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In the area of physiotherapy, rehabilitation, and prevention (PRP) [136],
for example, motion-based games for the supp ort of existing treatments and
exercises [119] have b een ex plor ed for a wide range of target groups, such as
older adults [10, 39, 53, 149, 155], p eople with Park ins on 's disease [11, 110, 134],
children with cerebral palsy [45, 68, 74], p eople in s troke recovery [6, 29, 38, 156],
and more [52], with many p ositive indications [62, 72, 102, 124]. Other application
scenarios cover a broad range from surgeon education [61], over public health
information [47], to p ersonal hygiene and nutrition [14], as well as cognition and
mental health [7, 10, 51].

Indep endent of the sp eci�c application area, games for health o�er three
central pillars of p otential [135] which also apply to serious games in general.
Most prominently, they have the p otential to (1) motivate players to p erform
tasks that they might otherwise b e less motivated to p erform by employing a
playful, game-like, or f ully game-style mixt ure of design, reward structures, game
mechanics, and storyt elling. However, due to their interactive nature, s erious
games can also o�er (2) guidance and feedback regarding the task at hand that
might otherwise n ot b e available, thereby p otentially improving task execution
and minimizing the r is k of mal-executions. Lastly, next to momentary feedback
for guidance, serious games (e.g. for health) can als o provide to ols to supp ort
the (3) analysis of user p erformance over time, which can help with forming a
more ob jective picture of individual progress.

In order to utilize t hes e p otentials, games for health need to b e carefully
designed to match the resp ective u se case and target group. To this end, user-
centered iterative design and participatory approaches are frequently applied.
However, since iterative design usu ally targets average users from a larger group,
and since the target groups of games for health are often comp osed of individu-
als with very heterogeneous abilities and needs, metho ds for p ersonalization via
adaptability and adaptivity are required if the use of the p otentials is to b e op-
timized (cf. also S treicher and Smeddinck on Personalized and Adaptive Serious
Games in this volume). While adaptability and adapt iv ity [17] in the context
of health app lications are a topic that has b een covered by research for many
years, recent advancements in the mobility, ubiquitous availability, and inter-
sub ject iv ity of the analysis of sensor data and user p erformances allow for much
more comprehensive and contextually grounded data analysis and user mo del
construction. In turn, these developments facilitate more densely evidence-based
and quantitatively stable decision-making.

Besides the p otential of playfu l met ho ds and games in health which moti-
vates research and development, there is also considerable economic pressure
that is visible in auspicious market estimations [124]. Despite the p ositive out-
lo ok, games f or health develop ments are often held back by challenges such as
the complexity of clinical validations, the need to comp ete with high-quality
game pro ductions, limited evaluation metho ds, regulatory hurdles, and limited
acceptance of playfulness in professional and s erious contexts. Due to the inter-
disciplinarity in the research and development of games f or health, which involve
game designers, researchers, and professionals, as well as due to the dual role of
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players that are often patients with primary and secondary interests that di�er
b oth from those of regular gamers and b etween individuals, various complex
and interdep endent challenges arise. At the same time, a wide range of design
and research metho ds have b een tested in the context of games for health and
some guidelines are b eginning to emerge together with informative applicat ion
examples.
The remainder of this chapter will provide d etailed discussions of the topics

that were summarized in this intro duction and aims to leave the reader with
an initial broad understanding of the state of the art, the central challenges,
technical and metho dological approaches, and avenues for future work , allowing
for directed further reading and exploration of this comparatively young and yet
broad and challenging research area.

1.1 Ch apter Overview

This chapter is structured as follows:

Foundations of Games for Health A summary of the foundations t hat sup-
p ort a further discussion of the topic, inclu ding the terminology, the relation to
eHealth, the central pr omises of games for health, a brief discussion of theories
of motivation that are closely tied to games for health and serious games as
a whole, heterogeneity as a central challenge in the design, development, and
evaluation of games for health, as well as an overview of considerations on typ es
and classes of games for health.

Designing Games for Health A discussion of imp ortant asp ects of the design
of games for health, such as the imp ortance of user and exp ert involvement, the
p ersp ective on player abilities as resources, considering levels of gami�cation and
the imp ortance of stories, as well as general ap proaches to evaluations.

Games for Health Examples and Illustration The section contains a sum-
mary of seminal work t ogether wit h a discussion of the progression of three
consecutive games for health pro jects that serves to illustr ate practical chal-
lenges, approaches to these challenges, design and implementation strategies,
intermediate evaluations, and the resp ective outcomes that o ccurred during the
practical research and development of mot ion-based games for health pro jects.

Challenges with D esigning and Researching GFH A s ummary of com-
mon challenges that o ccur when researching, design ing, and implementing games
for health, ranging from interdisciplinary and multiple party interests, over het-
erogeneous tar get groups and the need for adaptability and adaptivity, to safety,
practical integration, long-term s itu at ed evaluation, and et hics, data privacy, as
well as regulator y concerns.
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Current Trends and Op en Research Questions A brief outlo ok on promis-
ing avenues for currently breaking and future work.

Conclusion, Outlo ok, and Further Read ing This chapter closes with a
general summary of the content and the outlo ok, together with a brief list of
recommended related work for further reading and online resources that contain
further information on the topic of games for health.

2 Foundations of Games for Health

Games and playful elements have b een used for serious purp os es in health even
b efore the app earance of computer or video games . Examples range from colorful
illustrations in eye-sight tests for children to analogies such as �holding one's arms
up like branches of a tree�, or �hopping like a frog� in kinesiatric therapy. The
p otential transfer from employing the motivation al p ower of traditional (non-
video) games and playful elements for health purp oses to employing computer or
video games instead has b een recognized even in very early video game research
literature. Crawford [35], for example, highlights physical or mental exercise as
a secondary motivation to play games that is r o oted in the evolutionary b ene�ts
of engaging in such exercises.
Since the early conceptual r eferences, games for health has not b een the only

term used to describ e the application of computer or video games for serious
purp oses related to health. An overview of common terminology, including def-
initions that this chapter relies up on and relating the mos t central terms to
each other, thus lays the foundation for the following section s on the founda-
tions of games for h ealth . The cent ral promises of games for health are covered
in a separate section, as well as the foundations from motivational psy chology
that are frequently employed in serious games and general game r es earch and
design. The central challenges stemming from the heterogeneous abilities and
needs of target groups of games for health, the interdisciplinary nature of games
for health research, design, and development, as well as the interests of various
parties involved with creating and using games f or health are also discussed. Fur-
thermore, general eHealth is discussed as a larger related context for games for
health togeth er with central approaches in GFH, a structure for the typ es and
classes of GFH, and a gami�cation continuum to provide a further delimitation
of GFH from related approaches.

2.1 Terminology

The Games for Health Project 1 de�nes games for health simply as �game tech-
nologies that improve health and the delivery of health care� [115]. GFH are
sometimes referred to as serious games for health . Since the term serious is

1 Games for Health Pro ject: http://www.gamesforhealth.org/
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redundant, the addition can b e abandoned. The term health games is used syn-
onymously. Other less common terms that are used s ynonymously are eHealth
games [34], digital health games [18, 24], healthy gaming [25], and more. In order
to avoid fragmentation of the �eld, it app ears advisable to consider wheth er the
term games for health may b e used in future discourse. Other terms such as
exergames , �tness games , virtual rehabilitation , kinesiatric games , motion-based
games for health , mental health games , or cognition games are sometimes used
synonymously, although they can arguably b e seen to describ e s p eci�c sub classes
of GFH (her e: di�erent physical and mental health targets).

The terms gami�ed health , health gami� cation , or alt ern at ively gHealth bring
the asp ect of gami�cation into the terminology and are not easily dismissed
since they do ar guably match the de�nition provided for GFH ab ove. Since the
debate on gami�cation and games is not the topic of this chapter, this text
op erates on the premise that b oth approaches re�ect di�erent angles of the
same concept of using game technologies [44] to impr ove health and the delivery
of health care: While gami�ed healt h highlights the underlying ser ious purp ose
and application as the origin t o which gami�cation elements can b e added to a
variable d egree, GF H highlights the motivational p otential of fully �edged games
which can encompass a certain range of serious health purp oses.

While games for health can often also b e games for behavior change [48,
65] or persuasive games [111], thos e two classes encompass many other applica-
tion areas. Moreover, GFH can also b e non-p ersuasive and not tailored towards
b ehavior change (as for example in many GFH that supp ort the education or
training of health care professionals [14]). There is , however, considerable overlap
b etween education or learning games that target professional or public educa-
tion in health related areas and educational or learning games for health that
is di�cult to avoid since the framing usually dep ends on the professional back-
grounds of the researchers or game designers. It is therefore imp ortant to b e
aware of the various angles t hat di�erent research ers , designers, develop ers, and
GFH pro jects can take regarding the same core s ub ject matter.

2.2 Background in eHealth

Games for health are ro oted in b oth (serious) games and health information tech-
nology applications. The latter are also frequently referred to as eHealth . The
eHealth �eld is currently growing rapidly, fueled by an increased connectivity of
devices and services, as well as by growth in the areas of mobile devices and other
a�ordable multi-sensor devices with access to p owerful data pro cessing. Mobile
eHealth applications exist for a large range of application areas ranging from
diagnostics, over education and inf or mation or health service lo calization and
promotion, to activity tracking and the active supp ort of treatment s. Although
the integration in widespread pub lic health treat ment is often still exp erimental
[100], more than 31,000 applications were rep ortedly available on app markets by
2014 [97]. In an example of a rath er develop ed eHealth market segment, a num-
b er of tracking platforms for exercising and �tness have b een established (e.g.
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Strava, RunTastic, RunKeep er, Nike Plus, MyF itn ess Pal, etc.) [88]. These ap-
plications supp ort a wide range of di�erent sp orts and health activities, but they
usually do not incorp orate sp eci�c health treatments and they ar e limit ed to the
supp ort of selected consu mer tracking devices. However, many applications tai-
lored to sp eci�c and often complex med ical devices, such as rob otic walking aids
or exoskeletal hands f or rehabilitation [116], are currently b eing researched and
develop ed. The notable involvement in existing or up coming eHealth platforms
of all big players in digital technology, namely Apple, Go ogle, and Microsoft [94]
shows that eHealth is a considerable market.
While digital health applications are already b eing used by more than 30%

of all US adults [88], there is still a lack of clinical research, esp ecially regarding
the usage of th e platforms that encompass multiple health r elated activities [21,
88]. Despite this widespread lack of clear scienti�c evidence, many consumers are
willing to pay for existing applications, even in cases where manual data entry
is required [94]. Due to the growing numb er of integrated sensors and their pro-
cessing and connective capabilities, smartphones (and to a cer tain extent tablets
and digit al watches) are b ecoming the primary devices for eHealth platforms and
their interfaces. This, of course, raises a need of ethical and lawful data storage
and pro cessing [118], which also applies to most GFH.

2.3 Promises of Games for Health

In the context of motion-based games for the su pp ort of phy siother apy, reha-
bilitation, and prevention, three centr al areas of p otential b ene�ts of employing
game technology have b een identi�ed in a classi�cation that arguably generalizes
to motion-based games for health (MG H), GFH, and even serious games as a
whole. These three �promises� are motivat ion, guidance, and analysis [103, 135].
Motivation : Game technology enables entertaining and captivating exp eri-

ences that can motivate players to p erform actions, even if these actions are
rep etitive, strenuous, or str aight out undesirable to a considerable extent. This
is clearly evidenced by b ehav iors such as grinding in games, where players will-
ingly accept long stretches of tiring and rep etitive activities due to the promise
of following rewards. In GFH this can mean, for example, that patients can b e
motivated to p erform the often strenuous and rep etitive exercises that are re-
quired for successf ul physiotherapy or rehabilitation. In the cont ex t of health
professional education, games or a playful approach can motivate surgeons to
p erform a large numb er of simulator trials whilst stay ing fo cused despite b eing
aware of the unreal nature of the pro cedure. A sp eci�c example of a GFH that
makes use of a broad range of motivating game elements is Valedo [81].
Guidance : The interactive nature of digital applications paired with sensing

and feedback mo dalities as well as analytic abilities allow for guiding the players
regarding the quality and safety of their target activity p erformance. In the
context of MGH this can mean that players are inf or med when they fail to assume
the prop er st an ce or p ose during a physiotherapy exercise and that corrections
can b e o�ered, p otentially avoiding mal-executions and injuries, esp ecially in
situations where no professional supp ort would otherwise b e available, such as
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in the f req uent use case of exercising at home. The same principle can apply to a
professional health game for surgeon training that could facilitate training with
less (or without immediate) sup ervision. Sp eci�c examples can b e found in the
visual b o dy represent at ions with highlights and shap es outlining go-to p ositions
or p ostures in the VirtualRehab Bo dy [150] and Re�exion Health [1] systems.

An alysis : GFH are usually deployed on platforms with rich information pro-
cessing capabilities and Internet connectivity, making data aggr egation across
sessions (and p otentially also across di�erent users) p ossible. Thus, the regular
and prolonged usage of GFH allows for the ob jective analysis of the development
of individuals with regard to sp eci�c game p erformances, and sometimes even
regarding general abilities, which can b e useful for individual users and profes-
sional p ersonnel alike. In the context of motion-based games for the supp ort of
physiotherapy, for example, it is usually di�cult for patients and therapists to
gain an ob jective impression of patient p erformance and development b etween
practice visits. MGH can deliver ob jective data for the time b etween practice
visits, where therapis ts previously had to rely solely on patients' self-rep orts
[148]. Us ers of professional learning GFH and their ed ucators can likewise b en e-
�t fr om developmental overviews and grounded pro jections. Practical examples
can b e found in many patient and professional information interfaces for games
for health and in p ersonalized rep orts, such as the development rep orts targeting
parents that are available in the game Meister Cody (transl.: Master Co dy) by
Kasaa Health, which fo cus es on children with dyscalculia [90, 91].

Fig. 1. Three central areas of p otential b ene�ts of GFH; aft er [103, 135].

Considering the wide s cop e of these promises, it is imp ortant to recognize
that any sp eci�c GFH do es not have to implement all of them to the full extent,
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since GFH are already successful in b eating many baselin es that are de�ned
by the most common appr oaches t o real-world situated health applications. For
example, as Uzor et al. s how [148], the current standard in many kinesiat ric
therapy applications for practicing at home is to provide patients with a s heet
of pap er with some instructive images and a description of how to p erform
exercises. It was shown that this practice leads to patients p erforming exercises in
a sub optimal or even malicious manner, miscounting their rep etitions, forgetting
whole sets of exercises, misrep orting to therapists, etc. [148]. It is clearly apparent
that the p otential in data recording and an alys is of MGH o�er opp ortunities
for improvements regarding these problems. On a similar note, the inter-rater
variance of movement quality judgements b etween therapists has b een shown to
b e considerably high [114], meaning that di�erent therapists , for reasons such
as di�erent scho oling or professional fo ci, may judge the quality of a certain
movement execution by a patient considerably di�erently. The ob jective data
gathered by GFH and analyses based on such data have the p otential to o�er
improvements with regard to such issues as well.

While these p otential areas of b ene�t certainly validate research and de-
velopment e�orts in GFH, it is imp ortant to underline that the p otentials are
frequently abused to exaggerate the pr actical b ene�ts of GFH and even to chal-
lenge the relevance of human health professionals. As the following sections re-
garding challenges of GFH will show, it is much more reasonable to approach
research and development regarding GFH with an aim at augmenting the avail-
able palette of to ols for supp orting health and the delivery of health care. Health
professionals will likely continue to play a central role in steering the general di-
rection of treatments and in assuring the adequacy of using sp eci�c GFH with
apt con�gurations. In any case, the research and development of GFH involves
considerable challenges. In the context of th e foundations of GFH, an awareness
of the psychological basis of motivation and employing existing theories based
on an understanding of the implications of widely varying individual abilities,
needs, and the resulting game and exercise p erformance skills, is key to successful
GFH pro jects.

2.4 Theories on Motivation and Games for Health

Related work in GFH references the s ame foundations that are frequ ently r elied
up on in general serious games and game user resear ch. Perhaps most promi-
nently, the theory of �ow is used to explain how games can motivate player s to
b ecome so engaged that they are apparently completely drawn `out of their b o d-
ies' and `into a play s es sion' [36]. While �ow theory encompasses analog play and
many other activities that can induce the arguably highly intrinsically motivated
state of �ow that supp orts the execution of evolutionarily b ene�cial activities
[36], it has b een connected to digital games b oth by Csik szentmihalyi [37] and
other authors (e.g. [32]). From a numb er of requirements that can facilitate a
state of �ow [36], the balance b etween the skills of a player and the challenges
presented (by the game), is most frequently employed in order to illustrate the
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game design challenge of creating adequate tasks and ex er cises that match a
given player at a given time.

Concerning GFH, Sinclair et al. [129] have present ed the imp ortant argument
that in motion-based applications for exercise and health, the balance b etween
player skills and game challenges exceeds the traditional fo cus on digital game
design and mechanics, and the balance b etween phy sical abilities of a player and
the challenges presented plays an eq ually imp ortant r ole (see �gure 2) [130]. It is
also due to the interwoven nature of cognit ive and physical activity in motion-
based games for health that they are almost intrinsically of a dual-task nature
[113]. Dual-tasks have b een shown to b e more b ene�cial than eit her cognitive or
motor training alone [27]. The dual-�ow approach to the balance of skills an d
challenges can b e generalized to highlight the need to consider any physicality or
otherwise expressed ability or skill that is directly linked to the e�ectiveness of
an intended outcome of any G FH (not only motion-based) or serious game. For
example, if mental skills are the serious fo cus in a GFH, the balance b etween
player skill and pr es ented challenges regarding these skills must b e considered
in addition to any balance of challenges and skills related to the playful or game
elements employed in the GFH. Arguably, in many well integrated GFH there is
an overlap b etween these two areas; however, b oth views are imp ortant angles
of consideration during game design and for game user research in t he contex t of
games with serious purp oses that are to b e implemented in an e�ective manner
while maintaining the motivating p ower of (adequately challenging) game play.

Fig. 2. The du al-�ow mo del for exergames; a generalized adaptation of the mo del after
Sinclair et al. [130].



10 J. D. Smeddinck

In these terms, it is also apparent that this p ers p ective can b e connected
to the thr ee central promises of GF H, where motivation corresp onds to attrac-
tiveness, and guidance and analysis are linked to e�ectiveness (momentary and
prolonged).

As another approach on motivation, self-determination theory (SDT) [41] is
increasingly b eing used in the context of games, serious games, and GFH. Sum-
marizing in plain terms, SDT as a need satisfaction theor y states that three
basic human needs must b e ful�lled in order to supp ort intrinsic motivation via
a self-det ermination motive: competence (the need to feel comp etent at things
we do), autonomy (the need to feel free in our decisions and goal selection),
and relatedness (the need to feel related and so cially connected t o other p eo-
ple). Rigby and Ryan [121, 123] have convincingly established the application of
SDT in games, while SDT has also b een successfully employed in the context of
sp orts / exercising and general health b ehavior motivation. It is therefore a very
interesting to ol in the context of GFH and MGH. Psychometric instruments con-
structed on the basis of SDT, such as the intrinsic motivation inventory [104]
or the player experience of need satisfaction questionnaire [122] can not only
supply game researchers and designers with validated measures of motivation,
but also shed light on the subscales of motivat ion that often show additional
telling trends under exp eriment al manipulation [19, 20, 136].

Fig. 3. Comp etence, autonomy, and relatedness needs satisfaction combined facilitate
the self-determination motive. After Deci et al. [41].

While stemming from di�erent scho ols, �ow theory and SDT do recognize
each other and research could b ene�t from the simultaneous use of b oth theories
despite their similar fo ci. While SDT fo cuses mainly on the basic premises that
shap e a self-det ermination motive that enables intrinsic motivation in the �rs t
place, �ow theory is mostly concerned with questions around how a momentary
situation of very strong intrinsic motivation arises and how it can b e maintained
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[139]. Thus, b oth approaches can make imp ortant contributions to dissecting
the overall p erception of motivation in research on GFH. Likewise, Denis and
Jouvelot [42] have suggested a mo del that relies on S DT, however, they establish
motivation in the context of games as a balance of challenge and s kills in a
manner akin to the application of �ow theory in the context of games [32].

Fig. 4. Intrinsic motivation as a balance b etween challenges and skills. Adapted from
learning games to exergames, following t he original mo del by Denis and Jouvelot [42].

Drawing f rom the classi�cation of motivational qualities into (a) intrinsic
motivation , which relates to the push to act freely and on one's own volition,
(b) extrinsic motivation , which relates t o factors external to the activity itself,
leading an actor to b e willing t o p erform an activity, and (c), amotivation , which
describ es the absence of motivation [40], Denis and Jouvelot construct a mo del
that suggests a central corridor of intrinsically motivated states which only arise
in a state of balance b etween challenges and skills. Prep ending the notion of the
duality of dual-�ow, the mo del can also b e expanded into a dual-balance mo del
where a second corridor is constructed around the physical activity (replacing
learning with exercising, as indicated in �gure 4), for the case of motion-based
GFH, or around the res p ective serious target outcome in the case of other GFH
or serious games.
A third prominent motivational th eory that is employed in the context of

serious games is self-e�cacy [12]. Self-e�cacy, or the extent of one's b elief in
one's own ability to complete tasks and reach goals, has b een linked as a predic-
tor to completing health related tasks and goals, and has also b een used in the
context of games [141]. While the construct is helpful in principle, it do es not
lend itself to comparative reasoning as readily as SDT, s ince it is recommended
to construct customized measures for indep endent use cases [13]. However, since
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motivation and feedback play explicit roles in self-e�cacy, it can prov ide insight-
ful p ersp ectives in GFH research and development.

While motivation is imp ortant, the challenge of researching and creating suc-
cessful GFH exceeds the asp ect of momentary or prolonged motivation to engage
with activities that have some direct or indir ect health b ene�t. The goal is of ten
to persuade users into �rst starting a treatment or change, and to trigger last-
ing behavior change . Mo dels and approaches from p ersuasive applications design
[112] and b ehavior change [48] have b een used in the context of serious games
[14, 147] and provide f urther background on these broader concerns. We do not
provide a more detailed discussion of these approaches, since they are discussed
in other chapters of this volume.

2.5 The Central Challenge of Games for Health

Due to heterogeneity on multiple levels, in addition to user and use case centered
design, �exible yet e�cient adaptability and adaptivity to create optimized ex-
p eriences for groups or p ersonalized exp eriences and outcomes for individuals, is
the arguably most central challenge around GFH. It is also the reason why com-
mercial mass market games can only rarely b e used successfully as GFH. Typical
monolithic and coarse di�culty settings like �easy�, �medium�, and �hard� do not
allow for the required level of �exibility. This challenge stems from the strong
di�erences in capabilities and needs of GFH users, which - in turn - res ult from
a numb er of asp ects.

Heterogeneous Application Areas. As argued ab ove, GFH are b ein g researched
and develop ed for us e in widely di�erent application areas. Still, GFH often
target multip le application scenarios within the same application area, which
can require notable adjustments.

Heterogeneous Target Groups. Sometimes, application areas or s cenarios are tied
to a very sp eci�c demographic sub-group, s uch as p eople within a certain age
range (young children, children, adolescents, young adults, or older adults [109],
or frail older adults [55]), or p eople of a sp eci�c so cial, cultural, or economic
status. Oftentimes, however, a GFH will b e aiming to encompass multiple of
these groups with the resulting r eq uir ement to allow for enough �exibility to
cater to the resp ective abilities and needs of their individual memb ers.

Heterogeneous Individuals. Even within sp eci�c target groups and sub-groups,
individuals frequently have strongly di�erent abilities and needs. For example,
due to increasing variance in age-related a�ictions and related physical and men-
tal abilities, older adults of similar age can b e very di�erent from one another.
In another example, strong di�erences e.g. in the range of motion of di�erent
players of a game for the supp ort of therapy for Parkinson's disease patients
were recorded and discussed (cf. �gure 5 which illustrates di�eren ces in motion
dynamics and range of motion in two players )[134].
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Fig. 5. A s eri es of images of participant s in a study of motion-based games for the
supp ort of physiotherapy for Parkins on 's dis eas e patients [134]. One participant (left)
show s a notably smaller range of motion, and less dynamic movement th an the oth er
(right).

Games have b een shown to have the p otential of p ositive impact s on inter-
generational acceptance [146] and social in tegration [26, 101]. So cial interaction
around games and multiplayer situations b etween memb ers of heterogeneous
target groups require careful consideration and oft en times additional �exibility,
or even di�erent approaches to adaptability and adaptivity altogether. This was
rep orted, for example, in a study by Gerling et al. [56], which gives insight into
how visible adaptations for balancing b etween two players of a lo cal multiplayer
game led to advers e results in homogeneous player pairs. Fur ther results in dicate
that such adjust ments are much more readily accepted in notably heterogeneous
player pairs (in this case wheelchair users playing with non-wheelchair users; cf.
�gure 6).

Fig. 6. Two photos taken as part of a st udy of the impact of di�erent levels of visi bility
of di�culty adjustments on player p erformance and exp erience with di�erent results in
dyad s of players with more homogeneous abilities ( ri ght), compared to d yads of players
with rather heterogeneous abilities (left).

Heterogeneous Interested Parties. In addition to the challenges mentioned ab ove,
a numb er of di�erent parties act with di�erent interests, needs and ab ilities in
the larger ecosystems that GFH must function in. Next to the players or patients
(a complex duality in and of itself ), professionals, such as do ctors, therapists,
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care givers, or professional educators, may interact with the games or with in-
formation and settings interfaces for the games. Family memb ers and other rel-
atives, such as parents, or other guardians of the core users are often involved.
Lastly, game makers, develop ers, designers, artists, system administrat or s, and
researchers (from a wide range of disciplines, such as game design, computer
science, medical s cience, therapy, sp orts science, psychology, storytelling, etc.)
are also part of the development and release ecosystem of GFH.

Drawn together, in many cases, GFH need to cater to very sp eci�c needs and
abilities of their players due to a broad range of heterogeneous target groups
which are themselves typically comp osed of p eople with considerable variance
regarding abilities and needs in terms of b oth the interaction with the game
and the interactions linked to the targeted serious outcome, as well as variance
regarding prior knowledge, and exp ectations of games. Next t o the impact of the
application target, the so cial status, age, technological a�nity, and fu rther fac-
tors, such as the interests of many di�erent user groups, must b e considered when
designing, implementing, and res earching GFH. Even given a prop er approach to
design (cf. to section 3 on designing games for health in this chapter), this leads
to manual adaptability and automated adaptivity as central challenges (the chap-
ter on Personalized and Adaptive Serious Games by Streicher and Smeddinck in
this volume provides a detailed discuss ion).

2.6 Typ es and Classes of Games for Health

Considering the broad range of application scenarios and p otential user groups ,
a structured approach to the typ es and classes of GFH is helpful to allow for
a systematic discussion of design and development metho ds, as well as research
e�orts. One ap proach are grids with game characteristics, such as the summar y
presented by Rego et al. [119] for s er ious games for rehabilitation. They sam-
ple related work to retrieve characteristics such as application area (motor or
cognitive), interaction technology (motion tracking, keyb oard, etc.), as well as
game interface, numb er of players, comp etitive or collab orative nature, game
genre, adaptability (yes / no), progress monitoring, p erformance feedback, and
p ortability. Other, more top-down approaches generate a structure along (usage)
�elds and areas of application (cf. Table 1) [125, 52]. This taxonomy is es p ecially
helpful when planning the design of GFH or research ab out GFH, since it in-
duces a conscious re�ection ab out the p otential interests in other usage �elds
and helps with clearly de�ning areas of application.
In combination, b oth approaches can inform decisions and help shap e dis-

course. The layers of of active GFH (i.e. used to work on a sp eci�c health issue)
or supportive GFH (employed for related serious targets around a sp eci�c health
issue) could make a useful addition. Within a motion-based GFH category, rea-
sonable sub-classes are pervasive / location-ba sed games vs. partial-body , or ful l-
body motion-based games . Sawyer and Smith's class of assessment should b e read
to explicitly include diagnostics [85, 143], and a sub-class of structural support
(memorizing medication schedules, playful day plannin g, etc.) could b e added
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Table 1. A t axon omy for games for health as suggested by Sawyer and Smith [125].

Fields -> /

Areas of

Applicati on

P ersonal
P rofessional
P ractice

Research=
Academia

P ublicHealth

P reventative
Exergaming

Stress

Patient

Communication
Data Collection

Public He alt h

Messaging

T herapeutic
Rehabilitainment

Disease Mana gement

Pain Distraction

Cyb er Physiology

Disease M anagement

Virtual Humans First Resp onders

Assessment Self-Ranking Measurement Inducement
Interface /

Visualization

Educational
First Aid

Medical Information
Skills / Training Recruitment

Management

Simulations

Informatics
Personal Health

Records

Electronic Health

Records
Visualization Epidemiology

to the informatics area of application. While these taxonomy and classi�cation
e�orts can help shap e a more grounded dialogue ab out GFH and hop efully sup-
p ort the transfer of �ndings, it is imp ortant to note that many GFH and GFH
systems will represent a mixture of multiple classes, and that charact eristics will
b e expressed to variable degrees.

3 Designing Games for He alt h

The usual steps of a design pro cess as illustrated in the general context of serious
games (please confer to the resp ective chapters in this volume) also form the
basis of GFH design. However, as indicated in the preceding sections, GFH
intro duce challenging additional asp ects that require consideration. During the
design pro cess, after having determined the target group and serious purp ose, a
re�ection of the application ar ea is helpful. Brox et al. [25] have structured this
consideration into des ign for education, or p ersuasion, or ex er cising. Following
the classes by Sawyer and Smith to discuss and determine primary and secondary
targets would b e another option.

3.1 The Imp ortance of User and Exp ert Involvement

In addition to reviewing related literature, explorative metho ds, such as target
group surveys, interviews, exp ert involvement, pap er prototyping, or part icipa-
tory design play an imp ort ant role with GFH design, since these metho ds make
requirements and challenges evident that designers and develop ers might other-
wise overlo ok.
Participatory design workshops can deliver insights into unexp ected target

group preferences or whole alternative game concepts . For example, in a par-
ticipatory design workshop that was carried out in the context of t he pro ject
Adaptify while planning the development of games f or the supp ort of back pain
physiotherapy (see �gure 7), older participants were found to largely avoid com-
parative score or ranking displays, while younger participants highlighted their
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Fig. 7. The images show older adults during a participatory des ign worksh op on
motion-based games for h eal th that was carried out as a format ive measure in the
current ly ongoing pro ject Ad aptify [2]. The picture on the left shows parti cipants com-
p osing own game screen designs and the pict ure on the right shows a �nal design.
The study served the purp ose of determining preferred game screen elements and ap-
proaches to emb edding instruct or �gures and player characters.

imp ortance when asked to comp ose their own game screens using a large num-
b er of pre-printed typical game assets and p ens for the inclusion of own ideas .
The same series of workshops also pro duced alternative approaches to intersp ers-
ing play sessions with storytelling content that had not b een considered by the
pro ject designers or researchers prior to the workshops.

Fig. 8. A participant enacting movement capability adjustments either on a physical
or digital manikin du ri ng a series of two studies p erformed in the context of t he pro ject
Adapt ify. The study explored ap proaches to realizing e�cient and well-integrated pa-
tient movement capability con�gurations for physiotherapists [138].

In another example from the same pro ject, therapists were involved in the
early planning stage of an application for tablet devices for con�guring motion-
based games for health. Even b efore a �rst digital interactive prototyp e was
pro duced, therapists were asked to enact movement capability con�gurations on
a wo o den �gure in order to explore their bimanual interaction and how they
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comment on which asp ects of the movement capability con�gurations are im-
p ortant to them (see �gure 8). While a following study with an early interactive
prototyp e (see �gure 8) found that a mixtu re of direct manip ulation of a 3D
avatar with tr aditional input elements and clearly separated movement axes
worked b es t for the th erapists , the early involvement of the therapist led to
the unexp ected �nding that the therapists highlighted the usefulness of such a
to ol for communicating with other therapists and with patients ab out movement
capabilities and the development of individual patients [138].

Fig. 9. The �gure illustrates that non-gamer exp erts and gaming exp erts can b oth
b e involved to cover d i�erent asp ects of GFH development (here with the example of
motion-based games for healt h for ol der adults) [59].

As the game development progresses, and input from non-gaming exp erts
b ecomes available, the involvement of gaming exp erts can help interpreting that
information [59]. Following the application use case of MGH for older adults, �g-
ure 9 illustrates that non-gamer exp erts, such as do ctors, therapists, and nurses,
can provide valuable contributions with their insights into common age-related
changes and impairments, giving recommendations that help des igners imple-
ment b ene�cial movement-based game input, and su pp orting game develop er s
throughout evaluation pro cesses. Gamer exp erts, such as interaction and game
designers, can also make valuab le contributions by providing insights regarding
enjoyable game mechanics, appropriate interaction s chemes, etc.

3.2 Patient Abilities as Resources

Based on the mo del of digital games pro duced by Adams [5] and Fullerton et al.
[49], related work has discussed the p ersp ective that player resources can require
sp ecial con sideration with t ar get group s such as older adults [58]. Similar ly,
with games for health, players may have limited attention spans, abilities, or
sp ecial requirements that can b e seen as a depletable resource in game design
(see �gure 10). This lens is often helpful when planning interactions around the
serious target of the game. In a game for mental rehabilitation, for example, the
duration for which a player can b e very fo cused, can b e seen as a res ou rce that
may b e limited, changes over time, and may yet b e a central target for change
due to interacting with the game.
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Fig. 10. An extended mo del of digital games after Fullerton et al. [49] and Adams [5]
via [ 58].

3.3 Evaluation Criteria in Usability, User Exp erience, Playability,

Player Exp erience, and Accessibility

Most imp ortantly, next to traditional game user exp er ience outcomes , the sp e-
ci�c health outcomes of a GFH matter. This duality of target outcomes suggests
that b oth should b e considered in design and testing. As noted b efore, a theoret-
ical approach to this end is presented by Sinclair et al. [130] with the dual-�ow
framework. This work suggests a split of the general concept of �ow into psy-
chological �ow and physiological � ow, which is relevant for any motion-based
playful application . The physical �tness and abilities of any given user present
a physiological counterpart to the asp ect of skill (which would likely contain el-
ements of hand-eye co ordination, �ne-grained muscle control, and re�exes with
any sedentary game as well) and have to b e balanced with the level of physical
challenges that are presented by the game. If the challenges exceed the physical
�tness or abilities of a player, there is an increased risk of overstraining and
injury. If the challenges notably undercut the phys ical �tness or abilities of the
player, there is a risk of deteriorative e�ects due to a lack of training intensity, or
at least of a lack of an impact regarding the targeted health outcomes. This has
to b e con sid ered in game design, implementation, and testing, but it also has to
b e taken into account by adaptive systems for motion-based GFH. Next to the
temp oral �uctuations, the general interp ersonal di�erence in abilities also entail
that accessibility plays an imp ort ant role in the design of (motion-based) games
for health. The q ues tion whether the game system at hand contains barrier s that
could prevent users from the target group from reaping the p otential b ene�ts of
the application is even pre-conditional to the questions of playability and player
exp erience that are commonly discussed in game design literature [135]. If the
games are not accessible, any theoretical playability or player exp erience and
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any resulting motivation to b e active or any resulting p ositive impact on health
cannot come to fruition .

Given that asp ects of acces sibility are explicitly encompassed, user-centered
design, r ep eated prototyp e t est ing and early pilot studies play an imp ortant role,
if the complex challenges outlined in the preceding sections are to b e tackled.
GFH teams will b ene�t from following the classic user-centered design cy cle [64]
of analysis, design, implementation, and evaluation. However, it is imp ortant
to p oint out that the iterations evolve around multiple evaluative criteria (see
�gure 11).

Fig. 11. The �gure illustrates how user-cent ered iterative design in GFH revolves
around the four cornerstones of usability (UB), user exp erience (UX), playability (PB),
and player exp erience (PX).

Usability matters in games, b ecause they come with menus, settings, and
controllers that are not necessarily part of the game design in terms of mech an -
ics or aesthetics, yet are elementary for facilitating unhindered game play. It is
thus useful to evaluate them with classic usability criteria such as e�ciency, ease
of use, p erformance, etc. Additionally, the user experience that is p erceived by
the players in the interactions with the application surrounding the core game is
imp ortant. Unlike non-game applications, games, serious games, and GFH must
b e designed for a go o d player exp erience as well. Player experience results from
the interaction with the cor e game, the game mechanics, the rewards, p ot ential
so cial interactions, etc. and is measured with di�erent to ols (see for example the
section on Theories on Motivation and Games for Health in this chapter) than
usability (e.g. SUS [23]) or user exp erience (e.g. [93]). As a fourth evaluative
fo cus, playability regarding the interaction with the core game itself should b e
considered separately fr om the usability of the immediately surrounding interac-
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tions, and it is imp ortant to note that, while ine�ciencies and challenges in use
will only b e tolerated to a certain level, they do not always exert a clearly neg-
ative impact as they would b e from the p ersp ective of usability, since challenge
and ine�cient b ehaviors are imp ortant elements of many games [139]. Lastly, it
is also h elpful to recall the di�erent parties of interest intro duced in the precedin g
sections, which should b e considered separately with regard to how imp ortant
usability (UB), user exp erience (UX), playability (PB), and player exp erience
(PX) in a sp eci�c GFH are, or are likely to b e, to them. This overv iew clearly
illustrates the complexity of the iter at ive user-centered design approach with
GFH. Given an awareness of these challenges, however, these considerations can
help prioritize evaluations and design targets in GFH where b oth patients and
therapists are imp ortant target groups. While playability and player exp erience
are usually most imp or tant to the patients, the usability and user exp erience of
the interactions surrounding the core game play are of usually most imp ortant
to the therapists or other professionals.

Balancing Chal lenges and Ease of Use. When a game is reliably accessible,
playability frames the next set of pre-conditional design criteria that resemble
critical elements of usability. It is imp ortant to notice that classic criteria from
usability often do play a role in games, for example in int erf aces, but also con-
cerning the game controls, although maximum e�ciency and e�ectiveness (as
exemplary asp ects of usability) are usually not the fo cus of the core game me-
chanics [139]. To the contrary, since playful and/or game mechanics often evolve
around purp osefully challenging the user, they can opp ose the judgement by such
usability criteria. Games for health are interesting in this regard, since the serious
purp ose often results in designers having to �nd compromises b etween providin g
enjoyable game exp eriences and supp orting the serious goals. Arguably, go o d
GFH designs feature core mechanics that supp ort the serious outcomes as di-
rectly as p ossible. However, such solutions cannot always b e foun d and are often
not cost-e�ective. Alternatively, approaches with a less direct integration of game
mechanics and health-related activities, such as episo dic game play or game nar-
rative interwoven with temp orally distinct episo des of health-related activities,
also have the p otential to supp ort improved b ene�cial health outcomes compared
to non-game-based inter ventions.

3.4 Levels of Gami�cation and the Imp ortance of Story

As indicated in section 2.2 on the relation of games for health to general eHealth
applications, there is no clear line that separates playful eHealth applications
from GFH. One can envision a continuous scale of gami�cation r an ging from fully
serious applications to fully entertaining games, where, dep ending on the p oint
of origin, game elements or serious application elements are added or removed.
The understanding of gami�cation is often limited to rewards that are not closely
related to the remaining activities in an application. However, game mechanics,
design aesthetics, and story telling, as viable game element s for games for health,
should all b e considered during conceptualization and design. While the simple
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addition of a reward layer, such as the one illustrated in �gure 12 in playful
applications has b een shown to prov ide measurable b ene�ts [137], it can b e
exp ected that the intro duction of a broader rep ertoire of game elements, if d on e
in a harmonious fashion, can lead to more far-reaching p os it ive impacts on game
exp erience and b oth game and health related p erformance.

Fig. 12. The �gure shows two examplary screenshots of a gami�ed information ap-
plication for users of electro muscle stimulation training [137]. T he screen on the left
show s stimulation intensities of di�erent b o dy parts in the last trainin g session com-
pared to a reference sess ion and date picker UI comp onents for sel ecting the resp ective
sessions. The right screen shows a reward screen with a gallery of achieve ment badges
and a total score. Augmenting trainer d iscussions with small interaction sessions with
such p erformance-oriented appl ications was show n t o lead to improvements in some
motivational measu res .

Evidence for this hyp ot hes is can b e found, for example, in a comparative
study of di�erent levels of visual �delity ab out the impact on game exp erience
and p erformance in a game to supp ort physical activity in older adults (see �gure
13). Notable di�erences only o ccurred when the visual �delity was reduced to a
level that made the micro-story that was inherent in the �shing scenario of t he
game disapp ear [132].

Given the complexity of GFH design and r es earch, t he sections in this chapter
merely scratched the surface of the approaches and met ho ds that have b een
discussed. Additional design and evaluation approaches are the topic in related
work on games for h ealth in general [16] and in related work on the various sub-
classes of GFH, such as motion-based games for health (or exergames ) [108].
Many practical materials and more recent approaches and metho ds are shared
and discussed in variou s online communities on GFH (see section 8 on further
reading b elow).

4 Games for Health Examples and Illustration

In this chapter we do not present a s urvey of GFH with a strict sampling and
analysis metho d, since such surveys have recently b een pro duced with a range
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Fig. 13. Fou r levels of visual complexity of the same game, where the abstract version
(top left) was shown to have inferior e�ec ts on player exp erience compared to the other
versions .

of fo ci. Ricciardi et al. [120] provide a survey of seriou s games in health profes-
sions, while Baranowski et al. [14] provide an overview of games with a fo cus
on health-related b ehavior change, and Kato [83] rep orts on various examples
of games in professional healt h care applications. Notably, all of these surveys
rep ort numerous p ositive indications.

4.1 Seminal Work

In order to name some sp eci�c pro jects for further reading, this section highlights
GFH work of seminal ch ar acter. This means that each pro ject has considerable
novelty (usually due to the serious target), features a conv incing pro duction
quality, and is in the b est case accompanied by research t o supply evidence in
favor of the approach. Validated with clinical trials, the games Re-Mission one
and two, where players enter �their own b o dies� to take on the � ght against
malicious cells, help improve dr ug administration adherence and indicators of
cancer-related self-e�cacy and knowledge in adoles cents and young adults diag-
nosed with di�erent typ es of cancers [84]. The playful VR exp erience SnowWorld
[71, 72], where patients visit a world f ull of shades of light blue and other col-
ors asso ciated with cold and imagery of snow and ice, has b een shown to b e a
p otentially viable adjunctive nonpharmacologic analgesia b oth in the context of
wound treatment for burn v ictims and in dental pain control. The game Relive
[47] fo cuses on cardiopulmonary resuscitation (CPR) training and puts play-
ers into a comp elling space station scenario with a high pro duction quality. It
features comp etitive multip layer and has b een released as a free game on the
distribution platform Steam where it comp etes with many commercial titles. In
Project:EVO , a game created to detect and t rack the development of Alzheimer's
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disease, players play a �ying race typ e of game, in order to improve cognitive con-
trol via interference pro cessing [10]. In the cr eatur e-care game Monster Manor ,
children with typ e 1 diab etes are encouraged to take res p onsibility of controlling
their own blo o d s ugar levels, earning them upgrades and supp ort items for a
monster they take care of [82]. Meister Cody [90] is a game to supp ort children
with dyscalculia [91], which featu res diagnostics, rich adaptability, adaptivity, as
well as th erapist and parental information and control; it is currently undergoing
a large-scale trial. As an example from the large sub gr oup of motion-based games
for health, Valedo is a gaming system where two motion-sensors are attached to
a patient's b o dy in order to enable full-b o dy control of a suite of well-designed
mini games for the supp ort of back pain movement exercises [81].

4.2 Motion-based Games for Health

The following sections illustrate the evolution of motion-based games for health
(MGH) in the ex emplary therap eutic application area of physiotherapy, r ehabil-
itation, and prevention (also sometimes referred to as kinesiatric games), along
the lines for three quasi-consecutive pro jects that were carried ou t at the Digital
Media Lab of the Center for Computing and Communication Technologies (TZI)
of the University of Bremen, Germany, in co op eration with students, as well as
partners from research and industry. The discussion in this chapter fo cuses on
approaches to � and challenges in � the gen eral design, implementation, and
evaluation of these GFH. A separate discussion that fo cuses on the asp ects of
adaptability and adaptivity in each pro ject can b e found in section 5.2 of the
chapter on Personalized and Adaptive Serious Games in this volume.

A Brief History of Motion-based Games for Health. First historical examples
of motion-based games for health (MGH) have b een pro duced as early as the
1990s [89]. MGH have a close relation to ex er games, which have an even longer
history, reaching back to �rst exercise bicycle and dance mat games in the 1980s
[126]. In a mo dern clas si�cation, exergames would likely b e interpreted as a
sub class of MGH with a lo ose medical fo cus on prevention. GFH exp erienced
a �rst small surge with the intro d uction of �rst sensor and input devices for
digital interactive systems for home us e (i.e. the PC and gaming consoles with
dance mats). A second surge was s upp orted by recent improvements in s ens or
and interaction device technology du e to low-cost and small scale sen sors, sensor
fusion, and increased pro cessing p ower. This has enabled a�ordable consumer
devices such as the EyeToy, t he WiiMote, wearable �tness trackers, and the
Kinect, which all augment the readily available technologies f or motion-tracking,
which in turn forms the basis of all motion-based games for h ealth that aim to
b e truly int eractive and make use of the three basics promises of MGH.
During the second surge over roughly the last ten years, games have b een

intro duced to more and more application areas and target groups. While ex-
ergames had b een created early on to fo cus on the young target audiences th at
were already accustomed to video games, and consumer releases for younger au-
diences are alr eady commonplace and reach large international markets, di�erent
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target groups have recently sto o d in the fo cus of a growing numb er of pro jects
[120, 14, 83]. Positive indications have b een found with GFH for a wide range
of target groups, such as stroke patients, children with cerebral palsy, p eople
with multiple sclerosis, or more general groups, like older adults (cf. to the in-
tro duction and the background sections of this chapter). This line of wor k can
also b e seen as a continuation of explorations of virtual reality (VR) applica-
tions in the resp ective application areas, such as hand function rehabilitation for
p eople recover ing from stroke [79]. As with other GFH, p ersonalization through
adaptability and adaptiv ity remains an imp ortant ch allenge, although promising
advantages over traditional ap proaches, e.g. for instructing exercise executions,
have already b een demonstrated. In the case of exercise instructions, exercise
executions at home were p erformed at a more adequate sp eed [148].

Pro ject 1: WuppD i WuppDi , the �rst pro ject at the TZI Digital Media Lab
at the University of Bremen targeting motion-based games for health fo cused
on supp orting physiotherapy for p eople with Parkinson's disease (PD) [11]. PD
is a non-reversible progressive neuro degenerative condition that a�ects many
motor-related f unct ions with symptoms such as balance problems, rigidity, and
tremor. Physiotherapy is an imp ortant element of the long-term treatment of the
disease. However, the frequent exercising sessions are often p erceived as b oring,
and the slowly reduced abilities over time can lead to frustration, endangering
a continued treatment. It is apparent how the thr ee areas of p otential of GFH,
motivation, guidance, and feedback, app ear valuable in the context of PD. Since
the patients were largely older adults and had little exp erience with video games,
it was assumed that games would have to b e designed sp eci�cally for the use
case. This decision was supp orted by informal trials of commercially available
motion-based games with memb ers of the target group. The games were found
to b e mostly overstraining and confusing.

An iterative u ser-centered design approach was emp loyed from the b egin ning,
including therapists and patients in exploratory discussion rounds and early
prototyp e testing. Figure 14 shows the start screen of the game suite with the
�nal selection of mini games, which were all designed around the scenario of
fairy t ales. That scenario had b een determined to have p ositive asso ciations
and t o b e motivating for most patients. A numb er of earlier prototyp es were
abandoned, some s ince they were found to b e to o fast, or require motion patterns
that were to o complex, some due to less exp ected factors, such as the p erceived
violence of smashing bugs in one prototyp e. Overall, the �nal prototyp es were
p erceived to b e fun and motivating by b oth pat ients and therapists. However,
it was also found that no s ingle game �t the abilities and needs of all patients
during evaluation sessions and it was concluded that the games, which featured
traditional di�culty selection via d i�erent levels of di�culty, could b e improved
by realizing more �exible (adaptable) and p otent ially (automatically) adaptive
implementations. Patients were also found to require close guidance , even after
detailed video instructions had b een added to the game suite, and all feedback in
the games was tuned to fo cus on p ositive advancements. The fo cus on exclusively



Games for Health 25

positive feedback was chosen since patients often lacked con�dence and could b e
demotivated by negative feedback (e.g. �You Lose!�), although such feedback is
a common element in regular video games.

Fig. 14. The game selection screen and screenshots of all � ve � nal prototyp es in th e
WuppDi suite of games for the supp ort of physiotherapy for PD patients.

The common and familiar theme of fairy tales was n ot ed to reduce anxiety in
some patients and attempts at hiding unnecessarily visible technical equipment
(e.g. dangling connector cables) also app eared to reduce aversions towards inter-
acting with the application s. Next to the need for p ersonalization, shortcomings
in tracking accuracy, accessibility, and playability f or some patients were als o
identi�ed as avenues for further improvements. Follow-up studies employing the
WuppDi games informed the following pro jects by investigating the impact of
various factors and manipulations on player p erformance and exp erience. The
studies included topics such as adaptability with calibration and adaptivity via
threshold heuristics [134], visual complexity [132], the r ole of rhythm and timing
[95], rewards and achievements [142], and co op erative multiplayer e�ects [67].

Pro ject 2: Spiel Dich Fit und Gesund On the basis of the lessons from
the WuppDi pro ject, and given the strong p ositive resp onse expressed not only
by PD patients, their r elatives, and therapists, but also through notable public
interest and requests by therapists for similar programs for ot her target groups,
the pro ject Spiel Dich �t und gesund (SDF), which translates roughly to �play
to b ecome �t and healthy�, was set up to fo cus on exploring the use of MGH f or
older adults. Gerontologists and so cial care workers had suggested that games
similar to those that they had seen as part of the WuppDi suite of games for p eo-
ple with PD could work well for general movement motivation with older adults.
Thus, a suite of games was envisioned around the cornerstones of supp orting
motivation to impr ove upp er b o dy movement, �exibility, and balance, as well
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as exploring general movement motivation, cognitive training, and MGH with a
strong musical, or rhythm and timing comp onent. The p ossibility to p ersonalize
the games to individual users was also an integral part of the concept.

Older Adult Gamer s. In opp os it ion to the common assumpt ion that computer
or video games do not play a role in the day to day life of older adults, research
has shown that many older adults do play games [78], although their preferences
di�er from those of younger target groups. Video games had even b een considered
for p otential cognitive training b ene�ts for older adults as early as 1983 [154].
Furthermore, recent research indicates that older adults have a strong interest
in games that they credit with a reasonable p ot ential of helping with improving
their physical and mental well-b eing [109, 134]. This encompasses so-called �mind
training� games, such as quizzes or mathematical puzzles, but increasingly also
motion-based implementations, for example of k nown games, such as b owling
[45]. Dep ending on t he individual implementation and use case, such games
or playf ul activities have b een shown to have b oth cognitive [7] and phys ical
[86] b ene�ts. It can also b e as sumed that younger players will come to exp ect
to continue to b e able to play sedentary and motion -b as ed games that work
adequately for them as they age. Even to day, video games as a market are often
underestimated and in some markets, as many as 20% of the regular gamers ar e
older than 50 years of age [28], with the average age b eing 35 years and the largest
market segment by age b eing the gamers of age 35+ with 36% (US market data
from 2012/2013) [46]. Such developments, together with the fact that the older
adult p opulation is notably impacted by mo dern sedentary lifestyle, provide go o d
reason to s uggest the exploration of MGH for the target group of older adults.

Perpetual User-Centered Iterative Design for MGH. Since related work and the
prior pro ject had underlined the imp ortance of user-centered iterative design in
the context of MGH, SD F was designed around that approach from the start.
The pro ject aimed for continuous iterative tes tin g alon gs id e the pro ject devel-
opment to start as so on as interactive prototyp es were available. The continuous
brief iter at ive testing was �anked by selective, more quantitative evaluations and
comparative studies around sp eci�c questions that arose during the develop ment.
Since SDF targeted the implementation of prototyp es around three topic ar-

eas, namely movement activation , cognitive tra ining , and music, rhythm, and
timing guided movement dual-tasks , the �rst year of the pro ject started with
early brainstorming and conceptualization sessions together with exp er ts from
so cial supp ort services for older adults and exp erts from a game development
studio. These initial planning steps involved the creation of p ersona t o facilitate
a guided discussion and pre-evaluation of various design approaches and con-
cepts, as well as discussions around topics s uch as th e movement patterns that
were to b e implemented, th e settings or scenarios in which the players should
b e placed, and p otential game concepts which could serve to connect b oth of
the prior asp ects. Early on, group interviews with attendees of various older
adult meeting centers, including the center sta�, were conducted to gather more
information regarding target group preferences regarding suggestions for game
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world scenarios, their musical taste, favored typ es of games, exercising, and pref-
erences regarding p otential v is ual styles for the game prototyp es . The outcomes
were largely in agreement with r elated work on similar sets of preferences [78,
109].

In these early explorations and throughout the iterative pro cess of the SDF
pro ject it was regularly challenging to �nd groups with balanced numb ers of male
and female participants. While this largely represents the gender prop ortions
present in older adult p opulations, di�erences in int erests and motivation of the
gender groups s hou ld still b e considered if the target group de�nition do es not
explicitly exclude either them. In summary, and not separating by gender, the
results hinted at �familiar scenarios�, such as a garden or a shopping mall b eing
frequently selected over more exotic ones. The imp ortance of p opular songs sto o d
out regarding musical tastes, although later on, music that was not well-known
also turned out to b e accepted. Memb ers of the target group mostly favored
classic b oard or card games, and those that played computer or video games
also most often rep orted to b e playing digital versions of such classics or games
of a very similar nature. Participants were split regarding exercising with some
b eing regularly act ive and a larger p ortion not b eing active, although many said
that they had b een regularly active in the past. After showing memb ers of the
target group pictures of di�erent levels of visual complexity to determine target
design sty les the resp onses were mixed.

Since the �delity of the visual design has a large impact on the resource al-
lo cation in a game development pro ject, the topic was selected for a detailed
study that was p erformed to gain a more nuanced understanding of the prefer-
ences and needs of the target group with regard to visual complexity. Because it
was not clear how the deterioration of vision ability with increasing age would
combine with preferences of the memb ers of the target group and th e general
setup of standing two to three meters away from a large screen for pro jecting
game content, the comparative within-sub ject s design study referenced in �g-
ure 13 was setup to compare di�erent levels of visual complexity on a continuum
from completely abstract (only clear and simple shap es) to very detailed (almost
photorealistic). In brief, regarding player exp erience, manip ulating the presence
or absence of a micro-story (compare the �abstract� version of the game to the
other versions shown in �gure 13) was shown to have an impact on the player
exp erience, but strong di�er ences in player exp erience or p erformance b etween
three levels of visual complexity that all carried the micro-story of a �shing game
were not detected [132]. For th e SDF pro ject these results led to the preference
of a reduced complexity visual s tyle as a cost-e�cient approach. While the study
on visual complexity was carried out with mo di�ed versions of non-SDF proto-
typ es, the �rst SDF prototyp es of movement activating games set in a garden
scenario were t est ed early on with older adult s in so cial meetup facilities, to
allow for pre- and p ost-play discussions. Further early trials were conducted in
public spaces, such as malls, which allowed for a broad exp osure, testing the
reactions of heterogeneous �walk-in sub jects�. Requests by a nu mb er of physio-
therapists who showed great interest in the app roach of MGH led to the more
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formal de�nition of the supp ort of their applicat ion scenarios with the target
group of older adults as a development target for SDF in order to determine the
applicability in the context of physiotherapy, rehabilitation, and prevention.

After initial user feedback and observations (b oth collected following lo osely
structured proto cols) were integrated to improve the initial prototyp es, regular
bi-weekly testing sessions with roughly two to �ve participants p er tes t run were
started in co op eration with a large physiotherapy practice to accompany the
further development and �ne-tuning. Player feedback was collected with single-
sheet questionnaire featuring smiley scales (regarding the game exp erience and
the exp erience of p erforming the exercises) for brevity and clarity. Therapist
feedback on their impression of interacting with the system, as well as their
evaluation of the way that the resp ective patients interacted with the s ystem,
was also collected with a questionnaire accompanying each test session. The �rst
ma jor development cycle was rounded up by interviews and discussion rounds
with therapists regarding their requests for settings and parameters to make
the games adaptable to individual users, leading to the user-centric parameters
range of moti on , speed , accuracy , endurance , cognitive complexity , and resilience
b eing targeted for settings interfaces with a threshold-based mapping onto game
variables.

In addition to the continued iterative testing, the games were also employed
in a �rst ex plor at or y evaluation in a nursing home. While most patients were
aware of the connection b etween their b o dy movements and actions by a player
character on screen after a thorough intro duction, they still required close guid-
ance or direct phy sical supp ort and in many cases tracking was complicated by
obstructive devices, such as wheelchairs or walking aids, or by limitations in
the tracking of less pr onounced movements. These �ndings are in line with the
limitations encountered by other researchers when attempting to employ MGH
with frail older adults [54]. Due to th e challenges encountered in this exploratory
trial, the target group for SDF was limited to not include frail older adults.

Fig. 15. A screenshot of the game Sterntaler which was employed for the study of
adaptability and adaptivity in MGH for PD patients [134].
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The approach to adaptability and adaptivity in SDF was in formed by a
further study based on the WuppDi (cf. sect ion 4.2) pro ject where three PD pa-
tients were observed during multiple consecutive sessions of play over the cours e
of three weeks. The study setup featured a calibration- and settings-based orig-
inal set of three parameters ( range o f motion , accuracy , and speed ) that was
adjusted b etween sessions following a threshold-based rubb erbanding heuristic
with prede�ned upp er limits that were based on ind iv idu al calibration. This
approach was found to work well in increasing the range of motion whilst main-
taining go o d player exp erience measures. Clari�cations were found to b e helpful
with regard to the impact on scoring and therapists remarked that the set of pa-
rameters was rather limited, leading to the extended parameter s et employed in
SDF. In further adjustments of the principle for prolonged use in SDF the single
pre-calibrated development targets were replaced with a milestone system that
enabled therapists to set development milestones with target values for all pa-
rameter settings for either individual players or groups of players. The heuristic
employed in SDF then facilitated automatic adaptation as lon g as the p erfor-
mance was found to remain in pre-con�gured acceptable b oundaries around the
current interp olated p erformance t ar get at any given p oint in time.

With �rst prototyp es of a settings and con�guration interface for therapists at
hand, usability fo cused testing help ed with resolving general design challenges. A
small study with therapists con�rmed the adequate breadth, underst an dability,
and �exibility of the chosen user-centered parameter set. Since movement capa-
bility con�gurat ions were deemed imp ortant by the therapists, a sp ecial grid-
based settings interface was implemented that allowed therapists to con�gure
intensities of activation (ranging from full activation to complete deactivation)
of zones for the placement of interactive targets in the game (see �gure 16).

Fig. 16. Screenshots from the con�guration interfac e for therapists designed in the
cont ext of the SDF pro ject. Left: Settings are p erformed p er player / p er group on
separate controls for sp eed, accuracy, et c. Right: A custom grid-based comp onent that
allows for con�gu ri ng range of motion via active or inactive motion-target zones.
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Next to the subsequent intro duction of more game prototyp es from the sec-
ond and third development target areas, which were tested in so cial meetup
facilities for older adults and in public spaces, further dedicated studies investi-
gated the impact of modality and dela y of audi o in structions , esp ecially in the
games fo cused on rhythm and timing, the optimal activation time for motion -
based interactions with hover activated buttons for the target group, and the
preference and impact on player experience a nd performance of di�erent modal-
ities for instructing dance movements in a rhythm and timing game. The latter
included a comparison of instructions b etween dance moves shown by (a) an
instructor character th at was similar in visual style to the player character (the
player character is not shown in the �gure), (b) instructions shown by icons
approaching an �action zone� akin to p opular dance games in the tradition of
Dance Dance Revolution, and (c) a mixture of b oth approaches (see �gure 17).

Fig. 17. Screenshots of the dancing game from the rhythm and timing d evelopment
target in SDF showing the di�erent exp eriment conditions (left to right: a, b, c) for
motion instructions.

While quantitative results on game exp erience and p erformance showed no
consistent di�erences, observations and player comments indicated that the par-
ticipants were able to play with all thr ee mo dalities. However, the overlay version
(b) required more intro duction and training th an the instructor character ver-
sion (a) and while the overlay version was eventually used by some participant s
to foresee the coming actions, many participants had troubles with understand-
ing the instructions indicated by the icons, thinking, for ex amp le, that p oses
should b e held inde�nitely. The version with b oth displays (c) was confusing to
some participants, which led to SDF adopting the instru ctor character for the
continuing development.
Additional parallel studies that were carried out alongside the principal de-

velopment of SDF investigated the impact of di�erent interaction modalities for
range of motion and other movement related capability adjustments (leading to
the selection of the grid-based metho d over a more classic windows-icons-mouse-
p ointer comp onents based interface or motion-based input), reactions to being
informed or not informed about automated di�culty adjustments (leading to the
decision to s pare attempts at avoid ing any mention or visibility of the adjust-
ments), and the impact of di�erent modalities for presenting movement instru c-
tions comparing a virtual character to video based and real human instructor
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based instructions [140], with the latter study underpinning the adoption of a
virtual in structor for SDF, since the resulting p erformance was found to b e sig-
ni�cantly improved over the p erformance achieved with a video instructor, while
there were no clear and consistent di�erences on the exp eriential meas ures aside
from a greater ease of understanding and preference of the human instructor.

The last ma jor development and evaluation cycle included further implemen-
tations of the interaction work -�ow surrounding the core games (game menus,
pausing the game, etc.), validating the acceptance of intermittent non motion-
based quizzes that were implemented to ensure break s b etween sessions of more
physically intense gameplay in order to avoid overstraining, as well as proto-
typ e �nalizations and p olishing (including, for example, visual noti�cations and
guides if players left the trackable space in front of the sensor device). In a �-
nal study, th e suite of movement activating games was employed in situated
use over a p erio d of �ve weeks in individual therapy sessions in a large phys -
iotherapy practice. The study compared the usage and impact on p erformance,
exp erience, and on upp er b o dy �exibility and balance indicators, of (a) the suite
of games with purely manual settings with (b) the suite with semi-automatic
di�culty adjustments, and (c) classic therapy interventions without the games
[136]. Findings indicated that using the games b ene�tted the p erception of auton-
omy and presence expressed as need satisfaction comp onents , while the class ic
therapy sessions showed higher tension-pressure and e�ort-importance with all
measures b eing p osit ively related to int rinsic motivation. While no signi�cant
di�erences were found on these measures regar din g the two versions of the game
suite, automatic adjustments were preferred by the th erapists , and the game
groups showed signi�cantly increased functional reach compared to classic treat-
ment [136]. For SDF these �ndings were interpreted to supp ort the integration
of semi-automatic adaptivity, since it was not found to have notable negative
impacts on the player exp erience while therapists indicated a preference for au-
tomated supp ort in adjusting the games to the individual patients (following
the semi-aut omatic miltestone-based patt ern with threshold-limited linearly in-
terp olated game parameter settings that is mentioned ab ove and detailed in the
chapter on Personalized and Adaptive Serious Games in this volume).

Fig. 18. Screenshots of two games that were part of the �nal SDF su ite, a photo of a
player interacting with a third game from the s uite, and a screenshot of the range of
motion con�guration comp onent of the therapist con�guration interface.
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Pro ject 3: Adaptify SDF had demonstrated, along with simultaneously devel-
oping related work, further asp ects of the applicability of MGH in the context of
physiotherapy, rehabilitation, and prevention. The games were largely tailored
to motivate movements of broad characteristic classes, such as p icking apples
from a tree (broad movements at medium or high, self-controlled sp eed), cat ch-
ing lo custs (slow movements that require more accuracy) or striking balancing
p oses with stretched out arms (very slow, highly contr olled, endurance p oses).
Many physiotherapy treatment programs can incorp orate such elements, but
many exercises that therapists regularly work with were not explicitly present
in those games. The SDF games were also limited to a suite of mini games that
were very accessible but did not aim to provide a lot of alternation over time
and all games relied on a direct player-b o dy to player-charact er mapping as the
core mechanism. While semi-automatic adaptivity was present, it required the
initial con�guration of milestones and no direct relation to the content, dura-
tion, or pr ogr ess ion of traditional physiotherapy treatment programs was given.
Lastly, the optical tracking from the front limited the numb er of exercises that
could b e reliably and accurately detected. The sub seq uent pro ject Adaptify [2]
is currently en-route targeting t hes e p otential p oints for improvements, along
the design and implementation of a new series of prototyp es f or motion-based
games for health. Three MGH are b eing created, fo cusing on (1) the mo dular
extensibility to multiple exercises, (2) the implementation of more complex game
mechanics and elements of storytellin g, as well as (3) generative content for im-
proved alternation in game play exp eriences. Adaptify targets adaptivity b oth
with regard to th e p ersonalization of therap eutic exercise programs, ex pressed
in series of exercising ses sion s ( which are comp osed of sets of established ther-
ap eutic exercises) over time, as well as in user capability and needs mo deling,
which can facilitate the automatic generation of customized exercises, guidance,
and feedback.
Figure 19 shows the complexity of a pro ject such as Adaptify that takes a

mo dular approach to the iterative user-centered design of MGH and the s ur-
rounding ecosystem that is designed to supp ort multiple MGH and future ex-
pansions with additional exercises. The pro ject also fo cuses on adaptability and
adaptivity t hat encompasses overarching therapy goals and includes the design
and inclusion of a sensor mat (see �gure 23) to augment the vision-based full-
b o dy tracking, in order to supp ort a broader selection of exercises including
many exercises that are p erformed whilst kneeling or lying down and which are
central to the main u se case of chronic lower back a�ictions. The pro ject fo cus
on supp orting physiotherapy was determin ed based on exp eriences and �ndings
in the prior pro jects , and also s ince physiotherapy presents a considerable sec-
tion of the health market, where increases in demand put notable pr es sure on
individual therapists, practices, and the system as a whole.

Games for Health in Physiotherapy. Taking Germany as an example, although
the numb er of practicing p hysiotherapists in in the country has more than dou-
bled since 2000 (data from 2000 to 2011), many therapy practices are op erating
at capacity limits. Exp enses of public health insurances on physiotherap eutic
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Fig. 19. Mo dular comp onents of th e general engineering mo del for the pro ject Adap-
tify.

services have almost d oub led from ab out 0.9 billion Euros in 1993 to 1.8 billion
Euros in 1999 [60]. The gross exp enses have since increased to 2.9 billion Euros
in 2005 [3] and r eached 4.4 billion Euros in 2015 [4]. Opp ortunities for saving
costs are in great demand and therapy guidelin es already implement a larger
prop ortion of self-directed and at home exercising. Dyn amic and �hands-o� � ex-
ercises in which the patient is not actively guided by a therapist are growing
in imp ortance and the clinical indications of such approaches are p os itive [144].
In the context of reduced sup ervision, achieving a high and constant quality of
treatments is a ma jor challenge. Next to the ch allenge t hat therapists, in many
ways , mirror asp ects of the scho ol that they were ed ucated in, and that inter-
therapist agreement e.g. in q uality of motion ratings is often not strong [114],
the self-dep endent adherence of patients to exercise proto cols is an imp ortant
factor for therap eutic success [144]. In this context, unchecked increases in the
numb er of prescrib ed exercises can lead to reduced compliance [66]. Individual
b ehavioral and so cio economic factors are known to present furt her challenges
and even a lif e threatening diagnosis do es not necessarily increase compliance
(e.g. in cardiac rehabilitation [77]). Further factors that have b een found to cor-
relate with non-compliance are self-rep orted and factual barriers , lack of p ositive
feedback, and a sense of helplessness [131].

Improvements in compliance in the context of physiotherapy, prevention, and
rehabilitation (PRP), on the opp osite, can b e a achieved through strategies such
as (a) the frequent encouragement of patients, (b) stimulus control, such as wear-
ing training clothing, (c) cognitive st rategies such as directing attention towards
the thoughts of a patient b efore, during, and after exercising, (d) time oriented
and �exible p ersonalized goals from session to session and for the month, (e)
co des of conduct b etween patients and therapists regarding long-term goals, (f )
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including family memb ers, (g) increased interactions with therapists and con-
sistent binding of t her ap ist s to patients, (h) goal oriented clubs, (i) increased
feedback regarding progress, (j) self-directed goals [77]. Furthermore it has b een
shown that written exercise instructions with illustrations led to increas ed com-
pliance rates compared to purely verbal instruction for back pain exercises [127].
In this light, and considering the p otential of MGH t o provide, e.g., p os itive
feedback, clear and self-directed goals, encouraging guidance, and immediate
feedback, as well as a reliable and ob jective overview of the individual progress,
strongly suggest further explorations of MGH in the context of PRP, esp ecially
for usage scenarios wh ere patients would otherwise p erform exercises without
immediate professional oversight by a therapist.
In summary, MGH for the supp ort of PRP have seen increasing attention in

research and development over the past years and GFH have also b een explored
for many other application scenarios ranging from sp eci�c maladies to general
�tness. First validated MGH are b eginnin g to enter the market and the basic
promises of GFH are b eginning to show real outcomes w ith broad audiences.
What is mostly missing are approaches t o more overarching treatments, such as
proto cols for data exchange not only concerning the health status of individual
patients, b ut also the MGH history and achievements. While aggregating infor-
mation from multiple GFH is extremely promising, and �rst GFH are b eginning
to make use of game delivery and platforms that feature mechanisms for p er-
formance data aggregation and exchange [47], there are a numb er of ch allenges
that remain with the developing ambitious GFH. We will discuss a selection of
prominent challenges in the following section.

5 Challenges with Designing and Researching GFH

While helpful design techniqu es and research approaches are available f or GFH,
as illustrated ab ove, a numb er of central challenges with researching, creating,
and evaluating GFH still remain. The following sections build on prior work
[133] and summarize challenges, adding additional asp ects to those areas that
have already b een mentioned in the prior sections , and discussing a numb er of
additional asp ects that have only b een touched implicitly in the remainder of
this chapter (namely truly user-centered design, sensing and tracking, practical
integration, safety and clinical validation, ethics, data privacy, and regulations).

5.1 Interdisciplinarity and Multiple Party Interests

As noted b efore, the �eld of GFH is highly interdisciplinary, with contributions
from many �eld s of work with numerous res p ective sub-�elds, including research
with the �elds of human-computer interaction, game user r es earch, game studies,
psychology, medicine, health scien ces, and more; engineering , with sub�elds such
as graphics engines, networking, multi-sensor devices, etc.; design , with game
design, game asset design, user interface (UI) and UX design, sound design, etc.;
and health , with therapy, nursing, pharmacology, etc. and many others, which
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may or may not b e actively involved. In addition, b esides the patients or players,
multiple parties may interact with GFH or the surrounding pro jects and b ecome
stakeholders with their own interests and impact, such as (a) health professionals,
care-givers or medical sta�, who use the applications in their line of work, (b)
guardians or relat ives of patient s who are interested in the well-b eing, safety,
and pr ogr ess , (c) the researchers, des igners, health professionals, and engineers
involved with creating the GFH, and (d) even co-players or bystanders who are
not directly involved with us in g the GFH for any serious purp ose. Next to careful
user-centered iterative research and design as noted ab ove, ack nowledging the
interdisciplinarity of GFH, and proactively analyzing pro jects with regards to
p otential interest groups can b e helpf ul. Assuming di�erent lenses of re�ection,
such as investigator-sp eci�c, pro ject-sp eci�c, and external factors [87] related
asp ects of interdisciplinarity can help to avoid neglecting imp ortant angles.

5.2 Truly User-Centered Iterative Design

Approaching the conceptualization and design of GFH around multiple party
interests serves to illustrate a common misconception with user-centered des ign :
Encompassing a single us er group often is not su�cient. This is aggravated by
the fact that test or evaluation candidates have to b e swapp ed out frequently if
shortcomings are to b e detected reliably, since users fr eq uently adapt to existing
problems more swiftly than those problems can b e detected and �xed across iter-
ative design and evaluation cycles . Thus, if evaluation participants are frequently
changing, it would p erhaps b e more adequate to sp eak of user-group centered
design . This, of course, implies the insight that GFH, at the b egin ning of an
interaction with a new player, are always optimized for a certain sample group
mean, indicating that there is still ro om (and often the need) to optimize the
game further for individual users. Thus, wh ile user-centered design and partici-
patory metho ds are imp ortant, they often leave ro om for further impr ovements.
As the next section will discuss in more detail, manual adaptability and auto-
matic adaptivity play an imp ortant role in further optimizing GFH for individual
players. Yet again, testing adaptable and adaptive systems in an iterative man-
ner is complicated, since multiple game sessions are usually necessary in order
to gain any reliable evidence regarding the quality of the adaptation approaches.
Approaches range from simulating users with automated actors or recor dings ,
over collecting group-based information to provide a reasonable initial s etu p, to
the continuous development of the adaptability and adaptivity of a game as a
service after an initial release.

5.3 Heterogeneity and a Broad Range of Serious Goals: The Need

for Adaptability and Adaptivity

In addition to multiple party interests, the central challenge of adaptability and
adaptivity results f rom the highly variable individual abilities and needs of pa-
tients even within sp eci�c target gr ou ps and within the individuals themselves,
due to complex change over time. While GFH have great p otential in terms
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of health applications, education, or b ehavioral change, an e�cient p ersonal-
ization [62] and customization to gr oups and individuals is clearly a require-
ment. Despite notable setbacks and disapp ointments since the early b eginnings
of adaptive software [75], the area has made great progress, and many commercial
and mass-market applications nowadays have adaptive features. It is therefore
not surprising that adaptive elements are increasingly b ein g explored for us age
within games, b e it for p ersonalizat ion regarding a single player, or for balan cing
b etween multiple players [57, 107]. Adaptive techniques in the context of games
have b een shown to have the p otential to improve game exp eriences [9] and
are b eing discussed intensively esp ecially in the context of motion-based games
for health [6, 119], due to the complexity of b o dy-based input [70, 73, 136, 134]
and the related physiological health targets. While implicit game p erformance
data and physiological data play a self-evident role in measurements to p erform
adaptation in GFH, psychological data and explicit user feedback can comple-
ment that information b oth as feedback data for �on-line� adaptive mechanisms
[98] and for determining presets [96]. Metho ds that are based on user-centered
feedback measurements also o�er great p otential for e�cient generalizations and
transfer from one GFH application to another, since the outcome measures are
not relating to asp ects of the game, but to asp ects of the player [69].

The Role of Machine Learning and D ata Analysis in Games for Health. In many
cases, due to the multivariate and nonlinear n at ure of measures and settings
in GFH, heuristics that are fully de�ned during development b ecome hard to
employ e�ciently and may not b e the optimal choice. Metho ds from arti�cial
intelligence, machine learning, and statistical data analysis, b oth with a frequen-
tist and Bayesian background, are not only employed in the larger context of
GFH development for research and evaluations, as well as for lear ning ab out
application scenarios etc.; they can also b e employed for dynamic di�culty ad-
justments [76] and other kinds of adaptivity in GFH [62]. Ex amples range from
the heuristic an alys is of facial expressions in order to determine the emotional
status of the players [63], over the usage of Bayesian metho ds for overcoming
cold-start problems [157], the usage of supp ort vector machines for classifying
emotional states b as ed on phys iological player data (see discussion in the chapter
in A�ective Computing in this volume) such as galvanic skin res p onse and b o dy
temp erature [30], reinforcement learning for determining challenge sensitive ac-
tions [8], and genetic algorithms for di�culty adjustments in platform games
[153], to neural networks for games for the supp ort of rehabilitation [15], and
implementations featuring comp onents of recommender systems [105]. Further-
more, the con struction of dynamic user mo dels [92] for supp orting the continued
optimization of adaptive comp onents can b e helpful during development and af-
ter deployment [106], esp ecially w hen complex multivariate �uctuations of player
preconditions are closely tied to the p otential serious outcomes, as for example
in the application area of depression prevention [80]. Furthermore, games with
online functions and account management, and games with large player numb ers
can allow for a continuous adaptation to individual players whilst also adapting
the parameters of the underlying mo dels themselves [99].
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5.4 Sensing and Tracking

GFH frequently rely on sp ecial sensing and tracking devices, b e it for direct
player input and control, for p erformance, action execution quality, or player
health status estimation, or to provide data for p erformance measures for adap-
tivity. Next to costs and maintenance, accuracy, and reliability can often b e
challenging to achieve and maintain, although the increasing ability of a�ord-
able and durable consumer (multi)sensor devices such as optical b o dy trackers or
wearables with motion-tracking capabilities are easing some of these challenges.
For example, the Kinect depth-camera based skeleton tracking has b een s hown
to provide comparable p erformance to professional opt ical tracking systems [50,
31], with some limitations due to the �xed tracking angle, yet some advant ages
in terms of ease of use and calibrat ion drift.
In some areas, the integration with professional medical devices, services,

and medical data man agement have to b e considered early in the pro ces s, since
they can otherwise grow very ex p ensive to implement. As examples like Snow-
World [72], where a virtual reality display was required to b e submerged under
water during bur n treatment, show, additional and highly unusual requirement s
regarding hardware can o ccur with GFH. Early explorations invest igating the
context for later situated use [136] of the GFH in a targeted domain can help
with foreseeing the requirements and early tests of sensing and tracking hard-
ware often lead to additional analysis metho ds, or mo des, or to switching to
alternative hardware.
One asp ect that is fr eq uently overlo oked is the strong likeliho o d that sensing

and tracking not only present challenges in accuracy, reliability, and calibra-
tion drift, any given combination of sensors will also not capture all information
that is relevant to determining the full ob jective state of a complex game-player
ecosystem. This strongly implies t he p ersp ective of augmenting the to olset for
professionals instead of replacing pr ofes sionals in GFH, as not to los e the �exi-
bility and ability of emb o died judgement provided by human professionals.
Lastly, when d is cus sin g sensing and tracking, it should b e mentioned that

actuation also play s an imp ortant role in GFH. Esp ecially with motion-based
games, exploring additional actuation channels in addition to the traditional
non-tactile audio-visual feedback provided by computing and gaming systems
can b e b ene�cial. While the SDF p ro ject mentioned ab ove, for example, gained
notable b ene�ts in tracking reliability due to employing the advanced depth-
image based tracking of the Kinect d ev ice comp ar ed to the di�erence image and
color-blob tracking employed in most prototyp es fr om the WuppDi pro ject, the
latter required players to hold sticks with bright -colored markers in their hands
and this tactile asp ect of the interaction was missed by some testing participants
who got to exp erience b oth systems.

5.5 Practical Integration

The aforementioned p otential sp ecial requirements with regard t o the environ-
mental compatibility of hardware represent one imp ortant consideration regard-
ing practical integration. GFH only make for a worthwhile pursuit if t hey can
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eventually b e used in the targeted application scenarios. In many cases this
means practices or clinics , where next to sp ecial requirements (e.g. with regard
to hygiene or electromagnetic shielding), the e�cient integration into existing
pro cedures is usually key. Exp erience from pro jects ab out MGH f or the supp ort
of physiotherapy, rehabilitation, and prevention at the University of Bremen with
deployments at multiple therapy practices have pro duced the exp ert guideline
that roughly two minutes p er patient are the maximum time for adjustment s
and calibrations in settings interfaces such as those pictured in �gure 20 that
therapists will tolerate on a regular basis, since the usual treatment blo cks last
for only 20 minutes in total. Furthermore, manual con�guration should always b e
optional, although clinic and practice leaders found it imp ortant to b e able not
only to make customized treatment plans for groups or p ersonalized treatment
plans for individuals, bu t also to b e able to customize the whole GFH system
to encompass some of t heir resp ective branding as well as their own treatment
approaches or patterns.

In home or unsup ervised us age scenarios, the setup has to b e manageable
for nov ice users and spatial requirements can quickly b ecome limiting, esp ecially
with full-b o dy based input. Lastly, acceptance is an imp ortant factor, and due
to the multiple interest groups unusually di�cult to achieve equally well in all
relevant groups for GFH. With health professionals, for example, it has proven
imp ortant to clearly develop and p osition GFH as augmentations and not as
p otential replacements for the very health professionals who would oversee their
use with patients.

5.6 Safety and Clinical Validation

Both with sup ervised and u nsup ervised usage in healthcare environments and
at home, safety plays an imp ortant role and can b e challenging to guarantee to
the required extent. MGH carry a risk of overexertion and the ties to h ealth
applications mean that sp ecial health implications may b e present with many
players. Even under sup ervision, patients have b een observed to p erform b e-
yond their usual limits, which can b e b ene�cial and is part of the motivation to
employ games in health applications, but also carries the danger of b oth phys-
ically and mentally overstraining players. Clear information and instructions
regarding prop er usage (�gure 21, for example, shows frequent emb edded v ideo
demonstrations of how a movement exercise should b e p erformed in sPortal , an
exp erimental mo di�cation of the game Portal 2 that was employed for a study
ab out motion-based game inputs for existing high quality commercial games
[152]) and p otential dangers are imp ortant issues to b e considered in the creation
of MGH. Furthermore, the implementation of heuristics for detect ing dangerous
states and forced breaks or usage limits can b e required. It has to b e taken
into consideration that unnecessary interruptions due to false-p ositives can have
very negative impacts on the player exp erience in such cases. Next to car eful
testing and cautious recommendation for usage scenarios that should only in-
clude tested contexts, the numerous laws and regulations that might apply to



Games for Health 39

Fig. 20. Studies with physiotherapists in the context of the pro jects Spiel Dich Fi t
and Adaptiy have indicated that the time required to success fu lly interact with th er-
apist con�guration i nterfaces for motion-based games for health for individual players
should b e kept smaller than two minutes p er patient. Accordingly, more e�cient in-
teraction mo dalities for mobile d evices (right) are b eing explored as an alterternati ve
or augmentation to classic al w indows, mouse, icons, and p ointer (WIMP; comp onents
highlighted with color markings) int erfaces on s tationary or laptop devices (full classic
WIMP interface on the left).

the interdisciplinary application should b e researched early in order to facilitate
implementations that res p ect th ese requirements.
For GFH resp ecting existing r egulations will often mean that clinical trials

must eventually b e pursued. While some clinical investigations of GFH have
b een published [7, 10, 117, 22] and a larger numb er is currently underway, the
numb er is still very limited compared to the numb er of GFH that have b een
develop ed and discuss ed publicly or published. The often prohibitive cos ts of
clinical trials are one reason, as is the duration that clinical trials require not
only for the execution, but also in planning with complex ethics approvals and
pre-studies f or endp oint investigation to facilitate e�ect s ize estimations. These
asp ects quick ly sum up to multiple year s of planning and preparation. In the
light of the usual sp eed of op eration s in t he game development world, this asp ect
represents a further p oint for friction s in the interdisciplinary �eld of GFH.

5.7 Evaluation Metho d s and Long Term U se

Not only are clinical or any reliable studies of GFH challenging to setup, due
to t he hard-to-control environments that situated use of GFH usually entails,
due to the complications around acquiring part icipants for health-related stud-
ies, and due to the complexity of human-sub ject research with heterogeneous
sub ject s, but validated research to ols are also often not readily available, since
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Fig. 21. A screenshot from the pro ject sPortal where detailed instructions are deliv-
ered via integrated video during gameplay in order to achieve correct executions of
movement patterns without breaking immersion [152].

to ols are originally made either for the investigation of health asp ects, or for the
investigation of game user exp erience, yet not for a combination. This means
that to ols are frequently challenged to include p otentially con�icting sub-scales
and tradeo�s (e.g. regarding the imp ortance of e�ciency and e�ectiveness). Fur -
thermore, research metho ds may feel intrusive to the players, interfering w ith
p ositive game exp eriences and also with health-related outcomes. While some
validated game user research q ues tion naires have b een successfully used in recent
GFH st udies (such as the player exp erience of needs satisfaction (PENS) ques-
tionnaire [122]), p ersonality or player typ es also play an imp ortant role [112],
and health related endp oints (typically d ep endent variables in studies) are usu-
ally most imp ortant in clinical terms. These require domain knowledge for the
application use case. The combination of multiple research instr uments further
complicates setups and analyses, and can quickly lead to survey fatigue and over-
strained study participants. It is therefore n ot surprising that clinical studies or
other controlled med ium- to long term preclinical studies of GFH are s till rare.
In this light, the careful piloting of s tudies , exp ert advice in selecting measure-
ments and target endp oints, as well as a limitation in the implemented features
of a GFH and in the numb er of study conditions can b e strategies to approach
the aforementioned challen ges.

5.8 Ethics, Data Privacy, and Regulations

As noted ab ove with regard to safety, laws and regulations play a much more
critical role in many GFH when compared to games that are pro duced primarily
for entertainment. With patient data, data privacy b ecomes much more sensitive
than regular game p erformance data and even seemingly non-medical informa-
tion (such as a purely game mechanics oriented game p erformance measures)
can carry medical implications. This p oses challenges when aiming to capitalize
on the promises of guidance and f eedback in GFH (as discussed ab ove), an d also



Games for Health 41

concerning learning for adaptivity across individual users and use cases, since
such asp ects typically entail the transfer of player-patient data via the Internet
and the s torage of said data on remote servers.
With regards to promises of b ene�ts, claims regarding medical or therap eu-

tic e�ectiveness and p otency require the cautious use of sp eci�c legal terms and
phrasing, and b eyond adhering to regulations as required by law, it should b e a
general concern to pro duce ethical GFH, which may in many cases mean limi-
tations b eyond what is required by law. For example, while games for p ositive
health b ehavior change can make use of p ersuasive techniques, the users should
not b e co erced into act in ways they would normally not approve of [65] and
creators of GFH should keep in mind that the data gathered from players inter-
acting with these games often has the p otential to b e a unique identi�er for a
given user, akin to a �ngerprint, since it stems fr om physiological origins.

6 Current Trends and Op en Re se ar ch Questions

In summary it can b e said that, while a large numb er of research and devel-
opment pro ject s on GFH have b een completed or are current ly underway, the
challenges around researching, designing, implementing, and using GFH in prac-
tice are still considerable and there is a lot of ro om for research and technical
innovation in the �eld. At the same time, it should also b e highlighted again
that GFH do not necessarily have to comp ete with the highest quality commer-
cial games for entertainment, since they often rather comp ete with the existing
alternative applications regarding the serious health target [149]. However, the
pursuit of a higher pro duction quality, of moving b eyond mere (collect ions of )
mini games (see �gure 22 for an example collection of small motion -b as ed GFH
from the pro ject Spiel Dich Fit that feat ure micro stories due t o b eing set in
di�erent v iv id scenarios) into the domain of storytelling and mor e complex over-
arching game mechanics for improved motivation and longer adherence is one of
the trends that is currently o ccurring, after �rst GFH and MGH pro ducts have
started to take hold in the broader (health) consumer market.
Figure 23 shows the exemplary approach of the pro ject sPortal [152], which

investigated a control layer abstr action to turn existing �rst-p erson games into
motion-based games [151]. In some cases, studies have shown greater b ene�ts in
well-pro duced games without explicit serious fo cus than t he b ene�ts achieved
with exp licit serious games (e.g. neuro cognitive b ene�ts from play ing Portal
2 compared to Luminosity , a game designed sp eci�cally for cognitive training
[128]). With most GFH, however, the sp eci�cs of the targeted health asp ects
likely make the usage of existing high quality games without large mo di�cations
unreasonable, even if considerations ab out copyrights are put aside. As indicated
in the section on s ens ing and tracking, hardware dev ices, esp ecially with (mul-
tiple) sensing abilities are ma jor dr ivers of GFH development. This trend will
likely continue with new GFH b eing develop ed for existing medical or therap eu-
tics devices (such as the gait rehabilitation harness shown in �gure 23), other
devices b ecoming a�ordable enough for larger health market applications (as f or
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Fig. 22. Screenshots from prototyp es of a collection of small movement and cognition
stimu lating GFH around familiar scenarios, such as a cruise ship (with a dan cing
game), a shopping mall (with a calculation game shown i n the top right and an item
matchi ng game in the b ottom right), or a garden (with an apple picking game) that
were pro d uced for the pro ject Spiel Di ch �t.

example with pressure sensitive mats, as develop ed in the pro ject Adaptify for
MGH that feature exercises where ground contact p oints matter; cf. �gure 23
on the right; other examples of similar mats from related research e�orts are
also available [145]), and new devices b eing develop ed or brought into medical
or therap eutic use sp eci�cally for coupling with GFH.

From the p oint of view of medical and health research, next to questions re-
lating to the given health target, general e�ects from health and medical research
are increasingly investigated with regard to their applicab ility with GFH, such
as the prevalence and impact of placeb o e�ects [43]. Sensor fusion, mixed sources
of evidence, and the continuous integration into user and user-group mo dels con-
tain numerous op en ends for future research that can serve b oth game control,
di�culty- and health-target-related challenge adjustments, as well as p otential
health analysis. From a health psychological p oint of view, the asp ect of com-
p etitive and co op erative multiplayer in the context of di�erent GFH application
areas requires further study, since the asp ect of relatedness b ears great promise
with regard to increasing motivation, whilst p eople show sp eci�c and culturally
in�uenced interplay in the context of health. On a similar note, the impact of
di�erent approaches to balancing and �nding tradeo�s b etween playfulness and
seriousness in terms of framing, presentation, and interaction with p at ients as
well as with health professionals, has yet to b e explored systematically. Inter-
cultural research and research b etween di�erent so cio-economic groups is also
still rare. Many existing research metho ds still require validation for use with
GFH, and new validated q uestion naires combining asp ects of player exp erience,
p erceived health outcome, and tr eatment exp erience could b en e�t a wide range
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Fig. 23. Left: The pro ject sPortal explored a motion-rehabilitation harness susp ension
together with motion tracking for walki ng in virtual worlds that could b e employed
in GFH. Right: Early concept draft from the context of t he pro ject Adaptify of an
a�ordable sensor mat to supp ort motion tracking of complex exercises that could not
b e tracked fully adequately with optical motion sensing alone.

of individual research pro jects and greatly improve the comparability of results
across research pro jects.
Overall, it is clear t hat a host of additional sp eci�c questions awaits those

who attempt any us e case sp eci� c pro ject in games for health , and that evidence
in supp ort of met ho ds and approaches should b e collected s ystematically [33].

7 Conclusion and Outlo o k

In this chapter, the basic promises of games for health, namely motivation, guid-
ance, and analysis, are discussed together with background information on re-
lated �elds. To outline the complexity of games for health, the ma jor contribut-
ing factors of interdisciplinarity of the �eld and heterogeneity of the users are
intro duced. A numb er of challenges wit h corresp onding approaches to tackling
these challenges are then presented. Based on a discussion of general design
principles, research and design of GFH is illustrated along the lines of several
motion-based games for the supp ort of physiotherapy, rehabilitation, and pre-
vention. These pro ject s, together with th e overview of seminal works show that,
despite the considerable challenges, GFH are a worthy area of investigation with
great p otential to improve health applications in many areas and to b ene�t
from the considerable size of the health market. Recent trends are discussed
together with suggested topics for much needed further research. Progress in
technical developments and research will likely facilitate the much more ubiq-
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uitous deployment of games for health over the next years, if advancements in
p ersonalization can b e implemented together with reasonable integration into
existing health app lication pro cedures, and if the regulatory frameworks evolve
to facilitate GFH to enter health application s with as little friction as necessary.
In tight coupling with non-game applications and with data exchange b etween
multiple platforms, GFH stand to play an imp ortant role in the movement to-
wards a more quanti�ed and p ersonalized overall approach to health. Due to the
p ossibility of aggregating much more d etailed and comprehensive information
ab out the development of individual abilities, needs , and maladies over time,
this lo oming shift has the p otential to emp ower individuals and to � in turn �
inform the rapid improvement of GFH and related health applications in the
near future.

8 Further Reading

� Beale I.L.: Video Games for Health: Principles an d Strategies for Design an d
Evaluation. Nova Science Publishers (2011).
The book focuses on the transfer of lessons from learnin g theory and tech-
nology to support procedures for the evaluation of the e�cacy of (mostly
educational) health games and thei r design components.

� Göb el S., Wiemeyer J. Games for Training, Education, Health an d Sports :
4th International Conference on Serious Games, GameDays 2014, Darm-
stadt, Germany, April 1�5, 2014. Pro ceedings. Springer (2014).
This is a proceedings volume which cover s a wide range of �elds with roughly
half of the chapters focussing on topics that are directly related to games for
health, while the other half f ocuses mostly on educational games.

� Ma M., Jain L.C., Anderson P.: Virtual, Augmented Reality and Seri ous
Games for Healthcare 1 . Springer Science & Business (2014).
This book covers applications and games for health largely from the angle
of the virtual reality and virtual rehabilitation communiti es . Many practical
developments from a broad range of medical application areas are di scussed.

� Primack B.A., Carroll M.V., McNamara M., et al: Role of Video Games in
Improving Health-Related Outcomes: A Systematic Revi ew . American Jour-
nal of Pr eventive Medicine 42:630�638 (2012).
This revi ew paper provides a concise overview o f recent work in the area of
games for health together with a discussion of signs for aggregating evidence
of their role in improving health-related outcomes.

� Bauman, E.B.: Game-Based Teaching and Si mu lati on in Nursin g and Health
Care. Springer Publishing Company, New York (2012).
This book provides theory and practical guidelines for the application of game-
based teaching / learning a nd simulations in healthcare.

Online Resources.
http://www.ebgd.b e/
http://gamesforhealth.org/
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http://www.cdgr.ucsb.edu/db/
http://gameswithpurp ose.org/
http://www.seriousgamesdirectory.com/pro j/health-care-medical/
http://www.�tness-gaming.com

Acknowledgments. I would like to thank Stefan Göb el and Jenny Cramer
for supp orting the writing of this chapter. The non-external pro j ects mentioned
in this text were in part supp orted and in part sp earheaded by the research
sta� and students at the Digital Media Lab at th e University of Bremen as well
as memb ers of the Interaction Lab at the University of Saskatchewan . Marc
Herrlich, Markus Krause, and Rainer Malaka are invaluable collab orators in this
line of work. The pro jects were also supp orted by the consortium partners of
the pro jects Spiel Dich Fi t and Adaptify , as well as by the German Par kinson's
asso ciation ( Deutsche Parkinson Vereinigun g ) Bremen. Funding was provided
by the Klaus Tschira Stiftun g , the GRAND NCE , as well as by the Federal
Ministry of Education and Research, Germany (BMBF).

References

1. http://reflexionhealth.com/
2. https://adaptify.de/
3. Der Heilmittelmarkt in Deutschland - Januar b is Dezemb er 2005. Der Heilmit-
telmarkt in Deu tschland (Apr 2006), http://www.gkv-heilmittel.de/media/
dokumente/his_statistiken/2005_04/HIS-Bericht-Bund_200504.pdf

4. Hei lmi ttel-Schnellinformation - Januar bis Dezemb er 2015. Der Heilmittelmarkt
in Deutschland (Apr 2016), http://www.gkv-heilmittel.de/media/dokumente/
his_statistiken/2005_04/HIS-Bericht-Bund_200504.pdf

5. Adams, E.: Fu ndamentals of Game Des ign. New Riders (2010)
6. Al an kus, G., Pro�tt, R., Kelleher, C., Engsb erg, J.: Stroke therapy t hrough
motion-based games?: A case study. Therapy p. 219�226 (2010)

7. An derson-Hanley, C. , Arciero, P.J., Brickman, A.M., Nimon , J.P., Okuma, N.,
Westen, S. C., Merz, M.E., Pence, B.D., Wo o ds, J.A., Kramer, A.F., et al.: Ex-
ergaming and older adult cognition. American Journal of Preventive Medicine
42(2), 109�119 (Feb 2012)

8. An drade, G., Ramalho, G., Santana, H., Corrubl e, V.: Extending reinforcement
learning to provide dynamic game balancing. In: Pro ceedings of the Workshop on
Reasoning, Representation, and Learning in Computer Games, 19th International
Joint Conference on Arti�cial Intelligen ce (IJCAI). p. 7�12 (2005)

9. An drade, G., Ramalho, G. , Gomes, A.S., Corruble, V.: Dynamic game balancing:
An evaluat ion of user satisfaction. In: AI IDE'06. p. 3�8 (2006)

10. An guera, J.A., Bo ccanfuso, J., Rintoul, J.L., Al-Hash imi, O., Fara ji, F., Janowich,
J., Kong, E., Larraburo, Y., Rolle, C., Johnston, E., et al.: Video game training
enhances cognitive control in old er adults. Nature 501(7465), 97�101 (Sep 2013)

11. As sad, O., Hermann, R., Lilla, D., Mellies, B., Meyer, R., Shevach, L., Siegel, S.,
Springer, M. , Tiemkeo, S., Voges, J., et al.: Motion-based games for parkinson's
disease pat ients. In : Pro ceedin gs of the International C onferen ce on Entertain-
ment Computing ICEC 2011. p. 47�58 (2011)



46 J. D. Smeddinck

12. Bandura, A.: Self-e�cacy mechanism in human agency. American psychologist
37(2), 122�147 (1982)

13. Bandura, A.: Guide for const ru cting self-e�cacy scale s. S elf-e�cacy b eliefs of
adolescents 5, 307�337 (2006)

14. Baran owski, T., Buday, R., Thompson, D.I., Baranowski, J.: Playing for real:
Video games and stories for health-related b ehavior change. American journal of
preventive medicine 34(1), 74�82 (Jan 2008)

15. Barzilay, O., Wolf, A.: Adaptive rehabil itation games. Journal of electromyogra-
phy and kinesiology: o�cial journal of the Intern at ional So ciety of Electrophysi -
ological Kin esiology 23(1), 182�189 (Feb 2013), pMID: 23141481

16. Beale, I.L.: Video Games for Health: Principles and Strategies for Design and
Evaluation. Nova Scien ce Publishers (2011)

17. Benyon, D. : Adaptive syst ems : a solution to usabi lity problems. User Mo del ing
and User-Adapted Interaction 3(1), 65�87 (1993)

18. Berkowi tz, L., McCarthy, C.: Innovation with Information Technologies in Health-
care. S pringer Science & Busin ess Media (Nov 2012)

19. Birk, M., Mandryk, R.L.: Control your game-self: e�ects of controller typ e on
enjoyment, motivation, and p ersonality in game. In: Pro ceedi ngs of the SIGCHI
Conference on Human Factors in Computing Systems. p. 685�694. CHI '13, ACM
(2013)

20. Birk, M.V., Mandryk, R.L., Miller, M.K., Gerling, K.M.: How self-esteem shap es
our interactions with play technologies. In : Pro c eedings of t he 2015 Annual S ym-
p osium on Computer-Human Interaction in Play. p. 35�45. CHI PL AY '15, ACM
(2015)

21. Black, A.D., Car, J., Pagliari, C., Anandan, C., Cresswell, K., Bokun, T., McK-
instry, B., Pro cter, R., Ma jeed, A., S heikh, A.: The impact of ehealth on the qual-
ity and safety of health care: A systematic overview. PLoS Med 8(1), e1000387
(Jan 2011)

22. Bredl, K., Bösche, W.: Serious Games and Virtual Worlds in Ed ucation, Profes-
sional Development, and Healthcare. IGI Global (M ar 2013)

23. Bro oke, J.: SUS: a �quick and dirty� usabili ty scale, p. 189�194. Taylor & Francis
(1996)

24. Bro oks, A.L., Brahnam, S., Jain, L.C.: Technologies of Inclus ive Well-Being: S e-
rious Games , Alternative Realities, and Pl ay T herapy. Springer (Jan 2014)

25. Brox, E., Fernandez-Luque, L., Tollefsen, T.: Healthy gaming video game design
to promot e health. Applied Cl inical Informatics 2(2), 128�142 (Apr 2011)

26. Brox, E., Hernandez, J.E.G.: Exergames for elderly: So c ial exergames to p ersuade
seniors to increase physical activ ity. In: Pervasive Computing Technologies for
Healthcare (PervasiveHealth), 2011 5th International Conference on. p. 546�549
(2011)

27. Bruin, E., Scho ene, D., Pichierri, G., Smith , S.: Use of virt ual reality technique
for the training of motor control in the elderly. Zeitschrift für Gerontologie und
Geriatrie 43(4), 229�234 ( Ju l 2010)

28. Bundesverband Inte rakt ive Unterhaltungssoftware e.V.: (2013), http://goo.gl/
ge2ht2

29. Burke, J.W., McNeill, M.D.J., Charles, D.K., Morrow, P.J., Crosbie, J.H., Mc-
Donough, S.M.: The Visual C ompu ter (12), 1085�1099 (Aug 2009)

30. Chanel, G., Reb etez, C., Betrancourt, M., Pun, T.: Boredom, engagement and
anxiety as in dicators for adaptation to di�cul ty in games. In: Pro ceedings of the
12th internat ional conference on Entertainment and media in the u biquitous era.
p. 13�17. MindTrek '08, ACM (2008)



Games for Health 47

31. Chang, C.Y., Lange, B., Zhang, M., Ko enig, S., Requejo, P., Somb o on, N.,
Sawchuk, A.A., R izzo, A.A.: Towards p ervasive physical rehabilitation using Mi-
crosoft Kinect. In: Pervasive Compu ting Technologies for Healthcare (Pervasive-
Health), 2012 6th International Conference on. p. 159�162. IEEE (2012)

32. Chen, J.: Flow in games (and everything else). Commun. ACM 50(4), 31�34 ( Ap r
2007)

33. Cheng, J., Put nam, C., Rus ch, D.C.: Towards e�cacy-centered game design pat-
terns for brain injury rehabilitation: A dat a-d riven approach. In: Pro ceedings of
the 17th International ACM SIGACCESS Conference on Computers & Acces si-
bility. p. 291�299. AS SETS '15, ACM (2015)

34. Ciarami taro, B.L.: Mobile Technology Consumption: Opp ortunit ies and Chal-
lenges: Opp ortuniti es and Challenges. IGI Global ( Oct 2011)

35. Crawford, C.: The Art of Computer Game Design. Osb orne/McGraw-Hill (Jan
1984)

36. Csikszentmihalyi, M.: F low: The Psychology of Optimal Exp erience. Harp er &
Row (1990)

37. Csikszentmihalyi, M., Abuhamdeh, S., Nakamu ra, J.: Flow, p. 227�238. Springer
Netherlands (2014)

38. Curtis, J., Ruijs, L., Vries, M.d., Winters, R., Martens, J.B.: Rehabilitation of
handwriting skills in stroke patient s using interactive games: a pilot study. In:
Pro ceed ings of the 27th international conference extended abstracts on Hu man
factors in computing systems. p. 3931�3936. ACM (2009)

39. De Schut ter, B ., Vanden Ab eele, V.: Designing meaningful play wit hin the psycho-
so cial context of older adults. In: Pro ceedings of the 3rd International Conference
on Fun and Games. p. 84�93 (2010)

40. Deci, E.L.: E�ects of externally mediated rewards on intrin sic motivation. Journal
of Personality and So cial Psychology 18(1), 105�115 (1971)

41. Deci, E.L., Ryan, R.M.: The �what� and �why� of goal pursuits: Human needs and
the self-determination of b ehavior. Psychological in quiry 11(4), 227�268 (2000)

42. Denis, G., Jouvelot, P.: Motivation-driven edu cat ional game design: Applying
b est practices to music education. In: Pro ceedings of the 2005 ACM SIGC HI
International Conference on Advances in Computer Ent ertainment Technology.
p. 462�465. ACE '05, ACM (2005)

43. Denisova, A., Cairns, P.: The placeb o e�ect in digital games: Phantom p erception
of adaptive arti�cial intelligence. In: Pro ceedings of the 2015 Annual Symp osium
on Computer-Human Interaction in Play. p. 23�33. ACM (2015)

44. Deterding, S., Dixon, D. , Khaled , R. , Nacke, L.: From game design elements to
gamefulness: De�ning �gami�cation�. In: Pro ceedings of the 15th Internat ional
Academic MindTrek Con-ference: Envisioning Future Media Environments. p.
9�15. Mi ndTrek '11, ACM (2011)

45. Deutsch, J.E., Borb ely, M., Filler, J., Huhn, K., Guarrera-Bowlby, P. : Use of
a low-cost, commercially available gaming console (wii) for rehabilitation of an
adolescent with cerebral palsy. Physical T herapy 88(10), 1196�1207 (2008)

46. Entertainment Software Asso ciation (ESA): Ess ential Facts Ab out the Com-
puter and Video Game Indust ry 2013 (2013), https://igea.wpengine.com/
wp-content/uploads/2013/06/ESA_EF_2013.pdf

47. Federico Semeraro, A.F.: Relive: A serious game to learn how to s ave lives. Re-
suscitation 85(7), e109�e110 (2014)

48. Fogg, B.: A b ehavior mo del for p ersuasive design . In: Pro ceedings of the 4th
International C onferen ce on Persuasive Technology. p. 40:1�40:7. Persuasive '09,
ACM (2009)



48 J. D. Smeddinck

49. Fullerton, T., Swain, C., Ho�man, S.: Game design workshop: designing, proto-
typing, and playtestin g games. Fo cal Press ( 2004)

50. Galna, B., Barry, G., Jackson, D., Mhiripiri, D., Olivier, P., Ro chester, L.: Ac-
curacy of the microsoft kinect sensor for measuring movement in p eople with
parkinson's disease. Gait & Posture 39(4) , 1062�8 (2014)

51. Gao, Y., Man dryk, R.L.: The acute cognitive b en e�ts of casu al exergame play p.
1863�1872 (2012)

52. Gekker, A.: Health Games, Lecture Notes in Computer Science, vol. 7528, p.
13�30. Sp ri nger Berlin / Heidelb erg (2012)

53. Gerling, K.M., Livingston, I.J., Nacke, L.E., Mandryk, R.L.: Ful l-b o dy motion-
based game interaction for old er adults. In: CHI' 12: Pro ceedings of the 30th in-
ternational conference on Human factors in c ompu ting systems. p. 1873�1882
(2012)

54. Gerling, K.: Motion-Based Video Games for Older Adult s in Long-Term Care.
Ph.D. thesis, University of Saskatchewan (May 2014)

55. Gerling, K., Schulte, F., Masuch, M.: Designing and evaluating digital games
for frail elderly p ersons. In: International Conference on Advances in Computer
Ent ertainment Technology (ACE 2011). p. 62:1�62:8. ACM (2011)

56. Gerling, K.M., Mandryk, R.L., Miller, M ., Kalyn, M.R., Birk, M., Smeddinck,
J.D.: Des igning wheelchair-based movement games. ACM Trans. Access. Comput.
6(2), 6:1�6:23 (Mar 2015)

57. Gerling, K.M., Miller, M., Mandryk, R.L., Birk, M., Smeddinck, J.: E�ects of
balancing for physical abilities on p layer p erformance, exp erience and self-esteem
in exergames. In: CHI'14: Pro ceedings of the 2014 CHI Conference on Human
Factors in Computing Systems. p. 2201�2210 (2014)

58. Gerling, K.M., Schulte, F.P., Smeddinck, J., Masuch, M.: Game design for el-
derly: E�ects of age-related changes on structu ral elements of digital games. In:
Pro ceed ings of the 11th Int ernational Conference on Entert ainment Computing.
p. 235�242. Springer Berlin / Heidelb erg (2012)

59. Gerling, K.M., Smeddi nck, J.: Involving users and exp erts in motion-based game
design for older adults. In: Pro ceedings of the C HI Game User Research Workshop
(2013)

60. Gesundheitsb erichterstattung des Bun des: (2006), http://www.gbe-bund.de/
gbe10/abrechnung.prc_abr_test_logon?p_uid=gasts\&p_aid=\&p_knoten=
FID\&p_sprache=D\&p_suchstring=10791::Physiotherapie

61. Giannotti, D., Patrizi , G., Di Ro cco, G., Vestri, A.R., Semproni, C.P., Fiengo,
L., Pont on e, S., Palazzini, G., Redler, A.: Play to b ecome a surgeon: Impact of
nintendo wii training on laparoscopic skills. PLoS ONE 8(2), e57372 (Feb 2013)

62. Göb el, S., Hardy, S. , Wen del, V., Mehm, F., Steinmetz, R.: Serious games for
health: p ersonalized e xergames. In: Pro ceedings of the international conference
on Multimedia. p. 1663�1666. MM '10, ACM (2010), aCM ID: 1874316

63. Grafsgaard, J.F. , Wiggin s, J.B., Boyer, K.E., Wieb e, E.N., Lester, J.C.: Auto-
matically recogni zing facial expression : Predicting engagement and frustration.
In: Pro ceedings of the 6th International Conference on Educational Data Mining.
p. 43�50 (2013)

64. Harts on , R., Pyla, P.: The UX Bo ok: Pro cess and Guidelines for Ensuring a
Quality User Exp erience. Morgan Kaufmann, 1 edn. (Mar 2012)

65. Hek ler, E.B., Klasnja, P., Fro ehlich, J.E., Buman, M.P.: Mind t he theoretical
gap: interpreti ng, usin g, and developing b ehavioral th eory in hci research . In:
Pro ceed ings of the SIGCHI Conference on Human Factors in Computing Syste ms.
p. 3307�3316. ACM (2013)



Games for Health 49

66. Hen ry, K.D., Rosemond, C. , Eckert, L.B. : E�ect of numb er of home exercises on
compliance and p erformance in adults over 65 years of age 79(3) , 270�277 (Jan
1999), p MID: 10078770

67. Hermann , R., Herrlich, M., Wenig, D., Smeddinck, J., Malaka, R.: S trong and
lo ose co op eration in exergames for older adu lts with parkinson s disease. In: Men-
sch & Computer Works hopband. p. 249�254. Oldenb ourg Verlag (2013)

68. Hern an dez, H.A., Grah am, T.C., Fehlings, D., Switzer, L., Ye, Z., Bellay, Q.,
Hamza, M. A., Savery, C., Stach, T.: Design of an exergaming station for children
with cerebral palsy. In: Pro ceedings of the 2012 ACM an nual conference on Human
Factors in Computing Systems. p. 2619�2628 (2012)

69. Ho cine, N., Gouaich, A., Di Loreto, I., Joab, M.: Motivation based di�culty
adaptation for therap eutic games. In: 2011 IEEE 1st International Conference on
Serious Games and Applications for Health (S eGAH). p. 1�8 (2011)

70. Ho cine, N., Gouaich, A., Cerri, S .A. : Dynamic Di�culty Adaptation in Serious
Games for Motor Rehabilitation, p. 115�128. Lecture Notes in Computer Science,
Springer International Publishing (Jan 2014)

71. Ho�man, H.G., Garcia-Palacios, A., Patt ers on , D.R., Jensen, M., Fu rness, T. ,
Ammons, W.F.: The e�ectiveness of virtual reality for dental pain control: A case
study. Cyb erPsychology & Behavior 4(4), 527�535 (Aug 2001)

72. Ho�man, H.G., Patterson, D.R., Seib el, E., S ol tani, M., Jewett-Leahy, L., Sharar,
S.R.: Virtual reality pain control during burn wound debrid ement in th e hy-
drotank:. The Clinical Journal of Pain 24(4), 299�304 (May 2008)

73. Ho�mann, K., Wiemeyer, J., Hardy, S., Göb el, S.: Personalized Adapt ive Control
of Training Load in Exergames from a Sp ort-Scienti�c Persp ective, p. 129�140.
Lecture Notes in Computer Science, Springer International Publishing ( Jan 2014)

74. Holt , R., Weightman, A., Gallagher, J., Preston, N., Levesley, M., Mon-Williams,
M., Bh ak ta, B.: A system in th e wild: Deploying a two player arm rehabi litation
system for children with cerebral palsy in a scho ol environment. J. Usabil ity
Studies 8(4), 111�126 (Aug 2013)

75. Horvit z, E., Breese, J., Heckerman, D., Hovel, D., Rommelse, K.: The lumiere
pro ject: Bayesian u ser mo deling for inferring the goals and needs of software
users. In: Pro ceedings of the fourteent h Con ferenc e on Uncertainty in Arti�cial
Intelligence. p. 256�265 (1998)

76. Hu nicke, R.: The case for dyn amic di�culty adjust ment in games. In : Pro ceedings
of the 2005 ACM SIGCHI International Conference on Advances in computer
entertainment technology. p. 429�433 (2005)

77. Ice, R.: Long-term c ompl iance. Physical Therapy 65( 12) , 1832�1839 (Jan 1985),
pMID: 3906687

78. Ijs selsteijn, W., Nap, H., de Kort, Y., Po els, K.: Digital game design for elderly
users. In: Pro ceedings of the 2007 conference on Future Play. p. 17�22 (2007)

79. Jack, D., Boian, R ., Merians, A.S., Tremaine, M., Burdea, G.C., Adamovich,
S.V., Recce, M., Poiz ner, H.: Virtual reality-enhanced stroke rehabilitation. Neu-
ral Systems and R ehabilitation Engineering, IEEE Transactions on 9(3), 308�318
(2001)

80. Janssen, C.P., Van Rijn, H., Van Liemp d, G., Van der Pomp e, G.: Us er mo deli ng
for training recommendation in a depression prevention game. In: Pro ceedings of
the �rst NSVKI student conference. p. 29�35 (2007)

81. Jarske, H., Kolehmainen, H.: Valedo(r)motion-terapialaitteiston hyväksyminen ja
käyttökelp oisuus tullin kulman työterveydessä (2013)



50 J. D. Smeddinck

82. Kamel Bou los, M.N., Gammon, S., Dixon, M.C., MacRury, S.M., Fergusson, M .J.,
Miranda Ro drigues, F. , Mourinho Baptist a, T., Yan g, S.P.: Digital games for typ e
1 and typ e 2 diab etes: Underpinning theory with three il lustrative examples.
JMIR Serious Games 3(1), e3 (Mar 2015)

83. Kato, P.M.: Video games in health care: Closing the gap. Review of General
Psych ology p. 113�121 (2010)

84. Kato, P.M., Cole, S.W., Bradlyn, A.S., Pollo ck, B.H.: A video game imp roves
b ehavioral outcomes in adolescents and young adults with cancer: A randomized
trial. Pediatrics 122(2), 305�317 (Jan 2008), pMID: 18676516

85. Kayama, H., Okamoto, K., Ni shiguchi, S., Nagai, K., Yamada, M., Aoyama, T.:
Games for Health Journal 1(5), 348�352 (Oct 2012)

86. Kemp ermann, G., Fab el, K., Ehnin ger, D., Babu, H., Leal-Galicia, P., Garthe,
A., Wolf, S.A.: Why and how physical activity promotes exp erience-induced brain
plasticity. Frontiers in Neuroscience 4, 189 (Dec 2010), pMID: 21151782PMCID:
PMC3000002

87. Kessel, F., Rosen�eld, P., An derson, N.: Interdiscipli nary Research. Oxford Uni-
versity Pres s (Apr 2008)

88. Krat zke, C., Cox, C.: Smartphone technology and apps: Rapidly changing health
promotion. International Electronic Journal of Health Education 15, 72 (Jan
2012)

89. Krichevets, A.N., Sirotkina, E.B., Yevsevicheva, I.V., Zeldin, L .M.: Computer
games as a means of movement rehabilitation. Disability & Rehabilitation 17(2),
100�105 (1995)

90. Kuhn, J.T., Holling, H., Raddatz, J., Dob el, C.: Meister CODY: Ein computer-
gestützter Test und Training für Kinder mi t Dyskalkulie (2015)

91. Kuhn, J.T., R ad datz, J., Holling, H., Dob el, C.: Dyskalkulie vs. re-ch enschwäche:
Basisnumerische verarb eitung in der grundschul e. Lernen und Lernstörungen 2(4),
229�247 (Jan 2013)

92. Langley, P., Hirsh, H.: User mo delin g in adapt ive int erfaces. Courses and Lectu res
- International Centre for Mechanical Scien ces p. 357�370 (1999)

93. Laugwitz, B., Held, T., Schrepp, M.: Const ruction and evaluation of a user exp e-
rience questionnaire. Sprin ger (2008)

94. Leijdekkers, P., Gay, V.: User Adoption of Mobile Apps for Chronic Disease Man-
agement: A Case St udy Based on myFitness Comp anion(r), p. 42�49. Lecture
Notes in Computer Science, S pringer Berlin Heidelb erg (2012)

95. Lilla, D., Herrlich, M., Malaka, R., Krann ich, D.: The In�u ence of Music on Player
Performance in Exergames for Parkinson's Patients, p. 433�436. Springer ( 2012)

96. Lindley, C.A., Sennersten, C.C.: Game play schemas: from player analysi s to
adaptive game mechanics. In: Pro ceedings of the 2006 international conference
on Game research and development. p. 47�53 (2006)

97. Lister, C., Wes t, J.H., Cannon, B., Sax, T., Bro degard, D.: Just a fad? gami�ca-
tion in health and �tness apps. JMIR Serious Games 2(2) (Aug 2014)

98. Liu, C., Agrawal, P. , Sarkar, N., Chen, S.: Dynamic di�culty adjustment i n com-
puter games through real�time anxiety�based a�ective feedb ack. International
Journal of Human�Computer Interaction 25(6), 506�529 (Aug 2009)

99. Lomas, D., Patel, K., Forlizzi, J.L., Ko edinger, K.R.: Op timizing challenge in
an educational game using large-scale design exp eriments. In: Pro ceedings of the
SIGCHI Conference on Human Factors in Computing Syst ems. p. 89�98. CHI '13,
ACM (2013)



Games for Health 51

100. Lu xton, D.D., McCann, R.A., Bush, N.E., Mishkind, M.C., Reger, G.M.: mh ealth
for mental health: Int egrat ing smartphone technology in b ehavioral healthcare.
Professional Psychology: R esearch and Practice 42(6), 505�512 (2011)

101. M ai er, M., Ballester, B.R., Duarte, E., Du�, A., Verschure, P.F. M.J.: So cial In-
tegration of Stroke Patients through t he Multiplayer Rehabilitation Gaming Sys-
tem, p. 100�114. Lecture Notes in Computer Science, Springer Int ernational Pub-
lishing (Jan 2014)

102. M al aka, R. : How Computer Games Can Improve Your Health and Fi tness, p. 1�7
(2014)

103. M al aka, R., Herrlich, M., Smeddinck, J.: Ant icipation in Motion-based Games
for Health. Lecture Notes in Compu ter Science, Springer Berlin Heidelb erg (2016
(accepted))

104. M cAu ley, E., Duncan, T., Tammen, V.V.: Psychometric p rop erties of the intrinsic
motivation inventory in a comp etitive sp ort setting: a con�rmatory factor anal-
ysis. Research quarterly for exercise and sp ort 60(1), 48�58 (Mar 1989), pMID:
2489825

105. M edler, B.: Using recommendation systems to adapt game-play. International
Journal of Gaming and Computer-Mediated Simul at ions 1(3), 68�80 (2009)

106. M issura, O., Gärtn er, T. : Player Mo deling for Intelligent Di�culty Adjustment,
vol. 5808, p. 197�211. Sprin ge r Berlin Heidelb erg (2009)

107. M ueller, F., Vetere, F., Gibbs, M., Edge, D., Agamanolis, S., Sheridan, J., Heer,
J.: Balancing exertion exp eriences. In: Pro ceedings of the 2012 ACM annual con-
ference on Human Factors i n Computing Systems. p . 1853�1862 (2012)

108. M ueller, F., Gibbs, M.R., Vetere, F., Edge, D.: Supp ortin g the creative game
design pro cess with exert ion cards. p. 2211�2220. ACM Pres s (2014)

109. Nap, H., Kort, Y. d., I Js selsteijn, W.: S enior gamers: Preferences, motivations and
needs. Gerontechnology 8, 247�262 (Nov 2009)

110. Natb ony, L.R., Zimmer, A., Ivanco, L.S., Studenski, S.A., Jain, S.: Perceptions of
a vid eogame-based dance exercise program among individuals with parkins on 's
disease. Games for Healt h Journal 2(4), 235�239 (Aug 2013)

111. Oin as-Ku kkonen, H., Harjumaa, M.: Persuasive systems design: Key issues, pro-
cess mo del , and sys tem features. Communications of the Asso ciation for Informa-
tion Systems 24(1), 28 (2009)

112. Orji, R., Mandryk, R .L., Vassileva, J., Gerling, K.M.: Tailoring p ersuasive h eal th
games to gamer typ e. In: Pro ceedings of the SIGCHI Conference on Human Fac-
tors in Computing Systems. p. 2467�2476. CHI '13, ACM (2013)

113. Pichierri, G., Wolf, P., Murer, K., Bruin, E.D.d.: Cognitive and cognitive-motor
interventions a�ecting physical functionin g: A systematic review. BMC Geriatrics
11(1), 29 (Jun 2011)

114. Pomeroy, V.M., Praman ik, A., S ykes, L., Richards, J., Hill, E.: Agreement b etween
physiotherapists on quality of movement rated via videotap e. C linical Rehabili -
tation 17(3), 264�272 (Jan 2003)

115. Portland Ph armaceu ticals, G.f.H.P. : Games for health pro ject
116. Prange, G.B. , Jan nink, M.J.A., Gro othuis-Oudsho orn, C.G.M., Hermens, H.J.,

IJzerman, M.J.: Systematic review of the e�ect of rob ot-aided therapy on recovery
of the hemiparetic arm after stroke. The Journ al of Rehab ilitation Research and
Develop ment 43( 2), 171 (2006)

117. Primack, B.A., Carroll, M.V., McNamara, M., Klem, M.L., King, B., Rich, M.,
Chan, C .W., Nayak, S.: R ole of video games in improving health-related outcomes:
A systematic review. American Journal of Preventive Medicine 42(6), 630�638
(Jun 2012)



52 J. D. Smeddinck

118. Privacy Rights Clearinghouse: Fact sheet 39: Mobile health and �t ness
apps: What are the privacy risks? (2014), https://www.privacyrights.org/
mobile-health-and-fitness-apps-what-are-privacy-risks

119. R ego, P., Moreira, P. , Reis, L.: Serious games for rehabilitation: A survey and a
classi�cation towards a taxonomy. In: 2010 5th Ib erian Conference on Informat ion
Systems and Technologies (CISTI). p. 1�6 (Jun 2010)

120. R icciardi, F ., De Paol is, L.T. , Ricciardi , F., De Paolis, L.T.: A comprehensive
review of serious games in health professions, a compreh ensive review of serious
games in health profes-sions 2014, 2014, e787968 ( Au g 2014)

121. R igby, S.: Gl ued to Game s: How Video Games Draw Us In and Hold Us Sp ell-
b ound. Praeger (Feb 2011)

122. R igby, S., Ryan, R.: The Player Exp erience of Need Satisfac-tion( PENS) : an
applied mo del and metho dology for understanding key comp onents of the player
exp erience (2007)

123. R yan, R.M., Rigby, C.S., Przybylski, A.: The motivational pull of video games:
A self-determination th eory approach. Mot ivat ion and Emotion 30(4), 344�360
(Nov 2006)

124. S an chez, R.G., Thin , A.G., Hauge, J.B., Fiucci, G., Nab eth, T., Rudnianski, M.,
Luccini, A.M., Star, K.: Value Prop ositions for Serious Games in Health and Well-
Being, p. 150�157. Lecture Notes in Computer Science, Springer Berlin Heidelb erg
(Jan 2012)

125. S awyer, B., Smith, P.: Serious games taxonomy (2008)

126. S chneider, G.: Exergames. Ph.D. thesis, uniwien (2008)

127. S chneiders, A.G., Zusman, M., Singer, K.P.: Exercise therapy compliance in acute
low back pain patients 3(3), 147�152 (1998)

128. S hute, V.J., Ventura, M., Ke, F.: The p ower of play: The e�ects of p ortal 2 and
lumosity on cogni tive an d noncognitive skills. Computers & Education 80, 58�67
(Jan 2015)

129. S inclair, J., Hingston, P., Masek, M.: Considerations for the design of exergames.
In: Pro ceedings of the 5th international conference on Comput er graphics and
interactive techniques in Australia and Southeast Asia. p. 289�295. GRAPHITE
'07, ACM (2007) , aCM ID: 1321313

130. S inclair, J., Hingston, P., Masek, M .: Exergame d evelopment using the dual �ow
mo d el. In: Pro ceedings of the Sixth Aust ralasian Conference on Interactive En-
tertainment. p. 11:1�11:7. IE '09, ACM (2009)

131. S luijs, E.M., Kok, G .J., Zee, J.v.d.: Correlates of exercise complian ce in. Physical
Therapy 73(11), 771�782 (Jan 1993), pMID: 8234458

132. S med dinck, J., Gerling, K.M., Tiemkeo, S.: Visual complexity, player exp erie nce,
p erformance and physical exertion in motion-based games for older adults. In:
Pro ceed ings of th e 15th International ACM S IGACCESS Con ferenc e on Com-
puters and Accessibility. p. 25:1�25:8. ASSETS '13, ACM (2013)

133. S med dinck, J., Herrlich, M., Krause, M., Gerling, K., Malaka, R.: Di d they re-
ally like the game? � challenges in evaluating ex ergames with older adults. In:
Pro ceed ings of the CHI Game User Research Workshop (2012)

134. S med dinck, J., Siegel, S ., Herrlich, M.: Adaptive di�culty in exergames for parkin-
son's di sease patients. In: Pro ceedings of the 2013 Graphics Interface Conference.
p. 141�148. GI '13, Canadian Informat ion Pro cessing So ciety (2013)

135. S med dinck, J.D., Gerling, K.M., Malaka, R .: Anpassbare comput erspiele für se-
nioren. Informat ik-Sp ektrum 37(6), 575�579 (Dec 2014)



Games for Health 53

136. S med dinck, J.D., Herrlich, M., Malaka, R.: Exergames for physiotherapy and
rehabilitation: A medium-term situated st udy of mot ivat ional asp ects and impact
on fu nctional reach. In: Pro ceedings of CHI 2015. p. 4143�4146. ACM (2015)

137. S med dinck, J.D., Herrlich, M. , Roll, M., Malaka, R.: Motivational e�ects of a
gami�ed t rai ning analysis interface. Mensch & Computer 2014-Workshopband p.
397�404 (2014)

138. S med dinck, J.D., Hey, J., Runge, N., Herrlich, M. , Jacobsen, C., Wolters, J.,
Malaka, R.: Movitouch: M obile movement capability con�gurations. In: Pro ceed-
ings of the 17th International ACM SIGACCESS Conference on Computers &
Accessib ility. p. 389�390. ASSETS '15, ACM (2015)

139. S med dinck, J.D., Mandryk, R., Birk, M., Gerling, K., Barsil owski, D., Malaka,
R.: How to present game di�culty choices? exploring th e impact on player exp e-
rience. In: Pro ceedings of t he 34t h Annual ACM Conference on Human Factors
in Computing Systems. CHI ' 16, ACM (2016 ( inpress))

140. S med dinck, J.D., Voges, J., Herrlich, M., Malaka, R.: Comparing mo dalities for
kinesiatric exercise instruction. In: CHI '14 Extended Abstracts on Human Factors
in Computing Systems. p. 2377�2382. CHI EA '14, ACM (2014)

141. S on g, H., Peng, W., Lee, K.M.: Promoting exercise self-e�cacy wi th an exergame
16(2), 148�162 (Jan 2011), pMID: 21213171

142. S pringer, M., Herrlich, M., Krannich, D., Malaka, R.: Achieveme nts in Exergames
for Parkinson s Patients. Oldenb ourg Verlag (2012)

143. S taiano, A.E., Calvert, S.L.: The promise of exergames as to ol s to measure phys-
ical health. Entertainment Computing 2(1), 17�21 (2011)

144. S tenström, C., Arge, B., Su ndb om, A.: Home exercise and compliance in in�am-
matory rheumatic diseases�a prosp ective clinical trial. Th e Journal of rheumatol-
ogy 24(3) , 470�476 (Mar 1997), pM ID: 9058651

145. S undholm, M., Cheng, J., Zhou, B., Sethi, A., Lukowicz, P.: Smart-mat: Recog-
nizing and counting gym exercises with low-cost resistive pressure sensing matrix.
In: Pro ceedings of the 2014 ACM International Joint Conference on Pervasive and
Ubiquitous Computing. p . 373�382. UbiComp '14, ACM ( 2014)

146. T heng, Y.L. , Chua, P.H., Pham, T.P.: Wii as entertainment and so cialisation
aids for mental and so cial health of the elderly. In: Pro ceedings of the 2012 ACM
annual conference extended abstracts on Human Factors in Comput ing Systems
Extended Abstracts. p. 691�702. ACM (2012)

147. T homp son, D.: Designing serious vid eo games for health b ehavior change: current
status and future directions. Journal of Diab etes Science and Technology 6(4),
807�811 (Jul 2012), pM ID: 22920806PMCID: PMC3440151

148. Uzor, S., Baillie, L.: Exploring & designing to ols to enhance falls rehabilitation
in the home. In: Pro ceedings of th e SIGCHI Conference on Human Fact ors in
Com-puting Systems. p. 1233�1242. CHI '13, ACM (2013)

149. Uzor, S., Baillie, L.: Investigating the long-term use of exergames in t he home
with elderly fallers. p. 2813�2822. ACM Press (2014)

150. Virtu al Rehab: VirtualRehab - Virtual rehabilitation through gaming (Sep 2014)

151. Walther-Franks, B., Wenig, D., Smeddinck, J., M alaka, R.: Exercise My Game:
Turn ing O�-The-Shelf Games i nto Exergames, p. 126�131. Lecture Notes in Com-
puter Science, Sp ri nger Berlin Heidelb erg (Jan 2013)

152. Walther-Franks, B., Wenig, D., Smeddinck, J., Malaka, R.: Sp ortal: A �rst-p erson
videogame tu rn ed exergame. In: Boll, S., Maa�s, S ., Malaka, R. (eds.) Mensch &
Computer 2013 - Workshopband. p. 539�542. Oldenb ourg Verl ag (2013)



54 J. D. Smeddinck

153. Watcharasatharp ornp ong, N., Kotra jaras, V.: Automatic level di�culty adjust-
ment in platform games using gen etic algorithm based metho d ol ogy. Depart-
ment of Computer Engineering, Faculty of Engineering, Chulalongkorn Univer-
sity.[Online][Cited: Octob er 14, 2010. ] (2010)

154. Weisman, S.: Computer games for th e frail elderly. The Gerontologist 23(4),
361�363 (1983)

155. Wiemeyer, J., Kli em, A.: Serious games in prevention and rehabilitation-a new
panacea for elderly p eople? Europ ean Review of Aging and Physical Activity 9(1),
41�50 (Dec 2011)

156. Yavuzer, G., Senel, A., Atay, M .B., Stam, H.J.: Playstati on eyetoy games� improve
upp er extremity-related motor functioning in subacu te stroke: a randomized con-
trolled clinical trial. Europ ean Journal of Physical and Rehabilitation Medicine
44(3), 237�244 (Sep 2008) , pMID: 18469735

157. Zi goris, P., Zhang, Y.: Bayesian adaptive user pro�ling with exp licit & implicit
feedback. In: Pro ceed ings of the 15th ACM international conference on Informa-
tion and knowledge management. p. 397�404. CIKM '06, ACM (2006)


