features
besides mechanics:

Crosscheck BGG mechanics with
other references.

A

No

Can fit SG
objectives ?
CP1),

Y

.

Relate mechanisms with themes (2.3)
Identify metaphors for the mechanisms.
Identify the most common mechanisms.

Explore mechanisms (2.4)

* Interaction with players:
* Relation to the game system;
¢ Metaphors.

Select a representative sample of mechanisms
to analyze an generate a summary table with:
Implementation of the mechanisms:

_Can fit \

No objectives and

engage player

i

profiles? (CP3)

Can fit SG
objectives ?
(CP2)

Crossing DPE with EM (2.5) |

Developing the game prototype

@6

)

Fig. 2. Diagram of the mechanisms to engagement design protocol. Own source.

The Protocol (see Fig. 2) consists of the following steps and control points:

Step 2.1: Use BGG database:

Step 2.2: Complement BGG:

Search for the grouped games families and at BGG.

Organize the games by rank that represents the most enjoyed games.
Define the quantity of the sample of the most ranked games to analyse.
Read rulebooks and what tutorial to learn the games in the sample.

e Consider game features like the recommended age to play, player count, duration,
complexity and other that can relate to the SG goals.

e The BGG identification of mechanisms can have gaps and inconsistences. [17] There
is a need to crosscheck games with other references [18].



36 M. Sousa et al.

Step 2.3: Relate mechanisms with themes

o Identify the metaphor/meaning of each mechanism within each game system, as it is
necessary to connect the mechanism to the themes.

o Identify the most common mechanisms in the sample to innovate or to use mechanisms
that proved to work.

e The survey may easily provide an immense quantity of mechanics. Starting from a
sample of 10 mechanics provides enough information to advance.

Control Point (CP1). If the number of analysed games seem not identify enough differ-
ent mechanisms and thematic metaphor/meanings to address the SG’s goal, the protocol
must restart. This is the first of three control points. This control points are perceptions.
We will only be sure of the suitability of the mechanisms in the analysis stage (4) of the
overall development process (Fig. 1).

Step 2.4: Explore mechanisms

Following Jéarvinen [46], each representative mechanism will be analysed considering:
1) implementation; ii) activation and interaction with players; iii) relation to the main
game system; and iv) intended metaphors and relations to the narrative.

Control Point (CP2). If the number of analysed mechanisms in detail seem not to
address the SG’s goals the protocol must restart.

Step 2.5: Cross DPE with EM.

Starting from the mechanisms (START) and exploring other quadrants the DPE is crossed
with the EM to detail how player engagement can be improved when considering the
progression, expression and relations streams (see Fig. 3). The Gameplay and User
Experience flows from the DPE were combined because we are dealing with analogue
games where players directly interact with the game mechanisms for the game to function

DPE Framework Engagement Model

Design <>  Play <> Experience Progression Expression Relations
Content and Teaching: Learning:
Pedagogy: Description. Description. Description. 4Description. Description.
Description.

Character, Storytelling: Story:
Setting, and Description. Description.

Narrative:

Description.

Mechanisms & | Interactivity & | Affect & Abstracts Tinkerers Dramatics

User interface: y Dynamics: Engagement:

Description. Description. ~

START — 2 =
Technology: Description.  Description. Description.
Description.

Fig. 3. Relation between the DPE and EM frameworks (STEP 2.5)
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[19, 47]. The DPE and the EM are linked by the engagement quadrant. The EM details
how the engagement can be explored.

Control Point (CP3): If the number of analysed mechanisms seem not to engage
players and address the SG’s goals the protocol must restart.

This protocol shows how challenging is to identify and consider all the possible
mechanisms and how demanding is to know the games in detail. When the protocol
is applied, it offers a set of mechanisms, which developers know that work in specific
contexts. Besides that, the protocol’s flexibility gives new perspectives for innovation,
because developers, if need be, could create new mechanisms for their SG.

4 Use Case: The Mechanisms for Engagement Design Protocol
in the Conception of FlavourGame

4.1 Searching for Game Mechanics Related to the Theme

We start by searching for well-established board and tabletop game mechanics to help
develop a new SG. The BGG platform has more than 125.000 registered games, but not
all are ranked?. Searching for the best ranked games associated to a specific BGG theme
or family type of game guaranties that the games provided valuable game experiences
to players, otherwise they would not be played this much and with players actively
evaluating them and recording their play statistics [15, 17, 48, 49]. Nevertheless, even in
successful entertainment games, mechanisms may not provide the required metaphors
[46], the kind of interaction desirable in a SG, and may ignore players’ profiles [12].
Those games can be mechanically engaging but the relationship with the game theme
or the metaphor might not be perceived by the players, due “pasted up” themes on
mechanisms [50]. So, a deeper research for the mechanics, their implementation and
meaning is mandatory.

4.2 Finding the Most Successful Analogue and Hybrid Games About Food

The STEPs (S#) mentioned below are represented in Fig. 2. Considering the FG project’s
objectives, the family “Theme: Food/Cooking” provided the most games from BGG
database (S2.1). The family “Medical: Nutrition/Dieting/Weight Loss” did not have
sufficient evaluation in the BGG platform to enter the ranking. BGG considers 956
games associated with the family “Theme: Food/Cooking” but only 207 are ranked. We
considered only the 50 topmost ranked games for this family. Taking into account the
purposes of the FG, the healthy level of the food promoted in each game was recorded,
as the general game features from BGG (2.2): complexity; duration of play; the number
of allowed players; and minimum age to play.

Profiting from the availability of the game rules and video explanations at BGG,
the research team learned the basic concepts involved in each game. 5 games were

2 Games enter the BGG ranking with at least 30 evaluations from users. The ranking is established
through “Bayesian averaging”, which prevents games with less evaluation to climb the tops
[14]. When a game reaches the top, it was played and appreciated by many users.
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collaborative. Only 6 games deliberate promoted healthy food consumption, 28 were
neutral and 16 promoted directly candies and fast food. Some games promote ethnic
food. Pizzas appear in 7 games and Sushi in 5 games. 5 games introduce phantasy into
the “Theme: Food/Cooking”. The games were grouped by the main activity represented
(Table 1). It is common to have games where the cooking and eating are related, or the
production (including harvesting) and delivery are connected.

Table 1. Food and cooking activities in the top BGG games’ theme: cooking/food.

Cooking Eating Production Delivering None
24 13 6 4 3

From the 50 games, 14 should be played over 12 years old, and 43 games can be
played in less than an hour. Only 4 games can be played to a maximum of 8 players. The
sample shows 15 games that are fitted to a maximum of 4 players and another 15 to a
maximum of 5. According to BGG, 34 games have equal or less than 2,00 of complexity
(from 1 to 5). 45 games were designed since the 2000s, and 22 in the last 10 years. This
means that the industry is producing new games and they are reaching the BGG high
ranks quickly, proving their quality and notoriety.

From the 50 games, only “Soviet Kitchen” was a hybrid game. It uses an app to
read the cards metaphorically game introduced into a grinder to produce unrealistic
recipes to feed the soviet army during war. The app introduces the narrative automatically
with multimedia (video and sound). Only one device is needed to play the game which
reinforces the cooperation. It is a 2018 game, recommended for players above 12 years
old, due to the war theme and suggested absurd and dangerous recipes.

4.3 Testing the Mechanics to Engagement Design Protocol in Practice

The identified mechanisms in each game at BGG proved to be incomplete after learning
each game. Based on Engelstein and Shalev [18] new mechanisms were considered and
added to the analysis table (52.2)3. The gathered data (S2.1 and S2.2) was completed
with the metaphors and relationships to the theme and narrative of each mechanic in each
game (S2.3). The following table (Table 2) reflects the most used mechanics (present in
# games), the meaning they generated to the theme and the possibilities to support the
narrative (S2.3).

Choosing a representative quantity of mechanisms, which are related to the objectives
of the game, helped to go deeper on how they are implemented in games addressing the
theme and enabling the narrative development. The quantity may vary from process
to process, from game to game, and this might only be achieved during an interactive
process of finding the proper mechanisms (CP1, CP2 and CP3), that might continue
during the prototyping. Choosing 10 mechanics for the first interaction (S2.3) produced
the following table (Table 3).

3 Available at http://flavourgame.web.ua.pt/docs/Games_and_Mechanisms_Table.xIsx.
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Table 2. Relations from the Mechanisms to the themes, metaphors, and narratives (2.3).

Adopted
mechanics

#BGG
=TM!

Relation themes, metaphors, and narratives

Action points

p |

Limit of actions to do in a turn: quantities of what
can be eaten/cooked. A complex job can consume
more action points

Action Timer

3n

Simulates the pressure to get food/cook to satisfy
needs

Adding and Blocking
Buildings

80

Different stage activities are divided into different
activation spaces in a common board. Can represent
a market, a kitchen, the cooking stages, or the
human body. Adding and blocking action spaces
generate interaction and visual planning

Area Majority/Influence

2|

Influence of players in markets, customers, or even
areas of the human body where the eaten food can
produce impacts

Auction

30

Auction ingredients/tools in a market, shop or
private goods

Card drafting

13m

Choosing ingredients in a market to produce
recipes, food in a buffet to form a meal, orders from
customers

Card Draw, Limits & Deck
Exhaustion

140

Relation to the limit that a player can eat, pick, use
in a recipe, or other activity. Way to control the
game duration and to generate randomization,
uncertainty in the available resources

Combo abilities

410

Combining simple actions to unleash new options,
scoring opportunities, and powers. Combos can be
the recipes or cooking

Contracts

9om

Recipes that generate victory points or provide
special abilities. May change the player’s powers
and unlock new options

Dice rolling

14%

Uncertain and temporary available food in a market,
the result of cooking, and the temporary skills of the
workers to do a job

Grid coverage

ol

Relationship between tiles/other components
representing food and recipes. Linked ingredients
make recipes

I Cut, You Choose

3

It symbolizes the balance between slicing a meal
and the distribution of it to the players

Memory

11|

Remembering food attributes, recipes, and cooking
sequences

(continued)
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Table 2. (continued)

Adopted # BGG Relation themes, metaphors, and narratives

mechanics =TM!

Modular board 7* Change the board, considering the game state,
developing character skills for cooking, or a
production facility

Physical Action 40 Manipulating a game component that can model a
real object, like a cooking utensil or the quantities
of ingredients

Push your luck 8] | Risking obtaining rare food or doing a complex
recipe

Set collection 39om Combining elements to produce complex/better
products. Collecting ingredients to create recipes or
gather tools that allow accessing new actions like
cooking or travel

Simultaneous Action 10om Simultaneous play, eating at the same time, cooking

Selection in rival restaurants, processing food into their body
simultaneously

Tech Tree/Tech Tracks/Track | 7l Development of characters and skills. Moving in the

Bonuses tech-tree or individual tracks represent the
increasing available actions, resources and allow to
produce complex recipes

Tile-placement/Tile-Laying | 16H Placing ingredients, food, and recipes into the game
environment. Tiles represent quantities/variety.
Their location relates to the stages of the
production, cooking, and eating

Trading 40 Players trade resources, like ingredients, building an
economy

Variable Player ol Players can have different starting powers or gain

Powers special abilities by eating specific foods, cooking,
and fulfilling contracts

Worker placement 70 Restaurant employees introduce the action choosing

aspect, the multiple steps to do a goal, and the
notion of timing

EDirect relation [JSome relation *Not considered by Engelstein and Shalev [18].
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Table 3. Relations from the mechanisms to the themes, metaphors, and narratives (STEP 2.3).

Mechanics Implementation | Interaction Relation to game Metaphors
with players | system
Competitive* | Only one player | Blocking, be | Exhaustible, racing, Eating/cooking the
can achieve first, remove, | and limited resources | best/healthiest meal
objectives steal, and or in a fast way. The
destroy most knowledge
Combo Cards, tiles, Picking Combining, Knowledge and
abilities dice, and tokens | pieces. Owning/unlock progression.
to combine Controlling limited resources/ System simulation
game areas abilities (e.g. cooking,
metabolism)
Set variation | Cards, tiles, Game Random or Available
dice, and tokens | variation and | predetermined process | ingredients, orders
to combine novelty from customers,
chaotic kitchens,
and human
metabolism
Contracts Cards and Picking Resource and Recipes, customers’
tokens unique objectives variability | desires, market
available demands and
contracts to player’s preferences
fulfil
Tile-Laying | Cards and Adding tiles | Activate/unlock Interactive space
tokens or cards abilities, powers, and | where players
change game | scoring produce, exhibit
state food and recipes.
System
representation
Card Draw, | Limited Getting Definition a process. | Available of goods,
Limits & quantity of cards | resources first | Control game duration | cooking capacity of
Deck and faster a cuisine, time to do
Exhaustion cook, deliver food
and live
Dice rolling | Type of dice, Rolling and | Generate outcomes, Random results

quantity, rules
use the dice

using dice in
different ways

manipulation/choosing

from the production
and demand from

customers
Card drafting | Drafting from a | Picking and | Setting available Picking goods and
pool. Adding to | reducing options and game food, customers to
personal stack | player’s duration satisfy in a market
options with some open

information

(continued)
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Table 3. (continued)
Mechanics Implementation | Interaction Relation to game Metaphors
with players | system
Memory Sequences and | Remembering | Introduction and Common
quantity of removal of knowledge.
information information Knowledge from
the experience.
Complex
information
Simultaneous | Timer or action | Playing at the | Reduce downtime and | Players are doing
Action synchronization. | same time. induces stress the same activity
Selection Simultaneous Respecting (e.g. cooking
cards/tiles flip | the available competitions or
time being part of a
cooking team)

*Considered a mechanism by Engelstein and Shalev [18] and omitted in BGG

DPE Framework Engagement Model

Design <> Play <5 Experience Progression  Expression Relations
|
Content and Teaching: Learning:
Pedagogy: Combinations  Decidinghow Combining  Thenoveltyof ' Therelations
Eatinghealthy.  ofingredients  to combine the the tiles to the new tiles, between the
frepresented by 1 tiles to be more producethe 7§ abilities, 1 changing
the tiles. powerful. most personal characters
Character, Storytelling: Story: :gf;‘g::an d I;::) we:‘)s, ;2 :sthe profllﬁes an{fl-tt: &
Setting, and The player Player R rg P i (RN O AL
Narrative: attributes open | attributes and fe ﬂi" olution HEIG |11cmg game
Reacts/wins new story paths | decisions P g LOT=ty
e haracters
abilities and and generate the cb'li : d
attributes possibilities. story 2 'tles a8
relating to the progression. powers
combination of
tiles.
Mechanisms & | Interactivity & | Affect & Abstracts Tinkerers Dramatics
User interface: | Dynamics: Engagement:
Tile-Laying of |Getting the
cardboard of | limited
ingredients that | available tiles
unblock other | and choosing >
tiles to build story paths. >
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¥ Technology: ¥ Combining ¢ Uncertainty/no ¥ Progressive
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read to open the storylines boards development
(tiles and App)

Fig. 4. DPE - EM crossing for the Tile-laying mechanic combined with hybrid technology.
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The survey identified many relevant mechanics for the FG development, enough to
start relating to the serious objectives of the game and desirable engagement (S2.5). Next
step was critical; it consisted on filling the mechanisms’ quadrant of the DPE model and
linking it to the engagement quadrant of the EM, to establish the relationships with the
three streams and related player profile typologies (see Fig. 4).

5 Discussion and Future Work

Following this protocol, in the conception of a SG, we explore the mechanisms in the
DPE as a base for its development, and then establish the relations to the EM, planning to
engage with the different player profiles through the same game. When the mechanisms
do not provide the desirable outcomes, the MEDP can be restarted, at different moments
considering its three control points.

The advantage of employing the MEDP in the conception phase before game’s
development is to save time and have a background of mechanisms to start a SG project.
The protocol offers a set of mechanisms, which developers know that work in specific
contexts. Game developers can analyse where they can innovate and if they need to
create new mechanisms for their SG.

The analysis of the top ranked BGG games guaranties that the mechanisms were
already properly tested and enjoyed by many players. Through their mechanisms we can
understand the way they were developed towards the theme, the content, the context,
and the target audience. Accordingly, the proposed protocol focusses on the relationship
that mechanisms have with player engagement, considering different player profiles. We
hope this can provide new tools for designers, in order to understand the fascination of
interacting with analogue game mechanisms. This fascination determines the boundaries
game designers’ need to explore in hybrid games: what to digitalize and what to maintain
in physical form.

Despite having only explored the Tile-Laying mechanisms, the protocol is viable
to explore other mechanisms (Fig. 2). This approach allows predicting what would
be the hybrid technology requirements, what to do digitally without losing any of the
analogue player engagement and even benefit from some of the possibilities the digital
technologies can provide. Exploring the Tile-Laying mechanic through the DPE and EM
crossing expressed how a mechanism can engage different player profiles.

Although only one hybrid game appeared in the survey, in the use case of FG, it
helped us to understand how a mobile device can do something that analogue design
could not. The instantaneous feedback from the combination of ingredients, the media
introduction, and the automation that introduces the narrative of the game seem to be
powerful features to apply in FG. Besides, eating healthy was not the most popular
theme, which may be a problem to FG.

One of the limitations of the MEDP is that the model allows us to predict how the
mechanisms may engage players, but that is only verifiable during the playtesting stage
with actual players. The fact that mechanisms tend to be abstract and must be combined
with other game elements (graphics and components) is a limitation. Future research
should focus on these relationships. Another limitation is the BGG databases. Because
it is so dominating in the modern board game industry and hobby community there are
no other platforms to compare and establish a comparative critical analysis.
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The next steps for the development of FG are the prototyping, the narrative devel-

opment, and the introduction of digital technology. With only one hybrid game in the
sample (found during S2.1), and with no reference to any specific mechanisms regarding
its hybrid nature, these games are not yet widespread in the analogue game community,
making them a clear novelty to explore. While this can be a limitation, as demonstrated
by the lack of examples, it is also an opportunity to deepen the potential relationships
between analogue and digital games.
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Abstract. Practical lab exercises and haptic games are often used to create under-
standing and awareness of how technologies can support the quality of warehouse
operations. However, not all students have access to a suitable physical lab or
game environment. A Mixed reality sandbox mode was planned, a game mode
of free form that emphasises freedom of movement and offers the player a lot of
flexibility and ingenuity in completing tasks and coming up with solutions to the
game objectives with a combination of Augmented Reality and physical tools.
The purpose of playing this game is to promote the importance of using sensors
to increase the efficiency of inbound logistics remotely.

Keywords: Educational serious games - Mixed reality - Logistics operation

1 Introduction

Damages on goods and loss of goods are significant issues within warehouse operations
[1]. In addition, there is also a risk that the operators may get exposed to various risks
like forklift crashes, pallet rack collapses, and spill occurrence of hazardous materials
inside the warehouse, etc. [2]. Even though the likelihood of such an event is low, the
impact is high, and thus the avoidance is given a high priority. The implementation of
internet of things technology for continuously tracking goods [3] and better visualisation
[4] can help in reducing both the likelihood as well as the impact of those risks [5]. To
implement, use and rely upon this supportive technology, there is a need for qualification
and training of warehouse operators [7] as well as of the management involved in the
decision making process of selecting the right technology for implementation, taking
infrastructural boundaries into account [5, 8]. For this purpose practical lab exercises,
haptic games, field visits etc. play a vital role in the engineering education [9]. However,
not all students have access to such facilities [10]. Moreover, the recent pandemic has
shown the impact of not being able to be physically in a lab or taking part in a field trip
on the learning outcome.

On the other hand side, years of using digital games for educational purposes on deci-
sion making related to technology assessment has also shown some limitations related
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to the deep understanding of barriers, boundaries and opportunities in implementing
advanced technologies in existing facilities [11]. Based on our experiences with both
operating labs and providing fully digital teaching, and in an attempt to overcome the
discovered limitations we aim to set up a mixed reality experiment to investigate the
boundaries and the opportunities of offering a mixed reality game with remote access.
This early work reports on the first mockup experiments of our Mixed Reality Sandbox
game can enhance their experience of real-time inbound logistics [9, 12] in terms of
sensor selection and related IoT environment. To address the research questions, the rest
of the paper is structured as follows, how can a mixed reality sandbox game enhance the
learning and prerequisite knowledge of a warehouse employee, and how can they anal-
yse and evaluate the benefits and disadvantages of incorporating modern technologies
like sensors in a warehouse environment.

2 Research Methodology and Approach

We used an agile approach to design the game [12]. A similar digital game and experi-
ments using digital twins for logistics warehouse operations were used as starting points
for the re-design [5, 6]. For the analysis of the existing game and the design of the new
MR-game, we used the theory-based activity model for serious games (ATMSG) [13].
The design of the game is briefly described in [9]. The part of the game flow for which
we have carried out the experiments reported in this article is shown in Fig. 1.
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Fig. 1. Game flow diagram

The focus of this paper is related to the part of the sandbox game that concerns
the process of sensor selection. The next chapter, therefore, briefly describe our design
choices.

3 Design Choices

This section presents the technologies we intend to employ with regards to simplicity,
modularity and expandability and in-house competence, we selected Raspberry Pi 4
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Model B as server and input device simultaneously. The existing game [6] was realised
with Unity Engine, so this engine was also selected for further development. It will
be running on an Android tablet. Its camera is used for environment recognition. The
software accesses the real-time sensor data wirelessly via the REST interface. This data
is presented to the player visually on display as an overlay using augmented technology
[5, 14].

In terms of the sensor technologies, these technologies are an integral part of data-
driven warehouse logistics and a fundamental component of cyber-physical systems
[15]. Sensors are devices that detect, sense, record, indicate, measure physical properties.
The intention is to make the player realise and practice simultaneously the advantages
of having integrated support of existing technologies while carrying out warehousing
operations. The players can also experience the disadvantages or the drawbacks of using
sensor technology in the same environment. The acquired knowledge while exploring
will be need to be re-visited and applied at later stages in the gameplay. Futhermore,
according to the theory of experiential learning, this should also enable the players to
investigate what impact such usage may have on the overall experience in the practical
world. We have therefore selected sensors which are quite often used in data-driven
logistics. The sensors planned to be used in this game are Ultrasonic sensor, Vibration
sensor, Touch sensor [16, 17]. The different sensors are used to collect various data
during the game to assist the player while playing the game and collect and display
real-time data [15]. The sensors will be installed in the forklift that the player will use
to play the game. The player need to be able to see live sensor data on the tablet’s screen
that they will use to control the forklift. During the gameplay, the player can choose to
access individual sensor data, helping the player realise the advantages or disadvantages
of a sensor assisted environment. The player will also experience how a sensor works
and how it can improve performance or safety in a working environment. The interface
of this game is the Android tablet that the player use to control the forklift and also see
information about the game in general. In the mixed reality scenario, the player can see
the forklift through the tablet and on the forklift, the player can see where the sensors
are located virtually. By touching the sensors in their tablet, they can read more about
the sensor; collect more information about how the sensors work and why the sensors
are positioned where they are positioned. This should vastly increase the knowledge and
understanding of the users about sensors. Although that is not the primary motivation
of this game, the sensors do play an essential role in enhancing the overall learning
experience for this game.

4 Mock-Up Learning Scenarios

The game flow is seen in Fig. 1. The potential users of the sandbox game are an inhomo-
geneous group both in terms of the experience of warehouse management and operation
and on technical skills. It is therefore imperative that the game can be adapted to fit the
different learning needs. In the first testing, we therefore created a paper mock-up to
test if the flexibility was sufficient. The mockup tests were carried out using the paper
mockup where we played the various game activities and focused on the flow, the adapt-
ability in the design (for the inhomogeneous groups) as well as on the decision the player
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would need to make in terms of sensor selection and what feedback it would be required
to receive in order to make informed decisions. The initial starting interface is shown in
Fig. 2.

Fig. 2. Prototype

The game started with a pre-test, serving as input for changing and adapting the game
settings. This was followed by an introduction to the gameplay itself to keep the player
engaged throughout the play and explain what the player lacking experience should need
to observe (Fig. 3).

Fig. 3. First paper mock-up

The mockup tests showed a need for carrying out some changes- firstly, it needs
to be an introduction to the topic that is adapted to the player’s knowledge. L.e. if a
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player has no experience in logistics operation, she will get a different introduction,
support, and feedback while playing than one with more experience. The same would
be the case in terms of the technologies used-i.e., the current mockup related only to the
sensor selection. For a player with little knowledge of sensor technologies, she might
only choose between the three types of sensors described in the previous section. In
contrast, a more advanced player would get the possibility to select different types of
sensors in the same category to emphasise deeper understanding. The mockup testing
also revealed the need for better-customised feedback (in our case via the tablets) to keep
track of what is relevant and what is not. Based on the experience with the mockup, we
also introduced (as an integral part of the game) a tutorial. The tutorial’s sole objective
is to teach players about the game’s basic topology and controls. This will broaden the
players’ general understanding and understanding of warehouses. We also think that in
some cases, it would be suitable to let the player acquire prior knowledge by exploring
the sensor technology and the interfaces by free-roaming in the sandbox mode.

5 Results and Impact on Game Design

In addition to the changes in the game flow, the mockup results provide the first insight
towards an investigation of using Augmented Reality (AR) with the tablet. AR interaction
and controls with tablets seem to engage players significantly in terms of interactivity
in the learning process while playing games. Therefore, Augmented Reality technology
interfaces combining virtual objects and the integration of data with the highest possible
extent of amplifying collaboration and interaction will be developed.

AR Technology provides us an opportunity in making a new design, combining
physical interaction of the real world to interactivity and computing capabilities of a
digital game. With a focus on the processes revolving around the design of a mixed
reality game, it was decided to experiment with low cost augmented reality technologies
to investigate functionalities that could improve player experience. Game design pursues
an iterative process that follows a path of designing and testing throughout this process.
The mockup test resulted in first finding in developing an initial interactive prototype.
This on-going iterative process will further improve the concept and design of the game
and its implementation. Balancing between virtual and real-world objects is an essential
factor to make appropriate use of the medium incorporated in the design. Virtual objects
exhibit and allow data visualisation and automation. Hence, this is reasonable to have
augmented reality as a medium of display with a substantial property of emergence.
Accommodating AR in the design process is a demanding task because of its evolving and
growing nature of technology and considering the factors that would produce engaging
player experiences with impressive fidelity.

6 Next Steps: Implementation of AR Development and Sensors
Development

The presented test results are based on a paper mockup, but we already have parts (see
Fig. 2) of the physical environment on the hand side and the existing game on the other
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hand [6]. However, the analysis has shown that we need to change that extensively, but
some digital components can be re-used. Therefore, a primary concern in the new MR
setup is the interaction between the digital and physical components. Unity 3D game
engine is used as Unity to develop interactive interaction Unity is a multiplatform devel-
opment tool used to generate 2D and 3D gaming and highly immersive experiences. It is
used to make User Interface (UI) follow the game art of simplicity for initial interactive
mockup. It will be a simple screen on a tablet with basic controls to navigate the forklift.
The complete package of Unity will include scenes with multiple Game Objects con-
trolled by scripts (C#, JavaScript etc.). In addition to using Unity, we need to develop
the AR. Here we have selected Vuforia, an Augmented Reality (AR) software devel-
opment tool kit used to create dynamic user experiences as development environment.
Vuforia utilises computer vision technology to see 3D objects in a natural environment
and is used to place virtual objects using camera viewfinders and position objects in real
surroundings. Vuforia engine package will be added to the Unity project. The Vuforia
integration to Unity will optimise performance, synchronise functions, and with Unity
flow, it will produce a highly interactive player experience (Fig. 4).

'value":"36.272442340851"},{"id":"
"."7.9078912734985"}]

Fig. 4. Concept image of augmented reality

The initial mockup was considered to keep interactions trivial and straightforward to
observe player experience first. Since the mockup is in the development phase, the pro-
posed UI contains essential interaction components with tablets: 1) Joystick Controller1
to move forklift backwards and forward. 2) Joystick Controller2 to move forklift right
and left. 3) Exit Button to stop the scene. Since it is a prototype, it is to observe players’
immersive experience when interacting with these trivial interactions.
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7 Discussions and Conclusions

The presented game is based on previous games used for teaching technology assessment
in a warehouse environment. The mockup experience ensured us to go for developing
a sandbox game, with a narrative evolving as the game is played. It is currently only
tested for single player usage, but the underlying design is also for multi-player usage.
Initially, the instruction part should educate the players on how to manoeuvre the forklift
around and operate the forks using the controls in the gameplay environment. There may
also be information spots in the sandbox mode throughout the warehouse that the player
may activate to get random information about the warehouse during the scenario. Also,
a player can freely roam around and to experience the advantages and disadvantages of
different sensors. In the later part of the game, the specific tasks will involve utilising the
controls to execute basic tasks in order to increase the player’s extrinsic motivation. The
conceptual goals and the learning may be tested and helps to improve game efficiency
with the progressive growth of the game.
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Abstract. The role of the teacher is to help students improve their knowledge
and skills. While it is acknowledged that learning occurs within specific activities
and contexts, the adaptation of learning settings to distinct didactical objectives
and learner needs remains a challenge. Under these premises, the authors explore
the demanding endeavour of creating and tailoring game-based learning activities
for specific subjects. The design and personalisation of rich media applications
require an extra effort on the teacher side and imply advanced skills. The paper
explores the opportunity to reuse gamified lesson plans using an authoring pipeline
that reunited authoring tools, game narratives and minigames.

Keywords: Minigame - Metagame - Reuse - Adaption of lessons paths

1 Introduction

For supporting the rapid growth of digital learning, a wealth of learning resources and
tools has been developed to enable teachers to create positive and motivating learning
environments while trying to spark interest amongst the students and ensure a successful
learning process. Within this context, using games for learning has become a great way
to make learning motivating and engaging [1], and numerous studies have highlighted
the potential of game-based learning [2, 3].

However, the design of Digital Educational Games (DEG) is not an easy undertaking.
[4] has highlighted the difficulty to leverage DEG outcomes, stating that their success
depends on the context, the content, the topic, and the pedagogical competencies of
the teachers. These factors, coupled with the diversity of game genres, the multitude
of age groups targeted by serious games [5], and the difficulty of transferring the DEG
learning outcomes to the real world [6], make DEG design challenging. Research has
also explored the use of learning versions of existing games [7], highlighting a new

© Springer Nature Switzerland AG 2021
B. Fletcher et al. (Eds.): JCSG 2021, LNCS 12945, pp. 55-66, 2021.
https://doi.org/10.1007/978-3-030-88272-3_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-88272-3_5&domain=pdf
http://orcid.org/0000-0002-3747-0845
http://orcid.org/0000-0002-9367-2943
http://orcid.org/0000-0002-6701-5843
https://doi.org/10.1007/978-3-030-88272-3_5

56 J. B. Hauge et al.

dimension of complexity to the learning design. Research efforts to support a better
DEG design have been diverse, stressing the importance of the learning design phase. The
iLearnTest Framework [8], for example, has focused on providing game templates that
could facilitate game construction. The Activity Theory-based Model of Serious Games
(ATMSG) discussed by [9] provided a representation of how the game elements are
interconnected and how these elements contribute to achieving the desired pedagogical
goals. [10] have presented the evaluation of Collaborative-Competitive SG (CCSG)
design and identified a set of guidelines for future educational CCSG.

In this context, the key aim of the Beaconing project was to provide an ecosys-
tem that reunites tools that enable teachers to construct, adapt and easily reuse playful
pervasive learning experiences. The Gamified Lesson Path (GLP) is the core concept
around experience building. Such GLPs can be created and customised using two main
authoring tools: the Authoring Tool for Gamified Lesson Paths and the Authoring Tool
for Context-Aware Challenges. These authoring tools enable different levels of the cus-
tomisation of metagames, which are narratives that drive the gameplay on the student
side and minigames used as the primary assessment tools of the learning outcome. With
the support of these tools, teachers can personalise the learning units to the specific stu-
dent’s needs [11]. To ensure the reuse of the different learning paths, a set of templates
and a taxonomy have been developed [12].

Starting from the critical experiences extracted from the Beaconing large-scale pilot-
ing that have involved more than 6000 participants, this paper looks into the accessibility
of existing GLPs created in Beaconing, and explores the possibility to adapt them for stu-
dents with visual impairments starting from existing standard and practices. This study
aims to support the development of GLPs that can be played by sudents with visual
impairment as part of the INCLUDEME Project (Inclusive Digital Environments to
Enable High-Quality Education for Disadvantaged and Disabled Learners). In previous
applied research [9-11], significant experience has been gathered in GLP personaliza-
tion and reuse. For this paper, applied experimnents were executed to determine the
specific reuse capability of exiting GLPs for students with disabilities and evaluate the
adaptations required to be performed to ensure user-friendliness. The paper advances
recommendations that could support the adaptability for accessibility of present and
future GLPs.

2 Accessibility Considerations

Accessibility represents an essential requirement of educational environments, and it
supports their primordial mission of providing equal and broad access to undergraduate
and graduate education. This mission includes prioritising universal access to facilities,
information, and technologies, supported by various standards and guidelines.
Inrecent years it has become mandatory to meet the requirements of the Web Acces-
sibility Policy, and the websites of public institutions, organisations and educational
institutions must comply with the Web Content Accessibility Guidelines (WCAG). The
top guidelines that are used to make content available are the Web Content Accessibility
Guidelines (WCAG), the Authoring Tool Accessibility Guidelines (ATAG), the User
Agent Accessibility Guidelines (UAAG), and the Accessible Rich Internet Applications
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(WAI-ARIA) [13]. The WCAG 2 developed by the World Wide Web Consortium aims to
guide the creation of accessible learning content. WCAG is divided into four principles:
perceivable, operable, understandable, and robust. Each principle is divided into testable
success criteria. Success criteria are rated A, AA, or AAA depending on how important
and demanding achieving the required standard is.

Applying such standards and recommendations in education remains an issue, as
awareness of accessibility and its requirements is limited among those creating educa-
tional content and those designing and developing educational websites and applications
[13]. Efforts to provide accessible learning content are not new [14—16].

However, research has highlighted the critical limitations that still exist today, even
at a basic access level, such as providing accessible higher education websites [17,
18]. In this context, many exiting learning resources remain inaccessible, and it has
become critical to analyse the adaptability of existing recourses and provide guidelines
for accessibility adaptation.

3 Case Studies — Adapting Existing Beaconing GLPs
for Accessibility

The Beaconing project intended to provide ‘anytime and anywhere’ learning by exploit-
ing pervasive, context-aware and gamified techniques and technologies using a problem-
based learning approach [19, 20]. The solution’s backbone is a platform that offers teach-
ers the possibility to create just one gamified lesson and reuse it in different ways by
using an authoring tool. This is to lower the barrier for STEM teachers to introduce and
use personalised and pervasive learning as a part of their classes.

A case study has been carried out to analyse the accessibility of the components of
two of the GLPs created in Beaconing in the context of the INCLUDEME Project that
specifically tartgets the use of gamified lesson paths with students with disabilities. The
accessibility tests focused on visual impairment and were carried out for the graphical
elements (images) and the minigames included in exiting GLPs, testing mainly the
compatibility between backgrounds and text in the minigames. Two images from two
GLPs have been tested for accessibility, and compatibility with different types of visual
impairments is discussed below.

GLP 1 — The Stolen Files, a Chemistry Adventure
This GLP was designed for middle school students and was used for testing chemistry
knowledge.

The first image that we have tested for accessibility offers clues for the answer to
the minigame linked to this part of the narratives and includes a representation of three
chemical elements: Neon, Chromium and Mercury. The colour scheme for the original
image included red-orange for the first element (Chromium), green for the second ele-
ment (Mercury), two types of blue for the third element (Neon) and background and
dark grey for the atomic representation of the elements (Fig. 1).

Each colour of the problematic areas from the image identified using the GIMP
application and colors were tested using the colour generator to extract the HEX and
RGB codes for further analysis. As it can be seen in Table 1, the codes for the Neon
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HEX: #FF4100
RGB: 255, 65, 0

HEX: #35D02F
RGB: 53, 208, 47

HEX: #50BFB3
RGB: 80, 191, 179

HEX: #223A3A
RGB: 34, 58, 58

Fig. 1. Color scheme of an image used in the narration of the GLP

Table 1. Color codes of the tested areas

Area picked HEX code RGB code
Chromium #FF4100 255, 65,0
Mercury #35D02F 53, 208, 47
Neon #50BFB3 80,191, 179
Background #8DBFB3 141,191, 179
Aomic #223A3A 34,58, 58
representation

element and background have the same values for the green and blue components.
Therefore these two areas are identified as problematic from the start.

Figure 2 provides an estimation of how viewers with perception anomalies might
perceive an actual image. The Cr element and Hg element are projected for Protanopia
and Deuteranopia in similar colours and cannot be distinguished. The Ne element over-
laps with the background of the image and cannot be determined. The Hg and Ne are
projected for Protanopia and Tritanopia in similar colours and cannot be distinguished.

PROTANOPIA DEUTERANOPIA TRITANOPIA

& | ]

S U HEX: #23383A S U HEX: #223A3A < U HEX: #23383A
RGB: 35, 59, 58 RGB: 34, 58, 58 RGB: 35, 59, 58

Fig. 2. Simulated colour perception

©

Most people who suffer from colourblindness have some form of red-green colour-
blindness, such as deuteranopia or protanopia. It can be difficult or impossible to dis-
tinguish whether a given colour is red or green, and even if there are used different
shades of red or green, the contrast between them can be low, and the colours cannot be
distinguished.

As shown in Table 2, both for Protanopia and Deuteranopia, the red — orange and
green colors for Chromium and Mercury elements are colored in two different shades



Redesign with Accessibility in Mind: A Visual Impairment Study 59

Table 2. Color codes of the tested areas

PROTANOPIA
» . Area picked HEX code RGB code
[@ Chromium #9B8A1D 155, 138, 29
Mercury #DOBA1B 208, 186, 27
@ Neon #B1ACAS8 177,172, 168
Background #B9BAAD | 185,180,173
VA Aomic #233B3A 34,59, 58
representation
DEUTERANOPIA
Area picked HEX code RGB code
Chromium #A27A1A 162, 122, 26
Mercury HESAE3C 229,174, 60
Neon #BSASBS 184, 168, 184
Background #B8ASBS 184, 168, 184
Aomic #223A3A 34, 58, 58

representation

Area picked HEX code RGB code
Chromium H#A27A1A 255, 62, 63
Mercury #5DC8D7 93, 200, 215
Neon #59BBCB 89, 187, 203
Background #92BCCB 146, 188, 203
Aomic #233B3A 35,59, 58

representation

of yellow, and the background and the Neon element colours are similar for protanopia
and same for deuteranopia. For Tritanopia, we have identified three types of blue shades
for two of the elements and the background.

We created a new colour scheme adapted for Protanopia and Deuteranopia, using
a purple based colour for red tones as they are perceived light blue tone and yellow
tone for the green colour. For Tritanopia, the blue tone of the third element was slightly
modified to a more aqua tone. (Fig. 3). We did not alter the background, but we changed
the contrast of the atomic representation to black (Table 3).

GLP 2 - Elisa Leonida Zamfirescu. Who was she?

The GLP was designed to present the life and legacy of a remarkable Romanian

personality — Elisa Leonida Zamfirescu, the first woman with an engineering degree.
The image in Fig. 4 is a snapshot of Elisa Leonida Zamfirescu. The majority of the

images used in the GLP were black and white (Fig. 5). A sightly denaturation of the
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Normal view Protanopia

R

HEX #000000
‘ RGR 0,0,0

Deuteranopia

. | RGEE 154, 164, 174
6 HEX 101849
“" RGE 251, 254,73

HOC #534106
KGR B3, 65, 214

HDE 2000000

m-auoo

Fig. 3. Proposed colour scheme and simulated colour perception

image’s colour can be seen in all images, but overall the image can be perceived by
all three types of colourblindness. According to WCAG Accessibility Guidelines, it is
recommended, if it is possible, to use black and white graphical representations.

In general, sepia tones, such as those in the picture shown, are perceptible by colour
blindness people. Text and backgrounds must have a high level of contrast to allow
players to distinguish shapes purely by tones and not colour. The image used for our
study is presented in sepia tones and it is classified as an old heritage image. The images
were further processed to see how they could be displayed for the selected types of colour
blindness and the colour codes were extracted for further analysis, to understand better
if they are compatible to be used together with a text. For the analysis, we extracted
five critical points of the images. After extracting the colour codes, we identified 3 areas
in the image in which text could be integrated. After the analysis, two area could be
classified as accessible only for the AA (18pt+) WCAG requirements, but the areas are
also limited in terms of space. The text colours used for the test were both white and
black and font size at 18pt (Fig. 6).

Our recommendation for using old images, in sepia or grey tones, iS to process
them by creating dark/or light background areas, depending on the colour used for the
text. Therefore, in order to be able to use such images, the authoring tool should have
options to alter the images by adding accessible frames, previously tested with different
font color/size, in the desired areas of the image. According to WCAG Accessibility
Guidelines, many colourblind people find it difficult to distinguish blue from orange,
for example, or red from green (and either red or green from grey). It is recommended
to avoid the combination of these colours. Regarding the colours, there are two main
accessibility concerns regarding the use of colours, contrast and colour dependence:

— Colour contrast is the ratio of the foreground colour (text) and the background colour.
The baseline recommendation is at least 3:1 for larger text, but for smaller text (up to
18px), the ratio should be at AA (4.5:1) or AAA (7:1).



Redesign with Accessibility in Mind: A Visual Impairment Study

Table 3. Proposed colour scheme and simulated colour perception
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PROPOSED COLOR SCHEME
Area picked HEX code RGB code
Chromium #C94ED9 201, 78,217
Mercury #FFF600 255, 246, 0
Neon #00DFD3 0,223,211
Background #8DBFB3 141,191,179
Aomic #000000 0,0,0
representation
Area picked HEX code RGB code
Chromium #9392B7 147,146, 183
Mercury #FBFB3A 251, 251, 58
Neon #6062D5 96, 98, 213
Background #B9B4AD 185, 180, 173
Aomic #000000 0,0,0
representation
Area picked HEX code RGB code
Chromium H#IAAAAF 154, 164, 174
Mercury #FBFE49 251, 254,73
Neon #5341D6 83, 65, 214
Background #B8A8B8 184, 168, 184
Aomic #000000 0,0,0
representation
TRITANOPIA
2) Area picked HEX code RGB code
@ { 4 I Chromium #C29C96 194, 156, 150
e Mercury #FFB6A74 255, 106, 116
Q3 Neon #06D8D8 6,216,216
Background #92BCCB 146, 188, 203
Aomic #000000 0,0,0

representation
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l l HEX: #FAESD7
|, RGB: 250, 229, 215

HEX: #F4EAEO
RGB: 244, 234, 224

HEX: #CBAE96
RGB: 203, 174, 150

Fig. 4. The image used in the narration of the GLP

PROTANOPIA DEUTERANOPIA TRITANOPIA

HEX: #FEE1F3.
| RGB: 254, 225, 243

HEX: #FFE3DC
| RGB: 255, 227, 220

HEX: #F1£809
| RGB: 241,232,217

HEX: #F2EBE0
' RGB: 242,235,224

A HEX: #CFAC96.
HEX: #1C1C1C - HEX: #1F1B1A
RGS: 28, 28, 28 | RGB: 31,27, 26

Fig. 5. Simulated colour perception

|

Tested areas

AA

failed
87.5% Compliant

AA (18pt +)

failed
62.5% Compliant

AAA (18pt +)

Fig. 6. Tritanopia image addaption with text over

— Colour dependence is the need to see colour to understand the information. In our
game case, the users might not distinguish red text for the ending time from the
background, and so they will not know that the game is over.

WCAG 2 Success Criterion 1.4.5 (Level AA) requires that images are not used to present
text if the authentic text can achieve the same visual presentation (Fig. 7).

— Question area: the contrast between foreground and background has a ratio of 9.35.
The colour scheme is accessible.

— Answer area (boxes with letters): the contrast between foreground and background
has a ratio of 3.74. The colour scheme is not compatible with small text or images but
is compatible with larger text.

— Buttons (See solutions and Undo): the contrast between foreground and background
has a ratio of 9.35. The colour scheme is accessible.
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Question area

Time display

game over

Buttons

1of1 uuuuun

Answer area

Foreground Color

#  964A3F [
Background Color

# CDCA9F @ Sample text: Itis a t d fact that a reader will be di d by

the readable content of a page when looking at its layout.
Contrast Ratio - 3.74:1
For not large-scale text and images of text For large-scale text and images of text
WCAG AA (minimum contrast) % WCAG AA (minimum contrast) v
WCAG AAA (enhanced contrast) % WCAG AAA (enhanced contrast) %

Fig. 7. Testing colour for the Swipe and Seek minigame of Eliza Leonida Zamfirescu GLP

— Time display game ongoing: the contrast between foreground and background has a
ratio of 7.6. The colour scheme is accessible.

— Time display game over the contrast between foreground and background has a ratio
of 1.73. Moreover, the colour scheme is not compatible both for small and large text
or images.

4 Discussion and Conclusions

This research aimed to provide insights that would ease the adaptability of existing GLPs
and the design of new ones from an accessibility perspective. Based on the analysis
presented in section three, we propose integrating two options in the designing process.
The first option is to give the designer, when s/he is creating the narratives of a GLP,
the possibility to recolour the images using an image section colour picker and provide
accessible colour schemes. The colour picker should have integrated default colour
schemes adapted for specific disabilities such as euteranopia, Protanopia and Tritanopia,
and a custom scheme that can choose the colour for the critical sections in the images for
those who the preset colours do not apply. The second option is to offer the designers the
opportunity to use already accessible images previously tested. This option is preferable,
as the time spent for redesigning can be much shorter, but it also involves a much greater
effort to develop and maintain the application.
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Apart from the visual adaption, several strategies have been identified to redesign
the GLPs from the point of view of visually impaired players:

— Adjust the colours of the elements as they offer clues to the answer to the minigame
associated with this part of the narratives.

— For a better understanding, the text of the elements should be increased, although it
is recommended to avoid using text in images.

— Avoid relying exclusively on colours. If the game requires each player to have a unique
colour, adding a unique glyph or symbol is a handy option for colourblind players.

— Use Monochromatic Color Schemes in combination with various tones and contrasts
to offer meaning to elements in the image and let the player understand the role of
different areas

— Do not change all the colours, but only those that are not compatible. Changing all of
the different colours to those with colourblindness makes the overall interface of the
game look unnatural.

— Visuals like narrative scenes, interactions with different characters, task performing
can be replaced with audio scenes. In addition, they can be modified using high contrast
colour schemes, colour schemes for colour blind players, scalable fonts, zoom options,
etc.

— Transform the text into speech by allowing the integration of a screen reader or using
self-voicing.

— Use of audio cues for natural sounds that can provide information or hints to the
player.

— Use of sonification to convey information using changes in pitch, amplitude or tempo
[21], such as sound effects that indicate different objects or actions.; earcons provide
different tones; an alert sound mechanism, like the one used in the pedestrian crossings,
provides information on different paths that the player must follow.

— Use haptic stimuli to replace the cues from a non-accessible game that generally come
from the visuals.

The relevance of inclusive design of learning resources like serious games that fit
a wide variety of specific needs is increasing, but the experience of designing such
games leads to compromises in aesthetics and the play experience of other user groups.
Research is still needed to balance the different aspects and investigate how the further
adaption to specific requirements influences the user and gameplay experiences.
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Abstract. The spread of AI technologies has given rise to concerns
regarding the fairness, appropriateness, and neutrality of machine-made
decisions. Explainable Al aims at countering this by enforcing simple or
transparent solutions. Adaptive serious games themselves have long been
a playground for various approaches to achieve machine-regulated adjust-
ments for increased learner success or player satisfaction. Results have
been commendable, but can not readily be complemented with explain-
ability. Analysing 18 models of adaptivity in game-based learning and
related domains, we propose a simple and explainable adaptivity model
for serious games. It is designed as a rule-based, short-term decision
making algorithm, proposes game progress as a reliable learning progress
indicator, and adapts to both under- and over-performing learners. We
present the implementation of the model in two distinct serious games,
and the result of an evaluation in a controlled trial (n = 80), demonstrat-
ing its suitability for adaptive serious games. In conclusion, we underline
the importance of designing serious games both as teaching and playing
experiences, and of an iterative design process to assure the quality of
the final product.

Keywords: Adaptivity -+ Game-based learning - Explainable Al

1 Introduction

There is an ongoing paradigm shift in the application of technologies of artifi-
cial intelligence. For decades, refinement of algorithms up to mimicking nerve
structures, in combination with increasing computing power, developed into a
situation where the means and gains would justify the methods—however com-
plex, or even incomprehensible to laypersons they became.

This has resulted in impressive achievements especially regarding machine
learning. However, as these technologies have started to permeate everyday life,
provide counsel for HR management as well as criminal risk assessment, and
start to produce spectacular “deep fakes”, they are stirring public concern. Aside
from perpetuating biases in the training data, contemporary machine learning
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systems by design face difficulties explaining why and how exactly a concrete
decision has been achieved.

The scientific community has recognised these concerns as a critical factor
for the future acceptance of this technology and related research. Proposals for
“Explainable Artificial Intelligence (XAI)” [1] have set new research directions in
motion which aim at building accountable, transparent decision-making systems.
Serious games, together with computer-based learning and entertainment games,
have used and advanced Al techniques since their inception, and consequently
are also targets for the demands brought forward by XAI

2 Background

Up to now, automated adaptivity has not gained widespread use as a core
mechanic in both commercial serious and entertainment games, in spite of
assumed or even established advantages for both players and producers. Amongst
other reasons, Charles et al. have attributed this to the major issues that adaptiv-
ity causes for quality assurance—which would have to evaluate all possible adapta-
tions in a game—and even for liability [4]. Conversely, adaptive serious games have
long been a fruitful subject of academic research, with a sizeable body of models,
prototypes, and evaluations being produced. Their history reflects the evolution
of paradigms in adaptivity techniques, ranging from optimised scheduling algo-
rithms [3], plan-based approaches and sophisticated knowledge modeling [9], along
with their scalability problems [19], to neural networks [6], although their exper-
imental application was more common in adaptive entertainment games [25].

In their particular use cases and trials, most of them have been successful on a
smaller scale. However, for practically all of the historical approaches, implemen-
tation details, especially the source code, have not been disclosed; and for solutions
based on machine learning, the course of their decision-making remains hidden by
the very nature of the technique. As a consequence, this makes them unfitting for
XAI where a system can be held accountable for its decisions even by laypersons.
This situation motivates the development of a model that, based on historic suc-
cesses, combines a general approach with transparency and simplicity.

3 Identification and Analysis of Model Candidates

First step in the development process of a generalised model was the selection
and evaluation of seminal historical models. Model candidates were identified by
a systematic keyword search in the ACM, IEEE, and Google Scholar databases
regarding “adaptive serious games” and “adaptivity in game-based learning”.
Works were included when they explicitly described a model of adaptivity, and
excluded when the model matched or merely augmented a previously described
one. The search was extended to references of included works, and to related fields
of computer-based learning and entertainment games, following the same method.
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The identification process yielded 10 distinct models of adaptivity in game-based
learning, 5 from computer-based learning, and 3 from entertainment games.

The models then were analysed and compared using seven criteria, based on
comparison criteria of adaptive systems formulated by Albert et al. [2], Martens
[16], and Kickmeier-Rust et al. [8]. For brevity, this paper discusses four major
criteria: the basis of the adaptation, i.e. the source variable that triggers adaptive
interventions; whether the model allows for short-term interventions, which is
crucial for real-time games; the origin of the reference that sets the baseline for
deviations that require adaptive adjustment; and finally whether or not over-
performing learners are served by the model.

The structure of the models was also visualised as a flowchart, creating these
from the verbose description if no visualisation was provided by the original
authors.

The following will highlight four key examples of adaptivity models from the
literature.

On the side of computer-based learning, Martens presented an adaptivity
model for her research on adaptive case-based intelligent tutoring systems (ITS)
already in 2006 [15]. She proposed a Tutoring Process Model as the central
component of a generalised adaptive ITS architecture. Subject of the adaptation
are the building blocks and actions of the learning experience, along with help
and feedback. The basis is a learner profile building upon a knowledge model.
Input for the adaptation process is gathered before a building block is displayed,
hence the model is not designed for short-term adaptation. While the origin of
the reference baseline remains unclear, the goal of the adaptation is defined as
optimal support for the training effects of the application. The model supports
both under- and over-performing learners. Since it is a comparatively early, but
thoroughly designed model, foreshadowing a lot of the elements used in later
adaptivity models for serious games, and has been put to use in practice, it is
significant for the construction of a new generalised model.

One year later, Thue et al. presented a very simplistic, but yet effective
model of adaptivity for entertainment games, specifically for games with sequen-
tial encounters, such as role-playing games [21]. The adaptation manipulates
time, place and manners of encounters, the availability of side quests as well as
non-player character reactions. The basis of the adaptation if a factorial player
model based on five simplified player types, comparable to an earlier approach by
Charles et al. [4]. The adaptation time is before each encounter, which allows for
short-term adaptivity. The player model is updated based on the player actions
taken during the encounter. The origin of the reference is the game designer craft-
ing the parameters of an encounter. Goal of the adaptation is an improved player
experience, fun, and replay value. Due to the factorial player model, a notion
of over- or under-performing is not applicable to this model. In spite of looking
simple, even straightforward, the model of Thue et al. is significant because of
being both minimalist and effective at the same time. As such, it has inspired lots
of other implementations, while its coincidental similarities to Martens’ model,
from an entirely different domain—building blocks versus encounters—hint at



70 F. Berger and W. Miiller

‘Training case (C)

Content (con)

Actions (A)

,,,,,,,,,,,,,, ; Factorial

ncounter set

Encounter

Encounter set

Learner model (LM)

[ Learners ]

'[ knowledge LW

player
type model

(PRE) profile (LP)

[ Preconditions Learner's ]

update

In-game actions

Search next

monitor

encounter
Encounter

for best fit

Show state
function (show)

Select brick
function (select) | |

selected

Select action
function (allow)

and search

for actors

State transition Enable action [wm—n
) ctors foun,
function (6) function (enable) begin encounter e 14 J

Task pool |

Reference features :
(difficulty, task type, } (Task parameters
skill benefit) R LI :

Cost function

Context i
Inference Game
state

,,,,,,,,,, Inference Adaptation

! statistical | | pules history
f— h Learner
model

Minimize

deviation

User model
evaluate performance in

delli

tasks and navigation

Build task |
+—{ Next task Game
sequence 1
: engine
= Teacher mode |
Choose Choose i
. — \
mission objective : Learner model
Hard fun mode '~*""" ! TN ask [ Appropriateness
Choose ! rules P -
: aptive
next task |} Adaptive P
Experience engine Adaptation selection  elements ion constraint elements

Fig. 1. Flowcharts of the adaptivity models of Martens [15] (top left, from description),
Thue et al. [21] (top right, from description), Bellotti et al. [3] (bottom left, extended
from [3, p. 265]), and Peirce [17] (bottom right, adapted from [17, p. 109])

an underlying mechanism offering prospects of generalisation. Also, Thue et al.
evaluated the model in a controlled trial (n = 90) to satisfying results.

Moving to the domain of serious games, Bellotti et al. presented a model that
took proven ingredients, as the user model and sequential tasks, and augmented
these with a detailed authoring mechanism [3]. Also, the model explicitly tar-
geted “sandbox serious games” that offer a free choice of interactions in an open
world. The subject of the adaptation is the character and order of tasks to be
completed. The adaptation basis is the learner profile in conjunction with the
parameters of the tasks, as designed by an author. The system adapts before
a series of tasks (“mission”), which prevents short-term adaptation. The origin
of the reference is a cost and difficulty function, as set forth by an author. The
adaptation goal is vaguely described as “more efficient learning”. In contrast
to all other adaptivity models we analysed, Bellotti et al. were the only ones
who outright focused on over-performing players, trying to establish fitting chal-
lenges for them. In passing, this caters for under-performing players as well. The
value of this model for a generalised re-design lies in the explicitly defined role
of a game’s author. Not only is that person requested to design the tasks; the
model also explicitly requires the design of semantic metadata such as difficulty,
task type, skill benefits, and a cost function which the system translates into a
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Table 1. Adaptivity models in serious games

71

Authors Basis Short-term Reference origin Over-performers
Torrente et al. |Learner preconditions, | No Not clear Not explicitly
[22] context
Magerko et al. |Player type, No Test n/a
[12] motivation
Sancho et al. Learner model No Not explained n/a
(18]
Bellotti et al. Learner profile, No Authored cost Yes
(3] reference features function
Conati and Learne model Conditionally | Pedagogical No
Manske [5] presumptions
Hodhod [7] Learner model Partly Actions tagged “good” | No
by an author
Grappiolo et al. | Learner model No Hidden function No
(6] approximated by a
neural net
Kickmeier-Rust | Learner model and Yes Planned learning path | No
et al. [9] development
Peirce et al. Learner behaviour and | Conditionally | Author rules Not satisfying
[17] success
Koidl et al. [10] | Player-, learner- and | Yes Authored learning- No
pedagogical model and story engine setup

learning curve. This is a very different approach from the implicit author that
all other analysed models silently assume.

No analysis of models for adaptive serious games would be complete without
considering the tremendous amount of work that has gone into the adaptive seri-
ous games “ELEKTRA” and its successor “80Days”. The underlying model is
called ALIGN and has been presented by Peirce in 2013, titled “The Non-invasive
Personalisation of Educational Video Games” [17]. The model concentrates on
the granular details of the decision making, proposing a succession of “Infer-
ence — Context Accumulation — Adaptation Constraint — Adaptation Selection”.
ALIGN exclusively adapts cognitive and meta-cognitive feedback to the players.
The basis for adaptation are the player’s actions, and a reasoning about their
previous successes. The adaptation time is after a player’s interaction, making
the system short-term reactive in theory, depending on the combinatorial com-
plexity of the computations. The reference origin are the rules applied to the four
steps of decision making, as designed by an author. The goal is to understand
the sources of player successes and failures, and to motivate, help and challenge
players. While an adaptation to over-performers is possible in theory, it remains
under-explored in the original work. The value of ALIGN is first its proven suc-
cessful implementations in two distinct high-value serious games, and second
its notion of distinguishing between possible versus appropriate adaptations by
means of adaptation constraints.
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Table 2. Adaptivity models in computer-based learning
Authors Basis Short-term | Reference origin Over-
performers
Krichen [11] Pre-test results No Design of the pre-test | Yes
Martens [15] Learner model from No Not explained Yes
knowledge profile
Teo and Gay [20] | Learner model of the |No Expert knowledge No
cognitive structure
Mao and Li [14] |Facial expression, Yes Pre-set database n/a
emotional layer of
speech and writing
Magnisalis and | Learner model, group |In theory |Author’s script, Yes
Demetriadis [13] | model, script model learner demands at
runtime, evaluation

Table 3. Adaptivity models in entertainment game

Authors Basis Short-term | Reference origin Over-performers
Charles et al. [4] | Player performance, |Yes Not explained Yes
factorial player
model, player presets
Thue et al. [21] |Factorial model of | Yes Design of n/a
player types encounter details
Van Lankveld Player skill, difficulty | Turn-based | Author’s rules Yes
et al. [23] preset

All four models are visualised in Fig. 1, while Tables1, 2, and 3 summarise
the results of the analysis of all selected models.

4 Generalisation of an Explainable Model

The models analysed above share the traits that all their decisions are explain-
able by a set of human-understandable rules applicable to given parameters and
circumstances, and that they feature an—implicit or explicit—strong human
authoring component. A simple fallback to one of these models however would
not suffice, as they also present some shortcomings in the additional constraints.

The adaptivity models for serious games we analysed demonstrated severe
shortcomings in short-term adaptation, which is a requirement for a lot of
game genres. Also, none of them save the model of Bellotti et al. address over-
performing learners and players, excluding a relevant part of the audience from
the benefits of a personalised experience.

The latter requirement was much better addressed by adaptivity models from
computer-based learning, but they also, by the nature of the medium, were not
appropriate for short-term adaptation.
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Conversely, the models for adaptive entertainment games we analysed had no
problems neither with short-term adaptation nor adapting to over-performing
players. As a consequence, we believe that the strengths of the models from
these different domains can be combined, this way also making up for each
other’s weaknesses.
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Fig. 2. Flowchart of a generalised explainable adaptivity model for serious games

Our model is visualised in Fig. 2. It builds on an assumption of an adequate
game being adapted, rather than a mere container for text-based learning; that
means support for a high interaction rate, player agency, an actual game logic,
and overall playful handling. One core presumption is a congruence of gameplay
and learning actions by design, which means that game design is carried out by
humans qualified for teaching.

The consequence of this design is that, since in-game actions equal learning
behaviour, the in-game progress constitutes a direct measurement of learning
progress. Hence, basis of adaptation are the properties of the game world that
will be influenced by the player at runtime, showing the player’s progress.

Whether or not this progress calls for an adaptive intervention depends on a
baseline reference of expected progress. The origin of this reference is a human
author that is able to judge both the expected progress and the relevance of
deviations, and explicitly sets these parameters. That author is preferably an
expert in the domain being taught, or is advised by one.
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Fig. 3. Visualisation of the attempts of the same player attempting to complete a
task: reference progress is shown dashed; several unsuccessful attempts are visible; the
successful attempt is highlighted as a bold line.

This design results in playing and learning behaviour as visualised in Fig. 3,
which is an actual gameplay recording from the implementation in “Team
Leader”, detailed below. The authored reference progress over time (“steps”,
i.e. the number of iterations of player action evaluation and possible adaptation,
see Sect. 5 below) is shown as a dashed line. Several player attempts at comple-
tion are visible, with the first ones taking too many steps (completing after the
dashed reference, and thus failing), the following ones cancelled for not meet-
ing in-game requirements, and the final successful playthrough highlighted as a
bold line, finishing well before the reference expected the player to. This succes-
sion documents a learning process over the several attempts, until a successful
strategy is found and applied.

The adaptation itself is designed as a regulator circuit of player interaction,
measurement, comparison to the reference, and possible adaptive intervention.
Measurements will be carried out in intervals that allow for an appropriate short-
term adaptation. The adaptation mechanism itself is rule-based, a design that
is straightforward for humans to comprehend.

Contrary to traditional one-sided models especially from computer-based
learning, the generalised explainable model processes a performance below the
reference as well as above the reference. In that manner, under- and over-
performing players can be catered for using a single mechanism.
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Subject of the adaptation are parameters of the game world, or the meta-
interaction with the game. While under-performing players will receive estab-
lished forms of feedback, guidance, and self-reflection, over-performers will expe-
rience diegetic interventions that change the in-game situation in a way that
makes it more challenging.

The goal of the adaptation always considers the game as a means to an
end, and as such lies in the support of the teaching situation that the adaptive
serious game is a part of. That situation is bound to have a teaching goal,
and it is that—as such, game-external-—goal that the interventions are to help
achieve. This design is in line with demands of Whitton, who called for the
“appropriateness” of serious games as a teaching device, and in this way aligned
them to a game-external curriculum, exams, and teaching subjects [24].

The aim of this proposed model is to close the gaps we found in historical
models, while at the same time achieving explainability by a simplistic design
that can readily be understood by humans. The model makes no assumptions
about the subject being taught, only about an alignment of in-game progress and
learning success. In line with views formulated by Charles et al. as early as 2005
[4], we believe that abandoning the notion of the successive completion of a player
knowledge model is more fitting for the dynamic nature of teaching and learning
situations. Instead of an abstraction of knowledge and learning, progress is being
embedded in the domain expert’s authorship of a desired learning progress, and
interventions are only dependant on the current behaviour being displayed by
the player.

5 Implementations

The general explainable model we propose has been implemented in two distinct
serious games. “Team Leader” is a desktop computer time- and resource man-
agement game teaching project management. “akrobatik@home” is an exergame
controlled by body posture sensors, putting physical therapy for people affected
by thalidomide syndrome in a playful context.

“Team Leader” is meant to be played alongside lessons in project manage-
ment. It simulates a corporate production environment, where different products
need to be produced under time and budget constraints. The player manages a
group of workers of different skills, motivation, and productivity. Only by target-
oriented workload distribution can the goals of the respective levels be achieved;
hence, succeeding in the game is a display of having mastered skills required by
the problem domain.

The adaptation is based on the state and tendency of the in-game progress,
which is assumed to be linked to player skill. The origin of the reference is
an intended learning curve per level, designed by an author. That person also
configures adaptation thresholds as a prevention of jittery interventions when
performance is close to the intended curve. The adaptation algorithm evaluates
the player performance every 2, 1 and 0.5s in levels 1, 2 and 3 respectively,
allowing for short-term interventions and reflecting the increasing challenge.
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Negative deviations from the reference learning curve will be met by assistive
meta-interventions (see Fig. 4 left); positive deviations will trigger diegetic chal-
lenges that require advanced management techniques from the player, such as
parallelising task execution (see Fig. 4 right).

2elis D9800 Zent23: 02200

Fig. 4. Context aware feedback as a helping intervention, hinting at what to do next
(left), diegetic intervention of slowing down a worker, making the game harder (right)

“akrobatik@home” is a mobile game for tablet computers. The game itself
is an endless runner game in third person view, where the player must con-
stantly avoid obstacles by moving horizontally. This movement is controlled by
body posture sensors placed on the seat and on the shoulders of the player.
By executing an exercise in form of a pendular torso movement, as developed
by physiotherapists for persons with thalidomide syndrome, the player avatar
is being controlled and moved around the obstacles. The in-game player action
and the techniques to be trained align here as well.

Thalidomide syndrome may manifest in very different forms. As a conse-
quence, a fixed difficulty level of a respective exergame is not desirable, or may
even be harmful to players. The implementation of our generalised model allowed
for a personalisation of the game difficulty, resulting in a fitting training experi-
ence. Interventions are again based on the state and tendency of in-game perfor-
mance. The origin of the reference has been authored together with a physical
rehabilitation center. Interventions target the frequency, difficulty, and position
of obstacles on the course, and may happen every few seconds. The ability to tar-
get over- as well as under-performing players was crucial in this implementation:
negative deviations will result in fewer and easier to dodge obstacles, positive
deviations will lead to obstacles that require a faster pendular torso movement
to avoid them. Figure 5 shows “akrobatik@home” in action.
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Fig. 5. The adaptive exergame “akrobatik@home”, controlled by body posture sensors

We consider the successful implementation of the generalised explainable
model in two complete and published serious games of a very distinct nature an
indicator of its broad applicability.

6 Evaluation

6.1 Procedure

The first implementation of the generalised explainable model, “Team Leader”,
has been evaluated regarding the basic fitness of the adaptivity produced, regard-
ing both the appropriateness and effectiveness of the generated interventions, and
the user impression of these. For the former, the software collected data about
level iterations; time to completion; number, type, and time of interventions, and
their relation to the reference progress. We controlled for confounding variables
known to impact performance: gender, age, education, and time per week spent
playing digital games. User impressions were evaluated using a questionnaire
with three items utilising a 5-point Likert scale.

The game was made available for download from a public website. A strati-
fication algorithm in the download process assigned subjects to one of two sub-
groups, one playing with adaptation enabled and one with adaptation disabled.

The recorded gameplay took place on the subjects’ own computers, and they
could freely decide when and how much to play. Upon level completion, the
recorded data was uploaded to a server.

The adaptation for level 1 was turned off in both groups to gather a baseline
performance from each player.
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6.2 Results

The game had been downloaded by 165 persons, 80 of which successfully played
all three levels of the game. 44 of the subjects identified as male, 36 as female.
Subjects were aged 17 to 38 years, with an age median of 27 and a MAD of
4 years. The stratification resulted in statistically uniform groups: there were
no significant deviations in possibly confounding variables (Chi-squared and
ANOVA tests).

As assigned by the stratification algorithm, 36 subjects played the game
with adaptation enabled, and 44 played it with adaptation disabled. All of the
adaptive players received interventions, ranging from 44 to 262 interventions
with a median of 92. The vast majority received a mixture of challenging and
helping interventions over the course of the game.

To understand the effect of the adaptation, we looked at three dimensions
of the recorded data: the total time taken to complete the game! (“steps”); the
relation of adapting steps, i.e. steps with an intervention, to non-adapting steps;
and the relation of help to challenge as the L1-normed relation of challenging
steps to the sum of challenging and helping steps, allowing for each to be zero.
The result is shown in Fig. 6.

The plot shows that players who took longer received comparatively more
help (marked with a circle), and players who played shorter received more chal-
lenge (marked with a cross), indicating a correct identification of weaker and
stronger players. Also, players with an above-median amount of interventions
were predominantly the ones who, in comparison, received either a lot of help,
or a lot of challenges; this means that players with a more balanced perfor-
mance received less interventions, which also underlines the algorithm’s correct
heuristics.

We could also show that the amount of help received positively correlates
with the distance from the reference progress when comparing levels 2 and 3.
(linear regression, p < 0.0001, Pearson Correlation Coefficient 0.7847). We con-
clude that the algorithm correctly identifies the need for assistance, and acts
accordingly.

Results of the comparison with non-adaptive players, however, were less
encouraging. Playing with adaptivity disabled resulted in a 15 to 30% faster
playthrough (ANOVA, p < 0.0061 and p < 0.0041 for levels 2 and 3, respec-
tively). Additionally, completion of level 2 took players without adaptation about
a third less attempts (ANOVA, p < 0.0325).

Asking about the appeal of the game in the questionnaire, subjects who
received a lot of interventions rated the gameplay less engaging than all players

! While, with adaptivity enabled, the total time taken was influenced by adap-
tive interventions, it was still usable as a performance indicator: assistive meta-
interventions by themselves can reasonably be assumed to impose a negligible delay
on completion time, and challenging interventions still allowed most of the top-
challenged players to complete the game faster than over 50% of all players.
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without adaptivity (Kruskal-Wallis test, p < 0.0499), and also experienced the
rising challenge as less motivating? (Kruskal-Wallis test, p < 0.002).

The qualitative results clearly contradicted the aims of the algorithm design,
and required closer inspection.

7 Conclusions and Future Work

We perceive the results of the evaluation as an encouragement that a simple,
explainable, rule-based algorithm is able to produce quality adaptation results
in implementations. Aligning gameplay and teaching subject evidently makes
players plan, try, and discard solutions until the have mastered a task. The
algorithm applied interventions correctly, especially assistive ones.

Investigating the contradictory player feedback, we found that the implemen-
tation dealt too much challenge to the players, slowing the players with adap-
tivity enabled down, and requiring more attempts. The cause was an author
reference that in itself was not challenging enough, expecting players to under-
perform much more than they actually did. While this was justifiable from a
perspective of the problem domain, it did create subpar gameplay.

2 Non-adaptive players also experienced a rising challenge as the levels themselves
increased in difficulty.
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We followed up on some players with a strong contradiction of in-game success
versus a reportedly demotivating impression of the game. Somewhat unexpected,
the discrepancy had nothing to do with the adaptation: the players pointed out
flaws in user experience and visual design, such as an insufficient user interface
for some critical in-game situations. These issues had not been apparent in the
test sessions we conducted, but these only had a limited player base (n < 10).
They surfaced with a larger number of players, and especially high-performance
players.

In conclusion, we learned that, apart from a good visual and user experience
design, an iterative game design process with a thorough evaluation of how
actual human playthrough data reflects on the author reference, is key to optimal
results for the adaptation when using such a simplified algorithm. Regarding our
implementation, we plan to gather more player data from an adjusted version.

Also, while the user feedback and preliminary data from the second imple-
mentation looks promising, a proper evaluation of “akrobatik@home” is still
ongoing. With a careful look at how the reference performs in actual training
situations, we plan to gather and report more usage data of implementations of
the generalised explainable model.
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Abstract. As a pandemic spread throughout the world in 2020, restricting possi-
bilities of physical presence, ‘going digital’ became acutely necessary for analogue
serious game providers. Digitalization of analogue serious games based on player
interaction is an arduous task requiring a substantial rethinking of the relationship
between players, the facilitator(s), the game, and technology. Empirical research
on the matter is inadequate, leaving practitioners without proper guidance in car-
rying out the digitalization process. This paper presents a novel framework, called
the ‘Participant Centred Framework’, that can aid in moving from the analogue to
the digital medium. The framework consists of several categories of relationships
we believe instrumental in reimagining games for the digital realm. For each of
these categories, several factors or topics to consider are included. The Participant
Centred Framework is presented alongside a detailing of what we learned during
our own, iterative digitalization process — mapped to the categories and factors of
the framework.

Keywords: Digitalization - Board games - Facilitation - Serious games

1 Introduction

The use of serious games can be an important tool in the acquisition of tacit knowledge
and competence development on abstract concepts such as negotiation, business strat-
egy development, stakeholder analysis, and so on [1]. However, when developing the
simulation driving such serious games, it is necessary to take a closed world assump-
tion — limiting the sophistication of the competence developed. Consequently, it becomes
beneficial to provide facilitated experiences usually held in a physical workshop involv-
ing multiple participants engaged in a role-playing experience, captured in boardgames.
What happens when this acquisition needs to happen digitally?

With the recent upheaval caused by the global pandemic, the learning richness
afforded by physical workshops with social interaction has been compromised as peo-
ple are isolating. Consequently, the new normal is working remotely, by transferring
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the necessary processes into the digital domain. This has created persistent challenges,
particularly when considering training that has relied on analogue serious games in phys-
ical settings. Although the digital transformation of boardgames has taken place in the
past, with literature documenting a few cases of comparative studies between different
modalities of boardgames [2], guidelines for handling the transition are lacking. For
practitioners of analogue serious games this change has been especially challenging, as
no ready-made tools could be picked up, learned, and applied — the move to the new
medium required the creation of an entirely new product. This can be an unnecessarily
resource-intensive task when a good analogue game exists, and one that can be avoided
with the right tools. However, the process is further complicated by the fact that simply
making a digital version of an analogue game is insufficient. To maintain the strengths
of analogue games, face-to-face interaction, communication, and collaboration, think-
ing anew regarding the strengths and weaknesses of the digital platform is necessary.
As Kriz put it in the August 2020 issue of Simulation & Gaming “Under what con-
ditions ... can learning outcomes be reached if the focus of the game ... includes the
embodied experience and related tacit knowledge of the participants?” [3]. One assump-
tion to make in identifying such conditions is that games cannot be “copy-pasted” to a
novel medium, they must be reimagined and redeveloped — preserving the strengths of
analogue games and translating them to the digital medium. For instance, it cannot be
taken for granted that participants will interact in the same way with digital tokens as
physical tokens. More profoundly, however, it cannot be assumed that players meeting
digitally via video chat will interact and collaborate in the same manner as they would in
a face-to-face setting. Despite these challenges, how can designers avoid “starting from
scratch” when moving into the digital realm? In moving from analogue to digital, what
can be done to ensure the experience of play is not being hindered by the limitations of
the new medium? And how can novel opportunities be exploited?

There is a lack of literature providing documented evidence for this move of
boardgames from face-to-face workshops to virtual setups in the digital realm. Even
though some comparative studies of boardgames in different mediums do exist [2, 4], it
is rare to find the transitioning reported with a set of milestones or guidelines for others
to follow. Thus, in place of empirical evidence, we explored the role game design prin-
ciples/frameworks can have in the transformation process, as we believed that could be
fruitful. There are manifold frameworks claiming to facilitate the game design process.
Therefore, in the interest of brevity, only some of the most popular approaches [5] will
be explored here. First, the Mechanics, Dynamics and Aesthetics (MDA) framework [6]
aims to provide a foundation to support the iterative process of game design, building
upon the relationship between the game designer and the player. However, the focus
is chiefly on the game, neglecting the user experience and the impact of technology.
Although the framework can be used for analysis of existing serious games, the focus is
on entertainment games, and it fails to address the pedagogical underpinnings founda-
tional to the design of a serious game. Secondly, the Design, Play and Experience (DPE)
framework [7] expands on the MDA to address the shortcomings of its application to
serious games, including addressing technology and its impact on game design. Yet, it
still does not support the digitalization of a physical tabletop game. Lastly, the triadic
framework consisting of pedagogy, play and fidelity proposed by Rooney [8] takes a
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comprehensive approach to linking the targeted three aspects of game design, but the
approach is mainly theoretical with limited practical association to design decisions
based on impact of technology. None of the frameworks analysed provided practical
guidance for supporting the transformation from physical to digital, thus there was little
understanding of the necessary trade-offs implicated in the many design decisions to
be made along the way. In lieu of a framework guiding the process, we applied a trial-
and-error approach with prototyping to work out how we could retain the advantages of
the analogue game whilst utilizing the advantages of the digital medium — a “journey”
that will be presented and reflected upon in the next sections. When taking this kind of
explorative approach, the digital transformation of games is a fuzzy, complex process
that can be challenging to manage. One solid ‘footing in the bog’ we relied on is the
psychological and pedagogical principles underpinning how people communicate, act,
and interact in situations of learning and knowledge exchange — gleaned in part from the
presented frameworks. Therefore, we focused on the four relationships of participant
with other participants, facilitator, game, and technology. The transformation lessons to
be presented are categorized based on these relationships.

This paper presents in Sect. 2 the boardgame to be transformed, War Room, and
the theoretical principles on which it is built. The process of digital transformation was
iterative, and as such the initial digital mock-up is presented in Sect. 3, which yielded
the current digital version, presented in Sect. 4. In Sect. 5 the journey culminates in
the presentation of the Participant Centred Framework for digital transformation of
boardgames, which is the synthesis of the lessons learnt throughout the process. Finally,
Sect. 6 contributes to the discussion and conclusions on how to go about the digitalization
of analogue boardgames for the purpose of facilitated learning and skill development in
workshops.

2 The War Room Learning Experience

War Room, the game to be transformed, is a commercial learning game revolving around
complex problem solving and discussion in a team setting, using uncertainty and time
constraints to create an engaging experience. The main goal of the game is to provide
an understanding of Intellectual Property (IP), Intellectual Property Rights (IPR), and
competitiveness. These concepts should not only be memorized, but rather understood
for their significant role in business strategy, both as a potential problem and as something
that can be beneficial to the organization. This is achieved by creating opportunity for
participants to extract and sort relevant information in order to make informed strategic
decisions. Before delving into how such learning can be achieved, a short description of
the game as an artefact and the progression of play is in order.

The game, in its original, analogue format, consists of a large board/canvas and
playing cards providing contextual information and happenings, as can be seen in Fig. 1.
These parts are used by players divided into groups of up to five, commonly with several
groups simultaneously. Cards are presented in a specific order by a facilitator at set
intervals or when deemed necessary. Based on information received from the cards,
participants put sticky notes on the board to keep track of extracted information and
decisions made throughout the play session. The facilitator(s) is available for aiding
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Fig. 1. War Room in action

participants when needed during the play phase, both for team dynamic and in process
facilitation to provide novel insights, challenge participants, and provide contextual
input. In addition to the playing of the game, there is a briefing and a debriefing that
is considered part of the process. During the briefing the expert facilitator presents the
basic IP/IPR concepts that must be applied to successfully manoeuvre the challenges
that arise throughout the play phase. This provides players with the basic vocabulary
(explicit knowledge) needed to play. In the debriefing phase, groups of participants come
together to recap concepts, discuss solutions, and evaluate applicability outside the game
with the facilitator. A full playthrough of the game can take, depending on the needs and
skill level of the players, two to seven hours.

How, then, does War Room provide a meaningful learning experience to players? To
answer this, central game mechanics are presented alongside the overarching theories that
make them viable — leveraging certain psychological and pedagogical (or andragogical
[9]) principles that promote learning through action and interaction. First, participants
are presented with an actual business case as a starting point which is elaborated and
that they expand on, taking on the roles of employees in the company. The information
provided in the game must be “digested” throughout, and relevant details extracted
to deal with several contextual constraints and fictious happenings presented on the
playing cards. Furthermore, the game offers opportunity for participants to obtain new
information from the game as well as other players and the facilitator(s), combine this
with what they already know [10, 11], apply it in a novel setting, and reflect on how
it can be used in real-life situations [12, 13]. This provides players a way of acting on
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information, solving problems, and making decisions — based on new knowledge and
existing experience [14, 15]. Second, dealing with these challenges requires participants
to discuss possible solutions within their groups, often involving a certain degree of
creativity. The problems discussed rarely have a single correct answer, can have built-
in “traps”, and requires players to collaborate to provide a viable strategy that includes
protecting their intangible assets [ 16—18]. Thus, this represents an opportunity to interact
with other players in a team setting and learn from the knowledge and experiences of
each other — on a topic of shared interest and benefit [19, 20].

3 ““Quick and Dirty” Prototype

For the digitalisation of the analogue tabletop game, a user centred design approach was
taken, starting with the creation of a quick digital prototype (Fig. 2). The purpose of
this first step of the journey was to understand the key differences when transposing
from the physical environment to a digital one. Therefore, the tabletop was replicated
as closely as possible with minimum design effort beyond making the serious game
playable digitally. As such, the following digital artefacts were used:

e adigital whiteboard was used for sharing the canvas that held the joint context of the
gameplay. The participants were able to place sticky notes of different colours.

e avideo conferencing tool was used for multi-participant communication. The partic-
ipants were encouraged to share video, but due to screen size the streaming was done
via thumbnail sized images that conveyed little in terms of nonverbal communication
(NVCO) cues.

e mobile phones were used to access the game cards (happenings and information),
which required some time to setup appropriately.

e links were used to share additional information via URLs. In this type of game,
information is an essential part of the gameplay used for decision making — part of
the game mechanics is time constraints and restricted information access to impose
uncertainty.

The initial session was conducted with four participants, an observer that was
acquainted with the gameplay, and an experienced facilitator of the serious game in
physical settings. With the focus on participant centred relationships, the key findings
were:

Participant with Participant: The video conferencing tool was inadequate at convey-
ing a sense of social proximity, with inability of leveraging NVC cues. There was no
concurrent communication as this would introduce noise into the dialogue between par-
ticipants and the facilitator. Finally, the group size was deemed borderline as participants
struggled to contribute effectively.

Participant with Facilitator: Although the facilitator was very experienced, it was
difficult to be fully aware of the interaction across all the participants. Attempts were
made at supporting additional simultaneous groups, but barriers to effective monitoring
and facilitation restricted the group number to one. The importance of the briefing
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Fig. 2. The prototype

was underestimated when considering the transition, clearly indicating necessity of a
framework to convey rules of engagement and understanding of the game.

Participant with Game: Although the game was functional, the intuitiveness of key
functions was low, making interaction unnecessarily difficult. Furthermore, as several
different digital applications were used concurrently, efficient information management
was hindered by screen real estate constraints.

Participant with Technology: The participant population is one with high digital lit-
eracy, but still there were difficulties experienced in both the setup and execution of the
gameplay. This has a high cognitive cost and potentially dilutes the play experience.

The game was play-tested in two further rounds at this stage, one with an interaction
designer subcontractor, and one with a client. Each session had only one team, one
facilitator, and observers. In comparison, the analogue game has previously been played
with more than 20 groups simultaneously.

4 The Digital Arrival

In moving towards the fully digital version, two overarching goals guided design miti-
gations from the “quick and dirty”’-prototype. First, retaining the key underlying mecha-
nisms, like gameplay, interaction, and the “War Room-experience”, when transforming
to the final digital medium. Second, understanding how to utilize the benefits of digital
media to improve the learning experience offered in the analogue format. The completed
digital game was tested by several groups, from which some feedback is included here
to support the changes made.

Participant with Participant: To improve communication from the prototype, play-
ers are divided into smaller groups and communication via sticky notes was made more
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Fig. 3. The digital arrival

intuitive. This mitigates some NVC challenges by reducing the number of video feeds
to follow. Play testers experienced interaction in the new version as providing oppor-
tunity for realistic discussion and strategizing. What is more, the need for concurrent
communication is reduced by having fewer players in each group.

Participant with Facilitator: Measures were implemented to alleviate some of the
work that fell on the facilitator in the previous version — in part to ensure consistency.
This is necessary because the digital medium allows the facilitator to engage with only
one group at a time, with limited possibility of moving between groups to pick up on
problems. To achieve this, videos and links were provided for players to use on their own
initiative to achieve some of the insight previously provided by the facilitator. This led
to less need for the facilitator to provide information, freeing up more time to facilitate
interaction.

Participant with Game: To make the interaction between participant and game more
seamless than in the prototype, minor animations and sounds that mimic materiality
in the analogue game (e.g., flipping cards in a pile) was implemented. Additionally,
the onboarding process was simplified by making the login process smoother and by
including an informational page prior to the game starting. Lastly, some alterations were
done to reduce the issue of real-estate to improve information management (see Fig. 3).
Play testers overall experience of the game was reported both as enjoyable and beneficial/
helpful in strategic thinking and decision making.

Participant with Technology: To alleviate issues of cognitive cost and digital literacy,
the design of the game interface was improved to better user interaction. For instance,
button functionality was made more obvious when using the sticky note functionality, as
well as making it easier to navigate through the cards. These alterations led to play testers
reporting far less technical difficulties when using the current digital version compared
to the prototype.
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5 Participant Centred Framework

In this section the result of the digital transformation process is presented within each of
the four categories applied throughout the text, contextualized by connection to theoret-
ical concepts when applicable. These lessons learned make up the Participant Centred
Framework, a framework of relationships to take into consideration when moving from
analogue to digital media.

5.1 Participant with Participant

At the heart of learning games based on (role-playing) interaction for the development
of skills and acquisition of tacit knowledge is the interplay of the individuals with one
another. As captured in the SECI model [18], interaction is foundational to socializa-
tion, externalization, combination and internalization in the creation of knowledge. In a
physical face-to-face setting, there is a richness of social interaction between individu-
als, which is significantly compromised and requires rethinking when transitioning to a
digital medium. These challenges can be aggregated into four distinct dimensions:

e Nonverbal Communication. In the physical world, people have a high bandwidth for
communication, including NVC cues, which makes it easier for users to coordinate
interventions and reduce the necessity for explicitly conveying their reasoning when
taking actions. In the digital domain, NVC richness is reduced due to the constraints
in the medium.

o Social Proximity. Close physical proximity between participants contributes to higher
level of engagement [21], a factor not applicable in the digital domain. This can lead
to lower engagement in digital games.

e Concurrent Communication. Closely related to both social proximity and NVC,
is the ability of supporting concurrent communication. In a physical setting, where
there is implicit acceptance of rules of engagement, concurrent communication hap-
pens naturally. It is, however, harder to support digitally. Smaller groups can support
concurrent communication, but at the cost of hindering flow of communication.

e Group Size. In the face-to-face setting, participants understand the actions of one
another based on engagement with each other, the board, and the sticky notes. In the
digital version, however, there are limitations to the attention and focus of the users,
causing larger groups to pose a potential challenge.

5.2 Participant with Facilitator

Although the learning experience of multiple participants relies on their social interac-
tion, the power and influence of the facilitator in ensuring the best outcome for all those
involved is unquestionable [20]. Thus, the second relevant relationship to consider is that
of participant and facilitator. There are four key processes that are, in our experience,
severely impacted by the digital transition:
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e Monitoring. The facilitator needs to have a good understanding of the full context of
the learning situation and the participants. Consequently, they are constantly monitor-
ing and assessing the situation. When transitioning to digital media, several barriers
emerge that makes it harder for the facilitator to be fully aware of this context.

e Consistency. The unfolding of learning afforded by the analogue boardgame is depen-
dent on the expertise of the facilitator, who draws on their experience to facilitate the
learning experience. In the digital version, the facilitation can become more consistent
as the facilitator may be supported by automated in-game activities and rule enforce-
ment. However, dynamic adaptation to unpredictable and unforeseen circumstances
is lost due to the limitations of the underlying model that support automation.

e Communication. In the physical setting, the facilitator can be called to groups or
intervene in groups limited only by the number of groups requiring facilitation. In the
digital it can be difficult for groups to call out for help, and due to less concurrent
monitoring, communication is weakened.

e Briefing and Debriefing. The quality of the experience depends significantly on
the facilitator and both phases are fundamental in the pedagogical underpinning of
learning with tabletop games [22]. In the digital version, de-/briefing necessarily
encompasses additional topics, and can therefore be more challenging.

5.3 Participant with Game

A third noteworthy relationship is between participant and game. This covers the issue
of interaction with physical game elements vs. digital interaction. We identified four
relevant core processes:

e Materiality. Tangible physical artefacts anchor the experience of users and support
emotional engagement [4]. Nonetheless, the manipulation of physical artefacts may
also introduce extraneous strain [23]. In the digital domain, however, all artefacts are
intangible.

e Onboarding. Engagement with the physical artefacts is intuitive (e.g., write and sub-
mit sticky notes, roll die, move game pieces), but there might be barriers to interaction
in the digital game due to less intuitiveness. Interaction onboarding should therefore
be especially prioritized when using a digital medium.

e Time Management. Time management, i.e., adjusting or controlling pace, is an
important skill of analogue game facilitators that may be supported by physical arte-
facts, which impacts participant interaction with the game. In the digital domain strong
opportunities to manage the time exist, both for the facilitator and as a function of
gameplay, yet time management opportunities can be hindered by reduced visibility
of participant engagement and progress.

e Information Management. In a physical environment, it is possible to have immedi-
ate access to all relevant decision-making information simultaneously, as real estate
constraints are virtually non-existent. In the digital version, presentation is limited to
relatively small screens.
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5.4 Participant with Technology

The final relationship to consider is that of the participant with technology, as the impact
of the digital transition is proportionate to the digital literacy of the individual. For this
relationship, three main factors are identified.

e Cost. Individual, cognitive cost of using the medium significantly impacts the expe-
rience of the participant and the overall group experience. In the digital, this cost can
be high if not combatted by appropriate measures to increase intuitiveness.

e Flexibility. In a physical game, the unfolding of the game state depends very much
on the experience and skill of the facilitator — without guarantee of consistency, but
with great flexibility and adaptability. Using the digital medium, consistency can be
improved (at the expense of flexibility), which has the benefit of reducing the potential
strain of participant-technology interaction.

o Interfaces. In the real world, the rules of engagement are transparent. In the digital
form, however, the potential utility of the boardgame cannot be reached unless the
usability is reasonably high.

6 Discussion and Conclusions

The Participant Centred Framework for digital transformation has been created incre-
mentally as a way of capturing the insights and lessons learnt along the journey. When
moving from the analogue version to the prototype we identified the ways in which the
digital format provides both limitations and possibilities. Consequently, the prototype
was instrumental in recognizing how to properly utilize the strengths of this novel for-
mat when moving towards the fully digitalized version. Thus, the journey of the digital
transformation of War Room yielded interesting insights that have been distilled into the
Participant Centred Framework, as a means of facilitating the transition from physical
to digital in commercial serious games. A final analysis is presented below to show how
the relationships in the framework were useful in the process of digitalization:

Participant with Participant: The nonverbal communication richness was greatly
hampered by the constraints of online communication. The video portals provided a
segmented view of the group that implies an increased cognitive load as more video por-
tals are shown. This necessitated limiting the number of users or redesigning the interface
to facilitate the orchestration of large number of users. With regards to backchannel com-
munication, the digital design can highlight, support, and guide participants’ attention
and focus, assisting in situational awareness.

Participant with Facilitator: The digital facilitator cannot provide adequate hands-on
aid to a large number of groups in the same manner that the physical format allows.
This is especially relevant in relation to the role the facilitator has in spotting and aiding
subpar intragroup communication. Irrespective of the orchestration design features of the
digital game, the need to invest in more onboarding time and clear rules of engagement
became clear. In the case of large groups of participants where there are constraints with



Participant Centred Framework 95

oral communication, it is possible to ameliorate the sharing of information with written
communication — at the cost of the significant benefits of the spoken word.

A strong advantage of digitalisation is the possibility of automating tasks that tra-
ditionally would be managed by the facilitator, such as time keeping or the release of
events affecting the game state progression. The story progression can be dependent on
a multi-variable simulation, but the facilitator must retain the option of overriding the
system to drive the learning trajectory toward the desired outcomes.

Participant with Game: The physicality element of gameplay is significantly affected
when going digital as the game board size is limited by the physical size of the device
used by the participant. This means the whole play area is reduced to sometimes as
little as 17 x 25 cm (approx. size of 10” tablet), as opposed to the 59 x 84 cm (Al
paper) War Room canvas plus additional table space. It is important to be aware of this
limitation and be careful regarding how to provide mechanisms of scope/focus without
losing participants in their navigation of the game state, either as an individual or a group.

Participant with Technology: Digital transformation allows for easy access to infor-
mation, such as how we used QR codes to let participants easily retrieve information for
better decision making. However, it is necessary to accommodate the difference in digital
literacy amongst the participants and focus on strong support where the most common
problems are seen or foreseen. Visual cues and labelling should guide participants during
normal use, and especially when issues occur (e.g., network problems).

6.1 Evaluation and Direction

A main strength of this framework is that the factors listed should be applicable as a check
list to all digital game transformation endeavours. Being conscious of and accounting for
the different interactions should be beneficial, even if each factor might not be relevant
in every situation. Another key strength is that the explication of these relationships
can encourage thinking anew about the process of digital transformation more broadly,
highlighting that it is not necessarily as straightforward as it might seem. Lastly, the
framework explores important ways in which the digital medium creates novel opportu-
nities, especially pertaining to support, focus, automation, and information access which
should be useable in most digitalisation efforts. However, due to the limits of report-
ing on a single game, the framework cannot be claimed to be exhaustive. Each digital
transformation is likely to bring specific challenges that cannot be foreseen in a general
framework. Furthermore, some common challenges and opportunities could have been
missed due to the nature of the researched game. It should also be noted that some of the
technical challenges met in this research (e.g., size of play area, use of several different
applications) might differ substantially from those met when transforming other games.

Future work should focus on using the framework at the onset of the digital trans-
formation of other analogue boardgames to test its usefulness and applicability under
different contextual conditions. What is more, the generalizability of the framework
should be tested with different populations to establish how factors like, for instance,
age, education, and job characteristics could impact use.
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Abstract. Mental illness has a long history of being stigmatised in societies
around the world. This stigma denies individuals who have a mental illness the
opportunity to lead everyday lives and leaves them reluctant to seek professional
help for their illness. A form of therapy called Cognitive Behavioural Therapy
(CBT) has proven to be very effective for various mental health issues. Serious
game-based storytelling is a form of digital game that aims to create a virtual envi-
ronment where the player encounters and solves problems in the games world for
purposes other than entertainment, for example health and education. The work
reported in this paper addresses how CBT can be incorporated in serious games. It
focuses on story analysis and offers an illustrative example and a set of guidelines
for incorporating a CBT resilience model based on physical, mental, emotional,
and social resilience activities into the game’s storyline.

Keywords: Storytelling - Cognitive behavioural therapy - Serious games -
Mental health

1 Introduction

Mental illness has a long history of being stigmatised in societies around the world.
However, only a small percentage of people with mental illness actively seek professional
help for their illness [1]. A form of therapy called Cognitive Behavioural Therapy (CBT)
is considered the gold standard in the treatment of a wide range of mental health issues
[2]. A serious game is a game that does not solely rely on pure entertainment but instead
on honing a specific skill set. Serious games encapsulate various genres. They have
been applied for different purposes, such as education, military training, and healthcare
[3]. By extending the reach of CBT to a serious game-based product, the possibilities
become intriguing. Serious games can increase the impact of therapy interventions via
three processes [4]. Firstly, it extends the reach of digital therapy to those who might not
otherwise use it. Secondly, it improves the player’s immersion through both motivational
and game-based mechanics. Thirdly, utilising numerous techniques for change, including
therapy techniques and game features. It is considered feasible to translate forms of
therapy, such as CBT, to games by exploiting features of games for therapeutic change
[4]. This paper focuses on the application of serious games in healthcare.

The goal of serious games in healthcare is to create a simulated world in which the
regular path is reversed, meaning that when the player tackles challenges in the virtual
world, they gain skills and build the right mental fortitude in the real world [5]. These
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games allow the player the freedom to fail in a non-threatening environment where
choices relate to clear consequences. However, an issue with these types of games arises
since there is a noticeable decline in their use over time, and it is perceived that players
lose interest in them within a short period. This issue is due to the lack of an engaging
storyline [6]. Thus, an interactive story in a serious game can help add the hook that
will pull the player in, achieve immersion, and encourage them to continue playing [7].
Also, confining the user to one fixed story is another issue because it will always be the
same story every time. Therefore, the availability of a selection of stories can keep the
player engaged and provide continuing support for their mental health and well-being.
The work reported in this paper addresses both issues by exploring how CBT can be
incorporated in serious games.

The remainder of the paper is organised as follows. Section 2 provides a literature
review. Section 3 describes the target platform for the story analysis presented in this
paper. Section 4 presents the story analysis based on a case study, The Selfish Giant
by Oscar Wilde. Section 5 discusses the implementation of a story app that provides a
target platform for stories incorporating CBT resilience activities in the storyline. Finally,
Sect. 6 presents a brief discussion and concludes the paper.

2 Literature Review

2.1 Mental Health and Cognitive Behavioural Therapy

Everyone experiences some degree of anxiety; it is a natural response in our human
nature. Stress helps the individual to recognise and respond to a threat by activating fight
or flight reflexes. A regular amount of anxiety can help enhance people’s performance
and trigger actions in response to dangerous situations [8]. However, persistent stress
can develop anxiety disorders, phobias, panic attacks and obsessive behaviours [8]. An
anxiety disorder causes a great deal of worry and stress intensely and frequently. It
also hinders the individual’s ability to relax and experience a sense of enjoyment and
well-being [9].

CBT has proven to relieve symptoms of anxiety and depression much more rapidly
than traditional drug therapy or psychotherapy [10, 11]. The premise of CBT is that the
individual’s thoughts affect how they feel and how they behave. In other words, it is not
the situation that determines how one feels but one’s perception of the situation. CBT
helps individuals identify their thought patterns and challenges their negative cognitive
distortions of situations and events to improve mental regulation and reinforce a coping
mechanism that targets analysing and solving current problems. CBT provides a way
of prevention. However, it is not a cure. Nevertheless, continual use of CBT in the long
term builds the individual’s resilience and ability to cope with adversity [10].

2.2 Storytelling and Interactivity

Every culture has told stories throughout its human history. Although different cultures
have produced their unique way of storytelling, many aspects of storytelling are universal
across all cultures [12]. In [13] the authors argue that, according to German scholar
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Gustav Freytag, a story plot comprises five essential elements [14]. The first element
is the introduction and exposition, where an author would introduce story characters,
establish the setting and present a first glimpse of the conflict to come. The second
element is the rising action; this usually holds a series of events that build up to the
story’s central conflict. The third element is the climax, which is the pivotal point of
the story where everything converges. Typically, the main character would have to make
some life-changing decisions and face the primary opponent of the story. The fourth
element is the falling action, which shows the events and complications resolving; the
consequences of the main characters’ choices during the climax are revealed to the
readers. The fifth and final element is the resolution, which is the conclusion of the story
and the consequence of the protagonist’s decision throughout the story.

Interactive storytelling gives the audience two essential tools that distinguish it from
passive storytelling: choice and control. The audience gets to choose how to act within
the interactive world, and their choices impact the story’s progression [15]. Taking first-
person control of story events and directly taking part in the story are vital elements of a
story’s interactivity. They induce a sense of belonging and competency in the individual
when they feel responsible for the story unfolding. Individuals usually gain skills by
witnessing cause-effect events and analysing their relationships. Thus, behaviour devel-
opment can be improved when these stories address behaviour development issues, and
the lesson to be gained from the tale encourages health [16].

2.3 Applications of Mental Health and CBT in Serious Games

The representation of mental health in digital games has been the subject of research. [17]
and [18] provide a recent review of games that depict mental illness with varying degrees
of implicit to explicit representation. Some of these games are: Hellblade: Senua’s Sac-
rifice, Night in the Woods, and Celeste [19, 20]. Moreover, several researchers have
explored the incorporation of CBT into serious games [19-22] and [23]. These are
described below.

In [21] and [22] the authors discuss a game called Please Knock on My Door,
which is entirely based on its own developer’s real-life struggles with depression [24]. It
articulates how the mental stability of the main character in the game interferes with his
daily routine while struggling with severe depression. The role of the player is to help
the in-game character overcome their depression. This can include the player tasking the
in-game character with mundane activities, such as having food and going to work. The
game does not offer a therapeutic intervention. However, it gives insight and awareness
to the player of what goes on in the head of a person who is depressed or experiences
social anxiety.

In [23], a platform consisting of an app and a website is discussed, called SuperBetter,
which aims to engage individuals on a journey to pursue goals and address mental health
challenges. The platform adopts aresilience model consisting of four resiliencies: mental,
physical, social and emotional. Each type of challenge in the app corresponds to a specific
type of resilience. Building resilience is one of the cornerstones of CBT. SuperBetter’s
resilience model is adopted in this paper as the central approach in designing CBT stories
for serious games.
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3 The Target Platform

In the work reported here an app was proposed and developed as the target platform
for playing CBT-based stories. The focus of the app is to play interactive fiction that
incorporates CBT within the storyline as a way of providing therapeutic intervention
for the players, who might be experiencing symptoms of mental illness. The interactive
nature of the story adds a hook that can pull the player into the game, achieve immersion,
and encourage the player to continue playing to push the story along [7]. It also provides
support for playing multiple stories. This provides the availability of a selection of stories
and storylines that can keep the player engaged in activities that support their mental
well-being.

The CBT techniques incorporated in the app follow the resilience model described in
Sect. 2.3. The resilience model targets the individual’s resilience skill, focusing on four
types of resilience: emotional, which describes how well a person copes emotionally
with stress and affects the individual’s ability to be imaginative and creative; mental,
which is referred to as mental fortitude, is the ability to withstand or adapt to adversity
and helps develop coping strategies; physical, which is the body’s ability to maintain
stamina and recover quickly; and social, which helps reinforce positive human contact
and social connections.

The work reported here also proposed but did not implement a story editor to support
the creation of stories that incorporate CBT. A story is either composed from scratch
or selected from a set of existing stories. The story is then analysed to look for ways
to incorporate CBT resilience activities. The story editor supports the incorporation of
the resilience activities into the storyline, encoding the story as an XML document with
associated interactive media into a file that can be downloaded into the app where it can
be rendered as a game.

Since story analysis is central to developing CBT stories, this paper focuses on story
analysis and offers an illustrative example and a set of guidelines for incorporating CBT
resiliencies into serious games.

4 Story Analysis

The authors approached the story analysis for interactive storytelling by selecting a short
story and analysing it to discover the scope for the player to carry out CBT activities.
The analysis comprised five steps: scene breakdown, character identification, emotions
and personality traits, states, and activities. The story adapted for this approach was The
Selfish Giant by Oscar Wilde [25]. The story turned out to be very appropriate in the
context of mental health since it is full of meaningful and moral undertones. The Giant
pushes people away and barricades himself inside his castle, wallowing in sadness and
loneliness. This can be interpreted in the same way that people with mental illness deal
with their mental health issues by shutting people out and putting up barriers around
themselves to stop others from helping them. The following describes each of the analysis
steps.

Scenes. The first step was to break down the story into scenes. Freytag’s Pyramid plot
structure was adopted, stating that a story consists of 5 main plot elements. After breaking
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the story down into those elements, the scenes could be identified easily. A new scene
is identified whenever a new location is presented, or the story moves from one plot
element to another. For example, consider the following excerpt taken from The Selfish
Giant:

“One day, the Giant came back. He had been to visit his friend the Cornish ogre
and had stayed with him for seven years. After the seven years were over, he had
said all that he had to say, for his conversation was limited, and he determined
to return to his own castle. When he arrived, he saw the children playing in the
garden.” [25]

By analysing this excerpt, it is clear that this paragraph can be split into two scenes
since this section takes place in two different locations.

Characters. The next step was to extract all characters that play an active part in the
story. These include the Giant, the children, birds, trees, snow, frost, north wind, hail
and the Little Boy. Sometimes it is unclear who the characters in a story are since they
can be whomever the author wishes. Consider the following excerpt:

“The poor Tree was still quite covered with Frost and Snow, and the North Wind
was blowing and roaring above it. “Climb up! Little Boy,” said the Tree, and it
bent its branches down as low as it could, but the Boy was too tiny.” [25]

This excerpt shows that characters can be identified by seeing whether they had any
dialogue or interactions with other story objects. If yes, then that story object can be
considered a character, as seen when the Tree speaks to the Boy.

Emotions and Personality Traits. The next step was to record the emotional state of
the characters in each scene. Emotions are critical for storytelling because it makes the
product seem less computerised and more natural. Emotional states were the focus since
emotions play an essential role in the mental stability of an individual.

A psychologist called Robert Plutchik theorised that there are eight primary emo-
tions: fear, anger, happiness, disgust, surprise, sadness, anticipation, and trust [26].
Plutchik then created the wheel of emotions to demonstrate the various overlap and
levels of emotions [26]. It was decided in the current work to focus on the primary eight
emotions.

Then it was time to analyse the effect that different personality traits can have on a
character’s actions. The most widely used model of personality traits is called The Big
Five, a set of five broad, bipolar trait dimensions. Each dimension includes characteristics
that can either enhance or mar mental health [27]. These traits are [28]: extraversion,
openness, agreeableness, conscientiousness, neuroticism. These traits were analysed to
identify the reasoning behind the characters’ actions in the story. For example, throughout
the first part of the story, the Giant is identified as selfish. Selfishness is associated with
the lack of consideration of other people. It could also be associated with withholding
one’s possessions from other people and not sharing them. This can be very clearly seen
from the following excerpt:
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“When he arrived, he saw the children playing in the garden. “What are you doing
here?’ he cried in a very gruff voice, and the children ran away. ‘My own garden
is my own garden’, said the Giant; ‘anyone can understand that, and I will allow
nobody to play in it but myself.”” [25]

The Giant refuses to share his garden with the children for no other reason than his
selfishness. Therefore, it is seen that the Giant’s personality falls on the low end of the
agreeableness spectrum. Thus, to help the Giant reach a good emotional state, he would
have to be more agreeable.

Identifying personality traits also helps when trying to incorporate a more per-
sonalised CBT experience to the player. Since CBT identifies thought patterns and
behaviours, its efficacy can be drastically enhanced by considering personality traits
[29]. Moreover, identifying these traits adds another level of analysis that reflects the
complexity of the real world and its complications.

States. The next step was to record the location and emotional state of every character
in each scene. Then, analyse how their emotional state changes with each scene and
trigger that emotional state transition. In other words, a finite state machine would be
created to represent the different states of the story. This approach was chosen because
it is a straightforward way of keeping track of current story events and how to move
forward from any given point by triggering an appropriate transition.

Firstly, an initialisation state was created to initialise all the characters states, with
their attributes set to null (Fig. 1). Null means the character’s attribute at this stage is
undefined because the character has not come into the scene yet.

Initialise Characters

Emotional State -> nul Emotional State -> nul Emotional State -> null

Location-> null Location-> null Location-> nul

Fig. 1. Initialise states

Then a composite state for each scene was created. Each scene state includes all the
currently active character states and their attributes. Then the transition from each scene
to the next is either by a CBT activity or a simple scene transition.

Two different ways were created to represent the state machine to enhance the clarity
of the transitions and the different emotional states. The first representation shows the
complete transitions throughout the story, including scenes and the characters’ emotional
state and location. This type of representation shows all the states of the characters, even
if their state is still undefined or has not changed from one scene to the next. Figure 2 is
a sample taken from the complete transition state machine diagram.
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Emotional State -> happy Emotiona ->sad

Location->castle Location-> castle

The Children

Emotional State -> sad S cen Tearisiion > Emotional State -> sa
Location->outside garden Location->outside g
L]
L]
L]
L]

The Birds The Birds

Emotional Sta

Location->outsid den Location->outside garden

Fig. 2. Partial state transition sample

The second representation shows a single character’s transition at a time, choosing
to focus on the character’s arc at any given scene instead of including every character.
Figure 3 is a sample taken from the Giant’s transition state machine diagram.

The Giant
—Scene Transition—

Emotional State -> happy Emotional State -> sad
Location->castle Location-> castle

Fig. 3. Single character transitions

Activities. The process of identifying the resilience activities included analysing the
story sentence by sentence in search of keywords and specific plot points that indicate
where an activity can be integrated to push the story forward. Each type of resilience
was mapped to an activity based on the following assumptions:

e The character conversing with other characters through dialogue interactions can
suggest a social resilience activity.

e The character experiencing a strong emotion can suggest an emotional resilience
activity.

e The character being inquisitive or investigative of their surroundings suggests a mental
resilience activity.

e The character engaging in any physical activity, i.e., walking, going up the stairs, can
suggest scope for a physical resilience activity.
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The following excerpt shows an example of a resilience activity:

“‘What are you doing here?’ he cried in a very gruff voice, and the children ran
away.”

This scene gives scope to implement a social resilience activity. The player’s role
would be to verbally encourage the Giant to interact with the other characters in the most
socially appropriate manner. Additionally, that same scene can allude to an emotional
resilience activity since the tone of the Giant’s speech indicates anger, which is a strong
emotion. In the emotional resilience activity the player would reflect on emotionally
soothing visionary things, e.g., happy pictures and nature scenes.

The following excerpt shows another example that suggests a resilience activity:

“It is your garden now, little children,” said the Giant, and he took a great axe and
knocked down the wall.” [25]

This scene holds scope for implementing a physical activity since the Giant knocked
down a wall. In this scene, the player’s role would be to do a physical resilience activity
to encourage the Giant to knock down the wall.

The following excerpt shows scope for implementing the last type of activity, mental
resilience:

“I cannot understand why the Spring is so late in coming,” said the Selfish Giant,
as he sat at the window and looked out at his cold white garden; “T hope there will
be a change in the weather.”

This scene shows the Giant looking out the window and observing his surroundings.
This indicates scope for amental resilience activity, where the player should be inquisitive
and investigative to answer questions relating to the in-game surroundings.

When implementing these activities, it was decided to add additional dialogue cues
and CBT activities. However, it was necessary to be respectful towards Wilde’s writing
and remain as close to the original text as possible. It was then observed that it is possible
to integrate the resilience activities within the state transitions created from the previous
step in the analysis.

Screenplay. Following the above analysis steps, and to aid the analysis, the story is
set out in the form of a screenplay. The traditional screenplay format was adopted,
also known as The Master Scene Format. This format typically consists of six main
elements: scene headings, the action, character names, parentheticals, character dialogue,
and transitions [30].



106 T. Hassan and G. T. McKee

FADE IN: Start Story

INT. GARDEN-DAY Location of Scene
//Initialize states of all characters Setting states

[Background Image - Background Sound]

y afternoon, as they were coming from

C )
Current Character |—» NARRATOR (0.5) IAdd initial images and soundsl

Action Line
<Visual> The children are playing happily, and the birds are
singing

<Sound> Add sound <& Additional sounds
<Activity>
Resilience Activity THE CHILDREN

How happy we are here!
Children’s state:

[emotional state = happy; location = garden]

1

lCurrent state of character

Fig. 4. Story screenplay

The first element, the scene heading, known as the slug line, is typically written in
all caps. It would include INT or EXT for interior or exterior. Then it is followed by
the location where the scene takes place and the time of day. The second element is
the action. The action describes any action that can be seen or heard. Any sound effects
should be written in all caps [30]. The third element is the Character name. The Character
name should be written in caps and located in the centre of the page. A character who
is speaking in voiceover or is off-screen is designated by V.O or O.S, respectively. The
fourth element is Parentheticals. Parentheticals should describe physical or emotional
action. It details how the character is speaking the dialogue. The fifth element is character
dialogue. Dialogue should be centred on the page; it is what the character says. The sixth
and last element is the Transition. The Transition indicates the end of a scene. It is usually
written in caps [30]. Going through these steps made it possible to integrate the interactive
CBT based storyline with the screenplay format. Figure 4 illustrates, using annotations,
how the CBT based activities can be incorporated.

Summary of Analysis. In sum, analysing a story to implement therapy intervention
techniques is quite challenging at first. However, it is possible to do so by following a
number of straightforward steps after choosing a story.
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The first step is to break down that story into sections; these sections represent
different scenes in the story. The second step is to try and identify the characters in the
story and identify their impact on the story. What are their roles? Are they a hero, villain,
or supporting character? In the third step, the author should identify all the characters’
emotions and personality traits: to be able to understand how their personality affects
their behaviour and to add a level of depth to the reasoning behind their actions. The
fourth step is to create states for the characters: to monitor their emotions in each scene,
to analyse what triggers their emotions to change, to understand what impacts their
emotions, and to find opportunities to induce a change. The fifth step is to identify what
CBT activities to incorporate within the story and the most appropriate place for the
activities to be incorporated naturally while keeping the flow of the story consistent.
After the analysis is done, the next step is to compose the story following the proposed
screenplay format.

5 The Story App

The development of the CBT-based serious game consists of three stages. First is com-
position: the story editor will enable the author to compose a story. The author will be
able to choose a visual representation for the characters and scenes in the story and
choose to add resilience activities that integrate CBT within the story. The second stage
is story mapping, where the screenplay composed by the author is compiled into a jar
file. Each resilience activity is mapped to an XML representation in the Editor and a
set of java classes in the story app. That jar file includes the screenplay and all media
incorporated by the author in the story. The third stage is animation, where the inter-
active story incorporated in the jar file is played through the story app. The story app
can hold an archive of stories composed and uploaded by authors. The player would be
able to pick and choose stories to download to the app and play. The story app has been
developed and is now a working android application.

5.1 Implementation

The application was developed using Android Studio IDE, which uses the Java program-
ming language and XML. The interface comprises simple graphical elements such as
buttons, images, and text fields to avoid overwhelming the interface with different fea-
tures. A colour scheme was selected for the app based on the psychological properties of
colours. In isolation, a single colour on its own has psychological properties, but when
combined with other colours, it can produce an emotional response from the user [31].
The right colour combination can act as an unspoken guideline to the user for how to
navigate the app [32]. Therefore, it was an important aspect to take into consideration
during the implementation. An XML document was created as a representation of The
Selfish Giant story and its assets. This document was created using XML Notepad. The
parsing of the XML document was implemented through the application’s programming
interface API: Xml Pull Parser (XPP).
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5.2 Walkthrough

The main interface includes guidelines for the player on using different aspects of the
app (i.e., resilience activities) and downloading new stories. Furthermore, a scrollable
view at the bottom shows the archive of stories (Fig. 5. A). For the present, only The
Selfish Giant story is playable. When the player chooses a story, they are taken to that
story’s interface and prompted to start their adventure (Fig. 5. B). All illustrations used in
the story were adopted from the illustrated version of the book [33]. The story’s interface
is also equipped with a state window that shows the emotions of all in-game characters
in any given scene (Fig. 5. C).
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Fig. 5. GUI samples

The user can also infer the characters’ emotions from the colours used in the interface.
For example, when the Giant is happy, the colour of the text view changes to yellow. If he
is angry, it changes to red. Moreover, each type of colour representation is accompanied
by an animation of the text view that intensifies that feeling, i.e., when the emotion is
happy, the whole text view is animated to jump up and down as if it is replicating being
happy. If it is angry, then the text view shakes aggressively from side to side.

The player’s goal is to maintain the characters’ emotional state and the overall state
of the game world to achieve harmony. The emotional state is affected by four resilience
skills: emotional, mental, social, and physical. Each type of resilience maps to an activity.
If the player completes an activity, they will progress through the story. The following
figure shows samples of each resilience activity (Fig. 6).
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6 Discussion and Conclusion
The research reported in this paper delivered the following:

A guide on analysing a story to incorporate CBT resiliencies.

A modified story script of The Selfish Giant, following the proposed guide.
A set of requirements for the development of the story editor.

A fully functional android application that can play CBT stories.

Analysing a prewritten story proved to be especially challenging. It was challenging
to identify where to bring in the CBT activities within the story and finding ways where
the transitions would fit in naturally and not seem out of place. However, the authors were
able to incorporate at least one of each type of activity within the story. It was concluded
that the activities would need to be more diverse and inclusive to work with any given
story. It was also challenging to give feedback to the user without being patronising, so it
was decided to substitute the typical levelling up mechanism within digital games with
a more implicit approach using sound effects and colours.

Also, currently only a single story has been analysed and implemented in the app.
Therefore, as part of moving forward, a range of stories will be analysed using the
proposed analysis steps to prove and refine the proposed analysis process and the app.

In addition, a further level of complexity will also be explored by offering a branching
storyline. This means the story does not have a linear sequence of events, but multiple
different directions and endings to explore, offering freedom of choice throughout the
story. Creating branching stories would also provide a more personalised user experience.

In conclusion, the work reported in this paper offers a means for expanding the
provision of CBT within serious games. The proposed story editor offers scope for
authors to create CBT based stories for serious games and the implemented app offers
scope for downloading and playing these stories. The work aims to contribute towards
breaking the stigma surrounding mental illness and providing help to those in need.
However, studies under the guidance of mental health experts are required to evaluate
the impact of the approach on mental health.
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Abstract. This paper outlines the latest work of an on-going long-term sustained
research effort to extend and operationalise Leontiev’s original hierarchical activ-
ity theory framework to model and support the design, development and analy-
sis of games, virtual environments and virtual reality for purpose. While previ-
ous work extended Leontiev’s activity theory to incorporate both task-based and
experiential-based activities and actions performed within a sphere of engagement
- corresponding to Huizinga’s “play-grounds”, “arenas” and “magic circle”, and
mechanism to analyse and assess the success of purpose, the focus of this ear-
lier work was largely on narrative, scenario and story-based activities, and didn’t
capture or extend well to gameplay mechanics. The framework described herein
describes initial work that builds on and extends earlier work to provide a tool,
notation, grammar and building blocks that informs both HCI and practice-based
approaches to represent gameplay mechanics and narrative, scenario, story-based
activities; from game design concepts and ideas, through modelling and analysis,
to informing implementation, development and creative practice. The framework
is intended to support all delivery platforms and extend to all purposes/sectors
(education, health, esports, business, documentary, tourism, social impact, culture,
etc.) across the serious games continuum: from games for purpose to experien-
tial environments for purpose. To highlight the versatility of the initial work to
extend the activity theory framework, described herein are several examples of
serious games, interactive storytelling and immersive VR for purpose developed in
research projects, and in the professional immersive storytelling content creation
Singapore-based studio Warrior9 VR.
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1 Introduction

The design, development, and creation of games, serious games, VR, AR, immersive
worlds, etc. arguably follows one of two approaches — using methodologies from the
design and analysis discipline of Human-Computer Interaction (HCI), and practice-
based approaches typically embraced by the arts, creative practitioners, and in games
and immersive VR studios. While there is some crossover, these two groups largely
co-exist independently.

HCI has a long and successful history in iterative design and development,
user/player-centered, participatory-design, prototyping, and analysis, evaluation, and
assessment of interactive and digital media. While HCI has long looked to the arts
to inform methods, and includes creatives, performers and artists in HCI design and
development teams, the arts and creativity within HCI typically is incorporated within
a traditional engineering and technical design and development iterative cycle.

Practice-based is another successful approach that has a long history in creativity,
creative arts, design and making cultures and disciplines. Practice-based approaches
are part of a larger family of reflective practice and action-based approaches following
Schon’s “The Reflective Practitioner” [1] which includes disciplines outside the arts such
as, healthcare, medicine, and education, etc. At the heart of action-based approaches is an
action-reflection cycle. In the arts, this is iteratively performed in a cycle of making and
creating, evaluating/reflecting-in-action, and informing making, and so on. Although
creative, making, and practice-based approaches have typically dominated the games
industry, and despite the games industry being one of, if not the most profitable interactive
digital media industry, over several years there has been several criticisms, and calls for
more formal approaches and tools to support and inform game development practitioners
in game studios/industry. The advantages being to better support large-scale projects,
keeping them on-track, within time and budget, and so help to reduce costs.

As Katherine Neil identifies in her 2016 Gamasutra article [2] “How we design games
now and why”, that over the years, numerous calls have been made in the games industry
to address the making-focused approaches, and make available more games design tools,
methods, and formal approaches to support games design and game design thinking in the
games industry. For example, going back as early as 1999, game designer Doug Church
proposed the need to develop ‘formal, abstract design tools’ in his well-known article
published in the industry’s trade magazine Game Developer [3]. Later, Raph Koster
(2005) drew our attention to “the imprecision of natural language as a tool for designing
gameplay”, and proposed a graphical notation system in his well-known Games Devel-
opers Conference presentation “A Grammar of Gameplay” [4]. While game designer
Dan Cook (2007) disparagingly said games design occurred accidentally through habit
and guesswork [5].

One thing is clear, that as game and serious games designs and projects became
larger, the design documentation also correspondingly became larger. This increases
the difficult in managing and keeping track of projects. We’ve come a long way since
these early days with a host of standard texts from writer-practitioners on games design
[e.g. Ernest Adams, Tracy Fullerton, Chris Crawford, Katie Salen and Eric Zimmer-
man, David Perry, etc.] used throughout the world, to introduce, educate, inform and
enlighten game practitioners and students (of games design courses and degrees), and
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researchers, academics and students of HCI and interaction design interested in learn-
ing about the craft of game design. In particular, more recently one driver for the HCI
communities comes from the strong interest in gamification — applying game elements
and characteristics to digital, interactive, online, apps, and services, etc.

Similarly, in the emerging discipline of serious games we witnessed early calls for
serious methodologies and design approaches incorporating both research and devel-
opment to address the spate of published work focused on development and practice
alone [e.g. 6, 7, 8]. While more recently we’ve seen an escalation in reports, publica-
tions, workshops and conferences focused on serious games design and thinking, and
in particular focused on mechanics in serious games these typically adopt HCI focused
approaches over art, making, creativity, and practice-based approaches.

Herein, it is argued that both approaches have advantages and could inform and
inspire, and feasibly be incorporated with one other. Interestingly, at the heart of both HCI
and practice-based approaches is an iterative approach. In HCI, it’s the iterative design,
development, analysis, evaluation and playtesting cycle; and in practice-based, it’s the
iterative making/creating, evaluating/reflecting-in-action, and informing making cycle.
So for example, it’s not difficult to imagine a practice-based creative iterative approach
incorporated within an HCI iterative design and development cycle, and vice versa.
This paper describes an approach that informs both the HCI design and development
cycle and an action-based/practice-based approach for the design and creation of games,
serious games, VR and immersive environments. This paper outlines the latest work of
an on-going long-term sustained research effort to extend and operationalise Leontiev’s
(1981) original hierarchical activity theory framework [9]. The framework described
herein describes initial work that builds on and extends earlier work to provide a tool,
notation, grammar and building blocks to represent gameplay mechanics and narrative,
scenario, story-based activities; from game design concepts and ideas, through modelling
and analysis, to informing implementation.

This paper is organised as follows. In section two, related and previous work to
extend and operationalise Leontiev’s (1981) original hierarchical activity theory frame-
work is described. Section three describes the notation, grammar and building blocks of
the extended framework, and provides examples of serious games, VR and immersive
environments gameplay mechanics and narrative, scenario, story-based activities repre-
sented through the framework. Section four concludes the paper summarising the work
and advantages of the framework.

2 Previous and Related Work

Previous work building on the hierarchical activity theory based framework and approach
[10-16] has made considerable advances to extend and operationalise Leontiev’s (1981)
original activity theory to model and support the design, development and analysis of
serious games, virtual environments and virtual reality for a variety of purposes along
the serious games continuum [17], as shown in Fig. 1.
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>
8
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with fewer gaming for purpose with minimal
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Fig. 1. Serious games continuum: showing from left to right, games for purpose (with traditional
game characteristics) to experimental & experiential environments for purpose (with minimal
game characteristics), as follows: Oceans We Make [18] third activity with game characteristics
with purpose to collect plastics in the ocean; The Reef Game [19] game-like to slow down or stop
harmful human activities to the Great Barrier Reef (second activity); VR Slow Reef Experience
[20] swimming through the beauty and wonder of the Great Barrier Reef (first activity); Oceans
‘We Make [18] first activity preparing to go for dive in the ocean

While the previous work [21] developed a framework using activity theory, and
interestingly draws on and mixes concepts and frameworks from the two main activity
theory systems of Engestrom (1987) [22] and Leontiev (1978) [23], the focus of this work
is exclusively on educational serious games. Other earlier activity theory work similarly
focusing exclusively on learning games is for example [24]. So while several other
published work has explored activity theory and games and serious games, invariably
this work focuses on [22] version or hybrid of [22] and Leontiev’s later and revised
works [23], and focuses on learning or educational games. Interestingly, the English
translation of Leontiev’s [23] second publication appeared in print before Leontiev’s [9]
first publication which was translated from Russian to English and published in 1981.

Our activity theory work focused on Leontiev’s [9] original activity theory contain-
ing the powerful activity concepts of motive and objective that define “activity proper”.
Our earlier work, referred to as HABS (Hierarchical Activity-Based Scenario approach)
focused on interactive narrative, scenario and story-based activities, composed largely
of written description or statements of actions/play, similar to a script/scriptwriting,
although structured accordingly in a hierarchy of activity, actions, operations, and
intention/motive, directed towards objective.
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The framework’s lens-like ability provided a way to describe and represent any
level of abstraction from high-level descriptions of activity to zoom-in to any low-
level of actions, sub-actions, sub-sub-actions, and so on, and use of tools and artifacts
responding to conditions of action. In [10], we presented the first-steps demonstrating
the flexible and powerful ability of the HABS framework applied to the learning game
“2020Classroom” (NSF-funded) to zoom-in to any level of detail and complexity, and
study results demonstrated the mechanism to analyse, assess and reason about the success
of purpose (for undergraduate students to learn about processes of human organs) —
through objective outcome coinciding with motive. Further refinement to this work was
presented in [13].

While this earlier work focused on task-based single-activity and multiple-actions
we further extended Leontiev’s (1981) activity theory to incorporate experiential-based
activities through the outcome of objective merging with motive, as well as task-based
multiple-activities and actions [14] performed within a Sphere of Engagement [16] cor-
responding to Huizinga’s “play-grounds”, “arenas” and “magic circle” [26]. However,
the focus of this earlier work on narrative, scenario and story-based activities didn’t cap-
ture or extend well to gameplay mechanics of loops of interactive play activity/actions
that is key to reinforcement of an idea through repeated action [27, 28] and that typi-
cally characterise games and games for purpose. Considering the serious games contin-
uum [17] that captures all purposes from all sectors irrespective of platform, it can be
seen that our previous work focusing on interactive narrative, scenario and story-based
activities, was less effective at capturing or extending to games for purpose with game
elements, characteristics and mechanics identified predominately on the left-hand side
of the continuum.

Therefore, this called for the next phase in the evolution of the Leontiev’s [9] activity
theory, to further extend and operationalise our activity theory-based framework and
approach to capture core and other game mechanic loops of play activity/actions that
typically characterise games and games for purpose, as well as, represent interactive
narrative scenario story-based activities.

3 Extended Activity Theory Framework: Notation, Grammar,
Building Blocks for Mechanics, Narrative and Story

In this section we present the initial work that builds on and extends earlier work to pro-
vide a tool, notation, grammar and building blocks that informs both HCI and practice-
based approaches to represent gameplay mechanics and narrative, scenario, story-based
activities. The framework is intended to facilitate and inform HCI transition from require-
ments, ideation, design to implementation, and helps practice-based approach transition
from ideation, design docs to creation. It’s intended to support all delivery platforms
and extend to all purposes/sectors (education, health, esports, business, documentary,
tourism, social impact, culture, etc.) across the serious games continuum: from games
for purpose to experiential environments for purpose.
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As demonstrated in our previous work, blending both mechanics and narrative/story
provides powerful strategies for design of serious games and immersive environments
for purpose. For example, as demonstrated through our exhibited, showcased and pub-
lished works: The Reef Game [19] and Oceans We Make [18] which incorporate both
gameplay mechanics for purpose and experiential environments for purpose, and the
VR Slow Reef Experience [20] that incorporates an experiential environment for pur-
pose. As these serious games and immersive VR environments extend across the serious
games continuum (Fig. 1), we focus on these examples in this section to demonstrate
the extended activity theory framework.

Following Koster (2005), at the heart of our framework is notation and grammar that
we have developed. Notation systems are found in the arts, dance and music. As shown
in Fig. 2, examples include, the Labanotation which is a visual notation used to record
and analyse human movement and the staging of dance and design of choreographed
movement sequences, and Musical Notation used to visually represent music played
with instruments through the use of symbols and other signs such as for durations,
rests, tone dampening and sustaining. In our framework, the notation is derived from
extended activity theory concepts and games and serious games design elements and
characteristics.
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Fig. 2. Notation Systems: (left) Labanotation records human movement sequences for archive
and choreography of dance, and (right) Musical notation represents music through symbols and
other signs for durations, rests, tone dampening and sustaining.

In the next section we describe the extended activity theory framework, notation
and grammar for narrative, story and mechanics, and provide a number of examples
including the exhibited, showcased and published works: The Reef Game [19] and
Oceans We Make [18] which extend across the serious games continuum (Fig. 1), and the
experiential environment VR Slow Reef Experience [20] to demonstrate the versatility
of the framework.
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3.1 Activity Theory Framework, Notation & Grammar for Narrative, Story & Mechanics

Sphere of Engagement (SoE): corresponds to the
“play-grounds” ‘“arena” and “magic
circle” (Huizinga’s 1955), in which one or more
activity is performed — and provides a boundary /
demarcation between that which is external / outside of
the sphere to that which is internal through either focus
of attention / engagement / play or enveloped by
technological platform e.g. VR, virtual and game
world, gameplay map, and maintain the illusion [25].
or both
experiential-based activities and actions

environment,

Can incorporate either

task-based and

Objective and Motive (O & M) Coincides: task-based
activity / actions - towards the fulfilment of goals until
objective is fulfilled and / or condition is met.
Relationship between O & M provides a means to
frame activity and a mechanism to assess / reason
about the success of activities / actions through the
degree to which outcome of objective coincides with

motive.

Objective and Motive (O & M) Merges: experiential-
based activity / actions - relationship between O & M
provides a means to frame activity and a mechanism to
assess / reason about activities providing an experience
as objective outcome merges with motive. Merges
doesn’t necessarily suggest an end point (like task-
based) but suggests that as long as actions are
contributing to the merging, then

fulfilled or satisfied

motive is being

Game Start: start
of game or
experiential
encounter; entry
to SoE or magic
circle (left)

Game End:
identifies end
of game or
experiential
encounter
(middle)

Transition / Link:
linear sequential
transition; with
direction from
one activity /
action to (right)

Game Mechanic Loop: activity / action(s) performed
repeatedly again and again in a loop. Represents the
core or other game mechanic loop of essential play,
narrative, environmental storytelling, or experiential

activity / actions

Choice, Decision, Branching, Synchronisation: marks
the point at which a choice, decision, branch /
branching occurs (can be mandatory or optional) or is
synchronisation for players to begin at the same time
e.g. start of a race, contest — see examples below.

|

Message: title screen, end
credits, instructions on
gameplay, Ul or controls,
etc.; introduce or update
backstory; can be text,
visuals, voiceover.

Cut scene: denotes linear
presentation  video  or
animation and duration -
to introduce or update
story/game, tutorial on
gameplay or controls, etc.
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Task-Based Loop: activity / action(s) performed within
SoE / “play-ground” repeatedly again and again in a
loop towards a goal until fulfilment and / or
condition(s) is met / end-game state reached / questions
correctly answered, etc. when objective outcome
coincides with motive e.g. core or other game
mechanic loop of essential play activity / actions
towards a goal — may be incorporated or nested with
experiential-based activity(ies) / actions with goal e.g.
to explore / experience an environment / space.
Associated conditions, variables or states are labelled
and adjusted (+/-) or comparison (=, <, >) each time
around the loop or until a certain point, stage, target is
reached e.g. +1; -1; does x = 0? or time = 0? then end.
Activity may represent sections, scenes, units, missions

Experiential-Based Loop: activity / action(s) performed
within SoE / “play-ground” by wandering, meandering,
exploring, travelling, discovering, observing, and / or
engagement in / experience content — not necessarily
driven by (known) goal or challenge e.g. core mechanic
is to explore an environment or space, walking (or
swimming, flying, outer space travel, looking, etc.)
simulator games, narrative games, or environmental
storytelling — may incorporate or nested with, or choice
to perform, task-based actions e.g. to hunt, or search
for something. Associated conditions or variables are
adjusted, or comparison made or until point reached
e.g. if time = 0 then end. Activity may represent
sections, scenes, units, missions.

Q Choice, Decision, Branching: activities within the
sphere of engagement, play-ground, magic circle, arena
shown opposite — shows player’s possible choices
between two activities (branching could also be result
@ @ of condition):

a. task-based

b. experiential-based

Synchronisation: between more than one player to
begin task-based activities at the same time e.g. start of
a race, obstacle course, challenge.

The notation opposite shows two players starting a
game at the same time — on the left hand-side the two
players are shown explicitly and on the right a
shorthand notation identifies the two players by p=2
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3.2 Basketball Waste Disposal and Recycle Game

Purpose: player learns about the types of trash and the
appropriately coloured bin to dispose / recycle it i.e.
general waste-green lid; recycle-yellow lid; green
waste-lime green lid — learn while playing a fun game!

Activity Statement: task-based, repeatedly sorting
waste and recycling trash by shooting baskets into one
of three coloured bins, incrementing score s+1 for
correctly sorted trash, against the clock-until end game
time reached (e.g. 2 minutes). Creates competition
between players to get highest number of baskets.

Motive: recycle trash

Objective: sort into correct coloured recycle bin by
scoring baskets

[student serious game on BA Games Design, GFS]

3.2.1 Beach Clear — Pollution-Trash

Purpose: intended to evoke uplifting feeling of
accomplishment; beautifying environment creates
positive experience. Message: Clean-up & don’t litter!

1. Activity Statement: first activity is task-based,
repeatedly picking-up trash scattered around the island
and loading on a boat until no more trash on island
(e.g. with 20 pieces of trash, the core mechanic is
repeated 20 times until no trash). As trash is cleared,
island progressively becomes more beautiful, sky and
sea becomes brighter and bluer, increase in fish
swimming and jumping, and birds flying and singing.

Motive: clean-up / clear island of pollution and trash.
Objective: pick-up trash and load on-board boat

When Motive and Objective outcome coincide the
activity ends.

2. Activity Statement: second activity is experiential-
based, sail away on boat into the sunset

Motive: escape island - enjoy the experience!
Objective: sail boat into / across open sea into sunset

NOTE: the second activity could be incorporated in the
first but separating these emphasises the task-based
clean-up activity from experiential-based positive and
uplifting experience of sailing away into the sunset.

[student serious game on BA Games Design, GFS]
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3.2.2 VR Reef Experience

Purpose: To experience contrast between the healthy
beautiful, tranquil Great Barrier Reef (GBR) and
glimpse a possible future with destroyed, lifeless, dead
Great Barrier Reef. Awareness of that the Reef is under
threat of further sustained damage. Message to take
care of the GBR, reduce harmful effects and causes of
climate change.

1. Activity Statement: first activity is experiential-
based, swim anywhere in any direction, for as long as
you please, through the tranquil, beautiful GBR — swim
with clown fish, shoals of fish, turtles, dolphins, sharks,
jelly fish, and around corals and rocks. Prolong stares
brings-up the name of the fish. Option to quit “Q”, but
as all participants need to experience 2™ activity to
fulfil purpose, the transition from 1% to 2™ activity was
positioned in the player’s line of sight after
predetermined times to encourage transition to 2™
activity.

Motive: experience healthy, tranquil, beautiful GBR
Objective: swim in any direction, for as long as you
please

2. Activity Statement: second activity is experiential-
based, swim anywhere in any direction, for as long as
you please, through the destroyed, lifeless, with dead
fish, and bleached and destroyed corals of the future
Great Barrier Reef

Motive: awareness of harmful human activities and
climate change to GBR

Objective: swim in any direction, for as long as you
please
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Harmful human activities:
farming run off, construction
run off, speeding water sports,
plastic bags, crown of thorns
starfish, over tourism, heavy
shipping and smoke / pollution
from local industry

3.2.3 The Reef Game — tablet / smartphone

Purpose: To experience contrast between the healthy
beautiful, tranquil Great Barrier Reef and glimpse a
possible future with destroyed, unhealthy GBR.
Awareness of harmful effects to the Reef from human
activities during fun game play. Message to take care
of the GBR, reduce harmful effects & climate change.
Message: Slow Down / Stop harmful human activities

First, cut scene opening shot moving closer to the
game title.

1. Activity Statement: first activity is experiential-
based, Ul instruction invites the participant to swim
and explore anywhere in any direction, through the
tranquil, beautiful GBR — swim with clown fish,
shoals of fish, turtles, dolphins, sharks, jelly fish, and
around corals and rocks — 1 minute.

2. Activity Statement: second activity is task-based,
Ul instructions to tap on harmful human activities.
Game loop is shown opposite; as the harmful events
occur in a seemingly random order, the player taps on
them to slow down or stop harmful activities. A fun
game that gets faster and faster, increasing the
challenge, but the ocean inevitably becomes darker,
polluted, unhealthy, and game play ends ~1.30mins.

3. Activity Statement: third activity is experiential-
based, participant to swim and explore anywhere in
any direction, for as long as you please, through the
destroyed, lifeless, dying reef and bleached corals.

s

Reef Game ends with thought-provoking message.
Further design details can be found in [30, 31].
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3.2.4 Oceans We Make — VR

Purpose: The purpose of OWM is to give participants
an experience of what plastic polluting the sea is like,
just like an actual experience a scuba diver might have.
Developed by Warrior9 VR, it was based on a real
scuba diving experience. This way the issue of sea
pollution is not a theoretical concept left to the
imagination, but an experienced understanding of how
it could manifest in real life. For entertainment
purposes it's gamified and exaggerated.

Message: Use less plastic!

1. Activity Statement: Boat trip, preparing for diving.
Experiential-based activity to provide an establishing
scene to give participants a moment to situate
themselves on a boat on the ocean and to get used to
being in an immersive space. The narrative is also set-
up by voiceover suggesting this is going to be a fun
dive in pristine waters. Participants have mentioned
that it can be scary being underwater in VR so this is a
way to ease them into it.

2. Activity Statement: Submerged in the sea, and
journeying through the beautiful ocean.
Experiential-based activity, participants enter the ocean
and get a sense of how beautiful and magical the ocean
environment is - particularly those who are afraid of
going beneath the surface or who would never get to
experience it as they don't Scuba dive. In other words,
take people to a place they can't usually get to without
a lot of effort. We also purposefully had a shark swim
by to make the point that - for the most part - sharks
keep to themselves and are not the aggressive
villainous creatures portrayed in the media.
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3. Activity Statement: Plastics appear, gameplay core
loop to capture plastics

Task-based activity; the initial piece of plastic
appearing is intended to be a surprise to participants -
they're not aware that it is coming. And then slowly the
participant sees more pieces of plastic and they are
encouraged through Ul and audio instruction to enjoy
the game-like play loop of trying to collect all the trash
using one or both the hands. For each item of plastic
successfully collected, a sound is heard and score is
incremented. The enjoyment is supposed to take the
attention away from the fact that it's actually a bad
thing that there's so much trash in this supposedly
"pristine" sea. Because that realisation comes later.

As the trash becomes more, the participant struggles to
keep-up with the collection, and begins to realise that
the game is unwinnable... and is intended to shift their
attention back to the fact that actually the sea is
horribly polluted, and that's sad/disappointing.

4. Activity Statement: Dive ends, taken out of ocean

Finally, the experience concludes as the participant is
pulled out of the sea to see all the trash floating on its
surface, as a way of giving participants a bird’s eye
view of the problem, so they can put it in context, and
realize the scale of pollution that overshadows the
beautiful ocean - along with an impact statement to
show how many pieces of plastic they’ve collected
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versus how much is reported to be in the
sea. Ultimately the hope of this sentence is to
emphasise the fact that using less is the only way that
we can reduce the problem, because we can't collect it
all.

4 Conclusion

This paper presents on-going research to extend and operationalise Leontiev’s (1981)
original hierarchical activity theory framework. This is the latest work of an on-going
long-term sustained research effort. In particular, the main focus of the work presented
herein was to extend our activity theory framework to mechanics and narrative, scenario
and story-based activities performed in sphere of engagement equivalent to Huizinga’s
“play-grounds” — from high-level to low-level. The framework herein provides a tool,
notation, grammar and building blocks that can be incorporated into both HCI and
practice-based approaches. The framework is intended to support all delivery platforms
and extend to all purposes/sectors (education, learning, health, science, esports, busi-
ness, tourism, social impact, social justice, cultural heritage, etc.) across the serious
games continuum: from games for purpose to experiential environments for purpose. To
highlight the versatility of the initial work to extend the activity theory framework, we
described several examples of serious game and immersive VR for purpose developed in
research projects, and in the professional immersive content creation Singapore-based
studios of Warrior9 VR.
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and raises an identity-creating reference with examples from their own university.
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it was received. The importance of a well-paced narrative combined with modern
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1 A Serious Game for Raising Awareness of Impairments

Accessibility is a legal
requirement! and a
necessity, which can
be taught in a playful
manner. Serious Games
can be a medium to
simplify complex learn-
Also eine Frage hiitte bt es fi ende, die zum Beispiel ing areas. Especially

eine Sehbeeintréchtiguné haben, barrierefreie Angebote? Ich
brauchte da manchmal sowohl Beratung als auch Unterstiitzung. in university contexts
- b

B WOLTGANG GOETRE-UNIV.

it can be an effective
and sustainable self-
learning method as well
as a suitable, innovative
and informative tool of raising awareness. In 2020, we developed a Serious Game
named “Lola’s first semester”> with the aim of raising awareness for the problems of
impaired students at universities. The target group are university members who produce
digital content. By playing the game, an awareness of the problems should be created
and possibilities to reduce digital barriers should be manifested. Digital accessibility
needs to be implemented repeatedly to remain in memory and to maintain a learning
anchorage. Ideally, the special requirements of impaired persons should be considered
from the beginning when, e.g., designing courses, building plans or purchasing systems,
so that no barriers do not occur at all. Using a game setting for that process can be the
key to learning motivation. In the game, Lola is a first semester student to convey the
feeling of being a freshwoman, including all its challenges, but also the support you
expect as a student. This brings a narrative advantage. The game design follows the
strategies of Dorner et. al (“Serious Games: Foundations, Concepts and Practice”) [1].
Within the frame story, there is a clear campus map and five integrated mini-games. Each
mini-game looks at a different barrier faced by people with a visual impairment and has
a different learning objective: During the “Lecture” game the players need to practice
buy-sell decisions signaled by red and green arrows during a stock market simulation.
“Online seminar” shows problems in video conferences that the player has to remove
by fighting symbolic opponents. “Examinations Office” deals with inaccessible PDFs,
which the player has to revise with different tools. “Validator” shows the problem that
many machines (e.g., library systems, computer stations or printer) of universities are
not barrier-free. The field of view during the game is limited by black borders and
pixilation. This mini-game is deliberately difficult to simulate an everyday hurdle of
a visually impaired person. “Cafeteria” illustrates the hurdle of time-bound content
using the menus in the canteen, involving three different meals displayed, only one is
without allergens. Based on the information on the slideshow the correct dishes have
to be chosen. In the Serious Game “Lola’s first semester”, knowledge is conveyed in a

Fig. 1. Lola’s first day at Goethe University Frankfurt

' Commission Delegated Regulation (EU) 2016/2021 for websites: http://data.europa.eu/eli/reg_
del/2016/2021/0j.
2 Serious Game: https://lolaserstessemester.sd.uni-frankfurt.de/ (In German).


http://data.europa.eu/eli/reg_del/2016/2021/oj
https://lolaserstessemester.sd.uni-frankfurt.de/
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playful way with tasks and further related information. The game concept is designed
in a way that can be easily transferred to other types of impairments such as depression,
hearing impairments or physical-chronic and psychological-physical impairments. The
implementation was carried out with the aim of offering a low-threshold entry so that the
players can quickly find their way in and use the game intuitively. The insights gained
through the evaluation phase of the Design Thinking process will be incorporated in
the revision of the story, the mini-games and the characters. In the first development
cycle of the Serious Game, the focus was on the overall game, the acceptance and
the experience of visual impairments. The next development cycle will focus even
more on User Experience. To make profound and generally valid statements about user
behaviour in the further research process, methods from the field of learning analytics
can be used. This data can both support the research process and influence the players’
gaming behaviour through feedback to users (Fig. 1).

2 Technical Implementation and the Design Thinking Process

The development of the Serious Game “Lola’s first semester” followed the process of
Design Thinking [2]. The first two phases of empathizing and defining were conducted
using data gathered through an online survey in 2019°. The survey’s aim was to collect
data on the current situation of digital accessibility in higher education. Using said data,
we were able to pinpoint specific barriers and define challenges. During the phase of
ideation, we further generated ideas in weekly team meetups and a Hessian networking
meeting. Following, a prototype was implemented and afterwards tested. Using the out-
come of the evaluation, we are now in the phase of (re-)defining. We started by scouting
for a software, which is easy and free to use. By looking into authoring systems at first,
we soon discovered their restrictive nature of pre-implemented features, which would
limit the scope of the game [3]. After reviewing the advantages and disadvantages for the
technical implementation of various game engines, the decision fell on the open source
Godot Engine V.3.2.2 because of its widely supported HTMLS5 exporting capabilities.
The dialogues between Lola and her fellow students were implemented with a combina-
tion of the Dialogic* add-on, Excel, JSON and Python. The development of the individual
characters was done in-house, with the aim of representing a great diversity. Moreover,
Audio, which also plays an important role for a better game experience, was taken into
account. The whole game is designed to be played only with a mouse accompanied by
a narrative conveyed via readable dialogues and distinctive set of characters.

3 Evaluation of the Game and the Integrated Mini-games

After completing the first development cycle, an online survey was conducted. On the
one hand, the aim was to evaluate the overall game and the five mini-games in the
context of game experience. On the other hand, the goal was to obtain feedback on the

3 http://innobar.studiumdigitale.uni-frankfurt.de/Umfrageergebnisse/Digitale_Barrierefrei
heit_an_hessischen_Hochschulen.pdf (in German).
4 Dialogic: https://github.com/coppolaemilio/dialogic.


http://innobar.studiumdigitale.uni-frankfurt.de/Umfrageergebnisse/Digitale_Barrierefreiheit_an_hessischen_Hochschulen.pdf
https://github.com/coppolaemilio/dialogic
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concept as well as the current implementation. The feedback results should also provide
an answer to the research questions of whether the format of a Serious Game is suitable
for creating awareness for the given topic. The Game Experience Questionnaire (GEQ)
[4] of the FUGA project (The Fun of Gaming) [5] was used as an instrument and was
integrated at the end of the game. The GEQ is characterized by reliability, validity and
sensitivity, which are crucial for good measurement. A total of 36 people (13 male,
23 female, O diverse) participated in the study with following age groups: 17% under
25, 54% between 25-34, 26% between 35-44, none between 45-54 and 3% above 55.
Of the total 36 participants, 25 described themselves as gamers and 11 as non-gamers.
There were participants from various lines of work such as educators, tutors, students
as well as people working in administration from a network of 11 different universities.
Closed questions in the form of a 5-point Likert scale (strongly disagree to strongly
agree) were asked in the GEQ. Those statements were assigned to the seven dimensions
of Competence, Immersion, Flow, Tension, Challenge, Positive and Negative Effects
[3]. The GEQ is followed by an open question at the end of the questionnaire with the
possibility to express additional wishes, ideas and criticism. The evaluation followed the
Mayring’s procedure [6]. The most frequently mentioned statements (n = 7) were that
the challenge is well communicated, that the game draws attention to existing challenges
and that it is a good game (n = 6). Combined with the result of the best-rated surveyed
statements (mean value of over 3 (>=)), the format of the Serious Game appears to
be suitable for raising awareness for the topic of accessibility. Participants of various
workshops and working groups also confirmed the sensitising effect when playing the
game. Negative effects, such as “It put me in a bad mood” and “I felt angry”, were hardly
mentioned. Both items were rather disagreed with (MW = 1.9). Otherwise, the many
pieces of content-related and technical feedback on the game can be incorporated in the
next development cycle.

4 Improvements and Further Development

An online survey during the testing phase of the Design Thinking process gave an insight
on how the players felt about each aspect of the game. This direct feedback is helpful
in improving the game in a phase of (re)defining. Besides overhauling the technical
side, another core focus will be to tackle the narrative side. One of the key elements
during the development process was to make sure of the technical availability of the
game regardless of the available hardware. Although the choice to put the game on the
server takes away the steps of downloading a setup file and installation, it still caches
(aka downloads) the game first when someone visits the website. Almost every reported
technical issue can be traced back to users having slow internet connections and/or
hardware with low specifications. The Pixel Streaming technology provided by Unreal
Engine (UE4) resolves that problem by making it streamable via server. Playing the
game will be like streaming a YouTube video from the user perspective but with the
added benefit of controlling the interactive content shown. Moreover, making the game
available via a cloud service with an added graphics card can lower the setup cost and
time. The results from the GEQ show that the players were distracted and only moderately
concentrated. They were not immersed enough to lose track of time or connection to
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the outside world. Despite having a positive experience, they still felt moderately bored
by the game. An introductory onboarding plan could prepare them for the challenging
parts. To increase the pressure and challenge, the players need to get in the flow by
challenges that are neither too easy nor too hard [7]. By creating metrics, we can easily
specify the distracting issues and tackle them. Known distractions are inconsistencies
like different designs for the same character. The controls have to be balanced through
fine-tuning because of the large impact they have on the game feel [8]. An iterative
loop consisting of observation, idea-generation, prototyping and testing can help us
embrace the failures [9]. Furthermore, a built-in game analytics functionality could give
us insights about player behaviour and help us eliminate more issues. A better User
Experience can be achieved by a well-structured head-up display (HUD) and can help
players to constantly know which buttons to press when a certain action needs to be done.
By using Design Thinking, the capabilities of the audience can be considered and the
levels and gameplay can be designed accordingly. Combined with the Gestalt principles
in UX [10], the players are faced with an easily comprehensible environment, making
the game more accessible. Although the concept was well received, the “Examinations
Office” mini-game still faced some criticism regarding gameplay and the presentation
of the tutorial. Demanding the players to read a so-perceived overload of instructions
before playing the game required more attentional resources. Therefore, more distraction
will have a disruptive effect leading to irritation [11]. A good narrative design will bind
together the technical and gameplay improvements which will further enhance the User
Experience. As the evaluation shows moderately happy players, we want to continue with
the structure of our game. A more coherent storyline with an emotional attachment could
evoke more empathy. This kind of involvement can create a platform for inducing implicit
learning, which, according to some researchers, is more robust than explicit learning
mainly because it seems to last longer [12]. Due to its uncomplicated licensing structure,
using an industry standard tool like UE4 opens many possibilities. Implementing free
to use and highly detailed 3D models and characters can add a modern look to the
game in which the players would be embodying and emotionally connecting with the
characters. All these processes combined should help to create a lived-in world designed
for intrinsic as well extrinsic learning. We started with a focus on visual impairments, but
regarding future versions of the game, other impairments are also taken into account.
According to the best2 survey”, studying is made more difficult due to physical or
health impairments for 11% of German students. This group includes students with
mobility, hearing and speech impairments; mental illnesses; chronic illnesses; dyslexia
and other partial performance disorders; autism and AD(H)S. Furthermore, according to
the (US) National Center for education statistics, 12% postbaccalaureate students or 19%
undergraduate students reported to have a disability.® Whether individual impairments,
illnesses or other challenges are suitable for a Serious Game like “Lola’s first semester”
is part of our future research.

5 best2: 21st Social Survey of the German Student Union (DSW), 2016: https://www.studenten
werke.de/de/content/studieren-mit-behinderung-%E2%80%93-geh % C3%B6re-ich-dazu.

6 National Center for education statistics: https://nces.ed.gov/fastfacts/display.asp?id=60
16.05.2021.
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5 Conclusion and Future Work

Using Serious Games has helped strengthen the process of inclusion and sensitization.
Our lessons learned will be used to construct the next iteration of the game with an
expanded target group including the older generation, improved User Experience and
a better narrative design whilst upholding the current game structure. A cloud-based
deployment could benefit eliminating technical issues and barriers, which will help us
elevate our intended goals. A self-evident choice would be to lay the focus on hearing
impairments, as the mini-game “Online Seminar” already deals with linked barriers.
Another option is to shift the focus on depression, as it is the most common impairment.
We have the vision that the concept and implementation of the game could easily be
transferred to other contexts at university like orientation events or tutor training. A
modular framework and a predefined workflow are required for this, so that elements
can be exchanged. A standardized workflow with templates for creating the story and a
selection of avatars will help teachers to create a similar Serious Game. The conceptual
templates and pre-implemented set of visual elements (e.g., avatars) will be cost and
time saving. Furthermore, the described structure will open the game concept of “Lola’s
first semester” to a wide group of stakeholders. Though this is an ambitious goal, it
holds the potential to shift teaching methods at universities into a more gamified learning
environment. To underline the need of gamification in teaching and its advantages, future
work will deal with the benefit of Serious Games in education.
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Abstract. Mental health disorders present a global challenge being the largest
contributor to non-fatal burden of disease. In fact, those who are experiencing
symptoms of mental illness often wait ten years before seeking help. This is
frequently due to help-seeking barriers such as stigma and cost. One way to combat
help-seeking barriers is through increasing the mental health literacy of the public.
This has been achieved successfully through digital delivery of mental health
information and services, including serious games. Early research suggests that
serious games are an effective tool for improving mental health literacy. However,
factors such as poor-quality game design and research studies mean that developers
face challenges when designing, developing, and analyzing serious games. To
address these challenges this paper will provide an analysis of indie games that
feature topics of mental health, trauma, and grief. Indie games share similarities
to research environments, often being created by small teams on a limited budget.
Even with these limitations they can tell impactful and emotional stories, making
them a valuable source of inspiration for developers of serious mental health
games.

Keywords: Serious games - Mental health - Mental health literacy - Indie
games - Independent games

1 Introduction

Mental health disorders are the greatest contributors to non-fatal burden of disease
(18.3% as of 2016) and account for eight million deaths per year [1-3]. Mental ill-
ness symptoms can affect a person’s mental, physical, and social wellbeing and reduce
their ability to manage everyday life, for example their ability to attend work or school,
go on social outings or care for themselves [3]. Despite the personal cost of these symp-
toms, it can take up to ten years for a person to seek treatment for a mental illness leading
to more severe illness at presentation [4]. This is often due to treatment barriers such as
stigma or cost, where stigma is the main reason reported for not seeking help [5—-11].
Therefore, reducing stigma and improving the treatment, identification and management
of mental health disorders is an imperative global challenge that relies on governments

and communities working together.
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One way to increase awareness in communities is through digital interventions that
aim to increase mental health literacy (MHL). MHL, first coined by Jorm et al., is a term
derived from health literacy and refers to the knowledge of mental health, wellbeing,
symptoms, treatment, care, and services [9, 12, 13]. This includes initiatives that reduce
stigma and prejudice toward mental health disorders [9, 12, 13]. Digital initiatives such
as Beyond Blue aim to do this by providing resources and support to communities [14].
The Beyond Blue initiative has been credited by Jorm, Christensen and Griffiths in help-
ing to increase the publics MHL in Australia [12]. Other interventions aim at augmenting
treatment or improving wellbeing. For example, moodgym, an online cognitive behav-
ioral therapy-based course, has been shown to be effective in improving outcomes for
those with early symptoms of mental illness when compared to patients on a waitlist
[15, 16]. Suggesting that digital interventions are a promising direction for improving
MHL. Additionally, there are many mobile application interventions including mood
trackers, mindfulness, and meditation applications [17]. Like other digital interventions,
serious games present another promising avenue for the delivery of mental health literacy
content.

This paper will provide a brief overview of serious games for mental health. Addi-
tionally, it will provide an analysis of indie games that explore stories of mental health
and mental illness. Through this analysis, suggestions will be provided on ways indie
games can inform serious games design. This paper is structured as follows. Section 2
will outline serious game’s role in mental health treatment and education. Section 3
explores indie games that provide an insight into the thoughts associated with mental
illness and offer a creative look into the design of serious games for mental health.
Section 4 will provide a discussion and conclusion to the topics covered in this paper.

2 A Brief Overview of Serious Games for Mental Health

Serious games have been defined by Michael and Chen as games that primarily focus on
education, without principally being entertaining [18]. However, they are now further
defined to exist on a continuum of gameplay mechanics, narrative, and styles — widening
the scope for what is classified as a serious game [ 19]. Boyle et al. finding articles covering
a broad field of topics such as science, health, and business, across several game genres
(e.g., simulation and role-playing) in their serious game meta-analysis [20]. Additionally,
they found that the benefits of serious game can include but are not limited to behavior
change, real world skills development and knowledge acquisition [20]. In fact, both
Boyle et al. and Qian and Clark suggest that serious games are ideal for teaching 21st
century skills such as communication, problem solving and scientific reasoning [20, 21].

Indeed, MHL should be considered a 21st century skill and is therefore an appro-
priate field for development of serious games. However, there are challenges in the
development of both digital interventions and serious games that utilize mental health
literacy. As stated earlier, moodgym is targeted to those who have early signs of mental
illness, because it was less effective to those with more severe symptoms of mental
illness [15, 16, 22]. Additionally, while there are many mobile applications for mental
health, most mobile applications lack research-based examination, may not be backed by
current evidence and/or may present damaging information [17]. Moreover, these types
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of interventions have challenges such as having high attrition and dose dependence;
therefore, they are not considered suitable for primary treatment [15, 23-25]. Serious
games present a similar challenge to developers in the area of mental health literacy.

Serious games for mental health are a promising, yet emerging field of research.
Using them for improving mental health literacy, more specifically for treatment, man-
agement, and education, are effective [26, 27]. One example of a serious game for
improving mental health literacy in adolescents is SPARX [28]. SPARX is a game and
e-health therapy developed for youth that is currently only available in New Zealand
[28]. It is divided into several levels, each focused-on learning different skills (e.g., cop-
ing with emotions and problems) [29]. SPARX has been shown to significantly improve
depression, anxiety, and quality of life with results persisting through to a three-month
time point [29]. Results from this study are promising and show the potential of a serious
game directed towards youth mental health. However, another study using a variant of
SPARX (SPARX-R) that focused on depression, found that there were no significant
changes in mental wellbeing or coping [30]. This result was likely affected by high
dropout rates and small sample size but touches on a problem with targeting digital
interventions to those with mental illness [30].

Targeting young people and teaching them resilience through video games is a natural
fit as video games make up a large part of modern culture due to their wide availability
over different technologies. However, all the digital initiatives discussed this far fail
to address a larger concern and that is offering help and support to those with severe
mental illness. In a review on treatment of those experiencing severe mental illness (for
example, schizophrenia and psychosis) Fitzgerald and Ratcliffe found that the games
were effective and generally accepted by players [26]. However, they also found that
factors such as poor design, lack of challenge, lack of contextualization and poor narrative
led to users losing motivation and interest in playing the games [26]. In addition, a person
experiencing a mental illness, especially a severe one, may have an impaired ability to
function or ask for help [26, 31].

Serious games are an emerging field and there are limited examples of research-based
games for mental health. In their review, Fitzgerald and Ratcliffe found that research
games, existing games and card games were being used in research studies, which is
mirrored in an earlier review by Fleming et al. [26, 27]. Interestingly Fitzgerald and
Ratcliffe noted that better designed games were more interesting to players, stating that
“[h]aving a choice and variety of options, appropriate levels of challenge, easy-to-follow
instructions, and familiar, intuitive control devices corresponded to player enjoyment,
confidence that they can play the game, and successful delivery of intervention outcomes”
[26]. To address the challenge of quality and design in serious games it is important to
draw on previous examples. One avenue of investigation for serious games about mental
illness are indie games.

3 Indie Games

Video games, by their nature, are a broad and varied field and can be hard to define and
indie games are no exception to this [32]. Indie or independent games were originally
defined as games that were made on low budgets by small teams who published outside
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more mainstream channels used by larger companies [32, 33]. As such, for this paper
the term indie will refer to games made by one person or small teams that have a limited
budget including those that were funded by platforms like Kickstarter. They differ from
Triple-A games which are produced by larger companies with larger budgets.

Triple-A games, despite the increase in available platforms for indie games, are an
industry standard offering high end aesthetics, grand heroic stories and stunning visuals
to players. They are made over many years, have huge budgets, and rely on large teams of
people to produce them. However, many of these games utilize formulaic “cookie cutter”
gameplay and rely heavily on heroic adventures rather then creating deep and meaningful
stories. Indie games on the other hand, tend to be made by one person or smaller teams
and are limited by budget. However, they are praised for their innovation, creativity,
deep personal stories, authored experiences, and appealing nature. Of course, there are
exceptions to these rules, for example The Last of Us is a Triple-A game that focuses
on story driven gameplay [34]. An indie game example is Hellblade: Senua’s Sacrifice,
which tells a deep story about a character with psychosis using detailed graphics and
gameplay that could be found in a Triple-A title [35].

3.1 Indie Games and Mental Illness

Indie games may seem to be more restrictive than larger Triple-A games, but they have
a freedom to explore topics that bigger game companies might avoid. These stories can
include characters who have a mental illness and/or are LGTBQ+. For example, Coming
Out Simulator is based on the personal experiences of the developer coming out as gay
[36]. This freedom means there are more examples of indie games that explore topics of
mental health, mental illness, and trauma. These stories offering a rich narrative world
that takes a deeper look at the impact mental illness and trauma can have on those who
either experience mental illness or those around them. There are a few exceptions to
this, but many popular Triple-A games use trauma as a catalyst for heroic endeavors. For
example, The Last of Us explores an emotional story of loss and trauma, while games
like Assassins Creed Origin focus on the hero’s journey, where trauma is a catalyst for
a heroic adventure rather then the focus of the game [34, 37].

Meaning indie games analyzed in this paper provide insight into the creation of short
impactful games that have been created by smaller teams on a limited budget. Drawing
on factors such as visual style, storytelling, and gameplay of indie games can help to
improve the quality and longevity of serious games. Additionally, these games often
provide an example of both positive and negative representation of mental illness that
can be used to inform character design. Of course, developers are not limited to video
games, additional sources can be found in film, books, and comics. However, the focus
of this review is to highlight indie games, which may be overlooked, for use as examples
when developing serious mental health games. An overview of these games can be seen
in Table 1.

Florence. Florence is a touching and beautifully executed game that explores the begin-
ning and end of a romantic relationship [38]. Regarding mental health, it addresses the
feelings of grief and sadness associated with the loss of a relationship and unfulfillment
of life goals. Grief itself is not a mental illness as it is a normal response to loss; however,
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it can affect a person’s mental health and wellbeing [14]. Florence is a predominantly
visual game that uses minimalistic design and straightforward mechanics coupled with
both graphic and visual metaphor to tell the games story. For example, as the relation-
ship grows communication is shown visually through a speech bubble puzzle [38]. The
puzzle becoming less complicated over time, as the couple gets to know each other.
This is also used when the two have an argument, the puzzle pieces changing color and
shape. There are many examples of the use of visual intrigue and clever design dotted
throughout Florence. A minimalist design with thoughtful mechanics can help a designer
explore how to communicate story visually and mechanically, without the need for a
long narrative.

Coming Out Simulator. Coming Out Simulator tells the story of a young man who
struggles with coming out as gay to his parents [36]. It also explores the fear, loss
and loneliness associated with both hiding and coming out as gay and finally, coming
to accept it. A short game, with a minimalist design, it proves that short games and
stories can have an emotional impact. Providing both a visual style that is appealing yet
minimalist and stories told in short sentences. The players choices are limited, leading
to changes in dialogue but not outcome. This can provide inspiration in how to tell small
impactful stories that could be used in serious games design, especially in a research
setting where time and funds may be limited.

Depression Quest. Depression Quest is surrounded by controversy; however, the focus
here will not be on these problems, but on the game itself [39]. Depression Quest is an
interactive fiction with minimal design. It explores a twenty something characters life
as the symptoms of depression begin to manifest and become worse. Choices can lead
to different outcomes, for example getting treatment or taking medication can improve
choices, while avoiding treatment and worsening symptoms of depression can cause
options to be crossed out. Depression Quest provides insight into the field of narrative
design and development for both characters and stories. Additionally, it shows how
mechanics can help communicate ideas in story (i.e., crossing out of options when
symptoms get worse).

That Dragon Cancer. That Dragon Cancer provides a heart wrenching insight into one
family’s emotional journey through diagnosis and treatment of their son’s cancer and the
inescapable death of their son [40]. The game uses metaphors, perspective, and personal
discussions to explore the characters feelings during each stage of their child’s treatment.
They also explore the religious beliefs and how they affect each other’s views on what
their family is going through. For example, while the mother holds fast that god will
save her child, the father is left feeling overwhelmed and alone knowing that their child
is going to die. The sense of loneliness and separation of the two characters as they
deal with grief and acceptance in their own way is palpable. That Dragon Cancer uses a
mixture of metaphor, atmosphere, and personal recollection to tell an emotional story.
It highlights the importance of personal stories in the development of character driven
serious games.

Keep in Mind: Remastered. Keep in Mind: Remastered is a short game that uses
metaphor to explore mental illness and substance use disorder [41]. Players enter an
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alternate dream world where they need to walk around and speak to monsters, each
a metaphorical representation of the symptoms, thoughts and feelings associated with
mental illness. For example, one monster represents his past guilt at the loss of a loved
one, while another represents his struggle with alcoholism. The use of the monster
metaphor is a well-known way a person describes their mental illness, where the experi-
encer sees the mental illness as a shadow, cloud, or a black dog. In the end Keep in Mind:
Remastered is about the acceptance and desire to change and face one’s inner demons.
It provides designers with examples of how metaphor can be used to communicate not
only the symptoms of mental illness, but also the inner fears, thoughts, and feelings of
a person’s experience.

Actual Sunlight. Actual Sunlight is a somewhat brutal look at mental illness that
explores some of the symptoms associated with depression and suicidal ideation [42, 43].
The main character works in a thankless job, has lost pleasure in life and is addicted to
video games [42]. You can feel the characters pain, explore his reasoning for suicide and
his experience with the symptoms of mental illness. Most confronting is when he decides
to act on thoughts of suicide. This is not shown directly but through the metaphorical use
of the suns light to express release. This game provides a good example of exploring the
thoughts, feelings, and symptoms of someone experiencing a mental illness, including
the more challenging thoughts of suicide.

Depression. Depression is a short but clever game developed by Martinez and can be
found on the indie game hosting site, itch.io [44]. The developer interviewed participants
and asked them to define their experience with depression and then expressed these
definitions through game mechanics [44, 45]. The game mechanics are straightforward,
get your character (a white square) to a goal using the keyboard. Each of the eleven
chapters addresses some aspect of how depression feels. For example, scene two is titled
“Sometimes things are a bit more difficult... like you feel ... slower” and when the player
moves the square it begins to get slower and slower until it crawls to the goal [44, 45].
The act of moving the square provides a mechanical description of the symptom of being
slowed down by depression. This game strips away complex visuals, and narrative, in
favor of telling a story through mechanics.

3.2 Indie Games, Stigma and Tropes

There are many indie games that explore personal or fictional stories that could be consid-
ered serious games. These games innovative designs, visual storytelling, and insightful
narratives merit further analysis to learn ways to create impactful and emotional serious
games that have longevity. They also provide a portrait of different characters experi-
ences with mental illness to draw from. However, it is essential to be able to recognize
inaccurate information and stigma in indie games that serve to misinform the player.
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Fran Bow. Fran Bow is a dark tale that explores a child’s experience of trauma [46].
The game begins in a mental institution where Fran Bow is being stalked by a shadowy
monster and must escape to find her cat Mr. Midnight. Depicting mental institutions
is a common and often problematic trope seen in the horror genre that does not reflect
modern mental health care practices [46, 47]. Fran Bow also depicts common stereotypes
of mental illness where treatment is seen as dangerous, the doctors and staff are viewed
as incompetent, and children are being depicted as lobotomized and experimented on
[46-48]. While some of the depictions in this game are problematic it must be taken in
the context of the game developers lived experiences.

The developer Figueroa using game development as a cathartic experience, stating in
an interview “the game itself is a kind of screaming out what I been experienced through
my childhood and teenager years. From childhood I have being experiencing traumatic
events, from being witness to family violence to unfair personal treatment outside home.
And as a teenager being sentenced to be part of a religious sect, being kind of a guinea
pig for research with all medicine’s doctors gave me to try to cure the mental illness
that life was giving me” [49]. In this light, the metaphors of monsters, being trapped
in an institution, trying to escape one’s past and losing family are brought into context.
Fran Bow reminds us firstly that understanding the developers’ views can help frame
the context of stigmatized depictions. Secondly, having knowledge of these stigmatized
depictions allows us to recognize them and know they are not the norm.

The Suicide of Rachel Foster. The Suicide of Rachel Foster is a mystery horror game
that follows Nicole as she returns to her parent’s hotel years after the suicide of Rachel
[50]. The start of the mystery is quite interesting and builds a creepy atmosphere as
you walk around the hotel learning about the main characters and the tragedy that
unfolded. As Nicole walks around, she discusses the story to an emergency services
worker and Rachels brother, Irving. This game deals with several sensitive topics poorly
(e.g., Nicole’s father having a relationship with Rachel), but the focus here will be on its
use of suicide.

Suicide is used as a plot point several times in game, the most confronting of these
occurs when the player finds themselves in a car as it fills with exhaust [50]. The player
has the choice to stay in the car and die or remain at the hotel forever. Placing the player
directly in the role of someone who is acting on thoughts of suicide, with no viable
alternative or chance to get help. Several non-research game reviews cover the ending
of the game and its use of suicide as a plot point [51-53]. The game does well to build
atmosphere; however, its use of suicide as a plot device for shock value detracts from a
game that had the potential to tell an emotional story. One that explores the emotional
experience of those who have a shared trauma.
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Table 1. An overview of indie games that explore mental health topics including their design,
core mechanics, advantages, and limitations.

Title

Florence [38]

Overview

Tells the story of the beginning and end of a relationship. Showing both the
happiness of new love, breaking down of a relationship and the grief that comes
at the end of it. Additionally, it shows the personal growth that can come out of
grief and loss

Design

A minimalist design with a beautiful art style consisting of muted tones and
bright colors highlighted by lines. Backgrounds tend to be sparsely designed
when the focus is on the character but detailed when establishing environment

Mechanics

Initially designed for mobile, the game uses straightforward swipe or mouse
gestures to browse through the comic panels and complete puzzles

Advantages

* Well-designed gameplay and visuals

¢ Communicates story through gameplay without dialogue
» Explores grief, overcoming it and moving on

* Good use of emotional gameplay

Limitations

* No text or dialogue used for communication

Title

Coming Out Simulator [36]

Overview

Tells the story of a young man’s experiences with hiding and coming out as gay
and its effect it has on his personal relationships. The ending of the game is more
positive, with the character coming to accept who he is and finding a community
to help him overcome these challenges

Design

The visual design uses two or three tone colors with line art and faceless
characters. Dialogue is shown in colored text boxes that are overlayed above the
background and characters. Choices are given at the bottom of the screen in a
small grey area that blends will with the other visuals

Mechanics

Players read dialogue through text boxes and make choices by clicking on text
below

Advantages

* Straight-forward design

« Interesting use of the graphical user interface (GUI)

« Tells short but emotional story

* Positive and personal representation of LGBTQ+ characters

Limitations

 Characters have no faces, therefore do not show emotions visually

Title

Depression Quest [39]

Overview

Depression Quest follows the story of a young person as they develop the signs
and symptoms of depression. It shows how symptoms of depression can affect
everyday life

Design

Depression Quest was made using Twine and therefore consist of text, a basic
textured grey background, and hyperlinked choices. The side bar contains a title
and some information about the game. Above the text is a single image reflecting
actions or places in the story. Below the main text and choices is a tracking
system consisting of text on top of grey boxes with an animated background

(continued)
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Table 1. (continued)

Mechanics

Depression Quest uses interactive fiction mechanics where the player can make
choices that affect story and characters, with multiple possible endings reached
based on these choices. A tracking system down the bottom of the page shows the
level of depression and if the character is receiving treatment. The tracking
system is linked to choices, with some being crossed out dependent on the level
of symptoms and current treatment

Advantages

* Story told from main characters perspective

* Clearly shows how symptoms can affect everyday decisions

* Inspired by personal experiences with mental illness

* Characters and partners gender are open to players interpretation

Limitations

» Large amount of text to read, players might lose interest
* There are mixed reviews despite the fact the game has won awards
 Subjectively, not as emotional as other games on this list

Title

That Dragon Cancer [40]

Overview

That Dragon Cancer follows a family’s journey through the diagnosis of cancer,
treatment, and death of their young son, Joel. Exploring the thoughts and feelings
of Joel’s parents and how they each coped with learning that their son was going
to die

Design

The design uses a mixture of bright colors and low poly models for most scenes.
Dark pulsating tumorous cells are dotted throughout the game and represent
Joel’s cancer. Additionally, the game uses a variety of colors and metaphors to
explore very emotional themes (e.g., drowning under water when feeling alone
and overwhelmed). Each chapter of the game plays like a living story book
telling different parts of the overall journey

Mechanics

That Dragon Cancer is primarily a walking simulator where you explore the
world through movement and interaction. There are several points in the game
where mechanics are changed to create unique moments within the story. For
instance, there is an arcade style game where you need to defeat a dragon

Advantages

* Great example of emotional story telling

* Communicates deep emotions and create atmosphere for players
» Explores concepts of loss and grief

¢ Might help players who are going through the same experience

Limitations

* Emotional content can be overwhelming
* May not be suitable if players have recently experienced loss

Title

Keep in Mind: Remastered [41]

Overview

The players follow Jonas into a nightmare world where he encounters
representations of his mental illness, fears, and grief. He must visit each one and
come to terms with them before he can escape

Design

Colors are a mixture of black, red, and white in the dream world, except for Jonas
who is in color. It uses a sparse pixel aesthetic, with real-world scenes being more
detailed than those in the dream world

Mechanics

The game is a 2D walking simulator that uses top-down mechanics. The player
controls the characters direction and can interact with NPC’s

(continued)
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Table 1. (continued)

Advantages | * Metaphorical look at anxiety, grief, and substance use disorder
» Uses the monster metaphor to explore symptoms of mental illness
* Uses sound to enhance some visual metaphors

Limitations | * Easy to get lost trying to find characters in the game
* Subjectively, not as emotionally impactful as some of the other games explored

Title Actual Sunlight [42]

Overview | Actual Sunlight follows Evan Winters, a thirty something year old man, who is
experiencing symptoms of depression and game addiction. Players explore his
everyday life, struggle with thoughts of suicide and the reasons why he decides to
act on those thoughts

Design Actual Sunlight was built in RPG Maker. It has a pixel aesthetic, interspersed
with hand drawn images of story moments. It does not use color or metaphor in
the same way the other games do, except for the metaphor of sunlight and release
to represent suicide

Mechanics | Players discover story elements through interaction with characters and objects.
The player moves the character around from a top-down perspective. This game
is story driven and is like other interactive fiction/walking simulators

Advantages | » Tells a story about the thoughts and feelings associated with suicide
» Tackles a challenging subject well

Limitations | * Best avoided by those who may be experiencing thoughts of suicide or

struggling with experiences of mental illness
* No attempt made to help the character or find solutions

Title Depression [44, 45]

Overview | Depression is a straightforward game that tells stories of depression through short
text statements and mechanics. The creator interviewed people with depression
and translated those into game mechanics

Design The game is set on a dark textured background and consists of small white
squares for the main character and as obstacles

Mechanics | The player controls a white square with the keyboard and the aim is to move the
square toward a goal. Each level creates different obstacles for the player that
represent symptoms or feelings of depression mechanically

Advantages | * Shows how mechanics can be used to explore symptoms of mental illness

Limitations | N/A

Title Fran Bow [46]

Overview | Fran Bow is an adventure game that follows a young girl as she escapes a mental
institution to search for her cat Mr. Midnight. The game uses horror elements to
explore mental illness, grief, and past trauma

Design The game design is a mix of cute 2D characters with dark horror elements

inspired by such stories as Alice in Wonderland. It is a very graphic game
depicting for example, dead animals, blood, gore, and murder. Juxtaposing
innocent and sweet with death and gore to explore the mind of a child who is
experiencing symptoms of psychosis

(continued)
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Table 1. (continued)

Mechanics | Uses adventure game mechanics with the players controlling the character by
clicking the mouse on screen. Objects can be interacted with and can be
combined in the inventory to solve puzzles. Additionally, the player can interact
with different NPCs to have conversations and solve puzzles. The world is
divided between reality and a dark dimension that is accessed when Fran takes a
pill called Duotine

Advantages | * A metaphorical exploration of trauma and mental illness
» Uses tropes and stigma to communicate personal experiences
¢ Explores trauma from the perspective of a child

Limitations | * Traumatic experiences viewed through the eyes of a child
* May be challenging to those who have experienced trauma
» Contains some use of tropes and stigmatized views of mental illness

Title The Suicide of Rachel Foster [50]

Overview | After the death of her father, the player (Nicole) returns to the family’s hotel and
uncovers the mystery surrounding the death of Rachel Foster

Design The design of the game is three dimensional and played from the characters
perspective. The hotel environment is well designed, and the game builds a
haunting atmosphere through visual, audio and story

Mechanics | The game is a walking simulator, where the player can move around the hotel and
interact with objects. The story is told through objects and by talking to Irving
(NPC) on the phone, which provides most of the dialogue

Advantages | * Good build-up of atmosphere and mystery at the start of the game

Limitations | * May be challenging to those who have experienced trauma/suicidal ideation
 Deals poorly with sensitive topics

* Player can participate in suicide

* Suicide and past trauma used as plot point and for shock value

4 Conclusion

There are many challenges when developing serious games, including, limited funding,
small teams, a need for broad expertise and limited examples for development of both
games and studies. These challenges lead to issues of quality in both study and game
design. Serious mental health games that target those with mental illness directly face
additional challenges. Those with a mental health disorder often have symptoms that can
affect their ability to engage with content. This means developing mental health serious
games present unique challenges to developers, who must decide how to best address
their intended audience.

Currently, researchers are using both commercial games and purpose-built research
games to target those experiencing mental illness. Each of these methods have shown
promise; however, there are advantages and limitations to both approaches. Research
games have the advantage of being backed by a broad range of knowledge and expertise
and are often examined to determine their effectiveness. Nevertheless, they are limited
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by poor quality research studies and low-quality game design. On the other hand, com-
mercial games have the advantage of being more engaging due to their higher quality
design and focus on entertainment. However, this focus on entertainment means that the
serious objectives identified by researchers may not reach the intended audience.

To address the question of quality in serious games design one source of inspiration
are indie games. Indie games that explore both lived experiences with mental illness and
emotional stories of grief, trauma and loss provide a unique perspective into the portrayal
of complex and relatable characters. Many of these games contain serious content even
though they have been created outside of a research context. The examples above are by
no means perfect in their portrayals of mental illness; however, their stories can help to
inform designers on the creation of characters who are experiencing mental illness that
are realistic, informed, humanized, and relatable.

Stigma often demonizes those with mental illness, portraying them as violent, crazy,
or insane individuals. To counter these views as developers, creating characters that are
well developed, who could be our friends or relatives and who have everyday lives can
help to humanize those with mental illness. This extends not only to game development
but also to our own analysis of videogames, where a clear understanding of stigma and
tropes can help contextualize portrayals. Additionally, an understanding of the symptoms
of mental illness and the feelings and thoughts associated with it can aid in accurate and
sensitive character portrayals. Although minimizing stigmatized portrayals of mental
illness is ideal there are instances where stigma may be appropriate.

When a game explores a creator’s personal experiences, what may seem to be a
problematic portrayal, could help to give a voice to someone who has experienced mental
illness or trauma. These stigmatized views may serve to communicate the experiences
of the creator. Additionally, providing players a chance to assess a stigmatized view
and challenge their own thoughts could provide an educational moment. Ultimately,
developers must consider the role of stigma when designing characters with mental
illness for games. Making the characters relatable, honest, and grounded, might help to
reduce the impact of stigma in video games.

Indie games provide a rich and diverse example of the use of narrative, mechanics,
and aesthetics to tell emotional stories about mental illness, trauma, grief, LGTBQ+
experiences and neurodiversity. One of their greatest strengths lying in the building of
honest and relatable characters through narrative design. Indie games are often built on
low budgets and with small teams and are ideal examples for researchers who are often
in similar situations. In short, although indie games that explore serious mental health
topics might fall short of offering an educative outcome, they can provide information on
how to create characters, design impactful narratives and create atmosphere. Improving
the overall quality of serious games will help to increase their longevity, meaning long
term analysis of these games will be much more likely.
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Abstract. Mental health literacy (MHL) is an important 215 Century skill. Good
MHL can help to reduce barriers to help-seeking by equipping the public with
the knowledge needed to help themselves or someone experiencing a mental ill-
ness. One Australian-based organization that does this through a training course is
Mental Health First Aid (MHFA) Australia. There are many digital interventions
that aim to achieve this goal and serious games are no exception. Serious games
have been identified as ideal for developing 21 Century skills, meaning MHL
literacy is a promising candidate for serious games development. In fact, evidence
suggest that serious games are effective as a tool for improving MHL. However,
they often suffer from poor-quality game design, poor study design, high dropout
rates, variability in studies and loss of motivation and engagement of players. This
means that there are many challenges to consider when developing serious games.
Here we describe our experiences in the development of a serious game prototype
that utilizes the principles of MHFA. The aim of this development is to improve
the confidence of players in delivering MHFA. Additionally, it aims to address
the challenge of serious games quality by taking an artistic approach that com-
bines narrative, aesthetics and mechanics using indie games for inspiration. There
are many well-designed indie games that tell emotional and character driven sto-
ries of mental illness. They provide inspiration on the development of honest and
relatable characters, which offer a positive representation of those experiencing a
mental illness.

Keywords: Serious games - Mental health - Mental health literacy - Indie
games - Independent games

1 Introduction

Mental health literacy (MHL) is an important 21% Century skill that can help to improve
the recognition and treatment of mental health disorders and promote wellbeing. Good
MHL means being aware of the different mental disorders and how to access treatment
for them [1]. It should also help to decrease stigma and prejudice towards those expe-
riencing mental illness, while simultaneously improving help-seeking through a good
understanding of mental health care and available services [1]. This includes the ability
to understand what is needed to take care of one’s own mental health (i.e., personal
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mental wellbeing) and an understanding of how to help others [1]. Improving MHL is
imperative as those who are experiencing mental illness can wait up to 10 years before
seeking help, leading to worse symptoms that could have been improved if identified
earlier.

There are many digital interventions that are aimed to improve a person’s MHL.
Beyond Blue is a well-known resource in Australia, providing fact sheets, forums, and
help through phone and chat services targeted at those experiencing depression, anxiety,
and suicidal ideation [2]. moodgym is an online course that utilizes cognitive behavioral
therapy methods to help those with emerging or early symptoms of mental illness [3].
There is also a plethora of mobile applications that offer to help with mental illness [4].
However digital interventions, like moodgym, only target those with milder symptoms
of mental illness, since they are not as effective for those with more severe symptoms
[3, 5, 6]. One reason for this is that those with mental illness face challenges such as
poor motivation, reduced concentration and may not be able to recognize that they are
unwell [7, 8]. This means that targeting research towards those around a person with
mental illness may be better than targeting those who are experiencing a mental illness
directly. One organization that does this is Mental Health First Aid (MHFA) Australia.

MHFA developed the MHFA training course with the aim to increase the publics
knowledge of mental health and associated disorders, reduce stigma and provide help in
crisis and non-crisis situations [9]. MHFA is “the help provided to a person developing a
mental health problem, experiencing the worsening of an existing problem, or in a mental
health crisis. This help is provided until professional help is received, or the crisis is
resolved”’[10]. They provide a range of courses, for example youth and elder MHFA, over
different population groups [9, 11]. Their aim is to provide high quality, evidence-based
training to the different communities to ensure that those experiencing a mental illness
are well supported. Currently in Australia, over nine hundred thousand people have
attended a MHFA course, with the support of over two thousand one hundred instructors
[11]. The success of MHFA has led to the development of twenty-six accredited MHFA
programs around the world that have been adapted for local populations [9]. MHFA
itself being a valuable 21 century skill ideal for adaption to a serious game.

Serious games for mental health are an emerging field of study, Boyle et al., and Qian
and Clark identifying serious games as a promising avenue for developing 21 Century
skills [12, 13]. Therefore, using serious games for developing mental health literacy
skills is a promising avenue. However, while there is evidence that serious games are
effective for improving mental health literacy there are challenges that must be addressed
during design [7, 14]. These challenges include, but are not limited to, the quality of
the game design, low-quality studies, mixed efficacy (e.g., SPARX vs SPARX-R), high
dropout rates leading to small sample size, and failure of researchers to report effect size
[7, 13-16].

This paper will report on the development of a prototype serious game that uses
the principles of MHFA, while demonstrating how it sought to address the challenges
mentioned above. Specifically, to improve game design the project is taking a creative
approach inspired by well-designed indie games that explore topics of mental health.
Section 2 will outline the development of the prototype serious game to date. Section 3
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will explore the lessons learnt from game development. Finally, Sect. 4 will provide a
conclusion and discuss future directions for game development.

2 Development of a Serious Game Using MHFA Principles

MHFA provides an interesting framework for the purpose of serious games development
targeted at increasing MHL. In the early phases of development there were several ideas
explored that targeted those experiencing mental illness directly. For example, a Plants
vs Zombie style game that explores different treatments [17]. These ideas had potential,
but the true target for the game was helping a person experiencing a mental illness or
expressing thoughts of suicide. As discussed earlier, those experiencing mental illness
may struggle to access help and it was thought that targeting a game to those around a
person displaying symptoms of a mental illness, would be more effective [7]. This idea
led to MHFA Australia, which is designed not only to help those in crisis, but also those
experiencing early signs of mental illness. The principles of MHFA (ALGEE) are as
follows [8]:

Approach the person, assess and assist with any crisis.
Listen and communicate non-judgmentally.

Give support and Information.

Encourage the person to get appropriate professional help.
Encourage other supports.

AR

MHEFA courses teach strategies for helping someone experiencing mental illness that
are guided by the ALGEE principles [8]. The existing MHFA courses are well established
and are divided between course work and instructor driven classes [18]. After initial
assessment, it was felt that providing serious games as replacement to the traditional and
well-established training of MHFA was inappropriate. Instead, the focus was placed on
developing a game that would refresh the course for those who had already undertaken
training. The advantage of serious games is in their ability to not only motivate and
engage players but provide training in 21 century skills, such as communication [12,
13]. Therefore, the focus for this project is on building confidence in providing MHFA
to people, rather than purely retraining those who have already undertaken the course.
The primary question this research aims to answer is, “‘can a serious game using MHFA
principles improve the confidence of recent MHFA trainees in providing MHFA?” To
focus these ideas, five serious objectives were developed as follows:

1. Refresh the principles of MHFA (ALGEE) and steps to use in a crisis.

2. Increase a participant’s intention to provide MHFA by building confidence in a safe
place.

3. Provide examples of, and moments to practice MHFA principles both in non-crisis
and crisis situations.

4. Provide participants with examples and time to develop a self-care plan.

5. Provide participants with positive feedback geared to gently redirect them to the
most appropriate answer in role-playing situations.
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Another goal of serious game development was to address the design and quality
of serious games through taking an artistic approach. An artistic approach utilizes pre-
vious examples of creative work to inspire the development of story, visuals, sound,
and mechanics. This includes considering how these elements come together to tell
emotional and character driven stories, while also integrating serious objectives. Using
this approach should improve the overall quality of serious games and hypothetically,
increase their longevity. A starting point for this creative exploration were a set of five
guidelines developed for a previously unpublished work that inspired the direction of
this project [19]. These guidelines are as follows:

1. Provide the game in an accessible way to reach intended audience.

This principle focused on making the game accessible to an audience. This can
include making the interactions easy to use, in a format that targets a more casual
gamer. Inversely, the design may need to be more challenging especially for more
experienced players.

2. Create an honest character who is empathetic and relatable.

This guideline is focused on making a realistic character that can help break through
the stigma of mental illness. Honest being defined within the context of this project
as one that provides a genuine, empathetic, and candid look at mental illness.

3. Provide access to resources in a natural/subtle way as part of the story.

This guideline was designed to allow players to receive resources as a natural part
of the story, while also allowing them to explore resources in their own time.

4. Use the character to explore thoughts and feelings associated with mental illness.
Allowing players to understand the thoughts and feelings of characters experiencing
amental illness acts to not only humanize them but also provides a way to understand
fears, stigma, and other experiences of those with mental illness.

5. Explore the symptoms (both physical and mental) associated with mental illness.
Similarly, to the previous design principle, characters should display symptoms of
mental illness, which when combined with the thoughts and feelings gives a full
account of what it is like to have a mental illness.

While this list provides a good starting point to explore stories of mental health,
mental illness, and recovery it is by no means complete. Instead, it is designed as a
starting structure to frame mental health serious games development, while also supply-
ing guidelines for the analysis of games featuring topics of mental illness. This list can
be augmented by the list of exploration points found at CheckPoint (Language, Accu-
racy, Purpose, Stereotypes, Empathy and Support) and considering the core principles
of MHFA [8, 20]. Overall, the aim of these elements is to encourage the development
of positive representation of those experiencing mental illness, improve recognition and
understanding of mental health disorders, combat stigma and negative stereotypes, and
provide resources that empower the public in making more positive changes in their
own lives and the lives of others. To address these areas, it was important to explore how
narrative, mechanics and aesthetics could be used to communicate serious objectives to
players.
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2.1 Development to Date

The following section will look at the development of a prototype serious game using
MHFA principles. As stated earlier, challenges in quality and design of serious games
have been kept in mind during development. With a focus on taking an artistic approach
to explore overall game design. This paper will not discuss sound as it is currently
undeveloped. However, it is acknowledged that sound design is an important part of
creating atmosphere in videogames and is a key part of future development. The indie
games explored in this section are reviewed by King, Marsh and Akcay’s [21]. The
following sections will discuss game development through the lenses of narrative, visual
and mechanics.

Luna: "Oh really, well what about you? Do you have someone special?"

Monday

12:37
PM

Fig. 1. An example of the game screen players will see when playing the prototype game. Each
element of the GUI is as follows, a) the emotion bar surrounding the background that highlights
strong emotions of a NPC, b) the location background for the scene, c) the current NPC talking
and their emotion sprite d) the dialogue box that shows the player and NPC dialogue, and scene
information, e) the players bar showing dialogue options, players wellbeing and mood, time and
day f) a phone GUI that is used in some scenes to send messages.

Narrative is defined in the context of this project as a tool for communicating serious
objectives through character development, world building and character identification.
Additionally, narrative is an important tool for creating relatable and honest portrayals of
characters that are experiencing mental illness. The primary mechanics for the game are
those of an interactive fiction that rely on text and visuals to communicate information to
the player. Visuals are any part of the viewed world of the player and are one component
of aesthetics used to build both the world and atmosphere.

Story and Characters: A Brief Overview. The story follows several characters as
they go about their normal lives. MHFA was created with diversity in mind and special
attention has been paid to create characters that represent different cultural backgrounds,
gender identities and neurodiversity’s. The three main characters the player will inter-
act with are Luna (a work colleague and close friend), Greg (the players manager and
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close friend) and Zeki (the players nephew). There are also several other non-playable
characters (NPC) that appear throughout the game. The overall style of the game is pixel
based, using voxel models for backgrounds. As this is a prototype visuals, interface,
story, and styles are not finalized; therefore, this section will discuss the prototype as it
stands currently.

In the main story the player has recently undertaken a MHFA course and will need
to use their new skills to help their friends or family members who may be experiencing
a mental illness. The game is divided into three chapters as follows, the first chapter
gives the player an introduction to the world and characters. The second chapter explores
Luna’s experiences with mental illness in a non-crisis situation. Finally, the third chapter
explores Zeki’s experience with mental illness as a LGTBQ+ person in a crisis situation.
Each chapter is designed to explore the symptoms, feelings, and experiences of mental
illness that the player may encounter in the real world. Figure 1 provides an overview
of the main visuals the player will see in game.

Character Identification. Character identification is one tool utilized to help players
feel connected to the world and its characters. Character identification is defined by
Cohen et al. as “an imaginative experience in which a person surrenders consciousness
of his or her own identity and experiences the world through someone else’s point
of view” [22]. Identification with a story’s characters is mediated by factors such as
empathy, story perspective, character likeability, reader similarity to character, character
morality (e.g., charitableness), reader views or beliefs (e.g., racism and politics) and
whether the character is a protagonist or antagonist [23-31]. These factors can facilitate
immersion into a narrative, referred to as transportation, and allows an audience or
reader to empathize with a character and adopt their beliefs [22, 32]. These articles
focus primarily on text and film but can be translated to video games to help improve
character identification.

Of these factors, first person perspective, a common trope in interactive fiction, has
been shown to increase immersion of players in games [33, 34]. In Actual Sunlight,
Keep in Mind: Remastered, and Coming Out Simulator the story is told from a third
person perspective, which may help to communicate the idea of the player witnessing a
personal story [35-37]. Although, the language used is a mix of first person or second
person. That Dragon Cancer provides an interesting use of perspective, where changes
in perspective are used to communicate a variety of experiences to the player [38]. In
Depression Quest on the other hand, you play from a first-person perspective where
the player is being referred to as you (second person) and asked directly by the game
“what would you do?” when making choices [39]. While Depression Quest is inspired
by personal stories its goal is to allow someone to experience what it is like to have a
mental illness [39].

In the current prototype, the story is told from a first-person perspective. This per-
spective was chosen as the focus of the experience is to teach confidence in giving MHFA
to a character and it is felt, hypothetically, that the first-person perspective should facil-
itate this goal. Making the player an active participant in the game world through story
and visuals. However, unlike Depression Quest, the main story uses a first-person point
of view where the player makes choices that direct the dialogue as if talking to the other
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person (although there are areas where the player will be asked directly about emo-
tions). Visually, the player character is not seen and is placed in front of backgrounds
and characters. This design was chosen to facilitate the feeling of being part of the game
world.

Mental Illness Representation. Mental health representation is an important consid-
eration when developing stories and visuals in videogames that contain characters who
are experiencing a mental illness. Mental illness is highly stigmatized in modern soci-
ety with many tropes and stigma being seen across media and in video games [40-42].
Stigma is the top concern of those experiencing mental illness and can prevent them
from accessing help [1, 43—48]. For many communities it can be hard to find positive
representation for those who are considered other. It is only through positive represen-
tation that stigma can be broken. It is therefore important to consider how mental health
and mental illness are portrayed in media.

In indie games explored in King, Marsh and Akcay’s review, there are both positive
and negative representations of mental illness [21]. A positive portrayal of a person
with mental illness is defined as those that provide honest and relatable characters that
explore feelings and/or symptoms of mental illness. While, negative portrayals promote
stigmatized views, tropes and utilize mental illness to explain violent behavior and/or
as a plot device for shock value. Additionally, negative portrayals may show inaccurate
information on the symptoms of mental illness, for example the common belief that
those with schizophrenia have multiple personalities.

In development of the prototype game, it felt important to express stigmatized views
and allow players to recognize them. For example, an NPC makes a stigmatized comment
about Luna’s state of mind when she starts showing signs of a mental illness. It is up to
the player to recognize and choose whether to correct their colleague. This provides a
moment where the player can assess the stigma and react to it or not. Reinforcing concepts
from the MHFA course about the use of negative stereotypes and stigmatized language
against those experiencing a mental illness. Of course, there is always a possibility that it
serves to reinforce the stigmatized view and future development will look at ways to catch
these moments to help reinforce the lesson being taught. This is just one example of how
stigmatized views can be used to improve knowledge rather than reinforce stereotypes.

Regarding positive representation of mental illness in game, the first chapter was
designed to introduce the characters before they begin to display symptoms of mental
illness. For example, Luna is introduced to players as a hard worker and caring friend. For
example, when the players character is feeling down about Greg leaving the company,
she quickly stops probing the player for details when she realizes the player is upset.
Instead, she gives the player space and tells them “I am here if you need to talk”, showing
her supportive and caring nature. These moments are designed to communicate to the
player that people with mental illness are human and that mental illness does not define
them. They also highlight the contrast in a person’s behavior when they begin to show
symptoms of mental illness. Meaning, that character development and backstory are
essential for stories of mental illness, as they serve to both humanize the character and
allow players to assess changes in the characters behavior over time.

Representing Suicide. Suicide is still viewed as a taboo topic throughout the world
due to various reasons, including religious and cultural beliefs. However, there is a
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need to normalize talking about suicide in a non-judgmental way that makes a person
feel safe to discuss thoughts openly. In fact, in the MHFA course you are encouraged
to ask about suicide directly as it shows you care about the person and allows you to
recognize if the person has suicidal thoughts and intentions to act on those thoughts [8].
Like the representation of mental illness in videogames, representations of suicide have
challenges and there are important factors to consider before choosing to depict thoughts
of suicide or someone acting on those thoughts.

As discussed, Actual Sunlight explores the thoughts, feelings and symptoms that can
lead to suicidal ideation [21, 35]. More confronting is the fact that the main character
acts on these thoughts of suicide at the end of the game. The act itself is not depicted,
however, itis strongly implied, and the author confirms that intent. This is communicated
to players through the metaphoric use of sunlight and clearing skies representing the
release associated with acting on these thoughts. Another game that explores suicide is
The Suicide of Rachel Foster [49]. The game uses suicide as a plot device multiple times
and handles other sensitive issues poorly [49]. The most prominent example comes at
the end of the game, where the player finds themselves locked in the main characters
car as it fills with exhaust [49]. An explicit depiction of attempted suicide that is used
for shock value and entertainment, rather than as a genuine exploration of the effects of
trauma.

It could be argued that both games used suicide for shock value to some extent,
although, they tell their stories differently. Actual Sunlight provides insight into the
thoughts, feelings, and symptoms a person might express when contemplating suicide
[35]. On the other hand, The Suicide of Rachel Foster presents suicide as an outcome
that feels underserved and insensitive [49]. These views are of course subjective and
as with mental illness representation, it is important for game developers to assess the
appropriateness of depicting suicide in game. Depictions should be thoughtful, provide
opportunities to help characters and at minimum, links to resources about suicide and
where to get help for suicidal thoughts. In prototype development it was felt that, to
build confidence, depicting a character’s suicide, even after receiving help, would be
too challenging. Instead, players will be able to ask characters about suicide and act
appropriately based on the characters response.

Limiting Narrative Choices for Positive Feedback. In all the indie games discussed
the player interacts with a virtual world consisting of visuals, character, and dialogue.
Keep in Mind: Remastered is a walking simulator where the player wanders around
talking to representations of the main characters mental illness [36]. The story is linear,
but the player can visit the characters in any order, while still receiving the same story.
Depression Quest and Coming Out Simulator have multiple choice elements that give the
character a limited number of stories with different outcomes or experiences to explore
[37, 39]. For the development of the serious game prototype however, it was necessary
to control choices and outcomes. There are three types of choices in the prototype game
as follows:

1. Those designed to improve character identification: the first type of choices are
designed to help improve character identification. For example, in the first intro-
ductory chapter, when Luna asks the players about their current relationship status
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the player can choose from several options that best reflect their current real-world
relationship. In some ways these choices help to promote player agency into how
they would tell their own personal story within the narrative.

2. Thosethatare in response to symptoms or characters before using MHFA. The second
type of choices are in response to the symptoms an NPC character is displaying. These
choices allow the player to express how they might feel in each situation in a non-
judgmental environment. For example, when Luna turns up late to a presentation that
they have been working on for the big boss, there are several responses the player
can choose. These choices allow the player to explore potential reactions they might
have towards a colleague or friend who may be developing symptoms of a mental
illness. This includes times where the player is asked how they feel.

3. Those provided during the mental health first aid portion of the game. The third
type of choices are those the player will make while utilizing MHFA. Rather than
explicitly telling a player they are wrong; players will be redirected towards the
most appropriate answer. This style of learning is utilized during the MHFA course
and is also inspired by ReachOut Orbs gameplay [50]. ReachOut Orb was a serious
game directed toward young people that unfortunately is no longer available [50]. In
ReachOut Orb players where given choices on how to respond to characters, if they
responded negatively, they were redirected to a more appropriate response [50].

Limiting choices for current game development is unavoidable, as the story needs to
promote specific outcomes. This perhaps is where indie games have a little more freedom
than research games. It is common for interactive fiction games, even ones with multiple
endings, to use branch cutting [34]. Future developments might see random responses
or artificial intelligence used to explore different outcomes, but this is far outside the
scope of this project.

Visualizing Emotions. Communicating emotions to players is crucial in a game that
is designed to build empathy and connection. The indie games discussed so far use
several different techniques to express emotions in game, which could aid developers.
In Keep in Mind: Remastered, symptoms and feelings are primarily expressed through
visual metaphor [36]. While, in Actual Sunlight thoughts and feelings are communicated
directly through the characters dialogue and through visual thought bubbles [35]. A
unique example is Depression, it uses short statements coupled with clever mechanics
to express the feelings and symptoms of depression [51]. These indie games all have
unique ways of revealing the emotions of their characters and like these games, the
prototype game needed a tailored way to show the emotion of its characters, including
those of the player.

An initial idea was to do something similar to the way perspective changes in That
Dragon Cancer [20, 38]. This would have been either a trait one could unlock or as part
of the story. However, to create a feeling of existing in the real-world, a more natural
expression of emotions was needed. The first way to communicate emotion is through
facial expression. In the current project each character has a range of facial expression
that can be changed throughout the story. A character is displayed when it is their turn
to talk and is removed when no one is talking, or the next character is displayed. When
expressing strong emotions, a bar around the edge of the character screen flashes a single
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color that represent the different emotions (e.g., red for anger or blue for sadness). For
the player, emotions are shown differently and utilize different mechanics to those used
for NPCs.

Enhancing Story Through Mechanics: Player Emotions and Teaching Wellbeing.

Player’s emotions are shown at the bottom of the screen and change in reaction to story
events. Each emotion has a value that can affect the players overall wellbeing either
positively or negatively. For example, being happy produces a positive change, while
anger produces a negative change. Wellbeing is tracked at the bottom of the screen
using a bar that moves left for negative emotions and right for positive emotions. The
bar also changes color when the players emotion changes in the story. The goal of this
bar was to help the player see how positive and negative emotions can affect their own
wellbeing. At one point in the game players are given a chance to choose from a limited
range of emotions to express how they are feeling. This leads directly into a section
that provides a simple button clicking game that teaches a grounding exercise. The
overall aim of this part of the design was to teach players to recognize their emotions
and feelings that can lead to them becoming overwhelmed and provide strategies to
help to maintain and/or improve their wellbeing (e.g., exercising and meditation). This
is considered especially important to help them recover after using MHFA.

3 Lessons Learned from Development

Developing serious games that adhere to a set of serious objectives present a unique chal-
lenge for game designers. Crafting a game that looks good, tells an engaging story, and
has solid gameplay mechanics, while also successfully communicating serious objectives
is a hard goal to achieve, but not impossible. Additionally, assessing the effectiveness of
these games following a rigorous methodology is equally challenging due to the wide
scope and variety of serious games that often cross several research domains. This scope
can make finding examples of well-designed and rigorously validated serious games as a
point of reference difficult, and this is true for serious games aimed at increasing mental
health literacy. The main reason for this is the emergent nature of serious games and
video game research in general.

To address the challenge in design of serious games, this project is focusing on using
creative techniques to design a serious game for improving MHL. As part of creative
practice, it is important to draw on sources of inspiration. This can cover every aspect
of game design; however, the focus of this project has been on narrative, aesthetics, and
mechanics. Indie games offer a unique source of inspiration as they share some similari-
ties with research environments, such as small teams and limited funding. Drawing from
games that explore issues of mental health and mental illness has provided an insight
into the development of positive representation of mental illness. However, while these
games are good for drawing inspiration for story, character development, mechanics and
design, their primary purpose is largely still entertainment.

Serious games are limited by their serious objectives in ways that entertainment
games are not. In the case of current development there are limitations on how to present
dialogue and options to players. This is necessary to ensure that players receive positive
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feedback that can re-direct them to a more appropriate answer. However, doing this limits
the replayability of the game. To help with this some choices have been designed to show
different responses based on player input, for example, some choices reveal different
parts of the story. Serious games are very much curated experiences, where designers
choose how players interact with the game to best answer serious objectives rather than
create entertaining moments. These elements are not mutually exclusive, nevertheless
the approach a designer takes in creating a serious game will be different to how they
would develop an entertainment game.

Another area of development that has been difficult is finding the right balance of
mechanics, visuals, and storytelling to explore both the player and NPCs emotions. The
wellbeing bar seems like a good premise for a game that helps players assess their own
emotions and its effect on their wellbeing. However, without the player input, many
emotions are best guesses of how a person might feel in each situation. In games that
explore emotional topics well, players are not just told directly what their emotions
are. Instead, players feel emotions through a combination of story, sound and visuals
that create an emotional atmosphere. That Dragon Cancer is effective because it uses
a variety of techniques to communicate emotions and generate empathy, for example,
storytelling, character perspective, visual design, audio, and metaphor [38].

To address this issue of mechanics/superficial representation of emotions for players,
the wellbeing bar and stated emotions will need to be removed from the game. Instead,
players will be given the opportunity to express their emotions throughout the game
and will be given access to wellbeing games from the start. Currently, this area is still
in development, but giving players time to reflect on their emotions and possibly their
actions will serve to help players identify emotions, learn techniques to improve their
wellbeing and assess how this effects their dialogue choices. To improve the communi-
cation of NPC emotions drawing on examples such as That Dragon Cancer will provide
insight into developing emotional games [38]. One example of minimalist game design
that expresses complex emotions is Florence [52]. Florence is an interactive fiction
game that uses comic book style panels, life-based mechanics (e.g., brushing Florence’s
teeth), dialogue-based puzzles and simple animations to communicate not only story but
emotions [52]. This minimalistic approach can also be seen in Coming Out Simulator,
where story is told through dialogue boxes that resemble text messaging on a phone [37].
Drawing from these examples’ future development will focus on using short animations
to express NPC emotions, as well as improving the overall design of the graphical user
interface (GUI).

4 Conclusion and Future Directions

This project explores the development of a serious game designed to build the confidence
of players in applying the lessons learnt through Mental Health First Aid. To address the
challenges of quality in serious games design this project has taken a creative approach
that draws inspiration from a variety of sources, with a particular interest in indie games
that explore topics of mental health and mental illness. Indie games that explore personal
stories of mental illness can provide insight into the creation of honest and relatable
characters through their use of positive representation.
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Indie games have provided an in depth look into the development of short emotional
stories. They have offered insight into the representation of emotions both visually and
narratively. Indie games also demonstrate how to build worlds that are character driven,
which allow players to feel part of their characters story. Additionally, they offer an
insight into the personal lives of their characters, how they feel, what drives them and
how trauma, mental illness and grief can affect them as a person. This is especially
prominent in games that are based on real-world experiences. Most importantly indie
games provide innovative examples of how mechanics, narrative, and aesthetics can
be brought together to tell a story, each individual story uniquely driven by different
combinations of these elements.

Conversely, evaluating indie games with poor representation of mental illness can
help developers identify common stigmas and tropes. These factors leading to inaccurate
portrayals of those experiencing mental illness. However, it is important to consider
creator context when assessing stigma in games. Creator context can help identify the
difference between a bad representation of mental illness and one that is the result of
personal experience. Stigma is a complex subject to manage when developing games
that explore stories of mental illness. It is not possible to remove all stigmatized views
from media. However, having a good understanding of stigma and treating this topic
sensitively will help in building more positive representations of those experiencing
mental illness.

Currently a prototype of a serious game has been developed to explore the use
of mechanics, story, and visuals to communicate the serious objectives identified for
this project. This development process to date has been described in this paper and
has highlighted challenges in the design process. Future development will focus on
improving how players and NPC emotions are expressed through story and gameplay.
This will be accomplished through the addition of animations and improvement of the
GUI. Future development will also involve the design of research studies to assess the
effectiveness of the game based on the identified serious objectives, with a focus on the
confidence of players and their acceptance of the serious game.
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Abstract. Alcohol use disorder is a worldwide issue causing distress
and harm all over societies. The rate of relapse and dropout alcohol
addiction treatment shows the necessity to improve those treatments.
It is often caused by a lack of motivation or boredom. Cue exposure
therapy is an effective treatment that tries to prevent relapses, but it
has too many flaws preventing a global inhibition of the addiction. Vir-
tual reality exposure therapy improves cue exposure therapy by using a
virtual environment, that way the treatment is less situation-dependent
by controlling a virtual world and its context. Serious games are used
to address problems that we can find in more classical ways of learning
such as motivation and boredom. It also allows the patient to have more
active participation. This new approach aims to combine virtual reality
exposure therapy, and action-centered exposure therapy, with a serious
game to avoid dropout and have better self-commitment from patients.
This paper provides key elements to propose a new approach to help
tackle AUD. A prototype, to give an example of the implementation, a
serious game is also presented.

Keywords: Alcohol use disorder - Action-Centered Exposure
Therapy - Virtual Reality Exposure Therapy - Serious game -
Interactivity

1 Introduction

Alcohol use disorder (AUD) is also known as alcohol abuse, alcohol depen-
dence, or alcohol addiction. This is a medical condition characterized by the
difficulty to control or to stop alcohol consumption!. We can note this condition
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is considered a brain and mental disorder by health organizations. It can be diag-
nosed using the DSM-V [1] and can be specified under three severity categories:
mild, moderate, and severe depending on the number of identified symptoms.

AUD leads to excessive alcohol consumption. This can happen in many ways,
in binge drinking for example, which consists of consuming several beverages on
one single occasion (4 or more for women, and five or more for men). Heavy
drinking is another form that consists of consuming several beverages per week
(height or more for women and fifteen or more for men)?. Besides, Rehm [29]
reminds the fact that excessive alcohol drinking is a cause of several disease
conditions, such as high blood pressure, heart disease, or cancer for example.
Moreover, it can carry short-term risks such as violence, miscarriage, alcohol
poisoning. In fact, excessive alcohol drinking can create a vicious cycle that can
lead to AUD (see Footnote 2).

It is known that AUD remains a serious public health issue. In 2012, the
World Health Organisation revealed that 5.3% of global deaths in the world were
caused by alcohol use, alcohol consumption is the first risk factor for premature
death and disability among people ages fifteen to 493.

We can highlight that, because of the lockdown measures taken by govern-
ments in trying to stop the COVID-19 pandemic, alcohol consumption seems to
have greatly increased. Moreover, Ramalho presents a survey using the Office
for National Statistic of United Kingdom data?, that shows an increase in the
month-on-month volume of alcohol purchased by 31.4% during this period [28§]
in the United Kingdom.

AUD should not be disregarded by societies, indeed, NIH estimates the cost
of alcohol misuses to 249 billion US dollars (see Footnote 3) in 2010 for the
United States of America. It also strongly affects the daily life of individuals and
their relatives [25]. For example, children of parents with AUD are more likely
to be diagnosed by AUD, because of the family environment or genetic factors
[25].

AUD is tackle by various well-known organizations. For people having mild
to severe AUD, the potential for relapse is high. One of the major challenges is
to increase the adherence of patients to treatments. A solution to prevent relapse
and to prevent patients from following their impulses is necessary [35]. Another
one is the lack of motivation for the treatment that may lead to a dropout [30].

This paper presents two contributions. The first one is recommendations,
on key components to focus on, to build tools based on an action-centered
exposure therapy (ACET) to take care of AUD. ACET use a combination of
cue exposure therapy (CET) and virtual reality, called virtual reality
exposure therapy (VRET), and having the patient being active during their

2 https://www.cdc.gov/alcohol /fact-sheets/alcohol-use.htm.

3 https://www.niaaa.nih.gov/publications /brochures-and-fact-sheets/alcohol-facts-
and-statistics.

* https://www.ons.gov.uk/businessindustryandtrade/retailindustry /bulletins/
retailsales/march2020.
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therapy. With those recommendations, we could build a panel of tools to adapt
therapies to different profiles of patients.

The second contribution is a prototype to demonstrate how the previous
recommendation can be implemented.

This document is structured as follows, Sect. 2 introduces CET to treat AUD.
Section 3 presents the related works. Section 4 presents key components for the
new approach and an example of a serious game is detailed in Sect. 5. Finally,
we present future works, and we conclude this article in Sect. 6.

2 CET to Treat Addiction

Several treatments exist to treat every aspect of AUD, physiological and psycho-
logical, respectively with medicines and behavioral therapies®. Exposure ther-
apy (ET) is a psychological therapy, based on behavior therapy to treat anxiety
disorders. It involves exposing the patient to the source of its fear. By repeating
it, the extinction of fear happens, feelings of anxiety and distress are reduced.
Moreover, Craske et al. provide examples for clinicians about how to apply ET
for anxious patients [7]. They aim to explain how to use ET to enhance inhibitory
learning and its retrieval. The inhibitory learning model means that the asso-
ciation between a conditional stimulus (CS; in our case, a bottle of alcohol)
and an unconditional stimulus (US; in our case, the ethanol) learned during
conditioning is not erased during the ET. However, a new one aiming to inhibit
the first one is created. They recommend using a strategy where the patient
will be confronted with a mismatch between his expectancy and the outcome
of the ET. As it violates expectancies, it helps inhibitory learning. The patient
must also be active, it can be done by asking them what they learned during
the session. The therapist and the client must also choose together the goal of
the practice in measurable terms. Craske et al. conclude that this model holds
promise for improving the efficacy of ET with associative learning mechanisms.

ET has been extended into an approach named Cue exposure therapy
(CET), used to treat substance use disorders (drug addiction). It is used to
extinguish the association between substances and cues. It consists of exposing
patients to cues related to the substance without reinforcement, the consumption
of the substance. With repetitive trials, the association between substances and
cues is weakened, cravings are then attenuated.

Vollstadt-Klein et al. study the effect of this approach on people suffering
from AUD involved in addiction using functional magnetic resonance imaging
of the brain (fMRI) [38]. To do so, they compared two groups of patients who
underwent a detoxification treatment. One of the groups was a control group
the other was assigned to a CET, undergoing fMRI. The patients from the CET
group received nine sessions of CET over three weeks. The fMRI has been done
before and after the treatments. The study shows less activation of the brain
areas relevant for addiction memory for the CET group and enhanced inhibitory

5 https://medlineplus.gov/alcoholusedisorderaudtreatment.html.
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control. However, they did not find any differences in craving as scores about
self-reported craving did not differ significantly between the two groups. They
conclude that CET does have an impact on alcohol-associated brain responses
by reducing them, but, this study is not taking into account relapse and drinking
behavior, the authors do not take any position about the CET efficacy.

In [21], Loeber et al. investigate the advantages of the CET over the cognitive-
behavioral treatment (CBT), a well-established treatment approach. To do so,
they made a comparison between two groups of AUD patients, by taking into
account two elements: craving and self-efficacy of patients at the end of the treat-
ment. Each group has undergone one of the treatments. The CBT was focused
on the development of coping strategies and education about the health conse-
quences of alcohol abuse or relapse. However, the CET was a combination of
cue exposure sessions and coping skill training. While doing the cue exposure
session, patients were able to put into practice what they learned in the coping
skill training. Both had the same time allocated (22.5h within three weeks). To
assess the craving and the self-efficacy of the patients, two questionnaires were
used, the Alcohol Craving Questionnaire [27,31] and the Craving Beliefs Ques-
tionnaire [2] during the treatment. To assess the development of drinking status,
at the end of the treatment, each patient was administered to the TimeLine
Follow Back Interview [32] each month for six months over telephone contact. It
was also administered in face-to-face interviews three and six months after dis-
charge. Loeber et al., suggest CET has better results as the number of days of
abstinence are higher for CET patients than CBT. Ethanol quantities consumed
daily are also inferior. They postulate based on this study that a patient with
high levels of dependence may profit more from CET.

In [6], Conklin and Tiffany aim to evaluate the efficacy of CET. They have
made a meta-analysis of cue exposure addiction treatment outcome studies. They
firstly point out some publications that state there is little evidence for the
effectiveness of CET [9,11], and [26]. Conklin and Tiffany add a hypothesis that
optimal parameters for cue exposure are not yet found. They propose a list of
improvements that could be made to the CET. One of them is the usage of
cues, they should be used in multiple contexts decreases the context specificity
of extinction [16], and allows a general extinction. However, it is complicated to
create multiple contexts in a naturalistic setting. Some can even be dangerous
such as streets. The extinction learning (decrease of responses when exposed to a
conditioned stimulus due to a lack of reinforcement) could be faster when given in
a series of short exposures instead of one long session [3]. Coping techniques are
also beneficial in case of some situations that could lead to re-addiction. They
also suggest using extinction reminders, simple and compact that the person
with the addiction can use in anticipation of a high-risk situation as the first
CS-US association is not erased.

In their work [24], Monk and Heim presented a systematic review of 80 arti-
cles published from 1970 to 2013. They mainly analyzed how the context influ-
ences alcohol consumption. They pointed out several publications where contexts
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(pub, student party, drinking games, after campus, etc.) have been found to be
significant predictors of both the frequency and quantity of alcohol consumption.

In [13], Ghitd et al. investigated alcohol craving levels caused by different
elements by testing a group of participants. The kind of elements investigated was
the location, the moment of the day or week, the kind of beverage, and the mood.
Those participants were diagnosed with AUD according to the DSM-5 [1]. To
do so, they asked participants to fill a questionnaire about their cravings. They
have identified four triggers that are the most effective. The context associated
with the greater craving is a party, a bar, a pub, and a house. The most common
craving-related beverages reported by the AUD group are beer, wine, and whisky.
The time of the day is also reported to impact alcohol craving as one patient had
more urges at night. Likewise, the weekend compared with other weekdays seems
to induce a bigger craving. Moreover, they point out that their data indicate a
greater craving from a patient with AUD when they have negatives emotions
like stress or sadness. In addition, drinking alone or with friends seems to trigger
more cravings than drinking with relatives, coworkers, or a partner.

In [22], Manchery et al. study the possibility that intentional bias toward
alcohol can be used to predict cue-induced alcohol craving in a population. This
bias influence the personal perception that has an individual of their environ-
ment. Intentional bias for alcohol-related cues is measured by comparing the
reaction time of participants with a task described in the work of Miller and
Fillmore [23]. It consists of two pictures side by side with, either alcohol-related
content or neutral, that are replaced by a visual probe like a cross. Both pictures
disappear and the probe randomly takes the place of one of the pictures. The
goal for participants is to indicate as quickly as possible if the probe is on the
left side or on the right side. The second task that participants had to perform
was to report their craving after completing an alcohol cue-exposure task. For
this, participants were exposed to two cues (one alcohol-related and one neu-
tral). They concluded that exposure to alcohol cues elicited significant cravings
and heightened attention to alcohol stimuli can significantly impact motivation
to consume.

In [34], Stein et al. study the inhibition and the amount of craving for peo-
ple with AUD. They made a comparison between an AUD group and a control
group of inhibition to alcohol-related context and neutral context (pictures with
alcohol or neutral cues), as well as assessing the individual amount of craving.
Participants had their brain activity recorded while performing a Go-NoGo task
involving neutral and alcohol-related stimuli. A Go-NoGo task consists of press-
ing a button as soon as a picture appears on a screen (Go trials) except when
the stimulus is repeated (NoGo trials). Stein et al. conclude that a patient with
strong craving will probably have more difficulties inhibiting his drinking urges
than patients with weak craving.

3 Related Work

The lack of control of the environment with CET constrains the therapy to take
place in a scene with no relation to alcohol consumption. Thus, the context is
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not available. The search for technology able to improve CET brings us to vir-
tual reality (VR). Ghita and Gutiérrez-Maldonado made a systematic review
to examine the applications of VR for CET in the case of AUD [12]. They mainly
analyzed how VR could improve CET. They found some publications indicating
that VR can be used to simulate real-life situations [19] based on relevant stim-
uli [33], and that it can be kept under control [36]. Those allow individualized
assessment and treatment approaches [17]. They also point out some publications
[5,20] supporting that social pressure leads to craving and ask the question about
the inclusion of avatars interactive or drinking to create this pressure. Ghita and
Gutiérrez-Maldonado add that prolonged exposure means less craving with the
time passing because of the habituation process and the capacity to build coping
strategies. They conclude that CET in VR, also known as virtual reality expo-
sure therapy (VRET), is useful as the results are generally showing positive
effects but clinical trials are necessary to find the right parameters and the long-
term effect of VRET.

In [4], Bordnick et al. give their own vision of VR usages in the case of CET
and treatment against obesity. They state which aspect, VR, can improve. VR
allows active participation in a three-dimensional virtual world. It also interacts
with most of the sensory channels. When CET is performed or cue-reactivity
is studied, it can be done in wvivo, but it is often too simplified and does not
recreate the natural environment of the patient. Even if the proximal cue (an
alcohol bottle) is present, the total context is missing (a party). With VR, it is
easier to bring a lifelike environment and to reproduce a life experience while
being always under control. They also suggest that practicing coping skills while
being immersed in a high-risk environment should have better results compared
to therapy that relies on talking.

In [14], Giovancarli et al. study three aspects of VRET. Firstly, the effective-
ness of CBT coupled with VRET in comparison to CBT alone. Secondly, the
impact of VRET with CBT on anxiety, depression, quality of life, self-esteem, and
addictive morbidities. Finally, the feasibility and acceptability of VR use. This
publication is about a clinical trial of fourteen months, where Giovancarli et al.
compares two groups, one CBT coupled with VRET and one with CBT alone in
the case of tobacco consumption. The fourteen months are divided into two parts,
two months of therapy followed by twelve months of follow-up, consisting of face-
to-face interviews aiming to collect data at the end of the therapy followed by
three other interviews at three, six, and twelve months after the end of the ther-
apy. The CBT alone therapy followed the keys principle of CBT and was based on
international guidelines. For The CBT-VRET, they did a classic CBT session and
additionally used a VR headset and a game engine to create the VR exposure. Six
different scenarios like drinking in a bar with friends at dusk, having coffee after
dinner home, or driving a can on road with traffic. The experimenter could trig-
ger events manually in the virtual environment like an avatar proposing to smoke.
In their discussion, they explain that even if CET can be used, it has its limita-
tion, as the presence of only proximal cue (no context), where the VRET might
offer an alternative with the context. Giovancarli et al. make the hypothesis that
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individuals can learn to cope in a VRET just like in the real-life and put into prac-
tice what they learned in the CBT session. A VRET can be focused on pleasant
scenes to avoid negative impacts such as stress but smokers might be more sensi-
tive when exposed to negative emotions. Finally, as VR is available at low cost and
is simple to use, VRET can easily be implemented in the case of clinical practice,
and that patients could even practice VR exposure at home.

In [18], Action-centered exposure therapy (ACET) is proposed by
Kamkuimo Kengne et al. as new approach to treat people with post-traumatic
stress disorder (PTSD). They explain that PTSD is dysfunctional beliefs that
associate stimuli to dangers or threats, which leads to anxious reactions. ACET
consist of proposing patients to take an active role in their treatment by creating
an interactive treatment. ACET exploits gamification techniques and interac-
tions between patients and a virtual environment optimized for learning. The
authors point out that through an active engagement, several advantages are
obtained. The motivation of the patient is enhanced, this may reduce the num-
ber of patients giving up their therapy. With the action being observable, it is
easier to see progress. They suggest that reaction can become a reflex by creat-
ing an association between a stimulus and a reaction through repetition accord-
ing to behavioral learning theory. By following a succession of stimuli-response
processes, one can learn new reflexes with positive outcomes that replace the
previous ones with negative outcomes.

Here, we suggest that ACET can be adapted for AUD by including certain
elements. The first one is a proximal cue triggering a CS such as an alcohol bottle.
The second, is an action to perform towards the cue in response to the CS. An
environment related to alcohol is necessary to give a context. A reminder of the
inhibition needs to be included, an element that can be reproduced in real life.
Finally, an action to associate with the CS is necessary to have a new conditioned
response replacing the initial craving for alcohol.

4 Designing Key Components

Action is a key element of ACET. It is the concept of video games as the main
actor of the game is the player. Video games also provide a virtual world adapt-
able to needs. It is then interesting to use this medium to implement ACET.

Moreover, video games are able to use every aspect of VR to improve user
engagement, in comparison to a more classical medium such as gamepads, key-
boards, mouses, and TV screens. As our game has a medical goal, it fulfills the
definition of serious games. Serious games aim to change players in a way
that persists and by removing feelings of bother [8]. It can be used to learn new
knowledge, skill, belief, behavior, etc. In our case, this is the behavior that is
targeted even if it is an automatism. We want to change the reaction of the
player when confronted in real life to a CS, a bottle of alcohol.

When one wants to use a serious game either to transform players, they must
take into account barriers. Barriers are what prevent the player transformation
with more classical solutions. Before designing a game, barriers must be found
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and understood as they can be a hindrance to the impact of the game and its
goal. With their knowledge, one can be inspired, this can create game elements
meant to overcome those barriers. There is a lot of different barriers that exist,
such as motivation, fear, accessibility [8].

Several solutions exist to take care of barriers such as the elimination or
workaround. In our case, initial motivation is a barrier to AUD treatment. By
using a VR serious game, the player is enticed to try the game. VR technology
gained in popularity these past few years, but most people have not been able
to try it by themselves. Most of the time, they are surprised by the immersion
and have a great time just being in a video game.

As this state does not go on forever, people grow accustomed and lose interest,
the game must be fun to retain their will to play. If players like it enough, they
could even play it outside of therapy sessions, at home. Moreover, VR headsets
are starting to be available at a low cost. Indeed, a fully autonomous device can
be available for $300°.

Based on the analysis of this state of the art, we propose several requirements
for a serious game that can help to tackle AUD:

Alcohol-related cue: As proximal alcohol-related cues are the primary ele-
ments that trigger craving [22], an element acting as a cue must be present.
Usually, a bottle of alcohol can be used. The visual of the cue should be
adapted to players given their tastes to have the best performance and to
avoid having a beverage that they may not like. Their favorite drink should
induce a greater craving.

Interactivity: As this approach is based on ACET, an action to perform
toward the cue has to be implemented to have players active during sessions.
It helps to keep the player involved in the session. It also allows seeing the
reactions of the player when exposed to the stimulus. This reaction is meant
to become the reflex replacing the craving by repeating the action when seeing
the proximal alcohol-related cue as stated in the behavioral learning theory
[18]. That way, the inhibitory learning model is involved [7]. Finally, as the
user is not consuming the content of the bottle, the alcohol, there is no rein-
forcement of the first conditioned response involved.

Reminder: As complicated situations may bring back the first conditioned
response [6], a reminder easy to replicate and to carry in real life should
be added in the game. It should be in evidence and used during the whole
game so it can be associated with the inhibition. That way, players have an
item that they can keep on them at all times and use when need to remind
themselves of the inhibition.

Environment: As the craving can be triggered just with the environment
and its context [24], the right virtual environment that recreates the right con-
text must be used [4]. With prolonged exposure to the context, the player feels
less craving and can build copping strategies [12]. The environment should
be the most commonly used in VRET, a party, a house, a bar, or a pub [13].
An environment personalized to the player would even be better. It can be

5 https://www.oculus.com/quest-2/.
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the one in which the player is used to drink. The ambient sound can also
be taken into account. It can be music reminding of parties or chatter, often
heard in bars. The use of multiple environments to have multiple contexts is
better, as it decreases the context specificity of the game and allows a general
inhibition [6].

Avatars: As social pressure leads to craving [12], avatars of people drinking
should be added. It would improve the location, add more alcohol contexts,
and create social pressure. They could also be interactive with the player by
proposing drinks.

Replay value: As a repetitive exposure is necessary [12,18], players have
to play the game multiple times. It can lead to a loss of interest until they
no longer have the will to play. Some replay value should be implemented
to prevent that. To provide some replay value, the goal of the game can be
planned with several game rounds insight. More cue positions can be created
in advance than the number of cues used in a single round. They are then
selected randomly at the initialization of the game. That way, each round is
a new challenge.

Game mechanics for player retention: As in most games, games mechan-
ics should be implemented to encourage the player to continue playing. The
environment can evolve by accomplishing the main goal. The world could
start dark and unwelcoming that become brighter and more pleasant as the
player progress toward the end by achieving its objective. It could also be the
cleanliness or the tidiness. A feeling of having taken the right decision can
arise and push the player to continue further. Achievement associated with
rewards can also be implemented to incentive the player to keep playing. For
example, after winning the game multiple times, the player can be rewarded
with cosmetic elements or badges showing their commitment. These rewards
could be lost in case of relapse.

First person perspective: When comparing first and third-person per-
spectives, a difference between the sense of ownership (self-attribution of the
avatar’s body) and how it is simple to interact with items can be noted
[15]. Indeed, interacting with items precisely is easier and preferred with
a first-person perspective. The sense of ownership is also stronger with a
first-person perspective. It is easier to project oneself into an avatar with a
first-person perspective than third-person perspective [10,37]. Consequently,
the first-person perspective is more interesting and should be favored in our
context.

5 Usage of This Requirements to Create a Serious Game

The proposed prototype is developed to evaluate the complexity of implementing
the previous recommendations in a serious game. As it only focuses on the game
elements and less on the interaction part, the elements related to VR are not
present (ecological movement, etc.).
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The game example has a first-person view to improve the ownership of the
game and help the player to interact with the world. The choice of the house
with a kitchen, a bathroom, and a living room has been made in accord with
the most common places triggering alcohol craving.

The goal for the player is to find all the bottles hidden in the virtual world
and to paste a sticker on them (Fig.1b). The reaction of applying a sticker
after finding a bottle is the reaction meant to replace the previous reaction, the
craving, and the will to drink the content of the bottle.

This sticker is a reminder of the inhibition actually learned. The bottles of
alcohol used are proximal cues meant to trigger craving in players. The texture
and shape of the bottle are those of a brand of whisky, in accord with the most
common craving-related type of beverages reported by AUD groups [13]. The
movement needed to apply the sticker can be associated with a response aiming
to replace the previously conditioned response, the need to drink the beverage.

The world is actually divided into different sections by doors to create a new
element of gameplay. To open the doors, players must find all bottles available in
the areas they have access to (Fig. 2a and b). It helps them to find the bottles and
prevent them to be completely lost in a world too big too quickly. By adding
new areas one by one to augment the size of the world, players have time to
acclimate themselves to the world and learn the topography. It is also a form of
reward, by finding all the bottles available, players gain the right to access the
next level of the game. It also offers a feeling of progression.

In the current implementation, players start in the kitchen. The first bottle is
right in front of them, that way they should not miss the first element on which
apply a sticker and understand how it can look like (Fig.1a). The kitchen is a
small area with a door preventing the player to wander off. To open this door,
the player must paste the sticker on the first bottle, that way it shows that they
have understood the main rule of the game. Once it has been done, they have
access to the bigger room of the house, the living room (Fig. 3), and a corridor
that lead to closed doors. Behind those doors, there is the bathroom and the
restroom.

Only the first bottle is that much in evidence. The others are hidden to
increase the difficulty and create a challenge. When players accomplish a feat
such as completing a challenge, they have a sense of achievement. It creates
enthusiasm for players and gives them the inclination to continue playing.

A scoring system is available to help players keeping track of the number of
bottles they have found. The number of mistakes is also tracked and displayed
(see Fig.3 for example). It aims to bring players the will to make the least
mistake possible and discourages them to apply a sticker to any elements. That
way, players are incited to only paste the sticker on the bottle and to learn
correctly the inhibition.

Each bottle can only be marked once. Any attempt to apply a sticker more
than once on a bottle is considered a mistake. The game ends once all of the
bottles have been found and marked. When it happens, a game over screen
appears and shows the score of the player, and the number of mistakes made.
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Bottles found 0

Mistake (1]

(a) A sticker in the player’s hand.

Bottles found 2

Mistake 0

(b) A sticker pasted on a bottle.

Fig. 1. Sticker mechanic, one of the main gameplay elements.

It is possible to personalise the game rules to change the new response that
we want to use in the inhibitory learning model. Instead of applying stickers to
bottles spread in a virtual world, the goal can be to pour the beverage into a
sink to empty the bottle.

As a reward for completing multiple time the game, an achievement with a
cosmetic reward for the sticker could be implemented. The sticker can become
golden, which can be upgraded to a diamond sticker after even more wins.
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(a) Closed door (b) Opened door

Fig. 2. Unlocking a door allows players to discover new parts of the level.

Bottles found 3

Mistake 2

Fig. 3. Evolution of environment, example of the living room, the luminosity can be
dark at the beginning then become lighter. It incites the player to continue playing and
transforming the environment into one more pleasant.

6 Conclusion and Future Work

This paper proposed key elements to design a new approach to help tackle AUD.
The new approach is based on CET, to which is added interaction to recreate
an ACET. It allows the replacement of the craving with a new response through
repetition according to the behavioral learning theory. By doing the same exer-
cise repeatedly, the reflex of craving should be replaced by a new reaction. This
new approach also possesses all the elements of a VRET with a virtual environ-
ment linked to alcohol drinking and its context, proximal alcohol-related cues,
and social pressures with avatars. The serious game aspect allows the retention
of players by proposing entertainment and challenges.



ACET Using a Serious Game to Help Individuals with Alcohol Use Disorder 179

We plan to analyze the interest of the virtual reality aspect used in VRET
and ACET for this approach. Then, we want to integrate it given the results
as it may improve the game by reinforcing the presence for players and allow
them to reproduce real-life movement. Finally, We plan to run some user tests
to assess the effectiveness of this serious game
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1 Introduction

Schizophrenia and schizophrenia spectrum disorders affect 1-3% of the general
population, and the World Health Organization ranks this disorder as the 8th
leading cause of disability in the world [30]. According to the DSM-V, these disor-
ders are characterized by the presence of several of the following symptoms: delu-
sions, hallucinations, disorganized speech or behavior, catatonic behavior, and
negative symptoms (e.g. lack of motivation) [5,28]. This last category of symp-
toms is particularly challenging because most activities of daily living require
motivation to be initiated and maintained, e.g. work, school, groceries, physi-
cal activity [10,13]. Because of this motivation deficit, people with schizophre-
nia spend about 80% of their time in sedentary activities (about 13 hours per
day excluding sleep) and are less physically active than the general population
[16,29]. 55 to 70% of people suffering from schizophrenia do not meet the rec-
ommended level of physical activity and this has an impact on their mental and
physical health[27]. Indeed, the lack of physical activity increases the risk of
developing chronic diseases such as diabetes, cardiovascular problems, etc. [9].

To address this lack of motivation, several interventions, including physical
activity, have been found to foster motivation in individuals with schizophrenia
[22,24]. However, studies show that people with schizophrenia have several barri-
ers to physical activity, with lack of motivation being the most common barrier,
but also the issue of social support, stress and fatigue [6,23]. We are faced with a
circular situation because one of the solutions (doing physical activity) is difficult
to apply due to the lack of motivation.

We aim to propose a game that implements the “Brief Script”! approach
in the field of physical activity for individuals with cognitive disorders. Brief
intervention is a method that aims to help a person set goals, identify barriers to
achieving those goals, and identify solutions. We base ourselves on the “Volitional
Help Sheet” [4], which is a model of brief intervention. This approach has given
interesting results in other areas such as alcohol consumption among smokers and
emotional eating [2,3]. It seems to show promising results in the field of physical
activity [21]. Our approach aims at proposing a serious game that allows to
automate and improve this approach after people with cognitive disorders.

In this paper, we propose a mobile exergame that aims to remove the motiva-
tion barrier to help individuals with schizophrenia to maintain a level of physical
activity. Serious games represent an interesting approach to this problem because
they are specifically designed to help remove certain barriers. This game encour-
ages the player to perform physical activity in order to progress faster. We are
using some concepts of the “Free to Play” model, especially the idea of being
able to spend real money in the game to buy certain elements. In our approach,
the player has the possibility to perform physical activity to buy certain items.
Moreover, we propose this game on smartphones because on the one hand, it is
one of the most important market today with many players. On the other hand,

! http://www.paha.org.uk/Resource/physical-activity-brief-advice-and-brief-interve
ntion-scripts.
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smartphones accompany their users on a daily basis and this allows the game to
be played anywhere and anytime.

This paper presents the progress done since our previous publication about
this approach [11]. The objective of the paper is to present the changes made
as well as the feedback from the target population. The research presented is
interested in the usability of this solution with the target population. Thus, we
seek to answer the question: is this approach accessible?

This document is organized as follows. Section2 presents related work.
Section 3 presents our approach, introducing game design and game architec-
ture. Section4 presents our study. Finally, we conclude this paper and present
future work in Sect. 5.

2 Related Works

We can categorize propositions in the literature according to the following cri-
teria: The mobility of the platform, static or mobile, i.e. can the player play
the game or a game anywhere? the target audience, is the game designed for
the general public or for people with cognitive disorders the type of project, is
the project an industrial or academic project? And the approach or model of
the game. In this paper, we only focus on the works published since 2015 and
associated with the key words: exergames, serious games for physical activities,
exercise games.

Since the advent of controllers that detect movements or body position, pub-
lishers in the video game industry have released several exergames for the general
public. Recently, Nintendo’s Ring Fit Adventure? (Ring Fit) on Nintendo Switch
offers players several types of exercises for the lower and upper body using a rigid
plastic ring (the Ring-Con) that the player must hold with his hands. The game
also uses another accessory (Leg Strap) that allows you to strap one of the
Switch’s controllers to your leg in order to detect lower body movements. The
game combines sequences where the player must run on the spot with combat
phases where the player must choose attacks and execute them by performing a
series of the attached exercise.

Previously, Nintendo also released the Wii Fit series®, which uses the Wii
Balance, a body scale-like device that calculates the player’s center of gravity and
inclination using several pressure sensors. The games in this series feature several
mini-games, each based on a type of physical exercise that must be performed
to win. In their study, authors used these games to observe that they have
a positive impact on young adults [8,26]. PDDanceCity is a game that targets
people with Parkinson’s disease, requiring players to navigate a labirintic level to
reach positions given by the game [14]. The game uses the Wii Balance Board or
a USB dance mat to calculate the player’s movements. The game offers the player
the opportunity to work on both thinking and physical skills. They have to find
a way to reach the end position and exercise to get there. Other researchers have

2 https://ringfitadventure.nintendo.com/.
3 https://www.nintendo.com /wiifit /.
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proposed games using the Microsoft Kinect device?, which has several cameras,
including one for depth, [7,20].

Some works use home-made solutions. Running Othello is a version of Oth-
ello® that follows the same basic rules, but requires the player to complete a
physical or cognitive exercise before moving a point [18]. The game loop consists
in running towards the token you wish to place, then carrying out the required
exercise until the end of the game. The game is played online and the size of
the game space is modifiable and each game token is associated with an Radio
Frequency IDentification (RFID) tag [1]. This allows the game to be set up in
many different places, but the game requires a setup phase at each change of
location.

Finally, other works use the smartphone as a game platform. MOBIGAME
is a mobile game targeting individuals with type 2 diabetes [15]. The game loop
consists in doing physical exercises to gain resources, which allow to manage the
maintenance of a virtual garden. The game proposes different types of exercises,
to work on different aspects such as, strength, endurance, balance, flexibility. To
detect the movement and recognize the exercise, the game is based on the sensors
present in the phone. Thus, it does not require any additional electronic device.
However, some exercises may require specific equipment such as a chair, a mat,
etc. or a particular positioning of the smartphone. The first version of Ocean
Empire targets individuals suffering from schizophrenia [11]. It proposes to the
player to catch fishes to convert them into resources allowing to buy upgrades
for a submarine to reach the ocean floor. The player has the possibility to do
physical activity in order to gain another type of resources that allow to progress
faster. To recognize the physical activity of the players it also uses the sensors
of the phone.

3 Material

Ocean Empire is a mobile game for smartphones on Android® that uses activity
recognition to reward the player for physical activity. It is designed with the
Unity 3D engine” and is in 2D to run on as many smartphones as possible. It uses
several mechanics of Free to Play games to motivate players to do and maintain
physical activity. These mechanics are designed to maximize the integration of
the game into the player’s daily life (Table1).

Our goal is to promote the achievement of activity through self-regulation and
to help users to do this self-regulation. Thus, they have to plan the periods when
they want to do activity. The system proposes reminders, and it also proposes
interventions to help them fulfill their contract next time if they don’t fulfill it.
We adopt a strategy based on the “Physical Activity Screening and Brief Advice
Script”, and the “Volitional Help Sheet” [4,21].

* https://developer.microsoft.com/fr-fr /windows/kinect/.
® https://www.worldothello.org.

5 https://www.android.com.

7 https://unity.com/.
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Table 1. Summary of propositions in literature. (%) the study is academic, the game
is from industry

Proposition Platform | Target Producer Game approach Year
Ring Fit Static Everyone Industry RPG elements 2019
attached with exercises
Ocean Empire |Mobile Schizophrenia | Academic Clicker with Free to 2018
[11] play elements
PDDanceCity |Static Parkinson’s Academic Labyrinth 2017
[14] Disease
Mobigame [15] |Mobile |Individual Academic City-building game 2017
with type 2
diabetes
Running Static Everyone Academic Othello attached with |2015
Othello [18] exercises
Cone et al’s | Static Young Adult |Academic(?) | Wii Fit game 2015
study [8] (Wii Fit)

3.1 The Game Loop

The objective is to reach the ocean floor to collect a treasure. However, the
submarine is limited in fuel, so the player has to upgrade it gradually in order to
progress to the floor. To buy upgrades, he must catch fish that will be exchanged
for coins depending on the type of fish. Each fish must be caught with a particular
game mechanic, small fish are caught by hitting them, bigger ones must be caught
with a harpoon for example.

Unlike many other exergames that make a direct association between physical
activity and progress in the game, we propose an asynchronous mode. The player
can do physical activity in order to earn a second type of currency (activity
tickets) that can be used to buy items to upgrade the submarine. Figure 2 shows
game loop of Ocean Empire. Figure 1 shows screenshots of the game. The game
rewards physical activity that is performed in an unscheduled way, as part of
weekly assignments for example. However, to avoid rewarding basic activities
such as going to the bathroom, a minimum activity threshold is set. If it is set
at 1min, it means that the person must do 1 min of consecutive walking for this
activity to be considered.

Players get more activity tickets when they complete the activities they have
planned. The activity must be done within the time period that has been defined.
It is a contract that the player defines. For example, if the player plans to walk
for 5min on one day of the week, but does it on another day, they do not get
the reward for the planned activity. When the contract expires, a screen asks the
player to indicate the reason. This system is part of the brief intervention app-
roach we want to apply. Based on the answer, the system suggests a solution to
pass the contract next time. Figure 3 shows screenshots of the different windows
related to the planning and completion or not of the planned activities.
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Upgrade Submarine

start —| Dive and Fish Schedule Physical Activities | | Do Physical Activity™

Fig.2. A scheme of the game loop. (*) Players can do physical activities without
planning, but they get higher rewards if they do.

3.2 Activity Recognition

To calculate the physical activity of the player, we use Google’s Activity Recog-
nition API®. This API is based on the data from the smartphone’s sensors
(accelerometer and gyroscope) to deduce an activity with a level of confidence.
This API can recognize activities such as walking, running, cycling. These are
the main activities we are looking to identify for our population.

Our approach is to retrieve at each tick, the activity recognized by the API
and save it in a file if the confidence level is above a predefined threshold. Thus,
we save a timestamp, the name of the recognized activity, and the confidence
level. Figure 5 shows an example file. The activity recognition is performed by a
module that is external to the game. This allows the recognition to be performed
even when the game is not open. When the game is launched, it reads this file
to know the activities that have been performed. It compares the time periods
defined in the contracts with the recorded activity periods to validate or not
the contracts. The activities are recorded in an encrypted way on the phone.
Figure4 shows a diagram of the application architecture.

4 Study

This game version was evaluated by individuals with schizophrenia, recruited
by researchers from the Université du Québec & Montréal (UQAM). The games
were played with Alcatel 5044R, (IdealXCite) smartphones running on Android

8 https://developers.google.com /location-context /activity-recognition/.
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Fig. 3. Screenshot of the planning and execution phase of the exercise. (a) the diary
where to set the date and time for a physical activity. (b) the reward screen when the
exercise has been completed. (c) the screen when the exercise has not been performed
with the questionnaire to help the person identify solutions to the barrier he/she had.
(d) The screen that displays a suggested solution for the next time (in french: Go at
your own pace. You can select shorter walks.).
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Fig. 4. Scheme of the software architecture and the interactions between the various

parts of the system.

ycIe|6|07/20/2018 17:23:16
bicycle|0|07/20/2018 17:26:17
bicycle|0|07/20/2018 17:29:17
bicycle|0|07/20/2018 17:32:18
bicycle|0]07/20/2018 17:35:18
bicycle|0|07/20/2018 17:38:20
walk|48|07/20/2018 17:38:56
walk|68|07/20/2018 17:39:26
walk|100|07/20/2018 17:39:35
walk|85|07/20/2018 17:39:51
walk|100|07/20/2018 17:40:00
walk|92|07/20/2018 17:40:09
walk|100|07/20/2018 17:40:12
walk|100|07/20/2018 17:40:27
walk|52|07/20/2018 17:41:03
walk|6]|07/20/2018 17:41:33
bicycle|0|07/20/2018 17:41:33
bicycle|0]07/20/2018 17:41:59
walk|10]|07/20/2018 17:42:24
bicycle|0]07/20/2018 17:42:34
bicycle|0|07/20/2018 17:42:43
bicycle|0]07/20/2018 17:42:52
bicycle|0|07/20/2018 17:43:01
bicycle|0|07/20/2018 17:43:16
bicycle|0|07/20/2018 17:43:19
bicycle|0]07/20/2018 17:43:33

Fig. 5. Example of an activity log file. It is displayed in a non-encrypted version from
the smartphone. On the left we have the recognized activity separated by a vertical

line, the confidence level and then the timestamp of the entry.
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Nougat 7.0°. Figure6 shows the smartphone used. This game experiment is
authorized by the ethics committee of the Centre intégré universitaire de santé
et de services sociauz de I'Est-de-Ulle-de-Montréal (CIUSSS de I’Est-de-1lle-de-
Montréal). The certificate number is the 2018-1485.

Fig. 6. Alcatel_5044R (IdealXCite) running Ocean Empire.

In the previous study, individuals with no reported mental illness played the
game for about 30 min, which was the amount of time provided by the content.
In this study, individuals were provided access to the game for 14 days with a
presentation of the game on day 1, and two 10-minutes phone interviews on days
7 and 14 to collect feedback regarding the game. Each interview was structured
around the following questions:

— What problems have you experienced with the game since the beginning of
the study?

— Was it difficult to schedule your physical activity?

— Did the game manage to tell you when you moved?

— If you had a magic wand, what would you like to improve in the game?

— Give me the three negative and positive points of the game?

9 https://www.android.com /versions/nougat-7-0/.
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Participants also reported some bugs they encountered during their test.
The purpose of this study is to obtain feedback from the target population on
the game concept and its use in a real-world context. We regroup the feedback
from users around three topics, the game concept, the activity recognition, the
difficulty of the game.

Regarding the game concept, players reported that they liked the visuals, the
simplicity, the accessibility and the “wholesome” aspect (no vulgar or aggressive
elements). This tends to confirm what the testers of the previous study reported,
that the game does not create stress. The game is perceived as a hobby. One
player reported that he played about once a day. However, they complained
about the lack of novelty after a certain amount of time, which lowered the level
of motivation towards the game. Being able to customise the submarine or other
game elements was mentioned as a mechanic that would have been appreciated.

Regarding activity recognition, players reported that they liked the fact that
they could do physical activity without having the game running and that the
game was able to recover it. They also liked the fact that there was a reward for
doing physical activity even if it was not planned. One tester reported that he had
walked more than he had planned and that he would have liked an extra reward
or to be able to add extra minutes to the planned activity. The testers reported
several problems with the recognition. The first is that recognition is best done
when the phone is in a certain position. For example, one tester reported that
some of his activity was not recognised correctly when the phone was in his
bag. Another reported that it was possible to cheat and simulate walking by
shaking the phone. We can also note that one user reported that he felt that
the phone’s battery discharged quickly. This point was not considered in the
previous study. However, the issue of the application’s resource consumption is
very important considering the application’s planned usage context. Currently,
the activity recognition part relies entirely on the Google API. But the fact that
we the activity recognition runs continuously in the background has an impact
on the battery charge time. By combining the activity recognition with the
calculations needed to run the game, the impact on the battery is increased. On
the game side, some initial choices such as making the game in 2D, having simple
interactions, limiting the need for entities with complex artificial intelligence,
were made to reduce the need for computing resources and the impact on the
battery. On the activity recognition side, research is needed to reduce the impact
on the battery. A simple solution could be to increase the interval of activity
detection. However, simply enlarging this interval will have an impact on the
detection and with our approach the game may not recognize some periods
and cause frustration to the users. Another solution would be to identify if
another state-of-the-art approach is more efficient and implement it [25]. Finally,
a more advanced solution could be to use a context and battery level adaptive
recognition approach. For example, the approach used or the interval could be
increased when the user is not in the context of a planned application. When
the user is in the context of a planned activity, the interval or approach would
be different to improve the detection quality.
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Regarding the game difficulty, testers indicated that they found the game
too simple and that they would have preferred more challenging elements. For
example, one tester indicated that he would have preferred the game to limit
the number of fishing opportunities per day more to encourage more physical
activity. Some mentioned the need for more difficult fishing with more obstacles
or constraints.

Ocean Empire has been designed to offer content for 14 days. We wanted
to keep the game very simple to avoid creating frustration with elements that
would be perceived as too restrictive. However, these feedbacks only point out
that having oversimplified the concept seems to have an impact on motivation.
Players seem to want difficulty and more restrictive elements. For example, we
allow the purchase of several items with both types of game currency, fishing
and physical activity, players seem to be willing to not be able to purchase some
important items with fishing currency. This would mean that they would be
willing to be locked out of some aspect of the game if they did not do physical
activity. To offer more variety and diversity, we propose to have levels on different
themes. For example, having levels in the dark and requiring the player to spend
extra resources each time they want to do that type of level. This level could
be generated procedurally with an algorithm that takes into account the level of
the equipment of the submarine in order to propose an adapted challenge level
[17,19]. Figure 7 shows a possible example of such a level.

Fig. 7. Screenshot of an example of a potential new level to offer more game situations
and challenge. The level is played in the dark in a cave and you have to avoid colliding
with the walls.
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Finally, personalizing and cosmetic elements seem to be a good way to create
the desire to do physical activity. In addition, having special events or items to
unlock only in a specific time period could be a motivational element to exploit.

5 Conclusion

In this paper, we have presented the advances we have realized to help people
with schizophrenia to maintain a physical activity level with a serious game. This
paper presents the advances that have been obtained since the previous work.
New features have been added to the game, including a mission system. This
game was evaluated by people with schizophrenia who provided feedback after
several days of interaction with the game on a daily basis. The feedback suggests
that the game concept is enjoyable but requires a higher level of difficulty to keep
it interesting in the long run. We are also considering the integration of time-
limited events, or events related to the player’s context [12], in order to encourage
the player to use his resources to complete them and collect the associated
rewards. Activity recognition is an important issue to detect the level of physical
activity of users on a daily basis. Using google’s activity recognition APT allowed
us to focus on the game design. The recognition is sensitive to the position
of the smartphone as well as the walking, running, etc. pattern. Thus, it is
important to either present and impose to the player the positions that the
smartphone must take, or to propose more flexible methods. A first approach
can be to allow a dynamic adjustment of the confidence threshold that we use to
validate the recognized activity. Another more elaborate approach would be to
use recognition approaches that allow for in-use readjustment of the recognition
of user-specific patterns.

In the future, we plan to make changes to the game as players return. We
want to move to a new phase of the project which consists in evaluating the
acceptability and the feasibility. For this, we plan a 20-day experiment with
a questionnaire at the beginning and end of the experiment. We also want to
collect physical activity data from the players in order to study the behavior of
the players with quantitative data. With these data, we aim to study the impact
that gambling has on individuals’ daily physical activity.

Acknowledgment. We thank, Eric Boucher, Alexandre Blanchette, Frédéric Bessette
for the concept and the implementation of the game. Thanks to Vincent Plourde, Simon
Lescieux, Julen Leremboure, Audran Bonnot and Mathieu Bocciarelli for the proposal
and implementation of new features.
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Abstract. Of the three skills needed to play esports, Mechanical Skills, Aware-
ness Skills and Cognitive Skills, this paper focusses on Cognitive Skills. This
paper examines how the Cognitive Skills needed by esports player to move from
intermediate player to expert player can be improved by exercise. It takes lessons
learned from pro players and recognises a need for grassroots player to start good
habits around exercise early. It outlines a study done with 109 12-18 year old
students to establish once incentivised by the knowledge that exercise improves
cognitive skills which improves player skill level, what sort of exercise would
encourage them to overcome the barriers they have to taking exercise after every
30 min of play. The paper then goes on to propose how grassroots esports can be
supported in the endeavour to encourage exercise breaks as a standard grassroots
activity in much the same way as other grassroots sports do in weekend or after
school training.

Keywords: Esports - Exercise - Cognitive Skills - Pro players - Grassroots
players

1 Introduction

The advent of esports has spawned an entire ecosystem and has given rise to the term
e-athletes to describe esports Pro Players. It has also thrown light onto the question is
esports a sport? Several countries do consider it a sport, Esports.Net [1]. The most vocal
is South Korea, with The Korean Esports Federation spearheading the drive for world
recognition of esports as a sport. Early adopters of the idea have been China and South
Africa, with USA, Finland, Russia, Italy, Denmark, Nepal and Ukraine joining later.
Discussions have also taken place on allowing esports to be included in the Olympic
Games, Grohmann [2] “Competitive esports could be considered as a sporting activity,
and the players involved prepare and train with an intensity which may be comparable to
athletes in traditional sports”, but any future inclusion in the Games would require official
recognition of it as an Olympic sport and would also need a governing organization that
would guarantee compliance “with the rules and regulations of the Olympic movement.”
This movement has gathered pace as this summer’s Asian Games in Jakarta 2018 held
exhibition esports tournaments alongside swimming, soccer, and track and field. At the
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2022 Asian Games in Hangzhou, China, video games will be a medal sport. Organizers
of the 2024 Paris Olympics say they are also open to the idea, Nakamura et al. [3].

1.1 The SKkills of an Esports Player

It is well documented what skills athletes for traditional sports need, but what skills
do esports player need. Dr Anders Frank, Frank [4], in his GDC presentation “Esports
Summit” looked at the three aspects of skills development identified in an exploration
study by professional DOTA?2 players, (Fig. 1) shows how the skill level in each of these
skills are demonstrated in players at Novice, Intermediate and Expert levels of play and
how these skills change with expertise.

The first are Mechanical Skills. This is the physical clicking of buttons or moving of
the joystick to effectively navigate the game. These skills are acquired rapidly by players
in the beginning whilst they are learning the mechanics of the game.

The second are Awareness Skills. These are skills that are about the player under-
standing their place in the game world and their position and actions in relation to players
on their own team and that of the opposing team. In the beginning the player learns the
consequence of their actions and as time goes on this becomes about finessing their
actions in relation to others.

The third are the hardest of all the skills to learn and it is what elevates the player from
an intermediate player to an expert. These are the Cognitive Skills. The Cognitive Skills
are skills about learning and using that learning to predict the moves and playing tactics
of the opposing team. They are also the skills used to switch tactics in the middle of the
game when a pre-planned set of moves is not working. It is about reading a situation,
learning what that means and adapting.

= = == Mechanical Skills

-------- Awareness Skills

SKILL LEVEL

e— Cognitive Skills

NOVICE INTERMEDIATE EXPERT

Fig. 1. Pros view on skills development in DOTA 2: adjusting and learning of skills

This directly relates to Gibson’s theory of affordance, Gibson [5]. Affordance is
mutual relationship between organisms, which in this case are the player, and the envi-
ronment. Those in tune with the environment has mastered those affordances i.e. all
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three Mechanical, Awareness and Cognitive skills are all working at an optimal level for
the environment. These skills and their associated in game virtual world affordances are
described in (Fig. 2a).

Movement
Camera Control
Heroes Abilities

Last Hitting

Creep Control
Enemy Harassment
Item Usage
Team Fighting position

Mechanical Affords an advantage in
Skills the Game environment

Hero Survivability
Awareness Team Position
Skills . Enemy Position
Affords an advantage in Time Awareness
the Game environment Cooldown Awareness
Time Stamp Awareness
Level Awareness

Enemy Predictions
Enemy Intentions
Affords an advantage in Team Tactics
the Game environment Team Predictions
Hero Selection
Item Selection

Cognitive Skills

Fig. 2a. Affordances in the game world

In the case of esports however the environment is twofold. The environment in which
the player is sitting and manipulating the keyboard or handset using physical mechanical
skills and the virtual world of esports where those mechanical skills are manifesting as
actions and the awareness and cognitive skills are being utilised to their fullest extent.
Affordances in the real-world environment are shown in (Fig. 2b).

1.2 Cognitive Skills and Exercise

There have been many studies that have suggested that exercise can aid cognitive skills
in people of all ages. Erickson et al. [6], says, there is substantial evidence that greater



Grassroots Esports Players: Improving Esports Cognitive Skills 203

_ i Hand Dexterity
Mech?nlcal Affords an advantage in Eye hand coordination
Skills the World environment Eye scanning
Audio Feedback

Fig. 2b. Affordances in the real world

physical activity and higher fitness levels are associated with better brain and cognitive
health for children and older adults. When specifically looking at the link between
cognitive skills in the youth and exercise, Diamond [7] says cognitive skills and motor
skills appear to develop through a dynamic interaction.

Research has shown that physical movement can affect the brain’s physiology
by increasing; cerebral capillary growth, blood flow, oxygenation, production of neu-
rotrophins, growth of nerve cells in the hippocampus, which is the centre of learning and
memory, neurotransmitter levels, development of nerve connections, density of neural
network, brain tissue volume.

These physiological changes may be associated with the following:

Improved attention

Improved information processing, storage, and retrieval
Enhanced coping

Enhanced positive affect

Reduced sensations of cravings and pain

Whatis of particular interest are the two physiological changes, “Improved attention”
and “Improved information processing, storage, and retrieval”. These directly relate to
the cognitive skills required by esports player to move from intermediate to expert.

1.3 Pro Players, Cognitive Skills, and Exercise

In a study DiFrancisco-Donoghue [8] discovered that at collegiate level in an age range
of 18-22 years, esports players practise between 3 and 10 h per day. The most frequently
reported complaint was eye fatigue (56%), followed by neck and back pain (42%). eSport
athletes reported wrist pain (36%) and hand pain (32%). Forty per cent of participants
do not participate in any form of physical exercise. Among the players surveyed, only
2% had sought medical attention.

As the esports industry become more professional the physical training regimes of
Pro player becomes more significant. An extensive study of pro player training and
physical exercise by Tuomas et al. [9] finds more than half (55.6%) of the professional
and high-level esport players believe that integrating physical exercise into their training
programs has a positive effect on esport performance. Accordingly, the same study
professional and high-level esports players practice around the same number of hours
per day as collegiate players but are physically active, those over 18 years old exercising
an hour per day.
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Although studies show many different areas of attention needed to improve the whole
health of the e-athelete, Martin-Niedecken and Schiittin [10] say, “Of great interest for
eSports athletes are proper cognitive functioning and existing cognitive reserves that
could boost gaming performance. Physical exercise can positively affect cognitive func-
tioning by triggering different metabolic brain pathways and mechanism”. The level of
physical exercise is also important because a study by Henning Budde et al. [11] of young
adults with an average age of 23 found that a significant interaction between physical
activity participation level and exercise effect on cognitive performance emerged, with
only the more physically active participants improving the performance in the cognitive
test after the intervention.

1.4 Grassroots Players, Cognitive Skills and Exercise

Grassroots players in esports tend to be young and the World Health Organisation [12]
recommends Children and adolescents aged 5-17 years; should do at least an average
of 60 min per day of moderate-to-vigorous intensity, mostly aerobic, physical activity,
across the week. They should incorporate vigorous-intensity aerobic activities, as well
as those that strengthen muscle and bone, at least 3 days a week and should limit the
amount of time spent being sedentary, particularly the amount of recreational screen
time. It is for this reason school aged grassroots esports players of school age were
selected for this study.

The study had two parts, the first a simple discussion about barriers to doing exercise
and the second part was a much more in-depth study into what exercise would they
select. Both parts of the study had the same 67 school students aged between 12 and 18,
from four different schools, who play grassroots esports.

Study Part A

The 109 school and FE College students where asked the question “What barriers do
they perceive to having short physical exercise breaks?”” The responses that dominated
were.

Technical Limitations (I can’t pause the game)
Flow (I want to finish the game)

Mood (I don’t want to)

Injury (I can’t physically)

Learning from the experiences of the Pro Players there is a need to introduce good
habits early and to break down those barriers and incentivise young grassroot esports
player to take regular exercise breaks, hence the need for Part B of the study.

Study Part B

With the understanding that cognitive skills are what changes and intermediate player to
an expert and the knowledge that cognitive skills are improved by exercise the following
research questions where proposed.
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“If students knew that a physical exercise break every 30 mins could improve their
cognitive skills and help them play esports at a higher level, what exercise would

they choose to do?”

2 Methodology of Part B of the Study

Four schools with student ranging from 12 to 18 took part in the study. Participating
students were asked to fill in the questionnaire prior to taking part in the focus group.
There were various questions asked around how the participants viewed their skills and
other about their playing and screen time habits, however for this study only question 6
was used. The way each student answered question determined which focus group they

are assigned to (Fig. 3).

Q6. Which ONE of these would you describe yourself as

Active and not interested in doing Sport/PE

Active and somewhat interested in doing Sport/PE
Active and highly interested in doing Sport/PE

Fairly active and not interested in doing Sport/PE

Fairly active and somewhat interested in doing Sport/PE
Fairly active and highly interested in doing Sport/PE
Less Active and not interested in doing Sport/PE

Less Active, but somewhat interested in doing Sport/PE

Less Active and highly interested in doing Sport/PE

s Active = Active Every Day 60 mins or more every day
« Fairly Active = Active an average of 30-59 minutes per day
s Less Active = Active less than an average of 30 minutes a day

o O O 0O O O O O O

Fig. 3. The question which determined which focus group each student would be in

Table 1. Focus groups by activity and interest

Less active Fairly active Active
Not Interested in sports Red Red Green
Somewhat Interested in sport Red Red Green
Highly Interested in sport Red Red Green

Students were assigned either a Red or Green Group as indicated in the Table 1.
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The decision to split up the focus groups in this way was to see whether more
physically active students picked different exercises from the less physically active ones.
The total number of students in each group relating to each participating school or college
and be see in Table 2. In most schools the split was quite even between the Red and Green
Groups, but in both CBAT Marling and St. John Fisher schools these were unevenly split.

Table 2. Focus group numbers

School Red group Green group
Ballyclare High school 10 8

CBAT Marling 11 4

St. John Fisher 5 16
Prendergast Ladywell School

Loughborough College 7 7

Barnsley College 15 15

2.1 Focus Group Procedure

The focus group took the form of The Nominal Group Technique developed by Van de
Ven and Delbecq [13]. It was decided to use this method as it prevented group think and
gave an equal voice to all the participants.

This method included the following phases:

Phase 1: Introduction Where the Question to Be Explored is Distributed
The question that is asked is a critical element of the procedure and must be broad enough
to elicit varied responses. for the following participants.

Phase 2: Ideas Generation
The ideas generation phase is necessary to enliven ideas and possibilities but should not
lead the participant into making specific choices and progresses in this way.

e Five minutes for silent generation of ideas in writing

e Creation of a numbered list of all ideas on flip chart

e Twenty minutes for a serial discussion of ideas on the flip chart during which items are
clarified, defended, elaborated and disputed. Items that emerge from the discussion
are added to the list, but items cannot be removed. Some ideas can be grouped as
being the same thing

e Five-minute break

Phase 3: Answer Ranking
The ranking phase is where the participant individually weighs up the merits of the
activities listed on the flip chart.
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e The ranking of priorities where each member chooses the ten most critical elements
with ten being the most important and they write their ranking on the flip chart beside
the relevant item.

e The numbers are tallied and the solution with the highest score is the most favour and
so on to the least

Question Used
The focus group sessions took part at each of the schools and were facilitated by trained
staff from the Youth Sport Trust (YST). The focus group sessions they ran all asked the
same question to all groups. This is the question that was posed to the students:

It has been proved that physical activity breaks every 30 minutes can help with
improving cognitive function. If improved cognitive function could improve your
esports ability, what physical activity breaks would you design to make those
breaks more appealing?

3 Results

Table 3 is a tabulation of all the raw data from each school or college. The scores were
all normalised and that score can be seen in the column next to the rank for each activity.

Table 3. Ranking of physical exercise by school and normalised score

School Ranked answers Normalised | Ranked answers Normalised
red group score green group score
Ballyclare 1. Exercise Bike 7.7 1. Circuit Training 7.9
High School | 2. Throwing and catching 7.6 2. Kick ups 7.4
3. Walking (The Dog) 74 3. Running 7.1
4. Trampolining 7.3 4. Cycling 5.8
5. Jogging 6.0 5. Weightlifting 5.6
6. Weightlifting 5.7 6. Push ups and Sit ups 5.5
7. Circuit training 4.7 7. Boxing 4.9
8. Kick ups 4.5 8. Walking (With Dog) 4.9
9. Star Jumps 4.0 Golf range 4.5
10. Pull ups 3.7 10. Throwing and catching 1
CBAT Marling | 1. Wii fit (Exergame) 7.8 1. Pull ups 7.5
2. Trampolining 7.7 2. Basketball 7
3. Press ups and burpees 7.6 3. Boxing 6.8
4. Running 6.4 4. Weights 6.5
5. Basketball 6.1 5. Exercise bike 6
6. Badminton 6.1 6. Press ups 5.8
7. Cycling 4.9 7. Sit ups 5
8. Plank 4.5 8. Treadmill 4.5
9. Football 44 9. Star Jumps 33
10. Walking (the Dog) 33 10. Hand Resistance 2.3

(continued)
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Table 3. (continued)

School Ranked answers Normalised | Ranked answers Normalised
red group score green group score
St. John Fisher | 1. Press ups 7.6 1. Stretching 7.4
2. Sit ups 74 2. Jogging 6.6
3. Pull ups 72 3. Walking 6
4. Bicep Curls 6.4 4. Cycling 5.7
5. Stretching 6.2 5. Lift weights 5.6
6. Running 54 6. Sit ups 5.5
7. Football 4.4 7. Basketball 5
8. Walking (upstairs) 4 8. Pull ups 4.8
9. Walking (With Dog) 3.6 9. Push Ups 44
10. Wii sports (Exergame) 2.8 10. Hiking 4
Prendergast 1. Stretching 9.5 1. Cardio 9.8
Ladywell 2. Jogging 6.5 2. Stretching 8.2
School 3. Weightlifting 5.8 3. Walking 6.4
4. Walking 5.7 4. Press ups 5.8
5. Cycling 5.7 5. Sit ups 5.6
6. Sit ups 53 6. Gym Workout 54
7.Yoga 4.8 7. Trampolining 54
8. Press Ups 4.7 8. Yoga 4.8
9. Boxing 4 9. Jogging 4.8
10. Plank 33 10. Swimming 1.2
Loughborough | 1. Stretching 8.4 1. Tennis 7.6
College 2. Virtual Reality (Exergame) | 6.7 2. Walk (With Dog) 7.1
3. Push ups and Sit ups 6.6 3. Cycling 6.6
4. Walking 6.3 4. Stretching 6
5. Walking (up Stairs) 5.4 5. Skating 59
6. Basketball 5 6. Wii and VR (Exergame) 5.3
7. Dance Mat (Exergame) 4.9 7. Boxing 5.1
8. Yoga 4.7 8. Gym Work Out 44
9. Skating 4.6 9. Gardening 3.6
10. Chopping wood 2.7 10. Juggling 33
Barnsley 1. Jogging 6.5 1. Throw and Catch 75
College 2. Walking (With Dog) 6.4 2. Stretching 7.2
3. Calisthenics 6.1 3. Jogging 6.8
4. Gym 5.6 4. Running 6.3
5. Cardio 52 5. Cycling 54
6. Exercise bike 5.1 6. Table Tennis 5.2
7. Stretching 5.1 7. Boxing 44
8. Throw and Catch 4.8 8. Walking (With Dog) 43
9. Push ups and Sit ups 4.7 9. Pool 3.5
10. Yoga 2 10. Trampolining 32
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3.1 Ranking Evaluation

From the raw data from each school, when the scores were normalised, the following

exercises are favoured by each group can be seen in Table 4.

Table 4. Preferred form of Exercise by Group and in Total

Type of Exercise Red Group Green Group Total
Walking (All forms) 42.1 28.7 70.8
Stretching 29.2 28.8 58
Jogging 19 18.2 37.2
Circuit Training-Combinations Press Ups, 23.6 134 37
Pullups, Burpees, Sit ups

Cycling 10.6 23.5 34.1
Lifting Weights/Weightlifting 11.5 17.7 29.2
Sit Ups 12.7 16.1 28.8
Press/Push Ups 12.3 16 28.3
Exergaming 222 53 27.5
Running 11.8 134 25.2
Boxing 4 21.2 25.2
Trampolining 15 8.6 23.6
Pull Ups 10.9 12.3 23.2
Basketball 11.1 12 23.1
Throwing and Catching 12.4 8.5 20.9
Football/Kick ups 133 74 20.7
Tennis/Badminton/Table Tennis 6.1 12.8 18.9
Exercise Bike 12.8 6 18.8
Yoga 11.5 4.8 16.3
Gym Workout 5.6 9.8 15.4
Cardio 52 9.8 15
Skating 4.6 5.9 10.5
Plank 7.8 0 7.8
Star Jumps 4 33 7.3
Bicep Curls 6.4 0 6.4
Calisthenics 6.1 0 6.1
Golf Range 0 4.5 4.5
Treadmill 0 4.5 4.5

(continued)
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Table 4. (continued)

Type of Exercise Red Group Green Group Total
Hiking 0 4 4
Gardening 0 3.6 3.6
Playing Pool 0 35 35
Juggling 0 33 33
Chopping wood 2.7 0 2.7
Hand Resistance 0 23 2.3
Swimming 0 1.2 1.2

4 Conclusion

This study has established the type of exercise that school students would like to do.
The Red and Green Groups had a lot of similarities in what they chose. Both groups
put Walking and Stretching as first and second choices. However, the less active Red
Group then placed Circuit Training and Exergaming as there next two choices, whereas
the more active Green Groups placed Cycling and Boxing, but as a consensus Jogging
came in third place.

Interestingly several groups mentioned Exergaming (Exercise Computer Games) and
the Red Group, less active students, ranked this as their 4" favoured physical activity.
This has been explored in a study by Martin-Niedecken et al. [10] which states “If
designed properly in terms of effectiveness and attractiveness, exergames allow for
innovative, motivating and holistic training approaches, which may be extremely suitable
and beneficial in eSports athletes to keep and maintain their cognitive, physical and
mental processes and thus to increase their eSports-related performance and health.”
There is one drawback to this approach and that is that it still includes screen time. As has
already be said in the paper the World Health Organisation the amount of recreational
screen time should be limited, however combining exergaming with esports for less
active grassroots players may be a gateway activity to more sport for the less active
player (Table 5).

The more active Green Group were more inventive and had a larger range of exercises
and in their choices. They also included activities that matched closer to the type of
exercises recommended by the World Health Organisation.

So how can the esports industry itself assist in encouraging exercise at grassroots
level? In the UK today several dedicated LAN-style esports venues have opened nation-
wide. These have been very successful in attracting grassroots players and communities.
We are now starting to see this model go one step further and develop venues that include
a dedicated space for Yoga and stretching exercises. From this study it is recommended
that this idea is taken even further and new venues should consider how they incor-
porate spaces for exercise including walking, jogging, stretching, circuit training and
exergaming.
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Table 5. Summary of avenues for the development of esports-specific exergame concepts and the
effects of selected physical, cognitive and mental training

Key Influencing Component Exergame Training & Design Requirements Potential Positive (Component-Specific) Effects on...

. Endurance, strength,
motor and stretch training

@
. Full-body functional S
movements = é Gaming performance (e.g., information
Physical . High Intensity Interval g g " processing, executive and attentional
e g8 3 function T ion, and visuo-spatial skill
Training § 3 §o§ u ctions, perception, and visuo-spatial skills
. Active relaxation training 25 Ew . Lifestyle (e.g., counteract sedentary
. g £ A
such as yoga and E 8 £ % behavior)
breathing exercises = 5 %S . Musculoskeletal system (e.g., holding
o “ c wn
g ¢ S e musculature of neck and trunk)
. Multisensory stimulation: S :: § E . Balanced physical strain
audio-visual, haptic, E 3 2 % . Mental strength (e.g., counteract depression
it roprioceptive level A O 0o i
Cognitive propriocep and burn-out)
. Game tactics and ¢ . .
strategies . Self-esteem and bodily security
Gaming behavior (e.g., counteract effects of
. Digital/virtual detox: exergaming in the addictive behavior such as loss of reality and
physical space social isolation)
Mental . Simulation of mentally challenging situations
. Psychophysiological and psychosomatic
training
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Abstract. Training approaches in traditional sports are usually exten-
sively documented. In esports and competitive gaming in general, the
documentation regarding tactics and methods players can utilize to
improve one’s skill and thus be a successful player is lacking. To assess
and compare the training possibilities in competitive gaming, we sys-
tematically select different currently popular gaming genres and ana-
lyze them based on their established training methods. Thereby, we
analyze game-specific training methods focusing on micro-related skills
referring to the players’ control over small parts of the game, which
highly depends on reflexes, hand-eye coordination, and visual perception.
The assessed macro-training methods refer to higher-level game control
involving strategy, resource management, and game or map awareness.
We conclude this by assessing psychological and physiological aspects on
the players’ game performance.

Keywords: Training methods - Competitive games - Esports

1 Introduction

Traditional sports have many possibilities to train the skills required for the
sport. Soccer player early on exercise their shooting skills on a goal wall, archers
practise their aim with targets and for many sports there are specific exercises
to stimulate relevant muscles and improve on specific skills to become more
successful in the sport [48].

Esports (Electronic Sports) is considered a relatively new sport, and has to
deal with a lot of bias. For these competitive games, studies show that the average
heart rate of players is similar to that of basketball athletes. Furthermore, players
need specific skills, also commonly found in traditional sports, like hand-eye-
coordination, reaction time and an increased peripheral vision [49].

Similar to traditional sports, training is esports is highly important. Due to
the vast variety of different genres and games, different skill-sets are necessary
© Springer Nature Switzerland AG 2021
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to excel at a certain game [47]. Many games offer in-game training possibilities
for the whole game or different game modes. Those consist of different elements,
accessible to players, e.g. single- or team-training, bot-games and aim-maps.
Additionally, on a game-by-game basis, there are out-of-game training options
offered by companies, coaches or the community [10].

Due to key differences in training possibilities and training focuses our goal is
to survey popular training options for distinct game genres in their competitive
game mode and combining them with the associated learning content or trained
skill. Thus, a categorization of training elements is required to describe the
trained skill and analyze skill regarding their transferability into other games
or game genres [50]. Furthermore, we examine general training approaches used
in traditional sports and their use in esports, like the role of psychology and the
physiology aspect of esports.

2 Background and Related Work

While there are many electronic games, not every game can be considered an
eSport. An eSport has to be a competition between human players using virtual
platforms under strict rules. There, players do not win by chance, but by utilizing
their experience and skill sets to overcome their opponents. Furthermore, it is
important that the players’ individual performances are comparable to guarantee
a fair rating and evaluation [11,22].

Competitive games and esports game categories develop rapidly with new
games coming out each year [24]. Categories differ depending on the main goal
of the game, and most popular eSport games are team-games or have direct
competitors. For some exceptions like Solo Superplay players compete by com-
parison of time or high-scores. Due to the vast variety of gaming genres we
focus on three categories, selected based on their popularity and their dissimi-
larity regarding their setup and required skills: Multiplayer Online Battle Arena
(MOBA), Team-based Shooters, Real Time Strategy.

In contrast to classical sports, esports games undergo regular (sometimes
drastic) rule changes, forcing players to develop new skills and strategies or even
switch roles. Even without large game changes popular strategies or characters
may change quickly over time, commonly called a changing meta-game.

Micro, which is short for micromanagement refers to the control of the user
over small parts of the game. Usually the control over a players character or
units. Micro highly depends on reflexes, hand-eye-coordination and the visual
skills of the player [29,37]. Macro, which is short for macromanagement refers
to higher level control over the game. This usually involves [29,37]:

— Strategy: The general strategy used in the game by player and opponents.

— Resource management: Refers to an overview over consumption, income, and
utilization of available resources within the game.

— Map awareness: The user should know what is happening on the map, where
other characters, players or units are, and which game timers are currently
active.
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In most games both micro- and macromanagement are of high importance, with
its weighting varying from game to game or based on the platform the game is
played on [37].

3 Public Training Methods in Multiplayer Online Battle
Arena Games (MOBAs)

In MOBASs, which are immensely popular, two teams compete against each other
to destroy the base of the opponent team. They provide a collaborative experi-
ence in working together as a team of unique characters in a highly competitive
environment against the other team [51]. As characters are selected at the start
of a game session, this offers a wide range of strategic options in character
selection, team composition and play choices during each game. The amount of
variation makes it difficult to predict the opponents future play, increasing the
level of challenge and skill required to be successful [51]. Due to its popularity, we
assess League of Legends (LoL) [23] regarding its available and utilized training
methods. Apart from the different characters for each MOBA and the associated
required game experience, most trained skills are transferable to other popular
MOBASs like DotA2, Smite, or Heroes of the Storm.

3.1 Game-Based Knowledge Building

In order to make good decisions and stay up to date with current game changes
vast game knowledge is necessary, categorized into the following aspects:

— Champions and Tactics: 1t is of high importance to have a good knowledge of
the available champions, which not only makes it easier to master a champion,
but also helps predict the opponent’s move. Certain combinations of cham-
pions are strong or weak, depending on their abilities and their resulting
synergies. Being aware of these synergies is essential when picking champi-
ons for the own team or denying them from the opponent’s team [26]. It is
commonly recommended for a player to focus few champions and at most
two different roles, to be able to master those [25]. Because champions are
regularly being updated or new champions are introduced it is essential to
stay updated as tactics and synergies can change over time [27,30]. Utiliz-
ing a team’s champion synergies comes into effect with combinations of skills
that work especially well together. Being aware of those for the own team
and anticipating combos from opposing champion is detrimental as success-
ful combos often lead to a champion’s death. This includes the timing aspects
of those combos which need to be trained and communicated.

— Build and Abilities: In each game there are several ways to adapt a champion:
Runes, Summoner Spells, Items, and Skill Order [27]. Due to its complexity,
general build guides are available for each champion depending on player’s
focus, covering information about these aspects. Those guides are often cre-
ated by high-ranked players or by analyzing statistics. As champions are regu-
larly updated it is also important to state that not all guides are recommended
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for all seasons [25,30,32]. While diverging from a build guide is always pos-
sible a deep understanding on the champion, the current state of the game,
and both teams is required. Depending on the player preferences and cham-
pion’s role, there are different skill orders to level up a champion’s abilities.
Especially in the early game this has a high effect, where it decides which
abilities a certain champion has available [27].Runes (as shown in Fig.1),
Summoner Spells, and Items all customize the role and the champion and are
either chosen prior to the match’s start or adapted in the course of the game
as a reaction to the opposing champions [27].

— Professional Games: To increase knowledge and train reflexes it is not only
important to play the game, but also watch and analyze professional league
or championship games, which are being broadcasted [46]. League games also
have moderators, which explain certain moves or tactics, which can give
insight especially to new players. An alternative for using available build
guides is watching esports games between teams and paying attention to the
attributes the players have chosen for their champions, usually also high-
lighted and explained by the moderators.
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Fig. 1. An example for a rune selection guide for the champion Neeko [34]
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3.2 Improving a Player’s Gameplay Performance

When playing LoL, both micro and macro play have a high influence on the
game’s outcome, and both should be equally focused on, when training. Micro
in LoL describes the ability to control the chosen champion. Due to the different
abilities of the champions, the timings to achieve good results are different. We
identified the following main micro abilities players can improve on [28,29] with
a categorization of those aspects in micro training shown in Fig. 2. Here, we do
not explicitly list the required perception skills to identify relevant information
on the screen, as it is essential for all micro plays.

— Creep score (CS) per minute: CS states how many minions are last-hitted
by a champion lead to him receiving more gold and experience points. The
champion can time the attacks accordingly to increase the CS.
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Fig. 2. Developed categorization of skills required in LoL micro.

— Kiting means gaining or keeping distance from an opponent while dealing
damage. Distance can be created with movement or abilities. Kiting can be
regarded both as an offensive and a defensive mechanism.

— Orbwalking is the performance of attacks and resuming to move again as
soon as possible canceling the animation after the attack has already been
performed. Thus, timing is required to cancel the animation at the correct
moment to gain more time for other actions.

— Skillshots are abilities referring to projectile-based abilities and direction-
targeting. Due to the continuous movement of opponents the travel-time of
the ability’s projectile direction and timing are highly important to get the
most out of skillshots.

— Kill/death ratio: More kills against other champions results into more gold
and more experience points (XP), which he can spend on items and higher
ability levels. As this leads to the champion becoming stronger or more ver-
satile a lead in items and XP over the opponents is advantageous.

— Clearing camps: For players playing the role of a jungler it becomes important
to clear jungle camps, to not hinder the team in leveling up. There, some
objectives can give certain boosts and thus provide a team advantage.

The needed skills focus mainly on the own champion and do not refer to team-
work and thus, a player can improve micro on his own by, e.g., setting a creep
score of minions per minute or keeping deaths below a certain number.
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Fig. 3. Developed categorization of skills required in LoL macro.
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Macro in LoL and MOBAs in general includes (amongst others) map rota-
tions and objective control generally concerning the map-wide decision mak-
ing [28,29]:

— Map awareness: Knowing what is happening on the map and where it is
happening.

— Keeping track of timers: Especially entities appear at a certain time, when
keeping track of the timer, entities can be destroyed before the opponent’s
team with the goal of getting a bonus.

— Objective focus: Knowing when is the right time to attack towers or specific
map-based entities.

— Teleport plays: Knowing when to teleport, but also when opponents have
teleported, and thus are unable to use the same ability soon.

— Ganking: Overpowering the opponent, with the attack of multiple team
members.

— Skill and item information: Having on overview over which items, health and
levels the players have.

— General Communication and Teamwork

Macro is harder to improve than Micro, because it usually involves strategies
that can mostly be applied in a running game and involves team work. Figure 3
shows a categorization of the possible aspects in macro training [29].

Training and practice tools are useful to improve different individual micro
and macro skills. Playing the game in an organized environment and setting goals
to oneself to pursue during a match is a valid approach for constant improve-
ment. To aid in this process, external platforms offering personalized training can
be utilized [35,36]. These tools offer dynamic strategies, challenges, collections
and rewards as incentives to players wishing to improve their skills. By automat-
ically analyzing the player’s game replays those are extracted and provided in
a personalized fashion. They provide a detailed breakdown over different game
phases, heatmap visualization for positioning, vision, and map exposure coupled
with advise on what to improve on.

Individual tools are more focused on training individual required mechanics
like improving a player’s movement skills in kiting, and dodging [33], or improv-
ing individual role skills [31,32]. As similar tools rose in popularity core aspects
are now integrated into the game’s built-in practice mode.

4 Public Training Methods in Team-Based Shooters

In shooters the player focuses the actions of an avatar with a weapon against
NPCs or other avatars. Usually the weapon is a firearm or other long-range
weapon with the focus is on defeating the avatar’s enemies or completing map-
based objectives. Due to the popularity and long history of the series Counter
Strike (CS) and the game Counter-Strike: Global Offensive (CS:GO) was chosen
as the Shooter to be analyzed regarding its training possibilities [14]. It is an
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objective-based, multiplayer first-person shooter. Two opposing teams (Terror-
ists and Counter-Terrorists) play and commonly compete against each other in a
bomb defusal game mode. Unlike MOBASs, team-based shooters utilize a variety
of different maps requiring teams to develop individual tactics, practicing them,
and analyzing their opponents’ tactics [15]. To improve the team’s communica-
tion map-based callouts need to be remembered (as shown in Fig. 4) and trained
to quickly communicate match-events at specific locations.
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Fig. 4. An example for CS callouts for the map Mirage [45]

Micro in CS:GO is mainly based on the aiming aspect, concerning hitting the
opponent’s avatar by placing the mouse on it as fast and precise as possible. Thus
the training of precision and reflexes is crucial. Figure 5 shows a categorization
of the core micro aspects in CS:GO which can be trained and improved on
are [10,12,16,19]:

— Aiming/Cross-hair Placement: It is recommended to place the cross-hair at
head-level as this increased the player’s expected damage. Thus, most aiming
happens on a horizontal axis, which need to be adapted on non-flat ground
or in areas with different plateaus opponents can appear on.

— Reflexes: When a player registers a movement, only a limited period of time
is available to react to the movement and either hide or fire at the opponent.
A good peripheral vision is helpful for these situations.

— Recoil Pattern: Each game weapon has a unique recoil pattern. Some weapons
start with a bias towards left or right and some climb up and then sway when
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the player starts firing. In order to counter this effect during consecutive
firing, the player need to memorize the pattern and regularly practice with
these weapons.

— Holding angles: Players becoming careless and not holding precise angles risk
losing their duels when encountering opponents.

e Perlpheral
Al
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Recoil e
Pattern
Holding Quwck
Angles Reactlon

Fig. 5. Developed categorization of skills required in CS micro.

For macro in CS, there are two major decision aspects: Gaining information
about the opponents team and making decisions for the own team [12,13,19].
Information about the opposing team may lead to the adaption and creation of
own strategies. Those factors include [19]:

— Finding out, which of the players in the opposing team is especially good or
if a player constitutes a weak link

— Identifying rotating patterns when the opposing team relocates

— Identifying money management of certain players or of the team to gain
insight on bought weapons

Decisions for the own team are strategic decisions, which usually have to be
made in the brink of a second [19]:

— Knowing the right time to flash for a teammate to blind opponents
Deciding if a push should be performed instantly or delayed

— Deciding if all corners and hiding places should be checked for opponents

If an opponent is near, deciding if the bomb should be planted or if a 1vsl
with the opponent would be better

The four important factors in developing macro strategies are pick, trade, flank
and economy [20]: Pick is the ability to achieve an opening frag. Opening frag
refers to opening a site or an area by getting a kill for the team. A prominent
strategy for this is to enforce a 5v4 situations and try to take map control Trade
means getting a trade kill for your team. This means, that a player gets into
a situation, where he will presumably die, but possibly leading to a beneficial
situation for the team. A weak player goes in first creating space and dies,
followed by a stronger player, who can get the multiple follow up kills. This
strategy can lead to a 4v3 scenario. Flank refers to situations where an opponent
is hit from an angle or direction which the opponent did not expect, thus catching
the opponent in surprise. The team can try to create multiple projectile angles
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in such a way, that they cannot be covered from an opponent player at the same
time. This can be achieved with strategical positioning in an area. Economics
limit what individual players can purchase in single rounds. Information about
the economics of the opponents team can be used to develop different tactics: If
it is known, that the opponent cannot afford certain weapons, e.g., long-range
weapons, the team’s positioning can adapt based on this information picking
strategic spots.

Micro training and practice in CS is mostly based on maps specifically cre-
ated to improve a skill, like aim-, reflex-, recoil-, prefire-, or grenade-training
maps [18]. Similar to replay systems a Demo manager [17] offers after-game
analysis and helps to find both team’s weak-spots. Especially aim-training is
popular with different external tools to practice aim and weapon spray [10,21].

5 Public Training Methods in Real-Time Strategy Games

In a real-time strategy (RTS) game, the players position structures and maneuver
units under their control to secure areas of the map and/or destroy their oppo-
nents’ assets. The typical game in the RTS genre features: resource-gathering,
base-building, in-game technological development, unit creation, and indirect
control of units. Although some genres share conceptual and gameplay similar-
ities with RTS game, e.g., city-building games, construction and management
simulations, and games of the real-time tactics variety they are not considered
to be real-time strategy per se. Due to its popularity in research [9] and long
history Starcraft IT [38] was chosen as the analyzed RTS.

Positioning Hot Keys
i B o . Input
Commands Unit Control ~ €—— Micro —> Mechanics
| Accuracy

Abilities Effective
Input Use

Fig. 6. Developed categorization of skills required in SCII micro.

Micro mechanics are important skills in SC II, with professional players reach-
ing average actions per minute over 300. They comprise of precise and fast use of
input elements like mouse or keyboard, but also the strategic setting and use of
hotkeys, which reduce the required time to perform actions or combinations [39].
The core commands that are beneficial to master are [39]:

— Attack-Mowve: The units attack any enemy units or buildings in the respective
path. When doing an attack move, the units will not fight back if attacked
from other positions, but will follow their way to the selected destination.

— Multiple Unit Groups: Creating multiple unit groups is better than having
one control group, because it allows for better army control.
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— Wire-Frame Selection: Removing certain units from selections in order to
split up a group accurately. This can be used to split up the units to attack
different targets.

— Queuing Commands: There are certain commands which can be queued, if
the player already knows which actions he wants to perform.

Unit positioning is also highly important in extending the life of the player’s army
and should be performed before every battle. In general, ranged units should be
positioned at the back, while melee units and tanks should be positioned at the
front [42].

Scouting is the act of gathering information about the opponent and his
actions. This can be managed by sending units to the opponent’s base, usually
a worker unit or a cheap and fast early-game unit. By keeping the unit alive as
long as possible using micro skills, players can obtain more information about
the opponent and cover larger areas [42].

Harassment is the action of looking for minor holes in the opponent’s defenses
and using these to gain an advantage by, e.g., interrupting resources gathering,
delaying production, or picking of important units, forcing opponents to spend
resources on defending or on loss compensation [42].

Unit management during a battle is important as units can be ordered to
attack a single enemy unit, which is systematically better than attacking multiple
units at the same time. Furthermore, wounded units should be retreated, as it
allows them to be healed or repaired, or participate in the fight from range [42].
Individual have special abilities that must be activated and targeted by the
player. Knowing when and how to use these abilities is also a part of micro [42].

Macro is considered to be more important than Micro in SCII [39], and the
player should practice the different techniques intensively, to first optimize the
macro aspects and second free up time and attention capacity to focus on specific
micro tasks. Figure 7 shows a categorization of key aspects in macro training.

Resource \ | Opponent | Strategy
‘ Management ‘ Macro Analysis Adaptation

Fig. 7. Developed categorization of skills required in SCII macro.

Macro in SCII usually involves actions dealing with the match’s economy.
This includes having an ongoing supply of food to allow the production of new
units, without creating supply blocks. With increasing income, it is important to
spend the gained resources and construct buildings, train units or get upgrades.
This includes planning ahead, as stronger units need require several buildings,
which have to be built beforehand. Thus, build orders are important to be mem-
orized and trained [44], as shown in Fig.8. There are three categories, where
resources can be spent [40]:
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— FEconomy: Spending on Economy is spending on the supply chain and allowing
the harvesting of more resources or increasing the rate at which resources are
gathered.

— Army: Through the build of units and production buildings, the army size
of a player will increase. When the player’s resources are growing faster than
the players expenses, it is a good tip to produce more production buildings.

— Tech: A player can improve the tech by constructing new buildings, which are
part of the tech tree. Unlocking new parts of the tech tree allows the built of
new, usually more powerful units. Additionally, units can be upgraded with
unique techs, making them stronger.
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Fig. 8. An example for a SC II buildorder guide for the Zerg race [44]

As already mentioned for the micro part, scouting is of high importance in
SCII. Gaining information about the opponent can be used in multiple ways but
requires game knowledge and experience to utilize the gained information [39].
It can indicate when the opponent is going to attack or when it is weak for an
attack. Additionally, knowing the potential opponent strategies allows the player
to deduce its current strategy to adapt own strategy accordingly.

Due to the large variety of maps utilized in competitive play, heatmap-based
visualization of strategic locations can help players improve their gameplay on
each map [41]. These also includes map-based characteristics like the ramp size
leading up to the main base location or their closest expansion spot, the distance
between the player and opponent location, the presence of ledges and cliffs in
strategic locations, the number of base entrances, or the general amount of open
space in strategic locations [43].
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6 Psychological and Physiological Training

Since esports athletes are constantly required to perform well, selected methods
from traditional sport psychology can also be applied in esports. This can be
seperated into three main categories [3-5]:

— Gaming: The structure and analysis of each training session and tourna-
ment matches is of high importance in esports. Especially for teams training
together, but also for solo players, a training plan is important to organize
training sessions in such a way, that a high level of concentration over an
extended period of time can be achieved. Documenting and analyzing this
training process is used to measure the personal improved and set new goals.

— Health: Mental health plays a pivotal role in esports training, especially when
dealing with younger players [7]. This includes addiction prevention hap-
pening on all levels of play by looking out for possible symptoms like con-
stant fatigue, irritability, or isolation due to the negative implications on
mental health. Another aspect of health is the prevention of injuries occur-
ring through bad posture, extended load, and high strain on individual body
parts [4].

— Personality: Personality development is important, as especially younger
players might not know how to deal with losses, stress, pressure or how to stay
motivated. It is recommended to retain a positive self image and have a deep
insight into the own strength and weaknesses [7]. Many esports games require
players to work together as a team. Schedule planning, communication skills,
different team roles and teamwork are important in establishing a successful
team. Especially the improvement of communication skills is crucial as it can
determine the success of a team.

Since it can be difficult for a player or an aspiring team to focus on all aspects
and methods. Furthermore it is challenging for individuals to analyze their own
performance. Thus, teams utilize esports coaches similar to traditional sports
coaches, which can take over much of the players’ much of the cognitive load not
directly related with the game. Since the term of an esports coach is not legally
defined and everyone who wishes can offer himself as a coach, there are different
experiences and qualifications, which can be encountered in people who offer
their service as a coach: Sports psychologists, former or currently active players,
and people who absolved courses in eSport coaching or sport coaching. The
coach’s tasks usually can range from nutrition and health aspects to game-related
components and mental training to a marketing and sponsoring person in charge.
While coaches can help with the success and the progress of a team their role has
not been fully defined yet. In 2016, Valve, decided to ban coaches from directly
communicating with the players during tournaments. Due to the communication
with the coach, the coach started to manage the game and occupied functions
usually reserved for the team leader, and thus diminishing the importance of a
team leader for the game [1].

Besides psychological training also general physiological training is relevant
for esports players due to the required focus and demanded mechanical skills.
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In traditional sports the training is customized to fit the requirements of the
specific sport. In esports, different games have similar requirements due to sim-
ilar motoric requirements [6]. These requirements can be categorized into three
aspects [5]:

— Concentration: In esports, players have to stay highly concentrated for exten-
sive periods of time throughout the entire match. Factors contribution to
increased concentration of a players are a regular sufficient sleep schedule as
well as a health nutrition.

— Musculature: The training of musculature in esports mainly focuses on reduc-
ing the risks of injuries to the muscular-skeletal system, which can arise
through the process of training or tournaments. Common injuries in esports
cover the carpal tunnel syndrome due to repetitive wrist work [2], the tennis
elbow, and intense back pain due to bad posture and extensive sitting. Thus,
the back musculature is trained, combined with, e.g., running to increase
endurance and stretching exercises for muscle flexibility [8].

— Coordination: Coordination is the most evident physiological factor in esports
consisting of hand-eye coordination, finger coordination, and visual percep-
tion. The hand-eye coordination is critical in esports, where hitting a desired
spot on the screen using the mouse as fast and precise as possible is impor-
tant. Finger coordination adds to these challenges as it quickly becomes nec-
essary to input multiple mouse and keyboard actions simultaneously in a
coordinated manner. For visual functions many different aspects influence
the player’s performance like: visual acuity, eye movement, focus, alignment,
peripheral vision and awareness, and depth-, colour, and visual perception.

7 Summary, Discussion and Final Remarks

All three monitored games require a vast amount of research in order to be
successful in the game. Constant changes in each game due to balancing issues,
character, or map changes players need to stay up do date with popular tac-
tics and mechanics. One core similarity for all games is the recommendation to
watch professional games, which are being explained either by a moderator or
by another player. These usually cover deep insights into the tactical aspect of
each game and allow viewers to familiarize themselves with common plays. For
the micromanagement aspects each game has their own characteristics players
have to focus on to improve their performance. While MOBAs and RTS games
have similar input styles, MOBAs are focused on the perfect control of a sin-
gular champion, while RTS games are focused on the control of different unit
groups. By contrast, micro in team-based shooters mainly concern the optimized
control of the player’s character in a first-person view. Thus, mouse control
regarding firearm management is core here. While especially micro aspects of
hand-eye coordination are transferable between games, macro focuses more on
the strategic characteristics of gameplay and thus are not directly transferable
between games. One problem we identified is the lack of detailed documentation
for most training methods and the abundance of sources covering individual
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aspects instead of a coherent guideline for a specific game. We further identi-
fied that game independent factors like physiological and psychological training
methods should not be neglected, but rather should be trained in parallel to the
game-related aspects, as they have a direct influence not only on the player’s
game performance, but also on its general health.
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Abstract. To ensure health benefits and prevent injuries, the correct
execution of fitness exercises is essential, particularly when vulnerable
individuals are involved, such as during rehabilitation. As it is difficult for
a person to assess the execution quality for themselves and most people
cannot afford a personal trainer at all times, an automated assessment of
execution quality is desirable. Whereas human activity recognition with
modern sensor technologies has become a fundamental topic in scien-
tific research and industry over the past decade, the execution quality
of exercises is rarely addressed. In this paper, we assess the applicability
of machine learning-based classification to differentiate not just between
different fitness exercises, but also their execution quality. For this pur-
pose, we propose three different system variants to recognize three dif-
ferent fitness exercises and at least three typical execution errors each
based on acceleration and gyroscope data from up to four body-worn
sensors. In our evaluation, we utilize data we recorded from 16 differ-
ent participants to determine our systems’ recognition performance for
different application and implementation scenarios.

Keywords: Activity recognition + Fitness -+ Machine learning

1 Introduction

Despite regular physical activity having significant health benefits, a large por-
tion of the world’s population is insufficiently physically active [2,4]. With mobile
sensor devices becoming increasingly accessible and more widespread in the past
decade, fitness and health applications have become an important tool to provide
support and motivation for physical activity. In Germany alone, the number of
people using such applications is expected to increase from roughly 3.4 million
in 2017 to 6.6 million by 2022 [3]. Whereas these applications often offer exten-
sive motivational features such as gamification or social aspects, their tracking
capabilities are often limited and do not account for proper technique.

Since proper technique when exercising is essential not just to guarantee a
training effect but also to prevent injuries such as strains or sprains [1,16], auto-
matically assessing a person’s technique based on wearable sensor data would
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be highly beneficial. Based on this assessment, fitness and health applications
could then provide the user with individualized assistance on how to improve
their technique. A particularly noteworthy application area is rehabilitation,
e.g., after an injury, where it is crucial that exercises are executed correctly, and
their physician could utilize an assessment of the patient’s execution to track
the rehabilitation progress.

In this paper, we want to assess the applicability of body-worn sensors and
machine-learning-based classification methods for the purpose of determining
the execution quality of physical activities. With appropriate preprocessing and
feature selection, these methods have shown to provide high classification per-
formance on a vast number of activity recognition tasks. Compared to other
approaches such as handcrafted rule-based systems, machine learning approaches
generally require less domain knowledge, less implementation effort, and can
more easily be transferred to different tasks, i.e., different activities in this case.
They are therefore often preferable if enough training data is available for them
to be applicable.

However, determining the execution quality of physical activities is generally
a more difficult task than typical activity recognition tasks. First, the classes to
distinguish between are more similar to another since they represent the same
activity with often only small, yet important, differences in execution. Further-
more, it is comparatively difficult to obtain large amounts of training data for
incorrect exercise executions without putting participants at risk. Thus, we want
to determine whether and under which circumstances machine learning-based
classification methods can be utilized for the assessment of physical activity
execution quality and under which circumstances different methods need to be
employed.

2 Physical Exercises

To get an accurate representation of the capabilities of machine learning-based
classification methods for quality assessment, we chose three well-known fitness-
related exercises (see Fig. 1) which fulfill a number of different criteria. To record
representative data, it was important that each exercise could be correctly per-
formed multiple times in succession, even by amateurs. At the same time, the
exercises had to be complex enough to represent most physical exercises with
respect to their recognizability and analyzability. In particular, multiple joints
and body parts had to be involved and typical mistakes had to be relatively
minor deviations from a correct execution.

For the data recording and later evaluation, it was important to have a
well-defined correct execution form and clear definition of typical mistakes (see
Fig. 1) for each of the three exercises. These were determined in collaboration
with a physiotherapist and based on relevant literature in the field of training
theory [5-7].
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Table 1. Physical exercises with their respective types of deviations

Exercise Type of mistake Abbreviation | Mistake description

Squat Weight shifted forwards | WS Weight is kept on the balls of the
feet during downward motion, knees
extend beyond toes, heels are possi-
bly lifted off the ground

Inward knees IK One or both knees are inclined
inwards, following a line along the
inside of the feet during downward
and upward motion

Outward knees OK One or both knees are inclined out-
wards, following a line along the
outside of the feet during downward
and upward motion

Partial repetitions PR Hips and upper body are not low-
ered deep enough, upper thighs do
not become parallel to the ground

Push-up Flared elbows FE Arms are flared out wide, elbows
point away from the body up to
a 90-degree angle during downward
and upward motion

Lowered mid-section LM Body does not maintain a straight
line due to lowered hip, groin
area remains close to the ground
throughout exercise

Partial repetitions PR Body is not lowered deep enough,
chest remains far from the ground,
upper arms do not become parallel
to the ground

Bent-over row | Flared elbows FE Arms are flared out wide, elbows
point away from the body up to
a 90-degree angle during downward
and upward motion

Rounded back RB Upper and lower back do not main-
tain a straight line but falls into a
rounded or hunched position

Torso raise TR Upper body is raised and low-
ered significantly during upward
and downward movement

3 Related Work

Despite activity recognition, in general, being a well-researched topic and health-
care and well-being being one of its primary application contexts [8,9,15], rel-
atively little work exists on the quality assessment of physical exercises using
wearable sensors.
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Pernek et al. [11] present a basic approach for quality assessment of body-
weight exercises and weight training. In their paper, they propose a system that
utilizes the smartphone’s accelerometer data to track individual exercise repe-
titions through real-time segmentation and provide qualitative feedback based
on the repetition’s duration. Whereas their system performs well on the task of
real-time segmentation and provides useful feedback on the execution speed, it
does not cover other types of execution errors such as incorrect technique.

More closely related to the topic of this paper is the system presented by
O’Reilly et al. [10] which is designed to detect seven distinct types of execution
mistakes when performing squats. Relying exclusively on the data provided by a
single smartphone’s inertial sensor, they recorded 10 correct executions and three
incorrect executions for each type of mistake for 22 participants. On this data set,
they achieve a multi-class accuracy of 56% in distinguishing between different
types of mistakes and correct executions using leave-one-subject-out validation.
Alternatively, their model achieves an 80% accuracy in the binary classification
task of distinguishing between correct and incorrect exercise execution.

A similar approach utilizing multiple sensors is presented by Velloso et al. [14]
in the context of weight-lifting exercises, more specifically, the unilateral dumb-
bell biceps curl. Instead of relying on the smartphone, four inertial sensors are
placed on the wrist, upper arm, lower back, and dumbbell, respectively, provid-
ing significantly more information about the person’s technique. They recorded
data for the correct execution and four different types of mistakes from six par-
ticipants under the supervision of an experienced weightlifter. On this data set,
their system achieves a multi-class accuracy of 78% for the task of distinguish-
ing between different types of mistakes and correct executions using leave-one-
subject-out validation.

Another approach utilizing multiple sensors is presented by Taylor et al.
[13]. Their system is specifically developed for rehabilitation exercises of knee
osteoarthritis patients to differentiate between a correct exercise execution and
one of up to four different execution mistakes for three different exercises. Their
system uses five inertial sensors attached to the waist and the shin and thigh of
each leg, respectively. On a data set consisting of 420 total repetitions from
nine participants, their system achieves multi-class accuracies of up to 94%
for cross-validation across all subjects and up to 80% for a leave-one-subject-
out validation. Their approach is later improved upon [12] to include multi-
label classification, allowing for the simultaneous detection of multiple execution
mistakes.
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4 System Design

Our approach follows a typical machine learning pipeline for classification tasks,
consisting of data acquisition, preprocessing, training, and validation steps (see
Fig. 1). Validation, in particular, took place during system design to find appro-
priate default hyperparameter values and during our evaluation to assess our
systems’ performance in different scenarios.

Data Acquisition
Collect and
understand Data

Preprocessing
Format and clean data,
extract relevant features

Fig. 1. Machine learning pipeline for classification tasks

4.1 Data Acquisition

Our data acquisition system, shown in Fig.2, uses four commercially available
sensor boards (Thunderboard Sense 2), each featuring a 3-axis accelerometer
and a 3-axis gyroscope. In consultation with a physiotherapist, the sensors were
decided to be located above both knees and elbow joints to provide the most
meaningful information on potential exercise execution mistakes.

. — .y
L ___\=

Fig. 2. Data acquisition system consisting of four wearable inertial measurement units
and a smartphone for data collection, later connected to a PC for further processing

The measurement ranges of the sensors are set to their maxima of +£16 g and
+2000°/s, respectively, and the sampling rate is set to 95 Hz, allowing our system
to record representative data even for quick movements. Whereas it is possible
to set higher sampling rates in the sensor boards’ firmware, we found 95 Hz to
be the highest sampling rate that would still allow all raw sensor data from all
four sensor boards to be reliably transferred to the smartphone using Bluetooth
Low Energy (BLE), especially when another device was connected to the smart-
phone via BLE. Furthermore, empirical results showed no significant difference
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in classification performance for higher sampling rates, suggesting that 95 Hz is
sufficient for the selected exercises. The firmware was specifically adjusted for
human activity recognition to improve stability and improve power efficiency,
disabling unnecessary sensors and features on the sensor board.

Data are recorded on the smartphone using a simple application that lets you
connect to multiple BLE devices, control when data are recorded and sent by
connected devices, and store the recorded data on the smartphone. Additionally,
markers can be set to mark time stamps during which an individual repetition
is performed. This is an important feature to accurately label training data for
individual repetitions from a recording consisting of continuous repetitions. The
stored sensor data and the markers are later transferred to a PC to allow for more
time-efficient preprocessing, training, and validation. When an already trained
model is used to infer classes during application run-time, this step is skipped,
and preprocessing is done directly on the smartphone.

4.2 Preprocessing

For our system, the data acquisition application handles all synchronization
between sensor boards and their recorded data, and therefore we can assume all
data to have already synchronized timestamps. Thus, our pre-processing consists
of the three primary steps depicted in Fig. 3.

O ©) -

real-time filter
real-time filter

thresholds

~—/

real-time filter

~| 8

Fig. 3. Preprocessing steps: the sensor data is filtered (1); window boundaries are set
when a peak is detected (2); after the filter has passed the right window boundary (3),
the enclosed data is used to extract a set of features (4)
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First, to remove noise from the data, a median filter is applied to the data
of each sensor and each axis, respectively, resulting in smoother data which
also improves the reliability of the chosen windowing approach in the second
preprocessing step. The median filter replaces the value of each data point by
the median of its surrounding values, making it more robust to extreme outliers
than, for example, a mean filter. Whereas this approach results in a small delay
in the usability of data in a real-time setting, we do not believe this delay of a
fraction of a second to be relevant to most activity recognition applications in
practice.

A threshold-based peak detection algorithm is employed in the second step
to find peaks that surpass a predetermined threshold in the acceleration data.
This algorithm is employed on each axis of the accelerometer of each of the four
sensor boards. If a peak is found in any of them, time window boundaries are set
with a predetermined distance in both directions of the peak. All sensors’ data
within that time window is then considered to be one potential exercise sample.
To label data for later model training, it is then checked whether a marker exists
within that time window. If one exists, the sample is given that marker’s label.
Otherwise, it is considered part of the null class, representing data of no exercise
being performed.

Table 2. Features considered for feature subset selection

Feature Description

Minimum Smallest acceleration or angular velocity measure in
time window

Maximum Highest acceleration or angular velocity measure in
time window

Difference Difference between minimum and maximum

Mean Arithmetic mean of acceleration or angular velocity

measures in time window

Variance Average deviation of acceleration or angular velocity
measures from the mean

Standard deviation | Square root of variance

Skewness Asymmetry of signal distribution in time window

Kurtosis Steepness/tailedness of signal distribution in time win-
dow

Body height Body height of participant in cm

In the last step, each sample is transformed into a set of characterizing proper-
ties, i.e., a set of features representing that sample during training and inference.
Excluding body height, each feature in Table 2 is calculated for each axis of each
sensor individually, resulting in 24 individual feature values for each feature type.
Except for body height, all features are statistical measures commonly used for
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activity recognition in related work. The person’s body height was added for test
purposes since we expect it to have an impact on the raw sensor data.

To avoid the negative impact of features that are either redundant or do
not generalize well, we also performed a feature subset selection by calculating
F scores for all subsets of features, all system variants (see Sect.4.3), and all
validation methods (see Sect.5). Ultimately, this led us to drop the features
Mazimum, Skewness, Kurtosis, and Body Height.

4.3 Machine Learning

We have three different variants for the machine learning part of our system,
as shown in Fig.4. Although the individual classifiers can be any feature-based
classifiers, related work suggests that the classifiers best suited for activity recog-
nition tasks are support vector machines (SVM), naive Bayes (NB), random
forests (RF), and k-nearest neighbors (k-NN).

Preprocessing

Recognition Classifier
Recognition
Classifier

Baseline
Classifier

Quality Assessment

Classifier
Meta-Classifier

@<= 4 a»

Fig. 4. System overview with three different machine learning variants

The first variant is a simple baseline classifier that contains classes for each
combination of exercise type and type of mistake, or lack thereof. Compared
to the baseline variant, the other two variants split the prediction of exercise
type and type of mistake into two separate tasks. First, a recognition classifier
is employed that only distinguishes between exercise types, i.e., whether it was
performed correctly or incorrectly. Based on which type of exercise was predicted,
a secondary quality assessment classifier is then selected, predicting the type of
mistake, or lack thereof, for that specific exercise type. The third variant differs
from the second variant in that this quality assessment classifier is replaced by an
ensemble of classifiers and a meta classifier. Such an ensemble has the potential
advantage of allowing for different types of classifiers to be utilized in the same
classification task, making use of their individual strengths in terms of pattern
recognition.
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5 Results

To assess the applicability of our systems for quality assessment of physical
exercises, we conducted an experiment with 16 participants (4 female, 12 male)
between 13 and 56 years, with the average age being 30.3 years. All partici-
pants were required to engage in regular physical activity, i.e., at least twice a
week for at least two years prior to the time of participation, and stated to feel
generally healthy with no known impairments that could affect their execution
performance.

Each participant was given an information sheet with the training program
and short descriptions of each exercise and its variants in advance. For the record-
ing process, the participant was instructed to perform five repetitions for each
exercise and each of its deviations. A supervisor was present at all times to
provide guidance to the participant, ensure their well-being, and verify that
the sensors were properly attached at all times and that all data was properly
recorded and labeled. If the recording of an exercise variant was considered erro-
neous, e.g., because it wasn’t performed according to the instructions, it was
discarded and, if possible, recorded anew. The resulting data set consists of 923
recordings of exercise repetitions and 96 recordings of null-class activities for a
total of 1,019 recorded samples.

5.1 Hyperparameter Values

Before evaluating our systems, it was necessary to select appropriate hyperpa-
rameter values, i.e., parameters which aren’t adjusted during machine learning,
for system-specific and classifier-specific hyperparameters. In both cases, rea-
sonable value ranges for each hyperparameter were determined based on domain
knowledge, relevant literature, and empirical results. The final values were then
determined using grid search for system-specific and random search for classifier-
specific hyperparameters.

System-specific hyperparameters include parameters related to the filtering
and windowing steps during preprocessing and directly affect the quality of data
samples generated for training and later inference. Table 3 shows the five different
parameters and their respective default values determined with grid search on a
combination of all systems and validation strategies (see Sect. 5.2).

Classifier-specific hyperparameters were determined individually for each sys-
tem variant and each validation strategy (see Sect. 5.2) using random search. For
the support vector machine, they include the regularization parameter C, the
kernel type, and the degree of the polynomial kernel function if a polynomial
kernel is used. For the k-nearest neighbors classifier, they include the number
of neighbors, the distance metric, and the weight function. For the random for-
est classifier, they include the number of estimators (trees) in the forest and
the number of features to consider when looking for the best split. The individ-
ual values selected are omitted in this paper for the sake of clarity. All other
hyperparameters are left at the default values set in scikit-learn (v0.24.2).
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Table 3. System-specific parameters and their default values

Parameter | Default value | Description

win_size 2.4 Size of each time window (in seconds)

win_shift 10 Amount of window shift to the right from initial
position (in percent)

win_overlap | 30 Allowed overlap between adjacent windows (in
percent)

acc_thresh |3.8 Threshold for accelerometer peak detection (in
m/s?)

kernel_size |48 Size of the median filter kernel (in samples)

5.2 Performance Metrics and Validation Strategies

A number of different performance metrics can be used to measure the perfor-
mance of a classifier on a classification task. Whereas accuracy, i.e., the portion
of all samples classified correctly, is an intuitive and commonly used metric, we
believe the macro-averaged Fj-score to be a more appropriate measure in this
case. Compared to accuracy, which shows a bias towards classes that occur more
often in the data set, the macro-averaged Fi-score is unaffected by an unequal
class distribution. For our data set, this can occur in some cases where erroneous
recordings had to be removed. In particular, the Fj-score is a specific case of the
F-score, which calculates the harmonic mean of precision and recall for each
class individually and then averages the calculated values for all classes.

We employ three different strategies for validation, which each represent
a different use case of quality assessment models. A separate test set is not
employed as it would further reduce the data available for training and vali-
dation and because, based on empirical results, our hyperparameter tuning is
relatively unaffected by the specific subset of data used.

The first validation strategy, called within-subjects (WS), represents the per-
formance of a personalized model, i.e., a model trained exclusively on data of
the same person that it is used to predict exercise execution quality for. In this
validation strategy, 3-fold cross-validation is performed individually for each par-
ticipant’s data before calculating the average of all cross-validation results.

The second validation strategy, called leave-one-subject-out (LOSO), repre-
sents the performance of a generalized model, i.e., a model trained with no data
of the person that it is used to predict exercise execution quality for. In this val-
idation strategy, 16-fold cross-validation is performed. Instead of the data being
randomly split into 16 folds, each fold contains a single person’s data. Thus, for
each person, a model is trained on all other people’s data and then validated
only on that person’s data.

The third validation strategy is simple 10-fold cross-validation (10-fold CV)
which represents the performance of a hybrid model, i.e., a model trained with
data of the person it is used to predict exercise execution quality for in addition
to data of other people.
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5.3 Performance

To accurately assess the overall performance of each system, the best performing
classifiers have to be selected. This is done separately for each classification
task in each of the three system variants. Table4 shows the classifiers which
performed best for each of the classification tasks. Overall, k-nearest neighbors,
support vector machines, and random forests perform very similarly in most
cases. Each of them performs the best at least once, with the best performing
ensemble for the third system variant including each of these classifiers. On the
other hand, Naive Bayes is never the best performing classifier and regularly
performs significantly worse than all other classifiers.

Table 4. Best performing classifiers for each classification task

System/Phase Cross-validation | Leave-one-subject-out | Within subjects
Recognition SVM RF SVM

System 1 (Qual. Ass.) | k-NN RF RF

System 2 (Qual. Ass.) | k-NN RF RF

System 3 (Qual. Ass.) | k-NN, RF, SVM | k-NN, RF, SVM k-NN, RF, SVM
Meta RF k-NN k-NN

Figure5 exemplarily shows the performance of the baseline system when
utilizing different classifiers. As can be seen, even the baseline variant performs
relatively well when the training data set contains data for the person whose
exercise execution quality is being predicted, reaching an Fj-score of up to 0.9455
for a personalized model (WS) and up to 0.9459 for a hybrid model (10-fold
CV). Not shown here, the second and third system variants slightly improve
these scores, with the third system variant reaching up to 0.9504 and 0.9628 for
the personalized and the hybrid model, respectively. For the generalized model
(LOSO), the baseline model performs comparatively poorly, only reaching a
maximum Fj-score of 0.5444. The second and third system variants, once again,
only perform slightly better, with the third system variant reaching a maximum
Fi-score of 0.5723.

10-fold CV Leave-One-Subject-Out Within Subjects

93.42% | 94.50%

F1-Score (%)

YT 54.44% [ 52.58%
.42%

0 0 0
Naive Bayes  k-NN  Random Forest ~SVM Naive Bayes  k-NN  Random Forest ~SVM Naive Bayes  k-NN  Random Forest ~SVM

Fig. 5. Performance of the baseline system for different classifiers
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It is worth mentioning that the classifier utilized in the recognition phase of
the second and third system variants works relatively well, achieving F-scores of
0.9549 for the personalized model, 0.9736 for the generalized model, and 0.9934
for the hybrid model, suggesting that both personalized and generalized data
is useful to the recognition task. Therefore, the second and third systems only
rarely misclassify the exercise type and often misclassify between different devi-
ations of the same exercise. This can also be observed in the systems’ respective
confusion matrices, exemplarily shown in Fig.6 for the second system variant.
Furthermore, it can be seen that the model performs very differently for differ-
ent variations of the same exercise, correctly recognizing a raised torso during
bent-over rows in 94% of cases but only recognizing the same exercise performed
correctly in 55% of cases.

Leave-One-Subject-Out 1o

pushup MUEN 0.16 0.15 0.14 O 0 0 [ 0 0 0 0 0 0
pushup (FE) - 0.11 JOXEH0.049 0.2 0 0 0 [ 0 0 0 0 0 0.014
pushup (LM) - 0.13 0.19 JUEE:R 0.11 0 0 0 0 0 0 0 0 0 0 08
pushup (PR) - 0.14 0.055 0.002 KUk 0 [ 0 0 0 0 0 0.015

squat- 0 0 ({34 0.089 0.075 0.1 0.14 ©0 0 0 0 0
squat (WF) - 0 0 0.14 gOELE 0.11 0.13 0.17 0 0 0 0 0 0.6

squat (IK) - 0 0 0 0 0.096 [WIEER 0.054.

True labels

squat (OK)- 0 0 0 0 0.057 0.14 0.013eN3:H0.069
squat (PR) - 0 0 0 0 011 0 0.0210.065KNE 0.038 - 0.4

row- 0 0 0 0 0 0 0 0
row (FE)- 0 0 0 0 0 0 0 [

fow®B)- 0 O 0O 0O 0 0 0 0 [-0-2

row (TR)- 0 0 0 0 0 0 0 [ 0.022 0

null -0.008 0 0 0.002 0 0 0 0 0.0210.008 0 0.0030.012ge8ez]
-0.0

Predicted labels

Fig. 6. Confusion matrix for a generalized model (LOSO) of the second system variant

5.4 Number of Sensors

An additional topic of interest is the impact of the number of sensors and their
position on the systems’ performance. Whereas more sensors can be expected to
produce better results, they also reduce the system’s usability in practice. It is
therefore desirable to find sensor setups that provide a good trade-off between
performance and usability.

Figure 7 exemplarily shows the performance of the third system variant for
different sensor combinations. As expected, the setup with four sensors performs
best in all cases. For the exercises considered in this paper, a two-sensor setup
with one leg sensor and one arm sensor can still produce comparable results
to a four-sensor setup. However, the difference is significantly larger for the
generalized model than for the other two models. Furthermore, sensor setups that
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exclude the legs perform significantly worse than those which exclude the arms,
suggesting that, for the selected exercises, leg movement is more representative
than arm movement. Overall, we consider the best trade-offs to be either a full
four-sensor setup for maximum performance or a two-sensor setup including one
arm and one leg, with one-sensor setups performing insufficiently for practical
use.

System 3

95.04% =
92.50% 91.25%|

10-fold CV ubject-Out Within Subjects
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Fig. 7. Performance of the third system variant for different sensor combinations

6 Discussion

Our results seem to confirm that the quality assessment task is significantly
more difficult than the activity recognition task for classification algorithms. In
particular, a person’s sensor data for erroneous executions of exercises does not
appear to generalize well to other people, making personalized or hybrid mod-
els highly desirable. In practice, however, this means that you would have to
record sensor data of erroneous executions for every user of your application
and retrain the quality assessment model with that data. In most use cases,
this seems highly impractical, especially since erroneous executions can poten-
tially jeopardize the user’s health. An exception could be applications that are
deployed in collaboration with an expert, e.g., a trainer or a physician. Before
deploying the application, the expert could ask the user to perform each exercise
and label individual repetitions based on whether they were performed correctly
or not. This data could then be used to train a model to assist the user when
exercising on their own.

Whereas the limitations of our study cannot allow us to conclusively rule out
classification algorithms for quality assessment of physical exercises, our results
strongly suggest that classification algorithms are unfit for the task in prac-
tice. We believe this to be the case since the primary limitation of our study,
i.e., relatively little training data of erroneous exercise executions, would also
apply to practical use cases of such a system and cannot be easily circumvented.
Furthermore, a more complex and more specialized overall system might pro-
duce better results but would also partially defeat the purpose of using machine
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learning algorithms, to begin with, requiring a large amount of domain knowl-
edge and design effort. For future work, a promising approach to deal with the
lack of training data would be the augmentation of data by synthesizing data
from existing data or generating entirely new data. For execution mistakes, in
particular, data of correct executions could serve as a basis to generate data of
execution mistakes.

7 Conclusion

In this paper, we assess the applicability of machine learning-based classifiers for
the quality assessment of physical exercises using wearable sensors. We present
a system with three variations to collect sensor data from four wearable sensors,
process the collected data, and apply machine learning techniques to recognize a
recorded exercise’s exercise type and potential execution mistakes. The system
with its three variations is evaluated for its exercise recognition and quality
assessment performance on exercise data collected from 16 participants.

Our system achieves Fi-scores of up to 0.95 and 0.96 for the combined exercise
recognition and quality assessment task using a personalized and a hybrid model,
respectively, suggesting applicability when data from the user is available for
training. Using a generalized model, our system achieves F}-scores of up to 0.57,
suggesting that user data on erroneous exercise executions do not generalize well,
and significantly more training data is required when no data from the user is
available during training. For practical purposes, the number of sensors utilized
can be reduced from four to two, reducing Fj-scores by at most 0.04 for the
personalized and hybrid models and at most 0.1 for the generalized model.

Future research will focus on two primary approaches to improve the gen-
eralizability of quality assessment models. The first approach is the generation
of new sensor data or synthesizing new sensor data from existing data, par-
ticularly with respect to sensor data of physical exercise execution errors. The
second approach is a different representation of physical exercise execution errors
which generalizes better than distinct classes for distinct errors, e.g., by having a
clearly defined correct execution technique and measuring how close a recorded
execution is to that baseline.

References

1. Sportverletzungen. Verletzungsrisiko & Prévention (2018). https://www.
allianzcare.com/content /dam/onemarketing/azcare/allianzcare/de/health-
guides/2018/Allianz_Health_Guide_Sports DE.pdf. Accessed 26 Nov 2020

2. National Health Service - Exercise, October 2019. https://www.nhs.uk/live-well/
exercise/. Accessed 08 Aug 2020

3. Nutzerentwicklung bei Wearables und Fitness-Apps in Deutschland in den
Jahren 2017 bis 2024, September 2020. https://de.statista.com/statistik/daten/
studie/1046996 /umfrage /marktentwicklung-von-wearables-und-fitness-apps-in-
deutschland/. Accessed 28 Nov 2020


https://www.allianzcare.com/content/dam/onemarketing/azcare/allianzcare/de/health-guides/2018/Allianz_Health_Guide_Sports_DE.pdf
https://www.allianzcare.com/content/dam/onemarketing/azcare/allianzcare/de/health-guides/2018/Allianz_Health_Guide_Sports_DE.pdf
https://www.allianzcare.com/content/dam/onemarketing/azcare/allianzcare/de/health-guides/2018/Allianz_Health_Guide_Sports_DE.pdf
https://www.nhs.uk/live-well/exercise/
https://www.nhs.uk/live-well/exercise/
https://de.statista.com/statistik/daten/studie/1046996/umfrage/marktentwicklung-von-wearables-und-fitness-apps-in-deutschland/
https://de.statista.com/statistik/daten/studie/1046996/umfrage/marktentwicklung-von-wearables-und-fitness-apps-in-deutschland/
https://de.statista.com/statistik/daten/studie/1046996/umfrage/marktentwicklung-von-wearables-und-fitness-apps-in-deutschland/

10.

11.

12.

13.

14.

15.

16.

Physical Exercise Quality Assessment Using Wearable Sensors 243

World Health Organization - Physical Activity, November 2020. https://www.who.
int/news-room/fact-sheets/detail /physical-activity. Accessed 28 Nov 2020
Ashwell, K.: The Student’s Anatomy of Exercise Manual. New Burlington Books
(2016)

Boyle, M.: New Functional Training for Sports, 2nd edn. Human Kinetics, Cham-
paign (2016)

Earle, R., Baechle, T.: NSCA’s Essentials of Personal Training. Human Kinetics,
Champaign (2004)

Loépez-Nava, 1., Munoz-Meléndez, A.: Wearable inertial sensors for human motion
analysis: a review. IEEE Sens. J. 16(22), 7821-7834 (2016)

Olivares Vicente, A., Rami rez, J., Gorriz, J., Olivares, G., Damas, M.: Detection
of (in)activity periods in human body motion using inertial sensors: a comparative
study. Sensors 12, 5791-5814 (2012)

O’Reilly, M., et al.: Evaluating squat performance with a single inertial measure-
ment unit. In: IEEE 12th International Conference on Wearable and Implantable
Body Sensor Networks (BSN), pp. 1-6 (2015)

Pernek, 1., Hummel, K., Kokol, P.: Exercise repetition detection for resistance train-
ing based on smartphones. Pers. Ubiquit. Comput. 17, 771-782 (2013). https://
doi.org/10.1007/s00779-012-0626-y

Taylor, P., Almeida, G.J., Hodgins, J., Kanade, T.: Multi-label classification for
the analysis of human motion quality. In: 2012 Annual International Conference
of the IEEE Engineering in Medicine and Biology Society, pp. 2214-2218, August
2012

Taylor, P., Almeida, G.J., Kanade, T., Hodgins, J.: Classifying human motion
quality for knee osteoarthritis using accelerometers. In: 2010 Annual International
Conference of the IEEE Engineering in Medicine and Biology Society, pp. 339343,
August 2010

Velloso, E., Bulling, A., Gellersen, H., Ugulino, W., Fuks, H.: Qualitative activity
recognition of weight lifting exercises. In: ACM International Conference Proceed-
ing Series, March 2013

Wang, A., Chen, G., Yang, J., Zhao, S., Chang, C.: A comparative study on human
activity recognition using inertial sensors in a smartphone. IEEE Sens. J. 16(11),
4566-4578 (2016)

Wonisch, M., Hofmann, P., Forster, H., Hortnagl, H., Ledl-Kurkowski, E., Pokan,
R.: Kompendium der Sportmedizin: Physiologie, Innere Medizin und Péadiatrie.
Springer, Wien (2017). https://doi.org/10.1007/978-3-211-99716-1


https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1007/s00779-012-0626-y
https://doi.org/10.1007/s00779-012-0626-y
https://doi.org/10.1007/978-3-211-99716-1

Games in Education



®

Check for
updates

Development and Validation of Serious Games
for Teaching Cybersecurity

Srishti Kulshrestha!, Sarthak Agrawal1 , Devottam Gaurav! &9
Manmohan Chaturvedi!, Subodh Sharma!, and Ranjan Bose?

! Indian Institute of Technology, Delhi, India
svs@iitd.ac.in
2 Indraprastha Institute of Information Technology, Delhi, India
bose@iiitd.ac.in

Abstract. Serious games have shown great potential as an instructional tool in
various fields by providing improved accessibility to simulations, modeling of
environments, and visualizations. However, a challenging problem in the design of
serious games has been to strike a fine balance between gaming and the pedagogical
elements such as content, methodology of instruction, and evaluation. Several
models and frameworks have been proposed to support the serious game’s design
and analysis to address the above-mentioned gap. In this paper, we present a serious
game design and validation process in the context of cybersecurity education.
We assess the effectiveness of a serious game as an educational tool by using a
game designed to teach network firewalls and validate the game’s effectiveness to
meet the learning objectives by performing a preliminary analysis consisting of
objective and subjective parts. The objective analysis is performed by capturing the
player’s interaction data, while the subjective analysis consists of a survey study
to understand the user experience. Furthermore, we also perform an analysis of
our game using the Learning Mechanics-Game Mechanics framework to highlight
the interrelations between gaming and learning features. Our study demonstrates
the significance of objective and subjective analysis, and our preliminary results
on using our game to teach security have been found to be encouraging.

Keywords: Serious game - Cybersecurity education - Game-based learning -
Quantitative research - Qualitative research

1 Introduction

In the past few years, there has been a major shift in learning from a traditional didactic
model to a more learner-centered model [1, 2]. This shift from learning by “listening”
to learning by “doing” requires more sophisticated ways of engaging students. In such a
context, game-based learning or Serious Games (SGs) is often deployed to bridge the gap
between theory and practice. Serious games are computer games designed for purposes
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other than just entertainment [3]. SGs harness the advantages of gaming technology to
create a fun, motivating, and interactive virtual learning environment that promotes user
engagement. The use of SGs in the educational sector for teaching and training is gaining
importance and will only become more central in the coming years [4].

The digital games are used for learning and education in domains as diverse as
health, military, commerce, industry, and vocational education. These can be implicitly
customized based on the learning and these also provide instant feedback which allows
immediate progress and development for new kinds of understanding. There is also
evidence of a high retention power of educational content through playing. Several
features that inherently make games engaging and motivating are highlighted by [5].

Hackers are getting smarter every day and count on errors by a human through social
engineering attacks to find a way in. As illustrated by the continued success of targeting
humans and trained professionals, a gap in cyber security training and awareness can
be seen in education and industry. Although there are traditional approaches to training
including training manuals, videos, e-learning, and security competitions like DEFCON
and Capture the Flag (CTF) [6, 7] which are often found to be effective. These methods
require proficiency in the related domain and availability for coaching and tutoring which
is expensive. Therefore, there is a felt need to establish innovative, effective, efficient,
engaging, and responsive cyber security education and training programs. Thus Serious
Games (SGs) make a cost-effective approach for imparting cyber security training. In
literature, a few studies have reported positive results indicating that SGs are effective
when used for cyber security training and awareness [8—10]. Therefore, our research will
motivate individuals and organizations interested in supplementing current methods of
training by use of SGs as an innovative and effective means.

However, in designing SGs one has to be careful not to introduce any mismatch
between the game and learning mechanics, which we believe is an essential component
for a more successful game-based learning solution; case in point is the work in [11],
which has demonstrated through case studies that not considering learning mechanics can
have adverse outcomes. An effective SG requires a correct balance between pedagogical
and game theories for creating an immersive gaming environment [12]. In this regard,
one possible approach is to use the Learning Mechanics-Game Mechanics (LM-GM)
framework [13, 14] (with a pool of pre-defined game feature and pedagogical elements)
to design the main pedagogical and gaming features in a game and analyze any/all
linkages between them. The LM-GM tool can be used for existing games as a reflection
tool, and designers can create a map of dynamics of game mechanics during the flow of
a game to show how mechanics change themselves and support each other as discussed
in Sect. 4.

Thus, after the design of a SG, assessment is an important aspect. The assessment
can target different outcomes such as the gameplay experience, usability, engagement,
learning, and motivation. In this work, we are interested in measuring the learning
outcome, as it can effectively measure the potential of an SG as an educational tool [15].
The widely used method for the assessment of SGs has been using questionnaires [16].
However, SGs being rich sources of interaction data, can provide in-game interaction
data making it a more reliable method for objective assessment [17]. The use of analytic
techniques by using in-game data is not new however, only a few studies have reported
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empirical evidence to inform about the learning process [18]. This paper aims to fill
this gap in the literature by providing an objective assessment of our designed game. As
opposed to the work done in [19], which classifies the players based on a fixed threshold,
we in this paper use more statistics of the in-game data such as mean score across players
and clustering to classify players.

In summary, this paper intends to look into two major aspects of assessment that
concern SG (i) evaluation of SG learning outcomes, and (ii) evaluation of user experience.
Both the assessments are performed within the context of a developed game for teaching
the basics of a firewall and its configuration for securing a network.

This paper makes several contributions. The literature shows that the assessments
used in prior works for analyzing SGs are either based on general frameworks or on
adhoc analyses. We propose in Sect. 2 a methodology that tackles all significant phases
of serious game development: from game design, implementation to deployment and
learning outcome analysis. Secondly, we use the LM-GM framework for the analysis of
the Firewall game. The LM-GM framework allows SG mapping that highlights the main
learning (LM) and game mechanics (GM) involved in each game situation, and has been
presented in Sect. 4. The correct balance between LM and GM is essential for the design
of SG and has been used in the process phase in the game design methodology. Thirdly,
it evaluates the effectiveness of the game through a preliminary study by inferring the
learning outcomes and user experience of the players.

The paper organization is as follows: Sect. 2 discusses the methodology for game
design. Section 3 presents the design features and educational objectives of the Firewall
game. Section 4 discusses the analysis of the Firewall game using the LM-GM frame-
work. Section 5 looks at the practicalities of assessment, analytics, and game validation
in this context. Section 6 discusses the limitations of this research while Sect. 7 concludes
the work and points to a few future directions.

2 Game Design Methodology

The game design methodology comprises three phases: the input, process, and output
based on the works in [20] that describe game-based learning as an input-process-output
framework. The input domain consists of defining the learning objectives based on the
target audience. The game characteristics and the instructional content are decided based
on the identified objectives. The next domain of process describes the game design phase.
Asshownin Fig. 1, in the design phase the learning goals along with the target population
form the basis of game design. The game design process is a cyclic process where a
balanced combination of both learning mechanics and game mechanics is required for a
good design. To analyze our game for efficient mapping of learning and game mechanics
we have used the LM-GM framework which is discussed in Section 2. The result of the
input and process domain is the SG which the players will play. The feedback received
by the players regarding their progress towards the game task leads to specific learning
outcomes that can be seen in the output domain.

Figure 1 shows the development and validation process with the learning outcome
analysis. The following methodology helps in the systematic assessment of the effec-
tiveness of the SG as it covers a complete life-cycle of SG from its design to deployment.
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Fig. 1. Methodology of Game Design, Development, and Validation

It also helps in the ease of measurement of the learning outcomes. The game design and
development process start with the learning goals being defined for the game considering
the target population. The goals are then fed into the design process which itself is an
iterative process. The game is then validated with a sample population. This process is
repeated till the game is fully validated. The game is then finally deployed.

3 Educational Objectives and Design Considerations

The web-based game is developed using Unity [21], a cross-platform game engine for
easy deployment on various platforms. The objective of the game is to teach the players
about firewalls. The target audience for the game is entry-level IT users and system
administrators. The playable firewall game is accessible at!.

A firewall is an important topic in the cyber security domain. It filters the incoming
or outgoing network packets and only lets through those matching certain predefined
conditions based on the organization’s policy. Therefore, the use of an effective edu-
cational tool helps in the enhancement of the user’s practical skills. While there are
other simulator tools [22, 23] and games that cover the topic, they teach little on the
firewall configuration and without going into the details of the kind of packets being
filtered. Based on these limitations, the designed Firewall game provides the following
educational objectives:

e Adequate functions to implement basic and advanced packet filtering with user-
friendly interfaces.

e The ability to verify the consistency and efficiency of the defined filtering rules on the
established network sessions.

e Easily modify the order of the filtering rules to adequately reflect the security policy
under consideration.

1 http://gost.iitd.ac.in/serious_games/pages/ser.html.
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The levels are organized as such that the learning goals are distributed in small clear
and structured tasks(cascading info). The game is designed using a first-person approach
where the graphics are rendered from the viewpoint of the player. This choice is made as
it is appropriate for the sequential level-based layout of the game. It allows the players
to experience the action as the protagonist providing greater immersion.

Create Firewall Policy

(a) Tutorial Screen

)
( Level 1: Introduction

( Level 2: Routers )

Level 3: Interconnected Networks

(c) Achievement System (d) Leaderboard System

Fig. 2. Screenshots of the Firewall game

In the following Section, we will discuss some of the main design features of the
Firewall game:

3.1 Tutorial Screen

The tutorial screens are animated graphics that are presented before the start of each
level. These are instructional screens that familiarize the players with the terminology,
context, and details of the tasks involved in that particular level. Figure 2(a) is an example
of a tutorial screen where concepts of computer network, IP address which is essentially
the basics of network configuration are explained to the player.

3.2 Firewall Configuration Interface

The Firewall policy configuration interface is shown in Fig. 2(b). This is the main screen
where the user can add the rules based on the tasks given in the levels. The inter-
face provides drag and drop buttons for the various elements of the policy like the
INPUT/OUTPUT chain and the action which can be either DROP or ACCEPT. The
graphical interface helps the player to easily add the rules without remembering the
syntax.
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Table 1. LM-GM based analysis of Firewall Game

Game mechanic | Learning mechanic | Implementation Usage
Cut scene/Story | Instructional Animation Backstory telling the
game objectives,
mechanics & outcome
Tutorial Guidance Levels The Player is guided
Cascading Tutorial through informative
Information graphics to complete
tasks
Simulate Observation, Player must enter correct | Tasks such as correct
Response Analyze, commands to complete configuration rules
Experiment Experimentation, the required tasks provide the player with a
Modelling sense of achievement
Hypothesis
Movement Activity/Tasks Navigate player through | Provides a sense of
Time pressure levels, time constraints on | progress, immersion,
levels urgency and game
mastery
Strategy Explore The flexible design of the | A deeper understanding
Planning Modelling level and tasks to allow of firewall mechanics
different strategies to through modeling
emerge
Levels, Feedback, Advance to the next level. | Reinforces a sense of
Feedback, Motivation, The score shows understanding &
Assessment Reflect, Assessment | completion time. progress. Player can
Feedback prompts reflect on actions taken
Rewards Motivation, Coins and badges Sense of empowerment
Incentive and achievement
Behavioral Repetition, Gameplay repeats through | Reinforces behavior
Momentum Reflection levels change for secure
networks

3.3 Achievement System

The achievement system creates a sense of anticipation among players to make the
Firewall Game more engaging. The achievement system is provided to the players in the
form of rewards like medals. Players are more likely to be rewarded immediately after
the successful completion of the level as shown in Fig. 2(c).

3.4 Leaderboard System

The leaderboard system helps the players to see their rank in the Firewall Game in the
form of a Radar Chart. The players’ rank in the leaderboard system encourages the
players to learn more and improve their standing with others as shown in Fig. 2(d).
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4 Analysis of Firewall Game Using LM-GM

e

Instructional Guidance Behavioural Momentum | Role Play
Demonstration Participation Action / Task Cooperation Collaboration
e Observation Feedback Selecting / Collecting Tokens e |
Question & Answer Cascading Information | Cut scenes / story |
Explore Identify Discover Questions & Answers || Communal Discovery |
Plan Objectify Strategy / Planning || Resource Management Pareto Optimal \ Appointment
Hypothesis Experimentation Capture / Eliminate Tiles / Grids nfinite Gameplay |
Repetition Game Turns Action Points Levels ‘
Reflect / Discuss Analyse Time pressure Paviovian Interactions Feedback |
Imitation Shadowing e || oo |
Simulation Modelling Design /Editing | Movement Simulate / Response \ Realism
Tutorial Assessment Tutorial Assessment
Competition Competition
Urgent Optimism ‘ Ownership
Responsibility Incentive (e e ‘ Status I virality ‘

Fig. 3. Learning and game mechanics used as the basis to construct the LM-GM map for a game
[14]

The LM-GM framework [13] consists of an exhaustive list of learning and gaming
mechanics as shown in Fig. 3. The game designers can refer to these pools while design-
ing to design a game simultaneously with learning activities. Moreover, this tool can
be used for existing games as a reflection tool: it helps to identify game and learning
mechanics in an existing game and connect them. Furthermore, designers can create a
map of the dynamics of mechanics during the flow of a game to show how mechanics
change themselves and support each other.

The first step in the application of the framework consists of the identification and
description of the actual gaming and learning mechanics. We started with an initial
Firewall game design with a few gaming and learning mechanics. The game design
started with defining the content for the game. To understand the pedagogical intent
of the game mechanics, it is essential to understand the content of the Firewall game
intertwined with the intended learning outcome. We then identified which LM-GM can
be applied to each gaming scenario as listed by the LM-GM framework and defined in
Table 1.

Firstly, the game context is set through an instructional backstory that defines the
player objectives and rationale for subsequent actions. This is achieved using cut scenes.
Then the player is introduced to the core mechanics through a short tutorial becoming
familiar with the user interface and main controls (cascading information). The core
loop of the game is to solve a series of network layout problems in stages, where the
player explores each game task (behavioral momentum), tries to understand its structure
and how to efficiently solve the problem using a simulate/response approach to observe,
experiment and analyze the different commands used to study the behavior of the network
under time constraints. The end of each level provides feedback to the player on their
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Table 2. LM-GM framework

Learning mechanics

Game mechanics

a) Instructional | j) Modelling 1) Cut scene/Story 9) Planning
b) Tutorial k) Simulation 2) Tutorial 10) Levels
¢) Observation 1) Feedback 3) Cascading info 11) Feedback

d) Experiment m) Motivation 4) Simulate/Response

12) Assessment

e) Modelling n) Assessment 5) Movement 13) Meta-game

f) Hypothesis 0) Reflection 6) Time pressure 14) Competition

g) Analyze p) Competition | 7) Capture/elimination | 15) Rewards

h) Action/task q) Incentive 8) Strategy 16) Behavioral Momentum
i) Explore r) Repetition

progress (score achieved), possible rewards (achievements), and competition (leader
boards) as well as emerging strategies (Meta-game). This approach ensures that students
have to learn, fully understand, and practically apply firewall configuration best practices
to complete each stage.

Start game
a 1
Level Selecting

Play levels/Tutorial

2-10

Feedback
l-n 11-13

Complete

Level/Stats
1415 pgq

gl

Fig. 4. Game Map of Firewall game using LM-GM

Figure 4 shows a game map constructed through LM-GM based analysis of the
Firewall game relating the target learning outcome implemented in the game levels.
The map gives a dynamic view of the relationships between the LMs and GMs (defined
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in Table 2) in the SG flow of actions. It can be observed that the game is designed to
cycle through these principles for each learning outcome for different levels. Table 2 list
the mechanics used in our game from the exhaustive list of the LM-GM described in
[13]. The LM-GM is identified to represent the game-play and the constructivist nature
of learning experienced by the player in roughly sequential order from top to bottom.

The Firewall game is divided into three parts covering basic networking, firewall
basics, and common network attack scenarios. Each part contains multiple levels. The
design principles include a) choosing the level: each level teaches different learning
outcomes b) the levels start with an animated tutorial introducing the networking terms
that the player should be familiar with before the play c) the gameplay providing the
key behavioral determinants. The player tries to solve the level tasks (problem-based
solving) and identify the risk involved in case of incorrect steps taken d) the emulated
network environment helps the player to observe the consequences of the action. This
helps the player to observe and experiment with their choices e) the entire gameplay
experience is packaged in an emulated environment with an engaging storyline. The game
cycles through the principles for each level effectively reinforcing behavior changes and
constructing new knowledge. The learning outcome is the ultimate pedagogical objective
of the gameplay which cannot be measured using LM-GM; as a limitation of LM-GM
is that it does not expose the connection between concrete mechanics and the high-level
educational objectives that the game is supposed to attain [24]. Therefore, we attempt to
measure it through the innovative use of Unity analytics that captures the various moves
of the player during gameplay. We assess the player both during the teaching phase and
the testing phase. The detailed methodology is described in Sect. 5 below.

5 Learning Outcome Assessment

Having evaluated the game mechanics through the LM-GM framework in Sect. 4 above,
we measure the learning outcome of a player to test the effectiveness of the Firewall
game as discussed in [19]. The learning outcome is what makes a serious game effective
as unless ultimate pedagogical objectives are achieved the game has failed its intrinsic
utility. We follow an analogy of the course assessment process that is (i) a relative grading
scheme where performance metrics are relative to the population and (ii) absolute grading
with fixed performance metrics. We have used unity analytics to capture the observable
within the game. We divide the game into two phases: (i) The Teaching phase and (ii)
The Testing phase. Further, the teaching phase and testing phase are divided into five
levels respectively. We evaluate the scores obtained in all the levels to categorize the
players. Furthermore, to normalize the level of difficulty across the levels, we take the
weighted sum of scores obtained in each level. We use the time taken by k”* player to
complete i™ level as ;;, as a metric to award the score.

In our game, we have divided both phases into multiple learning goals. The Initial
Assessment Score (IA) corresponds to the teaching phase and the Final Assessment
Score (FA) corresponds to the testing phase. Therefore for the calculation of IA and FA,
a weighted sum of the level scores is required. The score of k™ players in the i level is
defined by /.
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Initial Assessment Score (IA) — It is the score obtained in the teaching phase. The
teaching phase is divided into five levels. The time is taken by k" in i is given by t;,
wherei=1...5andk =1...k.

Final Assessment Score (FA) — It is the score obtained in the testing phase. There are
five levels in this phase. For each of these levels, the observable is the time taken to solve
the particular level i level.

The two grading methods to award a score to a player are described below:

Relative Grading (where the maximum and minimum scores are relative to the popula-
tion) In this grading, we award a score of “1”, if a player completes the level in minimum
time. A heuristic score which is linear in time is given as,

lik=max{0,l—max{w,0}} (1)

ti,max

where t; min, ti max 15 the minimum and maximum time is taken across players to
solve the i level respectively. 7 is the time taken by the k™ player to solve the i” level.
The level score takes a value of 1 when the player beats the level in minimum time, i.e.,
Lix = timin- We can observe that if a player takes more than #; g + i™ level time is
awarded “0”. Now, IA is calculated as shown in Eq. (2)

5
IA = Zwili (2)
i=1
t;
Wi= 10 o €))
>iz i
5
i=1

where w; is the normalized weight of the i 1evel, which is calculated as shown in
Eq. (3):

The FA is calculated as the weighted sum of all the five Levels given as shown in
Eq. (4):-

Absolute Grading (where the maximum and minimum scores are fixed by the instruc-
tor) In this grading, we award “1” if a player completes the level in no time, and award
“0” if a player completes the level in infinite time. A heuristic score, which is exponential
in time is given as,

Ly = &'/t 5)

where 7;; is the time taken by the k™ player to solve the i”* level. 1; is the average
time taken by all the players to solve the i” level. Now, IA and FA are given in Eq. (6-8).

10
IA = Z wil; (6)
=5
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We have used exponential function assuming that players’ learning experience
decreases exponentially with time. The difference in the FA and IA forms the basis
for measuring the effectiveness of the SG. The change in the results of IA and FA with
respect to Initial Threshold (IT) and Final Threshold (FT) determines the phase comple-
tion. The thresholds here are taken as the mean values of the time taken across the player
to solve the level. We also classify each player in a different learning category based on
the change in values of IA with respect to IT and FA with respect to FT as following.

e if FA > FT the players have completed the mastery phase and possess the intended
learning knowledge. Based on their IA value, we categorize players as:

— Active Learnersif IA < IT, the player did not have any pre-knowledge but completed
the mastery phase.

— Masters if IA > IT, the players already had some pre-knowledge before playing the
game.

e if FA < FT the players failed in the mastery phase and did not possess the intended
learning outcome. Based on their IA value we categorize players as:

— Slow-learners, if IA < IT, the players faced difficulty in the practice phase and
progressed slowly.

— Outliers, if IA > IT, the players completed the practice phase but could not complete
the mastery phase.

Results. To study the effectiveness of the developed Firewall game, we have surveyed
fifteen Masters’s students from Computer Science. The players were provided with the
web link and the results were stored on a Firebase database [25].

Figure 5 shows the categorization of players for relative and absolute grading. The
player’s categorization is done when the threshold taken is the mean of the IA and FA
scores. The number of “Active + Slow 4 Masters” learners is higher than the number
of “Outliers”. This means that the game is effective in inducing the knowledge.

Another way of categorizing the data is using k-means clustering [26] to dynamically
decide the threshold. In Fig. 6, the clustering of the IA and FA scores is shown for relative
grading data. The results are divided into the same four categories. In both cases, the
number of learners is greater than the “Outliers”.

Discussion. To gain insight into our assessment approach, we tried to answer the
following questions related to the “Firewall game”:

e Did the players have any knowledge gain after playing the Firewall game?
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with Mean as threshold

e Is the “Firewall game” game effective at teaching the intended knowledge to the
players?

To answer the first question, we calculated the level scores for all the phases, to
calculate, FA and IA. To determine the knowledge gain we have calculated the difference
between FA and IA score, in the case of linear grading the difference was positive in the
case of all fifteen players but in the case of absolute grading, only seven players out of
fifteen got a positive difference. Therefore, we conclude that the knowledge gain of the
player is 100% when their relative performance is being judged but is 46.66% in the case
of absolute grading. Hence, we can say that our game is linearly inducing knowledge
than exponential [27].

According to the results, most of the players are categorized as “Masters”, meaning
that that the players already possess some knowledge about the topic. Although, this does
not mean that the game is not effective as the learner (Active 4+ Slow + Masters) are
more in each case than the “Outliers”. When segmenting groups by k-means clustering
for (i) linear grading results - the “Firewall” game is effective as the number of “Active”
learners is greater than the “Masters”, (ii) absolute grading results - the results categorize
most players as “Slow learners”, meaning that the players had some difficulty while
completing the phases.



Development and Validation of Serious Games for Teaching Cybersecurity 259

Table 3. Subjective feedback mean ratings

Dimension | Attribute Survey item Mean score
Gaming Challenge The experience was challenging. I found the 3.45
Experience | Flow game stimulating 3.40
Immersion I was able to achieve the goals set in the game 3.20
Affect I remained focused on the game throughout 3.85
The overall experience was positive
Learning | Learning Goal | The learning goals of the game were clear 3.65
Experience | Content The game scenario had relevance to the subject 3.65
Appropriateness | The game required me to use skills being taught | 3.55
Integration The game provided opportunities to receive 3.40
Feedback feedback
Usability | Interface The user interface was easy to use 3.15
Interaction It was easy to get started with the game 34
I learnt how to play the game quickly 2.95

The help function was useful to play the game 3.1

Fidelity Visual Appeal | The playing environment was visually appealing | 3.5
Identification I can identify with the components used in the 34
Verisimilitude | game 3.6
I can identify with the story/scenario in the game.
The experience felt real

We also employ subjective analysis to assess the user experience (UX) in SG. The
players after finishing the game reflect on the game in a brief anonymous question-
naire embedded within the game. The questionnaire has been devised based on multi-
dimensional aspects of UX and collects information about different attributes based on
the study in [28]. The players rated the game on the five-step Likert scales where (1 =
‘Strongly Disagree’ and 5 = ‘Strongly Agree’). The results of subjective feedback are
provided in Table 3.

It can be observed that players have provided the highest score for the “affect”
attribute. The high score on the “affect” attribute shows a positive experience for the
players. This subjective feedback is very well correlated with the objective assessment
of the game, discussed earlier, where positive learning was demonstrated. The dimen-
sions of gaming experience, learning experience, usability, and fidelity capture important
attributes of UX for SG, providing useful information for developers. Table 3 also shows
a lower score on the usability aspect(interaction) namely the statement ‘I learned how
to play the game quickly’. It was observed while interacting with the players that some
users faced difficulty in understanding the mechanics of the game. It is planned to make
instructions more explicit to address this issue. Thus, a combination of quantitative
results with qualitative feedback and observation is required for effective enhancements
to be implemented.
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6 Limitations

To test the perceived effectiveness of our designed game, we conducted both objective
and subjective analyses. Both the objective analysis and subjective feedback showed
promising results in terms of players’ knowledge gain on the topic of a firewall. However,
there are some limitations to the study. Firstly as a preliminary study, the sample size
of fifteen participants is small. Secondly, among the various metrics that can be used to
assess the learning outcome, we have limited the assessment based on one metric (time
taken). The players are ranked easily on the Leaderboard with the amount of time taken
by the players. Hence, the limitation to one observable, i.e., time taken.

7 Conclusions and Future Research

For SGs to be used as a viable educational tool, they must be properly designed and
provide some means of testing within the context of the education or training they are
attempting to impart. In this paper, we present a methodology for structuring the design
and assessment of SG systematically.

In our study for validation of the Firewall game, we used a hybrid approach where
in addition to objective measures using learning analytic, we also supplemented it by
subjective feedback from players. This is an alternative to the commonly used approach
of using questionnaires for SG assessment. We used two grading approaches (relative and
absolute) for the analysis of the game’s effectiveness. While the Firewall game proved
to be an effective educational tool, but it is unable to capture the initial knowledge level
of the players as the IA results were higher. Thus, an accurate assessment of the initial
knowledge is required for proper analysis. We also concluded that for our game relative
grading is better as the knowledge is being induced linearly.

The methodology presented in this paper can also be used for the design and devel-
opment of SG in other domains. The assessment is done based on the interaction data
captured via a tracker embedded in the game. This is a more objective assessment app-
roach rather than the use of traditional methods like questionnaires. The assessment score
method can be easily adapted for other games as well depending on the observable being
collected. We have limited the assessment based on one observable (time taken) but in
the future, we plan to extend the assessment method by including more observables on
a larger data set. The larger data in terms of a number of players will provide us with
more insights into the player’s progression and knowledge level.

References

1. Harris, M., Cullen, R.: Learner-centered leadership: an agenda for action. Innov. Higher Educ.
33, 21-28 (2008)

2. Yilmaz, G., Bulut, S.: From a Teaching-Centred to a Learning-Centred Approach to Cur-
riculum Design: Transforming Teacher Candidates, pp. 69-94. Libri Publishing, Oxfordshire
(2017)

3. Ulicsak, M.: Games in Education: Serious Games. a FutureLab Literature Review, p. 139
(2010). http://www.futurelab.org.uk/projects/games-in-education


http://www.futurelab.org.uk/projects/games-in-education

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

Development and Validation of Serious Games for Teaching Cybersecurity 261

Connolly, T.M., Boyle, E.A., MacArthur, E., Hainey, T., Boyle, J.M.: A systematic literature
review of empirical evidence on computer games and serious games. Comput. Educ. 59(2),
661-686 (2012). http://www.sciencedirect.com/science/article/pii/S0360131512000619
Prensky, M.: Digital game-based learning . Comput. Entertain. 1(1), 21 (2003). https://doi.
org/10.1145/950566.950596

. L, M, E., T, B., H.: Capture the flag as cyber security introduction. In: 2016 49th Hawaii

International Conference on System Sciences (HICSS), pp. 5479-5486, January 2016
Bishop, M.: Teaching computer security. In: SEC, pp. 65-74. Citeseer (1993)

Hendrix, M., Al-Sherbaz, A., Bloom, V.: Game based cyber security training: are serious
games suitable for cyber security training? Int. J. Serious Games 3(1) (2016). http://journal.
seriousgamessociety.org/index.php?journal=IJSG&page=article&op=view&path[]=107
Jones, J., Yuan, X., Carr, E., Yu, H.: A comparative study of CyberCIEGE game and depart-
ment of defense information assurance awareness video. In: Conference Proceedings - IEEE
SOUTHEASTCON, pp. 176-180 (2010)

Sheng, S., Magnien, B.: Anti-phishing phil: the design and evaluation of a game that teaches
people not to fall for phish. In: Proceedings of SOUPS 2007, pp. 88-99 (2007). http://dl.acm.
org/citation.cfm?id=1280692

Blunt, R.: Does game-based learning work? results from three recent studies. In: Proceedings
of the Interservice/Industry Training, Simulation, & Education Conference, pp. 945-955.
National Defense Industrial Association Orlando eFL FL (2007)

Rooney, P.: A theoretical framework for serious game design: exploring pedagogy, play and
fidelity and their implications for the design process. IJGBL 2, 41-60 (2012)

Arnab, S., et al.: Pedagogy-driven design of serious games: an overall view on learning and
game mechanics mapping, and cognition-based models (2015)

Lim, T., et al.: The Im-gm framework for serious games analysis (2013)

All, A., Castellar, E.P.N., Looy, J.V.: Towards a conceptual framework for assessing the
effectiveness ofé digital game-based learning. Comput. Educ. 88, 29-37 (2015). http://www.
sciencedirect.com/science/article/pii/S036013151500113X

Calderdn, A., Ruiz, M.: A systematic literature review on serious games evaluation: an appli-
cation to software project management. Comput. Educ. 87, 396422 (2015). http://www.sci
encedirect.com/science/article/pii/S0360131515300166

Min, L., Jina, K., Sa, L., Wenting, Z., Jeff, H.: Learning analytics as an assessment tool in
serious games: a review of literature. Serious Games Edutainment Appl. 2, 537-563 (2017).
https://doi.org/10.1007/978-3-319-51645-5_24

Chaudy, Y., Connolly, T., Hainey, T.: Learning analytics in serious games: a review of the
literature. In: European Conference in the Applications of Enabling Technologies 2014 (2014)
Serrano-Laguna, A., Manero, B., Freire, M., Fernidndez-Manjon, B.: A methodology for
assessing the effectiveness of serious games and for inferring player learning outcomes.
Multimedia Tools Applicat. 77(2), 2849-2871 (2017). https://doi.org/10.1007/s11042-017-
4467-6

Garris, R., Ahlers, R., Driskell, J.E.: Games, motivation, and learning: a research and practice
model. Simul. Gaming 33(4), 441-467 (2002). https://doi.org/10.1177/1046878102238607
Technologies, U.: Unity game engine. https://unity3d.com/

Garrido, J.M., Bandyopadhyay, T.: Simulation model development in information security
education. In: 2009 Information Security Curriculum Development Conference. pp. 21-26.
InfoSecCD 2009, ACM, New York (2009). https://doi.org/10.1145/1940976.1940983
Wang, X., Hembroff, G.C., Yedica, R.: Using vmware vcenter lab manager in undergraduate
education for system administration and network security. In: Proceedings of the 2010 ACM
Conference on Information Technology Education, pp. 43-52. SIGITE 2010, ACM, New
York (2010). https://doi.org/10.1145/1867651.1867665


http://www.sciencedirect.com/science/article/pii/S0360131512000619
https://doi.org/10.1145/950566.950596
http://journal.seriousgamessociety.org/index.php/IJSG
http://dl.acm.org/citation.cfm%3Fid%3D1280692
http://www.sciencedirect.com/science/article/pii/S036013151500113X
http://www.sciencedirect.com/science/article/pii/S0360131515300166
https://doi.org/10.1007/978-3-319-51645-5_24
https://doi.org/10.1007/s11042-017-4467-6
https://doi.org/10.1177/1046878102238607
https://unity3d.com/
https://doi.org/10.1145/1940976.1940983
https://doi.org/10.1145/1867651.1867665

262 S. Kulshrestha et al.

24. Carvalho, M., etal.: An activity theory-based model for serious games analysis and conceptual
design. Comput. Educ. 87, 166 (2015)

25. Google firebase. https://firebase.google.com/. Accessed 20 Jul 2019

26. Garbade, D.M.J.: k-means-clustering (2018). https://towardsdatascience.com/understanding-
k-means-clustering-in-machine-learning-6a6e67336aal

27. Johnston, K., Aldridge, B.: Examining a mathematical model of mastery learning in a
classroom setting. J. Res. Sci. Teach. 22, 543-554 (1985)

28. Moizer, J., et al.: An approach to evaluating the user experience of serious games. Comput.
Educ. 136 (2019)


https://firebase.google.com/
https://towardsdatascience.com/understanding-k-means-clustering-in-machine-learning-6a6e67336aa1

®

Check for
updates

Design and Evaluation of a Serious Game
to Supplement Pupils’ Understanding
of Molecular Structures in Chemistry

Thomas ngz)mer(&) , Louise Gaard Hansen, Miicha Valimaa, Julie Ulnits Sgrensen,
and Mircea Dobre

Department of Architecture, Design and Media Technology, Aalborg University,
A.C. Meyersvaenge 15, 2450 Copenhagen, SV, Denmark
tbj@create.aau.dk

Abstract. This study isinitial experiences in the design and evaluation of a serious
game to supplement pupils’ understanding of molecular structures in chemistry.
27 pupils were included in the study, aged 13—14, with 16 boys and 11 girls. All
participants were recruited from two chemistry classes at a Danish elementary
school in Copenhagen. A formative evaluation consisted of both a questionnaire,
observations, and interviews. The questionnaire was inspired by the User Engage-
ment Scale (UES) short-form. Designing a serious game for pupils with the aim
to increase the understanding of molecular structures, is not an easy task. This
serious game was to some extend able to engage the pupils within the subject
of chemistry. The game itself was reported to be very engaging, but the specific
learning outcomes remains uncertain. We can conclude that the serious game was
visually appealing, the pupils were absorbed in the game, and wanted to continue
playing. However, the designed serious game was also a bit confusing and made
too difficult, resulting in frustrations for the pupils. Further, there are still some
important challenges in how to increase the validity and reliability when evaluating
serious games with children and adolescent as the users.

Keywords: Serious game - Chemistry - Engagement - Evaluation - Pupils

1 Introduction

Many elementary school pupils (ages 12—15) struggle to learn chemistry concepts [1-3],
including atomic models and molecule systems, as part of the mandatory curriculum.
These difficulties might underpin their entire experience with chemistry [1-3], or even
science, technology, engineering, and mathematics (STEM) related disciplines in general
[4, 5]. Numerous previous studies have addressed some of the reasons why chemistry
is a difficult subject for many pupils [1-6]. Scholars have especially emphasized the
gap between abstract, difficult chemistry concepts and the world in which they live;
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this also includes language and syntax difficulties related to misunderstandings of the
connections between models, symbols, and the microscopic and macroscopic

levels [6, 7]. Given these difficulties and the imagination required to connect concepts
to real-life situations [3], various attempts to use gamification and serious gaming to
increase learning motivation in chemistry and to fill the gap between the abstract level
and the real world have been presented [2, 3, 6, 8—11]. However, there is still a need to
direct the serious gaming to address specific learning objectives in chemistry [3]. There
also remains the challenge of finding the right match and balancing the interactions
among various target groups (e.g., age, gender, motivation), contexts (e.g., cultural,
schools, content/curriculum), and serious gaming to create actual learning using an
engaging gaming approach. The background of using serious games in education (and,
in this study, within chemistry), is based on the idea that games, because of their ability
to engage end excite [2, 3, 6, 9—11, 32-35]; can provide a level of learning engagement
among pupils. However, it is extremely challenging to outline evidence for improved
learning using serious games. There are several reasons for this, such as the low number
of participants, different contexts, short evaluation periods, a lack of longitudinal studies,
a lack of baseline and control groups, and poorly defined evaluation criteria. This study
does not solve all these challenges, but it provides another attempt to improve pupil’s
difficulties in chemistry using a serious game. This study is based on the following
research question: How can one design an engaging serious game that strengthens the
understanding of the atomic model and molecular structure, as taught in chemistry in
the Danish elementary schools to pupils ages 13—-147?

2 Previous Research

The use of serious games for learning purposes is relatively small compared to that of
games intended for fun and entertainment [12]. However, serious gaming for learning
represent an important part of serious games [2, 3, 812, 19, 32-34], and is expected
to increase. The worldwide five-year compound annual growth rate (CAGR) for serious
games and services is estimated at 33.2%, and revenues will more than quadruple to
exceed $24 billion by 2024. The expected growth is especially favorable within learning
purposes and correlates to the generation of digital natives [13]; greater adaptability
to technological change [14]; and ongoing innovations integrated into next-generation
serious games including advances in psychometrics, neuroscience, augmented reality
(AR), and artificial intelligence (AI) [12]. Exact predictions such as these are always
difficult, as there is no consensus on the definition of serious games, and they are used in
divergent ways, focusing on various perspectives depending on their purpose, players’
goals, and intended content [15, 16]. Previous definitions have emphasized that serious
games are applications that are not designed exclusively for fun [17] or that are intended
to be more than entertainment [ 15, 16]. However, there are still some unsolved categorical
problems regarding what constitutes a game and what “more than entertainment” or “not
exclusively for fun” actually means. Furthermore, there are often categorical problems
within the terminology associated with serious games and gamification [18]. In spite of
the diversity of definitions, there seems to be some general agreement on the growth of
serious games, and a requirement for successful serious games for learning purposes is
including complex reciprocities of engagement and motivation [3, 10, 15, 16, 19].
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Engagement has been defined as a quality of user experience [20] and as an indicator
of whether a player wants to continue playing [21]. The challenge is that engagement,
particularly in the context of serious games, is a complex subject, as it encompasses
various related concepts related to the user experience, including immersion, presence,
flow, transportation, and absorption. Because of the interrelated nature of these vari-
ous concepts, engagement is often used without a clear definition, leading to possible
confusion in measuring how engaged a user is with, for instance, a serious game. Most
often, engagement in serious gaming is a means for providing some kind of learning [17,
22]. Learning is also a multidimensional construct consisting of behavioral, affective,
and cognitive engagement [23]. Furthermore, to design an engaging serious game for
learning purposes, scholars have emphasized aspects of motivation (especially intrinsic
motivation), such as curiosity, a desire for challenge, rewards, feedback, and involvement
[13—15, 22-24]. However, the success of a serious game for learning purposes depends
on both the teachers and pupils’ motivation to begin playing the game and to spend
their time, effort, and energy on it. The experiences of flow [25] and enjoyment [26] are
crucial to this process. When players have mastered specific challenges, they develop a
greater level of skills that can be used and improved with more complex challenges in
other levels or games [25]. This can have a positive influence on learning and intrinsic
motivation in serious games [22].

Previous studies have presented some empirical short-term evidence that serious
games can have a positive effect on student learning achievement and learning attitudes
in chemistry [2, 3, 27]. However, as mentioned by other scholars [3], there is still a need
for serious chemistry games that act as an interface for presenting specific chemistry
concepts.

Previous studies have mainly used pre/post-test, surveys and questionnaires, obser-
vations, and interviews [2, 3, 6, 9—11, 32-35] when evaluating serious game with learning
purposes targeting pupils and students. A part of the novelty in this study is to learn from
this past work, and improve the methodology by including a substantial work in both
the teacher involvement, pilot-testing, and evaluation. When evaluating a serious game
for pupils it is important not to neglect the challenges finding the right match of both the
participants’ cognitive abilities and a solid methodological approach.

3 Methods

3.1 Participatory Design and Pilot Testing

An important focus of this study was to involve the teachers who taught the pupils about
atomic models and molecules. This was done by following a participatory design app-
roach [31] in which the end-users included both teachers and pupils. The teachers served
as gatekeepers who facilitated and controlled the process in areas such as the curricu-
lum’s aims, focus, knowledge, skills, and analysis. Therefore, the teachers were involved
as co-designers very early in the process. They were asked for input and feedback, but
they also worked as partners in the design process regarding changes to aspects of the
game’s development. Prior to the final game, efforts were made into various pilot testing.
The pilot testing were performed in two stages. The first stage included a low fidelity
paper prototype, and included 3 participants. The paper prototype was tested in order to
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make sure that the overall concept of the game could be understood. The second stage
of pilot testing consisted of a usability test, and included 7 participants. Both stages of
the prototype testing was set up in the school library at the same elementary school for
the later evaluation, and it was made sure that the participants for the pilot testing were
not included as later participants.

3.2 Participants

27 pupils were included in a formative evaluation. The participants were aged 13-14
with 16 boys and 11 girls. All participants were recruited from two chemistry classes
from a Danish Elementary school in Copenhagen. All participants have had chemistry
for one year.

All participants and parents gave informed consent and were informed that they could
withdraw from the study at any time. We provided all participants with anonymized
ID numbers, and all the data were labeled with these IDs. Furthermore, we applied
special ethical considerations when recruiting children. Access, permission, and ethical
approval were included from the State School. All participants were inform that they
were respected on each individual’s speed and level, and there was no hurry or judgement
based on speed or level.

3.3 Procedure and Analysis

The participants were sampled by the convenience sampling method, also due ethical
reasons to make it voluntary to participate. The participants were asked to complete the
same mission; to build hydrogen and oxygen and use these elements to construct H,O
and O;. The participants were encouraged to play the game on their own, but could ask
the researchers if they did not know how to proceed.

The data collection consisted of both a questionnaire, observations, and interviews.

The questionnaire was inspired by the User Engagement Scale (UES) short-form
[27], and consisted of 12 items on a 3-point Likert scale. The scale was included with
smiley faces for ease of conceptual understanding for the pupils.

The observations consisted of observation notes by two of the researchers. The
observations included registrations of the participants chosen cards in an included card
sorting. The participants were asked to pick up to five cards (out of 12) to describe their
experience of the game. The cards had an equal distribution of positive and negative
connotations. The wording on the cards were as follows: Pretty, fun, easy, cosy, pleasant,
want to play more, confusing, boring, fast, irritation, difficult, and ugly. After picking
the cards, the pupils were encouraged to share their reasons for picking these cards.

The questionnaires were analyzed by cumulative frequency. The expert interview
were analyzed by traditional coding [29] following four steps: organizing, recognizing,
coding, and interpretation.

4 Design and Implementation

The game was designed in Unity. It consisted of first-person perspectives in a 3D envi-
ronment with the functionality of the atom and molecule builder presented as 2D assets.
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Before starting the game, the player was briefed on how to navigate and run the game-
play. The player could look around by using the mouse; walk using the W, A, S, and D
keys; and jump by using the space bar, as is often the case in other games. When the
player moved the mouse to look around, the vector of the camera view direction changed,
so the camera followed the mouse, and the rotation of the player object changed in the
game world coordinates. In this way, the movement directions were related to the player
object. For example, forward was always the direction in which the camera pointed.

After the briefing, the player entered a 3D spaceship with three floors. In the space-
ship, the player could move around and make their way to the two 2D laboratories: the
atom builder lab and the molecule builder lab. Each lab was equipped with a desk. Once
the player approached either of these desks, the game loaded a corresponding scene. The
different scenes and switching between them was handled using Unity’s scene manager.
The transitions contained a loading screen animation for effect (a black screen that per-
sisted for 2.5 s, with the word “Loading” in the middle). The player had to complete
three levels/learning objectives in the game (Fig. 1): 1) find out which element to create,
2) make the atoms for the element in the atom builder lab, and 3) create the molecule
for the element in the molecule builder lab. Once finished, they could press the “Back”
button to return to the spaceship.
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Fig. 1. A flowchart over the game’s functionality
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The “Atom Builder Laboratory” scene contained buttons that generated protons,
neutrons, and electrons. These could be placed on the concentric circles representing the
atomic model, as well as in the atom’s nucleus. The player could push another button to
display the periodic table and select the element for which they wanted to build an atom.
This displayed the information necessary to build the atom (the numbers of protons,
neutrons, and electrons). Once the player placed everything on the model, they could
press the “Build” [Byg] button to check whether the solution was correct. If the atom
was built correctly, it turned green on the periodic table and was available for use in the
molecule builder laboratory. Mistakes could be reset by pressing the “Clear” [Tilbage]
button. As a set learning objective, pupils were required to build a minimum hydrogen
and oxygen in the atom builder lab to continue.

[
Fig. 2. Oxygen indicated as built correctly on the periodic table

The “Molecule Builder Laboratory” scene (Fig. 3, left) included a list in which
the previously built atoms appeared (Fig. 3, right). There was a list of molecules that
needed to be built on the right side (Fig. 3, right). Once the player selected a molecule
to build, a diagram of squares appeared in the middle of the builder window (Fig. 3,
right). The player could then drag and drop atoms in these squares and use the right-side
mouse button to trace links between them (single or double bonds). The solution could
be checked by pressing the “Build” [Byg] button. If it was correct, the builder window
turned green. Mistakes could be reset by pressing the “Clear” [Tilbage] button. If help
was needed, the player could always press “Q” for further instructions.
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Fig. 3. The Molecule Builder Laboratory (left). Diatomic oxygen built correctly in the molecule
builder laboratory (right).

5 Findings

5.1 Positive with Some Confusing and Difficult Elements

The pupils completed the requested mission (to build hydrogen and oxygen and use
these elements to construct H>O and O») in the serious game between 9 and 19 min,
with an average time of 12.4 min. Most of the pupils (15), spent less than 13 min in the
game, with only 4 pupils spending more than 17 min.

The card sorting revealed a clear pattern towards selections of positive cards, based
on their immediate response after the gameplay (Fig. 4). 22 pupils picked pretty, 16
picked cozy, 15 picked fun, 13 picked want to play more, and 11 picked fast.
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Fig. 4. Selected cards from the card sorting, each pupil could select 5 cards. n = 27.
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To contrast this, none of the pupils picked ugly, 2 picked annoying, and 4 picked
boring. However, it is also worth of note, that 18 pupils picked confusing and 17 picked
difficult. Alongside choosing the cards, the participants were encouraged to give reasons
for their choices. Lots of the pupils expressed a long with the picked “confusing” and
“difficult” cards, that they were unfamiliar with how to navigate in the game interface.

The majority of those pupils who picked “difficult” and “confusing” were mainly due
the chemistry content, and expressed both that they were not good at chemistry, but also
they would like better and more clear hints on how to fulfill the chemistry requirements/
the mission.

From the user engagement questionnaire the findings revealed that the pupils were
engaged in the game (Table 1). Only 4% stated that they did not lost themselves in the
game, 15% were not absorbed in the game, and only 4% were not interested in the game
(Table 1).

Table 1. Questionnaire findings. n = 27.

Statement Very | Normal | Not at all
[ lost myself in the game. 37% | 59% 4%
[ lost my sense of time while [ was playing the game. | 37% | 48% 15%
[ was absorbed in the game. 48% | 37% 15%
[ felt irritated by the game. 4% | 33% 63Y%
[ felt irritated while I played the game. 4% 30% 67%
The game was good. 8% | 48Y% 4%
The game was prettily made. 70% | 30% 0%
The game taught me something. 56% | 41% 4%
[ was interested in the game. 37% | 59% 4%
[ want to play other games like this. 52% | 37% 1%

The most positive feedback were regarding the game’s aesthetics, with 70% of the
pupils who found it pretty made. Also worth noticing that the pupils self-reported that
the game taught them something, with only 4% answering not at all to this question.
However, it should be questioned whether these questions from the user engagement
scale actually are the right type of questions. These questions might not be aligned with
the pupil’s capacity for being reflective (or not) in relation to his or her behavior, habits,
and cognitive understanding.

5.2 Number of Errors and Tips Needed

During the gameplay, the observer noted the number of errors that the pupils made within
three different categories: Input errors; chemistry errors, and the number of tips needed.
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For the input errors, the findings revealed an evenly distributed amount of errors
across pupils. The boxplot (Fig. 5) reveals that the participants had between 0 and 5
input errors, with a median of 2.4 and an interquartile range of 2 to 3. This indicates that
the general usability for the game was good. Further, the findings revealed that those
pupils being already familiar playing games (playing games several times per week or
daily) had fewer input errors, compared to those pupils playing less than several times
per week.

14
[l Amount of errors [l Amount of Chemistry errors [l Amount of tips needed

12 ——12,0

10

9,0

1,0

1,0
o 0,0

Fig. 5. Boxplot revealing the distributions of participant errors. n = 27.

The number of chemistry errors were a bit surprising, as we anticipated that the
majority of the pupils would be able to use previously learned knowledge from their
chemistry classes. The findings for chemistry errors revealed a median of 3.4, and an
interquartile range of 2 to 4, making it negatively skewed based on the outliers 8 and 9.
This findings suggest that the pupils were able to recall certain aspects of the atomic and
the molecular structures, but not all. It should also be noted that the number of errors
in chemistry had a strong correlation to the number of tips needed. Several pupils did
not attempt to perform the tasks without guidance. Only few pupils kept attempting to
complete the task/mission without any guidance.

The findings also revealed that the number of tips needed varied wildly between 1
and 12, with a median of 4.9 and an interquartile range of 2 to 6.5 with a negatively
skewed tendency. The number of tips could be interpreted as problematically high.
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However, it should be emphasized that the tips covered both input and chemistry errors,
with most tips provided for chemistry errors. Further, the labelling “errors” is not the
perfect terminology, or should at least be understood in a much more holistic learning
context. The approach of asking, were a very familiar approach for the pupils, and by that
this serious games also reflects the normal instructor approaches and practices within
the class room setting. On the other hand, the structure of this serious game could be
improved to give the pupils much further opportunities explore the game world on their
own and create their own path of knowledge [30].

6 Conclusion and Future Work

Designing a serious game for pupils with the aim to increase the understanding of molec-
ular structures, is not an easy task. We can conclude that the most important element in
developing educational games may be that good games engage both pupils and teachers,
and the interplay between game play, pupils and teachers can create some dynamic learn-
ing opportunities. However, a core foundation for making these learning opportunities
possible, is to have the right balance of skills and challenges for the participants; both
within specific learning objectives, but also for control of the gameplay.

This serious game was to some extend able to engage pupils within the subject of
chemistry. The game itself was reported to be very engaging, but the specific learning
outcomes remains uncertain. We can conclude that the serious game was visually appeal-
ing, the pupils were absorbed in the game, and wanted to continue playing. However,
the designed serious game was also a bit confusing and made too difficult, resulting in
frustrations for the pupils.

A majority of the pupils did not have the basic knowledge needed to engage with this
serious game. In spite of a participatory design approach with the teachers in chemistry,
the game was made too difficult in terms of specific chemistry tasks. The game should
consider either to lowering the skill floor, add further instructions, provide a better
tutorial, and make it as an adaptive game, with individualized adjustments for the learning
elements.

Those participants not familiar with playing games, had major difficulties of the
controls and the gameplay. A better introduction, gradually to the mechanics of the
game, as well as the principles by which atoms and molecules are built, could possibly
have helped mitigate the difficulties. Likewise, the confusion might also have risen from
the serious game’s lack of story. The pupils simply start on a spaceship, and are given the
objective of constructing hydrogen and oxygen, water and atmospheric oxygen without
any clear context; neither from the game itself, nor from the teachers. However, this
is a mistake by the game designers/researchers, not having the teachers been involved
throughout all design stages, and possible also guided the teachers for how to introduce
the game.

In research, there also remains much more attention towards how to evaluate serious
game targeting children and adolescent. There are still some important challenges in how
to increase the validity and reliability when evaluating serious games when children and
adolescent are the users. Participants, including the teachers, should be motivated and
want to participate — also in the evaluation part. Further, which method should be used,
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and how to ask the right type of questions, aligned with the child’s capacity for being
reflective (or not) in relation to his or her behavior and habits. Future work is needed
to generate significant evidence and insights regarding pupils’ learning of chemistry via
serious gaming. First, a much higher number of participants is needed, and baseline and
control groups should be included in the research design. Second, further details on the
identification of the participants are needed (e.g., their confidence in serious gaming and
game genre preferences, current knowledge, motivation, expectations, and technology
acceptance). It is important to emphasize that there is no established taxonomy of serious
gaming, and serious games are still diverse in their outcomes and certainly understudied
as a means to provide knowledge about chemistry. It would also be interesting to create
different options in the game design for target groups other than pupils aged 13—14, as
well as to make the game more personalized with the inclusion of the participants’ own
knowledge, motivation, and life stories.
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Abstract. In addition to subject-specific (or technical) skills, so-called soft skills
or 215t Century Skills, should be essential learning outcomes in almost any higher
education curriculum. However, only a limited number of learning activities aim-
ing at the development of soft skills are carried out in current higher education
curricula. Multiplayer online games are considered as learning tools fostering soft
skills. In this study, an elective course designed for teaching soft skills in engi-
neering disciplines using the commercial multiplayer online game EVE Online is
evaluated. Presented are the design of the online course, and evaluation results.
Evaluation instruments include a questionnaire on social presence, intrinsic moti-
vation, and expectations of students as well as semi-structured interviews. Overall,
the evaluation renders multiplayer online games to be promising soft skills learn-
ing tools aiming at digital game-savvy students. Further, the evaluation provides
guidance for enhancing the course design and thereby contributes to establishing
multiplayer online games as learning tools for soft skills.

Keywords: EVE Online - Meta skills - Instructional design - Serious games -
Game-based learning - 21% century skills

1 Introduction

Although there is agreement in literature that skills are divided into the two disjunctive
subsets of hard skills and soft skills, there is no unified definition of soft skills. For
example, Laker & Powell [1] define hard skills as “technical skills that involve work-
ing with equipment, data, software”, while they introduce soft skills as “intrapersonal
skills such as one’s ability to manage oneself as well as interpersonal skills such as
how one handles one’s interactions with others”. Matteson et al. [2] guide through vari-
ous definitions of soft skills, which, for instance, include innovation, initiative, service
orientation, leveraging diversity, communication, leadership, collaboration and coop-
eration, and team capabilities [3]. Further, the 4C model summarizes collaboration,
communication, critical thinking, and creativity as soft skills [4].

Despite the obvious lack of a complete definition of soft skills, their importance
for professional success is repeatedly emphasized [5, 6]. This relevance has resulted in
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the term 27% Century Skills, a set of skills that is defined similar - but not identical -
to soft skills. For example, in addition to soft skills, 21%* Century Skills also include
more technically induced skills, such as media literacy, i.e. being able to deal with new
media, or information literacy, i.e. being able to filter out relevant information from a
flood of information [7]. While Dede [7] provides various frameworks for categorizing
215 Century Skills, Binkley et al. [8] divide 21 Century Skills into the four categories
of Ways of Thinking, Ways of Working, Tools for Working, and Living in the World. The
categories indicate that 215t Century Skills go beyond soft skills in the definition of
Laker & Powell. Further, organizations such as Partnership for 21% Century Learning
[9]—remarkably also creator of the 4C model—may be seen as a testimony to the
enormous relevance attributed to imparting these skills. In summary, and without limiting
further definitions, it seems appropriate to use the term soft skills for the remainder of
this article, defined as generic skills that can be used in a wide variety of professional
contexts to promote positive results.

However, despite all theoretical and organizational efforts to impart soft skills, it is
repeatedly criticized that soft skills are not adequately taught in formal learning contexts.
This often results in students not being sufficiently prepared for their professional life
[10-12]. Thus, the study addresses this challenge by investigating a course promoting
soft skills based on a digital game.

Digital games are generally regarded as learning machines [13]. Often digital games
are recognized as sources of situational learning [14]. Furthermore, various reviews
and numerous single studies suggest strongly that digital games also serve as tools
for developing soft skills [15—-18]. The massively multiplayer online game (MMOG)
EVE Online [19] is one of these soft skill-imparting digital games, owing in part to
the nurturing of a large community around the game, sandbox-like developable custom
tasks, or programming interfaces for 3rd party software. Since players succeed if they
plan carefully, if they specialize, if they collaborate with other players, or if they consult
with other players, the development of soft skills is fostered [20].

Based on the objective of proposing a learning activity promoting soft skills for
undergraduate engineering students, a course utilizing the MMOG EVE Online has
been designed, implemented, and evaluated. The remainder of this paper is organized
as follows: Sect. 2 describes the course designed and the research methods used. Subse-
quently, Sect. 3 reports the quantitative and qualitative study results. Section 4 discusses
the results and limitations of the study, while Sect. 5 summarizes the conclusions.

2 Methods

2.1 Course Design

The course’s design is based on a set of underlying assumptions: a comprehensive goal,
such as making in-game money should prompt the students to engage in activities and
specialize in a certain field. The fun of playing EVE Online should lead to a high level
of student engagement in these activities. The activities themselves should lead to an
implicit training of soft skills and thus to the achievement of the learning goals. The
attainment of the learning outcomes would be supported by the requirement for each
student to keep an activity diary and to deliver group-wise reports in the weekly plenary
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sessions to increase reflection. The course took place once in a week for 90 min over
15 weeks in a virtual classroom using the communication software Discord [21] (plenary
session). The teaching style was seminar-like, that is, the goals in the game and the actions
necessary to achieve them were all discussed. Beyond this weekly teaching session, the
students were instructed to deal with achieving the goals in EVE Online on self-organized
sessions. The weekly activities were based on the following pre-established phase plan:

Phase 1 - Familiarization. Objectives: Students are enabled to use EVE Online and
become familiar with the game. In particular, students learn how to gather information
required to perform activities purposefully in EVE Online (Duration: 2 weeks).

Phase 2 - Group Formation and Goal Finding. Objectives: Students form groups.
Each group develops an action plan (“business plan”) on goals and the strategies to
pursue the goals in the game (Duration: 2 weeks).

Phase 3 - Work Phase. Objectives: The groups work on achieving their goals, such as
mining ore (“Miners”), producing goods (“Industrialists”), trading (“Traders”, or training
for fights (“Fighters”). Every week the groups briefly present their results in the plenary
session and point out successes and challenges of their actions in the game. Further, the
weekly presentations may lead to an exchange of experiences or collaborations, such as
“Fighters” protecting “Miners” during mining in non-secure space regions and thereby
increasing mining yields. The status is represented by key performance indicators. If
necessary, further actions are triggered via intermediate goals. This phase is supervised
in an agile manner with the aim of encouraging the students to act and reflect (Duration:
10 weeks).

Phase 4 - Evaluation. Objectives: Assessment of what has been achieved and recom-
mendations for further redesign of the digital learning activity (Duration: 1 week).

Successful completion of the course required regular participation in plenary ses-
sions, keeping activity diaries, and submitting an essay reflecting on soft skills in EVE
Online at the end of the course.

2.2 Software and Hardware

For the course, the client software of the MMOG EVE Online was required, which is
available in a free version that seems to be sufficient for the purpose of the course. The
software runs on any standard notebook, so that neither hardware nor software costs are
incurred. Since communication is an essential part of the course and, secondly, playing
MMOGs is usually supported by communication channels outside the game, the commu-
nication software Discord (2015) was used. A separate server was created specifically
for the course. In addition, a corresponding course in the institutional learning man-
agement system (Moodle (Moodle.org 2018)) was used for all personal administrative
information of the students, such as the submission of the essay at the end of the course
and the implementation of the quantitative survey.
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2.3 Organizational Integration

In the summer term of 2020 three students successfully completed the course. In the
following winter term 11 students did so. In each case twice as many students were
initially interested in the course. The course was supervised by a lecturer and a teaching
assistant having an affinity for games.

2.4 Measurements

Students were asked to complete a questionnaire prior to the last plenary session. The
questionnaire consisted of standardized instruments, as well as self-compiled items. In
addition, a semi-structured interview was conducted by the study leader with all students
who successfully completed the course. The set-up of the two instruments as well as the
results are described in the following section.

3 Results

Demographic data were collected as part of the questionnaire. All students who answered
the questionnaire, volunteered also as interviewees.

3.1 Demographics

A total of 14 students, 12 male (86%) and 2 female (14%), participated in the study.
Their age ranged from 20 to 30 years (M = 23, SD = 3.2). Among the majors were
construction management (8; 57%), civil engineering (4; 29%), and computer science
(2; 14%). The high percentage of construction management students is attributable to
the low number of elective courses offered in this program.

3.2 Questionnaire

Expectancy Value. The expectancy value items according to Wigfield and Eccles [22]
were used to determine the general motivation of the students to participate in this
course, e.g. whether the students are more interested in the technical learning objectives
of the course or whether the achievable ECTS are the focus. The values of all subscales
(Table 1) can be described as high. The highest value is achieved by the subscale Interest
(6.0), which may reflect the voluntary, interest-driven choice of the course. Also, for
the subscales Importance and Usefulness, comparatively high values are observed. The
comparative values originate from an engineering course [23] and are likewise considered
being very high already. A possible explanation for the high values might be the high
importance and usefulness of the learning objectives of the course as actually agreed
upon by the students. Furthermore, it has to be taken into account in both cases that the
surveys took place rather at the end of the course and that the approval of the values
decreases as the course duration progresses [24].
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Table 1. Value subscales ([22], 7-point Likert scale, N = 14)

Value M (SD) Reference adopted
Importance 5.5(1.13) 4.8 (1.37)
Usefulness 5.6 (0.86) 5.8 (1.41)
Interest 6.0 (0.93) 5.7 (1.56)

Table 2 shows the levels of agreement with statements describing expectations on
the course. Again, students do not attend the course because of the ECTS to be earned
(#8). However, the ECTS are not completely negligible, students are interested in a
formal outcome of the course (#11 in Table 3). In terms of content, students expect an
overview of soft skills (#1) and learning skills that they can usefully apply in their later
professional life (#2, #3). The concrete expectations for learning collaboration (#5) and
communication (#7) are present, but rather subordinate. Furthermore, the game-based
environment is relevant (#4).

Table 2. Expectancies ([22], 7-point Likert scale, ordered by mean value, N = 14)

# Expectancy M (SD)

1 I get a good overview of the subject area of soft skills 6.3 (0.8)
2 I acquire knowledge and skills that I can later use profitably for myself 5.9 (1.0)
3 I acquire knowledge that I can later use beneficially for society 54 (1.1
4 I spend an enjoyable time in an exciting and fun environment 5.4 (1.0)
5 I learn to work well with others 53(1.2)
6 I learn project management methods in general 5.1(1.2)
7 I learn to communicate well 4.9 (1.6)
8 I can acquire ECTS for my degree with limited effort 3.7(1.7)
9 I receive concrete instructions for my daily work 3.6(1.4)

Attitudes. Furthermore, students were asked to express their level of agreement on a
number of statements to learn more about their perspectives (Table 3). One concern
when designing the course was that another online course in the COVID pandemic
caused online semester would be too much. This assumption has not been confirmed
(#6, #7). There was also a fear that the abstract, non-subject related in-game goals would
be detrimental to motivation. This assumption was neither confirmed (#10), as well as the
assumption that the students rather wanted to gain practical experience (#12). The first
three statements were intended to identify the extent to which soft skills are subjectively
already mastered by the students. The statements #5 and #13 served for estimating how
the students assume the effectiveness of a training environment when labelled as a game
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or a virtual environment. The result shows the expected deviation: games appear less as
serious training environments than virtual environments.

Table 3. Attitudes (7-point Likert scale, N = 14)

# | Statement M (SD)
1 | I would describe myself as rather creative 4.3(1.39)
2 | I like to communicate with others 5.4 (1.29)
3 | Teamwork suits me 5.1(1.12)
4 | I think it is important to train soft skills in my education 6.4 (0.90)
5 | I believe that it is possible to train soft skills in a collaborative virtual 6.2 (0.77)
environment

6 | I think it is difficult to take such an elective course because the schedule in the | 3.5 (1.50)
study is already very tight

7 | In an online semester, the extra screen hours for a virtual environment are hard | 2.8 (1.82)
to bear

The objective of the course is clear to me 5.9 (0.88)

9 | It is unclear to me how a virtual environment can be used to train soft skills 2.4 (1.34)

10 | I miss the concrete subject-specific tasks in such a course 3.2(1.15)
11 | For me it is important that credit points can be achieved with the course 5.6 (1.63)
12 | Virtual environments do not appeal to me; practical relevance is more 3.1(1.67)

important to me

13 | I believe that it is possible to train soft skills in an online game 5.9 (1.06)

Learning Outcomes. With the help of 8 items, the subjectively perceived learning out-
comes were queried using communication, collaboration and creativity as an example
of soft skills. Communication (M = 5.8, SD = 1.3) was rated best, followed by collabo-
ration (M = 5.3, SD = 1.1) and creativity (4.3). All skills received good scores or scores
above the middle of the scale. Based on these skills as examples, the course has been
rated as helpful by the students. The order of the values indicates the necessity of the
skills in the game: Communication is the basis of most game actions and also of collab-
oration. Creativity, on the other hand, is most likely to be compensated. Interestingly,
the order of learning outcomes is also the order in which students rate their own abilities
(#1-#3 in Table 3). Here, a possible relation is still to be analyzed.

Social Presence. Social presence is considered a crucial factor for well-functioning
online learning environments [25]. Since this course was designed as an online course,
an investigation of social presence was also to be conducted using Lin’s measurement
[26]. Table 4 shows the uniformly relatively high scores of all three subscales. Subscale
#1 indicates the extent to which the group is perceived as helpful for learning success.
Subscale #2 measures whether the group members felt comfortable in the group. And
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subscale #3 indicates the influence of the group on the individual’s activities. Overall,
the values indicate a sufficiently high social presence.

Table 4. Social Presence subscales [26] (7-point Likert scale, N = 14)

# Subscale M (SD)

1 Perception of the Assistance of Group Activity to Learning 5.8 (1.00)
2 Social Comfort of Expressing and Sensing Affect 5.9 (1.08)
3 Social Navigation 5.6 (1.20)

Situational Motivation Scale. The primary learning tool of the course is a game. Since
the use of games is strongly intrinsically motivated, the question arises to what extent
a high intrinsic motivation is also present in scenarios that are not solely motivated by
the game itself. Therefore, the Situational Motivational Scale (SIMS) measurement [27]
was used to measure intrinsic and extrinsic motivational components. Concretely, the
subscales Intrinsic Motivation, Identified Regulation, External Regulation, and Amoti-
vation—described by Ryan & Deci [28] are assessed. In order of enumeration, intrinsic
motivation decreases while extrinsic motivation increases in each subscale. The results
received (Fig. 1) are again to be rated as good. Intrinsic motivation and Identified Reg-
ulation are very high, while External Regulation and Amotivation are both significantly
lower than in an example where SimCity was used in a classroom setting [29].

4
3
2 J‘U
5,6 5,6 » 2 5,3 4.8 3,7 3.4
1
Virtulng Reference
m Intrinsic Motivation ~ ®Identified Regulation External Regulation Amotivation

Fig. 1. Situational Motivational Scale [27] (N = 14, Reference: [29])
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Concluding Statements. Finally, at the end of the questionnaire, students were asked to
indicate their agreement with concluding statements. The responses can be considered
very encouraging (Table 5): The highest level of agreement (6.4 out of 7) was given
to the statement that students would participate in the course again (#1), followed by
recommending the course to their fellow students (#2). However, digital game affinity is
aprerequisite (#3). Once again, it is confirmed that the course is a useful learning activity
(#4). Rather rejected is the statement that the course is fun but not very educational (#5).

Table 5. Concluding statements (7-point Likert scale, N = 14)

Statement M (SD)
1 I would participate in such a course again 6.4 (0.82)
2 I would recommend this course to my fellow students 6.0 (0.93)
3 For participating in the course, one should like digital games 5.8 (1.08)
4 I consider the course to be a useful learning activity 5.7 (0.80)
5 The course is fun, but I do not learn as much 3.4 (1.34)

3.3 Semi-structured Interviews

Semi-structured interviews of about 20 min each were conducted with all participants
by the study leader after the end of the course (N = 14). For the interviews, the following
topics were determined in an informed brainstorming session by two experts:

Learning. The aim of every course in higher education is that the students learn in
some way. Therefore, it is important to know whether learning has taken place from
the students’ point of view.

Didactic Design. The use of media for learning purposes should be optimized accord-
ing to the rules of instructional design. Thus, a didactic scenario was also designed
for this course, of which the success should also be assessed by this study. Therefore,
the students were also asked about their assessment of the scenario.

Fun. The particularity of a course using a game is an increase in motivation through
the expected fun of the game. Whether the fun has actually occurred is to be evaluated
here.

Social Presence. The course is conducted completely online. A common problem
of online courses is a lack of social presence. However, social presence is conducive
to learning outcomes. Therefore, the question of social presence is crucial. Here, a
distinction was made between social presence within the cohort of the course as well
as within the game.

The statements made during the interviews were documented in written form.

Table 6 gives an impression showing a selection of particularly noteworthy statements.
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After completion of the interviews, a content analysis according to Schmidt [30] was
carried out by the study leader to cluster the data, which was checked by another expert
and corrected in discussions.

Table 6. Selected statements in the interviews

# Statement

S1 | You are thrown in at the deep end

S2 | All are out to make money and sometimes set traps. You learn people skills

S3 | You can take away a lot, especially for the management sector

S4 | The general approach of training soft skills using an MMOG is very sound

S5 | The course was not wasted time, but something different than usual that set new stimuli

S6 | In the game, you can’t get far on your own...

S7 | You drown if you don’t get involved

After clustering the data, the following topics were identified: learning (divided into
further categories), didactic design, suggested changes, fun and social presence.

Learning. The comments on the topic learning were so diverse that the clusters were
assigned to different categories (Table 7). The first category includes statements about the
soft skills taught. Here, self-organization (#1) was mentioned most frequently, including
references to self-discipline, adapting to circumstances, finding a role in the team, dele-
gating work or time management. This was followed by organizational skills (#2). These
included planning, leadership, organizing group work, dealing with initially unknown
people, or coordinating and dividing tasks. Social skills in general were also frequently
mentioned (#3). This cluster is supplemented by mentions of people skills, which are
particularly necessary to be able to assess previously unknown players in the game.
Communication (#4) was also mentioned as a skill block taught by the game. In the
media literacy cluster (#5), the programming interfaces of EVE Online, the operation
of Discord, and MS Excel skills were mentioned. Information literacy (#6) included, in
particular, researching information about EVE Online. In the category Technical Learn-
ing Outcomes especially the realistic market models (#8) were mentioned, while in the
Affective Learning Outcomes category the importance of teamwork (#9) was recognized.
Interestingly, there were also mentions of learning outcomes that were not met. Among
these was Creativity (#10). In the category General Assessments there were two clusters,
one was the statement that less could be learned than expected (#11), the other was that
the learning objectives of soft skills do not seem to be perceivable in the same way as
technical skills (#12). Both comments may indicate the need for better announcing the
course.

Didactical Design. Table 8 shows problems (#13) as the most important cluster on the
topic of didactical design. However, the high number of mentions results in large part (n
=9) from the difficulty of getting into the game. Most of the students had no EVE Online
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Table 7. Interviews: clustered statements regarding topic learning (n: occurrences)

Category # Cluster n
Soft skills 1 Self-organization 9
2 Organizational skills 8

3 Social skills 5

4 Communication 5

5 Media literacy 4

6 Information literacy 3

7 Teamwork skills 2

Technical learning outcomes 8 Market models 3
Affective learning outcomes 9 Importance of teamwork 1
No learning 10 Creativity 2
General Assessment 11 Less learned than expected 1
12 Learning outcomes not directly visible 1

experience and so learning the basics of the game was a major challenge for the students -
although a separate phase of the course is dedicated to this. Other problems cited were the
varying levels of engagement and the sole goal of making money. Fortunately, positive
characteristics (#14) followed as the second largest block with a number of favorable
qualities: the regular appointments, the unique selling point that the course is completely
virtual, the versatility of the game with many different tasks, the Discord channel, which
is very helpful for communication and data collection, the pressure to work together as a
group, which was perceived as positive, and the ability of the course to balance different
skill levels. In the pre-requisites cluster (#15), the need for students to have an affinity for
digital games was mentioned in particular. Technology (#16) pointed out requirements
for hardware as well as for internet connections. Although the requirements for EVE
Online are comparatively low compared to other games, they should not be neglected.

Table 8. Interviews: clustered statements regarding topic didactical design

# Cluster n

13 Problems 14
14 Positive characteristics 11
15 Pre-requisites 4
16 Technology 3
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Proposed Modifications. From the answers on the topic didactical design, the topic
proposed modifications have been derived (Table 9). The largest cluster could be sum-
marized as more leadership (#17). Among the actual demands were more precise goal
setting, supervision of results, and higher standards for work results. In general, these
statements can be interpreted as a negation of the assumption that the didactic scenario
around the game should be built up in a similarly playful way. Instead, a strict didactic
scenario is to be preferred, as it is known in other courses in higher education. The
cluster adapt theory part (#18) refers to the weekly plenary session in which essentially
the activities done so far were reflected and the activities were planned. The time spent
was perceived as too long in relation to the rather small number of participants, and
the proportion of theoretical lectures, such as the connection of this course to the real
world, was reported as too low. Furthermore, there were comments that the working
time required for the course was too high. However, these concerns could be resolved by
jointly recalculating the actual effort with the interviewees. Mentioned only once, but
probably relevant in connection with the cluster problems (#13), is the need to increase
the engagement of some students (#20).

Table 9. Interviews: clustered statements regarding topic proposed modifications

# Cluster n
17 More leadership 10
18 Adopt theoretical part

19 Reduce working time

20 Increase engagement 1

Fun. In the topic fun, clusters could be formed for the various factors that contribute to
experiencing fun. The social context (#21) was frequently named as a factor contributing
to fun. This was justified with a sense of achievement in teaching others, with the group
experience as well as with the general joy of socializing. Also strongly represented was
the cluster game (#22). Among the reasons given were the statements that it was a game,
that learning was very relaxed, that the game helped overcome motivational gaps, and
that the course was very diverse. The option of self-directed play (#23) was mentioned as
particularly motivating. However, a change in fun over time was also noted (#24): after
familiarization, the fun became greater, although there were still moments of frustration.
The characteristic of digital games of immediate feedback (#25) also contributed to the
fun, as did the increased knowledge of the game (#26). Although EVE Online has been
on the market for several decades, the graphics were still described as motivating (#28).
It was also mentioned, however, that there were definitely individual differences, as in
the case of engagement (#27).

Social Presence. Table 11 shows the clustering of the topic social presence. In the clus-
ter social structure (#21) answers were summarized, which on the one hand indicated
that the students already knew each other in part, but on the other hand showed that a
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Table 10. Interviews: clustered statements regarding topic fun

# Cluster n
21 Social context 6
22 Game 6
23 Self-directed play 4
24 Change over time 4
25 Immediate feedback 2
26 Knowledge of the game 2
27 Individual differences 2
28 Graphics 1

social structure is very important for playing EVE Online itself. The cluster medium
(#22) collected statements to what extent the communication, mostly conducted via
audio chat, is sufficient. In part, audio chat was considered sufficient, but some of the
responses also missed a video. Under game organization (#23), the importance of sub-
corporations for establishing well-functioning corporations was especially emphasized.
Through cluster #24, the importance of the topic social presence for the course was
underlined. It supported a balanced division of roles for efficient collaboration.

Table 11. Interviews: clustered statements regarding topic social presence

# Cluster n
21 Social structure 7
22 Medium 4
23 Game organization 3
24 Impacts of social presence 2

Final Comments. Final comments on the overall evaluation of the course were almost
uniformly positive. There was no participant who would not recommend the course to
others. The course was viewed as positive because soft skills have rarely been taught in
other courses, the basic structure was described as appropriate, and information man-
agement was suggested as an additional learning objective. The visibility of the course
in the context of study planning by students needs to be improved.

4 Discussion

The small number of participants in this study implies not being considered represen-
tative. However, improvements to the course design can be derived and are currently
being tested in a further study.
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The soft skills to be trained were not measured directly, for example via a ques-
tionnaire, but only indirectly via the interviews. One reason for this was that the learn-
ing objectives of the course were not described in detail, but in abstract terms as soft
skills. This also meant that no activity focuses were formed that promoted specific soft
skills, which could then have been specifically measured. The design of an MMOG-
based course that specifically promotes particular soft skills, such as communication, is
therefore a future task.

Several critical issues were identified for the further development of the course. For
example, the introduction of the students to the game is mission critical. Although it is
a digital game and should allow for easy familiarization, getting students into the game
should not be underestimated. Furthermore, the didact scenario needs to be designed
more carefully so that it provides guidance and stimuli if students do not develop suf-
ficient initiative. It should not be assumed that the motivating effect of the game will
always ensure sufficient engagement. Furthermore, measures need to be developed to
account for the possible heterogeneous engagement of learners. In the study presented,
the announcement of the elective course was not optimal, so many potential participants
were not reached. Nevertheless, the course should probably continue to be placed as an
elective, since digital game affinity is considered a prerequisite for participation.

The results are limited by the possibility that both the survey and the interview do
not exclude socially opportune answers, e.g., aspects of learning and fun may have been
overemphasized in the interview.

5 Conclusions

The study presented investigates the appropriateness of an online course in engineering
undergraduate programs using the massively multiplayer online game EVE Online for
the development of soft skills. The structure of the course is described, the results of a
questionnaire completed by the participants as well as semi-structured interviews with
the participants show the appropriateness of such a course to be a generically applicable
option for the development of soft skills. It should be noted, however, that the participants
of such a course should be digital game-savvy. Future work, besides the development
of specific tasks aiming at individual skills, is the actual objective evidence of skill
improvement. With the changes suggested for design and implementation of the course
derived from the results, the study is contributing to establishing MMOG-based courses
aiming at soft skill development in higher education.
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