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Preface

The 4th International Joint Conference on Serious Games (JCSG 2018) was held in
Darmstadt, Germany, and hosted by the Serious Games group at the Multimedia
Communications Lab — KOM — at TU Darmstadt and httc e.V. Since 2015, JCSG has
been bringing together the two conferences Serious Games Development and Appli-
cations (SGDA) and GameDays International Conference on Serious Games (Game-
Days Conference), both fully dedicated to serious games. Previous JCSG conferences
were held in Huddersfield, UK (2015), Brisbane, Australia (2016) and Valencia, Spain
(2017).

Following the tradition of JCSG, the principal aim of JCSG 2018 was to bring
together academia and industry in the broad, interdisciplinary field of serious games
and to discuss the current trends, grand challenges, and potentials of serious games.
The main topics of JCSG 2018 included serious games studies and serious games
development covering the game design and the use of particular emerging technologies
for serious games. From an application perspective, the focus was set on educational
games (game-based learning and teaching) and games for health (personalized exer-
games, prevention, and rehabilitation).

We received 40 submissions from which 15 were selected as full papers and 12 as
short/demo papers. All papers submitted to JCSG 2018 were peer-reviewed on a
single-blind basis by three independent reviewers, and several contributions were
reviewed by four reviewers. The reviewers’ comments were communicated to the
authors, who incorporated the recommendations in their revised versions of the
manuscripts. The papers were presented in the form of traditional talks and presenta-
tions; additionally, some authors brought their latest demos/posters and presented them
within the exhibition area of the conference.

During the opening, Stefan Gobel from TU Darmstadt provided an overview of the
status quo of serious games and introduced the Serious Games Information Center as a
classic information system for serious games, based on the DIN SPEC 91380 Serious
Games Metadata Format as standard for the description and retrieval of serious games.
André Czauderna from TH Cologne complemented the status quo update with an
overview of existing education and qualification programs for serious games/serious
games design in Europe and abroad. Remco Polman from Queensland University of
Technology in Australia gave a keynote talk about personalized exergames with direct
links to physical training and nutrition as well as exergames and E-Sports. Wim van der
Vegt, Enkhbold Nyamsuren, and Wim Westera from the Open University of The
Netherlands described the European flagship project RAGE (Realizing an Applied
Gaming Ecosystem) and gave a practical workshop/tutorial how to build serious games
with RAGE software components.

The Steering Committee of JCSG 2018 would like to thank all 48 Program Com-
mittee (PC) members for their tremendous work and all the institutions, associations,
and companies for supporting the JCSG 2018 conference: Technische Universitit
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Darmstadt (Multimedia Communications Lab — KOM; Forum for Interdisciplinary
Research — FIF; and research area Internet and Digitalization — InDi), httc (Hessian
Telemedia Technology Competence Center), digitales hessen (action line for digiti-
zation of the state of Hesse), the German Association of Computer Science, the German
Chapter of the ACM, game (German game association), Darmstadt Marketing, and
Springer.

Further information about JCSG 2018 and the overall conference series is available
at http://jointconference-on-seriousgames.org/.

November 2018 Stefan Gobel
Augusto Garcia-Agundez

Thomas Tregel

Minhua Ma

Jannicke Baalsrud Hauge

Manuel Oliveira

Tim Marsh

Polona Caserman
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eSport: Friend or Foe?

Remco Polmanl(g), Michael Trotterl’z, Dylan Poulusl’z,
and Erika Borkoles®

! School of Exercise and Nutrition Sciences,
Queensland University of Technology, Brisbane, Australia
remco. polman@qut. edu. au
2 Queensland University of Technology, eSport Centre, Brisbane, Australia
3 School of Public Health and Social Work,
Queensland University of Technology, Brisbane, Australia

Abstract. eSport is a growing industry in terms of its players, spectators and
economic value and will be included in the 2024 Paris Olympics. Although
interest initially in eSport was mainly associated with younger males, eSport has
the potential to bring about health behaviour change across the wider population
of users. This paper discusses the potential of eSport to influence health out-
comes across the lifespan and address some of the major barriers that will help
individuals to change their physical activity behaviours. Considering the
exponential growth in eSport, it is important for academics and policy makers to
recognise and seize the opportunities arising from eSport.

Keywords: eSport - Public health - Behavioural change - Implementation

1 Introduction

Dating back to a 1999 press release by the Online Gamers Association [1] the term
eSport (also referred to as electronic sports; competitive video gaming; cyber sports) is
used to describe the competitive and organised playing of video games [2]. This rapidly
growing industry sector has the potential to influence and reach millions of (younger)
individuals. For example, it is anticipated that by 2020 this industry’s worth will
exceed 23.5 billion USD [3]. Currently, around 385 million people watch eSport (either
online or in stadiums) worldwide and this is predicted to grow to 589 million by 2020
[4]. Its popularity is also indexed by its inclusion in the 2024 Paris Olympics and by the
significant increases in prize money on offer for participants [4].

Whether eSport is a ‘sport’ and its players ‘athletes’ is still equivocal. There is also
no generally accepted definition of eSport. However, this is not pertinent to the current
paper. In contrast to eSport, video gaming has received significant attention from the
scientific community, whereas eSport research is still in its infancy. eSport research to
date has mainly concentrated on the economic and game developmental aspects. For
example, a recently launched eSport academic programme at Staffordshire University
in the UK is mainly focussed on event management of eSport.

© Springer Nature Switzerland AG 2018
S. Gobel et al. (Eds.): JCSG 2018, LNCS 11243, pp. 3-8, 2018.
https://doi.org/10.1007/978-3-030-02762-9_1
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2 Video Gaming vs eSport Research

Contrary Serious Gaming, video gaming research has mainly focussed on the potential
negative consequences of excessive playing of video games, its association with video
game addiction, and the potential negative consequences of violence. In fact, video
game addictions and its associated behavioural consequences are now included in the
5th edition of the Diagnostic and Statistical Manual of Mental Disorders under the
umbrella term of “Internet Gaming Disorders™ [S] as an area for further research.

The association between video game addiction, mental, physical, and social health
as well as academic/cognitive functioning is still equivocal, as is the research on
violence. A meta-analysis by Ferguson et al. [6] provided some evidence that video
game addiction has the strongest negative effect on social functioning of gamers.
Although associations have also been found between video game addiction and lower
mental (stress, anxiety, depression, suicidal ideation) and physical (physical inactivity,
BMI, sleep) health. Most of this work, however, is cross-sectional, not allowing to
establish cause and effect, and many of such research are methodologically flawed as
they did not control for potential confounding factors (e.g., playing time). Importantly,
most research did not distinguish between (intense) engagement and addiction [7]. The
former is likely to have no negative consequences but a curiosity and prioritisation of
gaming as a hobby or lifestyle choice [8].

The limited research in eSport, on the other hand, has focussed on differences and
similarities between eSport and traditional sport [2, 9]. In particular, psychological
similarities could indicate that sports psychology practices and interventions would
also be applicable to eSport. For example, Himmelstein and colleagues [10] inter-
viewed eSport athletes (League of Legends) to examine the mental skills they currently
utilise and the mental obstacles or barriers they encounter. Our own research is also
aligned with the more traditional sport research, which examines psychosocial factors
that determine success in eSport. This is an important ‘paradigm shift’ and has the
potential to enhance the focus on the prospective benefits of eSport rather than high-
lighting the presumed negative consequences.

3 eSport for Public Health?

Whereas Serious Games are generally developed with altruistic and humane motives to,
for example, help with the rehabilitation of stroke patients or improve the learning of
children with cerebral palsy, eSports have been developed to gain commercial success.
Serious Gaming is often aimed at improving public health outcomes for specific
populations, but so far improvements are limited, probably due the relatively small
number of individuals making use of the games and the difficulty of its implementation
across settings.

Considering the significant number of individuals playing and watching eSport
there is a real opportunity to influence health behaviours. Although eSports appeal
currently more to certain segments of the population (younger and male) this is, like
traditional sport, likely to change over time. An important question, which arises from
this is how eSport manufactures and organisations can work together with, for example,
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behaviour change specialists, to tackle important public health issues using eSport as a
vehicle?

Change in physical activity and sedentary behaviour are two topics which comes to
mind when considering the wider implications of eSport participation. Lack of physical
activity and sitting too much is a worldwide problem [11] and has been shown to have
detrimental physical, psychosocial and cognitive consequences and is one of the most
important public health concerns with increasing individual, societal and economic cost
[12]. A lack of physical activity is for example, associated with obesity in children and
adolescents [13]. Childhood obesity predicts development of chronic conditions in
adulthood and is associated with poor fundamental motor skills. Obesity, low physical
fitness and poor fundamental movement skills during childhood and adolescence are all
associated with poor cognitive development (e.g. language) and academic performance
[14]. Obese children are also more likely to place higher demands on educational,
social, health and criminal justice systems during this time of development, which
again often carries over into adulthood [15].

Of course the idea that physical and cognitive development should go hand in hand
is not new. As Socrates stated (400 BC): For in everything men do the body is useful,
and in all uses of the body it is of great importance to be in as high a state of physical
efficiency as possible. Why, even in the process of thinking, in which the use of the
body seems to be reduced to a minimum, it is a matter of common knowledge that
grave mistakes may often be traced to bad health. Such a view opposes the pervasive
Decartian dualism viewpoint, which has been prevalent across western societies. In
contrast, psychology suggest that a holistic development of a sound body will enhance
the development and functioning of the mind [16].

Being a competent mover is an important determinant of physical activity and play
behaviour in young people [17]. A physically active lifestyle, in turn, builds resilience
to mental, social, and physical ill health. Through eSports, and making use of
immersive environments and sensor technology, it might be possible to assist children
and adolescents to develop these fundamental movement skills [18]. Mastering a range
of motor skills through playing eSport could help overweight children to gain confi-
dence in their movement skills when participating in a wide variety of physical
activities in multiple environments, which will ultimately contribute to the healthy
development of the whole person.

Video game and eSport developers have been consistently applying psychological
principles to their designs in order to ‘hook’ players to their games. These or other
strategies (e.g., priming) could also be used to initiate and maintain health behaviour
change when designing eSport games in the future. Because of the design of video
games and eSport games are divergent, researchers need to understand how to apply
behaviour change techniques to motivate the wider population to engage with health
behaviours and movement skills learning through eSport.

Similar to traditional sport, to excel at the highest level in eSport it is likely to be
associated with being fit and healthy (something we currently exploring in our
research). If this is the case, strategies might be developed to help aspiring eSport
athletes to develop ‘eSport fitness’. It is probable that eSport athletes’ fitness will vary
during its development and increase with eSport’s professionalization. Such a devel-
opment would be similar to what happened historically in golf. The significance of
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physical training and fitness in professional golf has only emerged from the 1990s
when Tiger Woods started to pay attention to being physically fit and athletic. Most
golfers now have a physical trainer and spend significant amount of their training in the
gym. Playing eSport at the elite level requires the ability to sustain high levels of
attention, respond as quickly as possible to stimuli, and make numerous important
decisions under time pressure. In addition, with the development of more immersive
environments various physical skills might also become important to success. There-
fore, current and future skill requirements in eSport will necessitate players (or athletes)
to be fit, healthy and movement competent in order to perform at the highest level of
competition, just like in the physical environment during the Olympics.

Currently, it is unknown how individuals perceive the difference of creating a
professional high sporting performance in the virtual versus physical environments.
Our research team is investigating such differences, including the transitioning from
virtual to physical, which is the crucial element of playing eSport and its transference to
physical health. We hypothesise that initially, playing eSport might be the most ben-
eficial for the development of cognitive skills. In the study by Himmelstein and col-
leagues [10], players reported to develop self-regulatory skills and a growth mindset.
Such skills are not only important for optimal eSport performance, but are also
transferable to other domains and highly sought after in the world of work [19].

4 eSport and Implementation Science

While the potential for using eSport to bring about health behaviour change is apparent,
the way this might be approached needs some careful consideration. There are many
factors that influence the transfer of an evidence based research into daily practice and
ultimately to population health. There needs to be a careful consideration and research
into the adoption and uptake of eSport for health benefits both from the users’ and the
designers’ perspectives. From the outset of the planning of using eSport for changing
physical activity behaviours in children/adolescents an implementation logic model
will need to be designed to aid the understanding of the underlying processes of
adoption and maintenance of learned skills.

5 Roadblocks in Doing eSport Research

Like all new endeavours conducting research in eSport or using eSport to implement
public health strategies will not be without obstacles. To date we have identified 3
categories of potential problems: Commercial protectionism, research weariness, and
ethical issues.

Commercial protectionism: It is understandable that the makers of the different
eSport games try to protect their brand. However, like traditional sports, there will be a
need to be more open and transparent in its governance. Despite many traditional sports
not being structured and managed according to best practice principles, ultimately,
traditional sport has become part of the political landscape. For example, the Australian
Government recently presented their Sport 2030 plan [20]. This has resulted in national
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or local governments across many countries providing significant support to traditional
sport in terms of building infrastructure or organising major events. In addition, tra-
ditional sport is now increasingly being used to promote health behaviour change.
Despite eSport being recognised in some countries (e.g., Korea and Denmark) if it
wants to become ‘mainstream’, it will also need to develop an independent and
autonomous administration for one or multiple eSports internationally [21]. This also
requires compliance with international sport regulations on aspects like doping and
betting whilst at the same time enhancing legitimacy and augment its potential for
sponsorship and governmental support [21].

Research weariness: Within the computer gaming community there has been a
weariness to research potentially because of its emphasis on the negative consequences
in terms of excessive play and/or violence. Over the years, we have found more
difficulties with participant recruitment either during events or at relevant online for-
ums. Some of the responses to attempted recruitment, online or in person, have been
hostile to say the least. As such we are developing alternative strategies to engage the
eSport community to participate in research. For example, team owners have been
supportive of our work and we are trialling other online methods (e.g., through You-
tube channels) to interest and involve the eSport community.

Ethics: eSport is an important activity for many adolescents. Their preferred way of
communication, and thus future data collection, is through online or electronic means.
This, however, creates a number of ethical barriers. For example, in Australia the age at
which adolescents can consent is normally 18 years. This makes it extremely chal-
lenging to involve younger eSport players in our studies. This is not a request to
abandon consent from either participants or their guardians. However, we have to think
creatively to involve as many individuals as possible to reap future benefits. In addition
to this, many eSports collect significant amounts of data of their players, with virtually
every move and keystroke being recorded. This also raises questions of who owns the
data and how we can use this future research purposes?

6 Conclusion

In this paper, we have provided a case to use eSport as a potential vehicle to influence
health behaviours. We acknowledge that there are significant obstacles which we have
to overcome. However, the accelerated growth of eSport in terms of its participants,
spectators, and economic value makes it a domain which cannot be ignored by
researchers, public servants and politicians. In addition, it has the potential to reach
groups in society which to date have been hard to influence. Most of our interventions
to make children and adolescents more active have failed. We are optimistic and
believe that eSport is our friend and an important vehicle to stop that trend.
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Abstract. This paper outlines a model of game design education that considers
not only the creative and technological design and development of digital
games, but also their broader aesthetic, historical and cultural contexts and
implications. The model is derived from a comparative analysis of several
undergraduate programs in Australia, Germany, Great Britain and the United
States which was presented by the author at JCSG 2018.
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1 Introduction

More and more universities offer undergraduate and postgraduate programs in game
design and/or game development. The expansion of academic game design and game
development education is a global trend which can be observed across Western coun-
tries. On the one hand, universities exchange curricular and didactic approaches be-
yond institutional and national borders. On the other hand, the field can be character-
ized by a diversity of approaches and local particularities. According to a 2014 study
by the Higher Education Video Game Alliance, classes offered in game design and
game development programs ‘“span more than 240 subjects ranging from Advanced
Drawing and 3D Modeling to Artificial Intelligence and Computer Programming in
C++ to Marketing Principles and Business Law” [1].

This paper, as well as my talk at JCSG 2018, focuses on Bachelor of (Fine) Arts
and Design programs, rather than their Bachelor of Science counterparts or postgrad-
uate programs. My presentation at JCSG 2018 compared concepts from programs in
Australia, Germany, Great Britain and the United States: the Bachelor of Design
(Games) at RMIT University in Melbourne; the Digital Games BA at TH Koéln; the
Game Design BA at the University of the Arts London; and the Game Design BFA at
New York University (NYU).

This comparative analysis reconstructs a common model of academic game design
education that does not only aim at short-term employability, but also provides sus-
tainable preparation for the labor market of the 21st century, in and beyond the gaming
industry. This model also facilitates students’ intellectual and creative abilities, which
hold value beyond the workplace.
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2 A Model of Academic Game Design Education

In the following, the model of academic game design education, derived from my
comparative analysis delivered at JCSG 2018, will be outlined along the following
criteria: generalist and specialist education, variety of contents, design over technology,
student body diversity, variety of games, learning in collaborative projects and general
education. A more comprehensive account of this model as well as a similar com-
parative analysis can be found in an earlier article [2]. In “Games studieren — was, wie,
wo? Staatliche Studienangebote im Bereich digitaler Spiele,” a book on German game
design and development education, I published the results of a broader comparative
analysis including Bachelor of Science as well as graduate programs [3].

Generalist and Specialist Education: The programs featured in this paper pursue an
approach to game design education that aims to educate its students as both generalists
and specialists. The curricula of all programs imply the assumption that academically
educated game professionals should own: (a) a basic understanding of the work done in
all departments involved in game development as well as its media-theoretical contexts
and economic conditions, and (b) a specialization in one of the departments, such as
Game Design, Game Arts, Game Programming or Game Producing—though the depth
and degree of formality of specialization strongly varies between study programs. An
individual student’s specialization might include a further, more in depth specialization
in a certain sub-field, which is especially true in the domain of Game Arts, where some
students specialize as Character Designer, Environment Artist, 2D or 3D Animator, or
3D Modeler at an early stage. At the end of their studies, graduates are either gener-
alists with an informal specialization in one of the departments involved in game
development (e.g., NYU) or specialists in one of these departments with a solid
understanding of the other departments (e.g., TH Koln).

Variety of Contents: In their generalist philosophy, all programs offer an enormous
variety of classes, ranging from Figure Drawing to Artificial Intelligence to Publishing.
Overall, courses can be classified to the following five core areas of study: Game
Design (understood as the design of gameplay, mechanics and narration); Game Arts
(including CG Art, Animation, Sound Design, etc.); Game Programming & Engi-
neering; Game Economics & Producing; and Media & Game Studies (including
approaches from the humanities as well as social sciences).

Design over Technology: Above all, the described programs target the education of
designers who create gameplay, mechanics and narration (Game Designers); interface,
characters and environments (Game Artists); or source code (Game Programmers). In
this sense, technology is primarily seen as a means to an end. In the case that programs
are concerned with the education of programmers, they do not aim to educate computer
scientists, but creatively trained programmers who work at the intersection of design,
arts and technology—as gameplay programmers, for instance.

Student Body Diversity: The observed programs set diversity as a central goal. This
certainly includes the integration of female students, though this mission is more
broadly concerned with the inclusion of those who are typically excluded from the core
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target group of AAA games. This trend towards a diversified student body fits to
broader developments such as a changing market of digital games and the opening of
the gaming industry to new target groups. Programs assume that a diverse student body
—accompanied by the inclusion of new perspectives—helps to think outside the box of
traditional game development and contributes to the diversification of game concepts
(concerning aesthetics, mechanics and narration). An increase in diversity of digital
games (including new innovative forms of games and play), in turn, allows for greater
reach to new broad and diverse audiences.

Variety of Games: In accordance with the above-mentioned trend towards the
diversification of the student body, the programs described in my presentation at JCSG
2018 not only encourage students to deal with long-established genres (based on well-
known aesthetics, mechanics and narrative forms; sold by the AAA industry to the
former core audience of digital games), but also support engagement with new genres
and game forms, as well as those that often go overlooked, such as virtual reality
games, experimental games, art games and serious games. Overall, programs intend to
promote a broad game literacy based on the engagement with a variety of genres and
game forms.

Learning in Collaborative Projects: When it comes to didactics, the programs
exhibit an art school style project orientation. This implies the notion that learning in
game school should not be based on ex-cathedra teaching and top-down instruction.
Instead, it relies on constructivist theories of learning, on learning-by-doing and peer-
to-peer learning, among other things. Learning in projects, as applied in the respective
programs, usually rests up-on a collaboration of individuals in interdisciplinary teams.

General Education: Although the examined programs work with the gaming industry
and usually consider its needs in curriculum development, they pursue an approach that
goes beyond the short-term tailor-made creation of specialists for the gaming industry.
Their model of game design education can be clearly differentiated from solely
vocational approaches. Programs’ curricula usually entail a set of classes from the
humanities, social sciences and in some cases natural sciences. Theoretical perspectives
are valued through the comprehensive inclusion of respective professorships and a high
ratio of theory classes. The NYU program is part of the tradition of liberal arts edu-
cation and thus includes a broad choice of classes (from anthropology to neuroscience)
that are not necessarily linked to game development in an obvious way. In all cases,
programs aim at academic education in general: the facilitation of a broad store of
reference knowledge as well as analytical and critical thinking skills; the broadening of
students’ horizons; and the support of an intellectual and creative mindset, among other
things—all of which are assessed as valuable for game development as well as per-
sonality and identity development.
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3 Conclusion

All four programs considered in my presentation at JCSG 2018 combine a vocational
higher education and a broader academic education including contents from the
humanities and social sciences. On the one hand programs teach a range of necessary
generalist and specialist skills for immediate employability in the gaming industry. On
the other hand programs take into account that “if the fit [to the current industry] is too
narrow and the program too short-sighted in serving the immediate hiring needs, its
graduates might find their skills losing value when the needs of the industry shift in
response to new technologies” [4]. Thus, programs aim to impart enduring and
transferable 21st century knowledge and skills including communication and collab-
oration competencies as well as an academic and creative mindset and habitus—
valuable for a constantly changing work life, but also a fulfilling creative and intel-
lectual life beyond the workplace.

In general, programs are highly concerned with the short- and long-term employ-
ability of their graduates as well as the short- and long-term needs of the gaming
industry. Different from pure vocational programs, they pursue an approach of game
design education that forms their students as both specialists and generalists—as-
suming that a combination of specialism and generalism based on an interdisciplinary
practical and theoretical game design education will improve employability in general,
but even more so in the long run. In contrast to programs in traditional academic
disciplines, there is a strong focus on interdisciplinary collaborative practices, as they
are required in the gaming industry. Finally, programs are keen on facilitating students’
entrepreneurial spirit and competencies.

To sum up, it can be said that the programs’ shared model of academic game design
education focuses on the interdisciplinary and collaborative design and development of
digital games as well as a reflection of their wider aesthetic, historical and cultural
contexts and implications. In doing so, the model intends to educate well-rounded
game designers who have even more to offer than their comprehensive specialized
artistic and technical skills.
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Abstract. This paper explains the RAGE project, which proposes a
component-based software architecture to accommodate and amplify serious
game development. The RAGE project (rageproject.eu) is a serious gaming
flagship project funded by the Horizon 2020 Programme of the European
Commission. Compliancy with the component-based architecture preserves the
portability of software to different platforms and programming languages and its
easy integration in wide variety of game engines. RAGE has developed up to 40
cutting edge reusable software components (all free, open source software) and
has made these available on its market place portal at gamecomponents.eu.
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Reuse * Cross-platform - Portability - Game engines

1 Introduction

Serious gaming is a priority area of the European Commission, having recognised the
potential of games for e.g. teaching and training, social inclusion, heath, the digital
transformation and other societal purposes. Although scholars and teachers have shown
great interest in serious games for quite some years, the uptake of games in schools and
business has been quite limited [1, 2]. While the leisure game industry has become a
well-established industry dominated by major hardware vendors, publishers, and a fine-
grained network of development studios, distributors and retailers, the serious game
industry still displays many features of an emerging, immature branch of business,
which is characterised by weak interconnectedness, limited knowledge exchange, and
absence of harmonising standards [3]. Notably, progress is hampered by the wide
variety of programming languages, game development systems and delivery platforms
that game studios have in use, all of which go with specific technical constraints and
incompatibilities that pose severe barriers to growth. Moreover, the small game studios
often do not have access to emerging media technologies that could be incorporated in
serious game projects, such as novel adaptation algorithms, artificial intelligence ker-
nels, or natural language processing methods, while the alternative of in-company
development of such technologies is not feasible, either because of required invest-
ments or because of lacking know-how.
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This paper provides a brief summary of the work in RAGE in order to provide a
starting point for the technical workshop arranged by RAGE at the Joint Conference of
Serious Games 2018.

2 The RAGE Component-Based Software Architecture
(RCSA)

The RAGE component-based software architecture (RCSA) was devised to accom-
modate the development of software components that can be easily reused and inte-
grated in serious game projects across a wide variety of prevailing technology
platforms. The RCSA [4, 5] distinguishes between server-side components and client-
side components. While remote communications of server-side components with
centralised applications can be easily achieved with web services using the HTTP-
protocol (e.g., REST), client-side components need to be integrated into client-machine
applications (viz. game engines), which is often problematic. With respect to client-side
components, the RCSA 1is based on a limited set of established coding practices and
software patterns (API, Bridge, Publish/Subscribe, Web Services), generally aiming at
the abstraction of operations in order to accommodate reuse in different technical
environments. Components based on the RCSA avoid dependencies on external soft-
ware frameworks and minimise code that may hinder integration with game engine
code. They do not access or do not make assumptions about the underlying operating
system, do not directly interfere with the game code, and consequently, do not access
the game’s user interface, thus leaving all functional and creative decisions about
screen layout style, look and feel in the hands of the game designers and developers.
Technical proofs of concept of the RCSA portability have been established for C#, C+
+, Java and JavaScript/TypeScript, which are among the predominant programming
languages used in game development [6]. Also, RCSA-compliant components have
been successfully integrated in various game engines, including e.g. Unity3D,
MonoGame, Cocos2D, Xamarin and Emergo, and have been deployed at the most
popular desktop and mobile delivery platforms [5].

3 Game Software Components at Gamecomponents.eu

An initial set of game components can be accessed through the RAGE marketplace
portal at gamecomponents.eu (Fig. 1). The exposed components offer a variety of
cutting-edge functionalities of potential relevance for serious games, ranging from
adaptation and personalisation, to language-based sentiment analysis, facial emotion
recognition, sensor-based arousal detection, social gamification, affective computing
and other topics. All components are compliant with the RCSA, which guarantees the
seamless integration into a variety of game engines or other software environments.
The collection of components includes both server-side components and client-side
components, as well as hybrids. To maximize the reuse of software, all components use
the Apache 2.0 license (white label software), which allows for reuse by third parties
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both for commercial and non-commercial purposes, either under open source or closed
source conditions.
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Fig. 1. Screenshot of the gamecomponents.eu marketplace.

All software exposed at the portal are enriched with user guides, manuals,
instructional materials, integration templates, demonstrators, and proof cases. For the
purpose of practical validation a set of seven serious games based on the various
software components was developed, which were then tested and evaluated in real end-
user pilots. The games focus on various social and entrepreneurial skills and address
diverse educational contexts. Overall, over 1500 participants were involved in the game
pilots. The gamecomponents.eu marketplace portal differs from existing portals by its
platform independency: the compliancy with the RCSA preserves the easy integration
of components across a variety of different software environments. In contrast, existing
platforms such as the Unity Asset Store and the Unreal Marketplace, are inherently
platform bound, and thereby lead to vendor lock-in. Moreover, existing marketplaces
are mostly dominated by media objects (e.g. terrains, audio, buildings, weapons, user-
interface objects, and templates) rather than software, which reduce the efforts required
for content creation, but still preserve the programming load.
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4 The Component Integration Workshop

The workshop arranged at the Joint Conference on Serious Games 2018 comprises a
hands-on session about the technical integration of RCSA components in game pro-
jects. In a step-by-step process, participants will be guided to quickly unpack, install
and integrate software components in their game project, which not just speeds up the
game development process, but also allows the inclusion of cutting-edge functionalities
that would not be easily accessible otherwise. Component-based approaches and the
reuse of software will support developers at creating better games easier, faster, and
more cost-effectively.

Acknowledgment. This work has been partially funded by the EC H2020 project RAGE
(Realising an Applied Gaming Ecosystem); http://www.rageproject.eu/; Grant agreement No
644187.
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Abstract. In the course of a research project, a serious game on the subject of
fiber composite materials was developed and tested in cooperation with students,
teachers and academic experts of different disciplines. The concept process was
evaluated formatively. In the process, different evaluation instruments were
used. This paper will introduce and describe the instrument “Kraken”, as well as
illustrate which role it played in the development of the serious game “Com-
posites Cup on Tortuga”.

Keywords: Serious game + Composites + Design-based research

1 Introduction

While developing the serious game “Composites Cup on Tortuga” the target group
(students of the 8th grade and teachers of general public schools) was taken into
account. The development was formatively evaluated. During the evaluation process,
different qualitative and quantitative methods were used. The game testers received
questionnaires to give feedback to the respective stage of the development of the game.
A so-called “World Café” format [1] was carried out, where students could discuss
their experience with the game. Expert interviews and feedback discussions were held
with teachers and the so-called “Kraken” was used. This client-server-application can
test to see if the information collected through common instruments really matches the
actual usage of the game. In this paper, the experience with this evaluation instrument
is illustrated in detail. The serious game was designed for the school student laboratory
[2]. With the support of this game, students should playfully learn about fiber com-
posite materials independently. Until now, the school lab visitors went through learning
circles about fiber composites to receive an introduction to the topic, but the learning
circle was rather high maintenance regarding the supervision of the student.

Disclaimer. Please note that some terms in this paper are in German. The serious game
“Composites Cup on Tortuga” was created in the German language and is not available in
English; therefore, the following screenshots of the game have to remain German. In some cases,
terms are translated in parentheses behind the respective term.
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Furthermore, students were only able to look at the individual materials (fiber and
matrix) and then again at the finished fiber composites. In addition, changing charac-
teristics, which caused the merging of these different materials, could not be visualized
clearly. Such serious games can be assigned as homework in school, which was another
aspect taken into consideration for the development of such a digital medium.
Therefore, students would have more time on the practical work during their school
laboratory unit. So far, class material that could replace this introductory tool was
missing in German schools.

The focus on fiber composites was not only chosen because there is a school
laboratory tool for students available at the University of Augsburg, but because
lightweight material, which consist of fiber composites, in the course of the sustainable
use of resources, will play a big role in the future. Nowadays, there is no aircraft, which
does not contain fiber composite materials [3]. In the production of electronic auto-
mobiles, lightweight materials are also primarily utilized [4].

In the serious games composites cup on Tortuga, the focus lies on the most
commonly fiber composites used for industry and every day applications (sport and
leisure) with glass fiber reinforced plastic (GRP) and carbon reinforced/carbon dioxide
reinforced plastic (CFK) [5]. The plastic is called matrix in a technical jargon [6]. In the
game, the students should get to know the characteristics of fiber composites and apply
the acquired knowledge in transfer tasks (for example the creation of a diving board).

2 Design Based Development of the Serious Game
“Composites Cup on Tortuga”

The serious game “Composites Cup on Tortuga” was designed in an interdisciplinary
cooperation of prospective informatics (students, who programmed the game), an
educator, who created the content of the game and evaluated the development, as well
as academic experts (teachers, composites experts and usability students).

Technically, the game was put together in the development environment Unity. In
order for the game to be usable beyond the school laboratory, two versions, one for
iPad application and one for desktop application, were created. The development
process was evaluated with the design-based research approach taken into account.
Design-based research normally goes through phases of problem definition, the
development of a didactic design, the cyclical design implementation as well as the
evaluation and reflection in tight cooperation of science and practice. Additionally, the
goal is to address the development of practically relevant interventions and the
advancement of scientific theories [7].

For the description of the serious game “Composites Cup on Tortuga”, the model of
research and development cycles within the design-oriented research of Euler was used
[8]. The sequence “design-test-analysis-redesign-test” was repeated multiple times
(after every test with the target group).
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Description of the Serious Game “Composite Cup on Tortuga”
The main information on the serious game is listed in the following Table 1. The
description is based on the game description of the Serious Games Information Center

(SG-IC) and oriented on the DIN SPEC 91380 [9].

Table 1. Description of the serious game according to SG-IC

Title Composites cup on tortuga

Objective Increased learning in the area fiber composites

Summary Educational game: student need to get to know the characteristics of
fiber composites materials and fiber composites

Keywords Composites, fiber composites materials, new materials, nature and
technology

Genre Racing games, logic and puzzle games

Game mode Single player

Game time 45 min

Status Complete

Application area
Target group

Education, schools

Players — Students

Players — private individuals
Age: 13-15 year olds

Language
Learning resources
type

Scope

Level of difficulty
Typical learning
time

Replayability
Progress indicators

Needed previous
knowledge

Fees

German
Introduction, exercise

Student laboratory, school, at home
Moderate
45 min

Yes

Advancing to the next level, stars for solved tasks, feedback from
game characters
None

None

For the setting of the game, a pirate scenario was chosen, since the background

story was compatible with this context. There are many possible applications to inte-
grate fiber composite materials in such a setting. Furthermore, the game aims to address
adolescence as of 13 years old, who were questioned about the setting.

The game is divided into four levels, which are called “Harpooning” (“Harpu-
nieren”), “Prosthesis Run” (“Prothesenrennen”), “Plank Jumping” (“Plankenspringen’)
and “Cannonball Trick Shooting” (“KanonenkunstschieBen”) in the game. Within these
levels, there are consecutive tasks and quiz questions to deepen the newly acquired
knowledge.
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Description of the Learning Objective

The following learning contents are to be transported over the individual levels:
Harpooning: In the first level, the players have to solve four tasks about the topic fiber
types and their characteristics. Following characteristics are addressed: load capacity,
current conductivity, diameter, resilience and costs of the fibers.

Prosthesis Run: In the second level, the matrix is introduced and the tasks address the
characteristics of fiber composites. It is visualized through a pirate with an artificial leg,
which consists of fiber composite materials, who has to solve three challenges.

Plank Jumping: The third level is the hardest. The players have to apply the knowledge
they previously gained in three tasks for the creation of a fiber composite. Mechanical
characteristics of the materials as well as the fiber direction, the bending strength and
the interaction of these characteristics have to be taken into account.

Cannonball trick shooting: The cannonball trick shooting is all about the thermal
resistance of fiber composite materials. There are two tasks, in which the player has to
choose the most heat-resistant matrix material.

The limitations of the fiber composite materials are addressed in all levels.
Therefore, the costs of fiber composite materials out of CFK and GRP are pointed out
and it is shown that not all fiber composites are suitable for all application areas. In a
timely and content related restricted game like this one, this can only be addressed in a
limited fashion.

The following example describes the design of a task. In the beginning of each task,
the gamers receive an introductory text in the form of an inserted panel. See Fig. 1 for
an example.

FASERART

Q-

Bei der ersten Disziplin des Tortuga Cups, dem Harpunieren, geht es
darum die richtige Angelschnur fiir die geforderten Objekte
auszuwahlen. Die verschiedenen Fasern konnen unterschiedliche
Gewichte aushalten bis sie reifien. Um in die nachste Runde zu
kommen, musst du alle Objekte in einem Durchlauf mit ein und
derselben Faserart fischen

Siehe Auch: Faserart (@)

Y4 WEITER

Fig. 1. Example of an introductory text before a task

The aim of the level is visualized through a short dialogue with speech bubbles.
These also refer to new user-interface-element (Ul-elements in the following) and
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describe the user interface in the beginning of the game. The Ul-elements are marked
with a red circle or underlined with red. The player cannot continue unless all Ul-
elements have been clicked. Figure 2 shows the structure of the user interface using the
example of the first task of the “Harpooning” levels.

OB DIE GEWAHLTE
ANGELSCHNUR DER AUFGABE
GEWACHSEN IST, SEHEN SIE IM §2ugfestigkeitv @
OBEREN BEREICH DES ST K
WEKRSTUCKPANELS.

Fig. 2. Structure of the user interface (Color figure online)

Information texts support the solution of the individual tasks, which are accessible
in every task. To change the characteristics of the tool, the player can choose either
dropdown menus or sliders. Each change made influences the tools in the tool bar on
the right hand side of the game. Only tool characteristics that are hard to visualize in the
mini-game are shown in the tool bar, such as weight, costs and durability of the tools.

Parameter Search Space of the Levels
To find an ideal material combination is comprehended as an optimization of the
parameter space. They can have the following dimensions: fiber material, diameter,
matrix material, fiber direction and wall thickness.

The players receive direct feedback in the game, if they did not choose a fitting
material combination, for example. See Fig. 3 on the following page.

When the players successfully solve a task, their performance is rated with one to
three stars. They therefore receive another direct feedback from the game to see how
well they managed to solve the task.

Quizlevel

The integrated quiz tasks in the individual levels were implemented to ensure the
results [10] in the game. The students have to answer two to four questions with a
maximum of four answer possibilities. If they chose the wrong answer, a short hint
pops up to inform them as to why the answer was wrong. If too many questions are not
answered correctly, the quiz has to be repeated.
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} SPRUNGBRETT

Gewicht (@)
7367kg = 60 kg 9@

DAS BRETT IST WOHL
ZU SCHWER.

Wandstirke

1 6 mm

Faserrichtung
0 90 Grad

Fig. 3. Direct feedback in the game

3 Description of the Evaluation

The complete gradually evaluation of the game was conducted with N = 185 students
(37% female, 58% male, 4% did not wish to enclose their gender). See Fig. 4 on the
following page. The examinees were in different grades and from different types of
schools. All participating individuals were able to choose whether they wanted to play
the game as well as if they wanted to give feedback to the game. The traditional
introduction via the learning circle was also a selectable option. The majority of the
students happily participated in testing the game. The feedback was queried through
different tools. These include questionnaires to give a feedback to the perspective phase
of the game; a so-called “World Café” format was conducted, in which the students
could discuss their experience in the game and expert interviews and feedback dis-
cussions were held with teachers. Furthermore, the so-called “Kraken” was utilized. All
responses were anonymous. There was no assignment made, which test person played
with which iPad.

The target group was deliberately chosen from different types of schools and dif-
ferent grades, as the student school laboratory can be booked just as individually. The
focus target group however were eighth graders. The reason for this was that fiber
composite materials are part of the curriculum “LehrplanPlus” (Curriculum Plus) of the
Bavarian secondary schools as of the school year 20/21 [11] and is expected to increase
user traffic at this age level. In the following, a survey instrument of the evaluation, the
client-server-application “Kraken” is to be described.

Description of the Evaluation Tool “Kraken” (Game Event Logging)
In the last third of the evaluation, a module called “Kraken” was developed for the
automated, anonymous player data collection. Its data supports the other feedback tools
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School grades

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

7. Klasse

9. Klasse

|
8. Klasse |
|
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.

11. Klasse

keine Angabe I

Fig. 4. Distribution of the participants according to their grade

used in the process. These technical evaluation tools, which support the analysis and
the understanding of the player behavior, provide an important contribution for the
conception of serious games [12]. The acquired data can support the improvement and
correction of possible design issues in a timely manner [13]. This way, the effectiveness
of the serous games can be improved.

The data collection functions via a, for this purpose developed, client-server-
application called “Kraken”. It consists of three parts:

e Unity Plugin [14]: The Unity Plugin records, collects and sends events, if there is
enough data, via Web-Request to the server. Since not all rooms in the school
student laboratory have access to internet, the data is buffered in a file and sent, as
soon as the server connection is restored.

e “Kraken” Server: the server consists of a web interface and a MongoDB-database,
which saves incoming events. Table 2 (on page 9) shows an extract of the saved
events for one run-through of the first task in the cannonball trick shooting level.

e “Kraken” Client: For all data, there is a python-library available, which can read the
“Kraken” server and is available for the evaluation. Figure 5 shows a diagram of the
system

The Event Format

The event format consists of seven parameters, which are explained in the following.
With the GUID (globally unique identifier), the game structure can distinctively be
identified. It is generated anew with each start of the game and restricts conclusions of
personal data of the test person. The Session Number increases with each new start of
the game and is continued from the previous memory state. Together with the
parameter Time, which indicates the start of the game, the time used by the students for
each program section can be measured. These two data sets do not provide any pos-
sibility to restore the exact time of events.
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Table 2. Extract from the saved events of the cannonball level run.

Time Event name Level name | Parameter name | Parameter value
1623.65 | LevelStart Cannon_1

1624.53 | CloselnfoPanel Cannon_1

1629.6 | IntroductionDelivered Cannon_1

1634.5 | ChageDesignPart.Material Cannon_1 | Steel 0
1635.17 | StartTest Cannon_1

1644.4 | StartTest Cannon_1

1652.37 | ChangeDesignPart-Matrixmaterial | Cannon_1 | Epoxyrasin 0
1654.44 | StartTest Cannon_1

1662.7 | ChangeDesignPart-Matrixmaterial | Cannon_1 | Ceramic 0
1663.3 | StartTest Cannon_1

1671.27 | StartTest Cannon_1

1677.7 | ChangeDesignPart-Matrixmaterial | Cannon_1 | Cement 0
1678.44 | StartTest Cannon_1

1683.14 | ChangeDesignPart-Matrixmaterial | Cannon_1 | Ceramic 0
1685.24 | ChangeDesignPart-Fibertype Cannon_1 | Glass 0
1685.84 | StartTest Cannon_1

1690.07 | ChangeDesignPart-Fibertype Cannon_1 | Carbon 0
1696.97 | StartTest Cannon_1

1712.37 | HomeButton Cannon_1

Co
Cup

mposites
on Tortuga

Offline

Data-Storage

Kraken Server

Kraken Client

Fig. 5. Visual presentation of the “Kraken” system

The Level Name indicates the currently played level, once the event is recorded.
The event name has to be set to indicate the name of the event. It can optionally be
expanded by a string parameter name and float parameter value. The “Kraken” Unity
Plugin automatically fills in the parameters GUID, Session Number, Time and Level

Name.
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Table 2 additionally shows a short example for the events, which are recorded in
each level. When choosing such events, the possibility of the failure to record in all
levels was taken into consideration. It can be noticed in the Log that, after the intro-
duction (IntroductionDelivered), experiments with different material types (Change-
DesignPart.Material/ChangeDesignPart. Matrixmaterial) were made.

Additionally to the Logging of the gameplay, the recording of the results of the quiz
level are also part of the range of functions of the Loggers.

In the following, it is shown how the tool “Kraken” was implemented during the
evaluation of the serious game “Composites Cup on Tortuga” with an example.

Practical Usage of the Evaluation Tool “Kraken”
Example: Jumping mechanism in the “Plank Jumping” levels

Design: In the initial implementation of the jumping mechanism in the “Plank
Jumping” levels, the players had to tap for each individual jump. In doing so, the game
character (male or female pirate) would exercise a downward aimed force on the plank
as long as the click is held, in order to strain it. Letting go of the click gave the game
character an upward impulse. Clicking or rather, tapping at the right time and for the
right duration can make the plank swing sufficiently for the character to jump high
enough. See Fig. 3 to see how the level is visualized. During the design of the indi-
vidual tasks it was taken into consideration that it should not be demanded too little of
the players, whereas they should not be overstrained either. To boost learning processes
and motivate the players, a serious game should be a challenge, yet at the same time
should be adapted to the capabilities of the learners and therefore not overstrain them.
The optimal degree of severity can therefore be describes as pleasantly frustrating.
Thus, it is based slightly above the learners’ competences, but is still manageable [15].

Result of the testing: The mechanism was strongly demotivating for most testers,
since they not only had to choose the right material, but also needed a good jumping
technique. It was frustrating for them, as they might have chosen the right material, yet
the jump was not satisfying. Some players started doubting their choice of material and
changed it again. This process became more frustrating the longer it went on.

Analysis: Problems with this jumping mechanism were identified during the
observation of a player and the evaluation of the “Kraken” data. For these levels, the
“Kraken” evaluation showed a significantly longer playing time. Thus, as can be seen
in Fig. 5, more than half of the players of the old version needed a lot longer for the
second and third “Plank Jumping” task.

Redesign: The first steps were to change the jumping characteristics of the mate-
rials. Therefore, the players were able to make the plank swing easier and it was not as
hard to jump the needed height. However, some testers were still frustrated with the
levels. Since optimizing one’s jumping technique made it much harder to find the
optimal jumping board parameters and distracted the players from the main task, a
much simpler jump mechanism was chosen, which greatly simplified the optimization
of the jump technique without completely renouncing an additional small playful
component. In the final version, the players merely have to choose the right starting
point of the jumping process by one tap and the pirate then jumps on its own.
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Result of the Redesign: The reduction of the level of severity in the “Plank
Jumping” level had two outcomes. The time spent until success reduced significantly,
as can be seen in Fig. 6. However, by reducing the level of severity, the replayability of
the levels sank as well. The players did not have to test and try as much to be
successful. Yet, the answers to the quiz level questions improved. This allows for the
conclusion that the students had an easier time learning the intended teaching content
with the easier jumping mechanism.

Levelname = Plankenspringen 2 Levelname = Plankenspringen 3

. L

g . Z

g ] +

£ 30

. ] .
H g
= 100 £ 100 .

Fig. 6. “Kraken” evaluation of task 2 and 3 of “Plank Jumping” (“Plankenspringen”)

4 Conclusion

During the usability engineering, information from the current application is levied by
the Logging, to enable the examination of the interaction between system and user
behavior. Time periods can be measured together with the interaction points in the
software, to identify problem areas with a statistical evaluation. This is of particular
advantage in games, because many interactions cannot be broken down to generally
standardized methods, such as buttons. An example is the use of a plank with the game
character, where there is a variety of possible interaction methods that should be
compared in terms of their usability, as explained in this paper. Such analyses provide
objective data about the behavior of the players in relation to the design elements and
the learning through games. The visualization of the learning behavior enables a
comparison between educational intents and the actual player behavior during the
serious game [16].

In conclusion, the use of different qualitative and quantitative evaluation tools
proves itself. The use of the technical evaluation instrument “Kraken” provided the
significant impulses. On the one hand, this data collection tool could exclude the
phenomenon of social desirability [17], because one person does not instruct the tested
students and the evaluation runs in the background. The data was generated so the
individual player is able to solve the task. However, one has to note that the devel-
opment of the “Kraken” system, the effort to put on the server and to evaluate the event
data, is related to a considerable amount of time. From the point of view of the
development team, it only makes sense to use this technical evaluation tool if infor-
mation should specifically be collected for a specific game sequence.
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Abstract. Serious games present a valuable tool for continuous cognitive
assessments especially in the case of elderly, where there is a lack of cognitive
tools to continuously assess the transitory conditions that occur between normal
cognition and cognitive failure. However, designing games for elderly poses
distinctive challenges since one has to take into account the limited experience
of today’s elderly with digital gameplay interfaces like touch screens that are
second-nature to younger players. In this paper we present an initial user study
with young and healthy subjects where we evaluate a computer-vision based
digitalization process that is necessary to turn a physical version of the board
game “Ludo” into an automated assessment tool. We further evaluate to which
extend this tool presents a valid alternative to assess the strategic cognitive
capabilities of a person. We have chosen Ludo in its physical form after careful
consideration together with elderly and caregivers since many elderlies know
this game from their childhood and thus do not need to learn new game rules or
to adapt to digital environment.

Keywords: Serious games + Cognitive assessment * Evaluation
Board game * Ludo

1 Introduction

In many countries around the world the relative number of people aged 65 or older is
increasing [1, 2]. As a consequence, the capacities for elderly care are predicted to get
sparser. The European Union is trying to dampen the effects of such shortcomings by
investing in research fields, such as Ambient Assisted Living (AAL) and Serious
Games for Health [3, 4]. When Clark Abt first coined the term of Serious Games
(SG) in 1970, he described it as a game that is “not intended to be played primarily for
amusement.” [5]. Overviews of the research field of SG by Susi et al. [6] and Djaouti
et al. [7] show the diversity of use cases, ranging from the American military to
educational classrooms and from role-play to video games. In the subfield of Health-
care Games a similar diversity can be found, ranging from exercise games to train the
physical condition, to ones that focus on the mental abilities [8]. Michael and Chen
indicate that Serious Games are a combination of learning and assessment [8].
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Moreover, Bellotti et al. highlight that in-game assessment provides the opportunity to
take advantage of the medium itself and employ alternative, less intrusive and less
obvious forms of assessment [9]. Yet, it may provide more detailed and reliable
information about the test subject [10]. Shute further mentions the benefits of stealth
assessment, an assessment method which is seemingly woven into the game and
unobtrusive to the player, which might prove beneficial in the case of elderly [11].

But there are two inherent problems with regards to using SG in elderly care.
Firstly, much of the research focus on SG is based on digital games, using computers or
tablets as input method [12]. As a result, it requires the elderly to learn technology. This
creates a barrier of entrance and leads to the fact that digital SG often assesses in the
first place the ability of the elderly to learn new games rules, a new game environment,
and how to use a new technology [13, 14] — not necessarily what should be assessed
from a caregivers point of view: the ability to remember rules and their strategic
abilities. In contrast, many digital SG are meant to teach a certain new objective, and
are therefore designed from scratch with these objectives in mind. In elderly care this
might overburden the elderly, cause disinterest, and distract the elderly from the
assessment objective of the game [14].

To overcome these barriers we propose to study cognitive abilities (1) using a board
game that is well-known to elderly from their childhood (2) not in a digital but in its
physical form. As a result, elderly do not have to learn new rules or get acquainted with
a new technology. Since the game is used in its physical form, elderly can play the way
they are used to since their childhood by moving physical pawns on the physical game
board. After careful consultations with elderly, caregivers, and experts from social care,
together we decided to evaluate the game ‘Ludo’ which is very popular in Germany
under the name “Mensch drgere dich nicht” and in the Netherlands under the name
“Mens erger je niet”. There are only a couple of scientific publications concerning the
game, Ludo. The first one uses Ludo as an exemplary game to present the ease of use of
some GUI framework [15]. The second publication presents solutions to the AGTIVE
2007 Tool Contest, which required the participants to create and implement a deter-
ministic version of the game [16, 17]. Cujzek and Vranic studied the use of a com-
puterized version of Ludo as a training device for cognitive abilities of elderly [18]. To
the best of our knowledge we are the first to study the application of Ludo as an
assessment for cognitive abilities.

The study documented in this paper serves two purposes: (1) We explore the
required effort to turn the physical board game into an assessment device allowing for
continuous and automated assessments. Although digital game devices for serious
games pose a barrier for elderly, they come with much comfort for the experimenters
since the entire game state can be continuously documented in an automated way with
little effort. Using a physical version of the game, we first have to digitize the entire
game state, before we can hope to automate the assessment process. (2) We evaluate
whether the game Ludo can be used to assess cognitive abilities of players. This
question becomes important since the game uses dice to determine the possible moves
of a player and thus incorporates a strong element of luck. We explore three key
features of game playing:
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e To evaluate if the game still can be influenced by the strategic abilities of the
players we compare the distribution of the number of moves of human players with
the distribution of a gameplay generated by a computer program that plays
according to the rule but chooses randomly whenever confronted with a strategic
choice.

e To evaluate if players simply follow a strict game policy or if they vary their
approach, we evaluate if players familiar with the game of Ludo always choose to
kick their opponents’ pawn whenever possible.

e Furthermore, we evaluate if players that are expected to possess full cognitive
capabilities play the game without making any mistakes with regard to the game
rules.

In this paper we present test results from participants with an age in the range of 20
to 28. We explicitly chose to test first with healthy young subjects that are expected to
have full cognitive capabilities to reduce the effect of cognitive capabilities on the
initial test results and because for ethical reasons we found it important to test only with
elderly when the setup is confirmed to work effectively.

2 Methods

2.1 Game Rules of Ludo and Experimental Setup

Figure 1(a) illustrates the board layout. The different shapes in Fig. 1(b) indicate the
types of fields. We use a simplified version of the game for elderly where each player
plays with 2 pawns (instead of 4 as it is typically the case) of one color (red, green, blue
or yellow). The players take turns rolling a die and moving the own pawns by the count
of the die. At the beginning, all pawns are placed in their corresponding home fields.
The goal of the game is to move all pawns to their target fields of the same color. When
a six is rolled, the player has the obligation to place one of its pawns from the home on
the start field. On the next die roll this pawn has to be moved along the path of
intermediate fields in clockwise direction according to the count shown by the die. An
exception is the case, where a six is rolled but the start field is still occupied by a
player’s own pawn. When this happens, the pawn occupying the start field is moved by
the die count. Every field can only be occupied by one pawn at a time. If a player’s
pawn moves onto a field being occupied by an opponent’s pawn, the opponent’s pawn
has to return to its home field forcing the opponent to start over. Once a pawn has
circled the entire board, it can enter the target fields, where it is safe.

The physical board of length 50 cm was placed under a stand (see Fig. 1(c)).
A webcam was mounted to the stand at a height of 70 cm, filming the board from the
bird’s-eye perspective. For the experiments a Logitech C525 webcam was used with a
resolution of 720p (1280px x 720px) and the RGB color profile. The video was
recorded with 30 frames per second (FPS). However, the algorithm, described in the
following used only 3 FPS, which ensured a stable frame rate for online processing of
the game state.
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Fig. 1. (a) shows the final layout of the board used for experiments. The different shapes in
(b) indicate the types of fields. Triangles: home fields, stars: target fields, squares start fields.
(c) Experimental Setup. (Color figure online)

2.2 Digitization of Board Game

The analysis of the game state was performed through computer vision for autonomous
detection of the physical game board, its game fields, and the placements of the pawns.
Our approach was chosen to enable an assessment tool that could run autonomously
and continuously in the background without affecting the players in their natural game
play. The detection algorithm was implemented using Python 2.7 and the wrapper for
the OpenCV library. The algorithm was designed to be sufficiently light-weight to run
online on a standard computer so that we would be able in the future to provide
feedback to users during the game. All images were recorded in form of a video file for
careful offline analysis.

Our software continuously detects the black boundary of the physical game board
by using the Canny edge detection algorithm [19]. From the binary image with detected
edges, the largest contour is found using an algorithm first described by Suzuki [20].
The contour’s area is then compared to the area of the largest four-sided approximation.
If the areas do not differ by more than 2%, the four-sided approximation is used for a
perspective transformation to square the edges and cut the image, such that only the
board remains. Comparing the contour against a four-sided approximation is done to
ensure that no hand is possibly obstructing the image of the board, in which case the
contour would have more corners. Circles in the board representing the game fields are
detected in the image using the 2-1 Hough Transform [21, 22]. Detected circles are
matched up with the closest circles in the theoretical model of Fig. 1(a). A perspective
transformation is applied using the homograph from a least squares fit. The fit is
computed between detected circles and the expected circles from the model, if more
than two circles are detected.

Before a game starts we run a calibration procedure to detect the correct RGB
values of all pawns. It was decided to use the RGB color space rather than a more
common color detection alternative such as HSV, since the red and yellow pawns used
during the experiments had relatively similar hue values and a small change in the
lighting situation would cause false detections. We could have used more distinctive
colors that are easier to detect. However, after consultations with caregivers and elderly
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we decided to stay with the colors that are well-known and do not represent a dis-
traction to the elderly.

Once calibrated during game play, game fields being occupied by pawns are
automatically detected by finding those circles that are filled with non-white color. This
is accomplished by using a threshold that discriminates white empty fields from fields
that have other color. To avoid being influenced by the border of the circle, the
algorithm only checks the largest square fitting inside the circular field, (see Fig. 2).
Furthermore, the algorithm checks whether the number of non-white circles is equal to
the total number of pawns. If this is not the case, it is assumed that the board is in an
intermediate state where pawns were moved.

(2) (b) ()

Fig. 2. (a) shows a detected circle, (b) shows the largest square inside the circle used for
occupancy detection and (c) shows the circles split in small patches used for color detection.
(Color figure online)

For the circles that are detected as non-white, the color is determined (Fig. 2). For
this, a majority voting scheme, as described by Molla and Lepetit [23], is deployed.
The smallest square encompassing the circle is, therefore, split in 196 patches. Each of
the non-white patches determines its color by computing the smallest Euclidean dis-
tance to the calibrated colors. Afterwards, the color with the most votes is determined
to be the color of the pawn on the field. By using this majority vote system, it is ensured
that the color of the pawn is more important than the color of the field. If a red pawn is
placed on a field with a green circle, this system will be able to detect the red pawn
since it has considerably more votes.

2.3 Data Collection and User Study

We collected data of 15 participants playing in total 12 games in 4 rounds. Testing
larger numbers of participants would have been logistically challenging since as part of
the validation process of the digitalization approach we had to examine each game play
situation by comparing the results from the automated digitalization with the obser-
vations that could be derived by a human from the taken video material. This required
watching, pausing, and replaying all games of all participants several times and led to
several days of work even with only 15 participants. The final digitalization technique
simplifies the assessments but its verification that is presented here is very work
intensive. One participant (ID = 1 and 16) participated twice. In each game 4 players
participated at the same time. Each player played the game three times consecutively
always against the same opponents in order to allow the players to adapt to the rules, to
reduce the element of chance, and to be able to observe some trends in play behavior.
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After playing three times, the players were asked to fill in a questionnaire, reflecting on
their game play abilities and emotions. Our questionnaire was developed by adopting
questionnaires for assessing technology acceptance of elderly [24, 25] and assesses
emotions including stress, comfort, confidence, and excitement on a 5-level Likert
scale.

All participants were enrolled students at Maastricht University in the age range of
20 to 28. Only two participants indicated that they had never played the game before.
We recorded six female and nine male participants. From the recordings we stored
(1) the position of all pawns on the board before a move, (2) the ID of the current
player who was in turn to move, (3) the time between the last player finished a move
and when the current player rolled the die, (4) the die count, and (5) the position of all
pawns after the move of the current player. Invalid moves by players were not pre-
vented during game play but accepted and manually checked against the video file to
confirm them.

3 Results on Robustness of Game Board and Game State
Detection

We first tested if an automation of the game board detection could be done reliably
under real game situations to understand if testing elderly in the future could be reliably
automated with the current setup. For each of the four experimental rounds with
participants, the first game was used as a reference for testing the robustness of the
board detection with varying lightning conditions. The first experimental round was
indirectly lit with large windows on two sides of the board. The second and third
rounds were in the same environment with a fluorescent light tube at the ceiling and a
small window on one side of the board. However, during the third round there was no
light coming through the window. Both rounds with fluorescent light show flickering in
the video. The last setup was lit indirectly through two windows from one side of the
board. During the test games, each frame from the video input was classified as either
“board detected” if the contours of the board have been successfully detected or “board
not detected” purely based on the detected contours of the game board. Each automatic
classification was checked manually for validity and then counted, which resulted in
the false positive and false negative rate shown in Table 1.

Table 1 show that round 3 has the lowest false negative rate and round 1 the lowest
false positive rate. Furthermore, it shows that the last round has the highest false
negative and false positive rate.

We found that once the board contour is detected, finding the circles of the game
field is done with a success rate of at least 96%. Despite the fact that the board contour
detection shows the aforementioned error rates, misdetections of an overall game state
occurred only twice during all experiments when players covered the board with their
hands during the entire change of game state.
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Table 1. Detection of the board in different scenarios.

Round 1 2 3 4

Scenario 2 windows 1 window & Fluorescent 2 windows
(2 sides) fluorescent tube tube only (1 side)

Total # frames 3330 3401 2699 4581

Total # negative 1451 686 489 1802

(no board)

False negative rate 32.80% 9.77% 5.52% 47.84%

Total # positive 1879 2715 2210 2779

(board found)

False positive rate 7.24% 8.62% 24.93% 25.84%

4 Results on Ludo as an Assessment Tool for Cognitive
Capabilities

In the following we evaluate how much influence players can have on the game of
Ludo and if the game is suited as an assessment tool for cognitive abilities.

4.1 Effect by Reduction of Pawns

Based on the advice of caregivers and elderly we had reduced the number of pawns per
player from 4 to 2. This was done to reduce the time of a single game and thus the time
elderly players have to concentrate continuously. To quantify the effect of the reduction
of pawns, 20000 simulations with random strategies were executed. The simulations
ran for the original version, as well as the reduced version with 10000 iterations. The
results were compared with regards to the average number of moves per player, as well
as the percentage of moves in which the player had more than one choice. The reduced
version has a decrease by more than 300% to a mean of 48.3 (for 2 pawns) from 207.5
(4 pawns) average moves per player per game. Furthermore, the percentage of choices
has reduced to a mean of 39.0% (2 pawns) from 65.1% (4 pawns). This shows that
despite the fact that the movement possibilities are partially controlled through a die, a
player is still confronted with choices for which of the own pawns should be moved.

4.2 Do Human Players Play Randomly?

During games with human players we found that in the 2-pawn version players on
average had to make 42.56 moves with a standard deviation of 5.96 (minimum number
of moves: 31, maximum number of moves: 54). Figure 3 shows a comparison of the
distribution of the number of moves gained from the human players, against those
retrieved from a computer simulation using a random strategy. The Anderson-Darling
test clearly rejects the null-hypothesis of an equal distribution (p < 0:01) indicating that
human players do not play randomly but might follow a strategy.
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Fig. 3. Histogram comparing the distributions of the number of moves per player per game in
the experiments from human players vs the simulation making purely random decisions.

4.3 Rule Conformity

Next we checked the participants’ conformity to the game rules. Figure 4 shows those
results, where each color represents the participant’s ID and the different shapes
highlight which game iteration the measurement originates from. Figure 4 shows an
approximately equal distribution between participants that did not make any mistakes
and those that made at least one mistake. This result rejects the hypothesis that healthy
young participants would play the game without making any mistakes. Furthermore, all
participants of the second experimental round, participants 5 to 8, have made mistakes
in two or more games. However, there is no consistent trend over all participants of this
experimental round: one can see a consistent improvement in the game of participant 7,
while participant 8 has decreasing rule conformity.
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Fig. 4. The plot shows each participant’s percentage of valid moves for the three consecutively
played games. A rule conformity rate of 100% means that a participant always followed the rules.
The data points were colored to better discriminate between participants.

4.4 Strategies

A main strategic decision offered to a player in Ludo is to either move a pawn to the
safe target location as quickly as possible or to keep the available pawns close to each
other in order to improve the chance of kicking opponents’ pawns. Figure 5(a) shows
that there is variance between the different participant’s strategies, with individuals at
either extreme of the scale. However, from the presented data a comparison of the
consistency of a particular player’s strategy is not possible without obtaining
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substantially more data since during the recordings several participants had too few
active choices: different participants encountered a large variance of choices to decide
on this strategy, ranging from O to 22 per participant and game.
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Fig. 5. (a) Bar diagram for each participant showing how often they decided to keep their pawns
close to each other, when they had the opportunity. (b) Bar diagram for each participant showing
how often they decided to kick an opponent out, when they had the choice. No data is available
for participant 4.

One of the key elements of Ludo is to kick opponents’ pawns out to force them to
start over again from their home, causing the opponent to reset some of his/her pro-
gress. Figure 5(b) shows the percentage in which the participants decided to kick out
one of their opponents whenever they had the opportunity to do so. It is clearly visible
that twelve out of 16 participants decided to always kick. As far as the four participants
who did not always kick are concerned, we found that all players have reached their
lowest percentage in the third game. Moreover, three-quarters of the participants that
did not always kick were members of the first experimental round, hinting towards a
possible common reason.

4.5 Effect of Confidence and Emotions

Figure 6(a) shows the relationship of the mean total time per move per participant and
the excitement, as assessed by the questionnaire. Firstly, it shows that there was a wide
variance of excitement levels (min = 2, max = 5, standard deviation = 0.95) across the
participants. The second experimental round had the highest diversity. Experimental
round 4 contains an outlier, with an excitement level of 2, indicating little excitement,
and a mean total time of more than 14 s. Apart from this outlier, a positive trend was
detected, suggesting an increase in needed time with increasing excitement. However,
testing the slope of a linear regression against O does not prove significant at the 5%
level.

The relationship between a participant’s conformity to the rules and the reflected
confidence is displayed in Fig. 6(b). Rather than showing a lower confidence for those
participants with a less accurate gameplay, Fig. 6(b) shows no trend. There are two
outliers with high confidence and a low conformity. Furthermore, the plot shows that
participants of the same experiment have similar confidence levels. The only exception
is one member of Experiment 3 who indicates a confidence level of 5 rather than 3.
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Fig. 6. (a) The average time needed per move with regards to the excitement level of each
participant. The color discriminates between the experimental round the player participated in.
(b) Relationship between confidence, where a higher number indicates a higher confidence level,
and the percentage of valid moves over all games of a certain participant. Colors highlight the
experimental round the participant joined.

Data indicates that this trend and clustering do not translate to other emotions, such as
excitement.

5 Discussion

5.1 Robustness of Game State Detection

A robust detection of the game states is an essential precondition for using the physical
version of the game for automated continuous assessments. When purely looking at the
detection of the game board from its contours, the data from Sect. 3 indicates an
expected strong dependency of the false and true negative detection rates on the light
conditions. A high false negative rate is especially problematic since it could prevent
the detection of a new game state. Game board and state detection is further prob-
lematic since human players can partially occlude the board with their hands when
moving pawns. However, despite the fact that the game board contour detection by
itself turned out to be problematic under challenging light conditions, the overall
algorithm proved to provide satisfying results: Misdetections of a game state occurred
only twice during all experiments when players covered the board with their hands
during the entire change of game state. We believe that the robustness of the game state
recognition comes from three features: (1) We can compare the digitized game with its
known structure; (2) The detection of pawns based on their color is very robust after
calibration if light conditions are not changed drastically during the game; (3) Most
importantly, human players play at a relatively low speed that allows taking and
analyzing many images in between game state changes. We found that players on
average use 7.3 s to change the game state with a standard deviation of 4.36. So even
for the scenario with the most challenging light conditions (Table 1) where no board
contours have been detected in 43.5% of the images taken from the game board, given
a frame rate of 3 frames per second, for each game move on average 21.9 images have
been taken and the board contour has been detected and could be automatically ana-
lyzed about 14 times per change of game state.
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5.2 Ludo as Assessment for Cognitive Abilities

The results of Sect. 4 show that human players indeed apply some strategies and do not
make random moves (Fig. 3). Figure 5(b) indicates that players familiar with the game
decide to always kick out opponents. Yet, some players did not always apply the
kicking strategy. This could be caused by less awareness of the rules and game-flow.
Furthermore, it could also be assumed that players who do not always kick have a
tendency to become more “aggressive” over the course of the three experiments. The
decrease in “aggressiveness” in the last game of participants 1 to 3, who were all
members of the first experimental round, indicates a possible agreement in kicking
strategy. During the game the experimenter observed that players lost interest in the
game and stopped kicking opponents to force the game to be shorter. In particular, the
closeness strategy of a player’s pawns did show a lot of variation between participants
(see Fig. 5(a)). However, the large variance of scenarios in which players had to act on
this strategy did cause this study to not be able to determine clear strategies for
participants with regards to their decision of keeping pawns close to each other on the
field. The significance of the results of this strategy might be increased by playing more
games per participant or using more pawns per player in the future.

Interestingly, our assumption of participants with lower confidence making more
mistakes was not supported (see Fig. 6(b)). Rather, Fig. 6(b) shows a clustering of
confidence between the different experimental groups. Whether this clustering was
caused by grouping similar players or assimilation within the group is unknown. Yet, it
might have influences on the performance and is worthwhile investigating further. In
addition, it is worth mentioning that manually logging the die roll, which required the
players to state the number of their roll, might have caused an increased awareness for
an opponent’s move. Future research should explore these open issues.

In any case our experiments indicate that even young healthy participants make
mistakes during the game (see Fig. 4) — despite the relatively simple game rules. Since
there seems to be no correlation between making mistakes and self-reflection on
confidence in the game rules as being assessed by the questionnaire (Fig. 6(b)), human
players seem not aware of their mistakes in applying game rules. Following our results
and after discussions with experts from social care we decided to use rule conformity as
key indicator of cognitive abilities for further studies with elderly.

6 Conclusion

In this paper we study if the board game Ludo can be transformed into a tool for
continuous automated assessment of cognitive abilities by recording and analyzing
movements and positions of pawns on the physical game board. To the best of our
knowledge we are the first to study the application of Ludo as assessment for cognitive
abilities. We presented a computer vision algorithm to transform a video recording of
the game into a digital representation resulting in only two game state detection errors
in 12 games. Overall, the results presented in this paper show that Ludo in its physical
form is suitable for assessing automatically and continuously cognitive abilities
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including reaction times, rule conformity, and strategic game decision of players and
they encourage a study with the demographic target group.
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Abstract. MOBILITY is a digital simulation game about traffic system plan-
ning, which has been designed as a serious game with the purpose of education
and awareness raising. Since the year 2000 it has been used more than a million
times in both educational and entertainment contexts. The production of digital
serious games, such as MOBILITY, requires a lot of effort. Therefore, serious
games are valuable investments that are expected to be of high benefit during
their technical lifetime. Much has been written about the effectiveness of the use
of serious games and efficiency of game production, however later phases of
serious games’ lifecycles are comparatively unknown. Based on a lifecycle
description of MOBILITY, a categorization of lifetime-determining factors
called game aging is developed. The categorization is intended to serve as
methodological framework to guide lifecycle management of serious games,
such as assessing the status of a serious game regarding the categories of game
aging. Game aging distinguishes three categories: technology, domain knowl-
edge and user experience. For each of these categories the specific character-
istics of MOBILITY are described and discussed. Regarding methodology, the
evaluations are based on expert interviews, questionnaires and guided inter-
views. In summary, after two decades of application MOBILITY is still an
effective educational tool for traffic system planning, although each of the
examined categories shows signs of game aging. Further research is needed to
systematize the framework of game aging.

Keywords: Game aging - Software lifecycle - Serious game
Technical lifetime

1 Introduction

The production of attractive and effective serious games requires a lot of effort.
Therefore, there is an interest in being able to use serious games as long as possible.
Conversely, a long technical lifetime, along with a high number of users and a high
impact, is one of the reasons that can justify large development budgets required for the
production of attractive and effective serious games. However, the field of interactive
media as a subfield of information technology is very fast-moving. This characteristic is
diametrically opposed to long technical lifetimes.
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The simulation game MOBILITY can be considered an example of an attractive
and effective serious game. It was released in 2000 and has been used more than a
million times since then, e.g., it has been successfully used in university courses on
traffic system planning. At the same time, it is known from previous work that the
simulation game SimCity IV has also been used as an effective serious game for many
years. By now, a lot of effort is necessary to provide executable instances of
SimCity IV for teaching [1]. The question arises as to how long the technical lifetime of
serious games is. Therefore, the determining factors of the technical lifetime of a
serious game are also to be investigated.

Profound work on the preservation of computer games, i.e. the possibility to pre-
serve computer games as cultural artifacts for posterity, can be found in the literature,
e.g., [2, 3]. In contrast, this paper is not concerned with the problem of making
computer games available at all, but rather with problems that arise when games are run
in their original application contexts with special regard to affordable effort. It appears
that technical lifetime and the later phases of the lifecycle of serious games and factors
determining the technical lifetime are not current research topics. Therefore, an initial
categorization of factors limiting the technical lifetime of serious games, named game
aging, is developed and discussed in this paper using the example of MOBILITY.

The paper is structured as follows: the next section presents MOBILITY, the design
of the study and results related to the didactical context. The categories of game aging
are then introduced and discussed using the MOBILITY example. Section 4 discusses
the results, followed by a summary and conclusions in Sect. 5.

2 MOBILITY

2.1 Lifecycle

This section describes the lifecycle of MOBILITY [4], a simulation game about traffic
system planning, as it has proceeded so far. Although the lifecycle is individual, it
contains typical characteristics common to other serious games.

Funding and Development. MOBILITY has been developed within a research pro-
ject funded by the German Federal Ministry of Education and Research (BMBF) [5]. It
was released in the year 2000. MOBILITY is based on a monolithic simulation model
consisting of 116 variables and 160 causal relations between variables. The develop-
ment of the simulation model was based on scientifically proven findings. From a
technical point of view, MOBILITY is written in C++, without the use of any game
engine or other framework. The software company Glamus GmbH was in charge of the
development. MOBILITY runs on Microsoft Windows personal computers (PC).

Internationalization. Mobility is available in German and English. Later, Italian was
added.

Distribution. At first, 70,000 data carriers with MOBILITY were sold at cost price.
Afterwards MOBILITY was distributed via download. Currently, MOBILITY is still
available on its homepage [4]. Altogether, the number of short or longtime players is
estimated with more than 1 million.
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Reception. Mobility has received mostly very positive reviews and has been awarded
multiple times. A positive reception in the review of a relevant German computer
magazine spurred its proliferation [6]. MOBILITY has been played as an entertainment
game without any educational purpose and has been compared to the genre-shaping
simulation game SimCity [7]. Thus, in terms of gaming enjoyment MOBILITY was
able to compete with SimCity.

Further Development and Maintenance. Shortly after the game’s initial release, the
necessity to establish a maintenance process became obvious. Shareware fees finance
the maintenance process. The functionality of MOBILITY has not been extended since
its initial release. However, in 2007 a specific educational package for primary and
secondary schools was released based on MOBILITY. It contained localized gaming
scenarios (e.g. featuring the German cities of Hanover and Weimar) and supplementary
educational resources [8]. An Italian language version was added and MOBILITY was
ported to Linux.

Some of the presented characteristics can be considered typical for serious games.
Like most serious games, MOBILITY was developed backed by public funding. It is
distributed as shareware, which seems to be the currently common business model for
serious games. Although a software company manages the distribution of MOBILITY
this business model is not sustainable as it does not allow the development of a
successor game. At least the maintenance of the game is ensured, which does not seem
to be common for serious games. Furthermore, another uncommon serious game
feature is the high level of gaming enjoyment that MOBILITY achieves. Altogether,
MOBILITY can be seen as a comparatively successful serious game. However, con-
sidering the advancing age of MOBILITY and the resulting limitations, the question
arises as to at what point of time in its lifecycle MOBILITY will stop working in its
application contexts. Thus, in Sect. 3 various aspects of the advancing aging process
are analyzed. The analyses are based on a study that is described in the next section.

2.2 Study Design

MOBILITY has been used for more than 10 years in the Transport Systems Theory
course of the Bachelor’s programme in Environmental Engineering. Transport Systems
Theory is concerned with the planning of infrastructure for individual transport, such as
streets, and public transport systems, such as bus routes, in urban contexts. In the
didactical scenario, students are given a MOBILITY scenario of a city with a dys-
functional public transport system. The task is to analyze the scenario, to collect key
performance indicators and to design a public transport system that solves the traffic-
related problems of the city. Finally, each student has to submit their resulting
MOBILITY scenario including documentation about the solution strategy and achieved
values of key performance indicators. The students are prepared in lecture by dis-
cussing information about typical problems and appropriate measures (briefing).

The study was carried out as a pilot study on the appropriateness and reception of
the chosen design for the didactical scenario. A further research question was con-
cerned with the determination of possible effects attributable to the advanced age of the
game software. Table 1 describes the measurements applied in this study. Participation
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in the questionnaires decreased from questionnaire to questionnaire due to course
dropouts and decreasing willingness to participate after completion of the task. The
guided interviews were conducted only with students who were available for an
interview upon e-mail request.

Table 1. Description of the study’s measurements

Measurement Description N=...

Questionnaire 1 » Expectancy — value model [9] to assess the general 9
motivation of the students

* Pretest to assess the current knowledge before using
MOBILITY

Questionnaire 2 | * EGameFlow [10] to assess the gaming enjoyment directly 6

after playing MOBILITY

Questionnaire 3 | » Delayed posttest to assess the current knowledge after using |4

MOBILITY
« Students’ personal estimation of the didactical scenario and its
effects
Guided * Interview with students especially about aspects of game 5
interviews aging
Expert * Interview with the lecturer about the didactical scenario and |1
interview MOBILITY

2.3 Evaluation of the Didactical Scenario

The evaluation of the didactical scenario was one of the research questions of the study.
In the following, the results are presented according to each measurement method.

Guided Interviews. In the conducted guided interviews, participants assessed the
overall study task as interesting and motivating in comparison to other study tasks of
the course and of the study programme. In particular, however, the relatively short
working time required for the study task was highlighted as positive by the majority of
participants. Only two participants mentioned gaming experience as motivating. The
good introduction to the study task (briefing) was also repeatedly reported as positive in
the conducted interviews. The thorough briefing included short training periods that
helped participants become accustomed to MOBILITY. Together with the required
simulation time of approximately two hours, the average time required to complete the
study task was three hours. Interviewees noted critically that the relation between
measures and results had to be observed, as is usual for games, instead of being stated
explicitly, as in books. Observations, however, take time. Yet, all interviewees were
able to remember experiences of learning, e.g., the surprising ineffectiveness of the
suburban railway or the necessity to assign the required number of buses to each bus
line. This can be seen as an indication of successful learning processes.

Further potential for improvement resulted from the report of one interviewee who
stated that due to her strategy game experience she had taken the necessary measures
during the first 15 min of the gaming time. Thereafter, she assured herself that the game
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scenario was also economically balanced and then she left MOBILITY to itself for the
rest of the necessary simulation time. In the end, the results required for the study task
were achieved and only had to be briefly documented.

Questionnaires. Although questionnaire items identified a high level of social inter-
action, the didactical scenario could possibly be improved in this regard. The task can
be done individually, which does not lead to social interactions that are considered
important for learning processes (e.g. [11]).

Pre- and Posttest. Pre- and posttest consisted of five multiple choice questions con-
sisting of a total of 33 options. While the pretest was completed with an average of
60% of correct answers, participants reached an average of 71% in the posttest. The
increase of correctness has to be rated as a positive result. However, it is not repre-
sentative due to the low sample size and the decreased number of participants in the
posttest.

Possible Further Developments of the Didactical Scenario. Identified weaknesses of
the didactical scenario were the fact that the students played alone, the difficulties in
observing cause-effect relationships, and the possibility of being able to reduce the time
spent working on the study task and thus to reduce the possible learning time. In order
to remedy this situation, it is recommended that the tasks are solved in groups, that
players are asked to produce specific extreme effects in MOBILITY, and that a scenario
is provided that requires continuous control. In comparison to other tasks of the study
programme, the MOBILITY study task could be extended in terms of working time to
provide further learning opportunities.

3 Game Aging

The phenomenon of software aging has been described by Parnas [12]. He refers to
software aging as a phenomenon similar to human aging: “Old software has begun to
cripple its once-proud owners; many products are now viewed as a burden-some
legacy from the past. A steadily increasing amount of effort is going into the support of
these older products.” He identifies mainly two types of causes for software aging. The
first type, the external cause, refers to changing requirements for the software, which
are not met by respective changes of the software. Thus, the software may become
unusable from the user’s point of view. The second type of cause, the internal cause, is
connected to the internal structure of the software: inherently to the maintenance
process, it becomes more and more difficult to apply changes to the software. At a
certain point in the lifecycle, the software may become unmaintainable from the
developer’s point of view. This can also make the software unusable, as required
changes do not become effective. As the impact of software increases in daily life,
measures to slow down or limit the impact of software aging become increasingly
important. Parnas focuses on the developer’s point of view and thus on the internal
causes in the description of possible measures and answers the question of how to
sustain the maintainability of software.
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Digital games are a specialized kind of software. Therefore, they are also subject to
the phenomenon of software aging. However, in the case of digital games — and
especially digital serious games — external causes of software aging can be considered
as having a greater impact. Externals causes of software aging can be seen mainly as
changing requirements that are not met by the software. In the case of digital games,
rising standards of computer graphics could be a reason for characterizing a game as
old. As digital games rely on aesthetics as one mechanism to elicit enjoyment in the
player, the requirement for impressive computer graphics is higher for computer games
than for general application software. Furthermore, in the context of a serious game,
changes in the domain knowledge to be conveyed by the serious game can make the
game obsolete. This requirement hardly exists for digital games serving solely enter-
tainment purposes. Both examples demonstrate that software aging may have further
aspects in the context of serious games. A previous work [1] identified more sys-
tematically three categories of external software aging (technology, domain knowledge
and user experience). As these categories are especially important for games, they are
subsumed under the term game aging. In the following sections, these categories are
described and illustrated using the study of MOBILITY.

3.1 Category: Technology

Description. Technical game aging occurs because of the changing environment of
hard- and software. For example, from time to time new types of game consoles are
released that outdate previous console types, e.g., in terms of performance. With regard
to PC games, such as MOBILITY, the release of the operating system is a crucial
requirement. For example, SimCity IV requires Microsoft Windows XP, which is
neither sold nor supported by the producer. Virtual machines solve the problem of
operating systems that are no longer available [1]. The field of videogame preservation
provides further strategies to keep digital games available as cultural artifacts [2, 3].
However, in the context of serious games, it is important that the employed preser-
vation strategy is not only feasible in terms of technology, but that the necessary effort
is affordable. Legal issues are another potential source of aging, e.g., expiration of
temporal licenses.

Study. The study, especially the guided interviews, revealed no severe technical
challenges. This result was to be expected, as each semester students had been able to
deliver solutions for the MOBILITY study task. Due to the ongoing maintenance by
the supplier of MOBILITY, the game software runs on current Microsoft Windows
systems. The only pitfall, mentioned by an interviewee, is the correct configuration of
the compatibility settings. License issues have not occurred, as there is a specific
agreement of permanent and unlimited educational use of MOBILITY.

3.2 Category: Domain Knowledge

Description. Many serious games, especially educational serious games, have to
convey domain knowledge, e.g. about water infrastructure [13] or infrastructure
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management [1]. In general, each game is based on a model. This model, however, may
be subject to changes over time. For example, a game encouraging physical exercises
relies on a model of the effects of physical exercises on the human body [14]. If the
underlying knowledge of effects of physical exercises changed due to further insights,
the game would become outdated. The divergence between reality and the imple-
mented model of the reality that happens over time is a common issue of serious games.

Study. Expert Interview. MOBILITY was designed twenty years ago. Although its
domain of traffic system planning can be regarded as comparatively stable, the expert
interview revealed changes in domain knowledge that are not yet implemented in
MOBILITY. The most important of these is the current increase in e-mobility.
MOBILITY does not contain any form of e-mobility, which is a major weakness when
teaching the knowledge of modern means of transport. In addition to the complete lack
of e-mobility means of transport, changes in the distribution of means of transport can
also be observed. For example, car sharing was not as popular twenty years ago as it is
nowadays. Unfortunately, MOBILITY cannot be adapted to this change of priorities.
Guided Interviews. The participants of the guided interviews acknowledged that
MOBILITY is consistent with reality to a high degree. Only one participant named
designated bikeways as a missing element in the game. Thus, most players do not
perceive MOBILITY as outdated regarding domain knowledge.

3.3 Category: User Experience

Description. Games should elicit gaming enjoyment. However, when the use of
games is mandatory playing becomes work to some extent [15] and the intrinsic
motivation arising from gaming enjoyment is reduced. Similarly, outdated user inter-
faces, such as game graphics, may further reduce gaming enjoyment. Aesthetics is an
essential part of gaming experiences. Thus, in general, user experience is considered to
be subject to the aging process.

Study. General Motivation. Gaming experiences might have been influenced by a low
motivation caused by the mandatory character of the game playing as part of the study
task. To determine the general motivation of students regarding the study task indi-
cators of motivation were measured using the expectancy value model of Wigfield and
Eccles [9]. The model measures motivation by means of the categories of interest,
usefulness and importance. Results (see Fig. 1) show that the interest in MOBILITY is
higher than perceived usefulness and importance. Two items of comparative data [16,
17] show an inverse relationship. Overall, the values of all of the three categories can
be rated as good, but they are consistently below the values of the comparative data.
Gaming Enjoyment. A key differentiator that distinguishes serious games from other
interactive media is gaming enjoyment. Thus, gaming enjoyment has been measured
using the EGameFlow questionnaire by Fu et al. [10] in a German translation provided
by Eckardt et al. [18]. The results show very typical game characteristics (see Fig. 2)
such as high immersion and high challenge. Although MOBILITY is a single-player
game, it reached higher values in the category of social interaction than the comparative
data [17, 18].
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Guided Interviews. The interviewed students assessed MOBILITY rather matter-of-
factly. Most praised the short average working time of only two hours, but did not
attribute much importance to the gaming enjoyment. Gaming enjoyment was severely
limited by the mandatory character of the game playing. However, interviewees
pointed out that they preferred the MOBILITY study task to other non-lecture tasks,
such as those provided in the course on Structural Mechanics. Some interviewees
criticized the simple game mechanics: compared to contemporary games, such as
Cities: Skylines [20], the game lacks appealing comments on player actions. Randomly
interspersed game events that make the game interesting and unpredictable and that
tease the player in phases of inactivity are missing as well. At this point, the game
mechanics, which contribute to the user experience, were identified as being aged. The
user interface was explicitly named as outdated due to its low-resolution graphics and
its partly aged interaction patterns, such as arrow navigation in a map. However, two
interviewees acknowledged the particular charm of the user interface and all but one
interviewee rated the user interface as easy and intuitive to use.

4 Discussion

MOBILITY can be regarded as a comparatively successful serious game. Based on a
sufficient development budget, an attractive game has been provided, that has also
reached a long lifetime. MOBILITY has benefited from an accompanying maintenance
process that could be financed via shareware fees, which are still generating revenues.
The native development in C++ was another advantage for the maintenance process.
As a result, the game did not depend on the lifecycle of game engines, which can be
discontinued or also be subject to aspects of software aging. Similar technical
dependencies would arise through the use of effort-reducing authoring environments,
such as StoryTec [21] or frameworks in general [22]. On the other hand, the game
retains its “retro charm” through graphics and interaction patterns, which can be
regarded as both motivating and demotivating. The monolithic simulation model of
MOBILITY has proved to be disadvantageous. The simulation model makes it very
difficult to integrate newer developments, such as e-mobility, into the game [23].
MOBILITY is an example for a serious game, which is still characterized by greater
technical detailedness than contemporary commercial urban planning games with
strengths in traffic system planning, such as in particular Cities: Skylines [20]. Another
reason for still using MOBILITY is certainly the effort required to create a didactic
scenario using a commercial urban planning game.

The findings of this study may be of limited applicability, as many serious games
are research-oriented prototypes without the intention of a long lifetime. There may be
further reasons not to aim at long lifetimes of serious games, such as volatile technical
areas covered by serious games. A major problem of serious game development is its
unsustainable financing. Often, serious games are developed in time-restricted projects
funded by public donors. Frequently, the maintenance phase is not financially backed,
which leads to games being discontinued [24]. Up to now, funding for serious games
has mostly been provided by public donors. However, if the investments can be spread
over such a long lifetime, it is at least more likely that other sources would also be able
to contribute to the financing of serious games. Admittedly, the study is not
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representative due to the small size of the sample and due to the limited period of time
covered by measurements. More experiences on complete lifecycles of serious games
including all stakeholders are required.

5 Summary and Conclusions

The development of serious games is a complex process that requires high investments.
The benefit gained from the investment increases with a longer lifetime of a serious
game. However, the lifetime of serious games has hardly been systematically resear-
ched to date. Therefore, in this paper the simulation game MOBILITY was presented as
an example of a serious game that has existed for almost two decades. Using the
example of MOBILITY, the concept of game aging has been introduced as a cate-
gorization of possible lifetime-limiting factors. The categories of technology, domain
knowledge and user experience are used. Indications of aging of MOBILITY were
found in all categories. The same study, however, revealed that MOBILITY is still
being used successfully as a valuable learning tool. The evaluation of the didactical
scenario also showed potential for improvement. The systematic analysis of causes of
game aging could support the creation of an evaluation scheme for assessing the aging
status of any serious game. In addition to the causes, systematic analyses of impacts
and consequences of game aging is to be done. Such analyses would allow determining
the remaining usability of a serious game and support lifecycle management of a
serious game. Further, the systematic analyses can be used as a basis to systematically
define constructive measures, such as policies and technical remedies, to extend the
lifetime of serious games. Moreover, research regarding the validity and completeness
of the proposed game aging categories is necessary.
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Abstract. Today’s children spend a lot of time playing digital games, but may
be less interested in their schoolwork, especially for subjects they find difficult
and are subsequently not willing to spend much time on it, such as mathematics.
Serious games can be an effective method to improve the motivation and
learning performance of children in math learning. However, current serious
games have limitations in classroom applicability. Augmented Reality provides
the opportunity for children to immediately visualize the assignment and can be
designed to create a fantasy environment that can engage children to delve
deeper into the subject. However, it is less well studied how children from
different cultures react to the game design of AR learning games. Therefore, in
this study, we have designed the base prototype of an AR game, called See Me
Roar, aiming to improve children’s learning experience. To investigate the effect
of our current base game on children’s learning motivation compared to the
effect of a more traditional paper exercise, two user studies were conducted, one
in China and one in an international school in the Netherlands. The results have
shown that compared to a traditional paper exercise, the AR game significantly
improved a number of motivational correlates, i.e. likability, enjoyment, the
desire to do the exercise in free time, recommendation to others, and in general
making math more fun. Both Chinese and international children prefer the game
over the paper exercise. Insights regarding Self-Determination theory for the
development of future versions of the game are subsequently discussed.

Keywords: Augmented reality - Serious game - Motivation - Mathematics
Cross-cultural

1 Introduction

1.1

Children nowadays are born in a world that shows the rapid growth of various mul-
timedia technologies, enjoying and spending more time playing digital games than their
previous generations [10]. Therefore, digital games with learning purposes, known as
serious games, have become an increasingly important educational method to keep
children motivated [10, 31]. Compared to traditional instructional material, such as
textbooks, serious games are hypothesized to have great advantages for children in
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terms of more motivation [5, 12, 32], greater learning achievements [5, 14, 29, 31],
providing engaging and entertaining experiences [3, 12, 32], and customization to
different learning abilities [14, 15]. Children express that they are more willing to spend
time learning with games, which have been part of their daily life since a young age
and are more enjoyable to engage with than traditional instruction [10].

Mathematics learning has been a primary concern in the educational system around
the world, as children frequently experience mathematics as a difficult subject during
their primary school years [28]. Learning motivation and interests are suggested to play
an important role in children’s mathematics performance at school [1], where low
feelings of competence and engagement for mathematics predict poorer mathematics
performance [1, 8]. What’s more, children have different abilities in learning mathe-
matics and need to prioritize their goals according to their abilities that best match their
personal needs [1]. Therefore, recently some serious games for mathematics learning
have emerged and reported to effectively enhance the motivation and enjoyment of
children in mathematics learning [17, 19, 30].

1.2 Augmented Reality Games for Learning

Although the above serious games were effective for motivating students in learning
and improving their learning performance, overall there is little evidence that serious
games are considered more motivating than traditional instruction [31]. Therefore,
more research needs to be done on how serious games should be designed to be
engaging. In addition, problems have been reported with successfully integrating
serious games in the classroom. The computers to play the game on are regularly
located in another room and games are not designed to fit into standard classroom
hours, leading to scheduling problems [27]. This physical separation also makes it
more difficult to integrate games with existing instructional materials such as textbooks
and blackboards, even though games are more stressful in reaching their learning goals
when they supplement existing instruction [31], and they are more likely to be adopted
by teachers when they blend into the curriculum [6]. Lastly, the tangibility, possession,
feeling of turning pages, and better information comprehension of the physical text-
book [11, 13, 33] are often preferred by students.

Augmented reality (AR) technology is able to combine the advantages of serious
games and physical objects, allowing children to interact with and explore virtual
objects on the top of real-world objects, completing tasks, learning concepts, and
practicing knowledge in both the real and virtual world [15]. To be more specific, AR
technology can improve the immersion of children in the learning content [24]. The
appearing of AR elements in the real world, such as 3D objects or animations, can put
children inside the magic circle and fostering an illusion of being inside the game
world, where they will concentrate and engage more at a constant level [24]. Secondly,
AR integrates both the sight of virtual objects and the feeling of physical objects, so
children can view the previously static images from different perspectives and interact
with the virtual content and physical objects more naturally and directly [2, 24]. In
addition, one important feature of AR is that it emphasizes the contextual relationships
between real and virtual objects [2], offerings meaningful and rich information to help
construct an elaborate network of learning content [24]. Last but not least, AR
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technology can facilitate collaborative learning among children, allowing them to
collaborate with classmates, receive support from teachers, and communicate with their
parents [7, 16].

1.3  Self-Determination Theory

Self-Determination Theory (SDT) explains why people are motivated to engage and
put effort in an activity for pleasure [18]. SDT has been applied to educational research
and can improve children’s interests in learning and their confidence in their own
abilities [18]. Due to the difficulty of mathematics and the higher effort demand
required from children, it requires a strong degree of motivation, positive attitudes, and
interest towards mathematics to achieve high performance [14]. It has been suggested
that the potential of games to satisfy basic psychologic needs for competence, auton-
omy, and relatedness can lead to increased enjoyment [18, 20, 23, 25], desire for future
play [18, 20, 23], recommendation to others [18, 20], and more positive ratings of the
game [18]. Therefore, we are designing a textbook-based AR learning game for pri-
mary school children, called See Me Roar [16], which aims to provide children a
motivating learning environment in doing mathematics exercises. Hypothesis 1 is
proposed:

H1: See Me Roar will improve children’s (a) enjoyment, (b) desire to do the
exercise in free time, (c) recommendation to others, (d) perceived fun of doing
math, (e) likability of the experience over a paper exercise.

2 Schoolwork in Different Cultural Background

Cultural issues are important and complex in the design of AR games for learning,
especially for mathematics schoolwork in primary school. Children often complain
about schoolwork taking away their time for more enjoyable activities [26]. The
learning environment is different between different cultures. In countries like China,
students get used to having a lot of homework after school. According to a report [4],
Chinese students from primary and secondary school spend three hours on average on
homework every day, which is three times as much time or even more compared with
their counterparts in other countries [4]. What’s more, mathematics is also considered
as the most difficult subject by students, with 71.9% stating that they spend the most of
time on mathematics homework [4]. The overwhelming homework can make students
feel frustrated and stressed, resulting in the negative attitudes towards homework as
well as the learning experience [4]. In addition, in the home environment in China,
parents are highly involved and controlling in children’s schoolwork. Parents are asked
by teachers to supervise their children in finishing their homework. According to the
same report [4], over 80% of the parents feel exhausted from the homework of their
children. While children from Western cultures spend fewer hours in school and devote
less time after school to academic activities compared to Chinese children [9].
Hypothesis 2 is proposed:
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H2: There are measurable differences in perceiving See Me Roar in (a) enjoyment,
(b) desire to do the exercise in free time, (c) recommendation to others, (d) per-
ceived fun of doing math, (e) likability of the experience over a paper exercise
between children in China and children in the Netherlands.

3 Concept Design of See Me Roar

Based on SDT, we are designing an AR game for primary school students called See
Me Roar. The current version of See Me Roar is the base game with basic functions,
aiming to provide children a motivating learning environment in doing their math
exercises. The game concepts were designed and developed together with two Dutch
primary school students.

In the beginning of the gameplay, children are told that there are animals in their
textbook waiting for their help to solve math problems. Then, children start to scan the
textbook and find animals. When the animal shows up (Fig. 1 up-left), children can
interact with the animal by touch-input, leading to a number of different actions, such
as lying down, jumping, or flying. Children can control animals to move around (round
button in Fig. 1). A relationship bar with the animal shows up on the right corner of the
screen (See Fig. 1), starting from O point. Children have to find ways to build a
relationship with the animal. They can open their bag that contains some food for the
animals (Fig. 1 up-middle). For each food item there is a description of animal pref-
erences (Fig. 1 up-right). Children can feed the animals based on their own choice.
Once the relationship bar achieves 100 points, an exercise interface will appear and
children can write their answer to the displayed exercise (Fig. 1 down-left) (the
exercises match their learning progress in their textbook). Upon completion, children
will get immediate feedback showing right or wrong answered questions accompanied
by either a gift as reward from the animal (Fig. 1 down-middle), or an encouraging
message for them to keep on going (Fig. 1 down-right). Different animals carry
exercises with different difficulty levels based on the rarity of encountering them.

4 Method

4.1 Participants

Two user studies have been done, including 38 children in total from China and an
international school in the Netherlands.

China. 20 Chinese participants (10 Males and 10 Females; M = 8.2 years, SD = 0.62
years) were randomly selected from grade 3 of an average-level primary school. 3 out
of the participants reported having used AR before. The most popular games was
Minecraft, with 13 participants naming this as their most played game.

The Netherlands. In the Netherlands, 18 participants (10 Males and 8 Females;
M = 7.1 years, SD = 0.32 years) took part in the user study. They were students from
one class in grade 3 in the international school who can speak English in the
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Fig. 1. Screenshot of See Me Roar (up-left: animal shows up; up-middle: interact with animal;
up-right: description of food; down-left: exercise interface; down-middle: reward; down-right:
encouraging message).

Netherlands. Among them, 3 out of 18 participants claimed that they have experience
with AR technology before. Like the Chinese participants, 11 participants in the
Netherlands said that Minecraft was their most played game.

4.2 Apparatus

The mobile devices used in the study were Galaxy S8 with the Android operating
system. We used Unity 3D as the game engine to build the game, with the Vuforia
plugin for AR features. The current 3D models of the animals and food items were
purchased from the Unity Asset Store.

4.3 Procedure

China. With the help of the teachers, we randomly assigned the 20 participants into
two equal groups (Group A and B). We used a within-subject design for the study,
where each group experienced the AR game and the paper exercise in different orders:
group A played the game first and did the paper exercise, group B did the paper
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exercise first and then played the game. All participants individually performed 10
mathematics exercises each time with roughly the same difficulty level, on paper or AR
game and vice versa. The exercises were chosen and modified from the math textbook
of grade 3 by the teacher. The paper exercises contained the same animals and
assignments as the AR game, so that purely the interactive AR aspects were tested
instead of the fantasy narrative of anthropomorphic animals. Participants were told that
there was no time limit and they could finish the exercises at their own speed. After the
paper and the AR game, participants were asked to complete a questionnaire inde-
pendently. At the end of the study, participants were interviewed regarding their
preference between the paper exercise and the AR game.

The Netherlands. Due to time constraints, the 18 participants were randomly divided
into two groups in the study in the international school in the Netherlands (Group C
and D). Participants did the experiment in groups of 9. Same as the user study in China,
each group experienced the AR game and the paper exercise in different orders. The
paper exercises featured the same animals and exercises with roughly the same diffi-
culty level as the AR game. After both paper and the AR game, participants were asked
to complete the questionnaire. An extra PENS questionnaire [23] was filled in by
children after playing the AR game. In the end of the study, participants were inter-
viewed in group with questions regarding their preference between the paper and the
AR game, other possibilities in the game, other types of animals in the game, and the
difficulties of the exercise in the game.

4.4 Measurements

The experiment followed a within-subjects design with counter-balancing to avoid
carry-over effects. Enjoyment was measured adapting the Intrinsic Motivation Inven-
tory [22], assessing the participants’ enjoyment while experiencing the AR game and
the paper exercise. The questions for assessing the desire to do the exercise in free time
were adapted from [18, 22], including “Given the chance I would do this activity in my
free time”. The recommendation to others was assessed by “I would recommend this
experience to my friends” [18]. Self-made questions were developed to measure the
likability of the AR game and the paper exercise, and to what extent did the game or
paper exercise make math more fun, using the statement, “I like playing this game” or
“I like doing this exercise”, “This game makes math more fun” or “This exercise makes
math more fun”. The Smileyometer designed for children was used to elicit children’s
opinion on the AR game and the paper exercise, which is a 5-point Likert scale and
uses 5 smileys [21]. The answers of Smileyometer were re-coded to 1 (strongly dis-
agree) to 5 (strongly agree). The PENS questionnaire [23] was used for reflecting the
perceived autonomy, competence, and relatedness when playing the AR game. A 7-
point Likert scale was used (1 = strongly disagree, 7 = strongly agree). An open-ended
interview was conducted after finishing all the exercises and questionnaires, aiming to
collect more in-depth feedback and suggestions from children for the future develop-
ment of the AR game.
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5 Results

5.1 Mathematics Performance Test

A paired sample t-test was conducted to examine the final scores for the AR game and
the paper exercise in China. There was no significant difference in the scores of the
paper exercises (M = 8.40, SD = 1.603) and the game exercises (M = 8.25, SD =
1.585); t (19) = —0.429, p = 0.673. The result shows that the AR game does not have
negative influence on children’s performance in doing mathematics exercise.

In the Netherlands, participants performed the study in groups of 9. Therefore, we
were unable to record the scores of each participant in the AR game. Thus, we didn’t
compare the performance between the AR game and the paper exercise for the inter-
national students.

5.2 Motivation Test

China. When we compare the experience of the AR game with that of the paper
exercises, significant differences were found in their likability of the experience (AR
game: M = 4.6, SD = 0.598; paper: M = 4.1, SD = 0.788; t (19) = 3.249, p = 0.004),
desire to do it in free time (AR game: M = 4.45, SD = 0.686; paper: M = 3.6, SD =

1.142; t (19) = 3.101, p = 0.006), perceived fun of doing math (AR game: M = 4.55,
SD = 0.135; paper: M = 4.00 SD = 0.192; t (19) = 2.979, p = 0.008), recommenda-
tion of the experience to others (AR game: M = 4.55, SD = 0.686; paper: M = 4.1,
SD = 0.912; t (19) = 2.651, p = 0.016), and enjoyment (AR game: M = 4.51, SD =
0.798; paper: M = 4.03, SD = 0.593; t (19) = 4.174, p = 0.001).

The Netherlands. Whereas the children in China already evaluated the AR game very
positively, the international school children in the Netherlands rated it even higher,
leading to a strong negative skew and ceiling effect for many of the motivational
correlates of the AR game (likability: M = 5.0, SD = 0; desire to do the exercise in free
time: M =4.67, SD =0.97, skewness = —3.58; perceived fun of doing math:
M =478, SD = 0.94, skweness = —4.24; recommendation to others: M = 4.72,
SD = 0.96, skewness = —3.89; enjoyment: M = 4.71, SD = 0.51, skewness = —1.82).
Therefore, we decided to perform Wilcoxon signed rank tests.

The professed desire to continue playing the AR math exercises in the free time was
significantly higher than the desire to continue doing the paper exercises
(resp. M =4.67, SD =0.97 vs. M =4.18, SD = 1.33; Z = -2.03, p = 0.042). After
playing the AR game, the students were also more inclined to recommend it to others
than the paper exercises (resp. M =4.72, SD =0.96 vs. M =4.18, SD = 1.24;
Z = =241, p = 0.016). All other tests n.s.

The Interview Results. The interview results provided more positive and in-depth
feedback for playing See Me Roar. We first asked children about their preference
between See Me Roar and the paper exercise. In China, 18 out of 20 participants
reported that they preferred See Me Roar more than the paper exercise, as the typical
positive comments obtained by the participants reporting See Me Roar as more
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realistic, fun, and vivid. In the international school in the Netherlands, 17 participants
out of 18 said that they preferred See Me Roar more than the paper exercise, especially
the animated 3D animals were appreciated, as indicated by children that See Me Roar

CLINN3

was “more fun and cool to play”, “giving opportunities to learn while playing”, “of-
fering different options and multiple interesting stuffs to do”, “making it possible to see
3D animals which look real or are hardly to see in real life”, and “making learning
more fun”. Conversely, one Chinese participant expressed negative feeling on the
scanning of AR animals and another stated that she found no difference between the
AR game and the paper exercise. One participant from the international school in the

Netherlands complained about the difficulty to find out the AR animals in the game.

5.3 Cultural Differences

Regarding the likability of the experience, desire to do the exercise in free time,
perceived fun of doing math, recommendation to others, and enjoyment, there was only
one significant difference between the two cultures: the international children signifi-
cantly like the See Me Roar more than Chinese children (F (1, 35) = 9.108, p = 0.005).
See Fig. 2. There were also no interaction effects between culture and the likability of
the game compared with the paper.

Preference

M Game
W Paper

Estimated Marginal Means

International

CulturalBackground

Error bars: 95% CI

Fig. 2. Comparison on the likability of the experience of the AR game and the paper exercise
between the Chinese and the international children.

5.4 PENS Questionnaire

The result of the PENS questionnaire was considered as unreliable in this study since
most participants (15 out of 17) chose strongly agree for each statement using the 7-
point Likert scale, including negatively coded statements.

Although participants rated the game highly in the PENS questionnaire, the interview
results revealed deeper insights. When asked about other possibilities in the game, par-
ticipants expressed their different needs for the game story and game control, such as the
movement of the animals, reactions of the animals (such as sound), and let animals have
babies. They were also looking for more types of the animals in the game, including the sea
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creatures, ancient animals they have never seen before, wild animals, and fantasy animals
such as unicorns. Participants reported different preferences regarding the difficulties of
the math exercises, some expressed that they would like harder exercises in order to
practice their skills to learn better and faster, and to feel more challenging. Conversely,
some participants would like to start with easy exercises because they were not willing to
deal with tricky exercises. It was also observed that during the gameplay, participants
shared their screens and communicated with others a lot.

6 Discussion

6.1 Discussion of Results

From the result we can see, H1 is confirmed: that compared to the paper exercise, See
Me Roar increased the likability of the experience, enjoyment, desire to do the exer-
cises in their free time, recommendation to others, and perceived fun of doing math.
While children from the international school in the Netherlands only significantly
increased the desire to do the exercises in their free time and the recommendation of the
experience to others by performing See Me Roar than paper exercise. Regarding to H2,
no significant difference exists between Chinese children and the international children
in the Netherlands, except for the likability of the game and the paper, where inter-
national children significantly liked See Me Roar more than the Chinese children. No
significant difference was found in the number of items that were answered correctly
between the game and the paper exercises.

The interview results provided interesting feedback for the study. Children were
attracted by the AR animals and the rich interactions within the game. Feeding and
helping animals while doing mathematics helped to immerse themselves into the game
world and improved their learning process. Children also provided various ideas related
to other possible options for the AR game related to the psychological needs in SDT,
namely autonomy, competence, and relatedness. More types of animals, richer reac-
tions from the animals, and different controls of the game were all expected by the
children. In addition, the difficulty levels of the exercises were different based on
children’s own abilities and skills. During the gameplay, it was observed that children
tended to share their experience and help each other to play the game, while they also
compared with each other in getting rewards and with the finishing speed.

6.2 Limitation and Future Research

Limitations remain in this study. First of all, the study procedure was introduced by the
teacher in both China and the Netherlands, which might influence the choice of the
children. Secondly, due to the condition limitations in the Netherlands, the exercise
score was not recorded, and children were doing the study in groups, which could lead
to different results compared to the individual study in China. Thirdly, the Smiley-
ometer used in the study was designed for children aged from 10. Younger children
around 7 to 8 years old tended to choose the most positive score.
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What was especially noteworthy and came as a surprise to us, is just how much the
students liked the AR game. So much in fact that it makes us a bit incredulous as to the
veracity of the results. To our estimation, the game is barebones and lacks a lot of en-
gaging game mechanics and design features. It is not yet designed to really stimulate
competence, autonomy and relatedness, and the learning content is not well integrated
with the game mechanics. For all intents and purposes, it should score worse than many
other serious games which fail to be motivating [31]. It’s tempting to think the design
of AR animals walking over one’s textbook is indeed by itself incredibly motivating for
children of primary school age. However, it is also likely that this statistic is at least
partially influenced by both novelty and Hawthorne effects. Regarding the PENS
questionnaire, even though a literature search indicated that Likert-scales and the
Smileyometer were suitable for children, we noticed a large number of children rating
both positive and negatively worded statements with “fully agree”. This means that in
their enthusiasm or desire to please the experimenter they did not read all the questions
correctly. For the future, both quantitative and qualitative measures that tease out more
useful or constructive critical reflections should be devised.

This study is the first step in our research, proving the positive motivating effect of
the working prototype of the AR game for children from different cultures. Our future
work will focus on the design of more specific features in the AR game based on SDT
and game mechanics, developing different game features and measuring how these
game design decisions influence motivation with the game.

7 Conclusion

To conclude, the presented study suggests that See Me Roar significantly improves the
learning experience of children. The results of the study indicate that in general, See
Me Roar received very good evaluations for enjoyment, desire to do in free time,
perceived fun of doing math, likability, as well as recommendation to others. The game
version achieved significantly higher ratings on these subjects by the participants over
the paper version. It could be used to help children to do mathematics schoolwork in a
more playful and fun way. The study indicates that an AR game with animals walking
over ones’ textbook is globally accepted by both children from the Eastern and Western
cultures. In the future, we will develop the game based on SDT, modifying the based
prototype to include game mechanics to stimulate feelings of autonomy, competence,
and relatedness. Through the design and implementation process, we will seek to chart
the design space of AR games for learning, investigate the magic circle in AR settings
and tease out the effects of game mechanics related to SDT on stimulating motivation
and learning performance.
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Abstract. Text-based password is the most popular method for authen-
ticating users on the internet. However, despite decades of security
research, users continue to choose easy-to-guess passwords to protect
their important online accounts. In this paper, we explore the potential
of serious games to educate users about various features that negatively
impact password security. Specifically, we designed a web-based casual
game called GAP and assessed its impact by conducting a comparative
user study with 119 participants. The study results show that partici-
pants who played GAP demonstrated improved performance in recogniz-
ing insecure password features than participants who did not play GAP.
Besides having educational value, most of the participants also found
GAP fun to play.

Keywords: Serious games + Passwords - Security -+ Human factors

1 Introduction

Security studies show that users choose predictable passwords to protect even

their important accounts [10,16]. Majority of passwords are either short or com-

posed using dictionary words, lowercase letters and digits e.g., princess, password
and 128/56. As a result, many websites including banking and social-networking

services mandate users to include capital (uppercase) letters, symbol and digits in

their password for improved security. However, users respond to this requirement
by placing capital letters, digits and symbols at predictable positions, mostly at
the beginning or at the end of the password, thus affecting the password secu-

rity [7,25,28]. We refer to passwords resulting from such popular strategies as
“insecure passwords”.

Several studies in the past have shown that serious games can be effective
tools for training and encouraging behaviour change. For instance, Sheng et
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al. [26] designed an online game called Anti-Phishing Phil to teach users to rec-
ognize phishing websites while Denning et al. [8] designed a card game called
Control-Alt-Hack to raise awareness about computer security concepts. An eval-
uation of both these games indicate that educational games are not only more
effective in terms of learning, but they are also more engaging and fun as com-
pared to traditional approaches such as reading training materials.

Playing computer games is linked to a range of perceptual, cognitive,
behavioural, affective and motivational impacts and outcomes [6]. Games provide
situated experiences where players are immersed in complex, problem solving
tasks [27]. Games are more engaging as they incorporate a number of strategies
and tactics in gameplay [9]. Games facilitate procedural learning by providing
the player appropriate and immediate feedback through game elements such as
game points, progress bar and messages [24]. Further, games seem to have an
advantage when it comes to retention of newly gained information as compared
to conventional methods [30].

The use of games as a security training tool is an emerging idea not only
in academia but also in the industry [13]. In fact there are commercial games
developed by Wombat [21], NPS [19] and others to educate users about various
security threats including virus, Trojan horse and phishing. However, relatively
less work has been done in the context of passwords. In this work, we explore
the use of serious games to educate users about insecure passwords. Since what
characteristics constitute a secure password is not fully agreed upon [4], we
focus only on educating users about insecure password creation strategies. We
designed a web-based casual password awareness game called GAP and gauged
its effectiveness by conducting a study with 119 participants. The study results
indicate that participants who played GAP performed much better in identifying
insecure password practices than those who did not play the game.

The organization of this paper is as follows. First, we describe the design and
mechanics of the GAP game. Subsequently, we explain our study methodology
and survey results. Finally, we conclude the paper by proposing an extensible
and modular game framework for creating educational games for passwords.

2 GAP: A Password Awareness Game

In this section, we describe the design and rationale of GAP, a game to edu-
cate users about insecure password creation strategies. First, we explain how
we derived the educational content for the game. Next, we illustrate the game-
play followed by the justification for choosing the casual game genre. Later, we
describe the design principles and technology used to develop the GAP game.

2.1 Game Content

Previous password studies show that users place capital letters, symbols and
digits at predictable positions in the password. For instance, a study [25] that
surveyed university students, faculty and staff found that 55.8% of the users place
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symbol at the last position, 74.2% of the users place capital letter at the first
position and 34.9% users place digit at the last position of their password. Simi-
larly, another study [7] that surveyed users at different universities to understand
their password composition found that 44% of the users place capital letters at
the beginning, 44% users place symbol at the end, 13% users place symbol at
the beginning, 54% users place digits at the end, and 16% users place digit at
the beginning of the password. Typical examples of such passwords are football!,
*football, basketballl and 2basketball.

To emphasize the fact that composing passwords using a single character class
does not provide enough security, we consider an additional insecure strategy
where all letters of a password are capital, e.g., BASEBALL. Therefore, in the
current version of the game, we focus on educating users about the following six
insecure password creation strategies.

use of capital letters at the beginning of the password
use of only capital letters in the password

use of digits at the beginning of the password

use of digits at the end of the password

use of symbols at the beginning of the password

use of symbols at the end of the password

A e

We analysed publicly available password databases [3] to learn about the
popular symbol and digit that users add at the beginning and at the end of the
password. Our analysis revealed that ‘I’ is the most popular symbol used at the
end and “*’ is the most popular symbol used at the beginning of the password.
Further, ‘1’ is the most popular digit that is used at the beginning as well as
at the end of the password. Since the passwords in the RockYou dataset were
not created using any composition policy, we estimate the popularity of each of
these operations by referring to the findings of a real-world password study [25].

2.2 Game Mechanics

The game world of GAP consists of a tank and barriers interspersed on the maze
as shown in Fig. 1. Each barrier is labelled with an insecure password obtained by
modifying the baseword princess with operations listed in Table 1. Presently, the
game world consists of six barriers, one corresponding to each insecure operation.
The goal of the player is to exit the maze by destroying all six barriers (insecure
passwords) along the path.

The controls used in the game are simple (Fig.2). The movement of the
tank is controlled using left and right arrow keys and the movement of the
turret is controlled using the mouse. The player rotates the turret to aim at
the barrier and clicks the left-button of the mouse to release the ammunition.
There are three types of ammunitions out of which the player has to choose
the right one depending on the password label of the barrier. For instance, to
destroy the barrier labelled with a password that starts or ends with a digit, the
right ammunition is loaded by pressing letter D on the keyboard. If a wrong
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Fig. 1. The interface of GAP, a web-based game to educate players about insecure
password creation strategies. The labels in this image are not part of the game and are
for understanding purposes only.

ammunition is fired, the health of the tank decreases and the barrier remains
unaffected. To make the game more challenging, the maze consists of switching
paths that can be re-positioned using a control switch. The player is required to
open a new path for navigating the tank through the maze by hitting the control
switch with the tank. The information about the rules and controls is provided
to the player before the start of the game.

Controls Action Performed

— Move the tank Right

— Move the tank Left

Ckey | Select Capital Ammunition

Skey | Select Symbol Ammunition

D key Select Digit Ammunition
k To Aim the at the Barrier
@ To Shoot the Barrier

Fig. 2. Controls for navigating tank and selecting ammunition in the GAP game.

In short, the game requires the player to look at the password label
(princess1), identify insecure operation (digit at the end) and choose the right
ammunition (key D) to destroy the barrier. Shooting barriers labelled with
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Table 1. The list of insecure operations and corresponding examples along with the
correct key for loading ammunition.

Insecure operation | Example Ammunition

Capital at start Princess C key
Capitals only PRINCESS | C key
Symbol at end princess! S key

Symbol at start *princess S key

Digit at end princess1 D key

Digit at start 2princess D key

insecure passwords signify to the player that such passwords should never be
used to protect their online accounts.

2.3 Training Messages

When the player destroys the barrier with the right ammunition, we display
certain facts about the insecure password with which the barrier was labelled
(Figs.3 and 4). The purpose of the facts is to make the player aware of how
insecure the particular operation is. For instance, if the barrier is labelled with
a password that begins with a capital letter (e.g., Princess), we display the fact:
“More than 70% of the users keep a capital letter in the first position of their
password. Hence, it is an insecure practice” and if the barrier is labelled with a
password that ends with a symbol (e.g., princess@), we display the fact: “More
than 50% of the users keep symbol in the last position of their password. Hence,
it is an insecure practice.” For the current version of the game, we borrowed
these facts from the findings of a real-world password study performed by CMU
researchers [25].

FACT
More than 70% of the users keep
capital letter in the first position
of their password.Hence it is not

a good practice.

Princess

Fig. 3. Fact presented when barrier labelled with insecure password princess is shooted.



GAP: A Game for Improving Awareness About Passwords 71

FACT
More than 50% of the users keep
symbol in the last position of
their password.Hence it is not a
good practice.

&

Fig. 4. Fact shown when barrier labelled with insecure password princess@ is shooted.

2.4 Game Genre

As passwords are created by users with diverse backgrounds, making a suitable
choice of game genre that teaches users about insecure passwords is critical. We
wanted the game to be simple, yet capable of teaching the concept in an impact-
ful manner. Therefore, we designed GAP to be a slow-paced casual game that
simulates an “escape situation”, where the player controls a tank and the objec-
tive is to navigate the tank through the maze by demolishing barriers (labelled
with insecure passwords) placed along the way. The GAP game is web-based (can
be played using a web browser), uses simple game controls, has a short game-
play time (less than five minutes) and does not assume any prior experience in
gaming.

Casual games are one of the fastest growing segments within the industry [1,
17]. These games are characterized by less complex game controls, faster rewards
and shorter gameplay time [15]. As casual games are easy to learn and simple
to play, they appeal to users with different age-groups [5]. Further, according to
one report, 50% of the casual game players are females [18]. Casual games are
mostly available in web-based or mobile-based versions and come in a wide range
of genres. Typical examples of casual genre are Pacman, Tetris, Solitaire and
Candy Crush. Casual games have been successfully explored in the healthcare
domain [11,12]. In this work, we explore the potential of casual games in the
security domain.

GAP also exhibits certain characteristics of escape-the-room genre, as the
goal of the player is to escape the maze by overcoming obstacles placed along
the path. Research shows that escape rooms (maze) are experiential, encourage
players to think creatively and engage in critical thinking. The escape-the-room
games often consist of puzzles that run in a simple game loop [29]. In the case
of GAP, the loop consists of the following three steps:

1. Challenge (shooting barrier labelled with insecure password using right
ammunition)

2. Solution (a feedback message indicating the potential risk of using insecure
password)
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3. Reward (the ability to move forward thereby closing in towards the end of
the maze)

Escape-the-room genre games make use of (horror) elements to add a sense of
urgency to escape. On the contrary, we designed GAP to be slow paced where
players have a chance to stop and reflect on the new knowledge they have learned.

2.5 Design Principles

We applied two principles from the learning sciences theory to design the GAP
game: reflection and contextual-procedural.

— Reflection Principle. According to this principle [2], learning increases if the
learners are given an opportunity to stop and think about what they are
learning. This principle is employed in the GAP game as we display appro-
priate factual training messages to the player after destroying the barrier and
also after the end of the game.

— Conceptual-Procedural Principle. According to this principle [23], conceptual
and procedural knowledge influence one another in mutually supportive and
integrated ways. This principle is employed in our game since we label each
barrier with distinct example (e.g., princessI) to teach players about the con-
cept of insecure passwords. To destroy the barrier, the player has to identify
the insecure operation (e.g., digit at end) and choose the right ammunition
(e.g., D) as shown in Table 1. To reinforce the learned concept, we also pro-
vide clear procedural tips to the player (e.g., “adding digits at the end of the
password is an insecure practice”) after the barrier is destroyed.

2.6 Technology Used

We created static images and sprite sheets for the GAP game using Adobe
Photoshop. The two popular options for creating web-based games are Flash
and HTML5. However, Flash is a proprietary software, it is not supported on all
devices (e.g., iPhones and iPads) and it has potential security issues. On the other
hand, HTML5 and javascript are open standards and supported by all browsers
and devices [22]. Therefore, the entire game was developed using HTML5, CSS3
and Phaser javascript library [20]. All the images, libraries and assets required
for playing GAP were fetched from the server only once before the start of the
game to give an uninterrupted gameplay experience to the players. The survey
responses of participants were captured using J2EE application server and stored
in PostgreSQL database.

3 User Study

To assess the impact of the GAP game, we designed a survey questionnaire which
consists of the following two parts.
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1. In part 1 of the survey, we asked participants questions related to demographic
characteristics i.e., gender, age, education and specialization.

2. In part 2 of the survey, we asked participants to identify insecure positions for
adding a symbol, a digit and a capital letter in the password. These questions
are listed below.

(a) When adding a capital letter to the password, which of the following
is/are insecure practices? (Check all that apply)
— Adding a capital letter at the beginning

Adding a capital letter at the end

— Adding a capital letter in the middle

— Using only capital letters

— Other
(b) When adding a symbol to the password, which of the following is/are

insecure practices? (Check all that apply)
— Adding a symbol at the beginning

— Adding a symbol at the end
— Adding a symbol in the middle

— Other
(¢) When adding a digit to the password, which of the following is/are
insecurepractices? (Check all that apply)
— Adding a digit at the beginning
— Adding a digit at the end
— Adding a digit in the middle
— Other

3.1 Experiment Groups

We conducted a comparative user study to evaluate the impact of GAP on the
performance of its users. All participants were randomly assigned to either of
the two experimental groups: control group or game group.

1. Control group. In this group, participants were asked to answer the survey
questionnaire without being exposed to any kind of training.
2. Game group. In this group, participants were asked to answer the survey
questionnaire after playing the GAP game. In addition to the part 1 and part
2 of the survey, participants in the game group were also asked the following
open-ended questions regarding the game.
— How much fun was the game?
— Did you have any trouble or difficulties while playing the game?
— Are there any possible improvements in the game?

We measure the impact of GAP by comparing the survey responses of partici-
pants in the control group and game group. As described earlier, the part 2 of the
survey asks participants to identify insecure positions for adding a digit, a sym-
bol and capital letter in a password. Participants in the game group, responded
to the part 2 of the survey after playing the GAP game whereas participants in
the control group responded to the part 2 without playing the game. Therefore,
we can observe whether the training messages embedded in the game improved
the performance of participants in identifying insecure password practices.
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Table 2. Participant demographics in the control group and game group.

‘ Control ‘ Game

Gender

Male 65.57% | 70.69%
Female 34.43% | 29.31%
Age

18-24 75.41% | 75.86%
25-34 24.59% | 24.14%
Education

Bachelors 54.10% | 51.72%
Masters 40.98% | 44.83%
Doctorate 4.92% |3.45%
Major

Cs 49.18% | 51.72%
Non-CS 50.82% | 48.28%
#Participants | 61 58

3.2 Demographics

We recruited 119 participants within our organization through the use of internal
mailing lists. They were assigned randomly to either control group or game
group. Table 2 summarises the demographics of participants in each group. Most
participants were young and had a bachelor’s degree. We found no significant
difference in gender, age or education between the control group and game group.

4 Results

After analysing survey responses, we found that participants who played the
GAP game performed better in correctly identifying insecure password practices
than participants in the control group. In particular, participants in the game
group performed much better in correctly recognizing that adding a capital let-
ter in the beginning, using only capital letters, adding a symbol at the end and
adding a digit at the end are insecure practices. In the remaining cases, par-
ticipants in the game group performed at least as good as participants in the
control group.

To determine whether the difference between the performance of participants
in the control group and game group is significant, we perform a two-tailed
Fischer’s Exact Test (FET). In this case, the variable of interest is whether
participants correctly recognized insecure password operations or not. We claim
the result to be statistically significant if p < 0.01 and we indicate possible
significant interest if p < 0.10. The results of statistical tests are summarized
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Table 3. Proportion of participants who correctly identified insecure password creation
practices. The results of statistical tests (FET) are also given.

Question Control | Game | p-value
Capital - adding at beginning | 57.38% | 93.10% | <0.0001*
Capital - only capital letters |62.30% | 82.76%  0.0147**
Symbol - adding at beginning | 70.49% | 81.03% | 0.2051

Symbol - adding at end 63.93% | 79.31% | 0.0711**
Digit - adding at beginning 55.74% | 68.97% | 0.1855
Digit - adding at end 54.10% | 87.93% | <0.0001*

in Table 3. We marked the entry with value p < 0.01 in the table using (*) and
p < 0.10 using (**).

We found highly significant difference between the performance of con-
trol group and game group participants in recognizing two insecure opera-
tions, adding a capital letter at the beginning and adding a digit at the end
(p < 0.0001). Further, we found significant interest in the performance of control
group and game group participants in recognizing two other insecure operations,
adding a symbol at the end and using only capital letters (p < 0.10). We note
that adding capital letter at the beginning and adding digit (or symbol) at the
end are the most popular operations [7,25,28]. The difference in performance
between the two groups in recognizing these insecure operations was either sta-
tistically significant (p << 0.01) or had significant interest (p < 0.10). There
was no statistical difference between the performance of the two groups in rec-
ognizing remaining two insecure operations, adding a symbol at the beginning
or adding a digit at the beginning (p > 0.10), but the proportion of participants
who answered correctly is higher in the game group as compared to the control

group.

4.1 Game Feedback

The average time required to complete the GAP game was about 3.5 min. The
analysis of the game feedback revealed that 81.03% of the participants found the
game to be fun while 6.90% of the participants felt otherwise. The remaining
12.07% of the participants remained neutral. When it comes to difficulty, 77.59%
of the participants felt that the game was not difficult to play while 18.97% par-
ticipants reported difficulty in playing the game. Of these 18.97% participants,
12.07% participants reported difficulty in understanding the game instructions
and 6.90% participants reported difficulty in understanding the game controls.
The rest 3.45% of the participants remained neutral (Table4).

Overall, we got positive response from the participants for using the game
as a training tool. One participant remarked, “The idea of educating people with
the help of game was a very good idea.” Another participant remarked, “An
interesting way to teach what is important and what is not”. We also received few
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Table 4. Feedback about the GAP game.

Question Yes No Neutral
Game is fun 81.03% | 6.90% | 12.07%
Game is difficult | 18.97% | 77.59% | 3.45%

suggestions from participants for improving the GAP game. These suggestions
mainly include replacing text instructions with a demo video and adding more
challenging tasks to the game.

5 Conclusion and Future Work

In this paper, we developed a web-based casual game called GAP with an
objective of educating users about various insecure password practices. We also
assessed its impact by conducting a user study with 119 participants. Our study
results show that participants who played GAP showed improved awareness of
the insecure password practices. Specifically, about 93% of the participants who
played the game correctly identified that adding capital letter at the beginning
of the password is an insecure practice, about 81% of the participants correctly
identified that adding symbol at the beginning is an insecure practice and about
88% of the participants correctly identified that adding digit at the end is an
insecure practice. Further, most participants found the game to be fun and com-
pleted the gameplay within a short duration of time (less than four minutes).

Currently, the educational content used in the game is derived from external
sources (mostly from password research studies [7,25]). Another possibility is
to tap into real-world publicly available password sources [3,14] to learn about
emerging popular passwords and patterns, and extend GAP with more insecure
operations. However, the GAP game in its current state require changes to the
code to support new insecure operations. We plan to make our game code more
modular and flexible so that it can be extended to support other insecure oper-
ations with minimum effort. This would particularly benefit organizations that
may want to customize the GAP game to train their employees.

Many organizations enforce stringent password expiry policies mandating
employees to change their password after few months. Employees typically cir-
cumvent such policies by appending the current month (01-12) to their password.
Consequently, the organization wishes to educate their employees about the neg-
ative consequences of using month in their password through the GAP game. To
support a new insecure operation, the code of the GA P game needs to be altered
with an example of insecure password, training message, new type of ammuni-
tion and new control key, this can be restrictive. We envision a separate data
module which can be configured with an insecure password (e.g., Princess07),
appropriate training message, ammunition (e.g., MONTH) and control key (e.g.,
M) before playing the game. Instead of using the same baseword princess every-
time, the data module can also choose a new baseword at random from the list
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of breached lowercase alphabetic passwords. Upon initialization, the GAP game
accesses the data module, reads the game content and configures the gameplay
accordingly. We aim to explore this framework further in our future studies.
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Abstract. Computer science is about learning how to think. It is appli-
cable to everything. Most industries in the 21°% century are directed
towards digitized processes using up-to-date technologies. This increases
the need for students to know how these technologies work, especially
with the availability of smart and handy devices. As a preliminary step
to learning programming, students should learn basics of logical and
computational thinking. Computational thinking compromises the skills,
concepts, and behaviors used to solve problems. Some visual platforms,
such as Scratch and Alice [6,17], were introduced to teach children pro-
gramming. The platform introduced in this paper aims at teaching young
children (in the age range of 8-9 years old) the preliminary concepts of
programming including sequential blocks, conditional blocks, and itera-
tive blocks. This is achieved through an interactive, gesture-based game,
where the Kinect Sensor device is used to control the gameplay instead
of playing it using a normal PC. The game was tested using a between-
group experimental model with two subgroups; an experimental group
and a control group. The experimental group used the game whereas the
control group was taught using a traditional educational method. The
results showed a significant difference between the two groups with a
P-value of < 0.05 for both the learning gain and the engagement level.

Keywords: Serious games + Programming - Computational thinking
Interactive - Children - Kinect

1 Introduction

Computational thinking is increasingly becoming a needed skill [5]. It helps indi-
viduals identify a problem and the steps needed to solve it. With the widespread
of computers and web applications, a lot of opportunities have been added to
the worldwide job market. This encouraged a lot of individuals to try to learn
to program.

In addition, there has been an increasing trend recently to introduce pro-
gramming to children in their early stages [13]. Many schools started to offer
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introductory courses to teach programming and computational thinking. These
courses help the students to have a better way of thinking and enhance their
problem-solving skills.

Some platforms were designed for introducing computational thinking and
programming basics to children such as Scratch and Alice [6,14]. These plat-
forms provide a visual programming language to eliminate the need for learning
any syntax or understanding complex code structures. In addition, serious games
were also employed to introduce programming concepts [2,19]. However, most
of these serious games that were played on computers or mobile devices, were
missing the interactivity factor. Studies showed that adding the factor of inter-
activity motivates the students to learn more about programming [1]. The aim
of the introduced platform is to add to the existing games the factor of interac-
tivity. Therefore, Kinect [16] is used to capture the movement of the child and
incorporate it into the game.

The paper is organized as follows: Sect. 2 provides previous work related to
the education of computational thinking through serious games. Section 3 dis-
cusses the methodology and explains how the levels of MiniColon are designed.
Section 4 explains the experimental model used. Section5 shows the tests con-
ducted and the results. Finally, Sect.6 concludes the work and describes direc-
tions for future work.

2 Related Work

Various methods of teaching were applied to teach children programming. Visual
programming environments were used to enable children to build programs
through simple interfaces [9]. Such platforms include Scratch [17] and Alice [6].
According to Armoin et al. [3], teachers reported that using Scratch increased
the learning efficiency. Students also reported that they were encouraged to learn
more about computer science.

“Program your robot” [11] is a serious game developed for teaching program-
ming and computational thinking. The game aimed at integrating the game-play
with the programming concepts and computational thinking skills. The game was
evaluated using 25 students. The students enjoyed the game and reported that
this type of games can improve their problem-solving skills.

Another example of an educational game for programming used tangible
electronic building blocks instead of visual programming is presented in [27]. The
Tangible electronic blocks are divided into sensors and sources for these sensors.
The child can build a structured block that does a function by connecting the
blocks together. The older children were able to debug their structure in case of a
problem or undesired function. The results showed that young aged children did
not realize the concepts of programming using the Electronic Blocks. Therefore,
this way was not effective enough for the young children.

There are other technologies that are used, such as motion-based touchless
and virtual reality. Motion-based touchless technology is a new trend in the
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field of human-computer interaction'. These types of interactive games moti-
vate the students to learn more using game-based technologies [1]. Participating
in Kinect-based learning activities encourage students to brainstorm and active
discussions participation in the classroom. This was proved by [1] that included
Scratch, Microsoft Kinect, and Kinect2Scratch. Microsoft Kinect is a sensor that
tracks body motion and gestures. Kinect2Scratch allows data from a Microsoft
Kinect controller to be sent to Scratch. According to the result of this study,
students showed more interest and learning skills regarding their computational
thinking skills and social skills, during and after the experiment. According to
[20], students who participated in the experiment of VR-based game liked it a
lot. Virtual Reality technology is about immersing the player in a virtual world
that they can interact with. The game was controlled using VR and Kinect tech-
nologies. The Kinect sensor was used to make the player move freely without the
need to hold the physical controller of the VR set. Students had to design a dance
choreography using coding blocks. Then the character in the VR environment
performed the dance in front of the player.

Kinect was also used for game-based learning in different fields. It was used
to teach hearing impairments students the American sign language [10]. In this
application, motions were captured using Kinect one, then they were encoded.
Afterwards, a game was developed using Unity and Kinect one. The game was
tested against a face-to-face learning method. The result showed a significant
effect of the game compared to the traditional method with a (P-value < 0.05).
Kinect was also used for teaching the spatial visualization skills [25]. The partic-
ipants in this work agreed that the interactive learning system made them aware
of various things and increased their interest.

3 Methodology

Serious games have proven to be effective in teaching children, as they enjoy the
game while learning the concept subconsciously. Our aim is to teach children an
introduction to logical thinking and programming. This is achieved through an
interactive serious game that has an enjoyable theme and storyboard. Having
a story makes the game more enjoyable and playable [4]. The storyboard is
designed to be simple and yet attractive to the target age group. The main
idea of “MiniColon” is that the main character is trapped on an island. The
character has to collect some fruits and supplies to escape from the island. The
main character is a carrot and it is moving forward all the time during the
gameplay. The player controls the motion of the carrot in order to achieve the
goal of each level. The interaction with the game was intended to be engaging and
yet seamless so that the player remains focused on the main concept. Kinect was
used to detect the interactions of the player with the game. Kinect is a hands-free
motion control device which implied that the players will not hold any controller
in their hands.

L' A field of study focusing on the design of computer technology and, in particular,
the interaction between humans (the users) and computers.
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Motivation is the key to learning as it helps the students to fully engage
in learning [26]. Thus, after finishing the level a sound referring to winning is
played as well as a congratulation message is displayed. In level 3 and 4, a sound
is played on opening the chests to indicate the chest is opened. Also, the objects
to be collected in the scene bounce regularly to be more visible and attract
the student attention. Moreover, throughout all the game levels, a motivational
background music is played.

3.1 Game Structure

MiniColon aims at teaching children the preliminary steps of programming and
logical thinking which are sequential blocks, conditional blocks, and iterative
blocks. Each concept has a group of levels that the player has to pass. The
last level of every asks the player to trace a code snippet. Teaching the student
the skill of code tracing is important as it helps in improving code writing skills
later on [12]. The code snippets are written in Python language as it is close to
pseudocode [24].

Sequential Levels. An algorithm is a set of instructions used to achieve a
certain task where the order of the steps is crucial [8]. Delivering this concept
to children can be done by describing the instructions for a certain activity in
the correct order to reach their target. The consequences of missing a step or
changing the order of the instructions have to be demonstrated to the player.
The sequence concept is introduced in the game by showing the player a set
of instructions that have to be done in the same order. In the first level of the
game, the player is shown some objects to be collected in order. These objects
are displayed on the left side of the screen as shown in Fig. 1. If the player tries
to collect an object out of order a hint will be displayed stating the object that
should be collected now as shown in Fig. 2a.

Once the player is done with all the instructions for this level, a code snippet
in python is displayed as shown in Fig. 2b. The code is equivalent to the steps the
player followed to collect some objects from the island. A final congratulation
message is then displayed to motivate the player and inform him/her that the
current level is completed successfully.

In order to make sure that the player grasped the concept correctly, the
second level then asks the player to trace a snippet of code. The code is dis-
played as shown in Fig. 3a, where the player has to follow it by doing the actions
corresponding to the code.

Conditional Levels. A program consists of some events that are controlled by
conditionals. In general, conditions control the flow of the program as they have
to be achieved in order for some event to be triggered. The conditional statements
are expressed in most programming languages using the if-then construct; where
the condition evaluates to a boolean state that has to be true for the then part
to be done.
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(a) Before collecting (b) After collecting

Fig. 1. Collecting a coconut
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(a) Message of collecting out of order object (b) Level 1 Code snippet

Fig. 2. Messages and code snippets

MiniColon teaches the conditional concept through level 3 and level 4. Level
3 applies this concept by having three chests which the player can open in
any order. Upon opening any chest, an object will appear with the equivalent
code snippet being displayed. For example, the red chest has a flashlight inside.
After opening it, a code snippet saying (if red_box: collect_flashlight())
appears, as shown in Fig. 3b. This helps the player to grasp the idea that in order
to achieve the then part (in this case collecting a certain object), the condition
has to be true (in this case the corresponding box is open).

Level 4 is the code tracing level. This level tests the ability of the players of
understanding the sequential algorithm and condition concepts together. This
is achieved by having the first line of code to collect a backpack. After that,
there are conditions corresponding to each chest. The player has to trace them
in order. If he/she tries to open a chest before the required one, or opening the
red chest before collecting the backpack, he will be notified with a message to
collect or open the required object.

Iterative Levels. In computer programming, an iterative block is a sequence of
instructions that is continually repeated. Its main aim is to do a set of instruc-
tions repeatedly for a certain number of times, or until the condition of the
iterative block is false. The game has two levels for teaching the iterative con-
cept. In level 5 scene the island has many scattered coconuts (more than 4),
and on the left side of the screen, there is an image of a coconut with a number
attached to it. This number is a counter which is initially four; meaning that
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Fig. 3. Level 2 and 3 features (Color figure online)

the player has to collect four coconuts to proceed to the next level. Every time
the player collects a coconut, the number is decremented by one until it reaches
zero. On reaching zero, an equivalent code snippet is displayed. The condition
of the while loop says that (while number_collected < 4:), which mean that
if the number_collected is 4, the condition will be false and the iterative block
will not be entered.

In Level 6, the students are shown a code snippet and they have to trace it (as
in Level 2 and 4). This level combines two concepts, sequential algorithm, and
iterative concepts. The players are required to first collect four coconuts then
three blackberries. This is achieved by having two iterative blocks in sequence,
the first is to collect the coconuts and the second is to collect the blackberries. In
addition to the code snippet, there are images on the left of the screen, a coconut,
and a blackberry, each has a counter set to zero at the start of the level. The
number attached to coconut image is incremented by collecting the coconuts.
Once all the four coconuts are collected, the image disappears to indicate that
the first iterative block condition is no more satisfied and that the player has to
continue to the next instruction i.e. next iterative block.

3.2 Implementation

Motion-based touchless technology is a new trend in the field of human-computer
interaction. It can be used to increase student motivation, strengthen their
computational thinking and enhance their understanding [1]. “MiniColon” is
a motion-based touchless game that was implemented in three stages. The first
stage was to implement the game based on the target group. The following stage
was implementing the leaning motion using the motion-based touchless tech-
nology, which is the Kinect. Finally, the game was integrated with the Kinect.
The game is implemented using Unity [7] game engine. The movement of the
character is simulated by the leaning gesture; such that leaning to the right is
interpreted to move the character to the right direction and the same analogy
for the left direction. Leaning is the way of moving the upper part of the body
to the right and left, as the upper body makes an angle with the right or left
leg depending on the leaning side. It was chosen because it is an easy motion for
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children to do and does not require a lot of activity to allow them to concentrate
on the delivered concepts from each level.

The lean gesture was built using Kinect studio and Kinect visual gesture
builder [22]. It was recorded by the camera of the Kinect sensor using Kinect
studio software. The act of the motion was recorded several times. The visual
gesture builder then uses the recorded motions to train a model using a machine-
learning algorithm to create the leaning gesture. The right lean gesture is trained
and saved in a database file called Lean. The same is done for the left lean
gesture. Thus, the file Lean is the database file containing both right and left
lean gesture. To access the database file a C-Sharp class GestureDetector is
implemented. The class job is to read the database file and compare the tracked
gesture with the lean gestures saved in the database.

The integration between the tracked gestures from the Kinect and the game
levels is implemented using a script KinectManager in C-Sharp language. The
functionality of the script is to initialize the Kinect sensor on opening the game.
It also passes the tracked gesture from the Kinect to the GestureDetector class
to be checked if it is leaning right or left.

In order to collect an object, the closed hand state gesture [22] of the right /left
hand is checked. The two hands are included to make it easier for the students
to interact with the hand which the student has more control of.

Moreover, after finishing the level, the player waves also with his right/left
hand to go to the next level. Detecting the wave is implemented by checking the
opened hand state [22].

4 Experimental Design

This project experiments the effect of interactive serious games to teach young
aged children the main concepts of programming, compared to the traditional
methods. This is achieved by implementing MiniColon and testing it with young
aged children. This is examined by how much did the children interacted with
the game, enjoyed, and learned from the game. The targeted group is children of
the age between (8-9). The aim of the experiment is to proof or reject the null
hypothesis. The null hypothesis states that there is no difference between the
effect of using “MiniColon” and using traditional teaching methods in learning
programming. The first hypothesis (H1) states that there is no difference between
the learning gain between the two methods. The second hypothesis (H2) claims
that there is no difference in the engagement level of the participants between
the traditional method and MiniColon.

The model used is a between-group design that has two independent sub-
groups: a control group and an experiment group. The experiment group used
Kinect interactive game “MiniColon”, and control group experienced tradi-
tional face-to-face learning method using presentation slides [23]. The slides were
designed to be identical to the game flow and structure. The participants for
both groups were selected randomly. The only required factor that, they should
not have a previous background in programming to ensure homogeneity of the
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experiment. The experiment for each participant of the experiment group is held
individually in a normal room. Hard copied test for the participants, hard copied
questionnaires, and presentation slides are the materials used in the experiment.
The experiment process consists of four stages, first the pre-quiz, then the exper-
iment method, then the post-quiz, and finally the engagement test.

5 Test and Results

A sample population of 15 children (between the age of 8 and 9) was divided into
two groups (an experiment group: n =8, and a control group: n="7). Each group
was introduced to its assigned learning method. Experiment group participants
played the 6 Level game using the Kinect. While the control group participants
were taught using face-to-face learning method. This testing approach is inher-
ited from a similar research, that was testing the effectiveness of serious game
against traditional methods [23]. The duration for both groups took approxi-
mately the same amount of time (between 15 to 20min). To compare between
to two learning methods, learning gain and engagement level of both groups were
measured after using the corresponding learning approach. Analyzing the data
comparison between the two groups, an independent t-test using SPSS (Statis-
tical Package for the Social Sciences) is applied. The independent sample t-test
is used to clarify if there is a significant difference in the learning gain and the
engagement level between the control group and the experiment group.

5.1 Learning Gain

Learning gain is how much the participant learned from the activity. It can be
tested using oral questions, observations from the participants, and pre and post
quizzes. The participant is tested before the activity to know if he has previous
knowledge about the activity. After the activity is finished, the participant is
tested again to know how much information did he learned from the activity.

Procedure: Before starting the two different learning methods, participants
were given a printed pre-quiz. The quiz consists of six questions, divided into
three groups, each has two questions. Each group is related to one of the three
targeted programming concepts sequential blocks, conditional blocks, and itera-
tive blocks respectively. The quiz has five MCQ questions and a “What is the
output?” question. Some of the children required help in reading or understand-
ing the synthesis of the questions. The questions are designed to be compatible
with the content of the learning methods. After the participant completes his
assigned learning method, he is given an identical copy of the pre-quiz. The
learning gain is calculated by subtracting the number of correct answers that
the participant got in the pre-quiz from the number of correct answers he got in
the post-quiz.

Results: The results of the tests show that the learning gain achieved from the
group using the Kinect game (M =2.75, SD =1.389) is significantly higher than
the group that was introduced to the traditional educational method (M =0.43,
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SD =0.787) (t(8)=4.04, p<0.05) with a difference of 2.32 and standard error
difference of 0.57. This rejects the hypothesis that stated that there is no differ-
ence in the learning gain level of the MiniColon game to the traditional learning
method (H1).

5.2 Engagement

Engagement is the concept of the presence or the sense of “being there” in
the game. Involvement, immersion, arousal, attention, interest, identification,
enjoyment, effort, and flow are the factors that defined engagement with the
game. There are many approaches that are used to measure engagement, self-
reports on questionnaires is the most used to measure the engagement level of
the games [15]. Thus, in this experiment self-reported questionnaire is used.
Procedure: This test is held to measure how the two groups differ in the
engagement level. It is a questionnaire that consists of 9 items. The answers
to the questionnaire are 5-Likert scale. This questionnaire is proposed by [21]
to measure the control and enjoyment of the activity, to indicate the overall
flow. After completing the assigned learning method, the researcher asks the
participant the questions of the questionnaire and then records the answers of
the participant in a hand-copied version of the questionnaire. The researcher has
to ask the participants the questions of the questionnaire instead of handing it to
them to fill it alone. This is due to their young age, which led to some ambiguity
in understanding some words. Conclusions about the engagement level of the
two learning methods are drawn, by comparing the result of both groups.
Results: The results of the tests show that the engagement revealed from the
group using the Kinect game (M =4.33, SD =0.428) is significantly higher than
the group that used the traditional educational method (M =2.93, SD =0.96)
(t(8)=3.5, p<0.05) with a difference of 1.4 and standard error difference of
0.397. This rejects the hypothesis that stated that there is no difference in the
engagement level of the MiniColon game to the traditional learning method (H2).

5.3 Flow

Flow according to Csikszentmihalyi, is the channel between challenge and skill
that the user experience in any activity [18]. Anxiousness is the result of expe-
riencing the high challenge and low skill, while boredom is the result of the
opposite case. So the best case is the balance between the two factors. Flow test
is used to measure how did the player feel about the flow of the game from the
first level passing through all the other levels.

Procedure: After each level of the game, the test of flow is taken by every
participant. According to [21], the questionnaire consists of two five Likert
scale questions: “How did the participant find this level challenge?” and “Is the
skill of the participant appropriate for this level?”. After finishing the level,
the researcher asks the participant these questions and record the participant’s
answer on a hand-copied version of the questionnaire, which means 12 answers
for each participant.
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Results: Fig. 4a illustrates the average of skill and challenge in each level.
While the bars in Fig. 4b is calculated according to [21] by the equation.

0.25 x (Skill — Challenge) (1)

This graph shows how the flow of each level is far from the optimal flow (zero
flow). The figure shows a significant difference at level one, which means that the
participants were bored at the start of the game. This is because their skills were
higher than the challenge factor of the game. But the more the levels they went
through, the more challenging the game. Until the last two levels are reached,
the challenge factor gradually decreases. Most of the participants felt that their
skills are suitable for the game, with average skill of 3.25 for all levels.

— Challenge
— sl

325 Value from Flow Distance

100 200 300 400 500 600 ° 1 2 3 ’ s s 6
Level Level

(a) Average of Challenge and Skill in each (b) Flow From Distance Graph
Level

Fig. 4. Flow results

6 Conclusion and Future Work

Using interactive serious games for educating children computational thinking
and programming is a growing research field. The main objective of this project
was to test the effectiveness of interactive game for computational thinking and
programming learning using the Kinect sensor on children’s learning gain. “Mini-
Colon” is an educational game for children of the age between 8-9 that teaches
three main concepts in programming (sequential blocks, conditional blocks, and
iterative blocks). The game is controlled using the Kinect sensor to add interac-
tivity to the game. The game was designed in a cartoonish and enjoyable way
to attract the children. The game was evaluated with two different groups, one
group tested the game and the other group was taught in a traditional educa-
tional method. The traditional educational method was a teacher who used slides
to assist in the education process. The result showed that playing the game has
more effect on the learning gain and the engagement level of the children than
using a traditional educational method. According to the game flow results, the
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skill level of the participants was higher than the challenge level of the game.
Most of the participants found level 1 not challenging and their skill is suitable
for the game. At each level, the challenge level is increasing, but it decreases
again when level 5 is reached. Thus, the challenge level of the game needs to be
increased especially for level 1. According to the results, adding gesture recogni-
tion factor to educating computational thinking using Kinect helps the students
to be more engaged in the education process.

More than twenty schools were contacted, however, only one school was inter-
ested in trying the project with its children. This is due to cultural reasons for not
engaging in modern teaching technologies. Also, some children were not inter-
ested in trying the game or joining the activity of the traditional educational
method. These led to the lacking number of participants in both groups.

Some of the students suggested that it is better if the main character can
move backward. Also, more levels will be implemented to target more advanced
concepts in computational thinking and programming such as functions and data
structure. We need to do a more extensive long-term study on children, to test
the effectiveness of the game in the long run.
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Abstract. Augmented Reality Game-Based Learning (ARGBL) has been
proposed as the combination of AR and GBL. Studies show that students
increase their motivation in learning when they play ARGBL games. Moreover,
ARGBL benefits learning processes by allowing social interaction with digital
devices within a multiplayer environment. In order to assess the effects of
combining ARGBL and a multiplayer approach, an ARGBL multiplayer video
game was built guided by a co-creation method. This paper shows the results in
terms of learning after using the ARGBL multiplayer video game as part of a
classroom activity.

Keywords: Augmented reality - Multiplayer - Game-Based Learning
Co-creation

1 Introduction

Augmented Reality (AR), defined by Azuma [1], is a combination of virtual and real
objects that coexist in the same space. In the last decade, studies have shown that AR
provides students with greater motivation for learning during classroom activities [2].
Currently there are numerous applications [3-5] that integrate Augmented Reality
which are built specifically for the educational environment. Game-Based Learning
allows students to learn by new and playful means through video games created for this
purpose. Many of the game experiences found in the state of the art [6—8] include AR
for learning; nonetheless, they fail to effectively take advantage of the social interaction
that Augmented Reality provides [9].

Section 3 describes the video game developed under the Co-CreARGBL method.
Section 4 describes the evaluation and analysis process carried out in this study.
Finally, Sect. 5 outlines the conclusions and future work.

2 Related Work

The video game showed in this study, named “TerraExplora”, was built in context of
the SmartSchool project (a project of the University of Cauca, Colombia) following the
method Co-CreARGBL [10]. The game aimed to take advantage of AR with social
interaction benefitting teaching and learning processes.
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The design and development process of “TerraExplora” was described deeply in
[10]. Also, that study showed the lessons learned during the process. This paper
describes the evaluation and analysis of “TerraExplora” which was conducted in a
naturalistic environment setting in a real classroom during a Geography lecture in a
rural school in the Colombia’s southwest.

3 The Game

“TerraExplora” is an educational video game built using a co-creation method [8]
which integrates AR and social interaction. The AR role was the visualization of
graphic game elements over a marker-based map of Colombia (Colombian regions,
position mark, characters, Colombian resources and climatic events). This video game
aims to support learning activities about the Departments (regions) of Colombia and
their economic resources, which are the main learning objectives set by primary school
teachers. Thanks to the co-creation integrated during each stage of the development
process, “TerraExplora” was built and improved considering the input of the teachers
trying to fulfill their expectations related to learning and motivation. The game sto-
ryline is presented as a competition in which aliens from different planets come to earth
looking to know about the Colombian resources. The video game uses marker-based
AR which makes the students focusing onto the map as a learning object. The device
running “TerraExplora” should be equipped with a webcam with enough resolution to
perform marker detection and the Android Operative System.

During the game session, two players face each other to achieve the main objective
of the game: fulfill missions. Missions consist of finding natural resources produced in
different Departments (regions) of Colombia. Each player has the ability to move
through the departments of Colombia, explore them and collect the resources found.
These actions can be performed through buttons on a main interface (Fig. 1A). Like-
wise, these actions have an energy cost and the game is played turn by turn. Players
will be affected by several obstacles, such as the opponent player’s decisions. For
example, players may use cards which can be used to benefit their own game or affect
their opponent.

Tuturno . - K=

o

Fig. 1. (A). Main interface of the game. (B). Final challenge interface.
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Lastly, a final challenge begins when the missions have been completed. This
challenge consists in placing the resources of the missions, with their respective
Department. The winner will be the one with the highest total score. Figure 1(B) shows
the interface of the final challenge.

For more information, we recommend reviewing the paper “Developing an Aug-
mented Reality Multiplayer Learning Game: Lessons Learned” [10], which deeply
describe the design and development process of “TerraExplora”.

4 Evaluation

In this section we present the results of the evaluation process conducted on the use of
ARGBL and the multiplayer approach through the analysis of “TerraExplora” in a real
educational environment. An evaluation based on mixed methods [11] was carried out.
The game was deployed in Samsung Galaxy Note 10.1 tablets, with 4.1 Jelly Bean
Android Operating System, 3 GB of RAM. In this section we show the problem
statement, research design, sampling, data collection and analysis of the results.

4.1 Problem Statement

This stage begins with the definition of the evaluation question. The question that was
raised for this project was the following:

Did the students benefit from to the use of ARGBL multiplayer videogames as “TerraExplora”?

4.2 Research Design

The methodology of Mixed Methods [11] provides a number of research designs
depending on the characteristics of the research work. That is why the chosen research
design in this project was the Concurrent Triangulation Design (DITRIAC) [11], due to
the evaluation’s aim to corroborate results and carry out a cross-validation between
quantitative and qualitative data. On the one hand quantitative approach used an
experimental design with the aim of comparing the results of two student groups. On
the other hand, the qualitative approach used a case study with the purpose of deter-
mining the effect of the video game in terms of learning outcomes.

4.3 Sampling

The sample for this project consisted of 31 sixth grade students from the rural town of
“La Cabafia”, Department of Cauca, Colombia aged 11 years old on average and a
standard deviation of 1.4. A process of simple random probability sampling was carried
out, which involved taking the population and divide it into two groups (experimental
and control) by selecting their members at random through a table of random numbers
without considering any preference of the students.
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4.4 Data Collection

To find how the game impacted the learning process, students in the experimental
group were asked to interact with the video game during the class. In turn students in
the control group took a class activity as they do in their normal school days. The
experiment was divided in three stages: (i) test of learning styles, (ii) class activity or
gaming activity and (iv) interviews. For the quantitative approach, information was
obtained by the participants through questionnaires. The qualitative approach used
observations, interviews, audio recordings and photographs. Table 1 shows different
activities addressed on the class activities and game activity. Note that the main dif-
ference is on activity Book Reading and VideoGame.

Table 1. Summary of stages during the class activity

Activities Class Activity | Game Activity
Didactic activity v v
Map v v
Video v v
Book reading v -
VideoGame - v
Conclusions and statement | v/ v

(i) Test of learning styles

Based on the study carried out by Chen [12], competition mechanisms are related to
the skill of students. The study concluded that the design of competitive learning
activities can be improved by considering the preferences of students and their abilities
to achieve a more efficient learning process. For this reason, in this project, a test of
learning styles was used with the aim of analyzing how the preferences of the students
influenced their learning.

We used a test adapted from the “CAPSOL Style Of Learning Assessment” [13],
with the objective of determining the learning styles from the students profile ranging
low to high preference. In this case we chose the learning styles related to the
influential skills in the project, which are: visual, auditory, bodily-kinesthetic, indi-
vidual, group and written expression.

The test consists of 18 questions whose answers have a numerical value (1-4).
Once the test is completed, the respective analysis of the answers is carried out to
determine the student’s preference for learning styles.

(i) Class activity

The class activity was solely used with the control group. The teacher guided a
class carefully observing that the educational content was the same as the content
integrated in “TerraExplora”. The teacher began with a didactic activity which moti-
vated the students to participate in the class considering their previous knowledge about
the topic of interest: Departments of Colombia. The teacher subsequently used a video
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projector to show the map of Colombia and indicate its regions, as show in Fig. 2.
Also, the teacher showed a video explaining the regions of Colombia and its charac-
teristics. At the end of the video the teacher gave the information related to Colombian
resources with a document that students transcribed to their notebooks.

Fig. 2. Teacher imparting the class activity to the control group.

A questionnaire designed by the teacher was conducted to assess students’ learning,
which had questions related to the educational content presented during the class
activity.

(iii) Gaming activity

The gaming activity was conducted with the experimental group, the teacher used
an instructional activity to guide this session, which was designed to introduce the
topics of the educational content and explain the game mechanics. During this activity,
the teacher carried out the same traditional didactic activity as well as the presentation
of the map of Colombia and the same video explaining the regions of Colombia and
their characteristics.

After the video was played, the gaming session began with the support of the
teacher, as shown in Fig. 3. The gaming session lasted approximately 25 to 30 min.

During the gaming activity, information was gathered through observations which
focused on identifying how multiplayer mechanics and AR cause an increase in student
interest and motivation, and consequently better learning. The observation was based
on the analysis key factors such as participation, mood, respond timing and amount of
accurate answers. Also, it was observed the duration of each turn, the need for help
from students and the errors presented in the video game. Once the game activity was
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Fig. 3. (A) Gaming activity. (B) Final challenge.

completed, students in the experimental group took a questionnaire to evaluate their
learning. This questionnaire is the same one used with the control group.

(iv) Interviews

After the class and gaming activity, students were randomly selected from each
group to interview them. A third interview was conducted to the teachers in order to
know their opinion/perception related to the integration of video games, such as
“TerraExplora”, in their classes and its influence on the teaching and learning
processes.

4.5 Analysis of Results

Learning. The questionnaire was one of the instruments used in the assessment of
learning, which was applied to both the control and experimental group. The results
were entered into the software for statistical analysis STATA [14], which allowed to
analyze the data and gather conclusions. We were not able to find statistical signifi-
cance probably because of the small sample size. The questionnaire was composed of 7
questions, which were related to the learning objectives set by the teachers. Table 2
shows the results of the questions related to the learning objectives (regions, Depart-
ments and resources).
The first question of the questionnaire was related to the Departments of Colombia. The
results showed that 75% of the students belonging to the experimental group got good
answers against 63.2% of the students belonging to control group. This positive result
is considered to be attributed to the gaming mechanics because, in the game, the
students had to travel through Colombia and are able to virtually visit the departments.
The sixth question was related to the regions of Colombia. The results showed that
58.3% of the students belonging to experimental group were successful in the response,
while no student in the control group was fully successful. It should be noted that no
student from the experimental group missed the answer which suggests that they
identified at least one region of Colombia. This positive result is considered to be
attributed to AR and the gaming mechanics included in “TerraExplora” which allowed
the students to visualize the regions of Colombia and foster their learning because the
information is presented in a visual and entertaining way capturing their attention and
avoiding boredom. The students who recognized the regions of Colombia got an
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Table 2. Results of the analysis by group

Question | Group Scale
Good | Regular | Wrong
1 Control 63.2% | 36.6% |0%
Experimental | 75% | 25% 0%
2 Control 26.3% | 36.8% | 36.8%
Experimental | 16.7% | 16.7% | 66.7%
3 Control 31.6% | 36.8% |31.6%
Experimental | 50% | 25% 25%
4 Control 57.9% | 0% 42.1%
Experimental | 75% | 0% 25%
5 Control 78.9% | 0% 21.1%
Experimental | 91.7% | 0% 8.3%
6 Control 0% 68.4% |31.6%
Experimental | 58.3% |41.7% | 0%
7 Control 36.8% | 21.1% |42.1%
Experimental | 83.3% | 0% 16.7%

advantage over their opponent because the game has a set of “clues” which are always
related to the regions of the country.

Question seven was related to the resources and its producing Department. The
results showed that “TerraExplora” influenced a high number of students (83.3%) form
the experimental group. These students were able to relate a resource with the corre-
sponding producing Department. While in the control group most students (42.1%)
responded erroneously, this could be related to the lack of motivation during the class.
In support of the above, the observations during the game activity indicated that several
students struggled to remember the Department where they knew that a specific
resource was produced to fulfill a certain mission motivated by competition.

Generally, the result showed that the experimental group was characterized by
having a greater number of good answers compared to the control group, as shown in
Table 3, suggesting that elements included in “TerraExplora” (AR and social inter-
action) influenced those results.

Table 3. Overall results related to student learning.

Group Good | Regular | Wrong
Control 42.1% | 28.6% |29.3%
Experimental | 64.3% | 15.5% | 20.2%

The results obtained in the questionnaire were analyzed in order to understand the
differences between the control and experimental groups. As shown in Figs. 4(A) and

B).
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Fig. 4. Preferences for each learning style in control and experimental group

The analysis showed that most students belonging to the control group were
inclined towards a bodily-kinesthetic and group learning styles. Regarding the exper-
imental group, the students were inclined towards visual, bodily-kinesthetic, group and
written expression learning styles. This suggests that most of the failures in the control
group may be due to the fact that a traditional class does not promote their maximum
performance because their preferences are inclined to group learning and socialization
which are not present in a traditional teacher-to-students lecture. In contrast, the
learning styles of the experimental group are more aligned with the game character-
istics. The gaming mechanics set in “TerraExplora” are focused on promoting learning
by association based on the benefits that provides the AR and social interaction in order
to obtain a better student learning. It is considered that students belonging to the control
group would obtain better results if they had use “TerraExplora” as the experimental
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group did, because the physical interaction with the gaming elements helps them
remembering and processing information, and the multiplayer mechanics included in
the game fits the student’s learning styles.

5 Conclusions and Future Work

In this paper, the evaluation of a multiplayer AR Game-Based Learning game has been
shown. Regarding the influence of the video game in the learning process, students
gave a greater value to the educational content they have to accomplish a game mis-
sion. The teaching strategy of Learning by Association played an important role to
fulfill the missions in the game. This causes the learning to take place indirectly
motivated by the use of components such as AR and social interaction.

As for the influence of learning styles in the results obtained in the questionnaire, it
is considered that students belonging to the experimental group obtained a good per-
formance in learning with a 64.3%, compared with the control group with a 42.1%.
This may be because most students showed an inclination to a learning style that
benefits from the social interaction included in “TerraExplora”. On the other hand, it is
considered that the students belonging to control group would obtain better results if
they will experience with “TerraExplora”, because the interaction with the physical
elements would help them to remember and process information. Also, the multiplayer
mechanics included in the video game benefit this because of the students’ high
preference for group and bodily-kinesthetic learning styles.

By observing the results, it is concluded that competition integrated in “TerraEx-
plora” allowed students to learn the educational content in a fun way as they looked to
get advantage over their opponent, however some students preferred to play in a
collaborative way.

Finally, teachers expressed that “TerraExplora” is a support tool to the classes
because the students perform the practical part reinforcing the knowledge acquired in
class. Teachers emphasized that the use of “TerraExplora” supports learning by
association, provides a fun experience that captures the attention of children, increases
the motivation and manages an interesting game mechanics for students.

As future work of this research, we propose to include a collaborative experience in
the video game, i.e. the possibility of choosing between collaborative or competitive
game because some of the students showed preference toward collaboration in their
quest to fulfill the missions. Also, the game may be improved to a continuous pace (not
turn-based) in order to minimize the gaming time and possible boredom.
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want to acknowledge the support the teachers and students who participated in this project.
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Abstract. Prism was developed to help neurotypical children aged 8 to 10
empathize with their peers who have autism. It is a digital game for the children
to play, paired with a discussion framework for instructors that takes the chil-
dren through the game and how it relates to the children’s everyday life. In this
paper we describe the development of the game and discussion framework,
iteratively working with the stakeholders and interacting with a subject matter
expert to create the full experience within 15 weeks.

Keywords: Autism acceptance - Games for behavior change
Games for empathy

1 Introduction

At Beech Bottom Primary School in West Virginia, USA, neurotypical students (stu-
dents without autism) frequently interact with classmates who have autism. While the
children take many classes separately, there are occasions where they take the same
class, and many areas where they meet — like during recess or parties. Teachers note
that the differences in behavior between the two groups give rise to misunderstandings
and difficulties in cooperation. Previous efforts in promoting empathy in neurotypical
students involved conversations with the children about autism, sometimes aided with
videos. Instances of teasing and mild bullying persisted, however, and the teachers
were concerned about the long-term impact of such behavior left unchecked.

Our team of Carnegie Mellon graduate students from the Entertainment Technol-
ogy Center was tasked with developing a functioning prototype in a 15-week period
that could effectively engage neurotypical children with the subject matter and
engender empathy for their peers with autism. Our client was interested to see whether
an interactive experience would be more effective in getting through to the children.
We worked closely with a subject matter expert (SME), Michelle Lubetsky, who is an
Educational Consultant at the Allegheny Intermediate Unit (Pennsylvania, USA) to
develop the experience. We built the game for web browsers and optimized for Google
Chromebooks, later porting it to iOS and Android devices for increased accessibility at
schools.
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2 Related Work

Autism acceptance and empathy has been promoted through a variety of media. Before
we committed to a digital game, we explored the work that had already been done in
this area, discussing pros and cons with our SME. Given that we had a 15-week period
to create the full prototype, we had only a short span of time to look at other work,
focusing on types of interactive experiences we could pursue for our project, or media
targeted specifically at our users, like children’s books. We met bi-weekly with our
SME to keep the experience focused on its goals.

360° Video. Projects employing this media to engender empathy for autism usually
simulate the experience of sensory overload to help viewers understand it. Some videos
we looked at were the Autism TMI Virtual Reality Experience [1] and The Party [2].
These applications do not address difficulties with communication and social skills that
are typically observed in individuals with autism.

Games. The game Auti-Sim [3] allows you to navigate through a playground as a
child, focusing on the experience of sensory overload. There are some comments on the
game webpage that express positive reception, but other comments emphasize that it is
not representative of all autistic experiences. As autism is a wide spectrum, a game set
in the real world was a risky endeavor. We also learned to watch for tone, as there are
comments and reviews of the game that call it “creepy” or “horrifying”. We wanted to
ensure that players of our game do not fear or pity their peers with autism.

Installations. An interactive digital poster by BBDO for Autism Speaks [4] addressed
the difficulty that children with autism have with making eye-contact. It was used for
advertisement purposes and tackled only that one symptom.

Augmented Reality. Heeju Kim created An Empathy Bridge for Autism [5] using a
smartphone augmented with a specially designed app to simulate autistic vision, ear-
phones to emulate the sound and disposable candy that hinders pronunciation. The
creator used low cost materials to address various symptoms of which neurotypical
people may not be aware.

Mobile Apps. The Autism Discovery Tool: Sensory from Within mobile app [6] dealt
with seven senses: vision, hearing, touch, taste, smell, balance and proprioception. The
app address both strengths and challenges in these areas. While the platform of a
mobile app lends itself well to our users and the wide range of senses provided good
coverage, the app functioned as a tool which may not be engaging for children.

Books and Videos. There is a variety of material directed at children through these
media. Books like My Friend With Autism [7], or the videos My Autism and Me [8],
What’s up with Nick? [9] and episodes of Sesame Street [10] depict everyday with
advice for children on how to navigate them. We also watched episodes of the tele-
vision show Mister Rogers’ Neighborhood [11] for insight into constructing a simple
story for children and mapping it back to a larger lesson.
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3 Design

To flesh out our goals for the player of the game, we used Sabrina Culyba’s framework
for developing transformational games [12]. The “barriers” we identified i.e. the rea-
sons neurotypical children at the school had trouble empathizing with their autistic
peers, were two-fold. First, from the perspective of a neurotypical student, it often
seems that there are no apparent stimuli that cause the unusual and sometimes
frightening behaviors that their peers with autism exhibit. Second, neurotypical chil-
dren can have a hard time understanding that their peers with autism must perform
conscious social problem-solving on a regular basis to effectively communicate.
Extrapolating from these barriers, we developed the goals for the players of our game
as follows: First, the game helps the player understand the phenomenon of sensory
overload. Second, it helps them understand the difficulty in daily communication that
their peers with autism face. And third, the players should understand how they can
take actions to be a better friend.

As an informal test, we met with a small group of students at our client school,
where we used card sorting with some pictures of different games to understand their
preferences. The children expressed a preference for open-world games set in natural
settings over more realistic, industrial-like settings. Brainstorming with exploration as a
core driver, we arrived at the idea of a having an open-world game set in a forest. We
then laid a plot over this structure to make the design address our goals better. The
player plays as a nocturnal animal, the fox, who experiences a form of sensory overload
in the daytime, and who must communicate with animals unfamiliar to it. This pairs the
sensory overload with a series of social interactions, addressing our first two goals. We
moved our third goal outside the game, where a teacher leads a discussion about the
traits observed in the animals and how it relates to everyday life. We also met with
some children a second time, where we asked them for stories about their friends, to
help us construct a more relatable narrative. Many stories about friendship revolved
around playing together, helping someone who was hurt, or helping someone find a lost
object. This helped shape the plot to meet our learning goals (Table 1).

We iteratively tested for development at multiple primary schools, using built-in
Google Analytics to evaluate our design choices. We followed all child safety protocol
measures as required by the schools with which we worked, as well as CMU’s human
subject guidelines.

4 Implementation

4.1 Visual and Auditory Distortion

The distortion was in effect during the daytime, which is when the fox would expe-
rience a form of “sensory overload.” It occurs at regular intervals and the fox must
howl to soothe itself. Developing in Unity3D (for WebGL browser deployment, and
then i0OS and Android apps), we used the bloom filter in combination with grain, depth
of field, chromatic aberration and a slight vignette. Initially, we simulated blurry vision,
but our SME advised us to instead simulate it as sensitivity to bright light (Fig. 1). For
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Table 1. Structure of the plot with associated learning goals

Game plot

Gameplay

Learning goals

The fox meets the owl and the
wolf who bring news of the
flood and ask the fox to seek
help to save the forest

Cutscene, introduction to
dialogue selection
mechanic

The bear needs honey before
she agrees to help

Soothe visual distortion
to read dialogue

Difficulty attending to an
auditory message if highly
stimulated

A stag and a doe are worried
about their lost baby fawn,
who is obsessed with fireflies

Select appropriate
dialogue options to guide
the fawn back

Deliver monologues about a
favorite topic rather than
allow reciprocal
communication

The owl discusses how
challenging the daytime can
be

Cutscene

Normalizing difficulties,
highlighting strengths

An injured boar needs some
berries, honey and
wheatgrass. The rabbit can
help but doesn’t seem to be
listening

The fox meets a moose who
seems unwilling to talk

Interacting with the rabbit
prompts wheat-grass to
appear in her mouth 30 s
later

Repeated interactions
encourage non-verbal
communication

Have difficulty multi-tasking,
i.e., talking or listening while
doing something else; may

need to do one thing at a time

Desire social interaction, but
has difficulty knowing how to
initiate and maintain a
friendship

the auditory distortion, we used curve smoothing. Since the WebGL platform does not
support threads, we were unable to use FMOD for audio playback and mixing, so we
created two separate tracks (normal and distorted) and switched between them using

the Web Audio APL

Fig. 1. Daytime vision — when soothed and distorted.



Prism, a Game to Promote Autism Acceptance 105

4.2 Navigation and Controls

Based on the children’s familiarity with games like Minecraft, we initially used a
combination of mouse and keyboard for controls. However, this proved to be too
difficult for all children to use, so we made the controls keyboard-only, using arrow
keys and the spacebar. The players could use the H key to access the Hints menu, and
the F key to howl to alleviate distortion. When porting to mobile devices, we changed
the F key-press to shaking the device. We added a delay to the effect of the soothing
taking place. It created the desired effect of the children repeatedly trying to soothe the
fox, without being prompted to do so, seeming effective in simulating the frustration of
a sensory overload. The delay in soothing was adjusted based on testing, to make sure
that the players were not frustrated enough to stop playing the game.

4.3 Dialogue and Hints System

In lieu of using voice acting, an effort was made to keep the reading level of the
dialogue simple using a readability checker [13]. We avoided filling the dialogue box
with long lines of text, preferring to break them into smaller sentences.

We found that adding environmental cues for each animal helped the players orient
themselves in the world. Consequently, we used a large red tree, fireflies, a pond and
large rocks as markers for each animal. A hints menu was added in to provide the
players with a visual indicator of progress and gameplay hints. We also added on-
screen hints and context-sensitive dialogue hints.

4.4 Discussion Framework and Teacher Resources

In the development of the discussion framework for teachers, we worked closely with
our SME who has experience conducting workshops with children for autism accep-
tance. An accompanying document presents the framework for each animal interaction,
consisting of a quick overview of the plot, the learning goal and the questions to be
asked. Prior to conducting the workshop, the teachers can watch a series of playthrough
videos on our website [14], if they do not wish to play the game.

5 Use in Classrooms

Our client, Beech Bottom Primary, conducted the full workshop with their class of
fourth-grade students. The students responded favorably to the post-game discussion,
relating the animal scenarios to their real-life experiences. The teacher pointed out that
a child known to exhibit some insensitivity on the subject previously took a surprising
initiative in the conversation post-game. They theorized it was because he was fond of
playing games and looked upon the topic of discussion more favorably when it was
presented to him in relation to a game. We also tested the game and workshop at a
school that had not seen previous iterations of the game, and without the team phys-
ically present in the room. The game was well received and many students took
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initiative in the post-game discussion. In all tests, the children play the game for
30-35 min, with the follow-up teacher-led workshop running for 25-30 min.

6 Next Steps and Conclusion

Next steps include empirical validation that the game meets its learning goals through
formally coding discussions and careful experimental procedures regarding the game
plus teacher-led workshop. Our goal with this project was to create a fully-functional
working prototype in 15 weeks. We found that our animal world triggered topic
appropriate conversations in our pilot tests with two schools. Most efforts in autism
acceptance that we examined explain the condition using some version of real-world
simulation. However, our unique metaphorical approach also worked well to stimulate
conversation. The use of forest animals engaged our players and perhaps made it easier
for them to understand the existence of different behaviors. As our developmental focus
was the optimization of the game, further research efforts can investigate best-case
practices for the post-game discussion.
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Abstract. Age, gender, and education represent crucial variables in the
assessment and interpretation of traditional neuropsychological measures as
regards the executive functions (EF). Currently, traditional measures are
showing limitations in capturing real life behaviors and new technologies, such
as serious games, are allowing creating more real situations with higher eco-
logical validity. In the present study, we applied a serious game approach to
investigate individual variables-related differences in the EF assessment.
268 healthy subjects participated in the study, completing 14 tasks (6 standard
tasks; 8 serious games) randomly presented. The results showed that younger
participants completed tasks in less time than older and with higher correct
answers. Furthermore, males registered shorter reaction times, while females
showed higher percentages of correct answers. The university studies group
obtained higher total score and correct answers than high school studies
group. Finally, since the study involved technology, we divided the group in
high and low use technology level, obtaining that participants with a lower level
of use technologies reported higher latency times and lower correct answers in
high order EF tasks than the group with higher level of use of technology. As the
traditional measure, these findings suggest that individuals’ differences are
critical variables to consider in the development of more ecological measures for
the assessment of EFs.

Keywords: Serious game * Executive functions + Age - Education
Gender - Behavioral assessment - Ecological validity

1 Introduction

Executive functions (EFs) are a set of basic and higher-order cognitive processes
involved in the monitoring and control of everyday life behaviors for the achievement
of established goals [1, 2]. Basic EFs include attention, control inhibition, working
memory, and cognitive flexibility, and higher-order EFs involve multi-basic EFs,
including planning and problem-solving abilities [3—5]. In addition, EFs do not only
play an important role in cognitive behaviors related to the achievement of established
goals, but also in emotional and social situations [6]. Currently, the neuropsychological
assessment and an accurate interpretation of EFs performance measures are crucial
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variables that distinguish normal cognitive functioning from cognitive impairments [1,
7]. For accurate neuropsychological interpretation, the tests are adjusted according to
socio-demographic variables such as age, gender, and education that influence cogni-
tive performance [8—10]. Numerous age studies on normal functioning showed that the
highest performance of EFs abilities is between 20 and 29 years, weakening pro-
gressively in later adulthood [11-13]. Otherwise, educational level has related to higher
EFs performance [14-18]. Individuals with higher education performed better than
individuals with lower education. Regarding to results on gender, the scientific liter-
ature showed more complexity. Some studies, on one hand, showed that women
performed better on verbal tasks and men in visual-spatial tasks [19-21]. On other
hand, other studies revealed weaker or no differences gender-related on EFs perfor-
mance [22-24].

Furthermore, the traditional EF tests require simple responses to single stimuli and
tend to be decontextualized, and abstract, not reflecting the complex multi-tasks in
daily life that demand more composite series of behaviors, limiting in this way their
ecological validity [25-27]. Indeed, clinical studies have showed that even if patients
are able to perform well as healthy subjects on traditional tests, they experience dif-
ficulties in everyday life activities [28—30]. Ecological validity refers to the general-
ization of the results and individual performance of a research study to real settings of
everyday life [25]. Serious games (SG) are games with an established aim that can
represent a novel approach to simulate more real-EFs situations and able to capture
dynamic performance in real time. Currently, SGs are especially showing efficacy in
rehabilitation interventions [31], and less in psychological assessment. The main
advantages provided by SGs include appealing, since nowadays technologies are
commonly used in daily life, being able to achieve more people [32]; engagement
because games are fun and able to increase motivation, decreasing patients’ drop-out
[33]; and effectiveness since people can experience new behavior in a safe environment
[33].

Starting from these premises, the aim of the present study was to assess, through a
narrative SG, three distinct domains of EFs involving attentional and inhibition control,
planning and cognitive flexibility among healthy individuals with a wide age range of
25-55 years, considering comparative gender and education differences, as well as
differences in using technology.

2 Materials and Methods

2.1 Subjects

A total of 268 healthy subjects (Mean age = 39.19; SD = 8.65) participated in this
study. Before participating in the study, each participant received written information
about the study and was required to give written consent for inclusion in the study. The
study obtained ethical approval by the Ethical Committee of the Polytechnic University
of Valencia.
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2.2 Questionnaire

Participants completed a demographic questionnaire, about their age, gender, education
and level of use of technologies.

2.3 Tasks

The tasks were developed using Unity 5.5.1f1 software and completed on a personal
computer. The Visual Studio tool was used applying c# programming language. Par-
ticipants completed a total of 14 tasks (6 standard tasks; 8 serious games) randomly
presented. The randomization of the tasks was performed by applying a programming
code.

Each of the SGs was designed according to one of the standard tasks (ST). Table 1
shows the ST administered and its correspondent SG.

Table 1. Standard tasks, serious games administered, outcome measures, and cognitive
functions assessed

ST SG | Outcome measures Cognitive functions assessed
Dot probe task AT1 | Latency times Attention
Correct Answers Inhibition control
AT2 | Latency times Attention

Go/nogo task

AT3

Correct Answers

Latency times
Correct Answers

Inhibition control

Attention
Inhibition control

Stroop test AT4 | Latency times Attention
Correct Answers Inhibition control
Trail making task CF1 | Total times Attention

Latency times Cognitive flexibility

Correct Answers
Wisconsin card sorting test | CF2 | Latency time

Correct answers
Perseverative responses
CF3 | Latency time

Correct answers
Perseverative responses

Cognitive flexibility

Cognitive flexibility

Tower of London PL1 | Total score
Initial time
Execution time
Total time

Planning

2.3.1 Standard Tasks

e Dot probe task [34]
A neutral version of the arrangement published by Miller and Fillmore [34] was
administered. During the task, a black cross appeared in the middle of the screen,
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followed by a couple of neutral pictures that were presented together, 3 cm
apart. We selected these neutral pictures (20 in total) from the International
Affective Picture System (IAPS) [35]. After the images disappear, an “X” emerged
on one side of the screen. Participants were instructed to press the “E” key on the
keyboard if the target appeared on the left, and the “I” key if the target appeared on
the right.

e Go/Nogo Task [36]
A white rectangle emerged in the middle of the screen. This rectangle could be
vertical or horizontal disposed (cue). After the rectangle appeared, it became into
blue or green (target). Participants should press the spacebar when the rectangle
became into green (go) and they didn’t have to press any key if the rectangle
became into blue (nogo).

e Stroop Test [37]
A colored word appeared in the middle of the screen. Participants were asked to
indicate the color of the word, between four options, ignoring its meaning.

e Trail making task [36]
This exercise was divided in two parts. In the first one (A), 25 numbers were
randomly distributed along the screen; participants were asked to connect them
consecutively (1-2-3, ... 25), as quickly as they could and using the mouse. In the
second part of the task (B), participants should match numbers and letters alter-
natively, and in consecutive order (1-a-2-b, ... 13).

e Wisconsin Card Sorting Task [38]
Participants were shown four card piles, with its first card faced up. Each one of
these cards had different characteristics: number of elements (one, two, three or
four), color (red, yellow, blue or green) and shape (cross, triangle, circle or star).
One of these features was the criterion by which a new card should be matched with
one of the four piles. Participants should put each new card on the related pile, and
the system gave feedback about the correct and wrong answers. The classification
criterion changed along the task, in such a way that the participants should deduce
the correct criterion in each trial based on the system feedback.

e Tower of London [39]
Participants were shown a structure made by three sticks of different length con-
nected with base and three colored balls (red, green and blue). Three balls filled in
the longer stick, two balls filled in the medium one and only one ball filled in the
smaller stick. A combination of balls distributed along the sticks appeared, and
participants had to reproduce it using the minimum number of moves that they
could.

2.3.2 Serious Games

The narrative SG has been settled in a spaceship and the aim of the game player was to
discover a new “earth”. The eight games have been created and developed based on the
EFs constructs and contextualized in the storytelling:

e ATI: “The takeoff: you are the pilot and you have to take off the spaceship. To take
off you should follow the earth planet images that appear in front of you”;
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e ATS3: “Aliens attack: in the space that are a lot of elements and in this moment your
spaceship is attacked by aliens and you have to avoid and kill the aliens”;

e AT4: “The oxygen valve has broken! You have to repair it but the valve is closed in
a strongbox. The strongbox has a code that you have to unlock™;

e CF1: “Water and Food: the water and food supply is almost all gone. To obtain
water you have to pump up the level and for food you have to cultivate”;

e CF2: “The orchard is empty” You have to grow up new plants. You have 4 kinds of
plants based on fruit types, number of branches, number of fruits, and color fuits,
and you have to decide in which group of plants you joint the new plant™;

e CF3: “Without fuel: your fuel supply is finished. To obtain fuel you have to activate
the turbine. For activating you have to combine different elements two by two”;

e PLI: “Lock up: you are lock up in a room and you have to use and combine
different objects that you find in the room to open the door”;

e AT2: “Resources: you have achieved the new planet and you have to manage the
resources. To manage the resources you should select the correct elements that you
need to live”.

We developed each task to measure a specific executive function: four of the SGs
were designed to measure attention (AT1, AT2, AT3 and AT4), three of them were
aimed to assess cognitive flexibility (CF1, CF2 and CF3) and one of the SGs was
thought to evaluate planning abilities (PL1). All these tasks started with a brief con-
textualization, to create a situational context in which the games will fit in.

2.4 Data Analysis

The analyses were performed using SPSS version 22.0 (Statistical Package for the
Social Sciences for Windows, Chicago, IL) for PC. After verifying the assumption of
normality applying Kolmogorov Smirnov, individual differences between groups were
obtained. We calculated the individual differences between groups per age, gender and
level of use of technologies using t-test, and we applied ANOVA test for analyzing
differences among groups of participants per education.

3 Results

Table 2 shows the descriptive data of participants:

Table 2. Demographic data of participants (n = 268)

Demographic data of participants Mean (SD) [Range]
Age 39.19 (8.65) [25-55]
Age (18-40/41-64) 147/121

Gender (M/F) 133/135

Education (1 = High School/2 = University/3 = Post-graduate) | 107/110/51

Use of technologies level (H/L) 127/141
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3.1 Individual Differences Per Gender

Regarding the relation between ST tasks and SG-related, we found significant differ-
ences between genders in Stroop Test and the associated SG-AT4. In the Stroop-related
SG, males registered shorter reaction times, while females showed higher percentages
of correct answers. Furthermore, as concerns the exclusive narrative SG the results
showed several significant differences. In the SG-PL1, females expend higher execu-
tion time than males while males obtained higher total score. Females registered also
higher total time in SG-CF1 (A) (Fig. 1).

(a) (b)

3 * 0,99

* ® Males
25 0,985 ® Females
2
* 0,98
15
0,975
1
05 097
0 0,965
Stroop Test
(c) (d)
66 11,8
64 116
62 11,4
60 ’
58 11,2
310
56 11
54 300
10,8
52 ’ 2%
50 106 280
48 10,4 270
CF1(A) PL1 PL1

Fig. 1. T-test results on significant differences between groups per gender. (a) LT = Latency
time, (b) CA = Correct answers, (c) TT = Total time, (d) TS = Total score, (¢) ET = Execution
time, (f) PR = Perseverative Responses. *p < .05, **p < .01, ***p < .001

3.2 Individual Differences Per Age

Figure 2 shows the significant differences found among groups per age, ST and SG-
related. More in detail, we found analogous significant differences in age between the
whole ST tasks and the related SGs: younger participants (18—40) registered lower
reaction times and execution times than older subjects (41-64), and higher percentage
of correct answers and total score both in the ST tasks and in the SG-related.
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Fig. 2. T-test results on significant differences between groups per age. (a) LT = Latency time,
(b) CA = Correct answers, (c) TT = Total time, (d) TS = Total score, (¢) ET = Execution time,
(f) PR = Perseverative Responses. *p < .05, **p < .01, ***p < .001

3.3 Individual Differences Per Education

Figure 3 shows the significant differences found among groups per education, ST and
SG-related. The university studies group obtained higher total score and correct
answers than high school studies group both in the WCST ST task and the SG-related,
as well as in the Tower of London.

(b) (d)
-
08 . 268 w High School
07 o 266 » University
06 264 Post-grad.
-4 -grad.
05 262
0,4 o
25,8
03 25,6
0,2 25,4
0,1 25,2
0 25
WCST CF2 Tower of London

Fig. 3. ANOVA results of significant differences between groups per education.
(a) LT = Latency time, (b) CA = Correct answers, (c) TT = Total time, (d) TS = Total score,
(e) ET = Execution time, (f) PR = Perseverative Responses. *p < .05, **p < .01, ***p < .001
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3.4 Individual Differences Per Level of Use of Technologies

Figure 4 shows the significant differences found among groups per level of use of
technologies, ST and SG related. Participants with a low level of use of technologies
registered higher latency times between Stroop test and the attentional SGs, as well as
between the Tower of London test and the related SG as concerns the execution times.

(a) (b)
*
3 0,63 * = High
2,5 0,62 » Low
2 0,61
* 0,6
1,5
0,59
1
*% * 0,58
H b
0 0,56
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(c) (e)
*
70 25 30 %
*%
60 20 25
50 * Kk 20
15
40 15
*
30 10
20 5
10
0
0 Tower of PL1 WCST
TMT (A) TMT (B) London

Fig. 4. T-test results on significant differences between groups per level of use of technologies.
(a) LT = Latency time, (b) CA = Correct answers, (c) TT = Total time, (d) TS = Total score,
(e) ET = Execution time, (f) PR = Perseverative Responses. *p < .05, **p < .01, ***p < .001

Furthermore, participants with a low level of use of technology showed lower
percentage of correct answers in the SG-CF3, as well as more perseverative responses
in WCST.

4 Discussion and Conclusions

The main of this study was to investigate the influence of gender, age, and education on
three EFs’ domains, including attentional and inhibition control, planning, and cog-
nitive flexibility comparing traditional and standardized EFs’ measures with a narrative
SG.

The results on gender revealed differences on latency times of attentional (but not in
inhibition control) ST and the SG between men and women, showing shorter reaction
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times in men. Conversely, women have showed higher latency time and better per-
formance than men. Regarding the exclusive narrative SG, we found on cognitive
flexibility higher total time in women than men, as well in planning time, and men
showed a better performance than women. These results reflect the complexity in better
definition the role of gender in EFs activities, showing consistency with the ambiguity
of previous studies [22-24].

Regarding age, our results are consistent with the scientific literature, showing that
younger participants registered lower reaction times and execution times than older and
higher performance between the whole ST tasks and the related SGs [11-13]. Even
results on education reflected coherence with previous works, showing that individuals
with higher education performed better than individuals with lower education in ST and
the narrative SG [14—18]. More in detail, the main finding about education refers to
higher-order EFs performance, as cognitive flexibility and planning abilities, resulting
on better performance in participants with higher educational levels. Finally, the level
of use of technologies influenced the performance and our findings showed that people
with a low level of technologies’ use registered higher performance time both the ST
and the SG-related. As well, our results showed that lower correct answers and more
preservative responses are two possible effects that seem depend on the level of
technologies’ use, mainly in higher-order EFs.

In conclusion, our study presented two relevant main findings: firstly, we found
similar significant differences in gender, age, and education between ST tasks and the
related SG, and, secondly, the only narrative SG has been able to detect more sig-
nificant differences as compared to the ST, especially in higher-order EFs. As a result,
if traditionally neuropsychological tests scores are adjusted based on age and education,
the new technological approaches, including more ecological measures for the
assessment of EFs, should take into consideration also the level of use of technologies
as individual variable.

Although, the present study presents some limitations and further studies, including
clinical populations, will be need for enhancing the sensitivity, reliability, and validity
in using technological approaches for more ecological neuropsychological tests.

Funding. This work was supported by the Spanish Ministry of Economy, Industry and
Competitiveness funded project “Advanced Therapeutically Tools for Mental Health”
(DPI2016-77396-R).
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Abstract. In the contexts of digital game-based and multimedia learning, little
is known about the strengths of associations between positive affective-
motivational factors elicited during a study session and the quality of knowledge
acquisition. Here, we take a step forward in filling this gap by re-analyzing our
11 experiments carried out between 2009-2017, featuring digital games, a
simulation, animations, or a computerized presentation (total N = 1,288; pri-
marily Czech and Slovak high school and university learners). The correlational
meta-analysis showed that the overall relationship between positive affective-
motivational variables and learning outcomes was significant, but relatively
weak. The weaker relationship was found for enjoyment and generalized posi-
tive affect compared to flow. The finding corroborates the idea that affective-
motivational states may be differentially related to learning outcomes. Future
research should investigate why some affective-motivational states seem to play
relatively limited roles in learning from multimedia instructional materials.

Keywords: Digital game-based learning + Multimedia learning
Motivation - Flow - Learning outcomes

1 Introduction

Digital game-based learning (DGBL) refers to learning partly or fully through com-
puterized games. DGBL can be viewed as a subfield of multimedia learning, which is
learning from materials combining words and pictures [25]. Digitalized multimedia

learning materials are, for example, animations or computerized slides.

Recent major meta-analyses of studies comparing the effectiveness of the DGBL
approach to “traditional” educational approaches demonstrated a small superiority of
games [e.g., 12, 40]. In theory, the reasons for the games’ superiority are numerous,
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[e.g., 2, 15, 29, 34; see also 25, pp. 13—15]. In practice, they are generally unknown.
This superiority can in fact be only seeming; it could have arisen because of a
methodological artifact. For instance, both meta-analyses showed that the positive
effects of games tend to attenuate in studies with random assignment. Elevated positive
affective-motivational states of learners (motivational states throughout for brevity) are
also one possible reason for the games’ alleged superiority. However, despite the hype
about DGBL motivational benefits, the meta-analyses made it clear that only a fraction
of the DGBL studies measured both motivational and learning outcome variables (see
below for examples). Narrative DGBL reviews [e.g., 11, 22] also did not provide
information on the strength of the relationship between learning outcomes and moti-
vational variables. Still very little is known about this issue.

In the general multimedia learning field, motivational factors have only recently
started to be studied [e.g., 18, 24, 37], and incorporated into multimedia learning
theories [e.g., 27]. Syntheses of literature point to the fact that augmenting learning
materials by using appealing bits of extraneous information, which elicit interest but are
not needed for comprehending the key learning message (i.e., seductive or extraneous
details), generally hampers learning [26, Chap. 4; 30]. Beyond that, little is known
about the motivational-learning relationship in the context of learning from comput-
erized multimedia (similar to the DGBL field).

From a methodological perspective, in comparative studies, the correlations
between learning outcome variables and motivational variables depend on two things:
on the experimental manipulation (which may have effects both on cognitive and
motivational domains) and on underlying motivational-learning associations (which
are detectable also in a correlational study). Information is insufficient about the pos-
sible strengths of either of those two influences.

From the perspective of educational psychology, this situation is not surprising.
First, the key variables of interest are the learning outcomes (rather than motivational
self-reports), because they are objective. Motivational variables are thus not always
measured. Second, concerning comparative studies, it is now generally accepted that
DGBL approaches (and additions of interesting embellishments to multimedia learning
materials in general) can influence learning processes in two opposing ways, [e.g., 1,
10, 37]. They can enhance learning through positively activating and energizing
learners: learners will invest more into learning. This idea is framed, for example, by
the cognitive-affective theory of learning by media [27]. However, these approaches
can also hamper learning by distracting attention away from learning (i.e., via the
seductive details embellishing the instructional message, which, in the case of DGBL,
is often the game’s entertainment feature). This idea is outlined, for instance, in the
cognitive load theory [36]. Depending on how well the game/multimedia is designed
and how well the learning and playing/interesting parts are integrated, the positives
may (but also may not) outweigh the negatives.

Third, the level of distraction may play a moderating role (on motivational-learning
link) also in single-group correlational studies, provided learners can relatively easily
ignore the supposedly interesting part of the learning material. Consider a learning
game, for example. When the gaming part is not well integrated with the learning part,
the learners motivated by the gameplay will end up playing rather than learning.
Whereas, the less motivated learners may ignore the gaming part and just learn
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(because they were told to do so), eventually outperforming the game-motivated
learners in terms of learning outcomes.

Motivational-learning correlations can thus be confounded by different levels of
distraction caused by different intervention designs. As a result, null-to-negative [e.g.,
14, 21, see also 1], null [e.g., 38], null-to-positive [e.g., 16, 18], as well as positive
[e.g., 32, see also 13, 17] associations have been reported in DGBL and multimedia
learning literature.

In this paper, we re-analyze our 11 multimedia learning experiments dating from
2009-2017. The participants were primarily Czech and Slovak high school and uni-
versity learners (total N = 1288). We focused on correlational outcomes in order to
obtain information about the nature of motivational-learning association in the context
of learning through digital games and related multimedia. These studies in particular
used digital learning games (n = 689), complex interactive simulations (n = 140), brief
animations (n = 278), and computerized slides (n = 181) as treatments. Despite the fact
that all our studies were comparative, we focused primarily on the underlying moti-
vational-learning associations rather than the effects of experimental manipulations.
This is because the majority of our studies yielded null results (i.e., with two excep-
tions, there were no robust effects of experimental manipulations). The interventions
were reasonably optimized by so-called multimedia learning principles [26] and, in the
case of games, we paid special attention not to separate the gaming and learning parts.
The studies were conducted by the same lab using the same/similar research methods.
Therefore, at least a certain level of consistency across studies with respect to possible
cognitive distraction (and methodological artifacts) can be guaranteed, and the general
correlational trend can indicate how motivational variables are related to learning
outcomes in DGBL-like contexts.

2 Method

2.1 Study Characteristics, Participants

The studies (Table 1) used experimental design with two or three groups. They either
compared a DGBL approach to a different type of learning on the same topic (i.e., so-
called media comparison studies [25]) or they compared interventions that differed in a
single feature or a few features (i.e., so-called value-added studies [25]). Participants
were typically above-average, high school or college learners from the capital city of
the Czech Republic (see Table 1 for mean age).

2.2 Interventions

The interventions ranged from using static computerized slides to a complex digital
learning game (see Table 1).

In a set of three value-added studies [3, 4, 9], we compared different versions of a 2-
h interactive simulation on the topic of beer brewing (Fig. 1). Participants studied how
to brew beer using on-screen instructions, practiced key steps in the simulation, and
eventually brewed beer in the simulation. We researched the added value of
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instructional texts in a conversational rather than a formal style (i.e., the so-called
personalization principle: [26, Chap. 12]), the effects of an intrinsically motivating
topic, and the added value of several gamification elements (e.g., points).

In another study [6], which consisted of four different experiments, we once again
studied the personalization principle. We used about 7-min-long, self-paced anima-
tions. In two experiments, one with high school and the other with university students,
participants studied how lightning forms. In the remaining two experiments, they
studied how a biological wastewater treatment plant functions.

In a set of three media comparison studies [7, 8, 10], we compared a DGBL
approach to a non-game instructional method, keeping the content and the length of
exposure the same. In one case, we used the Europe 2045 computer game (Fig. 1). This
is a complex, team role-playing game on the topic of European Union policies. The
non-game control condition was organized around discussions that replicated in-game
discussions but removed all game mechanics. In the second case, we used a 20-min
simulation mini-game on how to train animals (Fig. 1). After an expository lecture on
the animal training topic, participants either played the game or received a comple-
mentary lecture with videos on animal training. In the final study, after an expository
lecture, students either played a mini-game individually at computers, or the teacher
played it, while showing it to the whole class on a projector and prompting students on
how to proceed with the game. One half of learners were exposed to the animal training
mini-game, and the other half to a 20-min simulation mini-game on Mendelian genetics
[28].

In the final study [35], we used 10-minute-long, self-paced instructional slides as a
treatment. We researched the added value of augmenting schematic graphics by adding
black-and-white or colorful anthropomorphic faces to non-human elements. This type
of instructional redesign is called emotional design [37].

2.3 Variables

Learning Outcomes. Our studies generally tested mental model acquisition. In the
multimedia learning field (including DGBL), quality of acquired mental models is
typically measured by so-called retention and transfer knowledge tests [26]. Retention
tests assess “superficial” learning; i.e., whether the learner was able to memorize the
material without necessarily understanding the core process/model in question (e.g.,
“Based on the animation you just saw, describe in detail how biological wastewater
treatment works.”). Transfer tests assess “deep” learning; i.e., if learners truly
understand the point and are thus able to “transfer” and use what they learnt into new
contexts (e.g., “What would happen if a fungus first appeared in the wastewater
treatment plant and then bacteria? Write down all consequences that come to mind
based on the animation you saw today.”). We typically measured learning outcomes
immediately after the treatment and three or four weeks later (i.e., delayed tests).

Motivational Variables. There are indications that different positive motivational
variables are differently related to learning outcomes [4]. Therefore, we report here
correlations for individual variables rather than for a synthetic, composite variable:
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ingredients
panel

Fig. 1. Screenshots from the beer brewing simulation, animal training game, and Europe 2045.

enjoyment (n = 1,288), flow (n = 892), and generalized positive affect (n = §92). We
measured enjoyment typically on a 4-, 6- or 8-point Likert scale with 1-3 items (e.g.,
“I enjoyed today’s lesson.”, “This activity was appealing for me.”). These items cor-
respond to items from intrinsic motivation inventories [e.g., 20]. We did not use the
whole inventories for brevity. Generalized positive affect, called positive affect here
for brevity, was measured by a PANAS (Positive and Negative Affect Schedule [39]).
Participants had to rate their current feelings on a 5-point Likert scale. The list of
feelings included 10 positive feelings (e.g., interested, excited, strong) and 10 negative
feelings (e.g., distressed, upset, scared — these are not analyzed here). Flow was
measured using ten, 7-point Likert items from the Flow Short Scale [31] (e.g., “I feel
just the right amount of a challenge.”, “My thoughts run freely and smoothly.”, “I don’t
notice time passing.”). Internal consistencies were generally good for all variables
(Cronbach o generally > .8).

2.4 Procedures

Two studies [7, 8] took place in school settings. The rest was organized in a lab setting.
In general, the studies followed the following procedure. After the introduction and
filling in prior questionnaires, participants were randomly assigned to one of the
conditions. Thereafter, they completed the intervention. In three cases [3, 4, 9],
motivational variables were measured during the treatment and after it. The values were
then averaged. In other cases, the variables were measured only once; typically, right
after the treatment ended. Afterwards, participants filled in retention and transfer tests.
With one exception [6], they attended a delayed testing session three/four weeks later
and completed the tests once again. They were not informed in advance that the
purpose of the delayed session was to assess their knowledge. Many of them probably
guessed the purpose of the session; however, the majority of them reported back they
did not study for the tests beforehand, even though they had a hunch they would be
tested. Data collection was anonymized. The test performance had no consequences for
students (e.g., did not impact their grades).

2.5 Data Treatment

Correlations between motivational variables and learning outcome variables are
reported across the whole sample for each study, because subgroups are generally small
(~30 per cell). Whole-sample correlations reflect both general motivational-learning
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associations and the effects of experimental interventions. However, only two studies
[4, 10] found robust between-group differences: both in motivational and learning
outcome variables. Special attention will be paid to these two studies. For one of them
[10], the sample is actually so large (around 100 per cell) that correlations within
subgroups can be considered for meaningful contrasting of whole-sample correlations
to subgroup correlations. Other studies generally reported null results as concerns
motivational variables as well as for learning outcomes (only 4 out of a total 52
between-group comparisons were significant at p < .05 level).

We summarized the correlation results across reported studies using the
DerSimonian-Laird (DSL) random-effect meta-analytical approach. We used a metacor
[23] and meta [33] packages for calculations. Because not all studies used strict
retention and transfer tests (see Table 1), but all used immediate knowledge assess-
ments and all but one used delayed knowledge assessments, we decided to obtain one
correlation value per (1) each motivational variable and immediate learning outcome
variable, and (2) each motivational variable and delayed learning outcome variable.
Therefore, in studies featuring separate retention and transfer correlations, we trans-
formed the values in Fisher’s z scale and we used their average (i.e., one average for
immediate and another for delayed knowledge assessments). In addition to individual
correlations, we report summary correlations, their 95% confidence intervals, corre-
sponding p values, and dispersion measures (Q, P, 7).

3 Results

All correlations are reported in Table 1. As is apparent, there is a general trend for
weaker and less stable associations (with learning outcomes) for enjoyment and pos-
itive affect compared to flow. At the whole sample level, correlations range from —.20
to .45 (median = .13) for enjoyment, from —.14 to .48 (median = .165) for positive
affect, and from .06 to .45 (median = .30) for flow. This pattern does not change when
correlations with immediate learning outcomes and delayed learning outcomes are
considered separately, nor when the whole-sample correlations are summarized using
the meta-analytic approach (see Fig. 2 and the last rows of Table 1). Even the weaker
associations concerning enjoyment and positive affect are significant though (see
Table 1). In correlations between positive affect and delayed learning outcomes we saw
an evidence for substantial variability — it is likely the true effect sizes differ across the
included studies.

Do these correlations reflect the effects of experimental manipulations or general
motivational-learning associations? First, as already said, with the exception of two
studies [4, 10], no robust between-group differences with respect to experimental
comparisons emerged (i.e., generally, the studies reported null results; see Sect. 2.5).
Second, when correlations at the subgroup level of the Europe 2045 study [10]
(Table 1) are contrasted to whole-sample correlations, the general pattern of results
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Fig. 2. Correlations and summary effects between learning outcomes and motivation variables.

remains the same; although that particular study was the only one in which flow
correlations were weaker than positive affect correlations.! Thus, the strength of the
underlying motivational-learning associations (i.e., without the effects of experimental
manipulations) is indeed within the range reported in the last column of Table 1.

! Although confidence intervals for correlations are quite large for sample sizes of around 30
participants, we point out that for the study [4] (n = 35 + 30), the subgroup-level correlations also
show this pattern: roughly medium positive correlations for flow and zero/small negative correlations
for enjoyment and positive affect.
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At the same time, in the two studies that reported between-group differences, we
showed that experimental manipulations (i.e., a low vs. a high intrinsically motivating
topic: [4]; a discussion vs. a game: [10]) influenced both motivational variables and
learning outcomes. Flow partly mediated the effect of topic on learning outcomes in
[4]. Positive affect, but not flow, partly mediated the effect of game play on learning
outcomes in [10]. In neither case was enjoyment confirmed as a mediator. Therefore,
there is also some evidence that motivational states can be experimentally elevated and,
at the same time, they can be associated with enhanced learning.

It is also worth noting that one of the beer brewing studies [3] is the only one in
which enjoyment correlations were consistently moderate to strong. We will return to
this point in the discussion.

4 Discussion

This review has found that, in eleven experiments conducted by the same lab, with
relatively homogeneous samples and with treatments “optimized” by multimedia
learning principles, whole-sample associations between learning outcomes and three
motivational variables (enjoyment, positive affect, flow) tended to be positive. Average
correlations, across all experiments, were all positive and significant. Enjoyment and
positive affect correlations were less stable and weaker compared to flow correlations.
This pattern of results corroborates results from our study [4] that indicated directly that
flow may be more strongly associated with learning outcomes compared to enjoyment
and positive affect.

On the theoretical level, the following point is worth mentioning. Questions from
the flow questionnaire are most closely linked (compared to positive affect and
enjoyment questions) to focused attention on the learning content and increased cog-
nitive activation, which have been posited to be the key causes of improved learning
[e.g., 27]. Learners who are focused on learning (as indexed by flow) may still
experience neutral rather than positive feelings (as indexed by enjoyment and positive
affect). On the other hand, learners having positive feelings may not necessarily be
cognitively focused on learning; especially in DGBL-like contexts, wherein
enjoyment/positive affect may originate from playing rather than learning. In other
words, flow-based questionnaires may better capture slight changes in cognitive acti-
vation and attention processes (which are very difficult to measure directly but are
essential for successful learning).

We wish to emphasize that this pattern of results is provisional. Despite the fact that
the studies were relatively similar, there were some confounding factors. This is an
inevitable limitation. For example, in two studies above [3, 10], a learning—enjoyment
relationship was still notable. What could be the reason for this? We believe that the
culprit is the different (uncontrolled) heterogeneity of participants in terms of devel-
oped interest in the instructional domain, i.e., participants’ relatively stable predispo-
sition to re-engage with particular types of content [19]. Specifically, we think more
heterogeneous samples could have been recruited for these two studies, explaining
generally stronger correlations. To corroborate this idea, in one unpublished study
(N = 128; young adults; learning by means of a non-digital game; [5]), we intentionally
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recruited participants who were diverse in their developed domain interest: the
enjoyment-learning outcome correlations were moderate-to-strong (r = .36 — .43),
even somewhat stronger than flow (r = .25 — .35) or positive affect correlations
(r =.19 — .35). This adds another dimension of complexity to thinking about the
relationship between situational motivational factors and quality of knowledge acqui-
sition. When a generally neutral developed domain interest can be expected for a
particular sample and a learning situation, the motivational-learning correlations would
then be influenced primarily by situational factors. When differing developed domain
interests can be expected (e.g., an electromechanical topic), the correlations may also
be influenced by this type of (stable) interest. The same can be said with respect to use
of media through which the learning message is presented. For instance, computerized
slides (i.e., the medium as such) would unlikely trigger hatred or affection in present-
day college learners; unlike a new, complex educational game (some may love it,
others will hate it).

That said, the methodological implication is that care should be taken when con-
sidering what motivational measures are used in future DGBL and multimedia learning
studies. Using multiple measures at the same time is advisable, as is controlling for
developed domain interest and attitude toward instructional media.

Given the arguments above in this section and in the introduction, can one expect
that our results generalize to different contexts (e.g., different labs, different interven-
tion types, different levels of distraction, different age groups, different measures)? This
is not guaranteed. Still, it is worth noting that, in this report, flow—learning correlations
were in the range previously reported in the context of interest—academic achievement
associations [42] and the relation between interest and learning from texts [41]. It can
thus be speculated that these correlations reflect general motivation—learning associa-
tions rather than something specific to game-based/multimedia learning. Future
research should focus more on this issue.

At the same time, we also showed in two studies [4, 10] that motivational states
induced by re-design of the intervention can be connected to better learning outcomes.
Additional evidence supporting the idea that this is possible exists in DGBL [e.g., 13,
17] and multimedia learning [e.g., 37, 43] contexts. This means that motivational states
elevated by specific DGBL/multimedia learning approaches can facilitate learning after
all. However, whether they do so depends on the quality of the re-design in question.
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Abstract. The prediction of learning performance is an important task in the
context of smart tutoring systems. A growing community from the field of
Learning Analytics and Educational Data Mining investigates the methods and
technologies to make predictions about the competencies and skills, learners
may reach within a specific course or program. Such performance predictions
may also enrich the capabilities and the effectiveness of serious games. In game-
based assessment, predictions add a novel dimension for the personalization and
adaption in games for which these functions may provide a valuable data basis.
The Learning Performance Vector (LPV) allows utilizing information about the
learning domain (i.e., the competencies and the structure of competencies) and
log file information from games to make performance predictions. In a simu-
lative study based on existing datasets, we explored the characteristics of the
approach and compared it to a linear regression model. The results indicate that
the LPV is a promising method, specifically in data rich game-based scenarios
with limited external information.

Keywords: In-game assessment + Performance prediction - Learning analytics
Competence-based Knowledge Space Theory

1 Introduction

The assessment of learning performance plays a crucial role in many serious games.
Specifically adaptive games require a certain understanding of competencies of the
learners and their learning progresses. Accordingly important is a sound, valid, and
theoretically grounded assessment. The evidences, thereby, may be divided into per-
formance related aspects, emotional-motivational as well as personality related aspects
[1]. The performance related aspects include measuring, gathering, analyzing, and
interpreting scores, task completion rates, completion times, success rates, success
depths (the quality or degree to which a ask has been accomplished), etc. [2]. The
approaches to in-game assessment, stealth assessment, and non-invasive adaptation of
games have been refined significantly over the past decade [3, 4]. There exist structural
models (related to KST and micro-adaptivity [5]), cognitive diagnosis models [6, 7],
Bayesian approaches [8], latent variable models [9] and methods from the field of
learning analytics (LA) research [10]. A concept that is not as popular in the context of
serious games as assessment approaches are, is the prediction of learning performance
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in games. Performance prediction has a long(er) tradition in the context of Learning
Analytics, for example.

In the context of serious games, prediction of learning performance may be
important in two areas. The one is game-based assessment, the assessment of certain
performance constructs on the hand of games or simulations. A prominent example is
the National Observational Teaching Exam (NOTE) by the Educational Testing Ser-
vice (ETS) [11]. NOTE is a test instrument for teacher’s abilities based on simulated
classroom scenarios, accredited in the USA. Meanwhile already a number of com-
mercial psychometric games exist. Prediction of achievements may be a valuable
dimension of such games and simulations. The second area is assessment for games,
for example to inform personalization and adaption of games. An example is the
approach of micro-adaptivity [5], which is a probabilistic, non-numerical framework to
build believe models about learner performance on the basis of fine grained activities in
the game. This paper describes an extension of the micro-adaptivity concept, aiming at
the prediction of a so-called learning horizon of a learner. This concept refers to the
likelihood with which a particular learner will achieve the learning goals in the domain
of the learning game. This approach is specifically interesting for serious games
because with each action of a learner in the game, the prediction model can be updated
and the prediction gets more accurate. By this means, the game may predict possible
achievements already at a comparably early stage and the right didactic consequences
can be drawn (e.g., an adaptation of the game at an early stage).

2 Predictive Learning Analytics

The prediction of academic success has a longer tradition, for example in the context of
university entry exams, which in the end aim to predict the performance and the
chances to graduate. This research basically focuses on two types of predictors: cog-
nitive ability or traditional measures, and non-cognitive, affective or non-academic
factors. Cognitive factors usually refer to measures such as high school grades and
standardized test scores whereas non-cognitive measures are related to psychological
factors, like social support and academic related skills [12]. Of course, there are mixed
approaches as well [13]. Often, very simple measures — such as engagement — predict
study success best [14]. In general, one has to distinguish the attributes and variables on
which predictions are based and, second, the methods how these variables are pro-
cessed. The most frequent methods to process variables are classifications, regressions,
and categorizations. In a review [15] list and describe the following methods: Decision
Tree, Artificial Neural Networks, Naive Bayes, K-Nearest Neighbor, and Support
Vector Machine. These authors conclude that Neural Network and Decision Tree
approaches have the highest prediction accuracy. [16] provide an overview of
approaches over the past fifteen years. These authors also demonstrate the effectiveness
and the limitations of four approaches (Logistic Regression, Naive Bayes, Support
Vector Machine) in the context of an early alert system. An interesting comparison of
eight methods (ranging from K-Nearest Neighbor to Decision Tree algorithms) along a
variety of learning factors was published by [17] who found only fair prediction
accuracy (60 to 80%). Also, the various algorithms did not differ substantially. [18]
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compared different methods from data mining and from the field of recommender
systems such as Bayesian Probabilistic Matrix Factorization and Bayesian Probabilistic
Tensor Factorization and could demonstrate that the methods are, in principle, equally
accurate [19] demonstrated, that prediction accuracy can be improved when binary
regression algorithms are extended to partial credit models and when the algorithms
includes penalties for hints and attempts.

Using multiple and continuously changing sources of data are the basis for pre-
dictions, which perfectly suits the nature of serious games. [20] discuss how the pre-
dictive capacity of different sources of data changes as the course progresses and also
how a student’s pattern of behavior changes during the course, which in turn affects
predictions. [16] conclude that prediction and risk detection approaches do work,
however, they have their strengths in large lecture-style electronic courses. It remains
unclear though, to what extend these methods are helpful in smaller, perhaps more
limited games.

In conclusion, an overview of the literature indicates that a number of sophisticated
prediction models do exist and that the accuracy of the methods is widely acceptable.
The different prediction models and methods appear to have a lower impact on the
accuracy in comparison to the underlying data basis (the variables and attributes of
students). A critical factor, obviously, is the settings within which the methods can be
applied. Only few studies outside “ideal” settings such as (i) a general forecast of
academic success (likelihood of completing a course or school) or (ii) as MOOCs or
distance learning scenarios report a practical success. This argument is mirrored by
studies that yielded that conventional methods could not predict student success (e.g.,
[20-22]). A number of researchers argue that further work is needed to investigate the
applicability of methods in small scale, heterogeneous scenarios with incomplete data
basis (e.g., [16]). The literature indicates that a differentiating factor is whether pre-
dictions are made over a long period (e.g., by predicting college success at the time of
the enrollment) or on a short scale (e.g., a course or a game, cf. [20]). In general, such
settings reveal the limitations of prediction methods in general. With this paper, I want
to introduce a different approach of predicting student performance, originating from
the community of probabilistic and combinatorial test theory.

3 Competence Spaces

We developed a combinatorial approach to educational personalization in games, which
is called micro-adaptivity. In projects such as ELEKTRA and 80Days (www.
eightydays.eu) we introduced and evaluated the usefulness of this approach. The goal
was to complement the widely bottom-up driven, data mining and statistics focused
methods of assessment and adaptation with a top-down approach, driven by psycho-
pedagogical theories. At the same time, we attempted to work towards solutions for the
areas, within which typical methods have certain weaknesses (as discussed above). One
direction, micro-adaptivity pursued was Competence-based Knowledge Space Theory
(CbKST), which is an extension of Knowledge Space Theory (KST) established by [23,
24]. KST is a set-theoretic framework for addressing the relations among problems (e.g.,
test items). It provides a basis for structuring a domain of knowledge and for
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representing the knowledge based on prerequisite relations. Similar to Item Response
Theory (IRT), KST attempts to order test items and problems. As opposed to IRT, which
establishes linear orders, KST allows for multiple dimensions. It establishes a Knowl-
edge Structure by identifying relationships between the items. While KST focuses only
on the items — or rather whether learners are able to master the item (performance),
CbKST introduces a separation of observable performance and latent, unobservable
knowledge and competences, which determine the performance [25]. Very briefly, the
fundamental idea of CbkST is to assume a set of atomic competencies and a so-called
Prerequisite Relation between them. Such relation is, in fact, a pedagogical model that
explains the course of learning and development in a specific domain and the structural
relations in the domain. As an example, one such relationship is to assume that adding
integers is a prerequisite to learn multiplying integers. An individual learner can have
none, all, or a specific set of competencies of a domain (e.g., being able to add, subtract,
and multiply integers) — this is called the learner’s Competence State. By a combina-
torial permutation, the Prerequisite Relation induces a so-called Competence Space, the
collection of all possible Competence States (cf. Fig. 1). Due to the pedagogical model,
not all possible combinations of competencies are meaningful states; for example being
able to multiply integers but not to add them is not reasonable state. This happens on a
latent, conceptual level; the knowledge, the competencies and skills, the aptitude of a
learner cannot be observed directly. CbKST now links the performance to the compe-
tence level on a stochastic level by so-called Representation Functions. Concrete test
items and problems serve as behavioral indicators. Mastering an item increases the
probabilities of all those Competence States that include the associated competencies.
By this means, the probability distribution over the Competence Space is updated on the
basis of a continuous interpretation of all sorts of behavioral indictors. Each gaming
activity, each achievement, each learning activity contributes to CbKST’s believe
model. [5] demonstrate that this approach can be broken down to a very fine granularity
and that it can be utilized in the context of serious games.

+ LEARNING HORIZON

Outiook

~
s/ 0 a

lt=t -t (.
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Fig. 1. The left part shows a Competence Space including the admissible learning paths. The
red path may be that of a particular student. The left part of the figure illustrates the prediction
principle of the LPV. (Color figure online)
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4 The Learning Performance Vector

In the game context, it might be important to estimate the competence states a learner
may reach within a reasonable time span of gaming. This helps, for example, pre-
venting the learner to fail in reaching the goals of a game. As outlined initially, a good
portion of the existing methods are statistics-based data mining techniques. These
perform well on a general, statistical basis however have clear weaknesses when
operating on a level of individual learners. Also, many statistical approaches build upon
a set of (at least) debatable statistical assumptions and decision criteria. In this paper,
we introduce a first evaluation study, comparing a simple statistical prediction method
with a CbKST-based one, we term Learning Performance Vector (LPV). The purpose
is to elucidate primarily the prediction characteristics of the method.

The origin of the prediction algorithm is a Competence Space. This space gives us a
model of the learning domain, starting from having no competencies in a domain,
leading to the complete mastery. This allows us to identify the progress of a particular
learner given the timeline of a course. Mathematically speaking, we have the set of all
admissible learning paths. This indicates the average learning efforts, given that tran-
sitions have specific difficulties or weights. We have a set of competencies Q =
{a,b,c,...} with arelationship ¢ < ¢’ among the competencies, which establishes the
Competence Space. The sum of the resulting Competence States is Y, (|Q|r). Given
that the transitions from one competence state to another has a difficulty parameter,
which in turn is the average of the difficulty parameters of the competencies being a
part of the state, we have a set of tuples of the initial state, the end state, and the
difficulty T = [s;, s, w]. This results in a set of such tuples for the entire Competence
Space T =Y (r|]Q). In addition, we have a set of indicators providing evidences for
competencies: I = {e;, {c} * w}, with a given weight w. Based on the evidences we
can estimate the likelihood of each competency. The probability of a Competence State
is the average of its competencies p(s) = > (n)/n. To identify the learning path of a
person, we identify the states with the highest probability at each assessment point. For
each step, we compute the difficulty (as a value between O and 1). The sum of the
values gives us an indicator of the efforts a student spent on her learning history (the
individual learning path). In a next step, given the concrete Competence State of the
learner, we have to identify the possible paths towards the final learning goal, which is
a (rather small) subset of all possible paths. Equal to the computation of the difficulty to
reach the current state, we can compute the potential difficulties of all possible paths
towards the goal. This now is an indicator for the efforts that are necessary for an
individual learner to reach the learning goal.

As illustrate in Fig. 1, considering the progress of a student within a given span of
time, we can make a prediction about how far a student can come within the remaining
time (of a course, for example). So, as a final step, we can identify exactly those states
(and therefore the competencies) a particular learner will be able to reach within the
time limits. We call the set of the reachable Competence States the learning horizon.
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5 Identifying the Prediction Characteristics

The purpose of this study was to investigate the characteristics of the prediction method
as opposed to an existing, well-elaborated approach. To judge the accuracy, it is
necessary to compare the predictions with — what often is called — “ground truth”.
Therefore, we simulated the learning performance of excellent, medium, and poor
learners. On this basis, we made systematic comparisons. Since no particular examples
exists for the prediction with games, we used a conventional test data set.

5.1 Data Set

The first step for this study is to select an appropriate data set. To build upon a realistic
data we selected a data set from Carnegie Mellon’s DataShop. It is a data set of
“Assistments Math 2004-2005”, data set id 92 (accessible at pslcdatashop.web.cmu.
edu/DatasetInfo?datasetld=92). This data set covers mathematics (which offers an easy
‘playground’ because it is a well-defined domain) and includes the data of 912 students.
The data set is based on in total 80 competencies (knowledge components). For the
simulation study, we selected a subset of 11 competencies and established a compe-
tence model (see Fig. 2). The weights are derived from the inverse solution frequencies
of the real data set. Furthermore, we selected 12 item types and 111 items from the data
set. These cover one or more of the selected competencies, partially also other com-
petencies (Fig. 2). Based on the real data set, we simulated prototypical learners, taking
the characteristics of 912 students and the item solution frequencies into account. The
ability parameter was defined on a scale from 1 to 10, while 1 means no knowledge in
the domain and 10 means having all competencies. The parameters were simulated
based on a normal distribution, assuring the medium level abilities are most common
and extreme position rather seldom. Finally, because this study is about prediction, we
simulated 9 time points with the assumption that in the time intervals learning occurs,
depending on the student abilities. In summary, we simulated the answer patterns of 15
students across 9 time points in 111 fictitious test items, covering 12 competencies. The
simulated data set consists of 1665 data points. The following chart shows the pro-
totypical simulated results of an excellent learner (squares), a medium learner (circles),
and a poor learner (diamonds) (Fig. 3a). The values show the relative increase in
correctly solved items over the 9 time intervals. The bold black diagonal indicates the
optimal increase, so that with each of the 9 points in time 1/9 of the items is solved
correctly — or in other terms, 1/9 of the competencies have been acquired.

The results show that the increase is determined by the student abilities, due to error
rates (lucky guesses and careless errors) we see that the optimal learner is a bit below
the ideal diagonal while thee poor learner still shows a slight increase.

5.2 A Simple Linear Prediction Model

To evaluate the characteristics of the LPV, we established a baseline prediction model.
The model is a simple linear regression model based on a retrospective view of a
particular student’s performance. The model considers the performance of a particular
student and predicts the future performance on the basis of the slope the general
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Fig. 2. From left to right: the selected competencies, the selected test items, the simulated
students, and the derived competence model (prerequisite relation).
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Fig. 3. Panel (a) shows the simulated results of three prototypical students as opposed to the
ideal learning performance. Panel (b) shows the prediction results of the CbKST approach for a
good (bold line), medium (dotted line) and poor (dashed line) student.

regression lines. This is demonstrated in Fig. 3. The low performing (diamonds) stu-
dent reached a solution frequency of 0,054 at the end of interval 4. The model pre-
diction is indicated in the grey line. This, however, is a significant overestimation of a
student’s abilities. There is a strong discrepancy between the results of a student and
such estimations (dotted line in the figure). Figure 4 reports the predictive power of this
approach over time. The left panel shows the predicted final achievements over the
time intervals for the good (bold line) and the poor (dashed line) students. The right
panel shows the accuracy (difference of simulated end values and predictions) of the
approach. It is evident that the method overestimates the achievements by far, even for
a nearly optimally performing student. This optimal and average linear increase is a
problematic approach, obviously.
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Fig. 4. The left panel shows the predicted achievements over time; the right panel shows the
accuracy of the prediction method over time. The bold line refers to the LPV, the dashed line to
the linear model.

5.3 The CbKST-Based LPV

The regression model, of course, is over simple. Methods that are more sophisticated
are available, as introduce in this paper. These methods use more information about
student performance and establish more complex, non-linear models. The contribution
of CbKST is to use the multidimensional domain and learner models (the Competence
Spaces) to add information about the nature of a learning domain to the model. This
information includes the number and complexity of competencies as well as the
relationships between them. Moreover, since the Competence Space is composed of the
admissible Competence States, the lines between the states indicate the set of different
learning paths that are possible — starting from having none of a domain’s competencies
to having all (cf. Fig. 1, left part).

The prediction logic of the LPV is to assume a finite number of learning paths
leading from the trivial Competence State of having no competencies (the empty set) to
the trivial state of having all competencies (the full set). We assume a well-graded
space, claiming that in each step in the learning paths only one competency is acquired.
The set of learning paths a learner is on can be identified on the basis of the current and
past answer patterns (i.e., which item types were mastered and which not). The various
paths can be characterized by their complexity, which is determined by the weights of
the individual steps, which in turn result from the item solution frequencies in the
original data set. The advantage is that we have a specific instance of the prediction
model for each individual learner and her specific learning paths. In other words,
mastering many easy items at an early stage is a weak indicator because major chal-
lenges are still ahead for the student. In turn, mastering highly complex items (with
high weights and perhaps a larger number of prerequisites) is a very strong indicator
because all prerequisite items are assumed to be possessed by the learner. The fol-
lowing figure shows the prediction results for the same simulated data set and the same
students. In this example, the sum of weights assigned to the competence structure is
4.98 (the grey curve in Fig. 3b indicates the average prediction of this approach,
contrasting the linear approach we described above). The curves show the performance
of the three prototypical students across the 9 time intervals.
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Figure 5(a and b) illustrates the final values predicted at each point in time. For the
low performing student (dashed line) we obtain a clear overestimation of achievements
but this overestimation is decreasing very quickly; after time interval 5, the prediction
is very low — which is an accurate prediction. In case of a high performer (bold line) we
have similar predictions as for the low performer and we see the same decrease in the
predicted achievements. This decrease is much smaller and after time interval 5 the
prediction becomes quite accurate also for the high performer. Figure 5b shows the
accuracy, defined as the difference of predicted and actual achievements. When ana-
lyzing the different answer patterns (which items were processed in which order) for the
12 item types in our data, we found that the order of item types strongly influences the
prediction characteristics (the predictive accuracy) of the LPV approach. If items that
are more difficult are presented already at an early stage, the accuracy of the LPV can
be increased, while such item order effects do not affect the accuracy of a linear model.
Figure Sc illustrates the accuracy depending on the item order. With difficult items in
the beginning, the accuracy of the LPV is very high already after 3 time intervals and
superior to the linear model (Fig. 5c¢). In turn, the linear model has higher accuracy
only when the order of item presentation strictly follows the assumption of an evenly
distributed linear increase of item difficulty (Fig. 5d).

a
2
.

w
M

0.50

Predicted Achisvements
~
" L
Prediction Accuracy

.
L

o
o
S
1

Prediction Power

0.00

— PV
= = = Linear Regr. Model

t

0.00

Prediction Power
o
@
g
L

— PV

= = = Linear Regr. Model

T T T T T
S 6 7 8 9

Fig. 5. Panel (a) shows the predicted performance over time, panel (b) the method’s accuracy.
The bold line displays an optimal student, the dashed line a poor student. Panels (c) and (d) show
a comparison of predictive power (LPV vs. linear).
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6 Discussion

The aim of this simulation study was to identify the characteristics of the LPV and if
and to what extent the LPV is a suitable method to predict learning performance in
serious games. The simulation-based study, developed on the basis of a real data set,
allowed us to explore the characteristics and dependencies of the method in its
application to various data characteristics. In this paper, we described the main
findings.

As benchmark, we used a simple, linear regression model. Although there are much
more sophisticated methods available, for the prediction of performance within a single
course and without additional information about the learner, only few suitable methods
exist [20]. Considering the development of the LPV as a robust prediction method, at
this stage of our research, we avoided to involve too many student attributes. And
certainly, one of the main goals of the LPV is to provide a performance prediction
method that operates in scenarios with little to no background data available, with a
shallow and incomplete data basis, and that allows a continuous monitoring of per-
formance. Insofar, we obtained promising results. The information added to the pre-
diction model — the domain structure and the weights of competencies — allows a more
accurate performance prediction and the predictions converge quicker to a reasonable
accuracy.

A critical aspect is the weighting process for the competencies and indirectly the
test items (by associating items and competencies). This process clearly has a strong
influence on the predictions. KST as well as CbKST describe a number of approaches
for the structuring and weighting of a domain, ranging from data mining approaches to
expert decisions (see [25] for details). With respect to the weighting process, a simple
but practical method is a manual assignment of weights by teachers. This, however,
bears the peril of an arbitrary and unfounded weighting. On the other hand, the strength
of this approach could be that the weights would be grounded on the very concrete and
practical experiences of a teacher. A second and more data driven approach is to refer
to the solution frequencies of items in large data sets. This is the method we used in this
study. If items are solved with a high frequency, we can assume a low difficult of the
competencies covered by the item and also a low predictive power in terms of CbKST-
type prerequisites between the competencies. A third method we will explore in future
work is the so-called Component Attribute Approach [26]. This theoretical approach
describes test items by components and their attributes. Components are major char-
acteristics, for example, which algebraic operations are included in a math item. The
attributes describe the individual components, for example, which types of numbers are
part of the item. It was shown, that a Competence Space can be derived due to
mathematical set inclusion. In our context decomposing and analyzing the components
and their attributes can support the domain analysis and the weighting process because
for typical course settings, usually elaborated curricula are available. A forth method is
to analyze existing test items on the basis of their cognitive depth. This refers back to
the famous taxonomy of Benjamin Bloom, revised by [27]. In the so-called Concept —
Action Verb approach. Bloom proposed six such levels. An example would be “un-
derstand that a house has windows and apply this understanding in a new situation”.
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The taxonomy also separates the knowledge dimensions factual, conceptual, proce-
dural, and metacognitive knowledge, which in the end established a two-dimensional
hierarchy. In our context, this taxonomy provides a scaffolding to analyze the items, to
identify the covered competencies, and to rank the competencies according the tax-
onomy — which in the end specifies the weights.

Certainly, the LPV presented in this paper stands in close relationship to other game
analytics and game learning analytics (GLA) solutions [28]. Gaming Learning Ana-
Iytics refers to analyzing gaming behaviors of students to obtain the relevant infor-
mation about the learning process of the student. The goal is to understand how a
student learns something new and how to help students achieve a higher outcome of
their interaction with it — either in form of new designs or in-game adaptions. Several
complex frameworks have been proposed and realized [28]. The aspect of the pre-
diction of learning performance, however, was not necessarily in the focus of the
systems. Instead they rather provide the information necessary for the predictions to
stakeholders (students, teachers), for example in form of dashboards. Future steps will
demonstrate the use of the LPV (and other predictive analytics approaches) in the
context of a math game, developed by the Technical University of Graz. Moreover, we
will formally extend the micro-adaptivity concept for serious games by performance
predictions. In conclusion, the recent initiatives of introducing assessment, prediction,
and adaptation methods from fields such as psychometrics and Learning Analytics
should be intensified to make games stronger and more reliable means of educational
assessment.
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Abstract. How can the effectiveness of games for learning be enhanced? In this
paper, we present an approach that connects theory and research to enhance the
design of games that train cognitive skills. Specifically, we combine our model
for designing games for learning with Value-Added Design Research, which can
provide design guidance for decisions that the model alone cannot provide. We
applied this method in the context of designing games to train executive func-
tions, an application area that is highly promising but nevertheless has produced
many games that are not effective. We discuss three examples of design research
studies we conducted, including the emotional design of the game, the use of an
adaptive algorithm, and the design of level progressions privileging either speed
or accuracy in learners’ responses. We conclude that this approach is able to
contribute to both the enhancement of CHI related design challenges and to
theory.

Keywords: Game design methodology - Value added research
Executive functions

1 Introduction

There is an increasing recognition that playing games can have benefits that go beyond
entertainment [45]. Practical examples for such games as well as related research of the
games’ effectiveness to benefit players have been produced in areas such as games for
health [37, 50], exergames [5, 40], games for cognitive skills training [38], and games
for learning [11, 30], among others.

For the design of such games for impact, different design methods need to be
applied to ensure their effectiveness than are used for entertainment games [43]. These
methods should be based on a model of designing games for learning such as proposed
in [45], which includes the different design factors that need to be considered. These
factors include cognitive factors, affective factors, motivational factors, and socio-
cultural factors. We argue that existing game design models need to be expanded to
include the consideration of theoretical and research insights from the specific area the
game aims to address, such as research on behavioral change, research on training of
cognitive skills, or research on how we learn.
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In this paper, we present an approach to design research for games that we have
used successfully at our research and development lab for the past decade. We use the
term design research to describe empirical research that informs specific design
decisions for a game. This approach combines different research methods in order to
provide empirical evidence based on which game design decisions can be made,
especially those related to the player’s interaction with the game. We will discuss how
the outcome of such research can benefit the CHI community in two ways. One is in
user experience and interaction design of the game with which it was conducted, in our
case, the design of games to train cognitive skills. The other contribution is to our
theoretical understanding of processes related to cognitive skills training.

2 Designing Games for Learning

In many ways, the design of games for learning follows models of game design in
general, as described, for example, by [19], perhaps with modifications for games for
learning as proposed by [42]. However, unlike entertainment games, which are defined
as being “outside ordinary life” and “not serious” [24], these games have an actual
goal, and are therefore quite well connected to ordinary life and are serious in that they
seek to enhance the human condition. Consequently, there is a need to design games
for learning in a way that these goals can in fact be met.

Among the many ways to increase the likelihood that games for learning meet their
intended goals are three we will mention here. The first is the use of an appropriate
design process and a design team that has expertise in the learning sciences in addition
to game design [42, 43]. The second is to base the design of games for learning, and
especially of the interactions within the game, on relevant theoretical models of play,
cognition, learning, emotion, and motivation [45]. The learning game model proposed
in [45] shows how the different forms of engagement in games are facilitated by
different game features. The model includes affective, social, cognitive and motiva-
tional engagement factors that are based on a broad range of relevant theories, and
identifies relevant game features that can be used to promote different types of
engagements (Fig. 1).

The third and final method to design interactions that enhance the effectiveness of
games to meet their learning goals is to use design research for those decisions that
cannot be addressed by the other two methods. It is this method we will discuss further
in the present paper. For many of the design factors shown in the model in Fig. 1, a
range of different forms of implementation in a game are possible that would have an
effect on the effectiveness of the factors to obtain the desired outcome. Although the
model cannot provide insights specific enough to inform which form of implementation
to choose, it can be used to derive design factors to investigate in an empirical study.
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Game-Based Learning
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Fig. 1. Model for games for learning

3 Research Methods for Design Research for Games

In our work of designing games for a broad range of subject areas, contexts, and
learners, we have used a variety of design research methods, each focusing on different
research questions that arise during the design process. The learning sciences and CHI
communities have developed many methods that can be used for this purpose,
including game usability research [25], design-based research [21], and participatory
research [55]. In our research project to design games to train cognitive skills describe
we have particularly used three types of methods, Ideation, Playtesting, and Value
Added Research.

Ideation Research. Ideation research is conducted in order to identify problems to
solve and to imagine and communicate methods of how to solve them [53]. During the
ideation phase, it may not even be clear whether a game is in fact a meaningful way to
address the problem at hand. Ideation involves participation from various stakeholders,
observations, literature review, and other qualitative methods. The outcome of suc-
cessful ideation research is a clear understanding of the problem and of possible
approaches to potential solutions.

Playtesting. If a decision was made to design a game to address a specific learning-
related issue, playtesting is used to verify whether the approach identified and devel-
oped during the ideation process is in fact one that resonates with the target audience,
but also whether the game was implemented in a way that users were able to com-
prehend its features and use them successfully. Playtesting methods include player
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observations, surveys and user log analysis, the use of think-aloud protocols, as well as
video observations and video coding [48].

Value Added Research. After playtesting has been conducted to ensure the game is
playable and usable, researchers often still face many design questions that relate to the
effectiveness of the design factors chosen. Questions we have faced in our research
include, for example: (1) How effective is the adaptive algorithm we implemented in
our game, and for whom? (2) How does the use of game characters that induce higher
emotion arousal change the effectiveness of a cognitive skills training game compare to
game characters that do not lead to emotion arousal? and (3) Should the game’s level
progression favor speed of responses over accuracy of responses, or the other way
around? In all three cases, the research question relates to a game feature that is
included in the model in Fig. 1, but for which there wasn’t sufficient empirical evidence
available to make a design decision for this specific game, genre, context, topic, and
audience. We therefore conducted experiments to determine the value each feature
added to achieve the goal of the game, which was to enhance learners’ cognitive skills,
in particular, executive functions.

Value added research studies are experiments using a pre/post-test design with two
or more treatment conditions. The measure given before and after game play has to be a
valid and reliable way to assess the outcome variable. In our case, there are several
measures for executive functions available that have been previously normed for our
target audience [17, 52, 61]. In other cases, such a measure may have to be developed
and normed. The treatment conditions need to be designed to allow for a comparison of
the game design feature under investigation. This requires some special attention in the
context of games as other features may create confounds. For example, when we
investigated the effect of the emotional design of game characters, we had to make sure
the adaptive algorithm of the game was disabled to ensure that emotional design was
the only variable for which the game play differed. Below we will describe for each of
the variable why it was important, how it was studied, and what we found.

4 Application Area: Training Executive Functions

Executive functions (EF) are a set of cognitive skills required to plan, monitor and
control cognitive processes. EF, which develop throughout childhood into adolescence
and early adulthood [7, 14], are related to a number of important outcomes, including
externalizing behavioral problems [60], social functioning [31], and academic success
[6, 59]. There is also considerable evidence of the importance of EF for educational
outcomes. For example [6] found that EF skills in preschool uniquely predicted chil-
dren’s math and literacy skills in kindergarten.

Of the theoretical models that describe EF, the unity/diversity model by Miyake
et al. [32] is especially useful for our work as it proposes a distributed structure of EF.
According to this model, EF is comprised of three component skills that are closely
related yet distinguishable: updating, shifting, and inhibition. Updating is defined as
updating and monitoring of working memory representations, such as replacing old
irrelevant information in working memory with new task-relevant information. Shifting
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is defined as shifting between tasks or mental sets, such as switching from one per-
spective to another. Inhibition is defined as the ability to suppress a dominant or
prepotent response and allows us to control our attention, behaviors, thoughts, and
emotions [32].

Because of the importance of EF, there has been considerable research on the topic,
and great interest in developing successful interventions for improving EF. Reviews
have found mixed results for the effectiveness of digital games as interventions for
improving EF [30, 49], but there is nevertheless evidence of their potential. One
approach has been “brain training” games—essentially gamified versions of EF tasks.
Some research found significant improvements in EF in older adults who played the
brain-training game, Brain Age, for 15 min a day, 5 days per week over a 4-week
period as compared to a control group [25]. However, other studies have not found
significant effects. One researcher recruited a large online sample and found that par-
ticipants who were trained with EF tasks got better only at those specific tasks—the
effects did not transfer to other tasks [36].

We argue that one of the reasons for these inconsistent findings of the effectiveness
of games to train EF may lie in their design and the extent to which design research was
conducted to support specific design decisions. In the following sections, we will
describe how we used value added research to address the questions described above.

5 Value-Added Design Studies for EF Training Games

Value added research studies are experiments that provide empirical evidence whether
a specific design feature of a learning game contributes to an enhanced learning out-
come. In other words, this research helps designers decide whether or not to include
this feature in the final release. Figure 1 shows how many possible features could be
designed based on the different theories underlying the design of games for learning,
and related to the different game design features that could be used to implement them.
We selected three of these features for this report, namely adaptivity, emotional design,
and level progressions, all of which are described in more detail below.

5.1 Adaptivity

Our first question concerned the adaptivity with the game. Adaptive technologies are
designed to cater to individual differences of users. Studies have shown that factors like
prior knowledge [2, 56], emotional states such as frustration, boredom, motivation, and
confidence [9, 12, 41, 51] and differences in demographic and sociocultural factors [10,
13] are strong predictors of learning outcomes. To overcome the gap created by these
differences, adaptive systems can optimize game parameters at a cognitive, affective,
socio-cultural or motivational level [47]. However, the existing literature lacks clarity
in defining the specific purpose of adaptive systems [22, 33, 58]. In the present case, we
focus on adaptivity at a cognitive and affective level for our EF training game. The
purpose of adaptivity, in our case, is to adjust the difficulty of the training task to
facilitate optimal cognitive engagement and to avoid disengagement and frustration due
to extraneous cognitive load. This is managed by manipulating task difficulty in real-
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time based on player performance. The adaptive engine in our EF training game reacts
to player performance and manipulates the training task to maintain task difficulty at a
level that provides optimal cognitive engagement.

Previous research has shown that adaptive difficulty adjustment plays a pivotal role
in cognitive training tasks [1]. If a task is of low difficulty for a player, their cognitive
capacity is underwhelmed, leading to boredom and disengagement. Similarly, if a task
is too difficult for a player, their cognitive capacity is overwhelmed, leading to frus-
tration and disengagement. Both of these conditions are suboptimal for cognitive skill
training as they fail to fully tap into the cognitive resources of the user. Despite strong
theoretical support for this design feature [15, 22, 27], existing empirical evidence
consists of inconclusive findings [58]. This value-added study investigates this design
feature and explores the impact of adaptive difficulty adjustment on the enhancement of
EF skills through game-based training.

Participants and Design. Participants were recruited from middle and high schools
from a large urban city in Northeastern United States (N = 119) and from the mturk
platform (N = 100 adults located in the United States, 4,999+ completed HITs,
approval ratings > 97%). Data collection was completed using DREAM, an online
experimentation platform. The study used an experimental design with two treatment
conditions further explained below.

Materials and Procedure. We used the Alien game (Fig. 2) hosted on the online
experiment platftorm DREAM. The game is designed to develop the EF subskill of
switching as identified by the Unity/Diversity model of EF [32]. Players are faced with
the task of feeding incoming aliens with the either food or drinks. However, these rules
keep changing, forcing players to apply changing and increasingly difficult sets of
rules. To measure EF skills, we used the Dimensional change card sorting (DCCS)
task, which is a widely-accepted measure for switching skills [61] and the Flanker task,
which measures inhibition skills [16, 34]. In addition to the game and the EF measures,
the participants also completed a demographic survey and a short survey about their
gameplay experience. Participants were randomly assigned to either the treatment
group, which received the adaptive version of the game, or the control group, which
received the non-adaptive version. They then finished a demographic survey followed
by the DCCS and the Flanker task as a pretest of their EF skills. The participants then
completed a 20-min gameplay session of the Alien game. After gameplay, participants
completed a posttest measure of EF skills with the DCCS and Flanker task.

Results. Results supported the positive impact of adaptivity on EF skills training. Both
adolescent and adult participant groups showed significant improvements in their
switching skills as measured by the DCCS task. The differences of pretest and posttest
scores were significant with an effect size of d = .53 for adolescents and d = .20 for
adults. For adult participants, we found a significant difference in EF gains between
group, where the adaptive group outperformed the control group. For adolescents,
despite the improvement in EF skills for both groups, no significant difference was
associated with the treatment condition.

Conclusions. The results informed our design by emphasizing the role of age in
determining the impact of adaptive difficulty adjustment on EF training. They also
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Great joh, Space Ranger!
But the aliens changed their minds again!

Ilnmnll nllons are  Two-eyed Aliens are
hungry!
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Fig. 2. Screen shots from the Alien game, showing explanation of rule changes

highlight the need to consider factors like the thresholds for triggering adaptive diffi-
culty adjustment, the granularity of change in difficulty, and the duration of gameplay
in the design and development of adaptive systems. There appears to be a need to
adjust the adaptive algorithm for adolescents, conduct additional playtesting, and run
another value-added study to verify whether these changes led to improvements of the
adaptive version. On the theoretical side, the study contributed to insights into the
developmental nature of EF.

5.2 Emotional Design

A second area of interest was the emotional design of the EF training game. Theoretical
approaches suggest that emotions, cognition, and learning are inherently interdepen-
dent constructs [26, 39, 46], which is backed by empirical studies investigating the
impact of positive and negative emotions on cognition [28] and on learning [44, 57].
To leverage the positive effects of emotions on cognition and learning, learning
environments can be designed to induced emotions conducive to learning [57].

For EF training, research suggests that emotionally charged cognitive training
yields better outcomes compared to emotionally neutral training [62]. An emotionally
charged training task, ‘hot EF,” requires higher levels of cognitive control and emo-
tional regulation than ‘cool EF,’ i.e., tasks with a lower emotional charge. Emotional
design of EF training games can help generate ‘Hot EF’ tasks and interaction in games
to improve cognitive training outcomes. However, despite this theoretical justification,
there is lack of empirical evidence supporting this phenomenon. This second value-
added study therefore investigates the effect of emotional design on player emotions
and on their EF gains.

Participants and Design. 239 participants were recruited from middle and high
schools in a large urban area in Northeastern United states. Out of these 239 partici-
pants, 129 were assigned to the control group (Cool EF version) and 110 were assigned
to the treatment group (Hot EF version). The study used an experimental design with
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two treatment conditions, see below. Similar to the first study, all participants com-
pleted the experiment on-site in a laboratory setting.

Materials. For this study, we used a game called All you can E.T, a newer version of
the Alien game described in the previous section. With the exception of visual elements
and the development platform, both games are identical in gameplay. For this exper-
iment, we created a ‘Hot EF’ version and a ‘Cool EF’ version of the game. The ‘Hot
EF’ version consisted of characters with warm colors and round shapes, the characters
displayed strong emotional reactions to player actions, reacting with either joyful or sad
facial expressions based on correct or incorrect actions of players. The ‘Cool EF’
version consisted of grayscale characters with square shapes. The characters in this
version had neutral emotional reactions to player actions, see Fig. 3. Except the dif-
ferences mentioned above, both versions of the game were identical. All other mea-
sures were identical to the previously mentioned study. We used the DCCS [61] and
the Flanker [52] tasks as measures of switching and inhibition respectively, a demo-
graphics survey for participant details, and another short survey to examine the par-
ticipants’ gameplay experience.

i A

i A

Fig. 3. Cool EF (top) and Hot EF (bottom) variants of the EF training game

Procedure. The procedure for this study was comparable to the adaptivity study
mentioned previously. Participants were randomly assigned to the treatment or the
control group in the beginning of the experiment. First, all participants completed a
demographics survey. Then, all participants completed pretests by performing the
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DCCS and Flanker task. The pretest was followed by 20 min of gameplay of All you
can E.T. For this part, the treatment group was assigned to play the ‘Hot EF’ version
and the control group was assigned to play the ‘Cool EF’ version. After gameplay, all
participants completed the posttest by performing the DCCS and Flanker task followed
by a short gameplay survey.

Results. Results support the claim that game-based training can lead to enhanced EF
[23, 38]. Participants from both groups showed significant improvements in their
switching skills, indicated by significant improvements in DCCS scores, d = .28. We
also found that the ‘Hot EF’ game is more effective than ‘Cool EF’ game, d = .17.

Conclusions. This study contributes to the theoretical as well as design literatures on
cognitive training games. It provides empirical evidence on the effect of emotional
design of game characters on emotional arousal of players, which can inform character-
design choices and enhance the fidelity of cognitive training games. The study also
contributes to the literature supporting benefits of ‘Hot EF’ training by providing
empirical evidence for this effect. Results support our decision to create an emotionally
appealing game to enhance EF training outcomes.

5.3 Level Progressions: Speed Vs Accuracy

A third question concerns the level progression within our game. Inhibition control is
an EF subskill that describes the ability to control or suppress dominant or prepotent
responses [32], which allows us to inhibit an incorrect or inappropriate response when
facing multiple sources of information under time pressure [4, 18, 54]. Inhibition ability
is related to processing speed [20]. Inhibition control is often measured by speed and
accuracy of individual’s response [8, 29], but no guidance exists on whether to priv-
ilege speed or accuracy in the level progression. The goal of this value-added study was
therefore to compare the effectiveness of level progressions that focus on speed versus
progressions that focus on accuracy in a game specifically designed to train EF skill of
inhibition.

Participants and Design. Participants (N = 120) were recruited from middle and high
schools in a large urban area in Northeastern United states. The study employed an
experimental design with two treatment conditions, see below.

Materials and Procedure. For this study, we used the Gwakkamole game hosted on
our online experiment platftorm DREAM. The objective of the game is similar to
whack-a-mole game where players are instructed to hit two types of target as they
appear while at the same time trying to avoid hitting two types of non-targets on screen.
The targets have the color and shape of an avocado. Normal and hardhat-wearing
avocados are the targets to hit, while avocados with spiky helmets or with bombs are to
avoid (Fig. 4). The game consists of a series of level with a different combination of
target and non-target with increased difficulty. Participants are required to achieve a
certain accuracy ratio in order to progress to the next level. This study asks whether the
difficulty of the next level should be increased with priority on speed (reaction times) or
with priority on accuracy of responses.
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Fig. 4. EF training game Gwakkamole to train inhibition, Avocado with Spiky Helmet

The entire study was completed in approximately 50 min. Participants were ran-
domly assigned to either speed or accuracy condition. In speed condition, game
increases difficulty by increasing speed of the target. In accuracy condition, accuracy
requirements increase by using higher percent accuracy criteria. Participants first
completed a demographic survey and pretest measures of EF: Letters and Numbers
(LN) task as a measure for working memory/updating [52], the Flanker task as a
measure of inhibition [17] and the DCCS task as a measure of switching [61]. They
then played the game for 20 min. Finally, they completed posttest LN, Flanker and
DCCS tasks.

Results. The results revealed that playing the game significantly improved participant’s
EF skill overall. There was also a significant effect of age on EF gains, where younger
participants demonstrating a substantially greater improvement from EF pre- to posttest
than the older adolescent or adult participants. We also found an interaction effect of
the EF pretest score and treatment group, which suggests that participants with lower
prior EF scores benefited more from the speed condition while participants with higher
prior EF scores benefited from the accuracy condition. Finally, computing the
switching costs for the LN task, we found that participants with lower prior EF ben-
efited more from accuracy condition, while participants with higher prior EF benefited
more from the speed condition.

Conclusion. The results from this value-added study have theoretical as well as
practical implications. On the theoretical side, they contribute to the EF literature by
providing empirical evidence for the developmental nature of EF, as well as to the
question which aspect of EF, speed v. accuracy, develops at which age. As practical
implications, findings suggest that a focus on gradual increases in reaction time has a
cognitive benefit for learners with lower EF, whereas those with higher EF benefit from
increase in demands on accuracy.
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6 General Discussion and Conclusion

The main message in this paper is that we want to highlight the usefulness of value-
added research in the arsenal of designers of gaming experience where the goal goes
beyond entertainment. We argued that a combination of a theory-based approach and a
range of empirical methods has the potential to furnish insights that theory alone cannot
provide. These insights can be used, as we have shown in our case examples, to
increase the effectiveness of the game to achieve its intended goal. In our case, this goal
was to increase the players’ gains in executive functions, an important cognitive skill.
We investigated three specific design factors that were included in the model of game-
based learning (Fig. 1), but for which insufficient empirical research existed in order to
make specific design decisions. In each case, the value-added research we conducted
after ideation and playtesting research provided us with highly valuable insights that
guided our design to improve the effectiveness of the game, often targeting learners
with specific characteristics. One of the key benefits of this kind of research is that it
does not only help with such practical design decisions, it also provided theoretical
insights that contributed to the academic literature. Studies of this nature can therefore
benefit the learning game design community on a theoretical as well as a practical level.
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Abstract. The present study intends to develop a conceptual model predicting
videogame consumers’ observational learning that is initiated through the
playful-consumption experience of a digital game. To meet this objective,
authors employed the hedonic theory of consumption experience and observa-
tional learning theory to propose a conceptual model demonstrating that it is the
gamer’s playful-consumption experience of a digital game which actually
influences videogame consumers to observe and learn from the digital game.
This study is first among others as it takes the theoretical support from hedonic
theory of consumption experience, particularly the playful-consumption expe-
rience in predicting the videogame consumers’ observational learning in the
videogame environment. The study is based on the conceptual model and hence,
another empirical study is under way to prove its validation in the videogame
setting.

Keywords: Hedonic theory - Playful-consumption experience
Observational learning - Digital game

1 Introduction

Pong was the initial videogame that was developed by Atari in 1972. The huge success
of Pong stimulated a spate of competitors and Atari to develop the first-generation of
home consoles comprising Magnavox Odyssey, Taito’s Gunfight, and the Home Pong
[1]. Since then, each consecutive generation of gaming-consoles has pushed the
medium forward, with achieving various key milestones for instance, 3D graphics and
etc. that have boomed the videogame industry [1]. Authors further added that the term
videogame now covers many subgroups that have grown rapidly such as arcade games,
PC games, mobile games etc.

In literature, there is no agreed definition of the term videogame that everyone
needs to follow in his or her study. However, a number of videogame definitions can be
found in a review study by Stenros [2] in which he discussed all possible definitions of
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a videogame. In this study, we follow the definition of a videogame given by Aarseth
[3] as games are facilitators that structure player behavior, and whose main purpose is
enjoyment [2]. A videogame means any digital game/electronic game that is played by
a consumer/player on a personal computer, smartphone, tablet, handheld device or
dedicated video gaming console. Aarseth [3] further added that a theory in videogame
playing should focus on player behavior instead a videogame.

According to entertainment software association report, videogame has several
genres such as action, shooter, arcade, strategy, role-playing, racing, arcade, adventure,
flight, fighting, family entertainment, children’s entertainment, causal, sports games
and other videogames/compilations [4].

Recently, Jason Allaire, associate professor of psychology and co-director of the
gains through gaming lab added that now all ages of people play video games irre-
spective of age and gender, meaning that can be your boss, grandparent, or even your
institutional professor [4]. Therefore, it has become an essential part of our routine life.
Katie Salen, executive director of institute of play, stated that videogames offer a
wonderful platform to videogame consumers for play and learning [4]. This viewpoint
is consistent with the definition of a videogame given by Aarseth [3] in two ways: first,
both authors have believed that a videogame provides a platform, whereby consumers
play or enjoy playing a videogame. Second, both authors have talked about learning or
shaping player behavior that derive from videogame playing. In this study, authors
followed this viewpoint and conducted extant reviews of literature to address prior
studies that have investigated how videogame playing has impacted on player or
consumer behavior.

During an extant review of literature, the study found two main communities of
researchers: one community of scholars investigated the negative outcomes of video-
game playing on player behavior. Their studies reported the following negative effects
of videogame playing on player’s behavior such as impulsivity, attention problems,
sleep deficiency, risk-taking, academic performance, musculoskeletal health problems
and increased food consumption [5—12]. While some studies examined the effects of
violent game playing on consumer’s aggressive behavior and their results were proven
to have association with playing violent games and player’s aggressive behavior [, 6,
13—15]. Few other scholars measured the role of online game addiction and its detri-
mental efffects on consumer behavior and their findings showed that depression, aca-
demic achievement, and conduct problems were significant with online game-addiction
[16].

Another community of researchers focused on the potential benefits of videogame
playing on consumer’s skills and behavior. Their findings stated that videogame
playing increases prosocial behavior, skills in social-cooperation, motivation and
strengthen the skills to continue at stages of failure, and also enhances visuospatial
skills and social involvement, which in turn reduces the moods of depression [17-22].

However, the present study is different from earlier studies as we do not focus on
the positive or negative aspects of videogame playing on gamers or consumer behavior.
Instead, we mainly look into the learning process, especially the observational learning
process that how videogame consumers actually observe and learn from the videogame
environment. For this reason, we aim to use the hedonic theory of consumption
experience as it can capture playful hedonic experiences comprising the imaginal,
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emotional, and sensory that originate from the computer-mediated settings such as
videogames. More importantly, this theory is utilized to propose a conceptual model
predicting videogame consumers’ observational learning. The next section debates on
the use of both theories such as hedonic theory of consumption experience and
observational learning to develop a conceptual model.

2 Hedonic Theory of Consumption Experience

The article by Hirschman and Holbrook [23] is one of the earliest works to criticize the
current literature for ignoring key facets of the consumption experience in the context
of marketing and consumption. In their work, the authors coined the experiential
aspects of consumption as being titled “hedonic consumption” to make the termi-
nology distinct from the more recognized form of utilitarian consumption. Scholars
have further argued that consumer behavior is not only restricted to buying decisions,
but it also involves various and often important hedonic components (fantasies, fun,
and feelings) which are derived from experiences when using products/services or even
thinking about using products/services. Few studies have defined the term hedonic
consumption as “those features of consumer behavior that explain the multisensory,
fantasy and emotive facets of one’s experience with the product” [23, 24]. Hence,
hedonic consumption is described by fantasies, multisensory features, and emotional
motives that are derived from the consumption of hedonic products. Several studies
have explained that hedonic products are those goods that have the potential to arouse a
consumer’s feelings, fantasies, and multisensory aspects [25] and playing a videogame
comes under the umbrella of hedonic products [26].

2.1 The Videogame is a Hedonic Product

According to Marchand and Hennig-Thurau [21], videogames are defined as hedonic
products, as their playful consumption involves emotional responses, constructs
imaginary, and entails the multisensory aspects. Voss et al. [27] also classified
videogames as high-hedonic/low-utilitarian products. Some studies have conceptual-
ized videogames as being interactive and computer-mediated structures, which facili-
tating the experience of videogame play [28, 29]. The experience of videogame play is
also explained by Salem and Zimmerman [30] as “playing a videogame is truly
considered as experiencing a videogame.” However in the literature of marketing and
videogame, a few scholars [28, 31-33] have conceptualized the videogame playing
experience as playful-consumption experience.

2.2 Playful Consumption Experience

In the field of hedonic consumption, consumer scholars have revealed the importance
of theorizing the playful-consumption and defined the construct of playful consumption
as “intrinsically motivating, active and self-based consumer behavior” that is executed
for its own sake and pleasure [23, 28, 31, 34]. Moreover, these scholars have also stated
that such playful-consumption behavior also involves the three main playful hedonic
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experiences feelings, sensory and fantasy arising from the consumption of hedonic
products. In their seminal article, Holbrook, et al. [31] argued that playful-consumption
falls into the broad category of intrinsically motivated consumer behavior comprising
hobbies, esthetic appreciation, creativity, sports, and games. Most recently, Buchanan-
Oliver and Seo [28] have reported that the perspective of playful-consumption has
become mainly important for the unique kinds of play, which is facilitated by
computer-mediated settings such as videogames.

In the field of marketing and videogame literature, few studies have conceptualized
the act of playing a videogame as playful-consumption experience [28, 31, 34].
Therefore, this study follows the definition of playful-consumption given by these
scholars [28, 31, 34] and define as playful-consumption experience is an intrinsically,
motivating, active, and self-based videogame playing behavior that is executed for a
player’s own sake and pleasure, which in turn involves a player to get playful hedonic
experiences (feelings, sensory and fantasy) [33].

In literature, Wu and Holsapple [35] were the first authors who applied the hedonic
theory of consumption experience, especially the role of imaginal and emotional
experiences in predicting the system-use behavior but they ignored to study sensory
experience in their research. Later, we have found another study in which they have
shown the importance of gamers’ playful-consumption experiences of a digital game
comprising imaginal, emotional, and sensory experience influencing on multiple
engagement states (cognitive, affective, and behavioral) of consumer videogame
engagement [36]. More recently, the authors have proposed another conceptual model
demonstrating that it is the player’s overall playful-consumption experience of a digital
game which influences on the overall consumer videogame engagement [32]. After
reviewing both studies, we have found that one study has focused on the sub-
dimensions of constructs and whereas, the other study has only emphasized on the use
of higher-order level of constructs.

In another study by Mukherjee et al. [34] added that playful-consumption experi-
ence of digital gaming influences players’ mastery, skill development, and learning.
Several other studies have also stated that gaming experience has the potential to
impact on players’ decision-making processes, thought and learning and to enhance
gamer’s knowledge, problem solving and learning skills [37-39]. Through previous
studies, it has been proven that videogame playing experience is a source of player’s
learning. Therefore, this study develops a hypothesis stating that videogame consumers
interact with digital gaming environment and attain their playful-consumption expe-
rience of gaming, which in turn provide them an opportunity to observe and learn
though videogame elements.

H;: Playful-consumption experience of gaming positively influences consumers’
observational learning.

3 The Theory of Observational Learning

The observational learning theory is originated from the stimulus-response (S-R)
behaviorist psychology which is termed as social learning theory by Albert Bandura
and his colleagues in the period of 1960s [40—42]. As per this theory, people learn
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actions or behaviors via noticing the model and then repeating the learnt actions in
either the exact manner or in the new shape of a behavior. Authors consider the social
learning theory as a comprehensive model to realize a human behavior [43]. We in this
study, mainly emphasis on the use of observational learning theory and its basics to
understand the modeling process in digital gaming context.

According to observational learning theory, behavioral responses are instigated
through modeling-based stimulus [40, 44]. Within this theory, there are three main
modeling-based stimulus comprising direct, verbal, and symbolic-based modeling. In
symbolic-based modeling, individuals learn a behavior through observing a behavior
that is portrayed in the media which comprise television, movie, dramas, videogame
and etc. In this paper, we have a focal concern with the symbolic-based modeling using
a videogame as a medium.

3.1 Video Games as Symbolic-Based Modeling

The main justification for selecting a videogame as symbolic-based modeling is,
videogame product is created for pleasure, fun, and entertainment purposes [45].
Despite having the pleasure oriented attributes of digital gaming, a videogame playing
has the ability to hold consumers for longer duration and hence, capturing their whole
attention [46]. It has been witnessed that when consumers gain playful-consumption
experience of a videogame, they get involved in the videogame environment that they
consider themselves as a main role player in the videogame [46]. This in turn, influ-
ences consumers to play videogames for longer span of time [46]. Such a longer
engagement in videogames help consumers learn via noticing the models portrayed in
videogame settings [40].

This is due to the fact that nowadays every videogame has story-based environment
whereby different role-plays or characters are involved which have become the basis
for gamers to learn through the observation of models [45] and hence, impacting the
behavioral learning in forms of behaviors, skills or knowledge acquisition [47].

4 Hypothesis Development

Korkealehto and Siklander [48] have also discussed that videogames and technologies
are capable of triggering players’ attention and increasing their motivation level, which
in turn influence the players to learn from videogames. For instance, Zarzycka-Piskorz
[49] applied the use of language games to assess whether the students were able to
learn the language and authors found the satisfactory results. The playful-consumption
experience of a videogame is one of the triggers that can engage and motivate
videogame consumers to learn from videogame contents that are accessible via a range
of narratives, virtual characters, environments, and multimedia elements [49, 50].
Abdul Jabbar and Felicia [50] further added that such videogame related elements are
integrated to gain players’ attention and interest. As a result, players’ engagement in
videogame playing is initiated and due to which they get more opportunities to observe
and learn from videogame elements.
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Few other authors have stated that the playful-consumption experience of a
videogame is one of the important elements of human development and vital for human
cultural advancement [51]. Coyne et al. [52] have studied the co-playing digital games
with family outcomes, and the authors resulted that gamers have developed their
prosocial behaviour. Baabdullah [53] has evidenced that videogames now provide a
platform through which many players get interacted, learn from other players, and
enhance social relationships among players. Several authors have debated that the
playful experience of educational videogames has generated positive learning out-
comes, especially in the literacy learning [54], in science [55], and mathematics [56].

The common thing we have noticed in the above studies is, the playful-
consumption experience of a videogame is producing some kinds of learning but how
such learning is initiated in videogame playing has never been discussed by any
studies. Hence, the current study is interested in developing a conceptual model to
explicate the learning process in videogame literature. For this purpose, the conceptual
model as shown in Fig. 1, has developed with the help of playful-consumption
experience and observational learning theories. Utilizing both theories, we have pro-
posed a conceptual model stating that when videogame consumers interact with a
digital game environment and they gain playful-consumption experience of a video-
game play. Their playful-consumption experience further provides them with an
opportunity to observe and learn through videogame elements. On this basis, we have
developed the hypothesis stating that videogame consumers’ observational learning is
instigated through playful-consumption experience of a videogame.

\ Videogame
Playful- Hi: & A
. \ Consumers \
Consumption g ‘
5 » Observational |
Experience ]
Learning

Fig. 1. Modeling videogame consumer’s observational learning

5 Conclusions

In this study, authors observed that many studies have been conducted on either
positive or negative changes on the gamer’s behavior in form of personality traits.
However, it has never been discussed that how such a change actually happen in the
gamers’ behavior. We have motivated from this point and aimed to develop a con-
ceptual model that can illustrate the process of change or learning in the gamers’
behavior. A conceptual model has been developed on the basis of hedonic theory of
consumption experience and observational learning theory. Within the hedonic theory
of consumption experience, we took the aspect of playful-consumption experience of a
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videogame in predicting consumers’ observational learning in the videogame envi-
ronment. While using the observational learning theory, we focused on the symbolic-
based learning that occurs through observing the models shown in the videogame play.
On the basis of both theories, we have developed a conceptual model that with gaining
the playful-consumption experience of a digital game, consumers get an opportunity to
observe the models such as role-plays, characters or story-based environment as shown
in the videogame environment and learn either the same behavior or new pattern of the
behavior.

6 Contribution and Future Work

This study contributes to almost every single study that has previously stated that
videogame playing has positive and negative changes. For instance; authors found that
videogame playing has adverse effects on teenagers’ behavior such as aggressive
behavior [14, 57, 58]. These studies have only shown that teenagers become more
aggressive with playing videogames but these studies have not shown any mechanism
through which such a change occur in the gamers’ behavior. However, our conceptual
model has the potential to contribute in their studies through giving an overview of the
learning process that may have incurred during the videogame play. Teenagers may
have gained the playful-consumption experience of a videogame that has violent
content related things. During the videogame play, teenagers may have observed the
models such as characters, role-plays or story-based environment performing the
violent related behaviors, which in turn may have caused gamers to act either in the
same manner or a new pattern of the behavior such as aggressive thoughts or behavior.
Our study conceptual is applicable to every single videogame that is bringing a change
in the gamers’ behavior. Entertainment industry can adopt this conceptual model to
bring a change in the gamers’ behavior, especially in accordance to the developers’
mindset. The present study is a conceptual study and therefore, a future empirical study
is required to validate the conceptual model.
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Abstract. The goal of this work is to design a BCI that can then be used to
control a serious game for concentration training. A 32-Electrode cap system
was used, in addition to a bandpass and notch filter, t-SNE dimension reduction,
standard deviation outlier detection as well as a SVM classifier. A maximum
classification accuracy of 80% was achieved when using a four class classifi-
cation system. Our BCI-Controlled Serious Game is viable and we thus plan to
evaluate our application in a pilot test.

Keywords: BCI - Serious Games - Concentration - Games for health
EEG

1 Introduction and Related Work

A brain-computer interface (BCI) is a system able to interpret the brain activity and
issue corresponding control commands for a certain application, in our case, a serious
game. Serious Games is a term used for video games that pursue a characterizing goal
besides entertainment within a certain application area, for example, promoting health
(Gobel et al. 2010) or cognitive remediation (Garcia-Agundez et al. 2017). Considering
that the brain can be affected by mental exercise, for example with meditation,
(Malinowski 2013), a BCI serious game may be used for training purposes, for
example, increasing concentration. The goal of the present work is to develop a BCI to
control a serious game designed for concentration training.

There are already several Game-based BCIs available. For example, the game
“Brain Arena” (Bonnet et al. 2013) is a collaborative/competitive BCI football game.
The goal of this game is to control a ball towards a target by imagining hand move-
ments. The extraction of features is realized with Common Spatial Pattern (CSP).
(Coyle et al. 2011) generated an automatic method for parameter search. In addition,
they added a data recording technology to the BCI, based on a spaceship game. In it,
the goal is to dodge asteroids by moving a spaceship. While playing the assignment of
data to the classes is performed and both are recorded. Another BCI system (Belkacem
et al. 2015) extracted EOG signals from a two-sensor EEG and uses them for the
control of a 2D Plattformer game. The purpose of the game is to dodge meteors with an
avatar.

Regarding signal processing methods, several procedures can be used to improve
EEG signal quality. Outlier detection seems necessary to filter muscular movements,
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which may be removed by using the standard deviation factor method or a moving
average filter (Leys et al. 2013). Afterwards, dimension reduction may improve
accuracy. For this purpose, parametric t-SNE (t-Distributed Stochastic Neighbor
Embedding), as suggested by (Li et al. 2016), may be applied, since it provides better
results than Principal Component Analysis or no dimension reduction at all. For feature
extraction, relative energy (Amin et al. 2015), static Energy (Li et al. 2016) and Fast
Fourier Transform (FFT) features (Akin 2002) may provide good results. For the final
classification, Support vector machines (SVM) seem to be an optimal approach
(Alomari et al. 2013).

2 Methods

In order to capture the EEG, we used the USBAmp biosignal amplifier system designed
by g.Tec with a 32-electrode wearable cap using the 10-20 system (Ramadan and
Vasilakos 2017), acquiring data with the Matlab Simulink software. The data is filtered
with a 50 Hz notch filter and a bandpass filter with cutoff frequencies of 0.5 and 60 Hz.
Once processed, we tested several postprocessing techniques: Outlier detection,
dimension reduction, feature extraction, and finally classification.

We implemented the standard deviation method suggested by (Leys et al. 2013) as
well as a moving average filter. For feature extraction, we implemented t-SNE from (Li
et al. 2016) in combination with the wavelet transform method (Amin et al. 2015).
Finally, we focused on all three sets of features: Relative Energy, Static Energy as well
as FFT. We decided to implement SVM for classification, and compare it to two other
methods, Multilayer Perceptron (MLP) and Random Forests (RF).

Once the methods were decided upon, we programmed an application in Java for
data collection and visualization, following the work of (Bernard et al. 2016). This tool
implements the Weka machine learning algorithms, t-SNE and the Wavelet/Fast
Fourier Transform implementation presented on (Scheiblich et al. 2011). This appli-
cation allows us to study different parameters of the data processing, as well as training
and classification. The training and test data are assembled and tested in a cross-
consolidation.

To determine the viability of our approach, we wanted to study the accuracy of
designing a game that uses up to eight classes. That is seven possible commands, and a
neutral state. We implemented orders for controlling each of the four limbs (left arm,
right arm, left leg, right leg), a combination of two of them (both arms, both legs) as
well as an “extra action”. A total of five users, two male, participated in our evaluation,
we thus performed 5-fold cross validation on the captured data.

Recording was performed following a pattern of a two-second relaxation phase and
a five-second recording period. Motion stimuli are to be prevented during the relaxation
phase. At the start of the recording phase, a symbol is presented to represent one of the
eight chosen classes, positioned accordingly. For example, the class “left hand” would
be represented by a left hand displayed towards the left of the screen to allow for an
intuitive recognition. After a test run, each class was presented five times following a
random pattern. Between recordings, users could rest shortly.
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We began our result analysis by testing the ideal duration of both reaction time
(from O to 1000 ms) and interval length of the EEG signal window (from 250 to
4000 ms). We found interval length works best from two seconds onwards, and has a
significant impact on final accuracy. Reaction times show no fundamental impact on
accuracy. Therefore, we chose an interval time of two seconds and reaction time of
0.2 s. Regarding outlier detection, we tested a moving average filter with O to 25 data
elements, but it did not have any impact on accuracy on either the static or relative
energy features. On the other hand, the standard deviation factor method does improve
accuracy by up to 4%. We decided to classify an element as an outlier with a standard
deviation factor of 2.

The static energy features provide the best results in average. The Fourier transform
energy features perform better than the relative energy features, but considering both
methods perform worse than static energy and take significantly more time to extract, it
seems using stating energy features exclusively is the best option.

We thus proceeded to evaluate the classifiers. These were tested with parameters in
an interval through several iterations. In each iteration, an interval for a parameter with
an appropriate step size was evaluated according to the data of all volunteers. The
parameter with the best result was firmly held-for the next iteration, and another
parameter was tested. If all influential parameters are passed through the test, a small
interval was selected and tested. For the SVM, both the PUK kernel and RBF kernel
were tested in addition to the preset poly kernel. However, the SVM showed better
results with the poly kernel. Thus, SVM with default Weka parameters seems to be the
best candidate for this application. Maximum achieved accuracies were 73.3% for both
RF and MLP and 80% for SVM.

To conclude our evaluation, we tested the accuracy when considering different
classes with the design decisions made so far. Results are presented on Fig. 1. As
expected, accuracy is reduced as the number of classes increase. For this particular
case, accuracy is around 55-57% on average when considering two classes (plus the
neutral state), 43—45% when considering three, 31% for four classes and 29% for five
classes. There are significant differences depending on which class we choose, for
example when considering “both hands”, “both feet” and “tongue” we can achieve an
average accuracy of 80%.

Accuracy (%)

[eF, BH, T] [LF, RF, LH, RH] [BF. BH] [LF, RF, LH, RH, T] [\F, RF] [LH, RH] [tH. RH, T] [F. RF, T]

Classes

Fig. 1. Evaluation of different class compositions. (T: Tongue, BF: Both Feet, BH: Both Hands,
L and R are left and right respectively)
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Considering game development, a simple game with intuitive controls is the best
approach in order to minimize distractions and cognitive load. In addition, players
should be given time for reflection between actions that do not affect the game, as they
may be misinterpreted by the BCI. Following these ideas, we conceived a climbing
game where the user controls a frog avatar and is required to choose different limb
combinations in order to continue climbing. As an “extra” action, the frog can eat flies
with its tongue when they are on the way. The limbs have a maximum distance allowed
between each other in order to limit the possible options to climb further, this ensures
players have to think of different commands in order to progress further and also
ensures the classifier is processing the orders accurately (Fig. 2).

Fig. 2. Image capture of the game. The Ul is as minimal as possible to avoid distractions.

To indicate to the player when the recording is in progress, the frog torso for that
period is colored gray. During movement or preparation time, the frog retains its green
color. Finally, new orders during an ongoing movement of the limbs are not processed.
In order to evaluate game progress, a score is calculated as a sum of correct movements
and flies eaten. This number of points is designed to be used for a future evaluation,
since a higher score means the player was able to progress further.

3 Conclusions

Although the results provided by only five users are indeed limited, given the
promising outcome of the data acquisition test, we plan to evaluate our BCI in the
future and study its accuracy in more detail. However, when considering a future
evaluation, it is necessary to prepare for several challenges. Firstly, the recordings
require a high degree of concentration. This can be exhausting if done for a long period,
which means recording quality is reduced with time. Additionally, small variations in
electrode placement or signal quality with each session also affect result accuracy.
Thirdly, the conductive gel used on the electrodes dries over time, which also affects
signal quality. For these reasons it is necessary to capture all training data in one
session. The recording time for the training data was approximately 10.5 min, during
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which we could approximately capture 70 records per class, which should suffice to
obtain acceptable quality.

Another important limitation of the present BCI system is that a parameter to
determine the quality of the BCI system is required. In this sense, related work stresses
the importance of user training and BCI usage as a trainable skill (McFarland and
Wolpaw 2018). We chose the game score purposely as means to be able to calculate
player progress and progress speed, and use these variables as a measure of BCI
accuracy. In order for the game to have any impact on concentration, follow-up
evaluations on the same subjects over a longer period of time will be required.
Comparing the individual evaluations using time series parameters would then provide
an indicator of the improvement in concentration.
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Abstract. Serious games and simulations can be used to support or
supplement training, especially when training scenarios are too com-
plex. With the novel Virtual Reality technology, training can be par-
tially replaced and complemented by a virtual environment. This paper
focuses primarily on the design of the police training. The requirements
for the serious game were raised in cooperation with policemen. A vir-
tual training environment for traffic control was developed. The initial
user evaluation revealed importance of full-body tracking and intelligent
virtual agents. Due to the variability of the training scenario, the effec-
tiveness can be increased and the skills learned within the serious games
are transferable to the real work tasks.

Keywords: Serious games - Training environment
Police traffic control - Immersive virtual reality

1 Introduction

Traditional emergency training is complex, costly, and often includes only a small
variety of scenarios [1]. With the novel Virtual Reality (VR) technologies, new
possibilities arise to train certain action sequences and procedures in the virtual
environment, that are not always possible in the current existing training. Head-
Mounted Displays (HMDs), such as HTC Vive or Oculus Rift enable external
tracking, creating a full 360° immersion and allowing the user to physically move
in a large area. Recent studies provide significant evidence that room-scale VR
games lead to a higher immersion [9].

Due to recent improvements in VR, not only game industry but also the
government and corporate organizations can benefit from the training environ-
ment that serious games provide [10]. Serious games are digital games that are
designed to entertain and have an additional characterizing goal (e.g., a learn-
ing/training effect) [4]. Safe VR-based training environments allow making mis-
takes without serious consequences in order to gather experiences, that help to
avoid bad decisions in the future [3,6]. In comparison with the traditional train-
ing, virtual environments have various advantages, e.g., they are less expensive,
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can be easily set up and training sessions can be performed even when the team
members are geographically far apart [3]. Playful training and simulations are a
major field of serious games, mainly used for collaborative training, e.g., military
training [10], police training [1,6], and crime scene investigation [3,5]. Moreover,
previous studies reported that intelligent virtual agents in training environments
are helpful, e.g., for leadership training and decision making in stressful situa-
tions [8] or to reduce the chances of accidents and failures [2]. A positive impact
on training results in serious games could be proven in some studies [6]. How-
ever, the context must always be considered and it is difficult to make general
statements about the effects of serious games.

In this paper, we present a concept of an immersive, virtual training environ-
ment for traffic control. A demo can be seen here!. The requirements analysis
for the training and the initial user evaluation were done in cooperation with
the policemen. We want to show how the VR technology could be used for the
police training in the future. Due to the variability of the scenario, the quality
of training can be increased. In particular, trainees can be supported in their
individual training and can receive immediate feedback on completed activities.

2 Concept

Training in a virtual environment can be effective to learn particular behaviors
and strategies. We raised requirements for the training in cooperation with ten
policemen (eight men, average age of 27). A police training is usually practiced
in a team. In the traditional training settings, scenes of everyday police work
life are recreated and the behavior of the policemen in these situations is then
evaluated. Such a training requires at least two participants and must be addi-
tionally assessed by an expert. Frequent training of different situations is thus
often not possible.

We identified various scenarios, e.g. routine activities such as traffic control,
shoplifting, and search of a person. Further examples include situations where
the policemen themselves are in danger, such as knife attach and domestic vio-
lence. Some complex situations were named, e.g., accidents with many persons
involved, demonstrations, rampaging football fans, and bank robberies.

2.1 Virtual Training for the Police Traffic Control

We focus on general police traffic control because this is a common situation in
the daily routine of a policeman and it requires from the policeman to follow a
certain procedure. Nevertheless, the work processes have to be trained regularly,
as new situations may occur.

The following scenarios should not be considered as complete. Each federal
state and country can provide a different approach. In the scenario, the vehicle
already stopped and the policeman stands next to the car. The player must

! https://youtu.be/HSAP_S8x6A0, last visited on May 31st, 2018.
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Fig. 1. Flowchart of the general traffic control

inspect the driver’s license, the vehicle registration, the first-aid kit, the warning
triangle and the safety vest. To increase the quality of the training and to train
varied situations, the items which have to be inspected vary. Figure 1 shows the
flowchart of the general traffic control. In addition, the general condition of the
driver (e.g., an influence of alcohol or drugs) and the vehicle (e.g., the lights
and tire condition) must be examined. The states marked with “X” serve as
placeholders for special cases, e.g., situations that involve a warning or even an
arrest. Parallel, the policemen have to ensure their own safety, e.g., look for a
weapon and other dangerous items.

3 Implementation

The virtual environment, as it can be seen in Fig. 2a, was built using the Unity3D
game engine. To facilitate integrating the device and controller interaction, the
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SteamVR Plugin and SteamVR, Unity Toolkit plugins were used. We used free
3D models from the Unity Asset Store to create a city, e.g., streets with bushes
and trees at the roadside as well as houses. For the traffic control, two vehicles
are included: a police car and an additional vehicle with a driver, a weapon
(PM-40) on the passenger seat and a cat on the back seat.

The serious game utilizes a first-person view using a HMD, as shown in
Fig. 2b. The player can move within the virtual environment by physically walk-
ing in the real world. Since the physical space is limited, a teleportation mechanic
can be used for larger distances.

SEREE

;R

(a) The virtual scene top-down layout (b) First-person view

Fig. 2. Virtual environment

3.1 Gameplay

The player can interact with the driver through a game menu (see Fig.3a).
It contains several buttons to require the driver’s license, vehicle registration,
warning triangle, safety vest and first aid kit. To specify the items as “OK” or
“Not OK”, the player can drag the items to the green checkmark or the red
cross. To increase the variability, the items are randomly created, e.g., the driver
will either have the permission to drive a car or only a scooter, the car color in
the vehicle registration will change, and the first aid kit will either expired or
not. When the quit button is pressed, the feedback for the player appears (see
Fig. 3b). The feedback system consists of a “thumbs up” or “thumbs down” icon
for each interaction item.

In the car, dangerous or unsecured items are hidden. To increase the training
effect, these items are generated randomly. A dangerous item can be weapon
lying on the passenger seat (see Fig.3c). An unsecured item can be a cat in the
footwell of the rear seats.

4 Evaluation

An evaluation was conducted to review the game concept and to collect
ideas for future developments. Three policemen (aged between 27 and 34)
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(a) Game menu (b) Feedback (¢) The hidden weapon

Fig. 3. Game design

participated in the evaluation. First, the game concept was explained briefly.
This was followed by an introduction of the interaction possibilities (teleporta-
tion, assignment of the items). HTC Vive HMD with two associated controllers
were used to gain the first-person view of the virtual environment. During the
evaluation, the policemen were encouraged to express their thoughts (think-aloud
method). Two observers were asked to take notes of what participants say and
do.

The impression of the VR was consistently positive. None of the subjects
experienced cybersickness. The controls were perceived as simple and intuitive.
The participants also liked the fact that the cat and the weapon are not imme-
diately visible. Only the resolution rate of the headset was perceived as too low
and too blurry, which caused some details to be hard to read, e.g., text on the
driver’s license and vehicle registration.

The analysis has revealed the importance of full-body tracking in VR. The
visualization of only Vive controllers was irritating and the participants were
missing the representation of the own body. This finding corresponds with the
recent work, showing that visualizing of a controller or floating hands will break
the immersion [7].

The current implementation supports only a single-player. However, in the
real life the policemen (in Germany) usually always work in pairs (or teams).
The participants suggested a multiplayer mode so that the second player can
secure the vehicle on the passenger side as in a real control situation. In such a
virtual team training, the players can inhabit the same virtual world and learn
to perform tasks as a team. To still enable single-player mode, an intelligent
virtual agent could provide feedback and help. Non-player characters could fur-
thermore simulate additional characters, e.g. a passenger. Moreover, traffic can
be simulated so that the player must be careful not to be hit by a car.

To improve the level of immersion, sound effects, such as engine noise should
be created. Speech control would furthermore improve training efficiency, e.g.,
to show the driver’s license and the vehicle documents.
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However, our study has some limitations. The current implementation
includes only a small scenario for the general traffic control. The current
implementation can be easily expanded by creating additional interfaces for
the interaction items, e.g. a stolen license plate. Furthermore, the total num-
ber of three participants is too low for any statistical conclusions. A significantly
greater evaluation should be carried out in a future work.

5 Conclusion

We developed a serious game in order to show how VR technology could be
a part of the police training in the future. We raised the requirements for the
training scenario in cooperation with the policemen. We evaluated the game
with policemen to review the game concept and to identify the limitations. Our
results are promising and show that immersive VR can be used for the effective
training. The evaluation results showed that our game is fun, motivating and
could be used in police training in the future.

Further research will focus on body tracking since this would improve the
presence in VR. To increase the effectiveness of the training and to support
complex collaborative tasks, a multiplayer mode is needed. Furthermore, in the
future work, we also want to support speech recognition. For a more advanced
training scenario, intelligent virtual agents should be incorporated.
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Abstract. In our submission we introduce a novel approach to guide
Virtual Reality (VR) players and spectators via a Mixed Reality (MR)
guidance tool trough a museum installation called the Virtual House
of Medusa. The installation features an overview display, a VR headset
for the player and a MR guidance tool (tablet with a VR-tracker) for
the museum guide. This setup enables museum guides to support the
VR player and to present the VR installation to a large audience. Our
work deals with the issue that existing VR installations for museums
are mainly designed as a single user VR experience and without any
forms of spectators and player guidance. We argue that the interaction
between the VR museum guide, the VR player, and the spectators has
the potential to create a unique experience and to facilitate the feeling
of being together in the VR world.

Keywords: Mixed reality museum installation
Head-mounted display + Co-located interaction

1 Introduction

Virtual Reality (VR) technologies have gained importance in recent years and
are employed in various fields of application: Apart from health, entertainment,
education and many other areas, these technologies have also found their way in
the museum’s context. In contrast to traditional approaches (such as info screens,
installations with limited interaction functionalities, etc.), VR-based experiences
in museums yield several benefits, such as providing the audience scientific data
on cultural heritage. Although there are numerous positive aspects of VR-based
solutions for museums, several design challenges have to be tackled. One of
these issues can be seen in the fact that a majority of VR-based experiences
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in museums, in particular installations using head-mounted displays (HMDs),
are mainly tailored for single user experiences.

VR installations for museums have the potential to provide a more engaging
experience for visitors including an educational value. Furthermore, they can
be used for a wide variety of applications form cultural heritage to natural sci-
ence. The first VR museum installations can be found in the early 90s. In most
cases HMDs were employed, but also Cave systems [1] were used. The Cave is a
multi-person, room-sized, VR environment and can be considered as a co-located
VR installation that allows museum educators to guide visitors through virtual
environments.

Museum guides can be visually represented through avatars in VR [2]. If they
share the same physical space with other players, this co-located hybrid between
real and virtual is defined as Mixed Reality (MR) [3]. A much cheaper and space-
saving solution for museums are HMDs. Whereas Cave systems can be used by a
large number of museum visitors, HMDs offer single user experiences. As robust
and affordable VR technologies, like the Oculus Rift [4] and the HTC Vive [5], are
now available, they are being increasingly utilized in museums. Recent examples
for instance are Tate Modern [6] or the VRLab at Ars Electronica Center (AEC)
Linz [7].

Current museum installations with HMDs are usually offering an overview
display for the audience, showing the perspective of the VR player or providing
an overview of the VR installation (see Fig.1). But so far, VR players cannot
share the experiences with others, as seen at recent examples of VR museum
installations on cultural heritage [8,9]. This problem is known as “Perspective
Gap” [10]. Research on shared, co-located MR settings with HMDs [10,11] and
on remote MR collaboration [12] is still at its very beginning.

Based on these limitations, we propose a novel MR approach for guiding
museum visitors through a VR experience: first, it includes the spectators of a VR
installation by giving the guide a MR guidance tool (tablet that is connected to
the VR space) to explain relevant events and mechanisms in VR, and, secondly,
the VR player is supported by the museum guide through our solution. In the
following sections the MR guidance tool will be explained in detailed, and several
use cases will be presented to highlight the usefulness and flexibility of our
solution.

2 Our Approach

In general, research on co-located VR installations is still in its infancy in gen-
eral, especially in the museum application context. VR museum installations
using current HMDs are single user VR experiences and offer no interaction pos-
sibilities neither for museum guides nor for visitors. This is quite surprising, as
on the one hand museum installations are usually tailored for multiple partici-
pants, and on the other hand interactive VR installations have to be introduced
by the museum staff. Especially for museum guides, additional interaction and
guidance possibilities that support their explanations appear to be useful.
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Following this notion, we propose a novel MR, approach for guiding museum
visitors through an VR experience: first it includes the spectators of a VR instal-
lation by giving the guide a MR guidance tool (tablet that is connected to the
VR space) to explain relevant events and mechanisms in VR, and, secondly, the
VR player is supported by the museum guide through our solution.

Based on this concept, a playful co-located VR museum installation called
Virtual House of Medusa (VHM) was developed [13]. The installation enables
interactions between the VR player, the museum guide, and the spectators and
supports different player roles: VR player (VR device), museum guide (MR guid-
ance tool), spectators (overview display).

2.1 The Installation: The Virtual House of Medusa

The VHM is a playful co-located VR museum installation about a Roman villa
and its wall paintings [14]. These fresco fragments were found at the Danubian
Limes in Upper Austria. The game prototype was developed in collaboration
with the Federal Monuments Authority Austria [15] and designed as a seated VR
installation for multiple exhibition scenarios (see Fig.2). The VHM offers four
playful virtual workstation: VR players can assemble collected wall fragments like
puzzle pieces into nearly complete paintings and can explore a reconstruction of
the villa and its wall paintings in multiple ways.

With the MR guidance tool the museum guide can look into the VR environ-
ment, can provide support for the VR player, and is able to introduce the expe-
rience to the spectators in detail. This is achieved with a Vive tracker, mounted
on a tablet device. Furthermore, the installation consists of a VR headset (HTC
Vive) with one VR controller. For reasons of simplicity only the trigger button
of the VR controller is used.

Figure 1 shows the physical devices of the two actors (guide and VR player)
and the rendered screen view of each device. The MR guidance tool user (guide) is
visualized as an avatar and can touch objects by touching the tablet screen. With
a wiping gesture from the top edge of the tablet, a menu appears. The menu
contains multiple functions: reset of the installation, switch between different
visualizations of the museum guide, switch between the four workstations, switch
between different cameras (Camera Player, Camera Audience, etc.), controls of
the avatar (wave, nod or shake head, wink), showing hints or additional functions
(tutorial, language, etc.).

The VHM was exhibited in different museum settings, at the art museum
Kunsthistorisches Museum Wien (KHM) [16] and at the media art museum
AEC, in the VRLab [7] and in the Deep Space [17], to identify design potentials
and implications. These settings differ how the audience and the guides are
integrated in the VR experience and will be discussed in the next sections.

2.2 Virtual House of Medusa at the AEC VRLab

The VRLab is a special exhibition at AEC, showcasing the latest VR, Aug-
mented Reality (AR) and MR technologies. At 6 VR stations each supported
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VR player view

Muesum guide view

VR museum guide

VR device

Tablet +
VR tracker

VR controller

|

VR player

Museum guide

Fig. 1. Technical setup: VR player (red), seated VR experience with a HMD (Vive);
museum guide (blue) can look into the virtual world and can touch virtual objects via
a tablet, equipped with a VR tracker; trough a menu the museum guide can navigate
the VR player and spectators trough the VHM. The museum guide is visualized in VR
as an abstract avatar (green). (Color figure online)

with overview screens a broad range of different VR applications from art to
industry use cases are presented. Hands-on experience and active involvement
are a basic pillar at AEC. To achieve that, museum staff supports visitors in
the entire exhibition. If a visitor wants to explore the VHM a museum guide
introduces the installation. An additional overview screen shows the perspective
of the VR player. The museum guide uses that screen to guide the VR play-
ers; further visitors can follow the journey. Neither the museum guide nor the
spectators are actively involved. They can observe the VR player’s perspective
and can talk to him/her. In this setup the VR player is sitting in front of the
others with his/her back turned, which does not ensure a perfect communication
between the VR player and the museum guide (see Fig. 2).

2.3 Installation at the KHM

The VHM was fist presented at the KHM in Vienna as a co-located VR instal-
lation as part of the special exhibition of the original artifacts of the House of
Medusa. Figure 2 shows the setup with one tablet device and an overview dis-
play at the back of the VR player. The installation was introduced by museum
guides with the help of the MR guidance tool. Unlike the setup at the VRLab
the museum guide is facing the VR player. The visual representation of the guide
(VR museum guide) supports the communication between VR player, guide and
spectators. Spectators can follow the virtual journey on the screen. After the
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AEC Deep Space

Fig.2. The VHM was exhibited at three different museum settings: AEC VRLab:
Museum guide introduces the installation to the VR player exclusively by talking to
the him/her. Spectators observe the interaction process via an overview display. KHM:
Museum guide introduces the installation using the MR guidance tool. Spectators can
follow via an overview display. AEC Deep Space: A Museum guide navigates the VR
player through VHM. A big audience can watch the journey through time via a large
overview projection (16 x 9 m).

introduction phase the VR tablet was handed over to a museum visitor. Together
with the VR player a co-located playful VR experience can be achieved.

2.4 Installation at the Deep Space, AEC

The setup at the Deep Space at AEC illustrates the potential for a large audience.
The museum guide introduces the installation using the MR guidance tool and
a head microphone (see Fig. 2). Up to 150 spectators can follow the time travel
back to the Roman Age on a large screen (16 x 9 m). With additional tablet
devices spectators can also actively participate in the virtual trip. Preliminary
presentations have shown that the MR guidance tool is a big support for the
museum guide and fosters the communication between VR player and spectators.
In a further prototype a stereoscopic 3D projection for the audience and an
enhancement of the user interface for the guide is in the planing.

3 Conclusion and Future Design Directions

In this paper we proposed a novel approach of guiding museum visitors through
a VR experience: It features a unique MR guidance tool and is conceptualized
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as a playful installation with multiple virtual workstations. The proposed solu-
tion grants museum staff to guide both the VR player and the spectators. As
described in the previous sections, the installation was presented at several occa-
sions. However, until now the potentials and design implications have not been
investigated: Regarding the next steps, currently a study is carried out that
focuses on the co-playing experience. Here, it is aimed to find out how partic-
ipants with multiple roles supported by the MR guidance tool experience the
installation. We are especially interested in the communicative acts among visi-
tors. Via observations and questionnaires, it is anticipated that the presence of
the MR guidance tool will have a positive impact on the social experience.
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Abstract. Due to recent improvements in Virtual Reality (VR) regard-
ing the potential of full-body tracking, the number of VR-based
exergames has been increasing. However, such applications often depend
on additional tracking technology, e.g., markerless or marker-based. On
the one hand, tracking approaches, such as the Kinect device are lim-
ited by either high latency or insufficient accuracy. On the other hand,
motion capture suits are expensive and create discomfort. In this paper
we present an accurate motion recognition approach, using only the HT'C
Vive HMD with their associated Controllers and Trackers. The recogni-
tion is based on an Hidden Markov Model, that has been trained in
advance for a specific movement. The results suggest that our system is
capable of detecting a complex full-body gesture, such as yoga Warrior
I pose, with an accuracy of 88%. In addition, audible feedback is pro-
vided, so that the user can immediately hear if the particular exercise
has been executed correctly. Such a system can be used to assist players
in learning a particular movement and can be applied in various serious
games applications, e.g., for training purposes or rehabilitation.

Keywords: Full-body tracking - Motion recognition
Machine learning + Hidden Markov model - Virtual reality - Exergames
Serious games

1 Introduction

Recognition of body movements is attracting increasing research interest. How-
ever, most publications using Hidden Markov Models (HMMs) are recogniz-
ing only a part of the body, e.g., hand gestures [4,12-14,18,24] or arm move-
ments [17,20]. Only a little research regarding full-body recognition in VR-based
exergames using machine learning approaches has been made.
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On the one hand, many publications trying to recognize full-body motions
are using markerless tracking technologies, such as the Microsoft Kinect device!
which provides the joint orientation for the player’s skeleton. However, the Kinect
suffers from occlusion, low precision, and inaccuracy [8]. On the other hand, more
precise motion capture technologies, such as Optitrack? or Vicon®, are based on
multiple markers attached to the player’s suit which are tracked by multiple
cameras. Even though such a system is more accurate, it can create discomfort
since the user has to wear a tight suit [21]. Moreover, multiple Inertial Mea-~
surement Units (IMUs) can be attached to the user’s body in order to recognize
body motions [7]. However, since multiple sensors must be worn by the user,
such a system may also be considered intrusive.

In contrast to Kinect, our approach is designed to recognize full-body motions
reliably. Furthermore, the recognition algorithm should be independent of the
execution speed (i.e. how fast or slow the user performs a pose) as well as user’s
size (i.e. the height of the user). According to Raheja et al. [20], HMM are scale-
invariant. In other words, the recognition algorithm using HMM works regardless
of the student’s height performing a movement. Unlike suit-based motion capture
systems, we use only a small number of devices. Some advantages of the reduced
sensor amount include ease of use, detection reliability and less potential for
error. With two HT'C Vive Controllers, the hands’ movements are tracked. With
the three additional HTC Vive Trackers, we determine the position of the lower
back as well as both legs.

There are basically three main criteria that our approach should meet:

— The approach must be computationally efficient and must recognize the
motion in real-time
— The motion recognition algorithm must be reliable:
e It should be independent of the player’s movement speed
e It should provide similar results regardless of the player’s height
— Only a small number of devices must be used

The paper is organized as follows: Sect. 2 presents relevant related work. In
Sect. 3, the concept of the proposed approach using HMM in VR is presented. In
Sect. 4, implementation details are provided in order to specify the parameters
of the HMM. Section 5 presents the results of the full-body recognition. These
results are discussed in Sect. 6. Finally, Sect. 7 concludes this paper.

2 Related Work

In the field of motion detection in VR there exist already a number of applica-
tions. However, to the best of our knowledge, none of this work uses the Vive
Tracker in conjunction with supervised machine learning, such as HMM.

! https://www.xbox.com/en- GB/xbox-one/accessories /kinect, last visited on May
925th, 2018.

2 http://optitrack.com, last visited on May 29th, 2018.

3 https://vicon.com, last visited on May 29th, 2018.
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2.1 Motion Recognition in VR

Chan et al. [3] used a motion capture suit to follow the movements of the virtual
teacher in order to learn how to dance. The suit with several attached markers
can capture the full-body movements. The resulting data is then compared with
“correct” reference data to give the student feedback about the correctness of her
or his movement. Similar, Jiang et al. [11] presented a novel action recognition
algorithm based on neural network. The researchers could reconstruct various
full-body motions, such as walking, jogging, jumping, crouching and turning by
only using Vive HMD and two associated Controllers.

Motion recognition in VR can also be done using a single Kinect sensor.
The developers can easily exploit Microsoft Visual Gesture Builder NUI tool*
in order to perform real-time gesture detection. Past work showed, that Kinect
can be utilized to recognize motions in VR, e.g., for remote posture guidance
during sports [10], for efficient strength training [22] or for efficiently dancing
training [23]. In the approach proposed by Lee et al. [16], posing and acting is
used as input to personalize furniture. The users can specify dimensions with
simple speech commands while indicating a distance with their arms. However,
speech recognition was performed using a trained operator, thus no machine
learning approach was applied. Since the field of view of the Kinect is small,
Rhodin et al. [21] attached a pair of fisheye cameras to the VR headset to
increase the visibility of body parts in order to estimate the full-body pose.
Furthermore, hand gestures can be recognized using a Leap Motion® device [6]
or a Myo® armband [9,15] to enable natural interaction in VR.

Furthermore, IMUs can be advantageous for motion detection. Fitzgerald
et al. [7] integrated nine Xsens inertial-based sensors” to develop a biofeedback
system for the instruction and analysis of sport rehabilitation exercises. However,
the sensor data were stored in order to do offline analysis by comparing the data
of the player and the expert. Another study used integrated sensors of a HMD
to detect steps in real-time by applying a Gaussian low-pass filter [2]. With the
recognition algorithm, the avatar’s feet could be synchronized with the user’s
feet while walking on a treadmill.

2.2 Hidden Markov Models

Previous work showed that machine learning approaches and more specifically
HMM:s are widely and successfully applied in the field of speech and hand gesture
recognition. First work has been already presented in the 80’s and 90’s, e.g.,
for automatic speech [19] or handwriting [24] recognition. Later on, Chen et
al. [4] developed a real-time system to recognize hand gesture from a 2D video

* https://docs.microsoft.com /en-us/previous-versions /windows/kinect /dn785304 (v
%3dieb.10), last visited on May 25th, 2018.

5 https://www.leapmotion.com, last visited on May 28, 2018.

5 https://www.myo.com, last visited on May 28th, 2018.

" https://www.xsens.com/functions/human-motion-measurement/, last visited on
May 28th, 2018.


https://docs.microsoft.com/en-us/previous-versions/windows/kinect/dn785304(v%3dieb.10)
https://docs.microsoft.com/en-us/previous-versions/windows/kinect/dn785304(v%3dieb.10)
https://www.leapmotion.com
https://www.myo.com
https://www.xsens.com/functions/human-motion-measurement/

194 P. Caserman et al.

input. To reduce the complexity of hand detection in the images, markers were
used in order to separate the hand from the background [14]. Similar, in the
study conducted by Just and Marcel [12], the user had to wear two colored
gloves to facilitate hand tracking while recognizing two-handed gestures. Kao
and Fahn [13] proposed an approach, where a single hand or both hands, as
well as the face, have to be detected in each video frame in order to recognize
hand gestures accurately. Hand gesture recognition can also be done based on
recorded tracking data provided by a three-axis accelerometer embedded in a
handheld device [18].

Other researchers collected body movement data with a Kinect in order to
train the HMM [17,20]. Even though the Kinect device is capable of tracking a
full-body, both publications used this device to only recognize the upper body
or more precisely to track gross arm movements.

3 Concept

The proposed recognition approach based on HMMs can be used to assist the
player to learn a particular movement. A player can supervise own improve-
ments. Another possible application example would be a training scenario where
therapists can monitor the patient’s recovery.

To determine the HMM, a teacher is needed to repeat the movement so
that reference data can be gathered (ground truth). Since the recognition works
regardless of the height of the teacher performing the posture [20], our model
is generalized and independent of the size variance. Obtained data are then
utilized to decide if the student performed the motion correctly. The VR envi-
ronment provides visual and audible feedback to the student, informing her or
him whether the executed movement was right or wrong.

3.1 Hidden Markov Model

The HMM was chosen since this approach showed good results for movement
recognition in previous works (see Sect.2). Motion recognition using HMMs
essentially works in five steps (see Fig. 1), as adapted from Yang and Xu [24].

Define full-body Describe the full-body

Train the L Evaluate full-body pose
pose to detect pose in terms of an HMM

Collect training data HMMs with the trained model

‘ Pre-process raw input data |

Fig. 1. Block diagram of the motion recognition-based system

In the first step, a pose or gesture, which should be recognized, must be
defined. We want to show that our approach is able to recognize full-body



Recognition of Full-Body Movements in VR-Based Exergames Using HMM 195

motions in VR. Therefore, a pose must be selected, where the position of the
hands and feet are important.

In the second step, the full-body pose must be described in terms of an HMM.
The HMM is described as A = (5, V, A, B, ) as proposed by Rabiner [19]:

- S =(s1,...,5n), the set of N possible hidden states, i.e. possible values of g¢;

-V =(v1,...,upm), the set of M possible observations, i.e. values of o;

— A € RV*N "the transition matrix between the states, where the elements a;;
of the matrix indicate the probability for the transition from the state s; to
sj, 1e. aij = P(qi41 = s5lqe = si)

— B € RVXM the distribution matrix, which indicates with which probability

a state s; leads to the observation v;, i.e. b;; = b;(j) = P(o; = vj|qr = ;)

m € RY, the initial probability, i.e. a vector whose elements indicate with

which probability s; is the starting state: m; = P(q1 = ;)

In this step only the structure of A and B are determined. The values of elements
in A and B will be first estimated in the training process (Step 4). An overview
is given in Fig. 2.

qt+1 = Sk

b;(vy) bj(vm) by (vy)

0t-1 =7 0t = Unm Oty1 = VUn

Fig. 2. Schematic representation of an HMM

In the third step, before the training data is collected, the raw input data has
to be pre-processed. In order to train the HMM, several executions of the correct
movement must be recorded and saved in a file. Since the HTC Vive provides
global positions of the VR devices, this data has to be first transformed into a
local coordinate system. Otherwise, the result would be distorted. Hence, the
local orientation and position vector of all VR devices have to be continuously
stored while the actual motion is being performed. Because the motion detection
should work regardless of body height and execution speed, the data must be
furthermore normalized.

In the fourth step, the HMMs should be trained using the collected data from
the previous step. A console application, called HMM-Trainer allows the user to
select training sequences and adjust the HMM parameters to train the model.
The model parameters should be adjusted so that the likelihood P(O|\) can be
maximized for the given training dataset. Therefore, the Baum-Welch algorithm
is used to iteratively improve the values of A to achieve the local maximum. In
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addition, the forward-backward algorithm to calculate the probability of a given
HMM emitting a given observation sequence must be implemented.

Finally, in the fifth step, the full-body pose must be evaluated with the trained
HMM. The trained model is then used to classify a full-body pose.

3.2 Feedback

In addition to the recognition of a full-body movement in VR, a constructive
feedback is provided so that the student can improve the movement. Depending
on whether the pose is recognized as correct or incorrect, the student gets audible
feedback (e.g., “Your movement was correct” or “Your movement was wrong”).
For a more detailed feedback about each individual Vive Controller/Tracker, a
text is displayed on the PC and saved in a file. The student is informed whether
the executed movement was right or wrong and if necessary, which position of
the Controller/Tracker was recognized as correct or incorrect.

4 Implementation

The motion detection is implemented using the Body Tracking Framework®
which was previously developed by KOM - Multimedia Communications Lab
at the TU Darmstadt. To achieve maximal performance, the framework is based
on the low-level game API and hardware abstraction library Kore? (C++). Audio
files are created using IBM’s speech synthesis software Watson'? to provide audi-
ble feedback to the student. A demo can be viewed online'!.

N= 1242

HMD 41.8893 0.0018896 1.81965 0.00109858
1hC 41.8893 0.0708489 0.723469 0.122266
rhC 41.8893 -0.0718539 0.71499 -0.147675
bac 41.8893 0.207485 1.18198 0.160868
1fT 41.8893 0.227679 0.0898545 0.223854
rfT 41.8893 0.113464 0.112596 0.0269231

o U WN e

Fig. 3. An example of collected motion capture data. The first line indicates the number
of data points. The followed rows indicate data points with a prefix, time and position
vector (z, y, and z-axis).

First, the training data has to be collected by a teacher. When the virtual
environment is loaded, the sensor data for the training of an HMM is recorded
by pressing the “trigger” button on the Controller. The data is stored in a text
file, as shown in Fig. 3. Each line indicates positional data of a VR device at a

8 https://github.com/CatCuddler/BodyTracking, last visited on May 22th, 2018.
9 https://github.com/Kode/Kore/, last visited on May 22th, 2018.

10 https://text-to-speech-demo.ng.bluemix.net, last visited on May 22th, 2018.

" https://youtu.be/q-yKLtrTodA, last visited on May 30th, 2018.
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certain time. The prefix at the beginning of the line is an identifier to associate
the data with the VR devices: “lhC” and “rhC” correspond either the left or
right Controller held in the hands, “bac” corresponds to the Tracker on the
lower back (or hip), and “IfT” as well as “rfT” corresponds either to the left or
right Tracker attached to the foot. In each row, time in seconds (equal for all six
entries) and values for x, y, and z-axis are saved. The = and z-axis are defined
as horizontal and the y-axis vertical. In addition, the number of data points is
saved in the first line.

For training and evaluation, the Vive Trackers have to be attached to the
teacher’s and student’s body. As it can be seen in Fig. 4, two of the three addi-
tional Trackers are attached on the outside of the legs right above the ankle. It
should be ensured that the Trackers are mounted as tight as possible in order
to avoid falsification of the data by shaking. The third Tracker is fastened with
a belt at the lower back. The Controllers are held in the hands and the HMD is
worn on the head.

Fig. 4. Attached HTC Vive Tracker to the body.

To define the HMM, we have to characterize the number of hidden states, the
number of clusters, and the depth of the left-to-right matrix. We use k-means
clustering to partition the observations of the data matrix into k cluster. For
the initial estimation of the parameters, a teacher performed 17 correct and 30
incorrect versions of the yoga Warrior I pose. We deliberately chose this pose
because it is well defined (only one correct possible execution). In other words,
with another teacher, the correct movement should look very similar. The data
was divided into a training and test set. We observed the result data of 6 to
16 hidden states, 8 to 100 cluster with random initial parameters and bounded
left-to-right depth from 1 to 3. The HMMs were trained in order to calculate
the log probability. By analyzing these log probabilities and standard deviations,
some quantities could be calculated to adjust the HMM parameters. The first
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results of the test set indicate, that the smaller number of clusters (between
8 and 12) achieved better results. As expected, our model is overfitting due
to a larger number of clusters approaching the number of actual data points
(measurement values, i.e. position vector). The number of states, however, does
not seem to have much influence. With six or eight hidden states the results are
slightly better. Observing the left-to-right depth, the completely random initial
parameters (depth of 0) yielded worse results. By increasing the depth parameter
(i.e. depth of 2 or 3), better results were achieved.

5 Results

The HMM should be used to demonstrate that our concept is able to recognize
complex full-body movements. To complete the pose correctly (see Fig.5), the
student starts the movement while standing and takes a step backward with his
left foot. Both heels should lie on one line and the rear foot should be turned
outwards. Then the arms are stretched out in front of the body and the upper
body remains upright. The right knee should now be directly above the right
heel. Finally, the arms are stretched out parallel to each other with the palms
facing inwards.

® Head

| o Left Hand

| ® Right Hand
e Back

o Left Foot

o Right Foot

Fig. 5. The final position of the yoga Warrior I pose (left) and visualization of the
test data (right).

5.1 Training

In the initial tests (see Sect.4), no explicit ideal HMM parameters could be
determined. Therefore, a total number of further 100 correct movements of the
yoga Warrior I pose were collected (training set). Two final HMMs were trained
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and finally tested to find the best model. The first HMM has six hidden states
(HMMS6) and the second HMM 10 hidden states (HMM10). For HMM6 we use
8 clusters and left-to-right depth of 2 while for the HMM10 100 clusters and
left-to-right depth of 3 are used.

5.2 Testing

To test the final HMMSs, a test set of 40 correct movements and 40 incorrect
movements was used. We furthermore divided the test set of the incorrect move-
ments into 20 partially correct or similar movements (e.g., only the legs were
correctly positioned, however, the arms were stretched to the side rather than
up or the arms were correctly positioned and the legs not) and 20 totally incor-
rect movements (e.g., either legs nor arms were correctly positioned). Here the
motions are recognized in real-time and the student gets audible feedback right
after the motion is completed. The results can be obtained from the Table 1.
For the evaluation, we furthermore introduced the second condition. We wanted
to evaluate if false positives are recognized when the Tracker/Controller do not
move during the exercise. Thus, HMM6* and HMM10* will recognize a move-
ment as wrong as soon as one Tracker/Controller remains in the same cluster
during the entire movement.

Table 1. The results with the four final HMMs. In each case, the probability of correctly
recognized movements (either right or wrong) is given.

Positive Similar Negative Total
HMM6 | 97,5% (39/40) | 50% (10/20) | 100% (20/20) | 86.25%
HMMG6* | 90% (36/40) |75% (15/20) | 100% (20/20) | 88.75%
HMM10 | 0% (0/40) 100% (20/20) | 100% (20/20) | 50%
HMM10* | 0% (0/40) 100% (20/20) | 100% (20/20) | 50%

The results clearly show that neither HMM10 nor HMM10* is suitable for
detecting Warrior I movement, as none of the correct motions are detected. The
reason for this is that the current implementation of the forward algorithm is
not robust to underflow. Thus, even with the correct (positive) movements and
despite the fact that input data is normalized, the HMM]10 is not able to recog-
nize the movements. As described by Blunsom [1] we could avoid underflow by
using a scaling coefficient ¢;, that only depends on ¢ and can keep the probability
values in the dynamic range of the machine.

A significantly better result is provided by HMMG6 or even HMMG6*. These
two models can recognize all completely wrong (negative) movements. Analyz-
ing the partially correct movements (similar), the recognition rate of HMMG6
drops to 50%. With HMM6*, the accuracy of similar poses is increased to 75%.
Compared to the HMMG6 (with the accuracy of 97,5%), the detection of the cor-
rect movement decreases to 90% when using HMMG6*. We believe this happens
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because the right foot and back do not move much while performing Warrior
I pose. Therefore, HMMG6 should be used for movements, where the positions
of all extremities differ much between the initial and final position. For other
movements, HMMG6* should be used.

6 Discussion

The results presented in the previous Section show that the proposed concept
can be used to recognize a complex pose. Therefore, we believe that our method
can also be used to detect additional full-body movements: it can be used for
exergames where the player is motivated to move or to learn a certain move-
ment pattern. The results suggest that our concept is able to detect complex
movements, such as yoga Warrior I pose. This movement takes advantage of all
existing sensors (Vive HMD, two Controllers, and three Tracker). We demon-
strated that a full-body movement can be detected with a probability of over
88%. We believe that our system is able to recognize various full-body move-
ments in VR.

Compared to related work using HMM, we could obtain similar results. In
the evaluation conducted by Chen et al. [4] an accuracy of 85% was achieved,
while Raheja et al. [20] achieved a recognition success rate of over 90%. Other
researchers detected more than 95% of the movements [13,14,17,18] or even
more than 99% [24] as correct. The step detection algorithm using a Gaussian
low-pass filter provided an accuracy of up to 98.7% while walking at different
speeds [2]. Recognition of various hand gestures using Support Vector Machine
reached an accuracy of 80%'2. However, in most publications, only motions of
one body part (e.g., only hand gestures or steps) were recognized and not a
full-body pose as in our approach. Furthermore, some works also only compare
gestures and do not take the detection of wrong movements into account.

To make the current HMM reliable in terms of player’s execution speed and
height, we normalize the tracking data. To improve our approach, a Dynamic
Time Warping could be furthermore used, as the one proposed by Raheja
et al. [20]. Alternatively, a promising approach of Conversive Hidden non-
Markovian Models has recently been developed that can explicitly consider infor-
mation about the speed of a movement [5]. With this approach, it would be possi-
ble to recognize movements which differ in execution speed even more accurately.
For further improvements, calibration may also be necessary.

Additionally, since we want to reduce the sensor amount (currently using five
VR tracking devices in addition to the HMD), only the position and orientation
of the extremities (e.g., hands and feet) are known. To additionally track other
joints (e.g., elbow and knee) we do not need to increase the number of sensors. By
solving the Inverse Kinematics (IK), the position and orientation of every joint
can be estimated. Using the IK solution we could distinguish between different

12 https://tzuchanchuang.itch.io/gesture-recognition-input-method-for-ar, last visited
on June 6th, 2018.
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full-body movements, where the positions/orientations of a large number of joints
are crucial.

7 Conclusion

In this paper, we present a concept to recognize full-body movements in VR using
only a small number of VR devices: a HTC Vive HMD, two Vive Controllers and
three Vive Trackers which have to be attached to the body. Thus, the head, both
hands, and both feet, as well as the upper body, are tracked. The positions of
all these body parts are important for the motion recognition. Furthermore, the
students get immediate feedback about the motion performance and can thus
easily improve their execution. Further work could include extended feedback,
describing the detailed improvements for the movement.

Our approach allows to train the model for various full-body gestures/poses
easily and without much extra effort. The trained model is independent of the
player’s movement speed and it provides similar results regardless of the player’s
height. The evaluation showed that we can recognize a full-body movement, such
as yoga Warrior I, with an accuracy of 88.75%. However, we evaluated our HMM
with only one pose. In the future work, various additional movements should be
trained, e.g. dancing or gestures for locomotion (walking in place, swimming).

Further research will focus on optimizing HMM parameters to improve the
average recognition rate. We also want to improve the VR experience. For a
better visual performance, a virtual mirror could be used so that the student
can see her or his movements as well as the movements of the teacher. The
movements can be represented through an avatar using IK approaches to provide
real-time feedback.
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Abstract. A large number of games are available to students and
instructors that aid in developing a basic understanding of how to read
and write programs. In this paper we review the existing serious program-
ming game literature and examine the educational content and game
evaluations of 49 games. First, we assess all games with respect to the
programming fundamentals specified in the ACM 2013 Computer Sci-
ence Curricula guidelines. Next, we review how each game is evaluated
with respect to likability, accessibility, learning effect and engagement. In
addition to the evaluated research questions, we also review the research
methods used in the evaluations. Based on the results of our survey we
conclude by identifying a number of open problems in the serious pro-
gramming games literature.

Keywords: Computer science + Education - Game evaluation
Programming - Serious games - Survey - Systematic review

1 Introduction

Within the field of game-based Computer Science learning, a large number of
games have been developed that focus on computer programming [55]. Unfortu-
nately, serious programming games are often developed independently; existing
work does not focus on methods that improve gameplay, and there is a need to
analyze the use of games to support introductory programming [27]. This means
games may be created without learning from existing games, especially if games
are not available via open-source licensing or other methods. Additionally, many
serious games that claim to have positive outcomes for players lack any scien-
tific validation [44]. Without any supporting evidence, it is difficult to compare
serious games and judge which are the most effective learning tools.

In this paper we survey 49 serious programming games with respect to both
game content and evaluation. Specifically, we survey these games to answer the
following research questions:

© Springer Nature Switzerland AG 2018
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— What programming knowledge is covered by existing serious games?
— How are serious programming games evaluated?

The games included in our survey are exclusively games that involve reading
and/or writing programs in order to help players develop computer program-
ming skills. The goal of our review is to provide a comprehensive overview of the
state-of-the-art research in these serious programming games while also iden-
tifying open research problems. The open problems we identified fall into two
categories: new opportunities for serious games development and new opportuni-
ties for enhancing evaluation best practices. Our review methodology is described
in Sect. 2 followed by our review results in Sect. 3. Related work is discussed in
Sect. 4. Finally, we discuss our results and present open problems in Sect. 5.

2 Methodology

2.1 Identification and Selection Criteria

We used different selection criteria for our categories of research and commer-
cial games. The search term we used for both was “introductory programming
games”. Research games were first gathered using the top 200 results from a
Google Scholar web search in English, then pruned based on our exclusion cri-
teria. We then selected games that were discussed in the related works sections
of those papers that fit our criteria. For inclusion in the study, research games
must have an associated peer-reviewed paper or be the subject of a thesis project.
Games developed by researchers with no oversight were excluded. Unfortunately,
not all research games were available to be played and we therefore had to evalu-
ate some based only on their descriptions and not a first-hand evaluation. Com-
mercial games were collected using a Google web search and through online game
stores . This includes games like Code Hunt [53], which is a game developed by
Microsoft Research, but has been discussed in several peer-reviewed papers.

2.2 Classification Criteria

Audience. The targeted audiences for serious programming games is broken
down into four separate categories:

Children (age 5-13)

— High school students (age 14-17)

Undergraduate novices (age 184, no programming experience)
— Undergraduate adepts (age 18+, programming experience)

! Commercial sources such as the iOS game store, Google Play Store, HourOf-
Code.com, and Tynker.com offer over 100 different programming games, typically
aimed at children. However, many of these games follow a similar approach or share
visual programming environments. We chose to only include a small sample from
these websites due to the high degree of game overlap and similarity.
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Fig.1. ACM computer science curricula 2013 knowledge areas [7]

Educational Content. The 2013 ACM Curriculum Guidelines for Undergrad-
uate Degree Programs in Computer Science [7] include areas of knowledge for
students learning programming (see Fig. 1). The concepts we selected were from
the Tier 1 list of knowledge areas for computer science, meaning that the topics
are intended to be introduced to students in their first or second years of study
at the undergraduate level.

We focused on the Software Development Fundamentals (SDFs) and Soft-
ware Engineering (SE) knowledge areas. SDF's are critical for students to become
both competent at programming and knowledgeable about designing and ana-
lyzing algorithms. The other software-oriented knowledge areas discussed in the
ACM Curriculum require students to have strong foundations in SDFs. In addi-
tion, a number of games have been developed to help students understand the
object-oriented paradigm; we chose to include this specific section of Software
Engineering to acknowledge the multitude of games that included or focused
on object-oriented development. Due to space limitations, we chose to exclude
knowledge areas and concepts that were not included in more than two games.

We differentiate between the inclusion of educational content with a pri-
mary focus versus a secondary focus. Educational content that is classified as
being a primary focus of a given serious game indicates that the game designers
emphasize that their game is designed to teach that content. In cases where the
primary focus is not explicitly stated, we make a determination based on play
testing or on a description of the game play. Alternatively, if educational content
is present in a serious game but not emphasized, we classify this as having a sec-
ondary focus. Content with a secondary focus may be introduced in the game
or may need to be learned prior to playing.

Evaluation. When available, we also review and classify the evaluation of a seri-
ous game?. First, we identify which games evaluate learning outcomes, player
engagement, positive feedback, and accessibility. Second, we classify the evalua-
tion methods used, ranging from informal player feedback and game results to
full empirical studies about learning outcomes.

2 Serious games with evaluations are primarily a subset of those that have accompa-
nying research papers, technical reports or theses.
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3 Results

We identified 49 serious programming games that met our selection criteria —
36 research games and 13 commercial games. Approximately half (23) of these
games can be downloaded or played online.

3.1 Audience

The largest audience of the surveyed games was undergraduate novices with
no programming experience (21 games) followed by undergraduates with some
programming experience (17 games), children (seven games) and high school
students (four games).

3.2 Educational Content

The educational content in each game was assessed based on the knowledge areas
identified in the ACM Computer Science Curricula 2013 (see Table 1):

— Algorithms and Design: this SDF unit covers the importance of algorithms
in problem-solving, including mathematical functions and divide-and-conquer
strategies. The comparison of algorithms in the surveyed serious games was
not widely covered. An exception was the Human Resource Machine game
in which players are incentivized to minimize the number of instructions and
steps taken to complete tasks. When algorithm comparison was included, it
was often done informally and without any mention of algorithmic complex-
ity. Interestingly, only 21 of the 49 games had an emphasis on problem solv-
ing. For example, Robocode [36] is not problem solving-based but is instead
competition-based with players completing programming challenges against
opponents.

— Fundamental Programming Concepts: these are the most commonly
targeted topics for serious programming games, which is consistent with the
goal of introducing students to programming and helping them learn how to
read and write code. ‘Syntax and Semantics’ was the most commonly covered
concept with 30 games using some sort of written programming language; the
remaining games used a drag-and-drop block interface for creating programs,
or use a high-level language with little room for error (e.g. Gidget [33]).
The next most widely covered concept was ‘conditionals and iteratives’ with
28 games, followed by ‘variables and primitive data types’ with 23 games.
Not all games required fundamental concepts like variables. For example,
PlayLogo 3D [43] does not include variables as players need only submit
individual commands with functions to play the game. While ‘Recursion’ was
the primary focus of several games [9,14,32], it was one of the least covered
concepts along with ‘Input and Output.” This result was surprising given that
the target audience for many of the games was university students with some
programming experience.
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Table 1. Classification of serious programming games based on educational content

ACM Computer Science Curricula 2013 — System

& Software

Algorithms
& Design

Fundamental Programming Concepts

Data
Structures

o
=3
3
2

Game

JAlgorithm Comparison
Problem Solving

Programming Concepts
Syntax & Semantics
Variables & Primitive
Data Types

Expressions &

Input & Output
Conditionals &
Iteratives

Functions & Parameters

Non-specific
Assignments

Recursion

Arrays

Heterogeneous
Aggregates

String Processing
Abstract Data Types
Program
Comprehension

Debugging Strategies

Documentation &
Program Style

00 Design Paradigms

Children

Minecraft: Hero’s Journey [2]

Code Combat [3]

ToonTalk [26]

PlayLogo 3D [43]

Software KIDS [48]

Cquest [50]

World of Variables [64]

High School

Unnamed RPG [13]

May's Journey [23]

Co.Co.LA. [45]

RoboBuilder [59]

University (no programming experience)

Super Markup Man 3]

Unnamed Maze (8]

Unnamed Puzzle [16]

Wu's Castle [20]

BOTS [22]

Pythia [25]

Program Your Robot [27]

IRPG [30]

Leek Wars [31]

Gidget [33]

Train B&P [34]

LightBot 2.0 (38]

Robot ON! [39]

Prog&Play [41]

Cube Game [46]

The Catacombs [47]

Project Orion [49]

No Bug's Snack Bar [56]

Bomberman Game [60]

Capital Tycoon [62]

University (programming experience)

Codingame [1]

Code Fights [4]

Saving Sera [9]

Ruby Warrior [10]

EleMental [14]

Screeps [15]

Resource Craft [24]

Critical Mass [32]

Unnamed Prototype [35]

RoboCode [36]

CMX [37)

RoboBUG [40]

Super Mario Collaborative [52]

Code Hunt [53]

Pex4Fun [54]

Soccercode [58]

Program Pacman [63]
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— Fundamental Data Structures: the most common data structure con-
cepts were ‘arrays and lists’ (13 games) and ‘heterogeneous structures’ (12
games). Few research papers explicitly stated a focus on data structures, and
our identification was primarily the result of game testing and reading game
play descriptions. ‘Abstract data types’ were not included in most games.
Exceptions include Critical Mass [32], which required players to navigate a
tree structure. Finally, ‘string processing’ was only a secondary focus of three
games, and other ACM concepts including ‘linked lists’ and ‘referencing’ were
not targeted by any of the games.

— Development Methods: ‘debugging’ was the most commonly targeted
development concept, with 12 games featuring some focus on debugging code.
However, this does not include all of the ACM’s program correctness topics
(e.g. test-case generation, unit testing). Even the games that choose to focus
on debugging [33,40] are not comprehensive with respect to debugging topics.
‘Program comprehension’ was the focus of a few games, but the vast majority
of games required players to write their own code. CodeFights is an example
of a game where players must interpret code written by someone else and
develop program comprehension skills through trying to understand foreign
code. Although games with real programming languages allow for comment-
ing, very few games focused on documentation and program style, and only
did so as a secondary focus. Other development methods, including refactor-
ing and the use of software libraries, were not covered by the games.

— Software Design: the majority of software design areas presented by the
ACM are intended for learners above the beginner level. However, the cur-
riculum indicates that software design should be covered at an early stage.
IBM’s Robocode [12,21,36,42] has a strong focus on software design — specifi-
cally object-oriented (OO) design, as players learn about abstraction through
the use and modification of the game’s robot objects.

3.3 Learning Focus

Identifying the primary focus of serious programming games was especially dif-
ficult when not explicitly stated by the game designers. When not stated, we
based our identification of a primary focus from playing the available games
and inferring based on the content of the research papers. In the end we found
that 18 games focused primarily on general introductory programming, without
a specific topic. Most of these 18 games included other fundamental program-
ming concepts, but there were some research papers that introduced a game
for learning introductory programming without detailing specific content. Prob-
lem solving was the second most common focus, with 7 different games. One
example of this is Lightbot 2.0 [38], where players do not learn a programming
language but do develop an understanding of sequencing and implementation
of algorithms. The general trend of programming games that focus on problem
solving is that they target simple problems and program-based solutions, with
limited or no emphasis on formality.
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Table 2. Classification of serious programming games based on evaluations methods

Research Questions Method of Evaluation

Did the users have positive
feelings about the game?
Were users engaged while

playing the game?
Was there a learning effect

from playing the game?
Informal Feedback
Survey/Questionnaire
Formal Interview

Skill Tests

Game
ToonTalk [26]

® | Game Play Statistics
Expert Feedback

<\ <\ Was the game accessible?

PlayLogo 3D [43]

Software KIDS [48]

Children

AN

Cquest [50]
Unnamed RPG[13] v ° °
May's Journey [23] \/ ° o
Co.Co.l.A. [45]
RoboBuilder [59]
Unnamed Maze [8]

High School

AR

Unnamed Puzzle [16]

Wu's Castle [20]
BOTS [22]
Pythia [25] \/
Program Your Robot [27]
IRPG [30]

Gidget [33]

Train B&P [34]

LightBot 2.0 [38]

AYAN

ANAN

AN
SRS

Robot ON! [39]

Prog&Play [41]

University (no programming experience)

The Catacombs [47]

ANANAN
<

Project Orion [49]

No Bug's Snack Bar [56]

Capital Tycoon [62]

AN AN
SK|[efe

Saving Sera [9]

EleMental [14]

Resource Craft [24]

Critical Mass [32]

Unnamed Prototype [35]

ANAN
<

RoboCode [36]
CMX [37]
RoboBUG [40]
Code Hunt [53]
Pex4Fun [54]

University (programming experience)

Soccercode [58]

ANANANENANLNANEEENEE NN BEANANANENANAN

Program Pacman [63]

EMPIRICAL EVIDENCE FOR A GIVEN RESEARCH QUESTION WAS POSITIVE () or INCONCLUSIVE (#)
DATA WAS COLLECTED & ANALYZED USING A GIVEN RESEARCH METHOD (®)
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3.4 Evaluation

A variety of evaluation methods were used in the surveyed games (see Table 2)
— 23 surveys, 11 sets of game play statistics, 10 skill tests, four sets of interviews
and one evaluation using expert feedback. 21 games used only one evaluation
method while 14 used multiple methods. The most common evaluation subject
matter was positive feedback. There were 21 cases of participants reporting that
they liked a game, often through a survey. 16 games were evaluated for learning
effects on the players, but unfortunately seven of these did not have a statistically
significant learning effect. Although many of the papers cited engagement as a
motivation for using serious games, only 11 were actually evaluated for player
engagement. Finally, only eight of the games were tested for accessibility.

4 Related Work

Although there are reviews that investigate the impact of serious games [17,19],
there is very little research focusing on serious programming games. One excep-
tion is a review by Vahldick et al. [55], that focuses specifically on games for
improving introductory programming skills. The review categorizes 40 games
by type (Logo-based, adventure, general), platform (Windows, iOS, Java, Web,
Android, Linux), competency (writing, reading, debugging), topic (including
some of the ACM 2013 CS curricula topics from SDFs), and language (Tex-
tual/visual block graphics, Java/Javascript, C/C++/C#, and others).

Our work has two similarities with the Vahldick et al. review — first, 15
games are included in both studies and second, both studies survey the learning
topics or content of the games. With regard to this overlap, we have included 34
games in our study that were not included by Vahldick et al. Furthermore, 25
games included in their study were not included in ours. Reasons for exclusion
include: 13 games were outside of our selection criteria (e.g., non-english, not
focused on learning programming), four games were extremely similar to other
games in the survey, and eight games were no longer available online and did
not have published papers. Our initial intention was to include as many of the
previously studied games as possible in order to reproduce and validate the
learning portion of the Vahldick et al. results. However, this was not possible
as many of the overlapping games have been updated in the three years since
their study and we no longer have access to the versions of games surveyed. The
main difference between our work and the Vahldick et al. review is that we have
surveyed a wider selection of games with the intention of assessing the learning
aspects of the games (learning content and learning evaluation) as opposed to
the game characteristics (e.g., platform, language, genre).

5 Discussion and Conclusion

Our results show that the 49 serious programming games surveyed focus primar-
ily on a subset of the ACM computing knowledge areas. Unfortunately, many
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of the games are not released publicly and we were unable to independently
verify the learning content of these games through play testing. The lack of
access is problematic for both researchers developing computer science educa-
tional games and instructors seeking to find effective learning tools. The surveyed
serious games focus largely on the problem solving and fundamental program-
ming concepts knowledge areas. There are a lack of games that focus on data
structures, development methods and software design. Furthermore, while the
primary learning focus of many games was introductory programming, few of
the games appear to cover all of the ACM’s SDFs. This indicates a need to
determine if new serious programming games can bridge the curricula
gaps. It is possible that some SDFs are not well suited for game-based learning.

With respect to game design, we observed that the majority of the games were
not multiplayer. There is a need for further research on the learning ben-
efits of competitive and collaborative serious games for programming.
We also observed that while a number of games were designed with accessibility
and inclusivity in mind (e.g. Saving Sera [9], May’s Journey [23]), many did not
include any detail on these important aspects of design. This maybe an indi-
cator that best practices for accessible and inclusive design of serious
programming games need to be adopted.

With respect to the evaluation of serious program games, we were unable
to observe common methodological practices other than a tendency to assess if
players liked a game. This indicates a need for the establishment of best
practices in evaluating serious programming games. We believe that the
use of alternative evaluation methods in addition to in-class studies would be
beneficial. In particular, it may be helpful to consider controlled experiments
and expert feedback (e.g. used only in PlayLOGO 3D [43]) in combination with
playability heuristics [18]. Finally, in addition to establishing best practices for
evaluation, there is a need for third-party evaluations. Third-party evalua-
tions do not suffer from self-confirmatory bias, provide valuable data that can
independently validate a serious game’s learning effects, and can lead to wider
adoption of serious games in Computer Science education.
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Engineering Research Council of Canada (NSERC).
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Abstract. The ubiquity of smartphones with integrated positioning systems,
and multiple sensors for movement detection made it possible to develop
context-sensitive applications for both productivity and entertainment. Location-
based games like Ingress or Pokémon Go have demonstrated the public interest
in this genre of mobile-only games — games that are exclusively available for
mobile devices due to their sensor integration. For these games mobility is a key
component, which defines and influences the game’s flow directly.

In this paper we compare different approaches and available frameworks for
mobility detection and examine the frameworks’ performances in a scenario-
based evaluation.

Based on our finding we present our own approach to differentiate between
different modes of public transport and other common modes of movement like
walking, running or riding a bicycle. Our approach already reaches an accuracy
of 87% with a small sample size.

Keywords: Mobility - Mobility detection + Machine learning

1 Introduction

The purpose of recognized types of movement is diverse. Depending on the applica-
tion, different levels of detail are required in the recognition. If the user is to be
animated solely for more exercise in the fresh air and thereby improve his health, the
recognition of different types of mobility such as walking or running, cycling and
skating is needed. Distinctions regarding different types of vehicles are not necessary.
If, however, it is possible to differentiate between different emission levels, additional
vehicles must be distinguished from each other. So there are in addition to the usual
cars with combustion engine electric cars or cars with hybrid drive. There are also
motorbikes and public transport such as trams and buses. In order for the respective
level of pollutant emissions to be approximately assigned, a precise distinction of the
vehicles is required. Although there are two implementations for mobility detection for
Android in the form of an API and a framework, the distinction with these
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implementations is not sufficiently detailed possible. These allow at most a distinction
between non-existent mobility, walk, run, drive and ride a bicycle.

Our goal in this paper is to show possibilities and limitations of mobility detection
with Android smartphones in both literature and open available frameworks. To this
end, existing approaches are first examined and compared, and relevant components
from comparable approaches are analysed. Subsequently, existing implementations for
Android are examined, implemented and compared with each other. In addition to the
accuracy of the recognition, particular attention should be paid to resource
consumption.

From the results obtained, a concept is created and implemented that can more
quickly differentiate more modes of transport. This implementation is checked for
accuracy in detail. The goal is to be able to distinguish vehicles from each other and to
operate with greater accuracy than in existing implementations.

In the context of Location-based games or mobile-only games this system enables
the use personalization and adaptation methods with respect to the user’s mobility
behaviour.

2 Mobility Detection Using Smartphones

The following approaches have been developed in the current decade. At the beginning
of the decade, Nokia was the most popular operating system for smartphones with
Symbian operating system versions, but Android and iOS also became more relevant in
the marketplace than at the end of the last decade [1]. The following approaches are in
chronological order.

2.1 “Movement Recognition Using the Accelerometer in Smartphones”

The approach of Sian Lun Lau and K. David studied below was designed in 2010 [2].
As hardware the Nokia N95 8 GB with the operating system Symbian S60 3rd edition
FP1 was used. Built into this is an accelerometer that measures the acceleration on three
different axes in the x, y and z directions.

The data was first collected using a Python script for the appropriate operating
system. Another script combined the collected data to determine the mode of travel.
The chosen modes of movement were running, standing, sitting and running down and
running up a staircase. As a condition to maintain the Accelerometer data, it was
determined that the smartphone is in your pocket. Two different situations were
examined. The first situation (S1) stated that the smartphone is in a fixed and prede-
termined position in the right pocket, while in the second situation (S2) the smartphone
did not need to have a fixed position in any trouser pocket. Sampling rates of 60 Hz to
70 Hz have been achieved with the Nokia N95 8 GB by obtaining the accelerometer
data. However, in this approach 32 Hz was considered sufficient for mobility detection,
so higher sampling rates were not investigated. Sampling rates of 5 Hz, 10 Hz, 20 Hz
and 40 Hz were compared with an accuracy of more than 90% already achieved for
5 Hz to 20 Hz. The extracted features were the average x and the standard deviation ¢
of both the accelerometer raw data and the Fast Fourier Transform (FFT) components
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of the data. There were three combinations of features for this. The first combination
(C1) included the average and standard deviation of the individual and aggregate axes
of the accelerometer. The second combination (C2) included the average and standard
deviation of the FFT components of each axis and the combination of axes. The third
combination (C3) contained all features for each axis and for the combination of all
axes.

For extracting the features, the sliding window approach was used. Compared
window sizes were 5, 10, 20, 40, and 80 samples per window, so along with the
sampling rates, these window sizes are equivalent to 0.5, 1, 2, and 4 s between getting
new data. The windows also had an overlap of 50%. The classification was based on
the rule-based learner JRip and the Supervised classifiers Decision Tree, Bayesian
Network, Naive Bayes, K Nearest Neighbor (k-NN) and Support Vector Machine
(SVM). Sequential Minimal Optimization (SMO) was used for the comparison. It was
evaluated with 10-fold Cross Validation. Weka was used for the classification. The
accuracy of the results was determined by the percentage of correctly classified
mobility types on the total number of types of mobility occurring.

With the combinations of the classifiers C1 and C3 the best results were achieved
with 99.27% for S1 and 96.59% for S2. In addition, higher accuracy was achieved if all
axes were combined rather than considered individually. In addition, the classifier
KNN was the most accurate. The best combination of samples and window sizes was a
sampling rate of 20 Hz with 80 samples per window with the classifiers KNN,
Bayesian Networks, Naive Bayes and JRip, as well as 10 Hz with 40 samples and
40 Hz with 80 samples. The highest accuracy reached was 99.27%. In addition, the
results were tested against a new data set with S1. Here an accuracy of 91.95% was
achieved, with levels achieved a lower accuracy than the other modes of mobility.
Other modes of transport had an accuracy of almost 100%. Here the combination of C1
with KNN and Bayesian Networks with 10 Hz and 20 Hz as sampling rate and a
window length of four seconds gave the highest accuracy.

2.2 “Activity Detection on Smartphones”

The following examines a Wirtl and Nickel approach from 2011, with which various
activities can be distinguished directly on the smartphone [3].

Two smartphones with Android operating system were used. These include the
HTC G1 from 2008 with Android 1.6 and the Motorola Defy from 2010 with Android
2.1. The HTC G1 averaged a sampling rate of 43 Hz, and the Motorola Defy one of
137 Hz. The accelerometer was used for detection. The devices should be horizontally
attached to the belt in this approach, while the sensor data used were generated on a flat
and straight path.

There were six classifying features, which were also considered separately from the
sensor axis. To address the problem that an exact sample rate cannot be specified with
Android, the data was interpolated before the features were extracted. The interpolation
was achieved on the one hand through the assumption of the nearer value and on the
other hand through a linear interpolation. The six characteristics were the time between
extreme values TBP, the mean AVG, the standard deviation STD, the average absolute
difference, the average resulting acceleration AAD and the class division BIN. The time
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between the extreme values is calculated as the absolute difference between the minima
i and maxima A, which in turn are recorded by a change from slopes to positive or
negative values.

The average difference is calculated using aad = 17" | |a; — a| and the resulting

average acceleration using ara = 137" | \/x} +y? +27.

Classification is the division of the span between the maximum and minimum into
ten equally sized classes and the subsequent counting of the values that can be assigned
to an axis by a class. First, a one-way test was performed on the computer with one-
third of the data. This related to the classification algorithm, the features, the inter-
polated sample rate, the duration of the data acquisition and the type of interpolation. In
this case, raw data was also compared to preprocessed data in order to be surer of the
effect of preprocessing. The 18 algorithms available at the time of this approach in
Weka were run with all feature combinations and sample rates of 50 Hz, 100 Hz and
150 Hz with a data acquisition duration of 2's, 5s, 10 s and 15 s and the two inter-
polation data. In addition to classifying up-to-date data from the Accelerometer, the
training of the Classifier has been implemented on the smartphone to optionally use
newly acquired data to improve the classifier.

The activities were classified with Weka, maintaining the default parameters. There
were 151 records, of which 51 were intended for fast walking, 49 for normal walking
and 51 for slow walking. The data was collected from 51 subjects who were walking on
level ground with the HTC G1 for about 17 s without any turns. The REPTree algo-
rithm achieved the best result when using the test data with a data collection time of
10 s. Thus, this combination was used for implementation on smartphones.

The classification took 0.29 s with the Motorola Defy and 0.79 s with the HTC G1.
The former detected 80% of the correct mode of mobility in a test by 20 subjects and
75% with the latter.

2.3 “Accelerometer-Based Transportation Mode Detection
on Smartphones”

In the approach of Hemminki et al. [4] investigates techniques for discriminating
modes of transport travel using smart phone sensors on Android devices.

The GPS receiver is not used in this approach, as it is efficient with the existing
signal, but consumes a lot of battery and is dependent on uninterrupted view to the
satellites. This can be a problem not only in buildings, but also on a route through
subway stations, or even in vehicles where the user sits too far away from a window.
Another problem with using the GPS receiver is only mediocre accuracy, should many
different vehicle rides be distinguished. Instead, the accelerometer is mainly used for
this approach because it does not have the aforementioned problems. Because it is
consumed with this less battery, there is no dependence on external information sources
such as satellites and it was a particularly fast and detailed query possible. For more
accurate results, gravity is estimated. As a result, the horizontal speed can be deter-
mined more accurately, which is to be used to distinguish start-up and braking
sequences. For the estimation an own algorithm was presented, which in contrast to the
simple formation of the average is more robust against sudden changes of the
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orientation of the smartphone. These sequences are different from means of mobility to
means of transportation. In addition, new features called ‘peak features’ are introduced,
which are intended to model patterns of acceleration and deceleration and to increase
the performance of recognition. The process of mobility detection is divided into four
different classifiers in this approach. First of all, the ‘Kinematic Motion’ Classifier
attempts to detect the general mode of mobility. Depending on the outcome of this
classifier, it will be passed to one of the three more specific classifiers for “Walking’,
‘Stationary’ or ‘Motorized’. With “Stationary” is to be distinguished whether the user is
in a vehicle or in a fixed location. If the former is the case, it is forwarded to the
classifier “Motorized”, with which a distinction from the means of transportation bus,
train, tram, metro and car is provided. Between modes of travel in vehicles, a segment
is assumed on foot, in which the user runs to the next means of transportation. To
increase the accuracy, no frames are used for the classification of the raw data, but
segments, which are formed depending on the types of mobility. The raw data is first
revised with a low-pass filter to reduce noise. Then the data is aggregated with a sliding
window approach with 50% overlap and a length of 1.2 s. The length was chosen to be
able to react quickly to a change of mobility types and to distinguish them. Afterwards
the calculated gravity is calculated with the accelerometer data and the result uses the
integral as the current speed. The algorithm is an improvement to the simpler approach
of Mizell et al. thought.

Preprocessing is followed by extracting features. This approach extracts frame-
based features, peak-based features, and segment-based features, each applied to the
appropriate situations. Frame-based features are designed to differentiate types of
mobility on the basis of higher frequencies of the data, as they occur when walking on
foot. Here, 27 features were calculated in the vertical and horizontal directions by, for
example, average X, variance, double integral, entropy, and sum of FFT coefficients.
Peak-based features should characterize lower frequencies for mobility detection by
extracting regions with strong changes through a stream-based algorithm. Segment-
based features are used to characterize patterns of acceleration and deceleration. It
identifies the frequency of accelerations and brakes, the frequency and duration of
intermediate pauses in mobility, and the variance of individual peak-based features.
Subsequently, the data is used for classification. AdaBoost is used to improve the
learning algorithms. Decision trees with a depth of two were used for the Kinematic
Motion classifier. Also in the Motorized classifier AdaBoost is used along with deci-
sion trees with a depth of two.

2.4 “Activity Recognition Using Smartphone Sensors”

The approach described below was developed in 2013 by Anjum and Ilyas [5].

It was implemented on an Android smartphone, which in this case was a Samsung
Galaxy Y with Android 2.3.3. No exact orientation of the smartphone was given.

The activities ‘walking’, ‘running’, ‘climbing stairs’, ‘going down stairs’, ‘driving’,
‘cycling’ and ‘being inactive’ should be differentiated. For detection, a classifier with
the best found configurations is developed. This classifier was implemented in an
Android application that performs real-time activity detection using this classifier.
Initially, a dataset with 510 activity shots was created, for which an Android
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application was written that enabled data collection. In this application, additional user
information such as size, age, gender and the most used smartphone position were
queried. The recorded sensor data was divided by a comma into a file specially written
for this activity. The written data consisted of the three axes for the accelerometer and
for the gyroscope, and the GPS data based on longitude, latitude and speed. In the
Android version used in this approach, the sampling rates in ‘Normal’ with 5 Hz, ‘UI’
with 15 Hz, ‘Game’ with 50 Hz and ‘Fastest’” with platform-dependent 50 Hz to
100 Hz were selected. In this case, the ‘U’ mode was used because a Nyquist rate of
15-16 Hz would allow a maximum signal frequency of 8 Hz to distinguish it from
human activity. To compensate for the dependence on the orientation of the smart-
phone, the data was rotated to selected axes d1, d2 and d3.

The data was collected by 10 different people aged 12 to 25 years. The data from
four of these people were used to train the classifier while the remaining data was used
for testing.

Existing data was divided into ten different datasets using 10-fold Cross Validation.
Different classifiers were trained, with the most performant, judged by iterating over all
ten sets of data with the test set, used for the implementation. The examined classifiers
used the algorithms C4.5, Naive Bayes, KNN and SVM. The classifier with method
C4.5 had the best performance with a true positive rate of 95.2%, a false positive rate of
1.1%, a precision of 94.4% and a recall rate of 94.2%.

2.5 Comparison

In the following assessment of the approaches, a comparison of the existing approaches
as well as relevant aspects of other approaches will be made. Based on this comparison,
the approaches for their usability are evaluated for our own approach (Table 1).

The above table compares existing approaches in their significant points. Signifi-
cant for the assessment were the hardware used, the recognizable mobility types, the
sampling rates, the window sizes in seconds, and the overlapping of the windows in
which Weka was used, as well as the algorithms examined for the classification. The
highlighted entries indicate favoritism by the authors of the approaches, which were
assessed by evaluations.

In the table it can be seen that there is no mode of mobility, which is recognizable
from all examined approaches. In addition, specifications for data entry are made in all
approaches, which are differentially restrictive depending on the approach. The
approach described in [2] was to carry the smartphone in your pocket. In addition, two
different situations were examined, which specified the orientation and the side of the
smartphone in one case and, in the other case, allowed any orientation and side. As a
result of these restrictive requirements, an accuracy of almost 100% was achieved, in
particular with an exact specification of the position of the smartphones in the trouser
pocket. Even with a rotation of the device or a change of the side of the trouser pocket,
the accuracy dropped by about three percent from 99.27% to 96.59%. In the approach
in [3] the devices were attached vertically to the belt and a flat and straight path was
chosen, while in [4] the subjects were given whether the smartphone should be in the
bag, trouser pocket or jacket pocket. In the approach described in [5], the data was
collected with an indication of how the user transports the smartphone in most cases.
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Table 1. Comparison of existing approaches in related work.

Approach | Hardware | Movement Sampling | Window | Overlap | Features Classifier
types rates size
(€Y Nokia Walking, 5 Hz 05s 50% X, o of raw Decision Tree,
NO95 with | Standing, 10 Hz 1s data, FFT BN, NB, KNN,
Symbian | Sitting, Stairs | 20 Hz 2s SVM + 10-Fold
S60 up, Stairs 40 Hz 4s Cross
down Validation, JRip,
SMO
2) HTC Fast, normal, | 50 Hz 2s - T., X, o, REPTree & all
Android | slow walking | 100 Hz 5s average other Weka
1.6 and 150 Hz 10 s absolute classifiers
2.1 15 s difference,
average
resulting
acceleration
3) Nexus S, | Standing, 60 Hz, 12s 50% Lowpass 90% | AdaBoost
Galaxy S2 | Running, 100 Hz & own
& S3 Car, Bus, Frame-/Peak-/
Tram, Train, Segment-
Metro based features
“4) Samsung | Walking, 15 Hz 5s - X, 0, C4.5 Decision
Galaxy Y | Running, Acceleration- | Tree, NB, KNN,
with Stairs up, magnitude, SVM + 10-Fold
Android Stairs down, FFT Cross Validation
233 Bike,
Vehicle,
None

Here, for example, a trouser pocket, shirt pocket, handbag and hand were distinguished.
This approach also uses user data to include size, weight, and gender. In this approach,
the accuracy was not nearly 100%, but decreased to 94% —95%.

The sampling rates are also very different. The choice was justified in the approach
in [2] and the approach in [5]. In the former, the rates of 10 Hz and 20 Hz are based on
the evaluation results, while in the latter; the 15 Hz is due to the Nyquist frequency,
which allows a maximum recoverable signal frequency of 8 Hz. These 8 Hz were
considered sufficient to detect human mobility. Also the window sizes vary depending
on the approach. In the approach described in [3], a duration of ten seconds was
considered best after evaluation, while in [2] four seconds were chosen as a result of
evaluation. In half of the approaches, an overlap of the windows was mentioned, which
in both cases had a size of 50%. Also half of the approaches used for coaching and
using the classifier Weka. For this purpose, different features were extracted from
approach to approach. The use of raw data and the use of Fourier transforms was also
compared in [2]. The result of this comparison was that it was more accurately clas-
sified with raw data. Most commonly, the mean and standard deviation were used as
features, with additional features defined in [3]. In [4], the noise in the data was reduced
with a low-pass filter with 90% energy. As versatile as the selected features are the
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classifiers. For this comparison, the following table with classifiers is also included in
further comparable approaches.

3 Existing Frameworks

In comparison to the previously presented approaches the following two frameworks
can be directly integrated and evaluated on mobile devices. In contrast to the previous
approaches the decision-making process is not described. We aim to compare them
regarding their prediction accuracy and the time required to identify and switch towards
the real type of movement.

3.1 Awareness API

Google introduced the Awareness API at the Google I/O 2016 conference [6]. With this
API the context recognition has to be implemented in a resource-saving way. There are
seven different types of contexts to distinguish. These seven types are local time,
location and location, headset state, weather, mobility, and nearby interesting places
called beacons. The distinct modes of mobility are vehicle, bicycle, standing, running,
walking, without movement and unknown. A detailed distinction between vehicles does
not take place.

The Awareness API consists of two different APIs. The Snapshot API can be used
to make a request about the user’s current context. The Fence API, on the other hand,
defines so-called fences for describing a context to be observed. If the user enters such
a fence, the app will be notified without having to open it. For continuous detection of
mobility types, notification of a change makes the Fence API more suitable than the
Snapshot API. However, if you only need to know the mode of travel at that particular
time at certain times, the Snapshot API can also be used to actively run a query.

3.2 Neura SDK

The NeuraLabs Neura SDK [7] provides comprehensive context recognition for both
i0S and Android. The time of origin can be assumed according to the code on Github5
at the end of 2016. In addition other contextual information, the user’s mode of travel
may determine whether the user has just started or stopped walking, running, or driving
a vehicle. Thus, it is the modes of travel, on foot ‘and’ drive vehicle ‘distinguishable. In
addition, after one hour and two hours, a notification can be received that the user has
not moved during this period. These types of mobility can be used when including the
Neura SDK named userStartedRunning, userFinishedRunning, userStartedWalking,
userFinishedWalking, userStartedTransitByWalking, userFinishedTransitByWalking,
userlsldleForlHour, userlsldleFor2Hours, userStartedDriving and userFinished
Driving.
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3.3 Comparison

In a 40-minute-long test scenario we used the presented frameworks in parallel and
logged the identified mobility types. Figure 1 shows that mobility detection by no
means works perfectly.

Fence API E 'i' _r&'s

Neura SDK
o I @ 4

0 5 10 15 20 25 30 35 40 45

Time (Minutes)

Fig. 1. Comparison of a test scenario over 45 min using two available Android frameworks.

Waiting times cannot be detected by the Neura SDK, so they are ignored. This is
particularly evident in the longer journey in a vehicle, which is detected instead of the
switch to the tram. The Fence API more reliably detects the changeover between modes
of transport. The part of the tram ride in which the tram has been waiting was con-
sidered missing. In addition, the detection of a change of mobility takes place only after
a time delay. Based on the test results, the Neura SDK has a minimum delay of five
minutes and a maximum delay of seven minutes. For the Fence API, the minimum
delay is one minute, while the maximum delay is four minutes.

In summary, it can be seen that the Awareness API for mobility detection offers
more advantages due to more detailed distinctions, less extensive implementation, less
impact on application design, lower resource consumption, and less delay in recog-
nition than the Neura SDK. In addition, if only an active query of the current mode of
transport is required, the Snapshot API would be preferred to the Fence API, in par-
ticular due to less implementation effort. But even the Awareness API does not provide
a sufficient distinction for the mobility detection, since in particular no vehicles can be
differentiated among themselves.

4 Consolidated Approach

For our own approach the goal is to be able to distinguish between the different modes
of transportation like bike, car, bus or tram.

The identification of the modes of movement in this concept should refer exclu-
sively to the data of these sensors. The use of GPS data was reported by (3) is
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considered inappropriate because the collection of data places restrictive conditions on
the environment. Thus, the user may not be in a subway or train station or other
building, and should sit as close to the window as possible in a car for a clear view of
the satellites delivering the GPS data.

In order to differentiate between these modes of transportation we choose similar
features as these presented in the related work, with all of them being calculated in a
parameterized time window with a default value of five seconds:

e Arithmetic mean: for each axis the mean values are calculated
Standard deviation: for each axis the standard deviation is calculated
Time between extreme values: the time between minima and maxima is determined
separated for each axis.

e Standard deviation of time between extreme values: instead of using the average
time between extreme values, the standard deviation of time differences is used. The
extracted information represents how irregular the extreme values are.

e Number of extreme values: Analogue to the calculation of time between extreme
values and their standard deviation the number of extreme values is extracted in the
given time window.

In a WEKA-based [8] evaluation using 722 collected samples spread across seven
categories with the main focus on vehicular modes of transportation we achieved an
accuracy of 87% using 10-fold cross validation on both a random forest and an IBk
algorithm as shown in Table 2. While these algorithms have comparable accuracy the
mean absolute error for the k-nearest neighbors-based algorithm with IBk is substan-
tially smaller.

Table 2. Algorithm performance using 10-fold cross validation

Algorithm Accuracy | Mean absolute error | Root mean squared error
JRip (rule-based) |79.499% |0.0713 0.217

J48 (decision-tree) | 85.133% | 0.0498 0.1994

IBk (k-NN) 87.167% | 0.0392 0.1904

Random forest 86.698% | 0.0735 0.1721

Going into detail it can be seen from the classifiers’ confusion matrix in Table 3
that a differentiation, in particular between car and bus, is not exact. With 10-fold cross
evaluation, about 8% of the car’s records were classified as a bus, while about 22% of
the bus’s records were classified as cars. In the case of rail, the misclassification as a car
or bus is less than about 6% less. A misclassification of the vehicles as a lack of
mobility has also occurred, but more misclassifications were expected here as busses,
trains or cars often stop at traffic lights or intersections. The reason for this may be that
in this time the engine is on and the vibration of the vehicle can be detected by the
sensors, so that a difference to the lack of mobility can be detected here. The only class
without misclassification is the one to classify standing still.
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Table 3. Confusion matrix for the best random forest classifier

Bike Car Bus Tram On Still | Unknown
foot
) 121 2 1 0 0 0 0

Bike

1 259 21 0 0 0 0
Car

0 41 144 0 0 1 1
Bus

0 3 2 23 1 0 2
Tram

0 4 0 3 19 0 0
On foot

0 0 0 0 0 66 0
Still

0 2 0 0 0 2 5
Unknown

5 Conclusion

In this paper we examined and compared six approaches for mobility detection. All
four scientific approaches present different features and parameters that promise good
detection results. However, because the frameworks are not openly available for testing
they cannot be evaluated in a comparative study. For the two openly available
frameworks our evaluation has shown problems regarding live detection of mobility
change due to minute-long delays in detection. Additionally, neither of the presented
systems is able to distinguish between different vehicle-based modes of transportation
like car, bus, tram or train.

We presented an approach designed to distinguish between these vehicle-based
modes of transportation in addition to those covered by the existing approaches.

Our approach can be improved in accuracy by collecting more sensor data over a
longer period of time. Another aspect that can be implemented with today’s common
resources is the comparison of the isolated classifier presented in this work with a
combination with Markov chains or automata. This would allow the start and stop
sequences, which are significant for buses and trams, to be included in the
classification.

The integration into a mobility-based mobile game is the next step to follow in
order to provide an appealing game experience and furthermore to collect additional
data to improve prediction accuracy.
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Abstract. This paper presents an interdisciplinary co-design approach
for a serious game that elaborates on social media’s diverse potentials and
underlying design principles. The contribution of the following methods
to our game design are discussed: workshops, interviews, group discus-
sions, participant observations and surveys. We argue that an informed
approach to the use of social media can promote a more reflective involve-
ment with it.
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1 Introduction

Digital technologies are increasingly interlinked with our lives. Especially among
adolescents, the so called “digital natives” [24], smartphones and accompanying
apps have become an essential factor in everyday situations. According to sur-
veys, social media apps such as WhatsApp and YouTube score above 80% and
SnapChat and Instagram around 60% in reported use among Austrian adoles-
cents [1,23].

Considering this regular and highly frequent use, it seems even more note-
worthy that social media can influence behavior and emotional experiences [16,
31]. Social media platforms, such as Facebook, Snapchat or Instagram, have been
associated with eliciting feelings of jealousy and with both de- and increasing self-
esteem [29,30]. Furthermore, feeling obliged to participate in social networking
is reported to be an issue for teenagers [18].

Additionally, studies suggest that users are often not aware of the terms and
conditions of their media use. A Viennese study provided selected clauses from

Supported by a DOC-team grant of the Austrian Academy of Sciences (2017-2020).

© Springer Nature Switzerland AG 2018
S. Gobel et al. (Eds.): JCSG 2018, LNCS 11243, pp. 229-234, 2018.
https://doi.org/10.1007/978-3-030-02762-9_23


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02762-9_23&domain=pdf

230 B. Gobl et al.

Facebook’s terms and conditions and found that only 1% of the participants
were aware that they agreed to all of them. 37% reported that they knew about
their data being collected and used [25]. An experiment with a fictitious social
networking site found that three quarters of participants skipped reading its
terms of service altogether [20]. A mere 15% of the participants in this study
reported concerns with intentionally disadvantageous policies, containing clauses
such as free disposal over data to be shared with e.g. government agencies or
agencies that assess eligibility for bank loans or university access.

2 Game Concept

To address above mentioned issues, our interdisciplinary team, consisting of an
anthropologist, a computer scientist and a cognitive scientist, is developing a
mobile serious game. It aims to promote transparency for adolescents concerning
social media design principles and privacy issues and to inspire a more reflective
usage. Respective education is shown to be a prime method to support coping
with negative experiences and increase resilience and well-being [11,26, 32].
Teenagers, aged 14-19 years, will be involved as informants and co-designers
during game development. Co-designing is based on the continuous involvement
and active contributions of users in the design process [27]. Such participatory
methods are particularly helpful when designing serious games, as developers and
target users often strongly differ in age, gaming preferences or other important
characteristics [4,5]. Regarding access and familiarity, mobile platforms such as
smartphones are a suitable choice as they are the most available devices, with
90% of Upper Austrian adolescents owning their personal smartphone [23].

3 Interaction Design

Speech interfaces have been recognized as a natural and engaging approach to
human-computer interaction [7,33] and have been used to help learners reflect on
their knowledge and progress [13]. Hence, in addition to graphical interfaces we
use natural language interfaces for our game. We consider this feature particu-
larly promising, as communication via text and natural language is a prominent
interaction pattern among adolescents. 70-85% of our target users report using
WhatsApp or other text-based communication on their phones [1,23].

During our co-design sessions, we will also discuss and integrate slow interac-
tions to balance a fun game experience with space for reflection. For instance, in
LunchTime [21], a game promoting healthy food choices, game rounds can take
up to 12 h with only one new challenge per day to allow for research and thought-
ful choices. The Reef Game [19] aims to raise awareness on issues concerning the
Great Barrier Reef’s ecosystem. Its approach is to blend fast, fun gameplay
with slow, exploratory settings where restrictions and distracting activities are
removed to make way for reflection. Such approaches will serve as a starting
point for further development during the co-design process.
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4 Methods

To adapt our game design, we gather a broad range of data. The following mix
of conventional and co-design methods is applied to involve our future users:
workshops, interviews, discussion groups and observations.

4.1 Workshops

Each workshop consists of several sessions and handles a variety of topics ranging
from privacy to design models applied to generate addictive behavior [6,28]. We
try to pinpoint and alleviate knowledge gaps using interactive methods such as
quizzes and discussions, as well as to focus on topics that are relevant to adoles-
cents and their social media activities. Discussing both domain knowledge and
introducing game design principles is considered an important step to address
a common issue of participatory design in a serious game context, namely that
a lack of knowledge in either discipline may limit possible contributions [14].
Methods such as brainstorming and storyboarding, as discussed in [9], will fur-
ther add to our game design. Initial workshops will be concluded by creating
and pitching paper prototypes, which enable easier collaboration, require little
technical knowledge and allow for quicker iterations and initial development [8].

4.2 Interviews

Semi-structured interviews, based on [31], aim to provide an insight into the
broader context of social-media use. This method gathers information about
the use of different social media platforms (e.g. duration, intensity, priority),
details about the use of the most relevant platforms (e.g. social/content type
context, features used), as well as critical incidents. The second type of interviews
designed for this project are think-alouds based on the micro-explicative work
of [22] and [15]. Informants are invited to share their experience in real-time
as they are viewing their last incoming message (text, picture or audio) and to
comment on the aspects that they are paying attention to.

4.3 Expert Boards - Group Discussions

The group discussion method [3] is selected for two purposes. Firstly, it sup-
ports the process of co-designing by providing opportunities for constant feed-
back loops. Hence, a close dialogue regarding the features of the serious game
is established with a stable group of experts (diverse group of individuals aged
14-19). Secondly, the discussion groups provide an insight into qualitative data
regarding their experiences and habits of games and social media use. The set-
ting offers an opportunity to capture the process of group specific dynamics and
active meaning making regarding the social experience of social media. This is
particularly relevant given the emergence and negotiation of new social norms
pertaining to the usage of new media technologies [10].
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4.4 Participant Observation

Participant observation is a qualitative, ethnographic method. By participating
in the everyday activities, the goal is to experience the field in the “natural”
environment, as opposed to the laboratory or staged interview and group setting
[17]. In this case, the researcher spends extended periods of time within a school
and youth clubs, observing and participating in online and offline activities [10],
paying attention to everyday practices and initiating informal conversations. The
overall goal is to supplement the isolated data from the workshops, interviews,
group discussions and surveys by contextualizing the practices and perspectives
of the informants in a wider social, cultural, political and economic context.

4.5 Surveys

Based on the findings of our workshops and interviews, surveys will be used
to gather a broader range of data determining social media usage, associated
experiences and pre-existing knowledge. Surveys will also investigate knowledge
gaps and preferences of Austrian adolescents concerning game genres, goals and
other elements.

5 Method Integration

The combinations of these methods will provide an extensive set of data that
can be integrated into game design. As Kayali et al. [12] have demonstrated,
a combination of qualitative and quantitative methods provides a solid base
for serious game development and can support the selection of game setting,
characters or game worlds. Furthermore, continuous workshops and discussion
groups provide a suitable way to involve target users in later stages, for example
by using a digital prototype to discuss mechanics and additional game elements
[14]. Adolescents’ experiences that are explored in our early design phase, using
interviews, workshops and observation, will then be integrated in our game and
evaluated during further workshops, play testing and discussion groups. One of
the main challenges during co-design will be to ensure the application of suiting
serious game mechanics to achieve our purpose of learning and reflection [2].

6 Conclusion

Literature suggests a complex range of consequences of social media use, findings
that our first workshop sessions have confirmed as adolescents report empower-
ing, yet sometimes stressful experiences. Social media has become an essential
tool to them, which they use to find new friends, entertain themselves or find
inspiration. The intention of our game will not be to point out negative conse-
quences but to provide our users with strategies to handle potential issues and
equip them with respective knowledge. Our data gathering comprises various sit-
uations, settings and techniques. The game will be built using the most available
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platform (mobile) and preferred user interaction patterns (e.g. natural language
interfaces), and co-designed by adolescents regarding game content, mechanics
and elements.
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Abstract. The goal of this work is to present and describe the development of a
6-Wii Balance Board array system for its use in exergaming scenarios. To avoid
the main problem, which is connection stability and latency, we developed a
board using a microcontroller from SILABS and a Bluetooth Stick was used to
synchronize data acquisition and minimize data latency. Our data demonstrates
that, under the described experimental conditions, the developed system is
functional and is capable of delivering the data of 6 Wii Balance Boards in real
time.

Keywords: Wii Balance Board - Exergames - Parkinsons Disease
Serious games - Rehabilitation

1 Introduction

Parkinson’s Disease (PD) is a neurodegenerative malady caused by the progressive
degeneration of dopaminergic neurons in the substantia nigra pars compacta. Its
diagnosis is determined by motor symptoms, such as slow movements, rigidity, and
hand tremor, but cognitive dysfunction is also common (Aarsland et al. 2011). Cur-
rently, there is no strategy to prevent cognitive decline in PD patients (Weintraub et al.
2016). However, recent research suggests employing cognitive training (Petrelli et al.
2014) or a combination of physical and cognitive training (Rahe et al. 2015). Research
also suggests that, when combining both training methods, transfer effects can be
expected (Hindle et al. 2013), for example in symptoms such as freezing of gait
(Walton et al. 2014).

For this combined training scenario, exergames as an extension of traditional
cognitive and motor training for PD is under consideration (Kalbe and Folkerts 2016),
but so far, clinical trials are scarce (Barry et al. 2014). Some findings point towards
improvement in balance (Harris et al. 2015), gait (Mhatre et al. 2013) as well as
cognition (Ogawa et al. 2016). Thus, to the knowledge of the authors, there is no
available exergames program adapted to the needs of PD patients with MCI or
dementia.
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For this purpose, the PDExergames' project, funded by the German Ministry of
Research and Education, was created. In the framework of this project, we previously
developed a game that presents this task duality which seems to be optimal for PD
patients. (Garcia-Agundez et al. 2017). However, the game is currently controlled by a
simple dance mat. This simple digital control allows for little relevant feedback to be
used for medical purposes. To obtain more relevant information from patients, we
considered using a commercial sensor, such as the Wii Balance Board (WBB).

Since the usable area of a balance board is only about twice that of a personal scale,
we came to the idea of building a matrix of such boards. In order to produce a square
with even sizes, a total of six boards is required. This corresponds to 6 x 4 scales or
load cells and, from a theoretical point of view, allows quite a good recording of
movement/dynamics during game scenarios. Each weighing sensor from the balance
boards is a highly sensitive sensor whose data is processed by the Wii boards and
output via 6 wireless interfaces.

2 Methods

The goal of this work was to implement a 6-WBB array system to control a game as
presented on Fig. 1 and to develop methods to overcome the inherent difficulties of
implementing such a system. We decided to name this array Extended Balance Board
(EBB). In terms of collecting data, the main difficulty lies in bundling the connections
of the six WBBs. In order to prevent the game from later on degrading its functionality
and adversely affecting the user experience, it is necessary to read out and transfer the
information provided by the WBBs in near real-time.

Fig. 1. Schematic of the EBB

A WBB consists of a total of four weighing sensors, which are installed underneath
each foot of the board. When started, the WBB opens two radio channels. This means
that every integrated board has two duplex channels in operation in the Bluetooth
Classic Band. For the EBB, this means twelve wireless connections are requested. On
the opposite side, twelve devices/assemblies must be available to enable the radio
design and the connection. Here we encountered some difficulties. Firstly, it is

! www.pdexergames.de.
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cumbersome to open twelve stable Bluetooth Classic radio channels and then receive
data. Again and again individual radio channels break off and then the logical data
stream of the matrix is suspended. This is particularly difficult in a tightly networked
scenario, such as an office. The latency in the radio link is an additional issue that needs
to be addressed. If a single or two WBBs are used, the setup is mostly hassle-free.
However, with more than two WBBs in use, the latency, which is mainly due to the
radio link, increases significantly and becomes irregular, making the game unplayable.

Once connected, the reports generated by the WBB consist of 8 bytes, which
identify the data format shown in Table 1. The calibration values follow the same
pattern using a total of 24 bytes (0 kg values, 17 kg values and 34 kg values, that is, 3
times 8 bytes). A determination of the load or the weight of a single weighing sensor (at
a certain point in time) requires the interpolation of two values.

Table 1. WBB data structure

Byte | Content

Top right <15:8>
Top right <7:0>
Bottom right <15:8>
Bottom right <7:0>
Top left <15:8>
Top left <7:0>
Bottom left <15:8>
Bottom left <7:0>

~N 0N R W N = O

In order to connect the WBBs to a computer, we used the Blue-1000 Bluetooth
stick developed by m2m?. It has a range of up to 1000 meters and uses BR/EDR. In the
Bluetooth stack of the Blue-1000, a maximum of 8 parallel connections are possible.
A Wii Balance Board requires two independent Bluetooth connections. The first
connection (input) is responsible for the transmission of control commands and the
second connection (output) provides all information in the form of event messages.
This means we were confronted with a problem, since it is only possible to connect a
total of four WBBs with such a Bluetooth stick.

A solution was designed to circumvent these interference factors. The basic idea is
to circumvent and replace the twelve-fold radio channel as much as possible. A board
analysis was performed to locate the interfaces that precede or underlie the radio
channel. The interfaces (UART interfaces) were located as serial channels and tests
were successfully performed with a PC and serial terminal program running on it.
Thanks to this, instead of twelve Bluetooth wireless connections, we have six UART
interfaces for further use. It was therefore necessary to resort to a specially developed
module. The radio links have been deactivated without affecting the user data or the
active user data stream.

2 www.m2mgermany.de.
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The core of this newly designed module is a microcontroller from the manufacturer
Silicon Labs®, which provides six UART channels/interfaces. Silicon Labs was chosen
given we had extensive previous experience with the manufacturer. The illustration
below shows the structure of the Board. The board includes the interface-channels,
which were each supplemented by a level-converter circuit, as well as test points to
debug interfaces for verification and diagnostics. Furthermore, the board includes
voltage regulation as well as the actual power supply (Fig. 2).

BALANCE SENSOR AQUISITION SERIALIZER BOARD

UART_AOI_TEST

02_TES

T
01_TEST
02_TEST
T
T

— [ oo |
—CO2_TES |
o TRX
ARM _UART BLUETOOTH
T CORTEX M3
100 3v8
W

Fig. 2. Schematic of the acquisition board

The sum signal of the serial data streams/UART signals captured from the six
WBBs is output by the microcontroller in a seventh position and converted from UART
to Bluetooth by an onboard radio module. Using the WiiUse Library (Laforest 2009),
we connected the WBBs to the Blue-1000 adapter to decode raw WBB data. The data
streams were transparently passed to a UDP/TCP socket. Depending on the operating
mode and configuration of the WBB, the sensor information can be retrieved
approximately every 50 ms. A record in the current version consists of 85 bytes. For
six WBBs we incur in 510 bytes per 50 ms, that is 0.01 megabytes per second. This
data has to be compressed before being sent to the computer. The data can then be
analyzed in the background, while the user plays the game.

To conclude our design, we built a frame to provide users with a completely flat
surface. The frame holds the WBBs in place and covers them with a plastic sheet to
cover the small holes between them. This sheet was tested to ensure it did not affect the
accuracy of the measurements (Fig. 3).

3 www.silabs.com.
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Fig. 3. EBB frame schematic
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The final system is able to connect all six boards to the computer and indeed receive
data from all boards simultaneously. A sample of this data is presented below in
Table 2. When receiving data, each board has a unique identifier (Board ID) to identify
which position it occupies in the array, from 1 to 6. This allows us to separate the
information as it is received via UDP and construct an array of all sensor data in real
time. In a future publication, we plan to evaluate this sensor with PD patients and
attempt to link movement parameters, such as balance and time between inputs, with
UPDRS scores and physical improvement. Finally, this sensor may also be of interest
to expand such rehabilitation modules to remote scenarios (Garcia-Agundez et al.

2016).

Table 2. Example of the data sent by the EBB

Data type | Int Int Float Float Float Float Int Int Int Int Float
Description | MAC Board | Top left | Top right | Bot left | Bot right | Top left | Top right | Bot left | Bot right | Weight
D sensor sensor sensor sensor sensor sensor sensor sensor (KG)
w w w W RV RV RV RV
Example 58bda3a9cdof | 3 30.022 | 26.871 16.94 16.052 10265 5522 4800 9157 89.887
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Abstract. Understanding others intention can be a very difficult task for some
individuals, in particular, individuals with Autism Spectrum Disorder (ASD).
ASD is characterized by difficulties in social communication and restricted
patterns of behaviour. In order to mitigate the emotion recognition impairments
that individuals with ASD usually present, researchers are employing different
technological strategies. Among those technological solutions, the use of
assistive robots and Objects based on Playware Technology (OPT) in context of
serious games are getting more attention. Following this trend, the present work
targets a novel hybrid approach using a humanoid robot and one OPT. The
proposed approach consists of a humanoid robot capable of displaying social
behaviours, particularly facial expressions, and an OPT called PlayCube. The
system was designed for emotion recognition activities with children with ASD.
To evaluate the proposed approach, two pilot studies were performed: one with
typically developing children and another with children with ASD. Overall, the
different evaluations demonstrated the possible positive outcomes that this child-
OPT-robot interaction can produce.

Keywords: Playware - Human robot interaction - Autism Spectrum Disorders

1 Introduction

In any communication, humans generally express their intents effortlessly. Conversely,
automatic understanding of social signals is a very difficult task for some individuals,
especially for children with Autism Spectrum Disorder (ASD) [1]. Nowadays, distinct
technological strategies have been used to try to mitigate the emotion recognition
impairments that usually individuals with ASD present, mainly through the use of
Objects based on Playware Technology (OPT) and assistive robots [2, 3].

Playware is defined as intelligent technology for children’s play and playful
experiences for the user [2]. Henrik Lund suggested the term “playware” as a
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combination of intelligent hardware and software that aims at producing play and
playful experiences among users [2]. There have been few related works in the field of
OPT. The work developed by Henrik Lund [2] consisted in designing interactive tiles
as a modular robotic playware with the goal of being flexible in both set-up and activity
building for the end-user, allowing easy creation of games. A set of experiments was
performed with a group of 7 children with ASD. The authors concluded that the results
provided by the research offers an interesting novel research direction to investigate
playware as playful tools for cognitive challenged children, giving the children a
playful experience and automatically investigate the playful interaction to provide
insight (and possible a diagnosis).

Concerning assistive technologies, assistive robots can be an exceptional tool for
interacting with children with ASD. Research with assistive robots have showed that, in
general, individuals with ASD express elevated interest while interacting with robots
[4]. The research in this area have moved to using facial expressive robots with
humanoid design, since it can promise a great potential for generalisation, especially in
tasks of imitation and emotion recognition which can be harder if the robot does not
present a human form [5-7].

Following this trend, the present work proposes a new approach of using both
technologies (OPT and assistive robots) with the goal of promoting social interaction
with children with ASD. None of the related works in the literature, to the authors’
knowledge, present a similar approach. Therefore, the present work consists in the
development of an OPT to be used as an add-on to the human-robot interaction with
children with ASD in emotion recognition activities. In order to evaluate the proposed
approach, two pilot studies were conducted one with typically developing children and
other with children with ASD. The purpose of these pilot studies was to evaluate both
the game scenario and the OPT rather than to quantify and evaluate the performance of
the child. The present paper is organized as follow: Sect. 2 presents the proposed
approach; Sect. 3 shows and discusses the results obtained; the conclusions and future
work are addressed in Sect. 4.

2 Developed Framework

The framework, depicted in Fig. 1, is composed of a humanoid robot capable of
displaying facial expressions, a computer, and a new OPT called PlayCube. The Zeno
R50 RoboKind humanoid child-like robot ZECA is a robotic platform that has 34
degrees of freedom. The robot is capable of expressing facial cues thanks to the servo
motors mounted on its face and a special material, Frubber, which looks and feels like
human skin, being a major feature that distinguishes Zeno R50 from other robots.
Concerning the PlayCube, the present design approach consisted in developing an OPT
that can offer a tangible experience and adapt to different games scenarios, as well as to
provide immediate feedback. The concept of tangible interaction refers to enabled
technological objects that can be physically manipulated [8]. A two-way Bluetooth
communication protocol was developed to allow communication between the robot and
the PlayCube.
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The developed device, PlayCube (7 cm X 7 cm x 7 cm), has an OLED RGB
display, Inertial Measurement Unit (IMU), a small development board (ESP32) that
already has built-in Bluetooth and Wi-Fi communication, an RGB LED ring, a Linear
Resonant Actuator (LRA), and a Li-Po battery. Additionally, the top face of the cube is
a touch sensitive surface. Thus, interacting with the PlayCube just means, touching the
physical object and manipulating it via natural gestures (e.g. rotation, shake, tilt, among
others).

Fig. 1. Experimental setup. Starting from the left bottom: PlayCube (the final prototype),
computer, and the humanoid robot.

In order to design the play experience in all its fullness, feedback is a key feature in
guiding the children through the play activity. Furthermore, the immediate feedback
feature can be a very important factor specially when designing OPT devices for
children with impairments [9]. Additionally, the type of feedback must be configurable
for different children as some types of feedback can be unenjoyable for some indi-
viduals, e.g., in the case of children with ASD, in general, a sound feedback can be
unpleasant for them [1].

Following this idea, both the humanoid robot and the PlayCube offer immediate
feedback to the children actions. For ensuring immediate feedback for the PlayCube, a
ring with a total of sixteen multicolour and equal spaced LEDs is used. A haptic driver
is used to enable haptic control of an LRA actuator. These actuators can provide haptic
and/or visual feedback to the user. Additionally, the display can also provide visual
feedback. Concerning the robot feedback, the reinforcement that is given is based on a
previous study [7] and consists in a combination of verbal, movement, and sound
reinforcements (e.g. the robot says “Congratulations!” while waving its arms in the air).

3 Results and Discussion

In order to evaluate the present approach, two studies were conducted in a school
environment. The goal of the pilot study with typically developing children was to
detect the system constraints in an intervention session. Concerning the pilot study with
children with ASD, the main goal was to verify if the system can implement a pro-
cedure that makes the children able to interact in a comfortable and natural way. The
experiments were performed individually in a triadic setup, i.e., child-robot-researcher
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with a duration of five minutes. The activity played was the recognize game scenario
where ZECA randomly performs a facial expression and its associated gestures, rep-
resenting one of the five basic emotions (happiness, sadness, anger, surprise, and
afraid), plus neutral. After, ZECA asks the children to identify the performed emotion.
Then, the children have to manipulate the cube by tilting it back or forward in order to
scroll through the facial expressions displayed on the cube. When the child selects an
answer, by touching the top touch sensitive surface of the cube, ZECA verifies if the
answer is correct and prompts a reinforcement accordingly to the correctness of the
answer. Simultaneously, the cube provides visual and/or haptic feedback accordingly to
the child’s answer. As quantitative measures, the number of right/wrong and no answer
was quantified as well as the children mean response time, in seconds, and standard
deviation (SD). It is worth to point out that if the response time exceeded 60 s, the
child’s answer was accepted as not answering the robot prompt.

Since the work presents studies involving typically developing children and chil-
dren with ASD, the following issues were ensured to meet the ethical concerns: the
school which participated in the studies established a protocol with the research group
and informed consents were signed by the parents/tutors of the children that partici-
pated in the studies.

3.1 Pilot Study with Typically Developing Children

A set of preliminary experiments were carried out involving eight children aged
between six and seven years old. The results obtained with the eight typically devel-
oping children are presented in Table 1.

Table 1. Children answers to the robot prompts where C1 to C8 is the number of the child.

Cl[C2|C3|C4|C5|C6|CT|C8
Right 7 (3 |3 |6 |2 |4 |5 |7
Wrong 2 |1 |2 |3 |1 |1 |1
NoAnswer |0 |3 |3 (0 |4 |2 |2 |0

Children 1, 4, 6, 7, and 8 showed an overall better performance. Children 2, 3 and 5
manifested more difficulties. Nevertheless, it is interesting to notice that the children
answered the robot prompts giving a strong indication that in general the participants
understood the game, and consequently interact with the robot by successfully
manipulating the OPT (PlayCube). Furthermore, the mean response time for the
unsuccessful answers was higher when comparing this value for the successful answers
—42.79(8.73) and 37.66(2.70) seconds, respectively. This higher value might be related
to the children thinking and considering all options that they have available. Addi-
tionally, the children response time to the robot prompts decreased along the session —
from 46.38(8.36) to 39.09(8.42) — indicating that the children responded faster to the
robot prompts and were able to manipulate the OPT.
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3.2 Pilot Study with Children with ASD

A pilot study with three high-functioning children with ASD (two females and one
male) aged between 6 and 9 years old was carried out during four sessions in a school
environment with the goal of evaluating the suitability and comprehension of the game
scenario and the OPT. Analyzing each participant performance (Table 2), it is possible
to conclude that child A performance improved much more along the four sessions
when compared with the other participants. Furthermore, the mean response time of
child A decreased along the session which can indicate that she understood the activity
and how to manipulate the OPT in order to answer the robot prompts.

Table 2. Children answers and mean response time to the robot prompts during the four
sessions (SD): RT — response time (s), RA — right answer, WA — wrong answer, NA — no answer.

Child | Session | RT RA | WA |NA
A S1 45.15(7.87) |3 |4 0
S2 44.85(14.26) |5 |1 0
S3 36.11(5.64) |8 |1 0
S4 28.45(3.08) |9 |2 0
B S1 43.53(13.99) 4 |3 1
S2 54.36(13.90) |3 |1 2
S3 50.54(10.21) |4 |2 1
S4 51.69(13.02) |4 |1 1
C S1 42.01(7.66) |1 |5 0
S2 36.26(8.55) |3 |3 0
S3 34.48(3.84) |4 |5 0
S4 34.26(4.67) |7 |2 0

Concerning child B, she does not present an evolutive pattern in the first two
sessions. However, in the last two the number of wrong answers decreased, main-
taining the number of right answers. It is also worth to point out that the response time,
for this participant, is longer. The results from the last two sessions suggests that this
participant may need more sessions, which is consistent with the difficulties that these
children present when discovering new activities or interests [1]. Even though child C
had more difficulties answering the prompts, his performance improved in the last
session and the child mean response time also decreased. When comparing the children
mean response time along the four sessions and the number of total prompts (Table 2),
it is possible to observe that in general the number of prompts increased along the four
sessions as the children mean response time decreased along the sessions, considering
that the session time is always five minutes. Additionally, it is worth to mention that
none of the children that participated in this study abandoned the game. All children
repeatedly touched gently the robot and in general manipulated correctly the OPT when
prompted by the robot. Furthermore, as they answered the robot prompt they were
particularly attentive to the cube feedback, lights and the images displayed in the screen
for correct and incorrect answers.
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4 Conclusions and Future Work

Recently, researchers are using technological tools such as OPT and assistive robots to
try to mitigate the emotion recognition impairments that individuals with ASD present.
Thus, the present work proposes a novel and hybrid approach for robot-assisted play. It
combines the use of a OPT and a humanoid robot capable of displaying facial
expressions with a serious game focused on improving the emotion recognition skills
of children with ASD.

By analysing the results of the typically developing children it is possible to
conclude that they interacted/responded well to the robot and understood the mechanics
of the OPT and the game. One of the system constraints detected was the placement of
the robot support that caused the children to always have to look up towards the robot
face. In the pilot study with children with ASD this was corrected by placing the robot
in a similar height to the children face. In general, the children with ASD reacted
positively to the activity which can indicate that the developed approach allowed the
children to interact in a comfortable and natural way with the system.

Future work includes further development and improvement of this approach.
Additionally, a study will be conducted with a larger sample of children with ASD,
aiming to understand if and how the presented hybrid approach can be used as a
valuable tool to develop skills of emotional labelling by children with ASD.
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Abstract. Programming game engines threatens to become an elitist
activity with the industry split between the professional studios which
are pushing for more direct but also more difficult to program hardware
access and hobbyists using ready-made game-engines with little focus on
understanding their inner workings. This paper presents an attempt to
make game engine programming more accessible via a game program-
ming framework which focuses explicitly on the programmers learning
path in a similar manner to how video games are typically designed.

Keywords: Kha - Kore - Game programming - Game engines

1 Introduction

Game programming covers a very broad spectrum of expertise starting with
gameplay programmers who implement simple gameplay triggers in visual script-
ing languages and culminating in game engine programming, requiring expert
knowledge in debugging and optimizing C/C++ and GPU programming lan-
guages and specific disciplines of mathematics and physics. Today’s broad adop-
tion of ready-made game engines makes it hard for newcomers to walk the way
from a gameplay programmer to a professional engine developer - the most com-
mon engines and accompanying tools do explicitly not provide a learning path
towards game engine development.

Kha is a portable low-level programming framework which is designed
amongst other things to accompany game-engine development courses and Kha
or its components were used to teach hundreds of students. Being used in the
realm of game development it seemed obvious to use game design patterns to
make the programming framework more motivating to use. Instead of adding
gamification components we try to foster the intrinsic motivation of game pro-
grammers to support the personal long term investment required to reach expert
levels of expertise.

2 Related Work

Making games has become a widely popular hobby and consequently a broad
range of game engines is easily available, from tool-sets specialized on build-
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ing complex, interactive 3D worlds like Unreal Engine 4 and Unity to game
engines which specifically focus on beginners, providing visual tools to make
programming accessible to non-programmers like GameMaker and Stencyl. Kha
in contrast is not a game engine per se but only provides the most basic building
blocks for constructing a game engine, freeing developers from the need to take
care of any platform specific details. Game engine programming courses most
commonly use a combination of OpenGL for graphics programming and a system
integration library like SDL or SFML for all other system access. OpenGL in
particular though is not designed for learning and its design is primarily defined
by its long history going back more than 25 years to its predecessor IrisGL. To
the best of our knowledge no comparable libraries exist which specifically focus
on teaching game engine programming from a hobbyist level up to a professional
level.

3 Expertise Based API Levels

Maybe the most well known aspect of game design for single-player games is
the structural and carefully planned increase in difficulty over the course of a
play-through. In many games this is accentuated by the player’s avatar becoming
more powerful while the game progresses (leveling up).

It is uncommon for game programming tools to even have a planned learning
path and in fact from a game-design perspective things seem to be mixed up
in the most popular tools as they focus on making the most powerful tools
(big, complex 3D world management and rendering) available to beginners and
hiding away the more basic building blocks. The path to understanding the inner
workings of those 3D engines is therefore hard to impossible - in particular Unity
does not provide the source code to the engine and in Unreal Engine 4 the lower
level source code is mostly undocumented.

Kha on the other hand provides multiple APIs designated by the required
experience level to provide an explicit learning path while making every aspect
of the underlying implementations easily accessible and changeable.

3.1 Graphics

Graphics programming in modern computers has become very complex. New
APIs like Vulkan are known for requiring a huge amount of work for the most
basic tasks [1] and are conceptualized for the needs of professional game engine
development teams. The graphics APIs in Kha are therefore designed to support
programmers in approaching the complexity of APIs like Vulkan and Direct3D
12 step by step in a logical way.

Graphics 1. For beginners Kha provides a graphics API which only includes a
single function called “setPixel”. Setting the color of a singular pixel arguably
the most basic graphics task a computer can perform [2] and is useful for teaching
any rendering algorithm from the ground up without distracting students with
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the details of modern GPUs. Nonetheless most game programming frameworks
are missing any similar API, likely because setting color values pixel by pixel
is not directly supported in modern operating systems and therefore requires
workarounds in the underlying implementation.

Graphics 2. Kha’s second graphics API is a basic but very fast API for 2D
graphics, providing functions to draw images and simple geometry. It is an easy
introduction to matrix-based graphics transformations and homogeneous coor-
dinates [3]. Complex 2D games can be built with little effort, typically outper-
forming larger engines in this discipline.

Graphics 3 to 5. are 3D APIs which roughly follow the development of low
level 3D APIs like OpenGL and Direct3D. Those APIs became more difficult
over time, allowing more and more programmability [4] and more direct hard-
ware access. Today’s graphics programming experts naturally learned about 3D
graphics by following this timeline and due to its increasing difficulty it also
matches the learning-needs of new graphics programmers. Programming with
Kha provides the additional benefit of including the source code to show how
the lower level graphics APIs are implemented based on the higher level APIs.
Kha’s Graphics 5 API in particular is similar to Vulkan and Direct3D 12, mark-
ing the goal of current graphics development courses.

3.2 Audio

Audio programming is fundamentally much simpler than graphics programming
because specialized hardware support is absent on most modern systems. On the
most basic level audio software just directly provides the discretized audio sam-
ples which are sent to the audio hardware in fixed time steps to drive the audio
speakers [5]. However low level audio programming is not widely understood as
demonstrated by the broad usage of complex audio libraries for very simple audio
tasks - many games’ audio needs do not exceed occasional “playAudioFile” calls
to stream music and sound effects to the audio subsystem.

Audio 1. The entry level audio API in Kha consequentially provides the afore-
mentioned, basic functionality required by most games to merely play pieces of
audio data at defined points in time. The play calls return channel objects which
allow further modifications of currently playing audio data. All audio mixing and
synchronization of the audio thread is handled automatically.

Audio 2. The second audio API directly exposes a sample streaming interface
which is ideal for learning low-level audio programming. It also includes the
source code for an implementation of the Audio 1 API, making the transition
easier.



Game Design Principles in a Game Programming Framework 251

4 Explorable Programming Environments

Game worlds exhibit certain qualities which makes it easy for gamers to get used
to a game easily and to learn its inner logics without frustration. Kha tries to
replicate the most important of these qualities to improve engagement with the
programming APIs.

4.1 Easy Access

The most popular games are playable everywhere - on PCs, game consoles,
mobile devices and in a web browser. Kha currently provides two IDEs. Kode
Studio is a fork of Visual Studio Code which works on regular PCs. Kode Gar-
den works directly in modern web browsers. Both IDEs can work on the same
projects which can be moved freely from on to another. A third IDE for mobile
devices is currently in a conceptual phase.

Games which foster the creation and sharing of user-created content like
Mario Maker, Little Big Planet and Minecraft also make easy access to that
content a priority. Similarly Kode Garden projects can be shared via a simple
string of 40 characters. This string is created for every change by hashing the
very last project change and the previous project hash and is long enough to
unambiguously identify every project state with a negligible probability of hash
collisions without any need to synchronize multiple Kode Garden servers.

4.2 Initial Familiarity

Most games are clearly defined by one of the widely known game genre like
realtime-strategy games, ego-shooter games and jump ‘n’ runs and most of them
go to great lengths to at least initially feel familiar to players who are used to
the particular genre [6]. Control schemes in particular are largely standardized
among game-genres.

Kha tries to strike a similar balance by using the Haxe programming lan-
guage which is conceptually very similar to Java - the most popular language
for teaching computer science. Java itself is not used because of its problematic
multi-platform support which for example resulted in Minecraft being reimple-
mented in C++ from the ground up. Professional game programmers however
tend to use C++ and therefore Kha provides an easy upgrade path via its sis-
ter project Kore which provides very similar features and APIs to Kha but is
implemented and programmed in C++.

4.3 Direct Feedback

In most games learning predominantly happens via a trial and error method
[7]. Over the course of history games progressively shortened trial and error
cycles going from earlier games like King’s Quest which sometimes made errors
apparent hours later to more current games like VVVVVV with typical trial
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and error cycles of about five seconds. Direct feedback proved fundamental for
engaging learning cycles.

Kode Garden and Kode Studio can therefore patch games at runtime, replac-
ing CPU code, GPU code and assets while a game is still running. Kha’s run-
time patching functionality is significantly faster than comparable functionality
in Unreal Engine 4 which can require minutes for applying code changes. Most
other game engines do not provide this functionality at all. Additionally the
Kode Garden is very robust to programming errors and continues to work as
normal even when the edited game ends up in an endless loop - this is in con-
trast to both Unreal Engine 4 and Unity where the complete editor has to be
restarted in this situation.

5 Conclusion

While it will never be as popular as a general game engine, which primarily
targets people who just want to make games and are not necessarily interested
in the technical details, Kha has managed to build an active community around
its specific target of teaching game engine development.

Kha users so far uploaded 130h of learning material to YouTube, created
more than 20 game engines running on top of Kha and often cite how much they
learned via Kha as a primary motivation.
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Abstract. One of the challenges with Computer Science serious games
is ensuring they are suitable for learners of different levels of ability and
knowledge. To address this challenge, we propose a new methodology for
incorporating adaptive gameplay and content into existing non-adaptive
serious programming games. Our methodology includes four phases: (1)
Identifying an existing game that is suitable for adaptation; (2) Modeling
the gameplay tasks and the in-game assessment of learning; (3) Build-
ing the adaptation into the existing code base; (4) Evaluating the new
adaptive serious game in comparison to the original game with respect
to learning and engagement.

Keywords: Computer science - Education - Serious games
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1 Introduction

The use of serious games is one approach that has shown effectiveness in engag-
ing students to learn a variety of skills [11]. The potential for serious games to
increase motivation and engagement among learners is particularly important
for the field of Computer Science (CS), where low engagement levels give cause
for concern [4]. Furthermore, the widespread interest in understanding the fun-
damentals of programming has led to CS being a heavily targeted field of study
for serious games researchers [5].

While serious games have considerable promise, challenges still exist with
respect to their design and evaluation. One of the open challenges is customizing
serious games to suit learners of different levels of ability and knowledge. Existing
solutions to this challenge can require substantial human effort, such as the
monitoring and customization of gameplay by human experts and the creation
of large, diverse problem sets. One drawback of these approaches is that they are
not always practical when working with increasingly complex serious games [10].
In this work, we consider the use of adaptive serious games to make serious games
suitable for learners with different skills. Adaptive serious games do not have the
same drawbacks as the above mentioned approaches as they can automatically
modify game elements and content to directly impact learner performance [9].
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The main contribution of our paper is a new methodology for incorporating
adaptive gameplay and content into existing non-adaptive serious games. We
have chosen to focus our methodology on CS serious games because many of the
existing serious games for learning programming have widespread adoption and
have empirical research to support their educational value (e.g., Code Hunt [3]).
We believe modifying existing serious games that have already been adopted and
evaluated is a more desirable approach than building new games from scratch.

2 Methodology

Adaptive games can be fully or semi-autonomous, allowing for game content
to be included after the game’s release. An autonomous serious game can pro-
mote instructive gameplay, manage the challenge of the user experience, pro-
vide scaffolding where needed, and support learners [6]. A common approach to
adaptive serious games is to use Competence-based Knowledge Space Theory
(CbKST) [2] in combination with a probabilistic approach. Our methodology
leverages CbKST for making adaptive serious programming games from non-
adaptive games and includes four key phases: identification, modelling, building
and evaluation (see Fig.1). To assist in explaining our methodology, we use the
example of creating an adaptive version of Gidget [7]. Gidget is a non-adaptive
serious game where players complete missions by repairing faulty programs.

JGame is not adaptablew JEdit adaptive modelw l—PIayability issuesj

‘ 1. Identify H 2. Model H 3. Build H 4. Evaluate

Fig. 1. An overview of our methodology for making adaptive serious games.

2.1 Identifying a Potential Adaptive Game

Both technical and learning factors should be considered when deciding if an
existing serious game is an appropriate candidate for adaptive methods.

Technical Factors. In order to adapt a game, the source code will need to
be publicly available and extendable. Thus, it is necessary to ensure that for
third-party games, the software license for the chosen game allows for modifica-
tion. The quality and robustness of the source code should be examined when
identifying a serious game for adaptation as both of these factors can impact
the modification of the source code. Also the playability of the game and the
existence of playability studies should be considered. Gidget is an ideal choice
technically because it is open source, includes documented source code, and has
been evaluated indirectly with respect to playability.
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Learning Factors. First, adapting the learning content of a game requires a
clear understanding of the required knowledge, topics, and learning outcomes
that are present in the original game [1]. Second, making informed decisions
about adapting a game requires detailed knowledge about the learners who
will play the game. Learners of various demographics including age groups may
respond differently to in-game adaptations. Additionally, knowledge about the
level of programming experience of the game’s intended audience is needed in
order to make good decisions on how to adjust learning content. Special con-
sideration should also be given to adapting for learners of diverse educational
backgrounds outside of CS and choosing games that are inclusive. Third, in order
to properly evaluate the new adaptive serious game at the end of the process, it
is best to choose an existing game that has already been evaluated with respect
to learning as the existing evaluation can serve as a baseline in assessing the
adaptive version. Our example, Gidget, focuses on learning debugging and has
a target audience of general learners with no previous programming experience.
Gidget has also been previously evaluated with respect to learning [8].

2.2 Modelling the Gameplay Tasks and Learning Assessment

Before implementing adaption into a serious game it is necessary to understand
and model the gameplay tasks as well as the learning assessment (see Fig. 2).

Task Model

Learning Content Game Elements Parameters

Goal/Objective ) Feedback | | In-Game Time and Errors
[Concept] [Complexﬂ)} [and Hints Tools or\:\sl,?rg(ints Permitted

] [ Player Engagement] [ Game Play Skill ]

Goal Completion Learning Content
Success Rate Comprehension

Assessment Model

Fig. 2. Task and assessment models for adaptive games.

Task Model. A typical serious programming game includes a sequence of
increasingly difficult tasks that pertain to learning content. Often, serious games
are designed such that a player’s success in the game is dependent on the com-
pleted and failed task objectives. Although the criteria for determining whether
an objective is failed varies from game to game, failure is often accompanied by
feedback or hints, as well as a reset of parameters such as time or error limits.
The existing tasks in the game can be modelled and used as a template for
adaptation. The most important task properties that should be included in this
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model are objectives, learning content, game elements, and parameters. These
properties can be extracted from documentation as well as the structure and
content of the game’s source code. In Gidget, each level is a task with one or
more objectives, each of which is completed when a given physical object on a
grid is moved to a specified location. The primary learning concept in Gidget
is debugging, and each level presents increasingly complex objectives, with par-
tially incorrect code for completing those objectives. In addition to the debugging
levels, newer versions of Gidget include levels that introduce concepts such as
conditionals, functions, and arrays. Gidget provides substantial feedback to the
player by visualizing every step of the code on the grid, and allows players to
choose the number of steps to process at a given time. In order to encourage effi-
cient programs, Gidget has an ‘energy’ limit that restricts the number of moves
that can be taken during a level, but does not limit the gameplay time or number
of errors permitted.

Assessment Model. Our model of assessment is based on CbKST and a prob-
abilistic evaluation of the learner’s competence in the learning content. The use
of CbKST necessitates the inclusion of goal completion success rate and learn-
ing content comprehension in our model as predictors of a learner’s competence.
Since Gidget allows players to repeat a task until it is correctly solved, players
must be assessed based on the efficiency of their code solutions. This includes
measuring the error rate in each level, the number of lines of code in each solu-
tion, and how much energy is expended per level. The model also needs to
consider player engagement and how it is assessed. Maintaining player engage-
ment in serious games is often achieved by varying the complexity of the learning
content to challenge skilled learners or to aid learners who are frequently experi-
encing difficulty. Finally, we include gameplay skill assessment in our model as it
is important to distinguish between skilled video game players and players with
high competence of learning content. Gameplay skill assessment may be useful in
determining if a player’s in-game behavior is related to learning content compe-
tence, or due to issues with the game’s mechanics. Gidget does not include many
features related to gameplay skill assessment (e.g., time limit, score tabulation).

2.3 Building Adaptation into the Existing Code Base

This phase includes using the models to plan the adaption approach, logging
player behavior, initializing the gameplay, and applying the adaptation strategy.

Plan Adaptation. The task and assessment models should be used to deter-
mine which game features to adapt. Once these features are chosen, an adaptive
algorithm is chosen to determine when, what, and how the tasks are adapted.
Example algorithms may be rules-based approach or use machine learning, but
should ultimately be probabilistic and follow the principles of CbKST. In Gidget,
features for adaptation include the starting code errors, the gameplay obstacles
and the energy limits. The adaptive algorithm in Gidget could involve the cre-
ation of a set of rules that use the past performance of the player to determine
whether or not to adjust the features.
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Fig. 3. Data logging for adaptation.

Data Logging. Learner-specific adaptation requires constant logging and mea-
surement of learning data, game skill data, and engagement data (see Fig.3).
Depending on the adaptation strategy, data may be gathered for assessment
during a task, between a task, or between gameplay sessions. In addition to
adaptation, the data logged can be used for evaluating the gameplay experience.

Insufficient Data

Training Ir;lt;alézre Adapted Measure :;:g‘é::
Task(s) M ozel Task Behavior Update

Fig. 4. Adaptive gameplay sequence.

Initialize Gameplay. An initial sequence of the game’s tasks should be des-
ignated as non-adaptive ‘training tasks’ in order to initially assess the learner.
Following training, an adaptive game should customize each task in accordance
with the individual learner’s data (see Fig.4). There are several different options
that a developer might consider for initializing the training portion of the game:
predefined common initialization for all players, self assessment of programming
skill (e.g., expert, skilled, unskilled), or game difficulty (hard, medium, easy). As
Gidget is targeted towards players with no programming experience, we chose
to use a common initialization of gameplay for all players.
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2.4 Evaluating the New Adaptive Game

One of the challenges with serious game development in general is the need for
accurate and reliable evaluation. One benefit to evaluating adaptive versions of
existing serious games is that many of the games have existing evaluation studies
that can be replicated and reproduced for the adaptive versions. This allows us
to evaluate the benefits of the adaptation by comparing the study results for
the original and adaptive versions. If the original serious game did not have a
previous evaluation, we recommend following best practices, which may include
questionnaires, skill tests, interviews, and controlled experiments.

3 Conclusions and Future Work

There has already been considerable investment in the development and adoption
of CS serious games. As best practices for the development of new serious games
evolve, it is important that we establish practices to evolve legacy serious games
to leverage new ideas and methods. With this goal in mind, we have proposed
a methodology for making serious games incorporate learner-based adaptation’.
Our approach is based on the premise that an adaptive serious game will pro-
vide a better experience for learners, and improve their achievement of learning
outcomes by directly adapting to their needs. The use of automatic adaptation
within a serious game can provide benefits for engagement by adjusting gameplay
difficulty to the learner’s abilities. We are currently applying our methodology
to create and release an adaptive version of Gidget.
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Abstract. Exergames have advanced from a trend of the entertainment industry
to serious training applications. Nowadays body-centered games can be played
at home, as well as in the gym, and provide an effective and motivating workout
experience for the player. However, existing solutions often lack a symbiotic
and user-centered design approach encompassing the three exergame design
levels: the player’s body (input movements), the controller (input device) and
the game (story, game mechanics, dynamics, aesthetics). Consequently, existing
systems exhibit weaknesses like motion sickness or a lack of audio-visual and
narrative design of the physical and virtual play space. As such, the player’s
game experiences remain limited. Our work contributes to the sustainable
establishment of fitness games as effective and attractive training tools. In this
paper, we introduce the “ExerCube” and the design, evaluation, and subsequent
re-design of the early stage prototype. The “ExerCube” is a fitness game setting
for adults, which affords immersive gameplay experiences while engaging in a
playful motor-cognitive and -coordinative functional workout. Our findings
show that the preliminary “ExerCube” prototype was usable and well received
by the target audience. We report insights about the target audience’s prefer-
ences and identify avenues for the implementation of dual flow-based game
mechanics, the optimization of the training concept and hardware, as well as for
the further development of the game scenario.

Keywords: Exergame fitness training - Participatory design + Flow
“ExerCube”

1 Introduction

Virtual Reality (VR) applications and movement-based games — so-called exergames
[1] — have advanced from a mere entertainment trend to serious training applications
[2]. While a few years ago, exergames for the Nintendo Wii©, Sony Move© or the
Microsoft Kinect© turned living rooms into playful training settings, nowadays
innovative technologies have been introduced to gyms and convert the training area
into virtual sports arenas: virtual training simulations (e.g., Athene Exergaming),
gamified fitness training (e.g., Prama Pavigym), immersive and game-based training
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scenarios (e.g. Les Mills, Immersive Fitness) and exergame circuit training (e.g.,
Exergame Fitness) are no longer fiction, but have become reality.

The combination of trend-based training concepts, innovative input devices and
game design is particularly fascination to “digital natives” and opens up new avenues
for keeping fit in a motivating and attractive way. Moreover, these motor-cognitive and
-coordinative training methods match or even surpass the training effects of traditional
training concepts. Several sports scientific studies indicate positive effects on users’
cognitive [e.g. 3] and coordinative abilities [e.g. 4].

Although these results suggest that these technologies will become increasingly
established in the context of sports and training, a parallel scientific debate reveals
weaknesses of the virtual training systems. Interdisciplinary human computer inter-
action (HCI) research and development (R&D) also deal with the analysis of existing
VR and exergame concepts. Thereby, the focus is more on the multi-sensory and
-modal experience and perception of specific designs, as well as on the deviation of
practice-oriented approaches for the optimization of the training/gameplay experience.
Buzzwords like “dual flow” [5], “embodiment” [6], “bodily interplay” [7] und “pres-
ence” [8] set a clear direction. A holistic, user-centered and symbiotic design approach
on the levels of the moving body, the mediating technology and the virtual game
scenario is needed to overcome current weaknesses of existing systems like motion
sickness or a lack of audio-visual and narrative design of the physical and virtual play
space, to fully exploit the potentials of these parallel training worlds.

The present work’s contribution is two-fold: First, it serves to establish fitness
games as effective and attractive training tools. Second, it addresses limitations of
previous work on exergames which largely fail to consider the player experience, by
explicitly putting the user experience at the forefront of the design and evaluation
process. In this paper, we introduce the “ExerCube” and the design, evaluation, and
subsequent re-design of the early stage prototype. Furthermore, we provide an outlook
on future research and development steps towards the final “ExerCube”.

2 Related Work

In recent years, researchers from a variety of disciplines and practitioners, such as
trainers and therapists, have recognized the training effectiveness and motivational
benefits of combining gaming and exercising. Sports science and health-related studies
on commercially available and bespoke exergames confirmed the potential of these
playful training technologies to increase energy expenditure [e.g. 9], positively affect
the learning of sensorimotor skills [e.g. 10], coordinative abilities [e.g. 4], strength and
endurance [e.g. 11] and to improve exercise program compliance [e.g. 12]. Concur-
rently, studies within HCI research provide insights into the effects of all three exer-
game design levels on players’ gameplay experiences:

Body. The bodily exertion greatly influences the player’s experiences and there are
many ways of movement expressions and interpretations of pre-set motion sequences
when playing an exergame [13]. In general, the inclusion of holistic physical activity
into gameplay is found to be a positive predictor for the feeling of immersion and
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engagement [14]. Moreover, most of the existing, commercially available exergames
for consoles lack the implementation of a proper movement scientific approved
workout. Even when moving inaccurately, these games allow the player for a suc-
cessful game performance and do not sufficiently correct movement mistakes. The
other way around, existing game-based solutions available on the fitness market often
implemented professional fitness workouts as input movements, but lack in a proper
user-centered design of the interactive virtual game scenario. Hence, there is a need for
better combinations of state-of-the-art designs on the level of fitness concepts, which
are used as physical input to control the game and appealing virtual scenarios, which
provide accurate movement feedback and instructions for the player.

Controller. During exergame play, the intermediary controller technology ideally
assumes the role of mediator between the “physical” and the “virtual” game worlds
[15]. However, the decisive factor is always how well an input device integrates itself
into the body patterns of the moving player. Kim et al. found that an embodied
interface improves user experience, energy expenditure, and intention to repeat the
experience within the exergame [6]. The precision of movement recognition [16], as
well as the natural integration of this recognition into the game scenario and the related
movement feedback are decisive indicators for the “incorporation” of the game con-
troller, and for the immersion into the game world [14]. Furthermore, when it comes to
social exertion and bodily interplay [7] while playing an exergame together or against
others, existing controller technologies are often criticized to rather limitate than
“support”, “enable” and “shape social” and bodily interaction between players [17].
Thus, we can identify a need for body-centered controller technologies, which serve as
additional, physical playground, easily integrate into the body scheme of the player,
provide a balance of guided and free movements and allow for social exertion and
social play in cooperative as well as competitive settings.

Game Scenario. Considering the design of immersive, virtual scenarios for fitness
game settings, there are various things, which need to be taken into account to achieve
the intended effect with the player. The look and feel should appeal to the targeting
group of the game and involve specific preferences for game mechanics, levels, visuals,
sound and story. Thus, it is important to involve the targeting group into the design
process from the very beginning [18]. Furthermore, there are various theoretical con-
cepts and findings from game experience research, which should further serve as
inspiration for an appropriate design of the virtual game design. Game experiences that
are repeatedly brought up in relation to exergames are the closely related experiences of
immersion and several flow variations. Csikszentmihalyi’s flow theory [19] can be
compared with the feeling of complete and energized focus on a particular activity,
combined with a high level of enjoyment and fulfillment. An important precursor to the
flow experience is the match between a person’s skills and the challenges associated
with a task, such as playing a game. Weibel and Wissmath define flow as a result of
immersion or involvement in an activity (e.g. playing a game) [20]. Sweetser and
Wyeth’s “GameFlow” model determines the key elements of player enjoyment [21].
Sinclair et al. applied the flow theory to the task of playing a physically and mentally
challenging exergame, calling it “dual flow” [5]. According to the dual flow concept, an
optimal training/gameplay experience during exergame play requires a balance
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between the game-related challenge and player skills, as well as between the intensity
of the required movement input and the player’s fitness level. Thus, an exergame must
be adjustable to suit the player’s individual skill levels.

Current solutions and game experience evaluations often focus on single (e.g. body)
or dual design levels (e.g. body and controller) rather than on a symbiotic combination
of all dimensions (body, controller and game scenario), which take into account
interdependencies and interaction effects of single dimensions on and with one another.
Furthermore, they often fail a user-centered and participatory design approach, which —
if implemented properly — can increase game attractiveness and effectiveness [18].
Consequently, gameplay experiences while playing existing solutions as well as
insights from studies with those remain limited. Our work aims at bridging these gaps
with a comprehensive approach in both, development and research, in order to make a
sustainable contribution to enhancement of the attractiveness and effectiveness of these
playful workout experiences.

3 Participatory Design of the “ExerCube”

In the following, we present the first design cycle of the early stage “ExerCube”
prototype. For the creation of the “ExerCube”, we were inspired by current workout
and design trends on the fitness market, findings from HCI and games user experience
research, as well as target group-specific wishes and ideas for the exergame setting
which we gained through previous surveys with male and female “digital natives” at
the age of around 18 — 40 years. For the design process, we further built upon our
previous work with “Plunder Planet” a dynamically adaptive fitness game setting,
which was designed with and for children [17, 22-24] involving a participatory and
symbiotic three-stage design process at the levels of the player’s body, the controller
and the game. The early stage “ExerCube” was developed by an interdisciplinary team
which consists of experts from the fields of sport science, game design, game research
and industrial design.

3.1 Early Stage Prototype

Body Movements and Controller. On the level of body movements, we decided to
design up to five challenge and complexity levels, which are based on traditional
functional fitness. Functional fitness is well known for its motor-cognitive and -coor-
dinative, as well as endurance, strength and flexibility training effects [25]. Functional
fitness has been defined as emphasizing multiple muscle and joint activities, combining
upper body and lower body movements, and utilizing more of the body in each
movement [26]. The movement levels gradually build upon one another:

Level 1: Basic jump, squat and lateral shuffle-step with extension or flexion of the
body to the upper, middle and lower section of the right and left wall of the cube
Level 2: Level 1 + lateral rotation to the middle of the right and left wall of the
cube

Level 3: Level 2 + deep lunge with knee bend to the left and right side
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Level 4: Level 3 + lateral rotation to the bottom of the cube
Level 5: Level 4 + burpee

For the first prototype, we implemented only the first level of the training concept.
The movements were translated into a game mechanic: In the virtual game space, the
player finds themselves on a track, which sets various directions, akin to a racing game
track. If the track curves to the right or to the left, the player needs to move to the
respective side. Additionally, the player needs to move to the upper (=uphill), middle
(=at ground level) or lower (=downhill) right or left side depending on the track’s
changes in height. The track is looped after a pre-defined number of level sections.
Towards the end of the track loop, players have to do one basic jump and squat
underneath an obstacle. The player’s arm movements and position are tracked with the
HTC Vive system. Two cameras are positioned at the cube frame; one in front and one
behind the player. While playing the player holds one Vive in each hand, which
triggers an in-game feedback (particle effect) on the sidewalls of the “ExerCube”,
provided the player moves in close enough to the sidewall.

Hardware. We designed an open cube-like trapeze (hereafter referred to as “cube” or
“ExerCube”), which serves as part of the game controller (haptic device) and as pro-
jection screen (interface). It consists of a solid wooden frame covered with stretchable,
semitransparent and bouncy mash fabrics. Each of the three walls of the cube measures
2.40 m width and length, as well as 2.50 m height, whereas the projectable surface of
the cube measures 1.80 m. The transition of the front to the sidewalls is slightly curved,
to generate a flowing and immersive form similar to commercially available curved TV
screens. The bounciness of the fabrics affords an engaging haptic experience, when
touching and/or punching into the walls to trigger in-game actions. Additionally, the
semitransparency of the “ExerCube” provides a lightly framed non-isolating spatial
experience for the player. Three outside beamers project the game scenario onto the
walls of the cube.

Game Scenario. Based on our look and feel inspirations, the first game scenario
prototype takes the player into a sci-fi inspired world with a racing track, which passes
through vast mountain ranges under a sparkling and atmospheric milky way (Fig. 1).
For the first prototype, we experimented with very basic elements, perspectives and
mechanics.

The player can either play the game in a third- or first-person perspective. The game
starts in the third-person perspective and the player sees their mentor from the back.
The mentor shows the movements, which the player needs to imitate in order to
navigate their movements with the pre-set track in the virtual world. After the player
familiarizes themselves with the movements, rules and mechanics, the mentor disap-
pears and the player continues playing without any guidance in the first-person
perspective.

Since the first design cycle focused on the basic spatial and flow experiences related
to the design of the body movements, the hardware and the game scenario, we chose
not to implement any sound and only few in-game events. The only virtual feedback is
a visual particle effect, which shows the player whether or not they successfully
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performed the movement. The visual feedback would only appear, if the player reached
out far enough and was close enough to the wall.

Fig. 1. Early stage “ExerCube” prototype (Source: Sphery Ltd.)

4 Evaluation

Following the first cycle of design, we conducted an early user testing. The evaluation
was performed by a team of experts from the fields of sport science, psychology and
game research. The aim of this testing was to evaluate our preliminary designs and gain
further insights into the early stage prototype’s influence on player’s immersion and
flow experiences, as well as identify opportunities for implementing dual flow-based
game mechanics at all design levels. Furthermore, we were interested in participants’
interaction and movement strategies and asked for feedback and preferences for the
further development of the “ExerCube” setting.

4.1 Method

Participants and Procedure. We recruited 17 participants (8 women, 9 men), aged 15
to 43 years old (mean age = 30.88, SD = 8.53). Participants reported diverse game
genre preferences, with strategy games (n = 13) having been most commonly men-
tioned, followed by sports, action and action-adventure games (n = 8§ mentions each).
All participants engaged in a variety of physical activities to some extent, with
swimming (n = 9) and jogging (n = 9) being the most popular. More than half of the
participants (n = 9) had previous experience with exergames, mostly with the Micro-
soft Kinect©. After providing informed consent, participants were first asked to play
with the “ExerCube” for 10 min. Play sessions were video-recorded but not further
analyzed for the sake of the first evaluation. However, some preliminary observations
of the principal investigator have been immediately written down after each play
session. After 10 min, participants were asked to complete a questionnaire consisting
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of several player experience measures, as well as interviewed with regards to their
impressions of the “ExerCube”. Interviews lasted from 10-30 min.

Measures. As the eventual aim of the “ExerCube” is to provide players with an
optimally challenging experience, both with regards to gameplay and physical exertion,
we employed several complementary measures of flow. First, the Flow Short State
Scale [27] has already previously been employed to capture flow in sports contexts, and
includes a 10-item measure for flow experience, as well as 3 items for assessing worry
(7-point Likert scale, from 1 = “I do not agree at all” to 7 = “I fully agree”). Moreover,
we assessed “GameFlow” via 7 items developed by Kliem and Wiemeyer [4]. This
measure is based on Sweetser and Wyeth’s “GameFlow” model, which specifically
focuses on flow within the context of (digital) games. Moreover, we asked participants
to rate their experience with regards to several other aspects, including how challenging
it was to play with the “ExerCube” in terms of physical and cognitive effort, as well as
whether they would consider the game fun on repeated playing.

4.2 Results

Descriptive Statistics. Overall, as listed in Table 1, participants rated the “ExerCube”
as reasonably engaging and scored it moderately high on flow (M = 4.8, SD = 0.77),
game flow (M = 3.86, SD = 1.07), enjoyment (M = 3.47, SD = 1.07) and motivation
M =4.24, SD = 1.2), as well as low on worry (M = 2.37, SD = 1.45). Participants
noted that while the “ExerCube” was easy to understand (M = 6.29, SD = 0.85) and to
control (M =5.41, SD = 1.58), gameplay was not sufficiently challenging, both in
terms of the required cognitive M = 3.12, SD = 0.99) and physical effort (M = 2.88,
SD = 1.09).

Table 1. Descriptive statistics for all quantitative measures.

Flow
Worry
GameFlow
Enjoyment
Control
Movements matched game
Game motivated me to move
Physical effort
Cognitive effort
Optimally challenging
Immersion
Easy to understand
Could concentrate on game without
having to focus on body
Visual appeal
Game would still be fun after
repeated playing
‘Would exercise with the game in the
future

o
i
°

M 4.8 2.37 3.86 3.47 3.82 4.47 4.24 2.88 3.12 2.76 3.65 5.76 4.41
SD 0.77 | 1.45 | 0.94 1.07 124 | 087 12 1.09 099 | 1.03 117 | 115 15 1.46

[
R|=
=

o
QN

Qualitative Evaluation. In addition to the questionnaire, we interviewed participants
following a guideline and asked them to answer several questions related to their
experiences with the input movements, the hardware and controller, the design of the
game scenario, their motivation and their flow experience. Furthermore, the notes of the
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main observations of the principal investigator are discussed in relation to the results of
the interviews and revealed further insights, which underline the results of the quan-
titative data collection. Following, we shortly summarize the main findings:

Although the first prototype was designed very rudimentary on all design levels
(body, controller and game scenario), participants felt immersed and experienced the
typical flow indications (e.g. loss of sense of time and space; see also Table 1). Their
main memory was the futuristic and abstract look and feel of the prototype, which all of
them liked very much. Some testers anticipated existing games (e.g. “Guitar Hero” or
“Mario Kart”) or movies (e.g. “Tron: Legacy” or “Star Wars”) with it. Although all
testers enjoyed the general look and feel of the prototype and the fact, that they were
surrounded by a cube, they asked for more variety (e.g. story, sound, levels) and
challenge (e.g. more obstacles). Participants appreciated the approach of combining
fictional and natural elements in the visual design of the game and suggested to further
deepen this approach.

We found that participants easily became familiar with the navigation mechanisms
of the game (see also Table 1) and could effortlessly control the game without the
guiding mentor. The guideline-based interviews as well as the participatory observation
revealed, that the majority felt even more immersed, when the mentor disappeared.
However, participants found the mentor helpful in the beginning and suggested, that
the mentor should move more accurately and provide better movement instructions.
Concerning the visual appearance of the mentor, participants could imagine both, a
fictional and human-like avatar, as long as the locomotor system looks like a human
one.

Generally, participants reported that the required input movements felt natural and
intuitive. This finding could be further supported by participants’ statements, which
revealed that the majority oriented towards the virtual setting to coordinate their
movements. There was no mismatch between the physical and virtual movements and
the hardware and controller technology were implemented discreet enough. Conse-
quently, nobody experienced motion sickness. A wish for an additional input move-
ment was boxing.

At the end of the interview, we gave participants a quick outlook on future
development plans for the “ExerCube” and asked for feedback on these ideas. Par-
ticipants liked the idea of being able to play together or against others while being
challenged on an individual physical and cognitive level. They also liked the idea of a
racing game including a clear goal, more variations and a matching adaptive sound
design.

5 Re-design of the “ExerCube” and Discussion

Based on the results of the first user testing, we re-designed the “ExerCube” prototype
(Fig. 2). We further developed single design elements on the levels of body move-
ments, hardware, controller and game scenario in order to provide all facilities for the
future implementation of the dual flow.
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Fig. 2. First re-design of the “ExerCube” setting (Source: Sphery Ltd.)

5.1 Second Draft Prototype

Body Movements and Controller. To increase the interaction of the player with the
walls of the cube, we decided to extend our existing movement levels with some
boxing elements and came up with the following:

Level 1: Basic jump, squat and lateral shuffle-step with extension or flexion of the
body to the upper, middle and lower section of the right and left wall of the cube
Level 2: Level 1 + lateral rotation to the middle of the right and left wall of the
cube with and without punch

Level 3: Level 2 + deep lunge with knee bend to the left and right side

Level 4: Level 3 + left and right punch

Level 5: Level 4 + squad jump with punch into the front wall of the cube

Level 6: Level 5 + burpee

With the first user testing we could prove the general feasibility of the basic
movements. However, participants reported that it was quite easy to control the game
and the physical and cognitive challenge were experienced rather low (see also
Table 1). Hence, to sustainably increase the challenge and to allow for a comprehen-
sive and holistic workout experience, we implemented all movement levels into the re-
design. Generally, the idea is that every player can work out in their best suiting motor-
cognitive and coordinative challenge level. The movement sequence of every level
follows a random and thus not foreseeable, but movement scientific meaningful
approach (including warmup, guidance to the individual peak and balancing of motor-
cognitive and -coordinative stimuli).

During the testings we could observe that participants interacted rather tentative
with the cube hardware. This might have been triggered by the fact that players had to
hold HTC Vives in their hands while playing. Therefore, for the second stage proto-
type, we replaced the HTC Vives with two HTC trackers, which are attached to the
player’s wrists. Again, the cameras track the position of the player’s arms and legs in
the cube and the player is able to freely use their hands.

Hardware. The observation and feedback of participants on the rather tentative
interaction with the cube hardware was also related to the missing orientation points in
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the lower section of the cube, which was not covered with fabrics. Thus, we re-
designed the height of the walls’ covered surface, which is now reaching from the
cube’s top to nearby the floor (Fig. 2). Furthermore, we are also experimenting with
different materials (bouncy fabrics and foamed materials) to further enhance the
interactive and haptic experience with the hardware. The aim is to create both, a virtual
and a physical play space, which are symbiotically interconnected with each other.

Game Scenario. Based on the feedback and wishes of the participants, we also further
developed the game graphics and the scenario. We came up with a virtual underwater
sci-fi racing scenario (Fig. 2). The player’s avatar/mentor is positioned on a hover-
board, which needs to be navigated by the player following the track layout. The player
and their avatar must overcome and target at obstacles, which appear in front or on the
sides and try to be as fast and successful as possible to win the race. If the player is to
slow, others and their avatars will overtake them. In the end, there is a leaderboard,
where the high scores and winners are listed.

Again, the track layout provides information about which movement the player
needs to perform next. For a maximum realistic and accurate movements of the mentor,
we captured the movements of a real functional fitness trainer with the professional
motion capturing system OptiTrack and implemented them into the game. Thus, the
virtual mentor performs all movements accurately.

In summary, we can state the following things: Despite the rare implementation of
interactive elements in the first “ExerCube” prototype, the scenario provided the illu-
sion of being more interactive due to its immersive structure, graphics and perspectives.
It appealed that the majority of participants felt like they were actually controlling
everything in the game for at least the first couple of minutes of the test session. Only
some testers realized earlier that the actual interaction possibilities with the scenario
(dependency of in-game actions on input movements) were very limited. However,
they still were involved in the gameplay and experienced flow. This could also be
confirmed by the results of the questionnaire, which prove that participants felt
immersed throughout the game session.

Despite the fact that we tested the first prototype with a very heterogeneous group of
participants (gender and age), the futuristic and technological seeming game scenario
was generally very well valued.

6 Future Work and Conclusion

We could show that the basic “ExerCube” setup including body movements, hardware
and virtual game scenario is usable and has been well received by the targeting
group. We gained insights into targeting group specific preferences and wishes in terms
of the look and feel, the game mechanics and dynamics. We could identify new
avenues for the implementation of dual flow-based game mechanics, for the opti-
mization of the training concept and hardware as well as for the further development of
the game scenario.

Based on the R&D steps we conducted so far, we will further evaluate and develop
the “ExerCube”. For the next testing, the “ExerCube” will feature dual flow-based
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game mechanics related to the player’s motor-coordinative and -cognitive abilities as
well as emotions. Based on the player’s heart rate (measured with a heart rate sensor)
and in-game performance, the game difficulty and complexity will be automatically and
manually adjustable via a specifically developed trainer UL. We further implement three
gradually adjustable sub-levels (low, medium, high) of each movement level to chal-
lenge the player’s physical abilities and experiment with different cognitive challenge
levels as well as sounds and atmospheres. The player’s avatar/mentor will provide
more or less feedback and instruction, depending on the player’s in-game performance:
If the player performs well, the mentor will automatically disappear and if the player
performs poorly, the mentor will reappear and support the player with real-time
instructions and visual movement feedback and corrections.

Beside the adaptive single player version, we will also offer a collaborative and a
competitive multiplayer version of the “ExerCube”. With the collaborative version, two
players can play together in one cube or against each other in different cubes. To ensure
equal opportunities for all player and athlete types to win the exergame battle, the
“ExerCube” will also feature dynamic multiplayer balancing mechanics [28]. Last but
not least, we are also developing a specific sound design featuring adaptive sounds,
which will have an additional impact on the player’s dual flow experience.

In the near future, the “ExerCube” by Sphery Ltd. will be commercially available as
gym application. Beside cooperative play sessions, players can then join multiplayer
battles within the same gym and across gyms in the same region or across the world.
There will be further “ExerCube” game scenarios providing different training concepts
(e.g. high intensity training or yoga) and specific hardware extensions.

To sum up, our work contributes towards the current trend of fitness games and
exergame research in a number of ways: First, we developed a prototype, whose design
and concept extend existing solutions by combining innovative approaches from
related R&D fields like sport science, game experience and HCI research. Second, we
present a user study and provide insights into our user-centered, iterative R&D work.
We describe the re-design of the first “ExerCube” prototype and provide an outlook on
future work, which shows how we further implement the user’s feedback into the
design and work on better, holistic game experiences. Thus, we contribute towards
filling gaps in exergame design and research.
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Abstract. In this paper we propose a solution to introduce a function
for difficulty degree of achieving a simple, uni-dimensional goal of a level
of an exergame. This solution, takes advantage of a statistical method
built upon the results of the specific cerebral palsy (CP) player under
study, inspired from normal distribution. It is appropriate for CPs, since
it favors a content-based approach which is formed upon each player’s
personal results. Using a population of 20 CP patients trying to achieve
the goals of games, we arrived to an 85% correlation between number of
goal achievement failures and our introduced difficulty function.

Keywords: Difficulty degree - Exergame + Cerebral palsy

1 Introduction

Cerebral palsy (CP) is a group of permanent disorders of movement and posture,
causing activity limitations, which are attributed to non-progressive disturbances
of developing brain [1]. It is the most common motor disorder among children,
affecting approximately two children per 1000 live birth. One in five children
with CP (20%) has a severe intellectual deficit and is unable to walk [2]. Many
therapies and rehabilitation approaches exist to improve their quality of life.
Physiotherapy is considered one of the most beneficial and effective parts of the
rehabilitation process [3]. To increase the motivation of these patients, rehabil-
itation should be interesting, for example, through gamification. Rehabilitation
computer games are gaining more attention of the scientists and health care
providers for this reason [4]. They offer even bigger potential to draw player’s
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attention with dynamic difficulty adjustment (DDA). If the player wins too eas-
ily, the game experience will quickly turns out to be boring and if the player
is unable to achieve any success, he turns to be discouraged and frustrated [5].
Both situations are undesirable and negatively affect the rehabilitation efficiency.
DDA allows the game to change the difficulty parameters based on player’s per-
formance level, staying interesting for any skill group. The main goal of DDA is
to create the state of flow in the patient and keep him/her in that state for entire
game session [6]. A Numerical function which denotes the Difficulty Degree for
a particular player to approach his results closer to a given level goal of a game
with its pre-determined settings, is important in designing the goals and settings
of that level to keep the game exciting. By difficulty degree, we mean, game levels
which are more difficult, entail more level repeats to accomplish.

In [7], the authors have introduced a difficulty degree from semiotics to
explain the link between tension-resolution cycles and challenge with the player’s
enjoyment, then they introduced a statistical method to measure the difficulty
degree based on the relation between abilities and difficulties. On the other
hand, Glen Berseth et al., in [12] have worked on the effect of small changes in
the placement of game elements that lead to significant changes in terms of the
challenge experienced by the player on the path to their goal which is mostly a
study of effect of modification applied to graphics of the games which is out of
the scope of our subject. Another study which tries to use the level of difficulty as
a scale to suggest an automatic leveling of a game, [8], focuses on a probabilistic
approach, mostly based on players’ losing probability for game obstacles which
is also relevant to the specific game they have exemplified. As suggested by [9],
the adaptation of difficulty in a competitive arm rehabilitation game based on
two physiological signals results in that, it is possible to control the physiological
responses of unimpaired participants in a competitive arm rehabilitation game,
thus controlling their level of workload and exercise intensity. But this method
entails the usage of a robotic arm while we are seeking a solution that is imple-
mentable with hardware such as balance boards to control the games. In another
study, [10], using a feed forward neural network, a solution is developed to clas-
sify the players’ motivation which is directly correlated with game’s difficulty
level, into three classes (not motivated, well motivated and overloaded) while in
this paper, we assign continuous real values to difficulty level of a game. The
goal of this paper, on the other hand, is to introduce a real-value function from
which, not only relevant correlated values to number of failures are driven, but
also the tangent of the function symbolizes a relevant growth rate in difficulty
to use in automatic difficulty adjustment as a future work.

2 Methodology

Imagine a computer game, that a player can move an avatar to right and left on
the bottom of a screen to hunt (drink) the falling drink from top of the screen
such as that of Fig. 1 in which the player must drink exactly 10cc of syrup. The
objective of such a game is to teach the player to take the exact amount of
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medication the doctor has prescribed. The goal is that the player must direct
the avatar on screen to drink exactly 10cc of syrup in a game session not longer
than a limited period of time. (since CP kids are reluctant to continue playing a
level more than this amount of time) in which the speed of falling syrup bottles
are 8 m per second and the speed of the movement of the avatar to left and right
is 9mm/s, in this level. So, the settings are those which are concerning the speed
of the objects, or § = (s1,82) = (8 mm/s,9mm/s). A level is an ordered pair
composed of vector of setting and a goal as follows [ = (8, g) which translates
to:

I'= ((8mm/s, 9mm/s), 10cc) (1)

in this example. Whenever the player tries a game session with a determined
level, ends up to either pass or fail the goals of the level. Consequently, he achieves
a result such as r, correspondent to the goal, g. For example, 3cc which results
in a failure to accomplish the goals of Eq. (1) or 10 cc which will be recorded as
a success. After every accomplishment, the player may decide continue playing
the same level or ask to move to a higher level. As the player continues trying, he
generates more and more results such as R = {ry,rg, ..., 7, } in which each of the
r;s are correspondent to the goal, g, under the setting vector, 8= (s1, S2, ..., Sm).
Our goal in this paper is to introduce a solution to assign a real value to a given
level such as [ = (8, g) so that the larger this value is, the more number of tries
it takes the player to accomplish the goal of the level. It is important to notice
that although we are planning to introduce the difficulty of a level for a given
player, and a level is a composition of a goals and a vector of settings, but the
difficulty function will explicitly depend on goals and implicitly on settings since
the settings are included by the data driven from the results. Additionally, this
value is tailored to the player and is not applicable to other players. The choice
of a function that generates a degree of difficulty for a given level personalized
to a specific player must be certainly confined to a series of rules derived from
trivial intuition. For example, when results closer to a given goal component
such as ¢’ are favored, then

lim  d(g) = +00 2)

g—7 oo

@
HuginT=sH

Fig. 1. Goals, results and settings of a game exemplified in Sect.2 while the player
tries to pick exactly 10 bottles (cc) of syrup
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It is important to note that the difficulty function will depend on the goal, g, and
not the settings or their delegates which are the results. That’s why in Eq. (2)
neither the settings nor the results appeared.

2.1 A Difficulty Function Inspired by Normal Distribution

A good difficulty function addresses the fact that the more the player tends to
achieve various results, the more probable it is to approach the goal. Imagining
the exemplified game in Sect.2, a player who frequently drink syrup amounts
very concentrated around 5cc (u; = 5Hee) in each game session is less probable
to be able to approach the goal amount which is exactly 10cc in comparison
to a player with the same average of amount (ue = 5cc) but with values more
dispersedly. We introduce Eq. (3) as a good choice for difficulty degree meter.
This function is derived from the multiplicative inverse of normal distribution
density function which is divided by v2mc? and deducted from one. As Fig. 2
illustrates, it complies with the reluctance factor. Additionally it assigns 0 to the
players whose mean of results are closer to goal value and oo to those far away
the given goal value. In other words, in Fig. 2 it is clear that since the distance
of g from p is greater than that of ¢!), the values driven from the difficulty
function is greater for ¢g(®) than that of g(*).

(g—m)?

d(glp,0) = e 2e7" —1 (3)
where
1 & (e — )2
M:*Zm and o= L (7 = 1)
k=1 p
d
(a;”u)z
d
e g
Fig. 2. Difficulty function when values closer to p are preferred
3 Results

As a trivial bias, we expect that higher values of difficulty generated by difficulty
function, result in higher number of level repeats. Eventually, the correlation
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value between the difficulty value and number of failures in accomplishing the
level goals (repeating the level) must be a positive value and the closer it is to
1 the stronger is the correlation. In an experiment with kids who are suffering
from cerebral palsy, 20 patients from 9 to 15 years old (with mean of 12.1 and
standard deviation of 1.7), played a game such as the one described in Sect. 2 and
controlled by Nintendo”™ Wii Balance Board, as shown in Fig. 3, to achieve 10
different levels of the game while settings were kept fixed. The attendees were all
patients of International Clinic of Rehabilitation(ICR) providing rehabilitation
services to patients with Cerebral Palsy in Ukraine. The games were played on
personal computers without application of external libraries to sync the balance
board with computer. Table 1 shows the correspondent level repeats and the vec-
tor goals derived from 3000 game session tries. Using the correlation between the
driven difficulties and the level repeats by Eq. (4), we reached 85% of correlation
which shows the effectiveness of Eq. (3)

Corr(d,n) = cov(d,n)

0d0n

Fig. 3. The game exemplified in Sect.2 being played by a CP kid with the help of a
caregiver.

Table 1. Results

Level | Level repeats | Goal | Difficulty
1 256 Tce 43
2 255 8cc 20
3 273 9cc 49
4 284 10cc 84
5 291 1lcc | 311
6 299 12cc | 631
7 314 13cc | 1005
8 316 14cc | 1701
9 335 15cc | 2217

10 337 16¢cc | 4211
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Conclusion

For CP kids, a methodology driven from the results of each patient should be
favored over the similarity between them. The coefficient of multiplicative inverse
of normal density function in Sect.3, suggests an efficient way of describing
players’ reluctance to induce his results toward the level goals which leads us to
introduced difficulty function.
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Abstract. This paper presents an approach regarding the use of a serious game
with a playware object to improve the development of emotional skills in children
with Autism Spectrum Disorder (ASD). The playware object is an interactive way
for the user to play the game. It acts as the game controller, has six buttons, each
displaying an emoji with a different facial expression, and communicates wire-
lessly with the android device through Bluetooth. For this purpose, the six facial
expressions tested are happiness, sadness, fear, anger, surprise and a neutral/
normal, which were implemented in three different game activities: imitation,
recognition, and storytelling. The avatars used in the game to represent these facial
expressions were first validated through an on-line questionnaire (with 114
answers) with a mean success rate of 96.2%. In order to assess the usability of the
game and the playware object, a test was performed with six typically developing
children, with 94.4% answer accuracy. At last, the recognition activity was tested
with six children with ASD during three/four sessions. Due to the small group test
and the short number of sessions, the goal was to test the acceptance of the game
rather than the users’ improvement in the activity. It is worth referring that both the
serious game and the playware object had a high level of approval from the
children and they expressed their interest during the activities. With this prelim-
inary study its intended to contribute to the development of pedagogical resources
to be used by professionals and families in the support of children with ASD.

Keywords: Serious games - Playware + Autism spectrum disorder
Emotions

1 Introduction

Emotions play an essential part in our everyday social interactions as human beings,
reason why being capable of identifying them is so important. According to Paul
Ekman, humans have six basic emotions: happiness, anger, surprise, sadness, fear and
disgust [1] — and the ability to understand and express them starts developing from birth.
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Children with Autism Spectrum Disorder (ASD) have difficulties to identify and
replicate emotions, as well as interpreting and controlling them. Opposite to the vast
majority of babies who can understand these facial expressions by 12 months of age,
these individuals have impairments in developing emotional responses and only by 5-7
years of age are they able to recognize happy and sad emotions. This difficulty is
present in their life even as adults [2].

The recognition of emotions improves the social relation between children with and
without ASD [3-5]. Tanaka et al. [6] reinforce this position, explaining that ASD is
characterized by difficulties in terms of socio emotional reciprocity and that success in
social interactions goes through the ability to recognize and interpret facial emotions in
social context.

Mobile applications have already proved to be a successful aid for therapists and
teachers in a learning environment, by facilitating the intake of information by indi-
viduals with ASD. Many studies using serious games have already been done,
exploring different purposes such as education and therapy [7].

Serious games is the term associated with games that move beyond entertainment to
deliver engaging interactive media to support learning [7]. Their focus is to facilitate
the learning of important topics by making the entire process more appealing and fun.
This way, the user is willingly engaged in an activity that they enjoy and the assimi-
lation of knowledge is not so much a burden but more something that happens
naturally.

This work is inserted in a larger project with the purpose of using robots and serious
games to improve the social life of children with ASD. This way, a playware was
included in the project, which has the function of motivating the user to engage in the
activities that the serious game has to offer. The goal of the work presented in this paper
is to evaluate the acceptance of the developed application (serious game and playware
object) by the target group.

This article is divided in five sections: Sect. 2 addresses the materials and methods
utilized, serious game is presented in Sect. 3, the obtained results are discussed in
Sects. 4 and 5 ends with the conclusions.

2 Materials and Methods

The serious game is divided into three different activities. The first one is the
replication/imitation of emotions by the user; the second is centered on the recognition
of emotions and the last activity is a story mode with fifteen different scenarios, each
with its own narrative. These stories were already validated by the work developed by
Costa [8]. The main resource that was utilized during the development of this project is
Unity. Unity is a common game engine that supports both 2D and 3D game devel-
opment. It also has a free version for students and a large online community with
members that are mutually helpful.

Playware is the term attributed to the use of intelligent technology that aims at
producing playful experiences through the combined use of both hardware and
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software [9]. Following these lines, this project integrates a peripheral that makes use of
a microcontroller and six buttons (each with a different emoji) to send the user inputs to
the software by Bluetooth (Fig. 1).

Fig. 1. Playware object developed to control the game

3 The Serious Game

The serious game has a simple and intuitive design. Due to its objective and target
audience, the chosen language is Portuguese. The main menu allows the user to select
the desired game mode or to access the options panel which has the possibility to
regulate the output volume, start the Bluetooth connection with the playware object and
to check the scoreboard.

The scoreboard registers the current activity that is being played, followed by the
facial expression displayed, the answer provided by the user and finally how long it
took the user to provide that answer, in seconds.

Furthermore, the application utilizes audio not only to tell the different narratives
during story mode, but also as a positive or negative feedback depending on the user’s
answer, as well to explain how to play each activity.

The three game activities implemented in the serious game are as follow:

o Imitation: Initially, it is displayed a screen in which the user can listen to the game
mode’s instructions on how to play it and upon any button press the activity begins.
The user is supposed to be accompanied by a therapist or a teacher which has the
function to check if the children is performing the activity correctly and register
which emotion he/she is displaying. It also has the task to motivating the user to
participate in the activity.

e Recognition: As in the previous game mode, it starts with a screen which allows
the user to listen to the instructions of how to play. In this case the therapist only has
the role of being a motivating agent and ensuring that the user is playing correctly.
The user is engaging with the playware and after seeing the emotion displayed on
the screen, he/she is free to choose the button that more accurately matches it, after
stating what emotion it is.

e Storytelling: After listening to the game mode’s instructions the activity begins.
For each scenario a unique narrative associated with it is played, ending with a
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question that prompts the user to provide an answer. This answer is the emotion that
the main character would feel in the situation that was described. The child must
select the corresponding emoji face in the playware object that reflects the emo-
tional state of the avatar.

4 Results

Several tests were performed in the elementary school with typically developing
children and children with ASD. The ethical concerns associated with this type of study
were previously ensured: a protocol was formed between the parts, elementary school
and university, and the informed consents were signed by the parents/tutors of the
children that participated in the studies.

In the following sub-sections are presented the results gathered from the different
phases of testing and validation, regarding the second activity mode — recognition of
emotions.

4.1 Avatars Validation

After creating the different avatars representing each of the six facial expressions there
was a need to validate the suitability and relevance of those images before imple-
menting them in the application. For this purpose, an online questionnaire was
developed and presented to different groups of teenagers and professionals with
experience in aiding students with ASD, with ages ranging between 17 and 58 years
old. The volunteers were asked to answer 6 pairs of questions (previously validated by
an specialist in the field of ASD), each pair being composed by a question where they
had to label the emotion that the avatar was portraying, followed by a second question
where they were asked to specify how well that emotion was being represented by the
avatar, in a scale of 1 to 5.

In total, the form had 114 submissions and each image had an accuracy of over
90% regarding the emotion that it was trying to portrait. These numbers correspond to
fear — 94.7%, surprise — 93%, neutral — 95.6%, happiness — 99.1%, sadness — 98.2%
and anger — 99.1%.

4.2 Tests with Typically Developing Children

The next step was to test the activity with typically developing children. The target
group was constituted of six children and each played once. They were asked to look at
the avatars and after stating what emotion it was representing they would choose the
emoji they considered to more accurately represent it (recognition game mode). The
accuracy of their answers was 94.4%. These children showed no difficulty playing the
game or interacting with the playware object and stated that it was enjoyable, and they
would do it again.
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4.3 Tests with Children with ASD

The recognition activity was performed with children with ASD. The goal was to test if
the children were able to interact with the playware object in a friendly way and could
understand the game activity. The success of the activity was measured in terms of
response time and number of correct answers. These two indicators allow extrapolating
how the child is accepting the game scenario.

The test group was composed of six children but only five ended up performing the
activity for more than one session, since one of them could not concentrate in the game
and did not participate at all.

From the other five subjects (referred as child S1 to S5 in the following), with ages
ranging between six to ten years old, the game data was gathered regarding if the
answer was correct or not and the time they took to give that answer. Table 1 displays
the average response time and the percentage of correct answers obtained per session
and per child.

Table 1. Data gathered from the testing with children with ASD (S — Subject; AT — Average
Time; AA — Answer Accuracy)

S | Session 1 Session 2 Session 3 Session 4

AT (s) | AA (%) | AT (s) | AA (%) | AT (s) | AA (%) | AT (s) | AA (%)
S1|4.7 100.0 |5.7 1000 |- -
S2|11.5 |833 5.5 100.0 |55 100.0 |- -
S315.5 92.3 5.7 100.0 6.8 1000 |- -
S4|11.4 |40.0 14.0 |12.5 18.5 [35.7 - -
S5|14.7 |50.0 9.1 77.8 16.7 100.0 [29.0 |66.7

Even though our main objective during this last testing phase was to find out how
engaging this application was for children with ASD, it is also possible to notice
improvements in their answers during the sessions. It is worth noting that S4 was very
young and showed a significant attention deficit, which led him to ignore the game and
focus on the avatars on the screen. S5 demonstrated a lot of interest but still had many
difficulties interpreting emotions.

Everyone interacted well with the application (except S4), performing the tasks
accordingly to the instructions (later, many were able to do so even without the ther-
apist’s support) and expressed their fondness for the game.

5 Conclusions

This paper presents the application developed using a serious game and playware
object to promote social interaction with children with ASD. The main goal of this
study was to develop and validate an application intended to contribute to the devel-
opment of pedagogical resources to be used by professionals and families in the
support of children with ASD, and its impact validated in future work.
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The system was first tested with typically developing children in order to evaluate
the application constraints. Then, four sessions were followed with six children with
ASD. The purpose of the game and the instructions on how to play it were very well
assimilated and the playware object alongside the serious game revealed itself to be a
very attractive and intuitive tool to interact with. The first tests with children with ASD
allowed to infer that using serious games with playware object as intermediate in the
interaction may be an adequate tool. In fact, children react positively, giving the
answers by pressing the buttons. In general, the children improved their success rate
when interacting with the game.

Future work involves further tests that are mandatory to validate if the skill
(emotional behavior) was in fact acquired, with more children with ASD and a higher
number of sessions, covering all the game activities. This would allow to extrapolate
more accurate and reliable results regarding the use of playware objects with serious
games in the intervention sessions with children with ASD.
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Abstract. SmartLife aims to promote healthy living habits and avoid sedentary
lifestyles in adolescents by creating a mobile game that requires lower body
movement, and uses tailored feedback, based on physical activity indices
measured by a smart shirt. To date, no serious games exist that tailor game play
by real-time feedback on achievement of the target behaviour. This approach
can improve current exergames by reaching higher levels of intensity in physical
activity, which is needed to impact on health. The tailored approach also sup-
ports competence and feasibility and hence reduces drop-out and injury risks.

SmartLife combines exergame and smart textiles. Gaming experience is tai-
lored according to feedbacks and the physical activity indices measured by the
smart shirt providing the user with better game experience.

Consequently, SmartLife holds the potential to contribute to better health by
exergaming. A mobile exergame has been developed in co-creation with the
target group and improved in an iterative testing process.

Keywords: Smart textile - Exergame - Adolescents - Data analytics
Lifestyle - Game - Gaming - Sensor

1 Introduction

Energy-related behaviours (physical activity, sedentary behaviour) are main modifiable
determinants of several non-communicable health conditions, e.g. diabetes type 2,
overweight and obesity, and track into adulthood [1]. Promoting these behaviours
among youngsters can have great health and societal gains. Meeting these recom-
mendations shows a strong decline in adolescence and is especially low among ado-
lescent girls and those of lower socio-economic status. These unhealthy lifestyles are
known to hinder several areas of physical [2] and psychosocial development for
youngsters, and to be associated with a lower academic achievement [3]. An

© Springer Nature Switzerland AG 2018
S. Gobel et al. (Eds.): JCSG 2018, LNCS 11243, pp. 288-293, 2018.
https://doi.org/10.1007/978-3-030-02762-9_31


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02762-9_31&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02762-9_31&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02762-9_31&amp;domain=pdf

SmartLife — Exergames and Smart Textiles 289

intervention to promote energy-related behaviours among adolescents is thus indicated
and may also address social inclusion. Exergames, which require movement to be
played, have great yet underused potential to promote these behaviours. To fully utilise
this potential, exergames need to promote moderate-to-vigorous physical activity; need
to be tailored to the individual user; and need to be more engaging. SmartLife project
aims to create such an exergame. This project is co-funded by the Horizon 2020
Programme of the European Commission under Grant Agreement No. 732348.

2 Introduction

SmartLife exergame is a mobile game, which requires lower body movements. The
game combines with a textile with smart wearables which can be a valid method for
measuring physical activity [4], and for example provide immediate feedback (e.g.
heartrate, respiration, movement...) and ensures exercises are performed at a moderate-
to-vigorous intensity level. The sensors send the information to the user’s Smartphone
and the game adapts to the physical conditions of the player in order to promote healthy
living habits and avoid sedentary behaviours in adolescents in such a way as to reduce
the risk of suffering cardiovascular diseases at early ages.

The game is tailored to individual user’s needs, using the smart textile data, and
based on available evidence and big data analysis. Furthermore, SmartLife try being
highly engaging, e.g. by adding a narrative and context information, and using user
input throughout the design (‘participatory development’). At the end of the project
will have two main outputs, the exergame for mobile phones and the development of an
intelligent garment in which wearable movement sensors such as accelerometers,
gyroscopes and magnetographs is integrated. These objectives are realized within the
following SmartLife features.

2.1 Wearable Sensor System

A wearable sensor system has been developed and integrated into textile, for example:
t-shirts, wrist bands, bands, etc.; which monitors adolescents’ physical activity and
sedentary behaviour by obtaining data such as movement of the user while playing the
SmartLife game. These sensors integrated into textile are able to send physical activity
and sedentary behaviour parameters of the player to the game and the game adapts the
activities to the physical condition of the player.

The electronics include physical movement sensors, but also additional functions
such as processed activity data obtained from the sensor data, this allows sending
relevant information to the game already processed ir real time. This could be con-
trolling different aspects of the game like speed, difficulty, etc. according to the
physical activity.

2.2 SmartLife Exergame and Narrative

The game consists of a mobile game requiring lower body movement where the player
has to move to meet the game challenges. Specific game features have been tested
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together with the target group. Thanks to this game, SmartLife promotes active and
healthy habits among adolescents, making them run, move or jump for example. The
game is synchronized with the wearable sensor system and connected to a community
of players where players could share their results with other players encouraging them
to improve and obtain better results (Fig. 1).

Fig. 1. First draft of the game shelter

Exciting game mechanics have been developed to engage the users that leads the
player in an entertaining narrative experience. The story takes place in a post-
apocalyptic world and can be played indoors and outside with a focus on mini chal-
lenges that require physical activities that are tracked by a smart textile the player must
wear. In the game the user slips into the role of a human survivor in a post-apocalyptic
steam punk scenario. This character lives alone in a shelter surrounded by a contam-
inated abandoned environment. He only can survive by maintaining the shelter’s power
supply and by exploring the surroundings to gain new resources from time to time.
Should the character desire to explore the environment, he or she must wear a pro-
tective suit that unfortunately has a limited power, therefore forcing to return to the
shelter in time. With the help of the radio set, the player gets in contact with other
survivors and finds out that there is a clean decontaminated island next to the coast
where other survivors are building up a new livelihood. With this good news in mind,
the player must lead the survivor to the coast step by step, increasing the range of the
suit durability, improving the shelter together with the help of some robots.
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The SmartLife game consists of several goals that can be seen as the main drivers of
the game and supporting activities to ensure longevity of the gameplay as well as a
long-term engagement. The overall goals of the SmartLife Game are:

Survive in the present!
Get in touch and meet up with other survivors!
e Find a way to reach the coast in order to travel to the save island!

As part of interactive storytelling scenarios, a number of narration types are dif-
ferentiated. These can be narrated to the level the player is currently playing on or to
the activities they are performing.

Narration Related to Level - The story tells with the use of events that appear in
form of pop-ups with text, illustrations and sometimes voice over dialogs. These events
are triggered by the player’s progress in the game that is expressed in their current
level.

Narration Related to Activities - Some of the activities the player has to execute
(outside, inside, daily jobs, other players) are introduced with a story snippet that is
related to different situations, NPCs and places. During each activity, the player is
accompanied by the navigator bot via radio set that gives status updates to the player
via headset or smartphone internal speaker. Some of these updates also contain story
relevant texts.

Some of the story events allow the player to influence the story by making deci-
sions via multiple choice answers. These selections influence the progress of the story
in different ways therefore ensuring non-linearity of the gameplay and increases per-
ceived autonomy and sense of control. During the performance of the physical activ-
ities, the story experience is also related to and influenced by the intensity level of the
user that is tracked by the smart textile (T-Shirt).

2.3 Game Data Analytics

Data collection, cleaning and fusion services, can use the collected data to classify
physical activity. The users’ physical activity can be classified in two separate ways,
activity type or activity intensity. Regarding activity intensity, the main objective is to
identify when the user is doing moderate to vigorous physical activity (MVPA). Since
the project aims to promote physical activity and reduce sedentary behaviour, it’s very
important to be able to detect when the user is doing the so called MVPA. This
identification is made in real-time and is directly connected with the game itself.
Classifying physical activity type is the other classification method that was developed.
The activity type was considered, in order to add an extra layer of activity identification
and to allow a better personalized gaming experience to each user, by label them
depending on the type of exercise they usually perform. This type of classification is
done in an offline mode and using two different types of input, activity index (Al) and
raw accelerometer data, both collected from the wearable sensor. In short, a creative
model has been used in the Data Collection Module to measure the intensity and
magnitude of the activities, but for detecting the activity type, a more complex data
analytics model had to be developed.
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A common approach to data analysis, usually requires applying machine learning
algorithms to data. Among various tasks of data mining, supervised classification is
suitable for activity recognition task. Classification is used to categorize data into
predefined classes. In this sense, by defining a set of activities, a classification model
can reveal the activity performed at the time of data collection. The data collected from
the sensor is used in Data Analytics module to train a classifier for detecting six
different activities: Still, Walking, Brisk Walking, Running, Up Stairs, Down Stairs.
Supervised learning models, sometimes also referred as predictive models, use a set of
known data samples (training data) to build a model for predicting the value of
unknown occurrences. The training data is used to find relations between values in the
same class and later can be applied to unknown data (testing data) to find the most
similar class for it. Hence, like any other classification application, activity classifi-
cation requires to train a classification model based on labelled activity data and then
use the model to predict the label of unlabeled activities.

The collected data from the sensor is captured by the smartphone and used by the
Data Collection Module in real-time to calculate users’ MVPA. While this data is being
used in real-time, it is also saved locally on the device in a SQLite database to lately
serve as an input to the offline data analytics module. When measuring physical
activity, the data usually includes noise in the start and in the end of the activities data
that can reduce the accuracy of the model. The noise on the collected data can occur for
several reasons such as the time difference between starting the data collection in the
app and start doing the exercise. Another type of noise can come from the sensor itself,
since if the data collection process starts mid-exercise, the first values are always off the
normal expected values. Thus, before providing the activity data as training data into
the model, it is necessary to clean it. Machine learning and statistics techniques can
also be used for automatic outlier detection and removal. The objective in outlier
removal is to eliminate the observations that are very different from the others and
considered as polluted. These deviant observations can be detected using standard
deviation.

The accelerometer sensor provides data in two modes, Al and 3-axis acceleration.
While 3-axis data can provide more details about the situation of the player for
detecting the physical activity, Al mode consumes less energy and can be used for
longer playing sessions. Two different training models have been developed for
recognising the activities of the players in each mode of the sensor. The first model uses
machine methods such as Decision Tree to do the activity classification using Al data
and the second uses deep learning methods for implementing a Neural Network to
predict the activity using 3-axial data of the sensor.

After the training process, the model is ready to be used to identify the activity type
that the user is performing. The activity type model is able to predict which type of
exercise the user is doing, based on the similarity between the data being collected and
the occurrences that had been used in the training phase. The output of the model is the
activity label usually including a prediction certainty value.
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