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Preface 

The Third European Games for Health Conference 2013 (GFHEU 2013) brings 
together researchers, medical professionals and game developers to share 
information about the impact of games, playful interaction and game technologies 
on health, health care and health policy. Over two days, more than 400 attendees 
will participate, here in Amsterdam, in over 60 sessions provided by an 
international array of 80+ speakers, cutting across a wide range of activities in 
health and well-being. Conference topics include exergaming, physical therapy, 
disease management, health behaviour change, biofeedback, scientific validation, 
rehab, epidemiology, training, cognitive health, nutrition and education.  

As we are aiming for innovation and further integration of Research and Game 
development in Health Care, this year we decided to add an extra Academic Track 
to the conference. These proceedings are the outcome of that integration and 
contain 26 full papers presented at the conference in the form of oral presentations 
or posters and structured around 12 major themes, which are reflected in the 
program of the conference. The Academic Track is interwoven into the 
conference’s broader structure to further promote dialog between academics and 
practitioners working within the fields of Game & Play Studies, Design Research, 
Game development and the Medical Community, exploring and innovating within 
the greater area of Health. This track is labelled (A) in you’re conference program. 

Games have been played in many settings and in all times. No matter if the subject 
was jousting in medieval times by knights, or in the local playground by children 
playing football, it was always a combination of joy, skill mastery and social 
setting. With the new digital games this remains the same as they can be played in 
many contexts, being autotelic or applied. However, one thing should be noted, as 
the digital variant of games has grown to present even stronger possibilities due to 
the large groups that can share them and the ‘always on’ quality of mobile devices 
and networked game consoles. Moreover, digital games allow players to use 
advanced computational power, (haptic) devices, consoles, wearables, visuali-
zation, persuasive technology, social design and crowd computing, among many 
others, to empower the (cognitive) skills of the player. It is this power that makes 
contemporary games and play so successful especially in Health Care. Or as Jane 
McGonigal phrases it: “Gaming can make a better world.”  

The talks and presentations in this third conference are subdivided into several 
tracks such as: Game Design, Gamification & Behaviour Change, Business, 
Validation, Public Health, Medicine Adherence, and Professional Education. These 
proceedings follow the same subdivision as the conference. The major trends in 
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contemporary game development are reflected in these tracks: the attention for 
public health for instance underlines the further wide spread adoption of medical 
apps and games in areas such as cancer prevention and HIV. Another recurring 
topic is the battle against Chronic Diseases (such as Obesity or Alzheimer) being 
the subject for new games, where patients and practitioners join together (in many 
cases, literally, in imaginary or hybrid game worlds). We see games for 
rehabilitation as part of a therapy shift from the hospital to a more natural (home) 
environment for the patient. Many games aim at prevention and participation of 
patients and as such contribute to effective cost reduction of health care. 

Off the shelf consoles and controllers (like the iPad or Kinect) utilized in health 
games allow for further integration in existing e-health applications and will drive 
the industry to new solutions. From silver games (for the elderly) to toddle-apps, 
these applications allow further integration into daily life as well as in health care 
settings. In the future, games will integrate improved models of the human body 
and new advanced feedback mechanisms (e.g. interactive mirrors or spoken 
feedback). 

The theory of games for health and the validation of games in health care settings 
is also gaining traction, which is important for commercial adoption and the 
implementation of new and alternative business models. Games such as ‘Re-
Mission’ aiming to help battle cancer are now thoroughly validated in larger trials. 
Furthermore games are not only regarded as products (applications) but also as 
services for a longstanding relationship between patients, doctors, relatives and 
care providers or between medical doctors and students, to learn the practice of 
medicine. 

In view of this all, the GFHEU 2013 proceedings can be considered as a timely 
document that provides many new results and insights in the new field of Games 
for Health. We would like to thank all members of the Program Committee for 
their most valuable and highly appreciated contribution to the conference by 
reading submissions, writing reviews, and participating in the discussion phase. 
We hope to provide you with many pleasant and fruitful reading hours. 

 
July 2013 Ben Schouten, Chair Program Committee 
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A Serious Game to Inform about HIV Prevention: 
HInVaders, a Case Study 

Stefania Artioli2, Riccardo Berta1, Alessandro De Gloria1, Andrea Pomicino2, Nicola Secco1 
1 ELIOS Lab Department of Biophysical and Electronic Engineering 

University of Genova, Italy 
{berta | nicola.secco} @elios.unige.it 

2 Infectious Diseases and Hepatology Unit S. Andrea Hospital, La Spezia, Italy 

Abstract 

The aim of this research is exploring the possibility of using Serious Games in order 
to educate the general public, in particular young people, about HIV prevention. We 
have developed a Facebook-based online game called “HInVaders” as a case study 
for our research. In the HInVaders game, the player is a HIV virus molecule and his 
aim is infecting as many people as possible. When the game starts, the molecule has 
already infected a person and is located inside the infected body. During the 
gameplay, the player encounters treatments (e.g. antiretroviral therapy) represented 
using the pill metaphor, and the human immune system (e.g. white blood cells). The 
player has to avoid the treatments and to attack the immune system in order to 
increase his score (called viral load). As a side effect (from the virus point of view), 
the viral load increase cause a decrease in the infected person's health level (as 
highlighted in the game interface). If the molecule/player goes through the same 
body too long, he will die with the infected person. Therefore, it is important for the 
player to explore the possibilities to escape from the infected body by infecting other 
persons exploiting some events, which occur during the gameplay. We have 
conducted some preliminary tests to assess the game didactical effectiveness on a 
small group of adults. The paper presents the game design and some preliminary 
results from experiment with real users. 

Keywords 

Serious games, HIV, virus, education, health  

1 Introduction 

The Serious Game term is used to define games which provide a mental contest 
and are played with a computer in accordance with specific rules for government 
or corporate training, education, health, public policy, and strategic communi-
cation [1, 3]. Serious games are not meant to replace traditional learning methods, 
they rather aim at integrating them and allowing users to learn and have fun at the 

B. Schouten et al. (eds.), Games for Health,
DOI 10.1007/978-3-658-02897-8_1, © Springer Fachmedien Wiesbaden 2013



4 Research and Validation 

same time [4]. Traditionally, videogames are considered a mere form of 
entertainment. Even though the role of play is acknowledged as fundamental in 
the first years of life, it is often undervalued in formal education [2]. While playing 
games children do not even realize that they are learning, and this makes the 
learning activity more natural. In addition, Serious Games can contribute to the 
player’s level of motivation [5]. In particular, Serious Games for health can be 
defined as games that have the purpose of teaching how to live in a healthy way 
by avoiding unhealthy habits [6]. In this paper, we will discuss a videogame 
developed to disseminate information about HIV virus transmission modalities 
among young people. In particular, the main target of the game is high school 
students. By playing this game, the user should learn what behaviours involve a 
risk of HIV contagion and what behaviours are safe. In other words, the aim of the 
game is to modify people's habits in order to fight the spreading of AIDS. The 
game has been developed using Adobe Flash technology, which provides a set of 
very powerful tools to create online games. In order to make the game as easily 
accessible as possible we published it on the Facebook social network. 

2 Related Work 

Serious Games for heath have been successfully used in the field of pain 
management [7]. In fact, the concentration required to play a game can contribute 
to alleviate the feeling of pain felt by patients [8]. Getting patients to play can have 
positive effects on their blood pressure and their feeling of nausea [9]. Beyond the 
use of Serious Games to support therapy, another field is focused on enhancing the 
information and education of the public about healthcare related topics. The 
Andalusian Patient Safety Observatory has developed a videogame to promote, 
among both healthcare professionals and common people, the correct hand 
hygiene practices [10]. In the field of HIV research, the work [11] discusses about 
the design process of “The HIV Game”. Similar to our aim, the focus of that game 
is to inform young people living in Yucatan about the HIV topic. In order to exploit 
their culture, the designers have chosen to situate the game in a Mayan 
environment and the player is a Mayan hero. In 2008 the American videogame 
software house Virtual Heroes developed the “Pamoja Mtaani” game, aimed at 
educating youths living in the African country of Kenya on HIV prevention habits 
[12, 13]. In the two games about HIV discussed above the main characters are 
human meanwhile in our game the main character is the virus itself. We have 
chosen to make the HIV the main character in order to let the player concentrate on 
the virus and on its behavior. 
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Abstract  

The Kinect™ sensors can be used as cost effective and easy to use Markerless Motion 
Capture devices. Therefore a wide range of new potential applications are possible. 
Unfortunately, right now, the stick model skeleton provided by the Kinect™ is only 
composed of 20 points located approximately at the joint level of the subject which 
movements are being captured by the camera. This relatively limited amount of key 
points is limiting the use of such devices to relatively crude motion assessment. The 
field of motion analysis however is requesting more key points in order to represent 
motion according to clinical conventions based on so-called anatomical planes. To 
extend the possibility of the Kinect™ supplementary data must be added to the 
available standard skeleton. This paper presents a new Model-Based Approach 
(MBA) that has been specially developed for Kinect™ input based on previous 
validated anatomical and biomechanical studies performed by the authors. This 
approach allows real 3D motion analysis of complex movements respecting 
conventions expected in biomechanics and clinical motion analysis.  

1 Introduction 

Human motion tracking is widely used for movement analysis and biomechanical 
representation of the musculoskeletal system. Currently, most movement analysis 
laboratories are using Marker Based Systems (MBS) [1]. Although precision of this 
kind of device is high, practical problems still occur in daily practice: such systems 
are cumbersome and expensive, setting of the markers used on the subject is time-
consuming and result validation is still an issue in the literature (reproducibility 
and accuracy issues). This can be explained by several factors. At first, markers 
need to be placed carefully on the subject’s skin overlying some anatomical reliefs 
located underneath the skin surface, for example some bony tuberosities [2]. Errors 
during placement of the markers will induce errors during motion representation 
(i.e., based on the marker placement), and therefore result will show relatively low 
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reproducibility [3]. Motion artifacts caused by skin deformations can also reduce 
the measurement precision [4]. MarkerLess System (MLS) are developed for nearly 
twenty years and could represent alternatives for MBS [5-7]. MLS shows 
interesting perspectives for biomechanical applications: fast subject preparation 
because no marker placement, reduced reproducibility error due to the absence of 
marker placement. However, despite these promising advantages, MLS does not 
seem to have broad success in the motion analysis field. This lack of interest may 
be due to the fact that, in people’s mind, MLS offers less precision than MBS. Let’s 
note that MBS also show limitations: for example it is recognized that some 
skeleton motions (e.g., longitudinal rotations) are inducing limited skin 
displacements; marker displacements are therefore minimal. [8]. On the other 
hand, precision of MLS depends on the number of cameras used (single camera [9] 
to multiple cameras system [10]), types of algorithms (annealed particle filtering 
[11], stochastic propagation [12], silhouette contour [13], silhouette based 
techniques [14] …), estimation of whole body or only specific region. 

The recent availability of the Kinect™ sensor - PrimeSense technology (Tel Aviv, 
Israel) [15-17] - a cost-effective, portable and single camera MLS, shows interesting 
perspectives in the revalidation and motion analysis field. Due to the high 
potential of the Kinect™ in various fields (e.g. motion assessment, rehabilitation, 
ergonomics…) research is being performed to estimate the precision and validity 
of this device for environment estimation [18], posture assessment [19] or full body 
analysis [20]. Currently, based on these studies, is appears that the Kinect™ can be 
used to assess some kind of motion in well-defined situations [21]. However these 
studies only focused on the validation of the crude stick model skeleton provided 
by the Kinect™ (with SDK) composed by 20 points. These 20 points are gross 
estimations of the center of the major joints of the human body (Figure 1). This 
kind of model however only allows simple motion assessment (e.g., vector angle 
between 3 points for knee or elbow flexion, simple geometric approach to estimate 
elbow abduction between shoulder and elbow…) with limited precision. 
Furthermore this skeleton is a planar representation of the human anatomy, and 
therefore does not really represent the human skeleton in 3 dimensions (3D). It 
must be stressed that in order to be used in clinics for the evaluation and the 
follow-up of patients, the standard provided skeleton must be improved to include 
anatomical knowledge to meet anatomical conventions. This paper presents a 
novel paradigm in motion analysis using a single Kinect™ sensor as MLS to collect 
raw data that are optimized thanks to Model Based Approached using past 
experimental data and knowledge collected by the authors.  
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3 Results 

To assess results of the MBA method, 5 healthy subjects were equipped with 
reflective markers (Plug in Gait model) and were invited to realize clinical “Hand-
to-Head”, “Hand-to-Mouth” and “Hand-to-Back” motions (these motions are used 
to assess upper limb functions with patient suffering, for example, from obstetrical 
braxial plexus palsy [41], see Figure 5). Motion data were recorded with the 
Kinect™ and with a MBS (Vicon, 8MXT40s camera) simultaneously. Both signals 
were processed using MBA, and Range of Motions (ROM) were compared using 
Wilcoxon signed-rank test. Results are presented in Table 1 

Table 1: Mean (std) ROM for the three studied motions, results are expressed in degrees. 

 Hand-to-Head Hand-to-Mouth Hand-to-Back 
Kinect™ MBS Kinect™ MBS Kinect™ MBS 

Shoulder Flexion 35 (8) 33 (5) 29 (7) 30 (7) 32 (12) 29 (8) 
Shoulder 
Abduction 

75 (7) 69 (12) 22 (9) 19 (7) 18 (8) 18 (8) 

Shoulder 
Rotation 

60 (9) 53 (8) 19 (8) 14 (7) 35 (14) 29 (10) 

Elbow Flexion 92 (9) 95 (11) 102 (20) 109 
(18) 

49 (16) 48 (14) 

Forearm Prono-
Supination 

50 (12) 55 (16) 42 (14) 47 (20) 46 (16) 47 (19) 

No statistical difference was found for both devices after processing the inputs 
with MBA. The (non-significative) differences were as following: shoulder flexion 
presented difference values from 3 to 10% depending on the motion, shoulder 
abduction from 0 to 13%, shoulder rotations from 11 to 26%, elbow flexion from 2 
to 7% and forearm prono-supination from 2 to 11%. 

4 Discussion 

The Kinect™ seems promising not only for games purposes but also in clinics and 
rehabilitation. Raw skeleton data must however be processed prior to produce 
motion representation that are meaningful within clinical assessment activities. 
Research have already been performed allowing live visual feedback for patient 
correction during rehabilitation exercises [42], to assess the reachable volume with 
upper limb [43], to correct posture [44]. To the best of knowledge these studies are 
only using the simple stick model skeleton. Restrictions of the clinical use of the 
current system, prior to MBA optimization, include: 
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• The visual feedback is important to correct motion and increase benefits during 
rehabilitation [45]. One can easily imagine that the avatar used for visual 
feedback must be as close as possible to the real movement produced by the 
patient. Currently Kinect™ input can be used to animate avatar or models, but 
due to the lack of sufficient anatomical landmarks these avatars will not reflect 
the patient’s movements in an accurate way. 

• Motion analysis is an important part of the clinical examination of patient 
suffering from various disorders such as neurological conditions (e.g. stroke, 
cerebral palsy, etc) or orthopaedic disorders (e.g. low back pain, total knee 
replacement, etc). This kind of examinations requires precise devices able to 
record 3D motions because these pathologies lead to complex motions patterns 
[46]. MLS must be adapted to be able to track such motion pattern. 

• The same MBA approach could be used to gear human avatar controlled in 
gaming applications. 

The presented MBA solves some of these problems thanks to various operations 
such as segment length rigidification, weighted smoothing for each particular 
joints and physiological joint behaviour based on joint mechanism obtained from 
experimental data. Precision of the overall skeleton is increased. 

The MBA procedure can be used to animate a real skeleton as presented in Figure 
5. MLS results were similar that those obtained with a MBS (Table 1). These results 
indicated that, for those particular motions, the combination of Kinect™ and MBA 
can be used to quantify complex 3D motion of the upper limb. It is important to 
note that, due to the important number of parameters of this model, calibration is 
required in order to have similar results that those provided with gold standard 
MBS. This calibration is mainly focusing on fine tuning of smoothing parameters, 
actually each joint can be configured separately. Despite the MBA some motions, 
in particular shoulder rotations, and the ankle joints, remain difficult to estimate 
and should be, therefore, carefully interpreted. 

The enriched skeleton can also be integrated as Anatomical Optimization Engine 
within game environments in need of anatomical accuracy.  

Further researches are needed to evaluate the possibilities of the Kinect™ for 
future potential clinical applications. This paper presented a method for fast and 
easy 3D motion analysis (kinematics evaluation). Currently there is a lack of tool 
easily available to clinicians to perform clinical motion assessment in a quick and 
efficient way. Proposed devices are either not precise or reproducible (e.g. 
goniometer) or expensive and with limited access (electrogoniometer, 
optoelectronic device). Bringing new and more accessible motion assessment 
devices could allow increasing the frequency of patient follow-up, and therefore 
would allow better patient monitoring. 

New possibilities are also provided by the use of the skeletal model (Figure 5) 
obtained after the MBA process and after data fusion. Soft tissues (e.g. muscles, 
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ligaments …) can be added to this model and information related to muscles 
behaviour during motion (muscle length, lever arm, etc) can be obtained. These 
new information could bring new insight on pathologies involving musculo-
skeletal system such as spasticity [47]. Of course important validation works are 
required before going so far in the treatment of data obtained with this MBA. 

5 Conclusion 

Although the Kinect™ is already used for some limited clinical applications 
including basic motion assessment or live correction during rehabilitation, the 
underlying skeleton model is too crude for more advanced applications. This 
paper presents an optimization method that able to enrich the available raw data 
with supplementary anatomical and biomechanical information which were 
collected in previous scientific data collections. The optimization of the Kinect™ 
data with the proposed MBA method allows more accurate 3D motion analysis 
according to clinical conventions. Since the technology is cost-effective, not time-
consuming to use and portable both patients and clinicians could benefit from this 
kind of developments thanks to an increase availability of motion assessment and 
better control of rehabilitation exercises. Note that this paper is using the first 
version of the Kinect™. The release of new Kinect™ hardware is expected to 
increase the quality of the MBA optimisation thanks to a better production of the 
raw skeleton. 
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Abstract 

Improving cancer risk perception among adolescents and young adults is a crucial 
public health goal that allows the prevention of cancer-initiating behaviors. Digital 
games can be implemented in health interventions to drive cancer risk perceptions.  

This research experimentally examines how a video game called "Re-MissionTM" 
(HopeLab, Redwood City, CA) may create an environment in which perceived threat 
from virtual cancer cells can lead to emotional involvement and ultimately induce 
perceived cancer risk among healthy young adults. In "Re-Mission," players control a 
nano-robot that fights cancer cells inside cancer patients’ bodies. After baseline 
survey completion, participants (n = 118) played "Re-Mission" at low or high conflict 
(i.e., low, or high level of game challenges). Then, participants completed a post-
experience survey.  

Results from path analyses show that fear when being attacked by virtual cancer cells 
and happiness when killing cancer cells mediate pathways between conflict 
manipulation and change in cancer risk perception. These findings suggest that the 
study of emotions may aid researchers and designers in the identification of in-game 
events responsible for health outcomes.  

Keywords 

Video game, digital game, cancer, emotions, gaming events, features 

1 Introduction 

Despite the regular implementation of health interventions among youths, healthy 
young adults continue to suffer from a lack of awareness about cancer risks. The 
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transition from adolescence to young adulthood is marked by an increase in 
cancer-initiating behaviors [1] such as smoking initiation [2] and low physical 
activity. Such behaviors highlight the need to implement health interventions that 
are able to make young adults aware of the risk of cancer [3, 4].  

Perceived cancer risk (PCR) is a concept of the health belief model that is 
characterized by two main dimensions. First, perceived susceptibility to cancer 
explains one's beliefs about the odds of being personally at risk of getting cancer. 
The second dimension of PCR is perceived severity of cancer, which explains one's 
perception of how serious cancer and its consequences are. Previous research has 
found that individuals' perception of the chances of getting cancer and their beliefs 
of being vulnerable to cancer may predict healthy behaviors. In fact, perceived 
susceptibility to and severity of cancer have been shown to be connected to cancer 
preventive behaviors such as breast self-examination [5, 6], mammography [7], and 
skin protection [8]. 

One strategy to drive cancer risk perceptions is to implement interactive 
interventions. In particular, digital games have the potential to raise awareness 
about cancer risks. Going beyond exposure to a narrative, digital games allow their 
users to experience firsthand information related to cancer. Several games such as 
"Ben’s Game", "Re-Mission", and the "Cancer Game" have been designed for cancer 
awareness and prevention. Particularly, "Re-Mission" has shown evidence based 
results among adolescent and young adult patients. "Re-Mission" is a third-person 
shooter game in which the player goes on missions to fight cancer cells in the 
virtual bodies of cancer patients. Numerous studies have confirmed the 
effectiveness of "Re-Mission". Randomized controlled trials have shown that "Re-
Mission" can increase knowledge and medication adherence among young cancer 
patients [9, 10].  

While "Re-Mission" was mainly designed to promote medication adherence among 
patients, recent research has also demonstrated its ability to help healthy young 
adults perceive cancer risk and encourage them to seek cancer-related information 
[11]. An experimental study has shown that healthy young adults who played "Re-
Mission" at high conflict (i.e., high level of obstacles and challenges in the game) 
experienced an increase in perceived susceptibility to and severity of cancer as 
compared to players at low conflict. Also, the more young adults perceived virtual 
cancer cells in the game to be threatening, the more they experienced an increase in 
perceived cancer severity and susceptibility [11]. This study suggests that by 
virtually experiencing the consequences of cancer cell behavior (e.g., cancer cell 
multiplication and attack of tissues), young adult players of "Re-Mission" increased 
their perception of cancer risks. The present study will expand on previous 
research by investigating the mediating role of emotional involvement in "Re-
Mission" between perceived threat from virtual cancer cells and cancer risk 
perception.  
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list of the main measures and covariates in this study and their descriptive 
statistics are presented in table 2, with measure references and reliability.  

Table 2: Means, standard deviations, description, and Cronbach's alpha for the measures 

Measures T1a T2a Descriptionb  

 M (SD) M (SD)   

Perceived 
threat from 
virtual 
cancer cells 

- 4.28 
(2.52) 

Four 9-point semantic differential items 
were used such as “While playing Re-
Mission, how threatening did you feel 
cancer cells to be?” (from “not at all 
threatening” to “extremely 
threatening”). 

.95 

Emotional 
involvemen
t and 
emotions at 
gaming 
eventsd,e 

- 3.20 
(2.08) 

For each gaming event of conflict, 
participants were asked how much 
they experienced each of the following 
emotions: surprise, fear, happiness, 
sadness, anger, and disgust. Overall 
emotional involvement was also 
assessed by asking players how much 
they felt emotionally involved in the 
game. Answer choices from 1 = not at 
all to 10 = extremely. 

- 

Thought 
provocation 
related to 
cancer risk 

- 3.21 
(1.26) 

Five items such as: "After playing the 
game, the first thing that came to my 
mind was related to cancer" and "the 
pictures pushed me to think further 
about my opinion concerning the risk 
of cancer." (from 1 = very strongly 
disagree to 7 = very strongly agree) 
(Khalil, Recently submitted). 

.92 

Perceived 
susceptibilit
y  

2.57 
(0.82) 

2.44 
(0.60) 

Two items: “Compared to most people 
my age, my risk of getting cancer is…” 
and “the likelihood of my getting 
cancer is…” (from 1 = extremely low to 
5 = extremely high) (Rimal & Real, 
2003).  

.89 

Perceived 
severity  

5.72 
(1.15) 

5.39 
(1.26) 

Four items such as: “Cancer is a serious 
disease that can kill” (from 1 = very 
strongly disagree to 7 = very strongly 
agree) (Rimal & Real, 2003). 

.77 

PCR  13.40 
(4.59) 

Scores for perceived susceptibility and 
severity were multiplied to form 
perceived cancer risk (PCR) (Rimal & 

- 
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Measures T1a T2a Descriptionb  

 M (SD) M (SD)   

Real, 2003). 
Perceived 
control over 
the game  

- 4.38 
(1.52) 

An adapted scale with nine items such 
as: “For me to feel in control over all 
cancer cells was difficult” (from 1 = 
very strongly disagree to 7 = very 
strongly agree) (Rapee, Craske, Brown, 
& Barlow, 1996),(Kraft, Rise, Sutton, & 
Røysamb, 2005). 

.95 

Perceived 
challenge  

- 3.49 
(1.45) 

Five items such as “Playing Re-Mission 
has challenged me to perform to the 
best of my abilities” (from 1 = very 
strongly disagree to 7 = very strongly 
agree) (Novak & Hoffman, 1997).  

.90 

Attitude 
toward Re-
Mission  

- 4.56 
(1.70) 

A 9-point semantic differential scale for 
attitude with eight items (e.g., 
dislike/like and not worth 
owning/worth owning) (Forest-
Boucher, Brunet, & Fredette, 2008). 

.95 

General 
control over 
stress 

4.76 
(0.82) 

- Seventeen items such as “I am able to 
control my level of anxiety while 
playing a video game” (from 1 = very 
strongly disagree to 7 = very strongly 
agree) (Rapee et al., 1996). 

.80 

Perceived 
skills in 
game play 

3.82 
(1.32) 

- Six items such as “I am very skilled at 
playing shooting games” (from 1 = very 
strongly disagree to 7 = very strongly 
agree) (Novak & Hoffman, 1997). 

.87 

Cancer 
connection 

0.87 
(0.33) 

- Participants who reported that they 
have been screened or diagnosed for 
cancer or that someone close to them 
(i.e., family member or friend) has been 
screened or diagnosed for cancer were 
considered to be connected to cancer (0 
= No; 1 = Yes).  

- 

Note. Standard Deviations appear in parentheses below the mean.  
aT1 and T2 indicate measures at pre-test and post-game play respectively for all 
participants. 
bDescription includes items followed by the answer choices.  
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Table 4:  Statistical difference between conflict events with regard to each emotion 

 Mean (SD)    
Emotion E1:  

Exposur
e to cells 

E2:  
Cell 
multipli-
cation 

E3:  
Cell 
attack 

E4: 
Killing 
cells 

F 2 

Happy 1.89 
(1.83) 

1.43 
(1.17) 

1.35 
(0.92) 

5.64 
(3.43) 

106.83*** 0.42 

Sad 1.81 
(1.60) 

2.15 
(2.20) 

2.16 
(2.17) 

1.2 (0.66) 6.58*** 0.04 

Angry 3.24 
(3.08) 

4.81 
(3.55) 

4.65 
(3.55) 

1.99 
(2.15) 

19.64*** 0.12 

Surprised 2.41 
(2.21) 

3.70 
(2.92) 

3.99 
(3.07) 

2.74 
(2.50) 

8.76*** 0.05 

Afraid 2.43 
(2.35) 

2.78 
(2.75) 

3.53 
(3.15) 

1.67 
(1.40) 

10.45*** 0.06 

 Significant Difference Between: 
Happy E1 and E4***, E2 and E4***, and E3 and E4*** 
Sad E1 and E4+, E2 and E4***, and E3 and E4** 
Angry E1 and E2**, E1 and E3**, E1 and E4*, E2 and E4***, and E3 and 

E4*** 
Surprised E1 and E3***, E1 and E2**, E3 and E4**, and E2 and E4* 
Afraid E1 and E3**, E3 and E4***, and E2 and E4** 

SD, standard deviation 
+p<0.1, *p<0.05, **p<0.01, ***p<0.001 

E1, E2, E3, and E4 stand for event 1, event 2, event 3, and event 4 respectively. 
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and thought provocation when emotion is removed from the model. PCR stands 
for perceived cancer risk.  

As a result, four models are investigated (Figure 4), looking at the mediating role 
of surprise when cells multiply, fear when attacked by cancer cells, anger when 
attacked by cancer cells, and happiness when killing cells. Findings show full 
mediation for fear when attacked by cancer cells and happiness when killing 
cancer cells (Figure 4b and 4d). With such results in mind, a final model was 
conducted such that both fear and happiness are considered (Figure 5). As 
previously mentioned, fear during the attack of cancer cells may explain happiness 
when killing the cells, as a sign of relief. Also, research on conflict events has 
shown that cancer cell attack occurs before the player begins to kill the cells. The 
results in figure 5 show a significant relationship between fear and happiness. 
However, happiness in this model is not significantly related to cancer risk thought 
provocation. While considering happiness, fear during cell attack is still a 
significant mediator between perceived threat and thought provocation. When the 
fear construct is removed, happiness regains its mediating role (Figure 4d). The 
model in figure 5 shows excellent fit ( 2(7) = 6.90, p = .43, CFI = 1.00, RMSEA = 0.00, 
90% CI: 0.00–0.12). 

4 Discussion 

The results of this study offer support for the hypothesized relationships between 
conflict in a digital game and cancer risk perception. Two main findings are 
highlighted in this study. The first finding mainly suggest that conflict-induced 
play may create an environment in which perceived threat from virtual cancer cells 
can provoke young adults to think about cancer risk and ultimately increase their 
cancer risk perception. The second finding points at the role of event-specific 
emotions as mediators between threat perception and thought provocation.  

Experiential play of "Re-Mission" allowed young adults to face the consequences of 
cancer invasion. They were able to experience the continuous multiplication of 
cancer cells, their invasion of organs, and their offensive behavior toward healthy 
cells and the avatar [11]. Such an experience encouraged players to confront virtual 
cancer cells and engage in conflict with them. Results of this study indicated that 
young adult players of "Re-Mission" at high conflict were more likely to perceive 
threat from virtual cancer cells than players at low conflict. During conflict, players 
confront virtual cancer cells that continuously attack them. Such a confrontation 
occurs while players are in a state of immersion, which allows them to perceive 
cancer cells as threatening. Threat from virtual cancer cells ultimately translates to 
appraisal concerning cancer risk. Results in this study show that the more players 
perceived threat from virtual cancer cells, the more they were provoked to think 
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about cancer risk. In-game behaviors may allow players to discover the 
consequences of their actions. Such discovery allows them to engage in deductions 
concerning the risk of cancer, and become provoked to think about cancer risk. As 
a results of thought provocation, players increase in PCR. 

The present study extends such findings by delineating potential mediators 
between threat perception and thought provocation concerning cancer risk. While 
the relationship between conflict and cancer risk perception is indirect, pathways 
involving threat perception and emotional involvement may explicate previous 
findings on conflict in "Re-Mission". First, results from this study show that overall 
emotional involvement partially mediates the relationship between threat 
perception and thought provocation. The findings pinpoint the salience of specific 
events of conflict by measuring the emotions expressed at such stages. Two main 
event/emotion pairs were identified. Analyses show that fear when attacked by 
cancer cells and happiness when shooting cancer cells fully mediate the 
relationship between threat perception and thought provocation. The more fear 
was expressed during cell attack, the more happiness was reported when killing 
cancer cells. However, when considering both emotions in the model, only fear 
showed mediation. These results suggest that emotional response to the obstacle 
(i.e., cancer cell attack) is a more salient mediator of the relationship than a 
rewarding emotion when overcoming the obstacle. On the other hand, anger when 
attacked by cancer cells and surprise when cancer cells multiplied did not mediate 
the relationship between threat perception and thought provocation. 

The main limitation of this study is its dichotomous manipulation of conflict, 
neglecting its continuous nature. Even though some aspects of conflict have been 
manipulated to create conflict conditions, several other characteristics of the 
conflict experience have not been manipulated. Both conflict conditions included a 
high number of cancer cells that attacked the avatar at the same frequency. Also, 
cells multiplied at the same rate in both conditions. As a result, direct 
manipulation differences were not observed between the two conditions with 
regard to PCR. In this study, players were randomly assigned to either low or high 
conflict, regardless of their perceived skills in game play or hours of game play per 
week. Despite the lack of difference between the two conditions with respect to 
such factors, players may have experience a disruption in flow by being assigned 
to specific conditions. Young adults with high skills may have experienced 
boredom when playing at low conflict. On the other hand, young adults with low 
skills may have experienced frustration when playing at high conflict. However, 
no significant differences were obtained with regard to attitude toward "Re-
Mission". Also, players at high conflict were more likely to experience a positive 
challenge of "Re-Mission" than players at low conflict.  

In addition, having been designed for a different purpose and a different intended 
population, "Re-Mission" is not expected to drive actual preventive behavior 
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among healthy young adults. No direct relationship was obtained between conflict 
manipulation and the health outcomes. However, exploring further the features of 
"Re-Mission" and their ability to drive cancer risk perceptions may shed light on 
potential characteristics of game play that can be used to design a future game for 
young adults. The present study pinpointed two main events in "Re-Mission" (i.e., 
cancer cell attack and killing cancer cells) that elicit certain emotions and drive 
thought provocation about cancer risk. As a result, future research may explore 
such gaming events of conflict by manipulating them in an experimental setting. In 
absence of cancer cells attacking the avatar, fear is not expected to be elicited, and 
ultimately thought provocation concerning cancer risk may not be observed. 
Similarly, in absence of the ability to kill cancer cells, players may not engage in a 
rewarding experience and happiness may not be stimulated to drive thought 
provocation. In practice, game designers may take advantage of the role of such 
gaming events of conflict in shooter games to design a prototype of a new game for 
health that can take advantage of both challenge and reward for cancer risk 
perception and ultimately protective behaviors.  
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Abstract 

This paper presents the design and development of Bias Blaster. Bias Blaster is a 
proof-of-concept integrated bubble-shooter game with an evidence-based therapeutic 
intervention, i.e., Cognitive Bias Modification Interpretation (CBM-I). The game is 
tailor-made for patients of the Dutch national mental health organization (GGZ) 
recovering from a First-Episode Psychosis (FEP). Cognitive Bias Modification-
Interpretation treats the self-stigma and its associated interpretation bias as 
experienced by patients recovering from a FEP. The amount and frequency of CBM-I 
items and training is regulated by the patient, through an integrated game-mechanic 
of the modified bubble shooter. The game implements a motivational and 
reinforcement paradigm, which paves the way for the use of the rigorous and 
demanding CBM-I therapy. Moreover, Bias Blaster exploits the natural game flow of 
the bubble shooter to increase resilience and adherence throughout the treatment of 
FEP patients. This paper presents the design and development process of the game. 
The lessons learned are summarized in implications for the design of serious games: 
design for “acceptance“ and as a “serious therapeutic”. 

Keywords 

First Episode Psychosis, Cognitive Bias Modification-Interpretation, Casual Video 
Game, Social Anxiety, Interpretation Bias, Flow, Design for acceptance, Serious 
therapeutic.  

1 Introduction 

In this paper we present the design and implementation of the game Bias Blaster, a 
dedicated game that assist treatment of patients recovering from a First-Episode 
Psychosis (FEP). The design of the game as therapeutic instrument involves a 
careful balance among the interests of different stakeholders such as the 
player/patient, the psychotherapist, and game designer. 
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48 Game Design, Development and Business 

Despite many years of research and development into psychosis and schizophrenia 
it still remains one of the most costly and uprooting illnesses worldwide [1]. A 
First-episode psychosis typically emerges during the sensitive developmental 
period of adolescence and emerging adulthood. FEP is most prevalent between the 
ages of sixteen to thirty-five [2]. Psychosis is a condition characterized by loss of 
contact with reality and can involve severe disturbances in perception, cognition, 
behaviour, and feeling [3]. A psychosis manifests symptoms in a range of domains 
that include positive symptoms, negative symptoms, mood symptoms and 
cognitive symptoms, each of them underlying specific pathophysiological 
processes and treatments [4].  

The onset of a psychosis can have a variety of causes, including: substance abuse, 
exposure to severe stress, inherited and/or acquired medical conditions and mood 
disorders. After a FEP, preventing a ‘relapse’ by a patient in remission is the 
primary concern of treatment [5]. Relapse refers to the recurrence of positive 
symptoms such as delusions and hallucinations. These positive symptoms are 
typically treated and stabilized with a combination of antipsychotics and therapy. 
The majority of patients experiencing a first psychotic episode relapse during the 
2–5 year period after initial diagnosis [6,7] 

Patients recovering from a FEP often experience a syndrome-influenced self-
stigma, which affects the patient’s perception of themselves as well as the world 
around them. Patients with a First-episode psychosis (FEP) tend to interpret 
ambiguous social situations and stimuli in a negative way and attribute these 
negative experiences to themselves. This cognitive interpretation bias can have 
serious effects for the patient’s self-image and results in a why-try-effect [8]. To 
prevent relapse, amongst other treatment, psychoeducation is given to the patient 
as well as the family in addition to other therapeutic interventions. Psycho-
education is defined as ‘systematic, structured, didactic information on the illness 
and its treatment, including integrating emotional aspects in order to enable 
patients – as well as family members – to cope with the illness or psychiatric 
disorder’ [9]. Self-stigma is one of the subjects encompassed by psychoeducation. 

Two problems arise in the deployment of psychoeducation for adolescents with a 
first-episode psychosis; firstly, psychoeducation shows mixed results [10,11] and 
secondly, the current form in which it is presented does not seem to fit the target 
audience [12]. Therefor the mental healthcare is reaching out for new approaches 
within the realm of serious media.  

Serious games and simulations for this specific target audience have mostly been 
used for exposure therapy and assessment of positive symptoms [13,14]. Some 
recent advances in serious games for FEP do exist [15,16], but Bias Blaster has 
unique properties.  

Healthcare nowadays is driven by evidence-based practices. The initial scope of 
the Bias Blaster project was to create a game based on the existing psychoeduaction 
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of these commercial titles have in common that they are entertaining, can be 
played smoothly and intuitively, have well structured levels, are rewarding, can be 
played any time, and for as long as the player desires. As a client the FEP patient is 
used to follow a tedious psychoeducation program to remedy his health disorders. 
But only because he has been told that the programme is good for his mental 
health.  

3.1.1 How to design for acceptance 
Design for acceptance is in its essence a practical approach to multicriteria 
optimisation problem of the perceived Usefulness and perceived Ease of Use of the 
principal stakeholders. This emerging approach to design for acceptance includes 
multiple iterations with tangible experiments and the assessment of acceptance 
from different points of view. 

The first step in design for acceptance is the exploration of the design space. Each 
stakeholder creates a view on the product. In case of Bias Blaster that resulted in a 
wide range of topics taken from psychoeducation that should be solved 
simultaneously. Topics were supported by a set of evidence-based interventions 
and their respective assessment tests. The game designers outlined a range of 
potentially suitable game mechanics and game designs. These too were supported 
by user test procedures. The player/client finally sketched a Utopia of a triple A 
game with an integrated non-patronising intervention. 

The perceived Ease of Use includes feasibility. Given the limited amount of 
resources and time the first iteration of the design process should be a small yet 
effective step. Hence the choice for a casual game with a proven engagement, 
hence the choice for an isolated objective, i.e., mitigating self-stigma, and the choice 
for an accepted intervention, i.e., CBM-I. From the perspective of the player/client 
this may seem a small step, however it is a step on the route towards a serious 
therapeutic [12]. 

The perceived Usefulness includes belief and recognition. The first prototype of 
Bias Blaster involved a squirrel climbing up a tree. This game meets the abstract 
game model including immersive and flow-inducing principles and creating 
barriers, which can be overcome through a ''voluntarily'' engagement in the 
therapy. However, the disbelief of the psychotherapist experts with this concept 
urged for a more familiar game type. The behavioural Intention of Use by the 
player/client depends on the perceived flow and immersion and their perceived 
disturbance when the intervention kicks in. In case of Bias Blaster, it is the player 
who chooses to engage in the therapy for the sake of the game play. 

During the course of the project many assessments for acceptance have taken 
place, but rather informally. A method based on questionnaires and quick scans to 
attribute the properties of the design from the various perspectives is yet to be 
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choice of game play is a bubble shooter. The integration is by means of an add-on 
game mechanic: the bomb. Contrary to a classical bubble shooter, Bias Blaster 
creates a barrier that can only be resolved through the use of a bomb. Enabling the 
bomb is instrumented by an executing series of CBM-I scenarios. Thus the game 
flow potentially persuades the player to engage in the therapy by free will. 

The design of the game balances the interests of the principal stakeholders, being 
the psychotherapist, the game designer, and the player/patient. In retrospect a 
design method emerged which we dubbed design for acceptance. Since using a 
game in psychotherapy is true innovation, the behavioural Intention of Use is 
crucial for any innovation to succeed.  

The iterative approach for design for acceptance involves: exploration, feasibility, 
belief, recognition, and seamless integration. Exploring the design space puts 
marks on the horizon for each of the stakeholders. Addressing feasibility yields 
small steps in two dimensions of innovation, introducing a game technology in 
psychotherapy and introducing therapeutic activity into game design. Although 
the initial steps are small, the marks on the horizon can still be attained. In future 
iterations, steps may possibly be increased without jeopardizing the degree of 
perceived acceptance. Belief and recognition showed up when the actual game was 
designed from an abstract game model; all stakeholders must acknowledge the 
game play, not only the players. Creating a truly integrated game and therapy is 
essential for exploiting the virtue of game technology. In this case, the player 
voluntarily engages in the therapy persuaded so through the game play. 

Taking design for acceptance one step further yields serious therapeutics. Bias 
Blaster’s properties include the essentials of serious therapeutics such as: facilities 
to monitor and assess patients in game, instrument self-regulation, stimulate use 
out of the therapeutics context, and (integrated) support for validation.  

5 Future work 

Bias Blaster demonstrates several interesting concepts, which call for further 
research. 

In Bias Blaster CBM-I has been used to mitigate self-stigma, however people 
suffering from more general social anxiety deficits may well benefit from CBM-I 
[40]. We intend to explore options in these directions. Questions that must be 
answered are obviously can we extend the range of CBM-I scenarios, in what form 
will they be implemented, do we have to discriminate between users etc.  

The current implementation of CBM-I uses stick figures to link the game with the 
therapy and to introduce the context of the scenarios. It is an open question 
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whether different implementation forms can be used. For instance more playful 
forms can easily be constructed. 

Although the choice for CBM-I to mitigate interpretation biases is supported by 
literature, the actual validation, whether or not CBM-I is effective in this form has 
to be executed. A Randomised Control Trial (RCT) has been set up for this 
purpose. The RCT addresses issues such as the form of the CBM-I sessions, 
number of items, their length and frequency induced by the game play, their effect 
on the perceived engagement, and general effect on self-stigma and interpretation 
bias. 
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Abstract 

The use of games as interventions in the domain of health care is often paired with 
evaluating the effects in randomized clinical trials. The iterative design and 
development process of games usually also involves an evaluation phase, aimed at 
identifying improvements for subsequent iterations. Since game design theory and 
theories from associated fields provide no unified framework for designing 
successful interventions, interpreting evaluation results and formulating 
improvements is complicated. This case study explores an approach of monitoring 
design decisions and corresponding theories throughout the design and 
development cycle, allowing evaluation results to be attributed to design decisions. 
Such an approach may allow the game design and development process to iterate the 
game more efficiently towards use in practice. 

Keywords 

game design, game development, design cycle, evaluation, validation. 

1 Introduction 

In the past years, a steep increase in the use of games or game-based tools as health 
interventions or part of such interventions can be observed – as noted in for 
example [1] and signified by the launch of a dedicated journal [2]. Results from 
case studies looking at the effective outcomes of the use of games in health are 
generally positive and indicate promising results for this field of study; 
particularly in the domain of exergames. For a case study example see for example 
[3]; for an extensive literature overview see [4]. 

Most of the game research in the domain of health care can be characterized as 
'evidence based practice'. In such research empirical observations and research 
designs are employed to establish if an intervention has reached outcome targets. 
If the empirical outcomes substantiate such a claim, the intervention is 
characterized as 'successful'. In terms of research design, usually clinical 
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randomized controlled trials (RCT) are required to validate proposed interventions 
before general use in practice [5]. In this context, the increased use of games as 
health interventions calls for case-by-case statements about the effects of a 
proposed products, as well as generalized frameworks for setting up and 
conducting such trials. We find however that most evaluation studies lack the 
required intrinsic connection to (serious) game design principles and related 
theories. Our findings were affirmed by various recent sources [6][7]. 

2 Design and Development Process 

The game-based interventions that are the subject of evaluation studies are the 
result of a design and development process which we will first outline. The process 
of implementing a game-based health intervention is usually iterative in nature. In 
order to characterize the distinct types of steps in the implementation process, we 
can take a closer look at the difference stages in a design cycle as observed in 
practice – roughly following the human-centered design method for serious games 
[8]. This method consists of repeatedly conducting four phases: analysis, design, 
development and evaluation. 

The main goal of the first phase (analysis) is to formulate the objectives of the 
game-based health intervention and identify preconditions for the implementation 
– such as constraints pertaining to time, budget and the domain and the context of 
application. In this phase the main activities are (desk) research and formulating 
the boundaries of the implementation together with stakeholders. Possibly, the 
first ideas of a promising game concept maybe formulated.  

The main goal of the second phase (design) is to specify the design criteria, product 
specifications and formulate a game concept that meets these requirements. This 
design may be formalized in a game design document and/or evaluated through 
(paper) prototyping with a focus group. As such, quick improvements may be 
made to the design before developing any assets for the final product. 

The goal of the third phase (development) is to develop a working version of the 
game; a non-digital or digital prototype at first or a polished final product in later 
stages. This phase is the most defined and well-known phase as it heavily draws 
upon common development methodologies in general IT – such as for example 
Scrum [9] and/or the spiral model of software development [10].  

The goal of the fourth, and final, phase (evaluation) is to evaluate the current game 
version through various means. Usually, a focus group representing the target 
audience plays through the game in a context that approaches the real-life context 
of use in later stages. Furthermore, in earlier stages, expert reviews are used to 
identify the correct translation of domain knowledge into the game. To complete 
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the cycle, the results from such an evaluation phase are used to feed into the 
investigation-stage of the next iteration of the cycle. The design is adjusted, 
selected improvements are implemented in the development phase and the 
resulting game version is presented for evaluation. This way, iteratively, the 
prototype is ideally developed towards an intervention functioning in practice 
[11]. 

It is important to note that the design cycle approach outlined above does not 
operate in a vacuum: the context provided by the domain of application and the 
body of theory provided by previous research provides opportunities to leverage 
scientific or operationalized previous findings. According to Hevner [12], this 
context is characterized by a 'relevance cycle' that takes opportunities from practice 
and probes proposed solutions in the same domain of application; the 'rigor cycle' 
imports well known theories and methodologies from the knowledge domain and 
exports possible new approaches and artifacts for future use. In the field of game-
based health interventions, the domain of application is the area of health care in 
which the intervention is intended while the domain of knowledge is the area of 
game design and related fields. 

3 Problems in Game-Based Health Intervention 
Evaluation 

While the field of serious games design alone has seen an increase in applicable 
principles and theory, no unified game design theory or framework exists [13]. 
Furthermore, the models and theory used from related fields such as psychology, 
persuasive technology and behavior change provide only rough guidelines for 
game design and are only partially integrated with each other. Especially in the 
investigation and design phases in the design cycle approach outlined previously, 
such theories are required to underpin a successful design of a game-based health 
intervention. Ideally, design decisions about aspects of the game mechanics, game 
dynamics and game aesthetics should be based on literature or best practices. 
When moving from a carefully constructed game design to realizing the game in 
the development phase, we have identified two problems from our experience 
with such projects. First, as available budgets and development time are limited, 
corners are often cut when implementing the design leading to a necessarily 
hampered game as opposed to theory used to design it. Second, carefully 
considered design decisions in preparing the game concept are lost in the 
implementation phase as they are not monitored as design decisions into the 
development phase. The potential of iteratively improving games as health 
interventions during design and development is limited as opportunities for 
focused improvement in the next iterative design phase are being missed.  
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As a result, evaluating the resulting game in an empirical study may provide 
insights in effectiveness but fails to attribute any conclusions to the corresponding 
decisions in the design phase [14]. The field of game design and game 
development for health care thus lacks a general framework that links theory-
based design decisions to results from evaluating such interventions [4].  

The problem, now, is threefold. First, the translation of decisions made during the 
design phase may be poorly transmitted into the development phase. This is 
particularly important ad decisions made under time pressure and budget 
constraints during development effectively alter the design, which may weaken 
the conceptual design. Second, the evaluation of the resulting game can only 
provide findings with regard to that version of the game. However, in an iterative 
process we are more interested in establishing improvements as design decisions 
before the next development phase commences. Without a clear link between 
design decisions and development results such conclusions cannot be coherently 
drawn. Third, and last, the currently available theory does not present a unified 
approach to either design or development and as such fails to underpin findings in 
evaluation of the product with theory used before or during the design phase – 
which is the overarching cause for the first two problems. 

In this paper we aim to outline a design cycle approach to design, development 
and evaluation of game-based health interventions that connects theory-based 
design decisions with the findings during evaluation by tracing design decisions 
through the development phase. Subsequently, we will demonstrate our approach 
by discussing a small-scale case study in the field of game-based health 
interventions. 

4 Approach Outline 

In the previous sections we have identified a number of problems in evaluating 
game-based health interventions with the goal of validating intended effects and 
identifying areas of improvement for subsequent iterations of the design cycle. In 
this section we outline our ideas for a design and development methodology that 
allows evaluation results to be attributed to the corresponding design decisions 
and underlying theory. Such an approach may allow findings of the evaluation 
phase to be attributed to the corresponding design decisions and could, after 
further development and elaboration, provide a stable framework for improving 
the design in the most desirable direction during each subsequent iteration of the 
design cycle. 

Before outlining the proposed approach, it is emphasized that it is not our aim to 
suggest specific game design theories, game design or development practices or 
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specific evaluation methods. The aim is to establish a method for improving 
evaluation of both the intervention and underlying theory without promoting or 
demoting specific theories or applied in constructing the intervention itself. In the 
case study we have, naturally, adopted a selection of theories and practices which 
are described in the corresponding sections. However, this selection is not the 
focus of this approach. 

The process of identifying and monitoring requirements has become a standard 
practice in the field of Software Engineering – for example, see [15]. In the 
traditional waterfall model [16] requirement engineering is the first phase of 
development, while agile methods such as Scrum are aimed at continuously 
identifying and adjusting requirements throughout the project. While such an 
approach is beneficial to the development of game-based health interventions – 
and often adopted as such – it does not provide sufficient methods to answer to the 
problems identified in the field of game design. An emphasis on non-functional 
requirements and the importance of affective components of gameplay are some of 
the factors that differentiate game design from software engineering. Also, 
software engineering is usually based on the premise of optimally supporting a 
user in performing a certain task, whereas game design aims to establish a 
meaningful experience for a player. The objectives in game-based health 
interventions are the indirect result of this experience, rather than the direct result 
of using the game. 

In the initial phase of analysis, the objectives and preconditions of the intervention 
are to be formulated. In the field of health interventions, many objectives emerge 
from the application domain and are external to the intervention itself – for 
example, a training objective may be formalized in terms of an increased capacity 
of the players to perform a certain task. Such external objectives establish the 
primary outline for subsequent evaluation. During the analysis phase, however, 
applicable theories from the field of game design that may be leveraged to change 
knowledge, skills and behavior of the players must also be identified – for 
example, the theory of flow [17] may be selected in order to keep players 
motivated to continue playing long enough to benefit from the intervention. Such 
game design choices establish a secondary outline for subsequent evaluation. 
Finally, in the analysis phase other conditions and limitations for development – 
for example budget and available time – are identified. The result of the analysis 
phase thus is an informed selection of application domain and knowledge domain 
objectives and methods that, in combination, may provide the outlines for an 
effective intervention. 

In the second phase of design, the goal is to specify a concept for the game-based 
health intervention that uses the selected theories to guide the players towards the 
selected objectives within the available limitations. As our aim is to focus on the 
approach, we will not elaborate on the complex and creative process of designing a 
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successful game in this context, without a unified framework for (serious) game 
design. The key in our approach is, however, to document any design decisions in 
combination with the objectives and theories they relate to. For example, if the 
game concept describes an increased difficulty level over time, we document that 
the theory of flow is the theoretic basis for selecting such an aspect. If the game 
concept involves gesture-based control by the player, we document that the 
objective of exercising a certain gesture is the practical basis for selecting such a 
control scheme. The result of the design phase thus is a formalized game concept 
that meets the criteria from the analysis phase, annotated with the underlying 
considerations for designing the game in the chosen way. 

In the third phase of development, the goal is to develop a useable version of the 
game. The process of development is, in practice, largely based on software 
engineering methodology. Maintaining the design cycle approach, no conceptual 
or creative adjustments should be made during this phase. In practice, however, 
progressive insight, effects of under- or overestimating the required effort or costs, 
etc., may lead to on-the-fly adjustments. For example, a certain feature may be 
excluded due to lack of sufficient development time. In our design cycle approach, 
such adjustments must again be noted in conjunction with the underlying 
considerations. The result thus is a playable version of the game-based 
intervention with possibly a number of implemented changes to the original 
concept. 

In the fourth phase of evaluation, the goal is to establish to what extent the 
constructed intervention meets the objectives and requirements from the initial 
phase. Established practices of co-creation, focus groups, usability testing, talk-a-
loud etc., may be used to gather insights into the player experience established by 
the intervention. We loosely use the term player experience to cover the results 
identified in both the objectives from the application domain (of health care) and 
the methods from the knowledge domain (of game design). The key to benefit 
from evaluation for improvement as well as validation is to interpret the results 
correctly. In our approach, we have emphasized the need to document objectives 
and theories from the analysis phase throughout the design and development 
phases. This approach allows results from the evaluation phase to be interpreted 
by attributing specific results to specific design decisions. As such, the current 
version of the intervention can be evaluated with increased focus. Moreover, the 
design choices and underlying theory are being evaluated in their own respect. 
While drafting conclusions on the intervention itself, we can attribute such 
conclusions to the underlying design choices by tracing the results back through 
development and design into the analysis phase. The result of the evaluation phase 
thus is a series of conclusions on the effectiveness of the game – in terms of 
application domain objectives and knowledge domain methods – attributed to 
corresponding design choices and theories. 
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In outlining the method in the previous paragraphs, the focus is on the initial 
iteration of the design cycle, which is usually aimed at identifying areas of 
improvement to be addressed in a subsequent iteration. The approach of 
attributing design decisions is then used to reconsider design decisions and, as a 
consequence, the game concept. In later iterations, evaluation may be increasingly 
aimed at validating the effectiveness of the intervention. The approach of 
attributing design decisions may then be used to identify the choices that are 
responsible for the observed effects. 

5 Pilot-Study in Physiotherapy 

We have adopted the previously outlined approach of tracking design decisions in 
conjunction with the underlying theory supporting those decisions in a pilot study, 
to assess the benefits and complications of linking evaluation results to theory per 
design decision. The context of this study was the desire to develop an iPad-based 
game for use with a so-called balance board – a board suspended on a hemisphere 
used to exercise balance as the board will only remain horizontally oriented 
through active balancing by the person standing on it. Leveraging the fun-factor of 
games to motivate clients to carry out their home exercises as part of therapy, we 
aimed to increase the therapy efficacy while away from the physiotherapy practice. 
We designed and developed an iPad-game using tilt-control to be used within the 
balance board while the game scene is presented on a connected Apple TV screen. 
The game is a 3D maze-navigation game with various sub goals such as opening 
gates and collecting treasures. The player controls the game by tilting the balance 
board – and thus the iPad – in the direction of movement and subsequently 
returning the system to the horizontal position. This moves the main character one 
step/square in the maze at the time, thus requiring repetition of the exercise to 
navigate the maze successfully. The level designs for the mazes are constructed 
such that the appropriate exercises are most likely to occur – for example a 
balanced mix of left, right, forward and backward movements or particular 
emphasis on one of the directions. Impressions of the balance board and the game 
are shown in Fig. 1. The project of designing, developing and evaluating the game 
is extensively documented in the corresponding graduation report [18]. 
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Table 1: An example of selected theory and design guidelines in the design phase of the 
game, ordered by the component-subdivision of the game. Since the mentioned 
theory is shown only as an illustration of the approach, no citations are included 
with this table. 

Component Theory Label Summary (paraphrased)
Game Rogers, S.; 

accelerometer 
controls. 

"Emphasize accelerometer-control by 
enlarging small real-world movements to 
large in-game effects." 

Game Schell, J.; camera 
perspective. 

"Leverage the power of the camera to focus 
the player on the gameplay." 

Game Schell, J.; puzzle 
design. 

"Provide the answer to the puzzle." 

Game Schell, J.; game 
design. 

"Provide the player with genuine choices." 

Pre-game 
Post-game 

Rogers, S.; interface 
design 
Isbister, K. et al.; 
game usability. 

"Create an interface that conveys the style 
and setting of the game." 
"Create an interface that depicts the game 
state in a clear fashion." 

The specific goal in the evaluation phase of this project was to assess the effective 
quality of the prototype. The conclusions drawn from the evaluation phase can be 
used to further improve the game-based intervention towards use in practice in 
subsequent iterations of the design cycle. In this study, we have conducted an 
expert review with three physiotherapists to validate the incorporated domain 
knowledge. Furthermore, we have play tested with a focus group consisting of 
four physiotherapy clients in the age group of 15-80 in the setting of a 
physiotherapy practice. For a first iteration, a small focus group may provide 
rough insights into the areas for improvement. In later iterations of this project we 
may evaluate for validation of the interventions using a (much) larger test group. 
The play test was conducted by providing players with a basic introduction to the 
game followed by an unguided session of playing through the game. The 
observations during the play test were verified in post-playing interviews with the 
players. 

As expected, during trials with actual clients a number of possible improvements 
in the prototype turned up. For example, clients reported that the required tilt 
angle for control was too large for the game to register the actual tilting. Also, 
players reported problems with interpreting the in-game prompts and the location 
of the main character. Further comments focused on the lack of challenge in 
solving the puzzle of the maze and a disconnected feeling towards the game's 
interface. Using the previously described design criteria sourced in theory, 
combined with the component subdivision of the game, the test results can be 
attributed to their corresponding design decision. As an example, this link is 
shown for a selection of test results in the first three columns of Table 2. 
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Table 2: Relating test results to design decisions and corresponding underlying theory 
using the component-subdivision of the game. Since the mentioned theory is 
shown only as an illustration of the approach, no citations are included with this 
table. 

Component Test Result Theory Label Analysis Improvement 
Game The 

minimum tilt 
angle is too 
large to 
effectively 
move the 
character. 

Rogers, S.; 
accelerometer 
controls. 

The character 
cannot be 
moved by 
tilting the board 
because the 
required tilt 
setting for 
detecting a 
successful tilt is 
ill-adjusted. 

Adjust the 
angle in 
accordance 
with a realistic 
tilt angle 
determined 
from testing. 

Game The location 
of the main 
character in 
the maze is 
unclear. 

Schell, J.; 
camera 
perspective. 

The shape and 
color of the 
main character 
is too 
indistinctive 
w.r.t. other 
elements of the 
scene. Also, the 
camera does not 
focus on the 
character, 
requiring the 
player to search. 

Adjust the 
shape and 
color of the 
main 
character to 
stand out 
more. Adjust 
camera 
movement to 
always focus 
on the main 
character. 

Game The puzzle 
of solving 
the maze is 
not 
challenging 
enough to be 
motivating. 

Schell, J.; 
puzzle 
design. 

The entire maze 
is in view, 
allowing the 
player to solve 
the maze 
mental-ly before 
ex-ploring. 
While theory 
mandates a full 
view of the 
puzzle, the 
solution is too 
apparent too 
soon. 

Adjust the 
camera 
perspective 
such that only 
a portion of 
the maze is 
visible at any 
time. 
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Component Test Result Theory Label Analysis Improvement 
Game It is 

impossible 
for the player 
to lose the 
game. 

Schell, J.; 
game design. 

There is no 
choice for the 
player not to 
succeed – let 
alone stopping 
playing the 
game. Game 
design theory 
desires 
[complications] 

Introduce 
damaging 
elements in 
the maze and 
allow the 
player to 
'game over'. 

Pre-game 
Post-game 

The interface 
of the game 
feels 
disconnected 
from the 
game world. 

Rogers, S.; 
interface 
design 
Isbister, K. et 
al.; game 
usability. 

The interface 
feels 
disconnected 
from the style 
and setting of 
the game world, 
breaking part of 
the experience. 
Theory 
promotes game 
interfaces in the 
theme and style 
of the game. 

Develop a 
game-specific 
interface in a 
matching style 
to emphasize 
the in-game 
experience 
throughout 
the 
application. 

The conducted expert review validated the translation of the intended exercise 
objectives in the context of physiotherapy. Since the actual exercise movement is 
external to the game through the use of the balance board, this is only as expected. 
Additionally, experts supported the clients' claims regarding the disconnected feel 
of the user interface. Finally, while experts expected forward/backward 
movements on the balance board to be as demanding as left/right movements, it 
turned out that forward/backward movements are more challenging to perform. 
The results of the expert review did not bring up radically different or additional 
insights into the design of the game itself. 

As Table 2 shows in the last two columns, it is straightforward to reconsider the 
application of theory and propose improvements for the game. In other words, 
evaluation results are attributable to design decisions within the frame of reference 
of corresponding theories. For example, the claims that the puzzle is not 
challenging enough because its solution is obvious from the start, made us 
reconsider the decision of showing the entire puzzle. As the theory-link shows, this 
decision was arrived upon by following the puzzle design guidelines outlined by 
Schell [13], which suggest providing the solution to the puzzle from the start. 
However, after finding the members of the focus group unchallenged by this 
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presentation, we reconsidered the guidelines from the theory underlying this 
design decision. The difficulty in game design that stems from the inherent divide 
between designer and user is indicating a different result in this particular case. 

In this case study we have adopted an approach of tracking design decisions in 
conjunction with the underlying theories in order to be able to improve 
interpretation of the evaluation results. We have found that interpreting evaluation 
results is more focused and straightforward because the theoretic context is made 
available after design and development phases. The process of systematically 
tracking theoretic backgrounds with the design decisions throughout all phases of 
the design cycle allows the results of the evaluation phase – be it a focus group 
play test or an expert review – to be attributed to these decisions. By reconsidering 
the design of the game from a focused theoretic perspective – rather than 
reconsidering the implementation alone – the design and development process 
iterates more efficiently towards a successful game-based health intervention 
ready for use in practice. One drawback of this approach is that a larger part of 
available resources is invested in monitoring design decisions in all phases of the 
design cycle. 

6 Conclusions 

The approach outlined in the previous description of the balancing exercise project 
describes the first steps to how decisions made during the design phase of the 
construction of game-based health intervention can be identified and made 
traceable during the development phase. Such an approach has the benefit of 
shifting attention away from make-do decisions during development and focusing 
on the underlying design decisions instead. This reduces development time and as 
such benefits both developers and practitioners. Furthermore, this approach allows 
the evaluation phase of the game to not only draw conclusions towards the 
workings and effectiveness of the individual game mechanics. This benefits both 
the process of evaluation and the adjustments in the design in the subsequent 
iteration of the design cycle. Monitoring design specifications in this manner may 
very well benefit the focus and management of production throughout the 
development cycle; this perspective is not further explored in this study. We 
believe that such an approach generally allows for more optimized iteration 
towards a successful intervention. 

Additionally, the tracking of specific design decisions throughout the development 
cycle sheds light on the way development decisions influence the effectiveness of 
the design. As we are limited to evaluating products rather than designs, insight in 
the translation of a theory-based game concept into an operational prototype or 
finished game is a necessary condition for developing a unified framework for 
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design, development and evaluation of health games. The outlined approach 
explores ways of linking together design, development and evaluation into such a 
unified framework. 

The approach outlined in this paper is only a first attempt at establishing a design 
cycle-based method of improving the effectiveness of evaluation. Future research 
in this area is required to refine the methodology of such an approach – both in 
terms of research methodology in design research using the design cycle, as well as 
in its application to game design and game development and evaluation. The 
elaboration of this approach may well benefit from software engineering and game 
production methods existing in practice. Furthermore, an elaborated version of the 
approach needs an extended evaluation both in sample size and variation in 
application (sub)domain. The main objective of future research is to establish best 
practices for the design and development process of health games and bridging the 
gap between design and evaluation through attributable evaluation results. 
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Abstract 

There is growing interest in the use of Serious Games (SGs) to tackle major health 
issues. Challenges to their adoption and use includes the cost of development and 
the need to provide evidence of effectiveness. However, an equally pressing 
dilemma facing the establishment of a market for SGs is the general commoditization 
of digital media and erosion (diminution) of economic value. Given the substantial 
upheaval in the entertainment games, software, music, book publishing, and 
newspaper industries, it seems unlikely that SGs for health will be immune from 
such market pressures if they persist in being conceptualized and designed as 
products. The solution is to switch business strategy by re-conceptualizing and 
designing SGs for health as networked services. The benefits will include 
personalization, integration with health administration systems, and importantly, the 
ability control access and therefore the adoption of pay-per-use revenue models, and 
ultimately the preservation of value. 

Keywords 

serious games, health, business model, servitization, commoditization, service, 
product, design 

1 Introduction 

There have been many attempts to define Health, but the aspirational nature of the 
World Health Organization’s definition “Health is a state of complete physical, 
mental, and social well-being and not merely the absence of disease or infirmity” [1] 
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is a good starting point for serious games (SGs) for health as it does not constrain 
the potential range of applications. While statistics relating to “ill” health continue 
to dominate the media, health, and fitness are both very personal topics that touch 
every citizen and are ultimately about individual lives and how those individuals 
make sense of themselves and their own health and well-being [2]. The interactive 
nature of SGs means that they are likely to have significant potential in this 
application field. The Games for Health project was initiated in 2004 by the Robert 
Wood Johnson Foundation in USA as part of their SGs Initiative and has been a 
pioneer in the field. Their working definition is “use cutting-edge games and game 
technologies to improve health and health care” [3]. Estimates for the size of the 
Health SGs market are difficult to come by, but in 2008 it was estimated at the time 
to be worth US$ 7 billion [4]. However, consumer exercise (fitness) SGs were by far 
the largest segment and the immature nature of the market is such that viable 
business models are yet to emerge. 

2 Serious Games for Health 

There are many potential applications for Health SGs, and a few areas of interest 
will now be highlighted. An early study into use of video games in healthcare 
found that by providing a source of distraction during chemotherapy, the 
incidence of nausea was reduced [5]. With increasing miniaturization and 
automation, diagnostic tools that would have previously been the sole domain of a 
central hospital are now moving out into the community, resulting in a training 
need for general practitioners (e.g. Lung spirometry) [6]. Furthermore, diagnostic 
measurement and monitoring are often challenging, particularly in children. Using 
lung spirometry to monitor childhood asthma is one such example that requires 
the child to be sufficiently motivated to perform the diagnostic maneuver. An 
interactive motivational game for lung spirometry has shown significant promise 
in this regard [7]. New medical students have a high degree of technological 
literacy and a clear preference for active, first person, experiential learning. A 
survey of students reported that they had potential for role playing games to teach 
doctor-patient communication, learn about ethical and professional values and to 
help in career (specialty) choice [8]. Effective team working in disaster manage-
ment is an important skill, yet hard to train. Even in very severe situations, taking 
appropriate action early on may help to mitigate both the short and long-term 
impact of disaster scenarios. SGs have significant potential to improve and 
enhance training in this area [9]. Regular physical activity is beneficial to health for 
all, including groups with special needs. Certain exergames may have the potential 
to meet the needs of groups who are currently lack an adequate provision [10]. 
Social inclusion of rural communities and the provision of opportunities is a key 
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strategic agendum of the European Commission. Providing sporting opportunities 
[11] that use networking to facilitate remote interactions is a growing area of 
interest [12]. Research into physical education practice has indicated that the 
overemphasis on skill development at the expense of tactical awareness means that 
children are often frustrated because they don’t understand how best to play the 
sport [13]. Sports video games are becoming highly realistic and offer the potential 
to teach tactical awareness in a controlled environment. Much of the enthusiasm 
and interest in SGs is owed to the rich experiences that they can offer [14], and that 
the high levels of interactivity that they require are likely to result in greater user 
engagement compared to traditional media [15]. More generally, digital games 
often take place in rich game worlds and a include a strong narrative (story) 
element [16] and can also include opportunities to promote health objectives 
through social support features [17]. While the precise make-up of health games 
and the ways in which certain game mechanics and features can influence users is 
an active line of investigation [18], it is clear that the have many differential 
experiential facets. 

3 Challenges Facing Serious Games for Health 

Many health professionals are skeptical about the potential for Health SGs. This is 
likely because of the popular perception that entertainment video games are to 
blame for many of society’s current ills but also the increasingly high demands, 
and rightly so, of evidence-based practice. To address the issue of limited and often 
inadequate evaluation studies, Lewis [19] has argued for the inclusion in a SG 
development team of expertise in evaluation in order to ensure the production of a 
strong evidence base regarding effectiveness of SGs in health. In addition to the 
need for proof of value, Chen [20] has also highlighted other barriers that SGs face 
including the time they take to develop and the general lack of upfront investment. 
However, according to Gershenfield [21] is that a major problem with SGs is a 
general lack of product designed from the ground up to successfully meet a market 
demand and that many current funders of SGs are in fact, game publishers - and 
yet most do not realize it where a key role is to determine the financial viability 
and manage the development process through to market. While the former 
challenges described above are for the most part acknowledged and the latter 
gaining wider acceptance, the purpose of this paper is to highlight an even greater 
dilemma that has arisen because of the array of technological advances that have 
heralded the advent of the “networked society.” In order to explain the origins of 
this dilemma and what can be done to overcome it, we must first consider some of 
the trends that have occurred since the Games for Health project was first initiated 
almost 10 years ago. 
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4 Recent Trends 

Over the last 10 years, the concept of a “networked society” has become reality. 
Furthermore, more and more online activity is being conducted through mobile 
and tablet devices and less through traditional personal computers. The advent of 
such an all-embracing network at high speed and low cost has both lowered the 
cost of digital distribution and offers significant economies of scale. At the same 
time the move to “cloud-based” applications and services are making possible new 
forms of data sharing and collaboration. The mainstream games industry has 
responded to this with the development of “casual” games and games specifically 
developed for mobile devices. The music industry has also experienced significant 
disruption with the move to digital downloads and the associated unbundling of 
albums to individual tracks. Television and film are also facing increasing 
competition for viewers attention from an array of different online media offerings. 
The software industry is also undergoing substantial changes with a move towards 
hosted data and applications that are run over the network rather that being 
installed on the client’s computer(s). This has resulted in a change in the design 
and development software practice away from an all-encompassing product to 
“Software as a Service” model and an associated component-based development 
process. 

Health and well-being are important aspects of every citizens’ daily life, yet are 
often taken for granted until there is a problem. In the developed world, the major 
infectious causes of diseases have mostly eliminated. However, there has not been 
a corresponding reduction in spending on healthcare and it remains a significant 
proportion of developed countries’ GDP. Physical inactivity and over-
consumption of food along with other lifestyle factors have replaced infectious 
agents as the major determinants of ill-health. While there are efforts to reduce 
inefficiencies in the systems of healthcare, there is a growing recognition of the 
need to focus more on prevention by investing in long-term health and wellbeing 
of the population. Despite this, budgets for prevention are still disappointingly 
modest and in the market driven health system is USA there is a notable absence of 
financial incentives [22]. With a people living longer and falling birth rates in the 
developed world, there is a major demographic shift taking place. Coupled with 
the high cost and limited capacity for training health professionals and projected 
increases in demand means that there are major concerns about a projected 
shortage of medical professionals and carers to meet future needs. 

The cost of healthcare treatments including drugs tends to increase by around 15% 
per year (so called “Medical Inflation”) and hence is a major financial pressure 
coupled with the global economic recession has resulted in a greater than ever 
focus on cost-effectiveness of treatments. There is now a greater realization that the 
while a given treatment may have on average a positive net benefit to patients, in 
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reality some individual patients respond very well to treatment and others not at 
all. Major advances in DNA testing technologies have allowed researchers to 
investigate this issue and it has now become apparent that at least some of these 
differences in treatment repsonse are attributable to genetic differences. This has 
given rise to the concept of “Personalized Medicine” [23], where treatments are 
tailored to an individual patient as a result of enhanced diagnostic testing. There is 
also a growing educational awareness of the need to better personalize education 
to take account of individual students’ abilities and needs and to facilitate 
continuing professional development and life-long learning. 

The advent of the networked society provides many affordances for healthcare. It 
can be delivered remotely reducing the need for patient travel and increasing 
access to specialists. The ready access to health data can help improve 
management of treatment and empower patients to take a more active role. 
Microsoft’s Health Vault is one such service and provides a platform for a wide 
range of monitoring devices (over 70) and applications (around 300). The 
widespread availability on health information via the internet means that people 
can potentially become much better informed about how best to improve their 
health and wellbeing. There is a call to create learning environments specifically 
for this purpose [2]. The ability to access such information on a mobile phone 
means that it can be available at the time of need and get much closer in time to 
influencing key decision points compared to traditional health promotion 
campaigns. In addition, social network type functions that would permit the 
formation of networks of like-minded peers to provide mutual support have 
significant potential. It almost goes without saying that digital media are 
inherently scalable with significant economies of scale possible. Finally, the 
development of a variety of low cost sensors (some medical, others consumer) has 
both lowered the burden of collection of self-reported diary-type data and enabled 
new forms of data and significantly greater amounts to be collected. Furthermore, 
new forms of motion/movement sensors have given rise to new forms of activity in 
that physical movement/exertion can be used to control video games i.e. so called 
“Exergames.” 

The effect of the network has been to significantly lower the cost of distribution 
and thereby offering the possibility of increased sales. However, this may be 
tempered by greater more difficulty in gaining traction because of an increasingly 
crowded market place. Furthermore, the ever increasing commoditization of 
digital media is causing major economic disruption. Simply put, the potential price 
premium that the producer of a digital good can charge is under constant 
downward pressure and over time will be significantly eroded (diminished). 
Consumer expectations have had a part in this, with a general expectation that 
anything online should be free [24]. Both music and entertainment games 
industries face significant challenges in this regard. In book publishing, prices for 
ebooks have fallen to, but the appears to have been at least partially compensated 
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for with increasing sales. In contrast, faced with falling readerships and 
advertizing revenues, newspapers are struggling to monetize their online 
offerings. In contrast to the above, increased network bandwidth coupled with 
cheap server processing and online storage has facilitated the move to offer 
software as a service. Not only is it often an attractive proposition to client 
companies in that it offers a way to cap or reduce IT expenditure, but it is also can 
benefit the company providing the service. By virtue of being able to control access 
to the software, the provider is able to adopt some form of pay-per-use (e.g. 
subscription) revenue model which will lead to a steadier income stream 
compared with one-off purchases and payment for upgrades. Given the nature and 
scale of the scenarios described above and their opposing outcomes, prospective 
developers and producers of Health SGs would be well-advised to consider them 
carefully rather than ignore them at their peril. 

5 Business Model Dilemma facing Serious Games for 
Health 

Simply put, there does not seem to be any reason why SGs for Health as currently 
conceived will be immune from commoditization. In fact, such is the speed with 
which the digital media landscape is changing, that the potential value may be 
eroded even before it is established. Before we proceed further, it is worth 
considering several exceptions to this nightmare scenario. Consumer fitness 
exergames have managed to establish themselves but not without the experience, 
deep pockets and marketing muscle of the major video games publishers [25]. A 
second obvious SGs market segment which is likely to be relatively immune to 
commoditization is that concerned with high fidelity training simulations, which 
while expensive to produce, provide significant value to clients. A third segment 
where commoditization may be avoided is where SGs are commissioned for 
specific promotional campaigns and as such are likely to be produced as work-for-
hire. In this specific context, the SG can perhaps be best thought of as a media 
artefact chosen for its greater ability to reach the target audience compared with 
other media forms. Finally, a fourth market segment where commoditization 
seems less threatening is in “Gamification” where game elements are added to an 
existing service process to act as a differentiating factor and/or increase efficiency. 

In an earlier section, we described how SGs have several different experiential 
aspects. However, SGs are still largely both conceptualized and designed as 
products. Perhaps this is understandable as marketeers have long recognized the 
importance of the tangible aspects of an offering on the overall perception of the 
value [26]. It is therefore our contention that as long as the status quo remains, the 
market for SGs (apart from a few specific segments) will be powerless to resist the 
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pressure of commoditization. So the key question is whether or not there is an 
alternative business model for Health SGs? And if so, what form might it take? 

Our proposed solution is to look to the software industry which has established 
alternative revenue models by moving from a product to a service offering and by 
virtue of being able to control access, are able to charge a pay-per-use fee of one 
form or another (e.g. monthly subscription, per transaction, per volume). Such a 
general move by corporations from products to service-based offerings was first 
described in the late 1980’s and referred to as “servitization” [27]. In fact, having a 
subscription-based business model is what Massive Multiplayer Online Role 
Playing Games (MMORPGs) have been doing successfully for many years now. 
Such a shift in the conceptualization and design of Health SGs from a product to a 
service offering will not be easy. However, the dilemma as we see it facing SGs is 
to persist with a product-based business model and be exposed to the pernicious 
value eroding forces or switch to service-based business model and the associated 
pay-per-use revenue streams. In short, the choice is between servitization or 
commoditization. 

6 Servitization of Serious Games for Health as an 
Alternative Business Strategy 

The switch to the conceptualization and design of SGs for Health as services is 
likely to result in the generation of increased value and therefore the possibility of 
charging higher prices. However, the are also likely to be some increases in costs, 
at least until there is a well-developed infrastructure. There is a clear need to be 
able to interface with record keeping systems. Most obviously this will constitute 
patient record systems, but in a learning context this will be institutional learning 
management systems (LMS). The capture and reporting of appropriate metrics 
through the SG will offer the possibility of integrated evaluation of effectiveness, 
thereby reducing at least some of the cost associated with separate evidence 
gathering. A service-based approach could also be designed to provide an interface 
for health professionals to tailor particular game parameters to the specific needs 
of an individual or group and to monitor and obtain reports on progress/outcomes. 
Adopting a component architecture to develop a SG as a service will be a 
significant resource intensive undertaking in the first instance, but many of the 
components will be able to be re-used in subsequent projects. The advent of 
HTML5 and a re-invigoration of browser-based games on mobile devices is a 
significant development in this regard. Finally, the ability to control access will 
permit various forms of pay-per-use pricing models. 
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Looking to the future, as an example of what a servitized Health SG might look 
like, VirtualRehab [28] is a next-generation physical exercise rehabilitation system 
that uses the Microsoft Kinect Body Movement controller and PC connected to the 
internet and runs on the Azure cloud platform. A range of different rehabilitation 
games can be customized by professional therapists who can monitor use and 
track the progress of patients. Finally, service performance can be monitored by 
health institutions via a management interface. 

7 Conclusion 

SGs for Health would appear to have significant potential to make a positive to the 
health and wellbeing of significant numbers of individuals in society. There are 
several issues that have been recognized as needing to be overcome in order to 
grow a sustainable SGs for Health market, not least the need for clear evidence for 
effectiveness. However, it is our contention that in recent years the technology 
landscape has changed so dramatically, such that the downward pressure of 
commoditization of digital products has now emerged as a major new obstacle that 
will more than likely erode economic value before such a market for Health SGs is 
even establish. In this paper, we have taken the first steps to outline a potential 
solution to this problem that lies in a strategic change of business model that re-
conceptualizes SGs for Health as services and designs and develops them as such. 
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Abstract 

Exergames for rehabilitation, both in the physical and cognitive fields, have been the 
target of much research in the last years. Such exergames, however, are often created 
for a specific impairment and cannot be generalized to other domains. More 
generally speaking, the lack of shared design and development guidelines for 
rehabilitation games can be highlighted. The Intelligent Game Engine for 
Rehabilitation (IGER) described here has been developed with the intent to provide a 
framework for building rehabilitation exergames that are functional, accessible and 
entertaining. Several features, mandatory for rehabilitation, have been incorporated: 
configuration, adaptation, monitoring, data logging and feedback through a virtual 
therapist. Besides describing how these features have been implemented in IGER, we 
describe here also a few games we created with it and their rationale. 

1 Exergames for Rehabilitation 

In the last years, National Health Service Providers have become overly saturated 
and are forced to shorten the duration of the rehabilitation service, increasing the 
period in which patients have to rehabilitate outside the hospital [1]. Enabling 
patients to exercise at home seems a good answer and serious games are believed 
to be the most adequate tool to provide this opportunity due to their motivational 
benefits. Therefore, much research from both academics and the industry has been 
directed towards creating games for rehabilitation, with the underlying purpose of 
providing a correct rehabilitation session while entertaining the patient [2-3]. The 
exergames combine the benefits of exercising with the engagement, motivation 
and fun typical of gaming applications. 

Many games for rehabilitation are nowadays available for a wide range of 
dysfunctions and there is a broad agreement that they are beneficial [4] although 
few systematic clinical studies have been carried out and almost none for their use 
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the therapist in the hospital and it can be facilitated by a graphical display on how 
the game would be played with a set of parameters. Such parameters can also be 
modified automatically during play to achieve an autonomous day-to-day 
adaptation of the patient’s status as described in section 2.3. 

Monitoring of Patient’s Movement. While exercising, the patient must be 
monitored constantly. This is another important requisite for a correct 
rehabilitation, because the execution of erroneous movements may trigger 
maladaptation. In a classic rehabilitation scenario, the therapist usually 
accompanies the patient during the whole training session and corrects her 
movements where needed. When the therapist is not present, the exergames 
should provide a suitable replacement for the monitoring of the patient’s 
movements. 

IGER features a fully configurable set of monitors that can be attached to any 
game. They are implemented as a set of fuzzy rules that check in real-time the data 
gathered from input devices and compare them to the constraints defined by the 
therapists. These constraints can be related, for example, to the straightness of the 
back, the bending of the legs, or the distribution of the weight between the right 
and left side of the body. 

Whenever a monitor detects wrong actions, it issues an alarm level that increases 
in severity the farther the action is from the constraints. An immediate qualitative 
feed-back is given to the patient by a change in colour of the avatar’s body part 
that is violating the constraint. For instance, if the patient is tilting his back during 
an exergame, the avatar’s back would change the colour from green to yellow, 
orange and then to red in the most severe cases. When the maximum limit of the 
constraint is violated, the game is paused and the patient is given advice about the 
correct execution of the exercise through her virtual therapist (section 2.3). We 
refer to [7] for further details on the fuzzy engine. 

Assessment of the Exercise Goal. The game engine must be able to record the 
movement data of the patient and the data that describes the interaction with the 
games (for example, the time of interaction with game objects) while the patient 
plays her exergames. The therapist can then use these data to review the session 
and assess the progression. From these data a few parameters can be extracted to 
portray the rehabilitation outcome to the therapist who can evaluate the 
rehabilitation effectiveness, advice the patient and possibly tune the therapy. Most 
commercial games discard any input data after using it for controlling the game, 
therefore they lack this feature.  

A clear distinction between assessment and monitoring is required: while 
assessment is related to the exercise goal, monitoring is related to the correctness of 
the exercise. For instance, during weight shift exercises, required in posture 
rehabilitation, while the goal of the exercise is to learn to shift the center of 
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the same actions but the difficulty may be largely increased, for example by 
requiring faster movements. Inside IGER, we implemented a Bayesian approach in 
which the parameters are modified in real-time by analysing the actual success rate 
and the a-priori parameters deemed appropriate by the therapist. Such adaptation 
acts on a set of parameters that are defined by the therapist in the hospital at 
configuration time and therefore allows adapting the game to the specific status of 
the each patient. More details are reported in [14].  

The adaptation mechanism is tightly connected with monitoring: a repeated 
intervention of the monitor has an impact also on the level of difficulty of the 
game. When errors are detected, the increase in difficulty is disabled and when 
repeated errors are detected over time (up to 30% of the time), difficulty is 
progressively made easier to let the patient return to a correct execution of the 
exercises.  

Long term Motivation. While short-term motivation deals with the immediate 
feedback given to the patient that makes her enjoying the single gaming instance, 
long-term motivation deals with capturing the attention and the focus of the 
patient in the long run, since the time extension of rehabilitation can be several 
months or even years. There are many methods for achieving long-term 
motivation that should be integrated into the game engine to help link the different 
games and even the different sessions of the same game together.  

A basic mechanism to provide long-term motivation, widely explored by the 
entertainment industry, is a balanced scoring system. This mechanism can be used 
by the patient to evaluate her performance during a single session compared to 
previous sessions, thus motivating her to play again to improve in an attempt to 
reach a higher score and therefore exercise more intensively. A balanced score 
should depend both on the gameplay successes and on the correctness of the 
execution of the movements required by the exercise. In our implementation, the 
correctness acts as a multiplier of the score earned during each game-related 
action. 

More advanced mechanisms are related to the social competition when games are 
played by multiple players, to the introduction of a larger theme common to all 
games (e.g. the farm theme in our case) and to the randomization of the game 
assets to increase variability. Such mechanisms are currently subject to further 
investigation.  

We have already introduced a balanced scoring system in IGER and therefore in all 
implemented games and we are currently adding the other motivational 
mechanisms.  

The Virtual Therapist. In the case of at-home rehabilitation, the central figure for 
rehabilitation, that of the therapist, is missing. In IGER, the therapist is partially 
replaced by a Virtual Therapist (VT) that provides feed-back similar to the one 
given in routine sessions by a real therapist.  
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The VT is an avatar that accompanies the patient during her rehabilitation sessions 
throughout the life of the application and advices her. This character can be useful 
for multiple purposes: it can explain how to navigate the interfaces and how to 
play the exergames, it can introduce options, congratulate on achievements and 
motivate during challenges. It also explains to the patient how to correctly perform 
the exercises when wrong movements are detected by the monitors. Even if the 
character is virtual, having a face to refer to can be beneficial for the patient. Many 
entertainment games use similar figures as guides for the player, such as the Wii 
Fit games and their cartoon-like animated balance board.  

3 Results 

We show here how we have designed and implemented a set of exergames using 
IGER, we also show some preliminary results following their use. The exergames 
we designed regard the rehabilitation of posture and balance and the rehabilitation 
of neglect. The games can be played with any of our input devices and we detail a 
few differences when a specific device is chosen. All these games share the same 
theme: life in the farm.  

The Balloon Popper game (fig. 3A) represents a refinement of DuckNeglect [15], a 
game developed for neglect rehabilitation. The game requires the user to reach a 
set of balloons and pop them. In the native version, the game has been designed to 
be played with a 2D camera: the silhouette of the patient is extracted from the 
images and pasted inside the virtual scenario. Very good results are obtained when 
the background can be controlled and is stationary. When using a Kinect sensor, 
thanks to the superimposed skeleton, the position of the hand can be located and 
the interaction with the target and distractors determined also when the hand 
passes in front of the body and with any constraint on the background. This game 
is meant to allow patients to explore the neglected field following balloons that 
move from right to left. However, the same game could be played also with a 
haptic device: we have adopted the Novint Falcon as an input device, allowing the 
patient to reach the balloons on the screen with its cursor. In this case, there is no 
silhouette of the patient, but a visual cursor moving on the screen. We could also 
play the same game with the Nintendo Wii Balance Board: the lateral movement is 
in this case mapped on lateral weight shift and the up/down movements on the 
front-posterior weight shift. We also remark that the game has been tested for use 
with the PM10 robotic arm for upper-arm rehabilitation. 
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(i), while for the second exercise (ii) only Kinect can be used as a tracking device 
since foot tracking is required for lateral movement. 

The Scare Crow game (fig. 3C) is designed to train static equilibrium and asks the 
patient to stand still while birds fly over the shoulders of her avatar. The Hay 
Collect game (fig. 3D) is used to train reflexes and perception; it asks the patient to 
drive a tractor across a field while collecting hay bales. The Mix Soup game (fig. 
3E) can be used for balance rehabilitation, upper-arm rehabilitation (for example 
using a robotic arm) and even for cognitive rehabilitation; it requires the user to 
touch a set of bubbles that appear on the surface of the liquid in a cauldron. A 
cognitive load can be added by generating bubbles of different colours and 
requiring that only bubbles of a given colour have to be touched. The Animal 
Hurdler game (fig. 3F) is designed for in-place stepping exercises and asks the 
patient to rise one foot when small creatures try to pass below it.  

The IGER system and the games were tested on seven elder people (75 ± 7 years 
old) to analyse usability and accessibility. All subjects reported a very good 
reaction to the games. They did not get tired while playing them and did not 
report any fatigue or interaction difficulty. The monitoring through colour coding 
was rated particularly useful as it allowed them to focus immediately on the 
wrong features of the implemented movements and to correct them. The same was 
true for adaptation as each subject could see the game slow down when the pace 
was too high or to increase progressively the speed and therefore become 
progressively more and more interesting to the user. The interaction was rated 
extremely natural and easy to perform. No particular preference between speech 
and gesture was found. Further validation is currently being performed at the 
Neurological clinic of Zurich hospital, at the Virgin de Rocío hospital in Seville and 
a pilot study is scheduled to start in January 2014. 

4 Discussion and Conclusion 

IGER starts from the observation that commercial games are indeed too hard for 
most rehabilitation patients. At its core, IGER is built upon the open-source 
Panda3D game engine, but it has been expanded with a set of modules tailored to 
rehabilitation: configuration, adaptation, monitoring, logging of the data and feed-
back through a virtual therapist. Without these additional components the 
effectiveness and reliability of any game-based exergame for rehabilitation at home 
can be severely questioned. Moreover, these additional components cannot be 
developed as stand-alone but should work in synergy: adaptation has a prominent 
role in motivation, and monitoring has an influence on the scoring system and 
modulates adaptation.  
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As far as adaptation is concerned, the Bayesian approach followed here does not 
make any hypothesis on the particular data domain as for instance in [16] in which 
a specific heuristic for arm motion has been proposed, but it is general and it can 
be applied to any parameter or combination of them. It also does not require any 
particular model that would require calibration by testing the games on a 
significant number of homogeneous patients as required by the RGS system [17]. 

Another characteristic of IGER is the abstraction layer that couples the input 
devices with the game. Such layer allows different devices be used with the same 
game thus making the engine extremely flexible. To highlight this, our current 
selection of games spans a range of rehabilitation domains: from full-body postural 
and balance physical rehabilitation to cognitive rehabilitation for neglect patients 
to arm rehabilitation. The same game can be used for different rehabilitation 
domains, changing the tracking device or modality. This can be a great asset for 
rehabilitation.  

Components that take care of monitoring, of configuration, of adaptation to the 
patient’s skills, of accessibility and usability by patients with diverse skill ranges 
require a considerable development time and the advantage of reuse is thus great. 
Using a specifically developed game engine, the designers can use the methods 
made available to build their own games without having to write them from 
scratch. 

Moreover, the rehabilitation game engine can also be used to enforce a shared 
design intent and thus provide design guidelines for both games and exercises, 
thus making the process of creating efficacious exergames easier and, in the 
meantime, helping in guaranteeing their validity. The game engine can also, as in 
our case, suggest a shared theme in both visuals and narrative to promote cohesion 
between different exergames, provide a framework to insert motivational elements 
and ultimately increase the user’s immersion in the game world.  

IGER is not meant as a stand-alone system. It has been embedded into a Patient 
Station (PS) developed for the REWIRE project2, financed by the European Union, 
to be deployed at patient’s home to support their rehabilitation therapy. The PS 
integrates the IGER with bidirectional communication through Internet with the 
reference hospital. Such communication has a dual role: transfer the configuration 
of each rehabilitation session from the hospital to the patient’s home and open a 
video-communication with the reference clinicians in case of need. 

We explicitly remark that the PS has been designed to be used autonomously by 
the patient at her own home, without needing the presence of a therapist. For this 
reason, all exercises have been carefully designed in collaboration with the 
therapists to be performed without their presence. We also remark that the IGER 
engine is used to support the therapists in their absence, but their role is still of 

                                                           
2 http://www.rewire-project.eu 
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utmost importance in defining and configuring the exercises, following remotely 
the rehabilitation progression, advising and directing patients and reviewing and 
validating the results. Morever, we believe that rehabilitation sessions carried out 
in specialized centers with the help of the therapist intermingled with 
rehabilitation at home would make the approach most effective. 

Given all these characteristics, the IGER system can be a good candidate to be 
successfully used as a game engine upon which rehabilitation games can be built 
to make rehabilitation at home possible and valid from the clinical point of view. 
This would represent a large step forward in rehabilitation, that could be taken 
out, at least partially, from the clinics and enable patients, discharged from the 
hospital, to continue their treatment intensively at home, where they feel most 
comfortable.  
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Abstract  

Within recent years the implementation of games as an acknowledged and important 
part of health care has become increasingly apparent. With positive results of game 
studies targeting conditions such as cancer, diabetes, and asthma it seems that 
further research is of great importance to ensure development within the field.  

In this paper we will describe the creation of a game that contributes to the realm of 
health games. Our research, design, and product were directed towards children 
with Cerebral Palsy (CP) and the game was designed in accordance with the success 
criteria of socialization, entertainment, and rehabilitation. 

By consulting with experts within the area of cerebral palsy, we attempted to create a 
game that would fulfil the needs of our specific target group and improve their 
abilities both cognitively and physically.  

Keywords 

Cerebral Palsy, Games for Health, Rehabilitative Games, Mirror-Neurons, Action 
Words, Learning, Socialization, Inclusion 

1 Introduction 

“For years, computer games have been associated with negative effects on health, 
blamed for spawning a generation of lazy, overweight children, who lack social skills 
because they spend their time indoors, sprawled in armchairs, staring at screens.” 
(Taylor, 2011, Introduction section, para. 2) 

Ever since the making of games such as Oregon Trail in 1974, Serious Games have 
been expanding within the games industry. Rather than designing for 
entertainment and profit the maker of a serious game has an instrumental purpose. 
Among others, serious games have tackled issues such as education, health, social 
problems, and politics. 

A sub-category of serious games, known as Health Games, has become a promising 
tool within the realm of health care. The fact that a digital game has the ability to 
reach a large number of people, without the costs of distribution unduly affecting 

B. Schouten et al. (eds.), Games for Health,
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its affordability, makes access to digital games a straightforward resource for the 
improvement of health.  

Because of their potentially vulnerable users, health games demand a greater 
involvement of expertise from areas not usually connected to the process of game 
production.  

In general, games for health aim at providing a specialized piece of software for 
their specific target groups. The use of software makes it possible to match the 
abilities of the users more efficiently than when using a static piece of equipment. 

This project aimed to add to the growing branch of health games. By positioning 
our product within this field, we hoped to increase the quality of life for a group of 
children that live with a chronic medical condition. This led to us formulating the 
following research questions: How do you design a game for children with physical and 
cognitive limitations? How do you help them increase their motor skills, train their 
cognitive skills, and increase their chance of social contact? 

2 Cerebral Palsy 

Cerebral palsy, commonly referred to as CP, is used as an umbrella term for 
several different types of disabilities. Some CP individuals move and develop 
almost normally, while others need assistance with most daily tasks. All symptoms 
of the condition appear in the first few years of life, and have a slow and abnormal 
development of motor-control in common.  

Peter Rosenbaum, the preeminent source for research into CP, introduced a new 
definition in 2006. This definition has since become the standard and is used by 
health care professionals the world over. It is included here in full:  

“Cerebral palsy (CP) describes a group of permanent disorders of the development of 
movement and posture, causing activity limitation, that are attributed to 
nonprogressive disturbances that occurred in the developing fetal or infant brain. 
The motor disorders of cerebral palsy are often accompanied by disturbances of 
sensation, perception, cognition, communication, and behaviour; by epilepsy, and by 
secondary musculoskeletal problems.” (p. 9) 

Cerebral palsy is a non-progressive condition, which simply put means that the 
damage to the brain does not become worse. However, the functional impairments 
that the child has can change over time. Which means that the limitations that the 
child has to live with evolve and this makes for new challenges to overcome. This 
can affect the child’s well-being in an adverse way and explains the need for a 
constantly evolving treatment plan. 

Children with Cerebral Palsy ... 
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Making a Health Game thus becomes an analytical question of how to make the 
necessary adjustments to create the best possible product for the player. 

According to Michael Bas, CEO at RANJ games, the usefulness of subject matter 
experts goes beyond the role of external consultants: 

"Actually, they are in the lead, they are the ones who decide which direction it 
should go. Of course you have to keep in mind, as a game designer, you have to be 
very cautious about the fact that things have to be funny. But, you shouldn't be too 
arrogant as a game designer and say, "We know what to do", because you don't 
know anything." (Bas, 2013). 

The experts’ opinions are thus an indispensable resource in the making of any 
health game.  

The close collaboration with subject matter experts challenges the role of game 
designers and developers. The making of a game that only contains therapeutic 
value may very well undermine the ability that games possess to make tedious 
tasks fun and entertaining (Kato, 2010).  

6 Why Make Health Games? 

Health games are intrinsically linked to the realm of health care and medicine, and 
perhaps just as much to the area of psychology. The Dutch psychologist Pamela M. 
Kato(2010) states that patients often refrain from taking full advantage of the 
possibilities that the health care system has to offer, due to mental barriers:  

"Engaging a patient’s motivation is frequently necessary in health care because 
patients are often required to undergo procedures or engage in behaviors that are 
painful and aversive on the one hand (e.g., undergoing chemotherapy) or boring and 
mundane on the other (e.g., taking pills, exercising on a regular basis)." (p. 113) 

Games have proven to have therapeutic effects on a number of conditions such as 
asthma, cancer, anxiety management, and diabetes. Kato names the motivational 
nature of gameplay as a reason for the excellent results. Both Kato and Michael Bas 
(2013) emphasize that games may be a great resource to break down the 
psychological and behavioral barriers connected to health care and to optimize 
treatment.  

A study made with young cancer patients showed a decrease in side effects to 
chemotherapy, simply by making the patients play a digital game for 10 minutes 
during treatment:  

"The therapeutic effects of games are attributed to the distraction that games provide 
that focus attention away from these aversive side effects." (Kato, 2010, p. 114) 



Game Des

In additio
standard r
the aforem
equally eff

7 T

 In7.1
Children w
activities t
the physic
The expo
overwhelm

In accorda
that target
multiplaye
activity, on
create a s
therefore m

According
Hogg, the
Facilitation
presence o

"(...) an
deterior
presence

An examp
the level y
perform e
performan

According
game toge
performan
child was
performan

sign, Develop

on, the stud
relaxation tra
mentioned v
fective in dec

Theoretic

nclusion 
who suffer f
that their pee
cal disabilitie
sure to chi

ming, especia

ance with ou
ts issues conn
er section in 
ne that is m
space in wh
may have the

g to professo
ere are a n
n, examines
of other peop

n improveme
ration in the 
e of members 

ple of this co
you are playin

ven better w
nce may be w

g to Vaughan
ether, may no
nce. This ind
s positioned
nce.  

pment and B

dy compared
aining from 
video game.
creasing nau

al Frame

from cerebra
ers participa
es that becom
ldren their 
ally if the act

ur aforementi
nected with 
the game, w
ade in accor

hich the chil
e surplus ene

ors of social 
number of b
s the change
ple: 

ent in the p
performance

of the same sp

ould be playi
ng is providi

with your fri
worse than if 

n and Hogg (
ot necessaril
icated that w

d on the g

Business

d two grou
a therapist w
. The result

usea and high

work 

al palsy ofte
ate in. This s
me apparent 

own age m
tivity require

ioned succes
CP, physical

we are hoping
rdance with 
ldren feel in
ergy for inter

psychology
benefits to 
es that occu

performance 
e of poorly l
pecies." (Vaug

ing a compu
ing the right
iends watchi
you were pl

(2005), simpl
ly result in a
we needed to
game’s learn

ups of child
while the oth
ts showed t
h blood press

n become se
eclusion is n
in the early

may therefo
es a high leve

ss criteria, w
l as well as c
g to inspire a
the children
n control of
raction. 

Graham M. 
encourage 

ur when we

of well lear
learned/difficu
ghan and Hog

uter game in 
t amount of c
ing; if the le
laying alone.

ly making a 
an improvem
o take into co
ning curve, 

ren. One ha
her group me
that the me
sure.  

ecluded from
naturally con
y years of the
ore be chall
el of concent

e aim at mak
cognitive. By
a different ki
's abilities. W
f the enviro

Vaughan &
group activ
e perform t

ned/easy task
ult tasks in 
g, 2005, p. 15

front of you
challenge, yo
evel is too d
  

group of chi
ment in their 

onsideration
when anal

105

had received
erely played
ethods were

m the group
nnected with
e child's life.
lenging and
tration.  

king a game
y including a
ind of group
We aimed to
onment, and

& Michael A.
vities. Social
tasks in the

ks and a 
the mere 

56) 

ur friends. If
ou will likely
difficult your

ildren play a
task-solving

n where each
lyzing their

5 

d 
d 
e 

p 
h 
. 

d 

e 
a 
p 
o 
d 

. 
l 
e 

f 
y 
r 

a 
g 
h 
r 



106 

 Le7.2
The prospe
cerebral pal
made a gam
lives. As a 
make a pro
physically.  

According 
children wi

"Learnin
school is 

The game w
also see a 
interested in
wider audie
platform th

The idea of
also bring w

The concep
activity, an
circumstanc
normal chil
part of a CP
learning str
situation wh

"We now
approach 
learn it."

The role o
questions r
advantages 
questions, t
answers be
effort to und

"One of 
questions
observing
model for

earning 
ect of makin
lsy is our pri

me that was m
secondary, b

oduct that al

to Stella Vo
ll profit the m

g is primarily
central for lea

was designed
great oppor

n the game a
ence, but it a
at we aim to

f an open spa
with it a side-

pt of Vicariou
nd was of 
ces for learn
ldren gain fr
P child’s life
ructure that 
here the play

w want to em
to learning so
 (Mayes, Din

of spectators
elevant to th

about the 
that the clas
come part o
derstand the

the keys to su
s. It may be th
g other learne
r good learning

ng a game th
mary goal w
meant to ser
but also imp
lso affords t

osniadou (20
most from a 

y a social act
arning to occu

d in accordan
rtunity in th
as well. Not 
also provide
 provide.  

ace where di
-benefit whe

s Learning em
importance 

ning. The m
rom a traditi
. We therefo
builds upon

yers have the

mphasize a pro
omething, is s
een, McKendr

ship could b
he game con
classroom s

ss as a who
of a structure
e subject matt

uccessful learn
hat this involv
ers engaged i
g behavior." (

Game 

hat improve
with this proj
rve as an ent
portant, aspe
the prospect

003), there a
learning situ

tivity and pa
ur." (p. 18) 

nce with the a
he possibilit
t only would
es us with a 

ifferent child
en it comes to

mphasizes th
in our an

many social 
tional classro
ore find it im
n social learn
e opportunity

ocess of socia
shaped by the 
ree, and Lee, 2

be a highly
ntrols. Maye
structure ar

ole becomes 
e that afford
tter: 

ning, of cours
ves confidence
in such dialog
(Mayes et al, 2

Design, Dev

es the life qu
ect. In order 
tertaining ad
ect of the pr
t of learning

are certain 
uation, and sh

rticipation of 

abilities of ou
ty that norm

d this expand
better chanc

dren can inte
o learning.  

he relevance
alysis of ho
and commu

oom situation
mportant to a

ning, but als
y to learn by

al learning, in
observation of

2001, p. 2) 

y beneficial 
es et al. emp
e the answ
familiar wi

ds a group m

se, is being a
 as much as sk
gues has its 
2001, p. 2) 

velopment an

uality of chi
to achieve th

ddition to the
roject we att

g, both cogni

guidelines a
he emphasiz

f the Social lif

ur target gro
mal children
d our possib
ce of creating

eract and com

 of learning 
ow to creat
unicative be
n are not ne

attempt to im
so to create 

y watching: 

n which the l
of others attem

way of clar
phasize that 
ers to other
th. The que

mentality, in 

ble to ask app
kill or knowle
effect by prov

nd Business 

ildren with 
his goal we 
e children's 
tempted to 
itively and 

as to how 
zes that: 

ife of the 

oup, but we 
n could be 
bilities for a 
g the social 

mpete may 

as a social 
te optimal 

enefits that 
ecessarily a 
mplement a 

a dynamic 

learner's 
mpting to 

rifying the 
one of the 

r student’s 
estions and 

the shared 

propriate 
edge, and 
viding a 



Game Des

Watching 
questions, 
communic

Our hope 
playful set
option at h
automatica
are critical

A good lea
when it co
make the 
game we 
specific w
training o
Johnsrude
study invo

"In the
neurons
frequen

Fig. 3: A

Making th
The child

sign, Develop

others play m
but could 

cate in a learn

is that creati
tting, will af
home. Mayes
ally ask and 
l as to wheth

arning situat
omes to dial
feedback in
will limit t

words that ar
of the childr
e and Friede
olving the co

 case of word
s processing t
tly fire togeth

An Example o

he feedback f
ren may ea

pment and B

may therefor
also famil

ning situatio

ing situation
fford a socia
s et al. (2001)
answer ques

her this is an 

tion relies on
ogues betwe
the game a

the amount 
re used may
ren's motor-
emann Pulve
ncept of Acti

ds referring 
the word form
er and thus be

f Action Word

from the gam
asily lose in

Business

re not only p
liarize the c
on.  

ns, where the
ally based pl
) propose tha
stions, to mi
adequate sub

n good comm
een the play
as intelligible

of words a
y prove to b

and comm
ermüller (20
ion Words: 

to actions pe
m and those p
ecome more st

ds 

me as simpl
nterest if the

provide answ
child with 

e children ar
aying style t
at learning d
mic the socia
bstitution fo

munication. T
yers, but also
e as possible

as much as 
be important

municative sk
004) have co

erformed with
processing the
trongly linked

e as possible
e non-game

wers to many
the norms 

e physically 
through the 
evices may b
al learning si
r real dialogu

This is relev
o when decid
e. In the ma
possible. Ho
in connecti

kills. Olaf H
onducted an

h the face, ar
e referent actio
d (...) (p.1). 

 

e is of great 
play part o

107

y of the same
of how to

present in a
multiplayer

be created to
ituation, but
ues. 

vant not only
ding how to
aking of this
owever, the
ion with the

Hauk, Ingrid
n interesting

rm or leg, 
ion should 

importance.
of the game

7 

e 
o 

a 
r 
o 
t 

y 
o 
s 
e 
e 
d 
g 

. 
e 



108 

demands to
the areas of
Image 1-3.  

The vicario
research of 

The mechan
that others p
Rizzolatti an
for social or

The mirror
words, sinc
performed b

"We stre
system th
and Craig

8 De

Our produc
project. Its 
Cerebral Pa

The control
using the ac
shown in Im

Fig. 4: M

oo much atte
f the brain t

ous learning
a specific me

nism in char
perform, is c
nd Laila Cra
rganization. 

r-neuron me
ce it causes 
by others: 

ess, in partic
hat might exp
ghero, 2004, p

esign 

ct, Astro Even
design was 

alsy. 

ls were desig
ccelerometer

mage 1-4. 

Movement axis 

ntion. In add
that are usua

g theory can
echanism in 

rge of our ab
called the mir
aighero (2004

echanism su
neurons to

ular, those p
plain the hum
p. 169.) 

ntyr, is a ver
based on th

gned in such
r. The movem

in control sch

Game 

dition, the ac
ally only act

n be extende
the brain, na

bility to imit
rror-neuron 
4), action un

upports the 
o fire even 

properties spec
man capacity 

rtical slice of 
he design co

h a way tha
ments incorp

heme 

Design, Dev

ction words h
tivated throu

ed when co
amely the Mi

tate - and un
mechanism.

nderstanding

aforementio
when we m

cific to the h
to learn by i

the game pa
onstraints d

t the entire 
porated into 

velopment an

have a prove
ugh physical

ontextualized
irror-Neuron 

nderstand - 
According t
is the very f

oned notion
merely obser

human mirror
mitation." (R

art of our ma
iscussed in 

iPad has to 
our control s

nd Business 

en effect on 
l tasks, see 

d with the 
system.  

the actions 
to Giacomo 
foundation 

n of action 
rve actions 

r-neuron 
Rizzolatti 

aster thesis 
section 1.5 

be moved, 
scheme are 



Game Des

The contro
the iPad fo
to benefit f

 E8.1
“If we 
intended
player’s
456) 

How does
Her preco
needs are m
in any dis
products; 
ergonomic
end-user n
does not h
she may b
the user’s 

Another s
others wil
This can le
instinctive
intuitively
blue is me
the design
set of expe

In user ce
understand
By basing 
how users
product, a

This leads 
designers 
audience. 
(Kouprie a

The tenets
user, fit we

Empathy 
understan

sign, Develop

ols are mean
orwards, bac
from increas

Empathy in
agree that al
d user it wou
s active partic

s a designer d
nceived idea
met. Accord
scipline, are 

the techni
cs. Thus, if a
needs, she w
have her wea
e overly dism
every need.  

side of this d
ll like what t
ead to poor 
ely know wh
y that a part
eant to remin
ner will likely
eriences and 

entered desi
ding the user 

the design 
s may use th

and what is li

us to the con
attempt to 
This increa

and Visser, 2

s of empathic
ell with the d

means the
nding of how

pment and B

nt to help tra
ckwards, to 
sed exercise i

n Design 
l design is in

uld be ridiculo
cipation – wo

design for a 
as are certain
ing to Koskin
deeply kno

ques involv
designer de

ill be judging
alth of know
missive of th

designer-cen
they like the
design decis
hat the desi
icular button
nd them of a
y mean some
knowledge.

gn methodo
and his or he
process on t
he product, 
ikely to eithe

ncept of emp
understand

ases the cha
009). 

c design, in p
development

e projection
w the user see

Business

ain the gross 
the right, an
in the hands,

n the end abo
ous if the desi
uld not have 

target audie
nly not enou
nen and Batt

owledgeable 
ved in dev
epends only 
g her ideas a

wledge, but a
he design, wh

ntric approac
emselves and
sions, for the
igner knows
n should be
a spring sky?
ething quite 

ology great 
er experience”
the user, rat
how they m

er please or d

pathic design
d the experi
ances of co

particular the
t of a health 

n of the s
es, experienc

motor skills
nd to the left
, wrists, arm

out having a 
ign of games 
a player focu

ence that she
ugh to make 
tarbee (2003)

about the b
veloping the
on her own 

and work no
s a professio

hen it could p

ch is that pe
d understan

ere is no gua
s (Fulton Su
 turned? Or
? What seem
different to a

emphasis is 
” (Kouprie an
ther than the

may see them
displease the

n, a user-cent
iences and 
rrectly meet

e importance
game.  

self into an
ces, and feels

 of the playe
t. The childre
s, and even s

conversation
– systems tha

us.” (Sotamaa,

e is not a par
sure that th

), professiona
building blo
em, in aest
imagination
t as a typical

onal designer
potentially h

eople often a
d the world

arantee that t
ri, 2003). W

r that a certa
ms like comm
a person with

put on the
nd Visser, 20
e designer, w
mselves as u
m.  

tered method
lives of the
ting their u

e put on the 

nother’s sit
s about some

109

ers. They tilt
en are likely
shoulders.  

n with the 
at rely on 

a, 2007, p. 

rt of herself?
he end-user’s
al designers,

ocks of their
thetics, and

n of what the
l user, for he
r. Therefore,

have fulfilled

assume that
d as they do.
the user will

Will he know
ain shade of

mon sense to
th a different

e “problem of
009, p. 437).
we focus on
users of that

d, where the
eir intended
user’s needs

needs of the

tuation. An
ething is key

9 

t 
y 

? 
s 
, 
r 
d 
e 
e 
, 

d 

t 
. 
l 

w 
f 
o 
t 

f 
. 

n 
t 

e 
d 
s 

e 

n 
y 



110 

to empathi
translation 
experiences”

 Un8.2
Traditionall
and functio
provide joy fo

To be able 
providing a

According t
and thus to 

• “Easy Fu
• Hard Fu
• People F
• Serious F

Considering
four keys; E
with our ch
gameplay to
children; an
by changing

 Th8.3
Astro eventy
three multip
same seen (
high-lighted

                     
4 http://ww

c design. D
of emotions

” (Koskinen a

nlocking E
ly, research 
onality. Desi
for people, not 

to unlock th
an emotional

to Nicole La
increasing th

un (Novelty)
un (Challenge
Fun (Friendsh
Fun (Meanin

g our constr
Easy Fun, wit
hosen theme 
o represent a

nd Serious Fu
g their body 

he Game 
yr contains a
player. In th
(see Fig. 5.). 
d to distingu

                     
ww.xeodesign

Designers nee
s into a prod
and Battarbee

Emotions 
into usabilit
ign has to u
just smooth f

he player’s f
 connection t

azzaro there 
he entertainm

: Curiosity fr
e): Fiero, the 
hip): Amusem

ng): Exciteme

raints and ta
th the conno
setting of sp

and foster a 
un, because w

and giving t

a racing gam
he multiplaye

The only di
uish them fro

                 
.com/whywep

Game 

ed to make
duct – that 
e, 2003, p.39)

ty has been f
utilize a use
functioning.”

feelings is a 
that serves to

are four key
ment value o

rom explorat
 epic win, fro
ment from c
ent from chan

arget group, 
otations of ex
pace explora
social conne

we hope to ch
them a traini

me which has
er each play
ifference bein

om the other 

playgames.htm

Design, Dev

 sure that t
they “...give 
).  

focused on m
er’s experien

(Koskinen, 2

worthy goa
o deepen the

ys to unlocki
of said games

tion, role pla
om achieving
ompetition a
nging the pla

we chose to
xploration be
ation; People F
ection betwee
hange the pla
ing tool that 

s five levels, 
yer has an iP
ng that your
player’s. 

ml 

velopment an

their creatio
tangible form

minimizing u
nces and em
2003, p. 7) 

al for a game
e player’s exp

ing emotions
s,  

ay, and creati
g a difficult g
and cooperat
ayer and the

o focus on th
eing intrinsic
Fun, since w
en the player
ayer’s life fo
is entertainin

two single p
Pad, and both
r avatar and 

nd Business 

ons are the 
m to elusive 

user errors 
motions, “to 

e designer, 
periences. 

s in games, 

ivity 
goal 
tion 
eir world”4 

hree of the 
cally linked 

we want the 
r and other 

or the better 
ng. 

player and 
th view the 

d points are 



Game Des

Fig. 5: S

Single-play

• The pla
one sta
withou
ends. T

• The pl
gained 
forward
downw
losing 
second

Multi-play

• The pl
backgro
top and

• The pla
all their

• The pla
when a

sign, Develop

Screenshot of M

yer: 

ayer collects 
ar appears at 
ut too many d
This level con
layer avoids

in the firs
ds and the

wards. The p
one life. Th
s (win-condi

yer: 

layers collec
ound moves
d move down
ayers avoid a
r lives. The p
ayers avoid a
a player eithe

pment and B

Multiplayer G

stars that ap
a time so th

distractions. 
ntains no lose
s asteroids, 
st level. Th
 asteroids 

player has fi
he game end
ition) or lost 

ct stars, co
s to simulate 
n the screen.
asteroids, the
player with th
asteroids wh
er collects 10

Business

Gameplay 

ppear at the
he player can

When the pl
e-condition.
building up

he backgrou
appear at t
ive lives and
ds when the
all five lives

ompeting to
 movement f
.  
ey play for 3
he most live

hile competin
0 stars or is hi

 

top and bot
n concentrate
layer has coll

pon the con
und moves 

the top of 
d colliding w
e player has
s (lose-condit

 be the fir
forwards an

3 minutes or 
s at the end o
ng to collect 
it five times 

ttom of the s
on learning 

lected ten sta

ntrol-scheme 
to simulate 
the screen 

with an aste
s either surv
tion). 

rst to collec
d the stars a

until one pla
of the game w
10 stars. The
by asteroids

111

screen. Only
 the controls
ars the game

knowledge
e movement

and move
eroid means
vived for 30

ct ten. The
appear at the

ayer has lost
wins. 
e game ends
. 

1 

y 
s 
e 

e 
t 
e 
s 
0 

e 
e 

t 

s 



112 

9 Te

The playtes
interviews, 
playtesters 

For the end
an informal
to verbalize
minimum. 
concentratio
uncomforta

All the child
multiplayer
pairing sub
part is an im
by both ag
while playi
since childr
are hesitant

 Re9.1
How limited 

We observe
invitation p
Our player
seemed to 
game-mode
can possibly
them using 

Does the pre
performance 

This questio
in particula
valid in con
seemed to b
In the case 
difficulty si
level of a h
such as his 

ests and 

sting method
and the t

consisted of 

-user playtes
l variant of t
e their opin
Because of 

on, we did n
able.  

dren were th
r levels. Als
bjects for con
mportant fac
e and exper
ng. In all bu

ren may be m
t to give to th

esults 
is the fine mo

ed our player
process, the o
s did not se
need to con

e and levels,
y be used to 
it when star

esence of othe
of the players

on deals with
ar. The result
nnection wit
be paired ap
of the singl

ingle-player,
higher difficu

friend’s taun

Results

ds chosen for
think-aloud 
a group of si

st we first tes
think-aloud
nions, and t

the issues 
not want to 

hen paired fo
s et al. (200
nstructive int
ctor. When p
rtise. The ch
ut one instan
more likely t
he conductor

otor control of

rs in their us
only parts of
eem to have
ncentrate mo

but manage
activate thei
ting the gam

er people seem
s? 

h social facili
ts of the test
th spectators

ppropriately, 
e exception,
but became

ulty. His frus
nting comme

Game 

r this project
method w

ix children w

sted four of t
was explain

the conduct
children wi
force them 

or constructiv
05) discuss O
teraction, the
pairing the c
hildren were
nce they play
to give infor
r (Als et al., 2

f our players?

se of the on-s
f the game re
e much trou
ore than oth
ed without h
ir fine motor

me themselve

m to affect an

itation in gen
t indicate tha
ship. In all i
according to

, the tester p
e very frustra
stration was 
ents during 

Design, Dev

t were observ
ith construc

with cerebral

the children
ned. The chil
tor tried to 
th cerebral 
to multitask

ve interaction
O’Malley’s s
e level of exp
hildren we a

e encouraged
yed in a so-
rmation to th
2005). 

screen menu
equiring prec

uble while u
hers in order
help from us
r skills on a l
es. 

n improvemen

neral and the
at the theory
instances, ex
o their place
performed ad
ated when p
mainly caus
gameplay. T

velopment an

vation, semi-
ctive interac
 palsy.  

in single-pla
ldren were e
keep promp
palsy may 

k in case it m

n and asked 
suggestion, 
pertise on th
attempted to
d to talk to 
called acqua

heir friends w

s and the Ga
cise fine-mot
sing the me
r to choose 
s. This sort o
imited scale,

nt or deteriora

e presence of
y of social fac
xcept one, th
 on the learn
dmirably in 

playing the m
sed by extern

This indicates

nd Business 

-structured 
ction. Our 

ayer, where 
encouraged 

mpting to a 
have with 

made them 

to play the 
that when 

he subject’s 
o pair them 
each other 

ainted pair, 
which they 

ame Center 
tor control. 

enus. Some 
the correct 
of interface 
, simply by 

ation in the 

f spectators 
cilitation is 
he children 
ning curve. 
the lowest 

multiplayer 
nal factors, 
s that since 



Game Des

his skills w
the presen

Can we des
the game? 

All of our
side of the
hands to p
play the ga

Can we des
hands, wris

This quest
using the
physiother
However, 
while play

Fig. 6: P

This is a g
played reg

Will the pl
player be ab

All of the 
items we 
starting a n

sign, Develop

were less pr
nce of others.

sign the contr

r players are
e body, but o
play the gam
ame and non

sign the contr
sts, arms, and

tion is very d
e game ov
rapist, woul
all our play

ying the gam

Playtesters’ m

good indicati
gularly over 

layer be able 
ble to learn ho

players obs
chose and s
new game.  

pment and B

rogressed tha
  

ols is such a w

e hemiplegic
only some ha

me without en
ne showed an

rols in such a 
 shoulders? 

difficult to an
ver an exte
d be needed

yers made la
me, especially 

ovements whi

on of the gam
an extended 

to learn how
ow to connect 

served us int
such, and w

Business

an his friend

way that we fo

c, that is, the
ad a visibly a
ncouragemen
n inclination

way as to ma

nswer from s
ended perio
d in order to
arge movem

y with their w

ile playing 

me being hel
 period of tim

w to start and
a multiplayer

tently when
were able to 

d’s, his perfo

force the playe

ey have fine-
affected hand
nt. They wer

n to not use b

ake the player

such limited 
od, under 
o answer thi
ents with th

wrists and sh

lpful in train
me.  

d play the gam
r game throug

n preparing t
mimic that 

ormance det

r to use both h

-motor prob
d. All of them
re simply sh
oth hands to

r increase fun

testing. Seve
the superv
s question c

heir whole u
oulders.  

ning these mu

me by watchi
h watching us

the games, w
with minor

113

teriorated in

hands to play

blems in one
m used both

hown how to
o control it. 

nction in their

eral children
vision of a
conclusively.
upper bodies

muscles if it is

ing? Will the
s do it? 

which menu
r help when

3 

n 

y 

e 
h 
o 

r 

n 
a 
. 
s 

 

s 

e 

u 
n 



114 Game Design, Development and Business 

Setting up a multiplayer game is more complicated than a single player, with 
several steps that must be completed in the Apple Game Center. However, after 
watching us set up a game several times the testers, all except one, seemed to have 
caught on and could perform the necessary actions with little prompting. The one 
exception did not observe the connection process and thus did not learn how to 
perform it on his own.  

All but one of the children appeared keen on learning how to set-up a game on 
themselves, which is a very encouraging sign. Indeed, one of the factors behind the 
game creation was the need for a tool that the children could use independently of 
their caregivers.  

Does the player seem to enjoy the game? Would they like to play it again? 

According to the video recordings of the playtests and the players’ answers to our 
post-interviews, we answer this with an emphatic yes. We had to physically 
remove the iPads from some of the children in order to get them to stop playing 
the multiplayer game.  

10 Conclusion 

In this paper we address the question of whether digital games can serve as a 
rehabilitative tool for children with physical and cognitive limitations. In order to 
find the answer we created a vertical slice of a game, Astro eventyr, designed 
specifically for children with cerebral palsy. The design of our vertical slice was 
based on our three-faceted success criteria; entertainment, socialization, and 
rehabilitation. 

The results of our end-user playtests indicated that the children found the game 
entertaining. The most significant indication of this being that the children refused 
to stop playing and ignored any requests on that subject. We had to physically 
remove the iPads from the children in order to proceed with the playtest session.  

We have emphasized the importance of group activities in the children‘s lives, 
through social and vicarious learning as well as social facilitation. Our tests seem 
to indicate that the children found enjoyment in both playing the game themselves 
and watching others play. 

It is difficult to answer the question of whether the prototype can act as a 
rehabilitative tool. Any definitive answer would require a child to play the game 
for an extended period of time while being assessed by an expert in cerebral palsy. 
However, the movements of the players during testing seem to indicate that it 
might help them train their gross motor skills.  
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Although several games for children with cerebral palsy have been made, none 
have approached it from the direction we chose. Our focus on not just 
rehabilitation, but also on the importance of entertaining the player, in 
combination with our accelerometer-based control scheme, serves to add 
something new to the field of health games.  
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Abstract 

This research aims to improve the practice of designing educational video games 
(“learning games”). Specifically, this paper aims to demonstrate need to improve 
Shelton’s theory of activity-goal alignment, which focuses on the relationship 
between a player’s activity and the designer’s intended learning goal in any learning 
game. Using the research method of autoethnography, the data is an account of the 
evolution of the core mechanic in Battlefood, a learning game research project. While 
Shelton’s prior findings, that activity-goal alignment theory meets an important need 
in learning game design practice, are largely confirmed, this research draws two 
main conclusions: the literature’s typical modality (primarily lengthy text-based 
discussions) is not a good fit for practising designers, and Shelton’s theory could be 
more useful if it were made more accessible to practicing designers. 

Keywords 

learning game, design, game-based learning, autoethnography 

1 Introduction 

This paper argues the need for improved ways to apply theory in the design of 
learning games. After thirty years, there is much theory to support learning game 
designers, yet I argue it is not used often enough in practice. Here, I aim to 
highlight and improve upon one simple, useful theory: Shelton’s activity-goal 
alignment [1]. Previous theorists have proposed similar ideas [2], [3] but I chose 
Shelton's theory because I felt it best related foundational theory while being 
grounded in practice, and most clearly stated the importance of this particular 
relationship over other design issues (e.g. single versus multiple players). Shelton’s 
theory focuses on the relationship between a player’s activity and the designer’s 
intended learning goal.  

In this paper I argue the value of Shelton’s theory by presenting an autoethno-
graphic account of the design of the core mechanic of Battlefood, a video game that 

B. Schouten et al. (eds.), Games for Health,
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of a phenomenon or experience to be communicated to others, autoethnography 
gives access to "insider meanings" [16]: the truth that is known only to those who 
participated. Such truth is valuable to understanding the subtle forces at work in 
the practice of game design.  

Analytic autoethnographers must demonstrate that the researcher has the 
authority to be a valid source of data [16]. To that end, I note that I have been 
fortunate to have the opportunity to work in design capacities in a variety of video 
game development projects over 22 years, writing backstory, designing levels, 
exploring game mechanics, programming tools, and creating content (models, 
textures, and animations) for around 40 games. I helped design and build early 3D 
games for the PC, including F22 (Sega Enterprises 1991), Ultima Underworld: The 
Stygian Abyss (Origin Systems 1992), Car and Driver (Electronic Arts 1992), and 
Descent (Parallax Software 1994). While a great deal of my career has been spent 
building commercial video games for entertainment purposes, I have also worked 
on numerous projects that we might today describe as “serious games”: projects 
whose aim was not primarily entertainment. These projects included several 
typing programs, structural simulations, data visualization, and virtual training 
applications such as truck driving and material handling.  

2 The Story of Battlefood’s Development 

The following autoethnographic narrative describes the development of Battlefood, 
a learning game intended to improve players’ knowledge of basic nutrition. For 
years I had imagined that a game mechanic that used unhealthy foods as 
dangerous weapons in a fast-action “food fight” game. I imagined that such a 
game could teach nutrition. I got my chance to explore this design idea when I was 
lead researcher for a pilot project in a cooperative research venture partially 
funded by the Australian Federal government. The other developers were a 
programmer “Sam”, an artist “Andy”, and a nutrition expert, “James.” Andy, Sam, 
and I met weekly, while James’ availability was limited to approximately one 
meeting a month.  

The learning goal was to explore nutrition’s role in a mathematical model of 
human metabolism. The game was designed around incentivizing players to seek 
this learning themselves, without the guidance of a human teacher, and aimed to 
be self-assessing: players could not win without understanding the game’s model 
of nutrition. 
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Abstract 

The number of games designed for various applications in healthcare is growing 
rapidly. However, balancing the needs of an applied game can be a difficult task, 
especially without a guiding vision or design framework. Here, we propose a 
philosophical framework inspired by the ancient Roman architect Vitruvius, which 
can be used as an approach to designing and developing applied games for 
healthcare and other contexts. Vitruvius believed any well designed artefact should 
exhibit the three principles of firmitas (soundness or sustainability), utilitas (utility or 
purpose) and venustas (attractiveness). We describe the Vitruvian approach to 
applied game design using the design process of Moodbot - a game for mental 
healthcare - as an example. In this paper, we reflect on the Moodbot project and the 
application of the Vitruvian triad herein.  

Keywords 

Applied Games, Serious Games, Games for Health, Philosophical framework, 
Vitruvius, Mental Healthcare.  

1 Introduction 

Applying games to  healthcare has gained much attention in the last decade, with 
digital games ranging from exergames to training games for medical professionals 
and self-management games for mental healthcare patients (e.g. Wii Sports, 
ABCDE Sim, Air Medic Sky One, Heartville, Superbetter). Also, the body of 
research into how to design, develop, and test these games is growing rapidly. In 
this emerging field, research and design approaches are increasingly 
multidisciplinary, as combining the expertise of game designers, medical 
professionals, researchers as well as gaining input from the target audience has 
proven to be beneficial (e.g. Keetels, 2012; Kato, 2013). However, applied games are 
generally judged as single instances of technology, lacking connection to a greater 
context or discourse about applied game design and development. Also, when 
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designing an applied game, it can be hard to maintain a balance between the 
content of an applied game and its gameplay, which can cause one of the two 
being underemphasized (Van Roessel & Van Mastrigt-Ide, 2011).  

We aim to illustrate our approach to applied game design and how it helps achieve 
our vision and define the framework required for a good applied game. Our 
approach is inpired by the ancient Roman architect Vitruvius, who identified three 
main perspectives when designing his buildings: attractiveness, sustainability and 
utility/purpose. To illustrate the approach, we use the design and development of 
the game Moodbot as a case study. Moodbot is a game developed in the context of 
psychological healthcare, and represents an effort to advance our knowledge about 
applied game design and development within this context. The game is designed 
and developed to be used in a clinical mental healthcare setting in order to help 
psychiatric patients communicate more effectively with their healthcare workers. 

The main aims of this paper are to explore the added value of using the Vitruvian 
framework to design an applied game, and to illustrate how it has been used to 
communicate the vision of what an applied game could and should be. At the core 
of this framework we have borrowed standpoints from the long tradition of 
architecture and explored how an ancient Roman architect’s precepts towards 
architecture have formed our perspectives towards applied game design and 
development. Our exploration into this realm has led us to ask the same questions 
that challenge modern architecture (DQI, 2006): How do you manage design 
quality if you cannot measure it? 

We use the term applied game to indicate games designed with a purpose other than 
entertainment. While serious game is defined similarly, this term is often confused 
with games designed for educational and training purposes. With the use of the 
term applied game, we refer to the multitude of games with applied purposes, e.g. 
training, education, exercise, persuasion, health, human computing, etc. Application 
refers to the tactical use and usefulness of (the knowledge and skills acquired 
during) the game activity outside the domain of the game itself (Van Roessel & 
Van Mastrigt-Ide, 2011). 

As mentioned above, currently the discourse and knowledge concerning the 
analysis, communication, design and development of applied games is growing. 
The general knowledge of applied game design comes from several perspectives 
and disciplines. There are practical guides that explore technology, game genre 
and domains of serious games (Bergeron, 2006; Michael, 2006; Harteveld, 2011). 
There are several sources that advocate the value of applied games (Gee, 2003; 
Bogost, 2007; McGonigal, 2011). Other publications concern themselves with 
methods, frameworks, techniques and the processes of applied game development 
(Laurel, 2003), many of which are based on the musings of a single experience with 
game design and development (Van der Spek, 2011; Marfisi-Schottman, George, & 
Tarpin-Bernard, 2010). Other sources are concerned with the effects and validation 



Game Design, Development and Business 133 

of applied games (Ritterfeld, Cody, & Vorderer, 2009; Egenfeldt-Nielsen, 2007). 
Our general perception of applied games is based on the original ideas and 
thoughts of the pioneers of serious games (Abt, 1970; Duke, 1974). More recent 
attempts to create frameworks towards a broader and more general approach to 
understanding applied games are also available (Egenfeldt-Nielsen, 2007; 
Harteveld, 2011). Harteveld (2011) in particular calls his Triadic Game Design 
approach a philosophical framework. 

A central theme of the current paper is looking at the value of having the Vitruvius 
philosophical framework when designing an applied (health) game. Having a 
‘philosophy’ fuses bits-and-pieces of thought and knowledge into a unified form of 
knowledge and offers the observer a way of greater generalisation (Fullerton, 
1915). With the help of examples from our current project Moodbot, combined 
with our extensive experience as applied game designers, we will explore to what 
extent a philosophical framework towards applied games can contribute to the 
creation of sustainable applied games. Our philosophy inspired by Vitruvius aims 
to frame the minds of those involved before developing the game, and during the 
design process it can be used to evaluate design decisions. Our intention is to 
provide an accessible framework for anyone who would like to develop a better 
understanding of applied games, as well as applied game design and 
development, through the use of this philosophy. More specifically, this paper will: 
1) illustrate ways to design and develop applied games, and 2) show how one can 
use the Vitruvius framework to do this. Even though the Vitruvian framework 
could also be used to analyse (existing) applied games, the emphasis in this paper 
is how to use the framework for designing applied games. 

To do so, we will first examine the Moodbot case study. Then, we will provide an 
analysis of the design process of Moodbot based on the Vitruvius framework. 
Lastly, we will provide general suggestions for how to use the framework in the 
design and development process of applied games, while examining the different 
perspectives within the game project consortium. 

2 Moodbot 

“The opposite of play is not work, but depression.” - Stuart Brown (Brown & 
Vaughan, 2009) 

Moodbot is an online multi-player game currently being developed for psychiatric 
healthcare. The partners developing Moodbot are HKU (University of the Arts 
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Venustas (attractiveness or beauty) – is concerned with an artefact’s appearance, 
which should be pleasing and elegant, with proportions according to the correct 
principles of symmetry. 

(Vitruvius, 1960; Vitruvius 1999) 

Based on a similar set of starting definitions, our philosophical framework towards 
applied games repurposes the Vitruvian triad to fit our vision of an applied game. 
The following definitions have been tailored to applied games: Utilitas or purpose, 
dictates that the game should achieve a predefined purpose in relation to the 
player or secondary users. Venustas or gameplay experience, dictates that the game 
should provide a meaningful holistic experience (e.g. graphics, sound, game 
mechanics, challenges, goals, rewards, etc.) for the player. Thus, although one 
might expect venustas, translated above as attractiveness or beauty, to merely 
address the visual parts of a game, venustas in the case of games involves more. 
Games are more than what reaches the eye at first glance; they consist of e.g. 
mechanics and a rule set, as well as representational elements such as sounds and 
music. All these factors define whether the game is a pleasant and engaging 
experience to play. Therefore, the venustas of an applied game is considered 
gameplay experience. Lastly, firmitas or sustainability, means that the game needs 
to be solidly embedded in the context and dictates that the game be obtainable or 
available to users, for instance that it has a service or syllabus designed around the 
game, and that it aims to create a perceivable impact in the chosen domain. In the 
case of architecture, firmitas includes the solidness of a building, i.e. that the 
construction is sound. For applied games one could take that very literally: the 
software of the game should run properly, so that it does not crash. However, next 
to that, firmitas in the case of games entails more, as we will explain further below.  

There are several pitfalls when considering balance and meaning in the Vitruvian 
triad. In the case of utilitas (purpose) there is the tendency to think that venustas 
(gameplay experience) needs to be sacrificed to achieve the game’s applied goal 
("Serious game," 2013). However this defeats the reasoning for having a game in 
the first place, since gameplay experience is at the core of any game. Referring to 
Vitruvius here, helps to show that venustas and utilitas should be in balance in one 
game, and neither should give in to the other.  

But utilitas can also overshadow the firmitas (sustainability), as in some cases there 
is the fallacy of believing that if the applied game achieves its purpose (for instance 
rehabilitating patients, teaching math, etc.), the job is done. This is not the case, as 
applied games need to be sustainable. If the game contains technical bugs, is not 
available to the user, or the game facilitators do not know how to use the game as a 
tool, utilitas will then be hindered or counteracted.  

Venustas on the other hand must not cause the game to lose its purpose and 
sustainability. For instance, too many preconceived notions of what a ‘fun’ game is, 
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The designers start with the aimed utilitas, translate this into the behaviour that a 
player should display and then design gameplay that could encourage this desired 
behaviour, but still is interesting and engaging gameplay. However, since 
designing games is an iterative process, the gameplay is adjusted constantly based 
on playtest results and feedback from the other partners, especially Altrecht. How 
the target group responds to certain mechanics and rules can never be fully 
predicted, therefore testing and getting feedback from other partners is crucial.  

For instance, the ultimate in-game goal is to make the giant airship move forward 
and to steer it in the right direction so that the players can explore new areas. The 
players can only reach this goal by collaborating and spending their dust bunnies 
well (the dust bunnies are in turn collected through actions like sharing a mood or 
filling out the dashboard). During the playtests, collaboration was identified as a 
motivating goal; patients liked to give each other advice and have a common goal 
to reach in the game. Also, according to the healthcare professionals, having 
patients being in an online community would be beneficial to promoting the idea 
of self-help in mental healthcare, and support goals such as faster recovery, patient 
autonomy, and better adherence to medicine. However, initially, the designers had 
chosen to have two teams play against each other, i.e. the gameplay contained 
collaboration as well as competition. The fastest of the two airships would win. 
Playtests indicated that this feature did not appeal to the target audience. They 
were not willing to compete against each other by any means, as recovering at 
Altrecht felt like a joint effort. A competitive element in the game - even when 
represented in terms of two teams and no individual competition - was against 
their intuition. Therefore, collaboration became the main rationale in the game to 
earn points.  

With regard to the representational parts of venustas, the process is similar. Firstly, 
the artist and sound designer together with the game designers came up with a 
general theme of the game. As mentioned in the Moodbot section, the theme of the 
game is centred around a huge mechanical fish-shaped airship, which is 
overgrown by a giant tree. The bots own their own room in this ship. The 
somewhat mysterious atmosphere - not much is made explicit e.g. about why these 
moodbots inhabit the ship and why it is shaped like a fish - was, amongst other 
things, inspired by the animation films produced by the Japanese Studio Ghibli, 
but also by antique steam machines. After having first sketches and a preliminary 
art style in the prototype of the game, the playtesters could comment on it. 
Similarly as in case of the gameplay, the target audience gave specific input about 
the art style that has influenced Moodbot’s venustas. The first style that was 
chosen, contained too little light and too many small rooms. Some playtesters 
indicated they felt claustrophobic, and it even reminded them of solitary 
confinement. After that, the art style was changed; rooms became more spacious, 
the player can now see lots of blue sky from the Moodbot’s room and more organic 
elements were added (see also figure 1).  
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Through this paper we have demonstrated there can be a greater value of having a 
manner in which to frame the qualities of an applied game. In the current era of 
technology and games, where games are called upon to solve real-world problems, 
it is necessary to consider what these artefacts consist of. Especially during the 
design process, it is useful to keep in mind the fine balance that (good) applied 
games have to maintain. Having a philosophical framework can help us describe 
what we value in an applied game, and it can help in terms of communicating with 
consortium members about it. As we have shown, Vitruvius was used for 
designing Moodbot. The triad has proven useful for locating the right project 
partners and defining their roles and responsibilities, as many applied game clients 
are still unaware of what they may expect from an applied game.  

Moreover, when creating a game that is not fully finished or polished, the 
framework can serve to map which qualities will be emphasized in the prototype 
or first version of the game. In Moodbot, venustas - as an often neglected part of 
applied or serious games - plays a major part. Furthermore, Vitruvius has helped 
us with conducting the playtests. Here we could distinguish which quality we 
would (mainly) test, as well as pinpointing other unexpectedly emerging issues in 
terms of regarding the venustas, utilitas or firmitas.  

Perhaps a philosophical framework seems a rather high-level and abstract way to 
approach applied game design and development. Possibly, one could think of 
other - more game specific or contemporary - terms to design applied games with. 
However, borrowing from a long design tradition like architecture - where 
purpose, aesthetics and solidity have ever gone hand-in-hand - strengthens the 
understanding of design in general and prevents us from reinventing the wheel. In 
other words, it lets us stand on shoulders of older and more established design 
disciplines. Moreover, in comparison to entertainment game design, applied game 
design is closer to other design disciplines, such as architecture and industrial 
design, since applied game design is by nature more purpose and context driven. 
Therefore, it makes more sense to be inspired by theories from these other design 
disciplines - in this case architecture.  

Also, from the view of healthcare it is important to understand the possibilities as 
well as the hurdles and challenges of applied games. Healthcare workers need to 
be educated on at least a basic level about applied games and their qualities, in 
order to enable them to ‘co-create’ a game that is useful to them. Healthcare 
professionals need to understand that they can be and have to be critical in the 
early stages of the game design, because this is the moment that they can 
contribute to the game by securing its utilitas. It is also important to manage 
expectations on the side of healthcare workers involved. The purpose of an applied 
game for healthcare is to develop a game for patients that is not only fun to play 
but also - in the case of Moodbot - triggers motivation to work on their own mental 
well-being and is well embedded in the organisation.  
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7 Discussion 

As we have experienced, translating Vitruvius to the context of games requires 
interpretation, which is not a merely objective and straightforward task. Therefore, 
making well-argued choices and making these explicit is crucial in order to 
effectively use the framework. Thus, our translation of the Vitruvian triad to 
applied games is not the only possible one. We need to iterate further on this way 
of working - e.g. in future projects - and fine-tune the approach. The findings in 
this paper are based on reflections on the current project - which in turn was 
inspired by reflections on earlier projects. However, an important next step is to 
evaluate the overall project when it is finished. In other words, when the upcoming 
tests with Moodbot in a clinical setting have been conducted, we can evaluate the 
whole project in terms of the Vitruvian framework and its benefits or drawbacks, 
also making sure to take into account the different perspectives in the project 
consortium. Then, in future projects, we can work with a further fine-tuned 
version of the framework.  
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‘What Remains?’: A Persuasive Story Telling Game  

Alessia Cadamuro and Valentijn Visch 

Abstract  

“What Remains?” is a prototype that facilitates the intake of Alzheimer’s disease 
suffering patients in care homes. The prototype evokes storytelling of the patient 
using pictorial game-elements and is based on co-creation principles involving the 
patient, the patient’s family-members, and a caregiver. “What Remains” consists of 
three interactive consecutive phases. In the first phase, family members of the patient 
collect pictures which are expected to be of importance for the patient. During the 
second phase the patient configures and connects the pictures while telling stories 
about them. In the third phase, the stories are used by the caregiver to enhance 
understanding about patient’s behavior and to personalize care giving. Additionally, 
the stories are used by the family members of the patient for remembrance purposes. 
The present paper describes the “What Remains” prototype, its design process and 
its evaluation from the perspective of the Persuasive Game Design model.  

1 Introduction 

‘What remains?’ is a design research project within the CRISP G-Motiv project that 
investigates how to change human behaviour by designing game elements. In 
‘What remains?’ the challenge was to playfully persuade patients suffering from 
Alzheimer’s disease (AD) to tell stories of the lives that could be used to facilitate 
the care home intake procedure and to personalize caregiving.  

The context of the project consisted of nursing homes for older people, which was 
for this project represented by nursing home Careyn in Brielle, the Netherlands. 
Older people typically enter these homes when they cannot live independently any 
longer. Often this home will be their last. Many of the older people that enter 
nursing homes suffer from AD, which often is the cause for the impossibility of 
independent living. AD is a brain disease that is positively correlated with age 
(Brookmeyer, Gray, & Kawas, 1998). Since aging is expected to rise globally over 
the coming years, the number of people suffering from AD will rise as well. AD is 
the most common form of dementia, and is characterized as an incurable brain 
disease that is progressive over time. Symptoms of AD include cognitive 
impairment, of which memory loss is the most notable, as well as behavioral 
impairment (e.g. being unable to perform functional daily life activities or, in a 
severe stage of AD, being unable to move or eat at all). AD impairs communication 
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abilities of the patient with regard to object naming, discourse-coherence or -
production (Egan, Berube, Racine, Leonard, & Rochon, 2010).  

The difficulties in verbal communication between AD suffering patients and care 
givers affect the mental burden of the caregivers (Savundranayagam, Hummert, & 
Montgomery, 2005), and problematizes the care giving process as a whole (e.g. 
“They [the patients, red.] are unable to follow even simple directions”; “It’s 
difficult to get them [the patients, red.] to the tub room … you have to lie” (quotes 
from caregivers of AD suffering patients by Richter, Roberto, & Bottenberg (1995)). 

After several interviews with Marja Dijkwel, manager at Careyn, it was clear that 
memories play a very important role in the life of the patients living in care home. 
Mrs. Dijkwel experienced from observation that elderly with Dementia spend most 
of their life inside their own memories, completely disconnected from the present 
and everything around them.The sharp contrast between the patient experienced 
real world of the care center and the recalled fragmented memories of the patients 
generates very often negative emotions that can provoke feelings of anxiety, fear, 
aggressiveness in the mind of the elderly .From several observations at Carey Care 
Home it was clear that negative emotions can deeply influence the behaviours of 
AD’s patients and that, for this reason, caretakers and relatives have many 
difficulties in finding a suitable communication channel with them. 

Moreover, communication between the caregivers and the patients is not only 
problematized by the impaired communicative skills of the patients but also by the 
lack of available personal patient information when the patient enters the nursing 
home. Our pre-study interviews with caretakers revealed that they observe the 
patients for six weeks after their entrance in the nursing home entrance to write a 
digital dossier about the patient. After this observation part, the caretakers need an 
average time of about six months of patient contact in order to get to ‘know’ a 
patient, to understand his/her behavior and to align their communication with the 
patient. We expect that when personal patient information (e.g. family, work, 
important life events, hobbies, etc.) is provided to the caretaker early during the 
intake process, the communication between patient and caregiver will be 
improved resulting in better care (understating of patient actions and optimizing 
communication) and in less burden on the part of the caregiver. In this paper, we’ll 
present a co-creative (Sanders, 2000) user centered prototype that provides this 
personal information to the caretaker by persuading the patients to tell stories 
about their lives.  

For the design process we rely on the Persuasive Game Design model (Visch, Vegt, 
Anderiesen, & vanderKooij, 2013). This model is constructed around the 
experience of the user, i.e. the older person suffering AD. This person has a 
socalled real world experience consisting of communication impairment during 
contact with the caregivers. By gamification of the communication through the 
application of motivational game elements, we aim to let the elderly experience a 
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home provided a radio to the patient, that could play a playlist of Ukulele based songs at 
request. 

5 Conclusion 

‘What Remains?’ shows that persuasive game design can be successfully applied to 
motivate people suffering from AD for storytelling which can be effectively used to 
increase caregiving. The used pictures represent important elements/ events of the 
patient’s life as a kind of personal pictorial ‘alphabet’ for storytelling. By 
presenting the pictures to the patient, the patient will enter the world of memory 
and is able ‘play’ with the pictures as story elements in a Cailliosian paidiatic 
sense: the magnifying glass represent the pictures in a slightly hallucinating 
perceptual manner contrasting from the actual perceptions of the care clinic and 
motivating the patient to enter their world of memory. Moreover, the tangible 
objects containing the pictures motivate the patient to connect the pictures 
matching memories of life events (that can even be understood as being narrative 
in structure c.f. Bruner, 1991). Both design features of the ‘What Remains’ objects, 
the perceptual story world-representing magnifying glass and the tangible story 
connecting elements are expected to cause the found motivation of the patients to 
tell and share stories of their lives during the gameplay.  

The co-creation aspects of ‘What remains’ is expected to improve the patient’s self-
efficacy since the patient has the leading role during the interaction: only the 
patient can make the correct configurations and explain them. Additionally, for the 
family members of the patient the processes of picture selection and story 
generation creates a new channel of communication with their relatives, generating 
a deeper involvement within the nursing home’s life and caretaking process. This 
game is a ultimately a shared activity, designed to stimulate a physical and 
emotional closeness between elderly with AD, their relatives, and the caretakers. 

Our evaluation showed that storytelling led to adaptation of caregiving (providing 
extra shoes and a radio decreased patient’s restlessness) leading to a more 
personalized care approach. During the early stage of the project the caretakers 
already indicated the use of personalized care as “the best approach that Careyn 
was aiming at”, since this enhances the patient’s quality of life even in the last 
stage of Alzheimer. However, in order to personalize the care, the caregivers need 
to have personal information about the patient. “What Remains?” offers this 
information. Summarized, the transfer effect of ‘What Remains’ consists of tailored 
caregiving, increased social relatedness between patient, family members and 
caretaker and eventually increased self-efficacy.  
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In the present research we only tested the potential of these transfer effects which 
was successfully. A large scale evaluation study, involving more patients and 
different care homes institutions should be carried out to validate the transfer 
effects and the precise motivational effects of the used game-elements. We think 
that “What remains?” has generic applicability in that it is not limited to be used in 
the intake process of AD suffering patients but it can be used in any context in 
which shared personal information is at stake. For instance, “What remains?” may 
be beneficial for intake of patients suffering from anxiety disorders or trauma’s, 
but it might as well be successfully used to persuade children or adults with 
communication impairments such as aphasia to tell stories.  
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Table 1: Game-play of this serious game. 

Part Title Description Contents 
1 Patient’s request Information related to the 

questioning of patient: it 
lists several categories of 
possible questions that the 
practitioner could choose to 
raise 

A question is described 
by a text, an answer and a 
value that reflects the 
pertinence of the question 

2 Anamnesis Presentation of clinical case 
report 

A sentence said by a 
patient and a list of items 
that characterize the case 
more formally 

3 Diagnosis 
- Clinical exams 
- Radiographic exams 
- Other exams 

Several categories of 
possible exams that the 
practitioner could choose to 
perform the best treatment 
plan.Clinical and X-ray 
exams have to be realized. 
Complementary exams 
could be perform or not by 
the practitioner taking into 
account each clinical case 
report. 

An exam is described by 
a title, a value that 
reflects the pertinence of 
the exam, a cost and a 
ressource that is going to 
be made available to the 
player if the case arises.  
 
 

4 Prognosis and 
therapeutic proposals 

For a given case, the 
treatment is not unique and 
depends on many factors 
(like experience, context...).  

List a set of possible 
prognosis that the player 
has to select and order 
with respect to 
pertinency. 

5 Treatment plan and 
clinical results 

Devoted to the clinical 
treatment that was realized 
on the patient.  

The treatment chosen by 
the expert is here a list of 
steps, each step being the 
occasion to ask several 
questions to the player. 
Multimedia supports all 
clinical steps (figures, 
pictures, schema, photos, 
videos, podcasts, courses 
pdf, website, etc.) 
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3 Discussion 

This serious game performs an online self-assessment. Nevertheless, this teaching 
tool could be used in face to face learning to complete the self online-learning. The 
clinical results of treatment can be discussed with students thanks to online or in 
face to face forums according to blended learning. 

Visualization effects, simulation, and virtual reality in 3D could increase the 
quality of serious game design [15]. However, we would like to show by this work 
that a singular serious game can be designed without a lot of high technologies 
and financial budget. Here, the contents are clinical case reports and the interest is 
to encourage a multidisciplinary approach by undergraduate dental students. 

4 Conclusion 

In the near future, these new teaching tools will emphasize dynamic and 
promising innovation of learning game, awareness game and serious games in 
Dentistry. 

A similar approach has also been successfully studied for geriatrics ; a large of 
other clinical applications could be possible in the field of health care without 
changing game-play and design. 
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Abstract 

Safety analyses show that errors in surgery are more frequently caused by 
misperceptions and misjudgments than from technical failure of the surgeons. The 
adaptive coupling between humans and their environment, based on the perception 
and comprehension of signs and signals when performing a complex task, is referred 
to as situation awareness (SA). To date, no off-site training methods are offered to 
improve SA in surgical trainees. To aid the improvement of SA in minimally invasive 
surgery (MIS), a serious game was designed for surgical trainees. This serious game 
teaches surgical trainees to deal with major and minor problems in the minimally-
invasive surgical theatre that originate outside of the direct line of sight. Serious 
games are instructional methods that allow serious skills training in a challenging 
environment. This paper discusses insights on design, development and evaluation 
of a game-based educational program for surgical residents.  

1 Introduction 

The application of sophisticated technology in minimally invasive surgery (MIS) 
has great advantages in terms of surgical outcome, but leads to increased mental 
strain for the surgical team1;2. High mental strain can precipitate errors when 
important early warning signs are missed. Perception by the human brain is highly 
selective, which is intensified by stress. The brain focuses on signals that it 
classifies as interesting and disregards signals that it classifies as unsuspected or 
uninteresting. Misclassification of signals may result in direct or delayed danger 
during the course of the procedure. These processes are known as change- 3 and 
inattention blindness4. It is known that surgical errors with grave clinical or 
economic consequences are frequently caused by misperceptions and errors of 
judgement5;6.  

The surgeon is ultimately responsible for the patient’s safety and is therefore 
obliged to retain continuous overview over the equipment, the surroundings as 

B. Schouten et al. (eds.), Games for Health,
DOI 10.1007/978-3-658-02897-8_13, © Springer Fachmedien Wiesbaden 2013
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well as to focus on the surgical field itself. An obvious resolution would be to 
educate surgical trainees to recognize and deal with adverse events associated with 
their technological equipment and their surroundings in order to reduce their 
mental strain during critical moments the surgical procedure. This adaptive 
coupling between humans and their surroundings during the execution of a 
complicated procedure is known as situation awareness. Situation awareness (SA) is 
the product of perception (what is going on?), comprehension (what does it 
indicate?) and projection of signals from the surroundings on the future course of 
the procedure (what next?)7. An observational study showed that a high level of 
situation awareness in the surgical team was associated with a better technical 
outcome in laparoscopic cholecystectomies8. Situation awareness can be improved 
by thorough preparation for the procedure and for non-routine events, and by 
practicing effective problem-solving strategies9. Training surgical residents to deal 
with two important aspects from their surroundings, including MIS equipment 
and (patho-)physiological disturbances in the patient, could reduce their stress and 
possibly improve situation awareness during MIS. 

2 Serious Games in surgical training 

Surgical trainees are trained to perform basic MIS procedures independently 
during their residency, often as early as in their second or third year. Learning MIS 
is thought to be more complex than conventional surgery as it requires specific 
visuospatial skills and technological equipment10. Off-site training is encouraged, 
to minimize patient harm during the advancement through the learning curve11. 
Virtual reality simulators train the specific MIS visuospatial abilities (the ‘technical’ 
skills)12, but the ‘non-technical’-skills, such as situation awareness, are currently 
educated largely ‘on the job’ – in the operation room.  

A possible solution for non-technical skills training in medicine could be the 
application of game-based educational curricula. Serious games have been 
designed for non-technical skills training that include working in teams13 and 
decision-making in stressful environments14. Serious games apply competitive 
elements, feedback mechanisms and entertainment to engage the player in an 
active form of learning15. In contrast to simulators and e-learning, serious games 
add an abstracted ‘gaming layer’ to the educational content, immersing the player 
in the experience to induce learning in a subtle, ‘stealthy’ way16. Multiple studies 
have shown positive effects in terms of appreciation by trainees14;17 and learning 
effect13;18.  
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factors, such as stress and fatigue. Outcome measures should therefore be chosen 
as concrete as possible to prevent these confounders.  

4 Conclusions 

Surgical societies call upon the development of new methods for acquisition and 
maintenance of skills, and certification of the surgeons’ competency26. Surgical 
societies call upon the surgical community to determine if new methods are safe 
and effective. Although virtual reality simulators have been implemented in 
surgical residency training curricula to teach MIS visuospatial (‘technical’) skills 
and relevant procedural knowledge, no methods currently exist to train situation 
awareness in the MIS environment11;26. High technological dependency and 
unusual pathophysiological conditions of the patient lead to additional complexity 
in MIS. The serious game described in this paper provides an off-site training 
environment with the potential to improve situation awareness in MIS.  

The games content could be further extended to cover different types of MIS 
equipment. New mini-games could be created to increase the players challenge 
and motivation. Furthermore, the game could be made attractive to more 
experienced surgeons by adding more complex problem-solving scenarios. Before 
the game is implemented in training programs as teaching and assessment 
instrument, its validity should be formally evaluated to prove its learning effects. 
A prospective cohort study is currently being conducted, aimed at evaluating face- 
and construct validity. The next step will be to perform a randomized controlled 
trial comparing the effect of the game-enhanced MIS training curriculum with the 
standard MIS training curriculum.  
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7 Tables 

Table 1: Visual problems related to MIS equipment with possible causes. 

Problem Possible Causes
Blurred screen Filthy camera lens 

Image contrast set too low 
Cracked camera lens 

Condensed screen Condensed camera lens 
Condense inside camera due too defected insulation 

Flashing screen Video cable not tightly connected 
Monitor cable not tightly connected 
Video cable defective 

Moving image on 
screen 

Friction between camera head and cable 

Yellow screen Filthy camera lens 
Colour settings incorrect 
White balance off 

Green screen Colour settings incorrect 
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Red screen Colour settings incorrect 
Filter settings abnormal 

Blue screen Colour settings incorrect 
Darkened screen Light Intensity set too low 

Iris mode set abnormal 
Monitor brightness set abnormal 
Xenon Lamp defective  
Light cable defective or not connected 
Video cable worn out 

Light screen Light Intensity set too high 
Iris mode set abnormal.  
Monitor brightness set abnormal. 
Condense inside camera due too defected insulation 

Black screen Monitor / Light source / Videoprocessor set off 
Videocable / Light cable not connected 
Light source set ‘standby’ 

No signal on monitor Monitor set on different channel 
Monitor not connected 

Smoke in screen Smoke caused by diathermia 

 

Table 2: Insufflation problems related to MIS equipment with possible causes. 

Problem Possible Causes
Intra-abdominal 
pressure too high 

Insufflation tube kinked 
Trocar valve closed 
Extraperitoneal positioned trocar 
Insufflator filter obstructed 
Patient improperly sedated 

Diminished gas supply Gas tank empty 
Gas tank placed horizontally 
Gas tank valve sealed 
Gas tube kinked 

Failed insufflation Pressure set too low 
Insufflation tube leaks 
Insufflation tube not connected 
Instrument not properly capped 
Small-diameter instrument in large-diameter trocar 
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Table 3: Electrosurgical problems related to MIS equipment with possible causes. 

Problem Possible causes
Diathermia alarm Patient plate not connected 
Diathermia 
dysfunctional 

Instrument not connected to diathermia 
Diathermia cable defective  
Foot pedal not connected to diathermia 

Diathermia too weak Power set too low 
Current leaks away through capecitation 
Current leaks away through interconnecting 
instruments 

 

Table 4: Pathophysiological disturbances related to MIS. 

Problem Possible causes
Desaturation Tube dislocation 

Pneumothorax 
Obstructing embolus (Gas, clot, etc.) 
Atelectasis 
Etc. 

Hypotension Pathophysiological  
- Obstructing Embolus (Gas, clot, etc.) 
- Anaphylactic drug reaction  
- Myocardial infarction 
- Undetected blood loss  
- etc. 
Physiological  
- Decreased venous return by pneumoperitoneum 
- Vagus nerve stimulation by pneumoperitoneum 
- etc. 
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Abstract 

Low Back Pain (LBP) is one of the most frequent pathologies related to 
musculoskeletal disorders. Patients suffering from LBP must perform rehabilitation 
exercises in order to avoid chronic disorder. At the beginning these exercises are 
performed with physiotherapists during rehabilitation. A major part of the treatment 
need to be performed at home by the patient himself. Serious Games (SG) could be 
used to increase patients’ motivation and to be sure that patients are performing 
these exercises and most important that they are doing it in the right way. A specific 
SG was created for LBP patients. Motions performed during the game are recorded 
and parameters (range of motion, speed, coupled motion) are processed. The aim of 
this feasibility study was to evaluate the intra and inter day reproducibility of this 
system to evaluate whether or not it can be used in daily practice for following the 
evolution of the patient and for scoring the severity of disorders. 

1 Introduction 

The musculoskeletal system (MSS) is essential to allow the performance of every-
day functional tasks, to have a professional life or to develop social interactions 
with our peers. MSS pathologies can therefore have a significant impact on our 
daily life. MSS disorders can lead to severe impairments of the MSS normal 
physiology and seriously disable patients in their daily routine. It is therefore not 
surprising to find MSS-related health problems at the top of global statistics on 
professional absenteeism or societal health costs [1]. The most frequent pathology 

B. Schouten et al. (eds.), Games for Health,
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of MSS is low back pain, approximately 22% of active people experienced low back 
pain at least once a year [2]. There are lots of different therapeutic approaches: 
medication [3], physiotherapy [4], surgery [5],… depending on the causes (disc 
hernia, arthrosis, muscles weakness, inflammatory disease…) and the severity [6]. 
The best approach seems to be a follow-up by a multidisciplinary team composed 
by doctors, physiotherapists, occupational therapist [6]. Rehabilitation exercises, 
first performed with the physiotherapist, must be trained as much as possible. 
Unfortunately these exercises (e.g. stretching, posture, and strengthening) are quite 
boring and it is estimated that approximately 80% of the patients does not perform 
any exercises at home because they are not motivated enough. Lack of motivation 
is one of the most frequently cited reasons for patient failure to comply, dropout 
and other negative treatment outcome [7]. Serious Games (SG) could be used to 
motivate these patients. SG are games that have been designed and are used with a 
different purpose than pure entertainment [8]. 

Previous studies have shown the potential beneficial aspect of SG on motivation 
[9-14]. Development of SG is closely linked to the development of new technology 
related to the video games industry. In 2006 the Wii™ (Nintendo®) was 
commercialised and some of these games have been tested for rehabilitation: 
bowling game to decrease risk fall risk for elderly [15], reduce limb hyperactive 
behaviour for children with deficit hyperactivity disorder [16], during burn 
rehabilitation [17], for rehabilitation of people suffering of multiple sclerosis [18]… 
In 2008 Microsoft® commercialized a markerless camera to control the game: the 
Kinect™. The Kinect™ is recording the entire body and thus seems more 
interesting for rehabilitation. Despite this potential advantage, there are few 
studies on the use commercial games and Kinect™ for rehabilitation. One study 
has tested the possibility for physical rehabilitation for patients with motor 
disabilities [19]. Another study evaluated if it is possible to decrease fall risk for 
elderly [20]. The use of games for patient suffering from neurological disorders 
(degenerative ataxia) has also been tested [21]. 

In parallel to the research on the clinical effectiveness of SG, important work is 
performed in order to evaluate the validity of these devices used to control games: 
the Balance Board™ [22-23] and the Kinect™ [17-19]. The conclusion of these 
studies is that these devices are precise enough to be used to assess posture [22, 23, 
19]. Concerning motion evaluation, the Kinect™ can be used only for some well-
defined situations [20-21]. One of the major advantages of this device is that the 
motion of the patient can be recorded and corrected during exercises. This is 
important to be sure that the patient performs the right motion. Two studies have 
shown that it is possible to correct posture during exercises [44] and lateral trunk 
lean during gait retraining [42]. Although these studies compare the Kinect™ 
sensor with a gold standard laboratory device (optoelectronic device), and 
conclude that the results are acceptable, there is a lack of knowledge about the 
reproducibility of the measurement recorded during the game. The aim of this 
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4 Discussion 

The industry of video games is a huge market (more than 100 billion of dollars of 
benefit for 2012). This huge amount of money leads to important development and 
innovation. Although these developments are initially for fun and entertainment, 
this technology could be transferred to rehabilitation for helping patients. There 
are many potential advantages of using computer games for rehabilitation. The 
most important one is the motivation of the patient [9-14]. Another positive aspect 
is that playing games allows patients to perform more repetitions of movements 
before getting bored, especially when there are rewards in the games [36]. In 
rehabilitation the more the patient is repeating the motion the more important will 
be the benefits [37]. Currently there are two problems related to exercises that 
patients need to perform at home. The first one is that due to low compliance only 
very few patients are regularly doing these exercises and the second one, more 
vicious, is that some patients are doing at home exercises but they are doing them 
in a wrong way (because they did not understand/remember the instruction, 
because they cannot do it,…). SG coupled to motion analysis could be the solution 
for these problems.  

During this study, four sessions of play were recorded, no difference was found for 
parameters recorded during each of them. Results are strongly consistent when 
measurements are repeated the same day. For the inter-day reproducibility results 
are not as good as for the intra-day but remain acceptable for a rehabilitation use 
(moderate to strong agreement). These results indicate that motions recorded 
during rehabilitation exercises with fast and easy to use MMC are reproducible. 
Implications for both patients and clinicians are various: curves can be visualized 
in real-time to correct the patient while performing the exercises [42]. Clinicians 
can follow the evolution of patients, be sure that they are doing the exercises, and 
get the score from the games. The fact that these scores are reproducible is of 
course very important. If the clinician notices that the score of the patient is 
increasing, he can modify the parameters of the games: speed, number of 
meteorites, increase the range of motion required to get from one side of the screen 
to the other one... On the opposite, if he observes a decrease in the score, the 
clinician must analyze the curves to understand the problem and try to solve it. 
Note that having a highly configurable game is needed to maximize the chance of 
success. Indeed, patients often present some very heterogeneous clinical 
symptomatology; the games must be adapted towards each patients’ specificity. 

The game used in this study is built on top of a very highly configurable platform 
that allows modifying a lot of parameters (Image 5) [38].  
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obtained with the Kinect with gold standard devices used in motion analysis (e.g. 
stereophotogrammetric device) [39]. 

5 Conclusion 

The use of video games for rehabilitation (either commercial mass consumer 
games or specially dedicated to rehabilitation) is relatively new and thus lots of 
research is needed to explore the new possibilities offered by this technology. 
Although some papers focused on the validity and reliability of the Kinect™, to 
our knowledge, no study has investigated the reliability of the data captured 
during rehabilitation exercises. ROM and coupled motion are measures used in the 
analysis of spinal impairment even if the use of these parameters is still 
controversial in clinics [31]. Thus therapy models are often based on the concept of 
improving ROM and having a better control of coupled movement. The game has 
been developed to improve these parameters. Results of this study indicate a good 
reproducibility of the measures obtained during this game with LBP patients. 
Therefore future work must focus on long term evaluation and follow up of these 
games for the management of low back pain from the clinical point of view. 
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Abstract 

Children who have special needs when it comes to motor skill development, for 
instance as a result of developmental coordination disorder or cerebral palsy, need to 
undergo long bouts of physical therapy. This can often be considered boring, to the 
detriment of the efficacy of the therapy. One way to improve the engagement of 
physical therapy is to embed it into a video game, e.g. with the aid of Kinect. 
However, very little is known scientifically on how to design these serious games for 
mixed abilities in order to be both fun and efficacious in terms of motor skills 
development or attitude change. In addition, contemporary entertainment games 
often revolve around competition based on mastery of skills to be engaging, 
something special needs children feel left out in. In this position paper we survey the 
field and propose a number of ways to approach mixed ability game design. 

Keywords 

serious games, game design, motor skills, special needs, mixed ability design 

1 Introduction 

In the last few years a lot of new gaming technologies have been developed. Some 
of the games for these platforms aim at stimulating physical exercise or training 
motor skills, such as Wii Sports, Just Dance and Kinect Sports. More often than not, 
these are targeted at the mass market, in which the average child develops his or 
her motor skills according to a normal pattern. However, these relatively cheap 
and widely available entertainment technologies also make it possible to be 
utilized towards helping special needs children with their therapy. Motor skill 
therapy can sometimes be arduous and considered boring. The addition of a game 
environment can make this process more motivating [1]. The effectiveness of long 
term therapy but especially of physiotherapy is directly associated with the 
engagement, effort and commitment during the rehabilitation process [2].  
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Within the group of children with special needs however, problems often extend 
beyond a delayed motor development. In real life, but also in the context of 
playing competitive games, special needs children may feel segregated from those 
with a normal development, due to being picked last at sporting events or scoring 
worse in activities. The most effective way to deal with these feelings is by 
stimulating interaction between the child and his surroundings [3]. In this context 
it is important to not only focus on mitigating the motor problems associated with 
the disorder but also on the child’s perception of his or her abilities [3]. This will 
increase their self-confidence and feeling of equity. In addition, a more positive 
outlook on one’s own abilities has been shown to improve motor learning itself [4]. 

We are interested in examining how to create a more effective and appealing way 
of therapy for children with mixed abilities, and how this can contribute to 
creating more understanding between children through cooperative elements. 

2 Related work 

Gaming technologies have already been applied for health and motor purposes for 
a long time, ranging from stimulation physical exercise with games like Wii Fit to 
games that train motor skills such as Motion Explosion for the Microsoft Kinect. 
Whilst some of these games offer monitoring capabilities and aim to motivate their 
users, they are not developed for rehabilitation purposes [5]. 

One step beyond this principle is Superpop from Georgia Tech in which children 
can do therapeutic exercises by popping bubbles [6]. The system is able to monitor 
progress and allows the therapist to adjust the game. While this project rests on the 
principle of using a well available technology to be able to move the therapy 
setting to children’s homes whilst being able to monitor their progress, the focus is 
on therapy rather than game experience. 

In the research of Voxar labs, UFPE Brazil [7], user game experience is more of a 
focal point. They conclude that the effectiveness in therapy goes up when the 
gaming experience improves. Although this research links the concept of using the 
Kinect to therapy (while monitoring progress) to the gaming experience, it does 
not address the social aspect of children with special needs.  

An example of a game where children with mixed abilities are encouraged to 
socially interact with one another is the pOwerball [8]. Although this is a good 
example of how to design for a user group with mixed ability it focuses on the 
social interaction and bridging the gap between the physical and virtual world; not 
on therapeutic goals. 

A game consisting of a number of minigames to help children with Cerebral Palsy 
exercise more, was made by Hernandez and colleagues [9]. In this game, called 
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Liberi, the player has to pedal on a recumbent bicycle, and through this control 
characters in minigames. Hernandez et al. found that the majority of the target 
group actually prefers to play action games, even though they have difficulties 
playing them. Therefore, they propose a number of usability guidelines, such as, 
among others, avoiding a fast pace, not requiring precision timing and not 
requiring multiple simultaneous inputs in order to mitigate some of their weak 
performance [9].  

3 Game design and playful experiences 

In this paper and subsequent research we want to extend that approach by 
investigating how games for children with motor disabilities should be designed a 
priori. This is furthermore motivated by two additional problems we discerned. 
Firstly, while it is undisputed that many children find entertainment games 
engaging, there is as of yet little evidence that serious games are more motivating 
than other forms of instruction, something that is compounded by a lack of 
knowledge on how serious games should be designed to be more engaging [10]. 
Furthermore, while games have been found to improve feelings of self-efficacy 
[11], and improving self-efficacy is also conducive to increased engagement [12], 
much of the boost in self-efficacy is precipitated by a game offering difficult 
challenges and competition [13], [14]. This can be problematic for children with 
delayed motor development, as losing out to friends will likely lower their self-
efficacy instead of increasing it, and therefore nullify (some of) the engaging 
qualities of a game. 

One promising way to base one’s game design on in order to improve the 
engagement of a game is Self-Determination Theory, which states that humans 
(and in fact game players) are intrinsically motivated to satisfy basic psychological 
needs of competence, autonomy and relatedness [15], [16]. Designing games with 
Self-Determination Theory in mind should improve the intrinsic motivation (or 
engagement) of the activity, which in turn has been shown to improve persistence 
on a learning task [17]. This is a different approach than appealing to extrinsic 
motivation as is the case in some regular physical therapy. Although existing 
games already integrate these principles in variable ways, focusing on autonomy, 
competence and relatedness reveals a design problem, especially concerning the 
latter two. It is important to stimulate multiplayer in order to enhance intrinsic 
motivation, but we noticed earlier that the competitive nature of many games has 
an adverse effect on the feeling of competence of special needs children. 
Consequently, we contend that games for special needs children should 
incorporate cooperative instead of competitive multiplayer, but in such a way that 
the disorder of the child is not apparent, or in fact a bonus for successful 
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completion. Focusing on cooperative play has the added benefit that it has been 
shown to improve motor learning in other settings [18]. Designing games for 
players with mixed abilities can in such a way not only support the motor 
development of children with special needs, but can also support family and 
friends in getting a better understanding about each other. 

Other research has examined how to design for different playful experiences [19], 
such as exploration, fellowship and curiosity. Applying these playful experiences 
in the design of games for mixed abilities may further contribute to increasing the 
appeal of such games. 

4 Implementation 

The aim of our work is to examine how we can design Kinect based games using 
full body interaction, for children with mild motor disabilities. The different 
groups of children that could benefit from our approach could be very diverse. The 
test bed for this research will be children with a mild form of Cerebral Palsy (CP) 
and children with Developmental Coordination Disorder (DCD).  

Children with CP suffered a lesion in their brain at birth or closely after. Which 
most of the time results in spasticity, meaning that the muscle tension of some 
muscle groups is permanently too high. Children with DCD suffer from congenital 
problems, leading to difficulty with both gross and fine motor skills. In contrary to 
CP the motor problems are not caused by an inability to make certain movements, 
but rather the inability to properly plan, coordinate and moderate motor aspects 
such as speed, place and force [3]. Although the motor problems in CP differ from 
those in DCD, the exercises and therapeutic approach are often quite similar. 
Ability and difficulties differ greatly from child to child. 

Therapists often use a task/activity based approach in which they analyze the 
child’s current state of development and the complexity of the task after which 
exercises will help the child reach their goal [20]. Common exercises for these 
groups would be ball skills (aiming, throwing, catching), balance, climbing, 
running, jumping; basic skills in both the gross and fine motor area. In addition, 
children with DCD have greater difficulties in coordinating actions when limbs 
have to cross the body’s midline, e.g. moving an object with the right hand on the 
left side of the body. 

The main focus of this project is to support social interaction between people with 
mixed abilities while at the same time helping the child with a disorder with 
his/her therapeutic goals. 
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5 Requirements 

Through three expert interviews with one physio and two ergo therapists, and two 
exploratory therapy sessions, and in addition to the considerations stated in 
sections 2 and 3, we have collected several requirements for the design of Kinect 
games so far. 

• Simple and fun game that intrinsically motivates and encourages child 
• The game should heed usability considerations for motor skill disabilities [9] 
• Cooperation element in game in order to increase empathy and self confidence 
• On a therapeutic level the child should be able to plan, act and reflect on their 

actions 
• Adjustability of the game to child’s abilities and problem task/activity 
• Monitoring capabilities so the therapist can objectively keep track of progress 
• Game should take involuntary movements of player into account 

Furthermore, we have examined why games on existing platforms do not meet the 
requirements of these user groups. The platform that is currently in use at the two 
therapeutic centers we visited is the Wii. The most apparent problem is the 
difficulty in holding the Wii remote, let alone simultaneously press buttons and 
specifically pointing it. This easily evokes ‘cheating’ behavior; for example, holding 
the remote in an unaffected hand or with both hands, cancelling out the exercise’s 
therapeutic effect. For both the Kinect and the Wii the largest problem still, is the 
inability to adjust games to the affected skills or area of each specific child [21], 
[22]. This means there is (great) inequality in the ability for different children to 
play a game, which can have a negative influence on a child’s motivation and 
effectiveness of possible therapeutic effects. 

6 Initial game scenarios 

In order to determine how Kinect games can be designed to aid in motor skill 
therapy for children with a coordination disorder, we performed a number of 
game design investigations together with students of industrial design. We will 
highlight three of these games to illustrate concepts of how games can tackle 
therapeutic problems associated with these disorders, in line with (some of) the 
requirements stated above. 

In order to train gross motor coordination, in one game players have to guide a 
ball across platforms, pickup bonus items and guide them into a goal, by letting 
the ball roll over their outstretched arms (figure 1). This is a relatively simple 
concept that nonetheless can easily be made progressively more difficult with 
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In order to design for persistence of play, this game also lets the player ‘earn’ 
different suit upgrades to customize his or her avatar, and show it off on a scoring 
board for children with DCD or Cerebral Palsy. Ultimately the most ardent players 
will have the nicest looking custom avatars. Another example of how one can 
hypothetically design for persistence is by including an adventure story that spans 
many hours of therapy. 

The upgrading of an avatar is an example of rewarding persistence instead of 
performance. Scoring performance is more often used in entertainment and serious 
exergames but, as we contended earlier, could be detrimental to the self-esteem of 
less able players. However, this approach does not mitigate the possibility that a 
more able player could start competing with the child with a coordination 
disorder, negating any perceived gains in competence. 

In order to tackle this, one could for instance make the game exclusive to children 
with a coordination disorder, although this could also potentially serve to 
highlight the child’s disability. Another approach is to provide the competitive or 
cooperative multiplayer mentioned earlier, with markedly different roles for the 
players. For instance, a game where one player is King Kong and has to make large 
arm movements to fend off attacks, and the other player controls the attacking 
forces and has to make small movements to e.g. pilot the airplanes. Lastly, we are 
experimenting with a game where there are no scoring mechanisms or win-states, 
but players are rewarded with increasing and pleasurable audiovisual effects. 
However whether this stays fun for longer periods of time is still very much 
unclear. 

7 Approach and Future Work 

In addition to continuing on with the investigations such as described above, we 
intend to vary the amount of ‘relatedness’ and ‘competence’ embedded in the 
game by varying the extent to which the two players depend on each other in 
reaching the overall goal of the game. By performing controlled trials on these 
variations, we aim to discern design guidelines that improve the efficacy, 
engagement and player persistence of serious motor skill games for mixed abilities. 

We are in the process of developing Kinect games for this user group. During the 
iterative design process we will incorporate regular input from diverse 
stakeholders such as parents, therapists and children. 
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8 Conclusion 

Most commercially available games are not specifically suited for children with 
special needs, but there are already games in development for this group; some of 
these games also incorporate a therapeutic angle. We will examine how to 
integrate in a game design process a combination of children’s therapeutic goals 
with a design for mixed abilities. In this way the game should both support motor 
skill training as well as providing a positive social experience. 

On a therapeutic level this means being able to adjust the game to a child’s ability 
level, providing meaningful tasks in which the child has to plan, act and reflect on 
their actions, and being able to monitor their progress. On a social level this means 
increasing self-confidence and empathy through cooperative playing between 
players with mixed abilities. 

Through design research we intend to develop design guidelines for how to design 
full body interaction games for children with special needs, and how to design 
mixed ability games. 
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Abstract 

Virtual reality (VR) techniques have proved effective in distracting patients from 
perceived pain in a variety of studies. These results, partly due to the visual impact 
and immersion achieved, encourage investigating the purposeful design of games for 
deployment in a variety of dentist treatments. In fact, a large group of patients, 
particularly youngsters, experience a strong resistance or even aversion to visiting a 
dentist's practice, often due to previous distressing and painful experiences. We 
argue that, to solve such situations, distracting a patient with just an attractive virtual 
environment is less efficient than with an interactive game expressly designed for 
this context and purpose. This paper presents the first results of a pilot project in this 
direction. We discuss the various requirements gathered throughout the project, and 
describe several technological challenges, involving e.g. user experience, interaction, 
content, graphics, which we faced throughout the game design and development 
phases. Although the project is still ongoing, the preliminary results of the prototype 
game evaluation in a controlled environment were very encouraging. 

Keywords 

serious games, dental treatment, pain distraction, virtual reality 

1 Introduction 

Virtual reality (VR) techniques have often been deployed with considerable 
success as a method for distracting patients and reducing their perceived pain, as 
well as in helping overcome anxiety [4, 2]. Several studies report on the successful 
application of VR distraction to reduce pain associated with e.g. cancer-related 
treatment [10], intravenous placement [5], and burn injuries [8]. 
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Specialists point out as main reasons for this success the visual impact of a virtual 
world, the freedom of navigation, the high-degree of interactivity, and the 
consequent high-level of immersion experienced. In short, a patient can get so 
deeply immersed when experiencing the virtual world that much less attention 
will be spent in processing the pain being suffered. 

There have been various experiments on exposing patients to VR environments 
during dental treatments [11]. For example, a study concluded that VR immersion 
had been very successful in increasing the "amount of attention drawn away from 
the 'real world', allowing patients to tolerate painful dental procedures" [7]. More 
recently, a randomized controlled trial showed that "virtual reality eyeglasses can 
successfully decrease pain perception during dental treatment" [1]. In the 
commercial product Isla Calma, the patient could even have some active roles, as 
e.g. picking collectibles or making choices [3]. However, these simple actions are 
rather isolated and unlikely to keep the patient's mind busy for a contiguous 
period. Moreover, the VR environment and experience they describe, no matter 
how attractive and immersive, were designed for generic pain distraction, not for 
specific treatments in the context of a dental clinic. This has a number of 
disadvantages, as we will see in the next section. 

Dental clinic patients with a critical discomfort often develop a mild anxiety of 
being exposed to the pain associated with even routine treatments. This 
discomfort, if not overcome by children, might lead to aversion or even avoidance 
of any treatment at all, which would only increase the damage in the near future. 

How anyone becomes afraid of a dentist, is best explained by Pavlov's theory. If, 
for example, you experience pain while drilling, you learn that drilling will hurt. 
The brain remembers this and, with the next dental drilling experience, one is 
reminded of the pain and that makes you anxious. In other words, at a next 
treatment one is afraid because of the fear that it will hurt. This is called classical 
conditioning. 

Fortunately, both this anxiety and the associated pain itself can be overcome by a 
proper use of distraction. We believe that, to solve such situations, distracting 
dental patients with just an attractive virtual environment is less efficient than with 
an interactive game expressly designed for these purposes. This paper reports on 
our pilot project in that direction. For this, we set up an interdisciplinary research 
team consisting of dentists, computer scientists, game designers, and user 
experience experts. As far as we know, this is the first pain distraction game 
purposefully designed from the outset for deployment in a dentist context. 

In this paper, we first discuss the various requirements gathered throughout the 
project. We then describe several technological challenges, involving e.g. user 
experience, interaction, graphics, which we faced throughout the game 
development phase. We also discuss the results of the preliminary game 
evaluation in a controlled environment and, finally, we draw a few conclusions. 
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moment-to-movement mini-goals, and requiring from the player proper risk/ 
reward considerations. 

Currently, to increase accessibility as well as replayability of the game, we added 
two difficulty levels. On easy mode, most players should have little trouble 
reaching the end of a level. On hard mode, extra obstacles offer bigger challenges. 
In our upcoming test sessions, it will be interesting to investigate to which extent 
this additional challenge will be beneficial or detrimental to relaxation and 
immersion. 

Eventually, for final deployment, we intend to implement high-scores into the 
game, so that players may compare their achievements with each other. Such a 
sound competition might even stimulate them to try and improve their results, 
increasing the longevity of the game within the dental clinic, as well as keeping 
players distracted for longer periods of time. 

3 Prototype development and evaluation 
The development of our first prototype followed the requirements gathered from 
the dentist domain, and their corresponding interpretation from a serious gaming 
design perspective, as introduced in the previous section. We consider the content, 
the learning curve, and the user interaction among the key points for our game 
implementation, to which special attention was given in order to fulfill all the 
above requirements. 

Starting from the content, our focus on player’s immersion led us to the design and 
incorporation of engaging graphics such as the underwater environment and the 
submarine itself, as shown in Figure 1. Moreover, we made a selection of 
comforting colors featuring shades of blue, which reinforces the other requirement 
of maintaining the player calm and relaxed.  

Concerning the learning curve, the submarine theme was found to be very 
suitable, as it turns out that most people rather intuitively can anticipate how a 
submarine behaves under water, subject to a constant gravity force. Although 
intuitive, there is still ample room for learning since, due to a careful level design, 
the navigation in increasingly narrow caves is still hard to master. This makes the 
game more intriguing and challenging for the player. 

The requirements described in Section 2 also set new challenges in terms of 
human-computer interaction. As mentioned before, they almost necessarily lead to 
the use of some light VR eyewear and a wireless game controller. In our current 
prototype, the equipment setup consists of the following components: 
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surprising how easy the communication was between the dentist and the children 
as they played on the chair. For example, they promptly followed commands for 
'opening the mouth wider', 'turning their head aside', etc. whilst continuing to play 
the game, without any perceptible disruption of the gameplay. Even more, outside 
those explicit dentist commands, it was noteworthy that all children held their 
heads very still throughout the whole session. We mainly attribute this to the fact 
that our game features a steady, slow-paced side scrolling. 

Eventually, all children were quite enthusiastic about the game and wanted it to be 
available at their own dentist. They also commented, for example, that 'they now 
had something cool to do in the dentist chair' and that 'going to the dentist would 
become a lot more fun'. 

4 Conclusions 
Many patients, particularly youngsters, experience a strong resistance, at times, 
utter aversion, to visiting a dentist's clinic, often due to previous distressing and 
painful experiences. We pose that distracting a patient with an interactive game 
expressly designed for this context can be very helpful and effective to solve those 
and similar situations. We discussed the first results of a project in this direction, 
and identified a variety of requirements, from both the dentist's and the serious 
game designer's point of view. 

Various technological challenges, which we faced throughout the game design and 
development phases, were discussed and solved, involving e.g. user experience, 
interaction, content, and graphics. For example, we concluded that slow-paced, 
steady side scrolling is a very appropriate and successful game progression 
mechanism that very well fits our dental clinic setting requirements. 

We expect that a compelling gameplay, with its calm but steady attention focus, 
should help to better distract patients from the dental treatment and its associated 
pain. Even more, for long dental treatments (e.g. root canal or orthodontic 
treatments, which can easily last 30-60 minutes), an immersive game like this, is 
very likely to improve the patient's sense of elapsing time. 

Still, we argue that there is no pain distraction game, VR environment or system 
that is 'good-for-all-situations', due to the large variety of circumstances and 
constraints across specific domains. For example, fully enclosing goggles with 
head tracking have the undesired consequence, for dental treatments, of inducing 
patients to unpredictably turn their head, to look around in the environment. From 
our preliminary project experience and prototype evaluation, we concluded that 
the best approach is a careful, ad-hoc game design, taking into account problem 
and domain-specific constraints and requirements.  
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Among the next steps in our project, we will, very soon now, perform actual test 
sessions in a dental clinic, followed by the investigation of adaptive gameplay 
mechanisms, in order to strengthen the flexibility of gameplay duration and 
enlarge the target public of this game [9]. 
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Abstract 

Serious games for dementia (SG4D) hold their own, unique and significant space 
within the Games for Health domain. However, the SG4D field still has not been 
fully mapped out and classified. In this work, we present a generic taxonomy of 
serious games for dementia, based on the health functions and the health purposes 
they serve. Firstly, we classify dementia games based on the health function they 
serve, in: cognitive, physical and social-emotional games. Each of these functions 
serves a variety of health purposes, leading us to a second, lower level of 
classification in: preventative, rehabilitative, assessing and educative games. 
Furthermore, we provide an ex-post evaluation of the proposed taxonomy by 
exploring whether the existing serious games for dementia can be validly classified, 
based on the proposed taxonomic characters. To this end, we collect and analyse a set 
of dementia-related serious games (e.g. WiiSports, Big Brain Academy, Cognifit, 
MinWii, et al.) by performing a literature review. The results show that the 
taxonomical system covers a sub-field of “games for health” and indicates areas 
which are under-explored by current games. 

Keywords 

Alzheimer’s disease; dementia; mild cognitive impairment; serious games; 
taxonomy; 

1 Introduction 

Video games can be developed for the purpose of changing player's attitudes and 
behaviours, being both an expressive and a persuasive medium [3, 14]. With a 
persuasive strategy in consideration, for purposes other than pure entertainment, 
the long existing field of “serious games” has found broad application in the video 
games industry, attempting to educate, train, and inspire the players [28, 32, 36].  

One of the key areas of application of serious games is the health domain, targeting 
changes in health-related behaviours. Games for Health (G4H) provide opportu-

B. Schouten et al. (eds.), Games for Health,
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2 Related work 

The work of Sawyer and Smith on serious games’ taxonomies [30, 31], under the 
Serious Games Initiative and Games for Health Project, is of significant value for 
the scope of this study. Sawyer and Smith in [30, 31] present a games-for-health 
taxonomy (Fig. 1) based on the type of health uses the games have and the 
stakeholders they involve. We also extend the work of McCallum [22], categorising 
the games for health according to the health area that they affect. Finally, our 
previous work on reviewing the existed dementia-related game titles and the 
research studies that accompany them [23], provides the basis for the ex-post 
evaluation of the proposed SG4D taxonomy. In [23], we presented a total of 12 
video games targeting dementia-related health problems (dementia, Alzheimer’s 
disease, and mild cognitive impairment), all of them supported by published, 
experimental studies. 

 Personal Professional 
Practice 

Research/ 
Academia 

Public Health 

Preventative Health Assets: 
PERMA, 
Exergaming, 
Stress, 
Nutrition 

Patient 
Communi-
cation 

Data Collection Public Health 
Policy & Social 
Awareness 
Campaigns 

Therapeutic PT/OT 
Sensimortor 
Rehabitain-
ment; Disease 
Management 

Pain 
Distraction; 
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Management 

Virtual 
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Assessment Self Ranking Measurement Inducement Interface/ 
Visualization 

Education & 
Training 
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Patient 
Education; 
Health Literacy 

Skills/Training Recruitment Management 
Sims 

Informatics Personal 
Health record 
(PHR) 

Electronic 
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(EMR) 

Visualization Epidemiology 

Production Personal Data 
Collection; 
Quantified Self 

Biotech 
Manufacturing 
& Design 

Biotech 
Manufacturing 
& Design 

Large-scala 
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Fig. 1: The Games for Health Taxonomy developed by the Games for Health Project 
[30]. 
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3 The motivation for the SG4D taxonomy  

The SG4D is a gaming field of high significance, due to its serious target. The 
variety of the SG4D game titles and the various health purposes they serve make 
the need for a classification scheme imperative. The motivation for proposing the 
SG4D taxonomy is twofold: 

• to establish a classification scheme within which the position and, thus 
properties, of games relative to one another can be understood, and 

• to act as a foundation for constructing a SG4D field knowledge base as part of 
the SG4D design and development process. 

More specifically, since SG4D target specific types, stages or symptoms of the 
dementia disease and they also fulfill various purposes, their classification is of 
great significance for having a clear understanding of how the games and their 
properties are related to one another. Furthermore, a clear taxonomy on the field of 
serious games for dementia will stand as an assistive tool for SG4D developers by 
enabling them to focus on a specific, distinct research areas and target more 
accurately the dementia-related purpose that are trying to achieve.  

Therefore, the motivation behind developing the current taxonomy further 
requires that it satisfies three distinct characteristics: validity, consistency and 
predictive power. The validity element allows the taxonomy to be an acceptable and 
accredited tool for the researchers and the game developers’ community. The 
consistency of the proposed taxonomy will offer high taxonomic resolution and 
comparability of game datasets [8]. Finally, the predictive power of the taxonomy, 
given that a game A belongs to taxon x in category y, will allow us to infer that A 
has a set of X properties [10].  

The validity and the consistency of the proposed taxonomy will be ensured by 
providing an ex-post evaluation of the proposed taxonomy based on the existed 
game titles (in the current study) and by collaborating with expert researchers 
from the “games for health” field for further evaluation. The predictive power will 
be assessed by documenting the correlations between the dementia game traits and 
their effectiveness’ traits, as part of future work which will be based on the current 
preliminary study. The process will require breaking down each game into its 
attributes, and extracting the various aspects of the effects on patients. Having 
created a finer grained matrix of potential relationships, we will be able to examine 
their relationship, thus creating a potential training set for providing attribute 
predictions for instances/new SG4D titles that enter the system. 
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games”]. Furthermore, the Google search engine was used to find commercially 
available cognitive training game titles. 

Table 1 presents the games that are associated with the dementia games literature 
review. It contains a short description of each game, general information, as well as 
the supported gaming platforms and input methods. The final column presents all 
the related research studies [23]. 

Table 1: The games of the dementia games’ review. 
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As future work, the proposed taxonomy will be evaluated by expert researchers of 
the field, with the goal of creating a collaborative, updated and validated tool, 
creating a synergy between game developers and dementia professionals. The 
ultimate goal - as described in Section 3 - is to develop a SG4D taxonomy with 
predictive power, aiming to provide attribute predictions for each new game title 
that is introduced. 
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BKI: Brain Kinect Interface, a new hybrid BCI for 
rehabilitation 

J. Muñoz, O. Henao, J. F. López, J. F. Villada 

Abstract 

In this paper we propose the creation of a novel hBCI, which combines 
biomechanical signals acquired by the Kinect sensor with signals from the BCI 
system Emotiv EPOC through the strategy of selective attention, using SSVEP 
signals. The combination of these signals (MoCap and EEG-BCI) is used for 
interaction in a rehabilitation game for patients with motor and/or cognitive 
impairments. The system, providing a long and fluid interaction time, enables 
effective data collection that is aimed to objectively describe body movements 
through software developed for this purpose. The interaction with the BCI system is 
performed by the SSVEP which allows the user to explode objects in the air, through 
the controlled focus in a particular visual stimulus; the EEG signals are processed in 
the OpenVibe software. The Interactive Room for Rehabilitation, a real space plus a 
digital environment in which patients with neuromotor disabilities interact through 
their movements and thoughts, allows specialists to perform objective assessments of 
motor and/or cognitive aspects. Previous results suggest that acute exercise may 
enhance cognitive control through the management of visual stimulus. 

1 Introduction 

One of the most significant and promissory applications of brain computer 
interfaces (BCI) is used in the therapies to recover the loss of motor control caused 
by diseases and conditions such as strokes [Tan & Nijholt, 2010]. BCI have turned 
into a new and effective system for controlling applications such as video games 
(BCI games) and platforms of virtual reality (VR). One of the first investigators 
who contemplated the idea of combining simulations or games in VR with the BCI 
was Nijholt [Nijholt & Tan, 2008] who described the first games controlled by these 
interfaces focused in the diagnosis of cerebral signs in aspects as the measurement 
of the attention of the user or the relation of affective components with the games. 
To achieve the interaction of people in immersive games with BCI systems they are 
trained in the habit of using a mental strategy known as selective attention where, 
among others, visual predetermined stimuli (videos, images, animations on a 
screen) can be used to generate in the user Visual Steady State Evoked Potentials 
(SSVEP). In a typical configuration of a BCI video game the sign of every stimulus 

B. Schouten et al. (eds.), Games for Health,
DOI 10.1007/978-3-658-02897-8_18, © Springer Fachmedien Wiesbaden 2013



234 

is associated
In order t
correspondi
Pfurtschelle
within a vid
with brain 
Parkinson’s
surgery inte
immersive 
commandos
the fundam
away from 
demanding

 Ki1.1
Inside the 
promote th
Exergames.
environmen
presence. T
the console
automatic a
sensor into 
allows perfo
BioVision H
software de
Kinect have
assemblies 
2012]. Thes
measureme
and angles
coordinatio
extraordina
of informat
main reason
rehabilitatio

• The low 
capture i

• Portabili
systems 
be taken

d with a com
o select a 
ing stimulus

er, 2010]. The
deogame cou

problems t
s disease, sc
erventions, a
videogames

s to achieve 
mental goal of

the classic 
g physical mo

nect like t
context of t

he physical 
 These stimu

nts with imm
The Kinect se
e Xbox-360; 
assignment o
a powerful t
orming moti
Hierarchical 
esigned for b
e been made
and costly 

se works con
ents are insid
s of movem
n and balan

ary combinat
ion to gener
ns why the 
on are the fol

cost of the s
in the marke
ity and com
of online th

n to places 

mmand that c
command t

s generating
e combinatio

uld become a
that affect d
clerosis, hem
among others
s where we
a unique gam
f the ubiquit
desktop sce

obility and m

ool for reh
the serious 
activity by 

ulate the mo
mersive exp
ensor allows 

in rehabili
of points of in
tool for the o
ion capture (

(bvh) [Pare
biomechanic
e by other sy
equipments 
nclude that 

de a reliable 
ment. There 
nce [Kayama
tion between
ate a more a
Kinect senso
llowing: 

sensor comp
et. 

mfort. This fe
erapies, whi
of difficult

controls a sp
the user ha

g the intend
on of motion
a novel meth
directly thei

miparesis, ne
s. In this pap
e use a com
ming experie
ty: make the 
enario of the

mental dynam

habilitation
games there
 means of 
obility of th

periences tha
 a perfect in
itation, the 
nteraction (J
objective ana
(MoCap) and
ent & Ebert,
cal analysis. 
ystems of ca
 [Chang & 
though the 
range of me
are also w

a & Okamot
n entertainin
accurate diag
or is conside

pared with th

eature has p
ich can be us
t access. Th

Cogni

pecific action 
as to focus 
ed mental i

n capture sen
hodology for 
ir motor ski
europathies, 
per we propo
mbination o
ence. The res
user (in this
e computer-

mism to impr

n 
e is a speci
different ro

he entire bod
at simulate 
ntegration wi

characterist
Joints) to the
alysis of the 
d saving this 
, 2010], that
Comparativ

apture of mo
Lange, 2012
Kinect sens

asurement in
orks that a
to, 2012], wh

ng video gam
gnosis [Lang
ered to be a 

he most econ

pushed the r
sed by the p

he informatio

tive and Men

inside the vi
his attenti

ntention [Gr
nsors with BC
therapies wi
ills, such as
squeals of 

ose a new pa
of gestural 
ulting system
case the pat

-assisted reh
rove his/her 

ific type tha
oles in gam
dy by using 
different sen
ith a comput
tics of follo
users have t
movement. 
in the stand

t can be use
ve investigati
ovement tha
2, Fernández
sor is less p
n aspects lik
im to meas
hereas other

mes and capt
ge & Koeing, 

successful t

nomic system

researchers t
atients in ho
on of captu

ntal Health 

video game. 
ion in the 
raimann & 
CI systems 
ith patients 
s a stroke, 
trauma or 

aradigm for 
and brain 

m supports 
tient) move 
habilitation, 
evolution. 

at seeks to 
meplay: the 

interactive 
nsations of 
ter beyond 

ow-up and 
turned this 
The Kinect 

dard format 
ed later in 
ions of the 

at need big 
z & Susin, 

precise, the 
ke positions 
sure user’s 
rs make an 
ture targets 
 2012]. The 

tool for the 

m of motion 

to propose 
ouse or can 
ure can be 



Cognitive 

process
need o
momen
conditi
out an 

• The pe
generat
augmen
gesture
paradig
proced

• The po
sensor 
to the d
the pat
movem
estimat
type of
evoluti

Platforms 
VirtualWa
robust sys
sensor. Th
is the poin
used as a w
XtionPro. 
known tod

 B1.2
In the hum
are fixed p
example w
weight tha
movement
the dynam
needed. Th
coordinate
movement
common o
using thre
numerical 

and Mental 

sed in a remo
f a physical 

nt of using th
ons or comp
information 

erfect integra
tion of inter
nted reality
es and real 
gm of a the
ures in every

ossibility of 
into a powe
depth camer
tient in an ef

ments relativ
tion of the Eu
f information
ion of the pat

like IGEN 
are and SeeM
stems for th

he integration
nt of converg
whole by sim
This type o

day as the hy

Biomechan
man body ev
points in wh

when a forea
at might be b
t of the bodie

mics of the m
hree variabl
es XYZ and 
t known as 

origin, it is po
ee angles 

description

Health 

ote way by t
displacemen

he Kinect sen
plex configur

capture proc
ation with to
ractive activi
y and imme

time intera
erapy where
y session to t
recording p
rful tool for 

ra of the sens
ffective way,
e to a system
uler angles o
n can be reg
tient in a spe

of the Univ
Me [Sugarma
he managing
n of the Kine
gence where

mple systems
of technolog
ybridization o

nical analy
very segment
hich the chan
rm flexion is
bearing are r
es in the spa
ovement of t
es correspon
three coord
Euler's ang

ossible to spe
,  and  

n of any rota

the specialist
nt of the pa
nsor there ar
rations neithe
cedure. 
ools of anim
ities using v
ersive exper
action. This 
e the specia
the user. 
patients’ info

the biomech
sor and its a
 there can be
m of referen
of each joint 
gistered in g
ecific period 

versity of M
an &Weisel-
g therapy o
ect sensor in e
e the BCI sy
s of moveme
gical mixture
of the Brain-

ysis across
t is joined to
nges of posit
s made, both
rotating on t
ce has six de
the human b
nd to the cen

dinates of mo
gles. Given 
ecify the pos
. Euler's an
ation in a th

t to generate
atient to a sp
re not any ne
er in hardwa

mation and v
virtual enviro
riences acros

allows bre
alist indicate

ormation in 
hanical analy
ability to trac
e made math
nce in 3 coo
in each mom

graphs that r
of time. 

Milan, Virtual
-eichler, 2011
f rehabilitat
engines of vi
stems like th
ent capture a
e can be cl
-Computer In

s Euler's a
o its adjacent
tion of the s

h the forearm
the articulati

egrees of free
body six inde
nters of mas
ovement, wh
these system

sition of a sy
ngles constitu
hree-dimens

 a diagnosis 
pecialized ce
ecessary spec
are nor softw

video games
onments, vir
ss the use 
eaking with 
es routines a

real time t
ysis of the joi
ce points on 
hematical cal
ordinates, as 
ment of the s
record a log-

lRehab of th
1] are clear e
ion through
ideo games l
he Emotiv E
as the Kinect 
assified with
nterfaces. 

ngles 
t one formin
segments tak
m and the han
ion of the elb

edom, to be a
ependent coo
s of the bod
hich are thre
ms of coord
stem in term
ute a way 
ional space 

235

 without the
enter. At the
cific lighting

ware to carry

s allows the
rtual reality,
of corporal
the classic

and specific

turns Kinect
oints. Thanks

the body of
lculations of
well as the

session. This
-book of the

he company
examples of

h the Kinect
like Unity3D

EPOC can be
t or the Asus
hin what is

ng joints that
ke place. For
nd with any

lbow. As the
able to study
ordinates are
dy members,
ee angles of

dinates with
ms of another

of giving a
using three

5 

e 
e 
g 
y 

e 
, 
l 
c 
c 

t 
s 
f 
f 
e 
s 
e 

y 
f 
t 

D 
e 
s 
s 

t 
r 
y 
e 
y 
e 
, 
f 
h 
r 
a 
e 



236 

numbers. N
describing 
imposes a 
cannot be 
description 
coordinated
body [Groo
easier to un
angles usin
of every joi
frontal, sag
joints of the
angles or ro

 St1.3
SSVEP are 
frequency, t
the selectiv
primary com
variability a
25) Hz with
120) ms and
250 ms. The
Regan in 1
potentials [
controlled b
implementa
reliable. Ac
player’s co
accuracy of
within BCI 
comparison
subjects lea
suggests th
short trainin

 Hy1.4
Despite im
diversificati
of the art 
applications

Nevertheless,
the possible
very strict o
altered [Wo
of the angle

d system of a
od & Suntay
nderstand for
g vector ana
int, not with

gittal and rot
e human bod
otation of eac

teady State
neural signa

they can be c
ve attention o
mponent loc
and a latency
h high variab
d finally a rh
e paradigm o
1979, the ide
[Vialatte & M
by external v
ation of thes
ccuracies wit
orrect respon
f 92 %. This
games. Subj

n to subjects 
rned to cont

hat SSVEP is 
ng periods) [

ybrid BCI 
mpressive a
ion and glob
in multiple

s and assisti

, this approa
e articulated
order of seq
oltring 1991]
es in 1983 G
a joint to des
y, 1983]. To 
r a biomecha

alysis from a
h a fixed ax
tational plan
dy in spatial 
ch of them in

e Visual Ev
als that occu
captured by 
of the user. 
ated in the g
y of (30-60) m
bility betwee
hythm comp

of using SSVE
ea is to con
Maurice, 201
visual stimu
e interfaces 
thin SSVEP g
nses to the 
s suggests th
jects within 
of motor im
rol the game
an excellent

[Marshall & C

advances in
balization of 
e application
ive devices 

ach has been
d movemen

quence in the
]. Due to th
Grood and S
scribe Euler'
present Eule

anical clinica
a system of a
xis but with 
nes, describin

coordinates 
n a most succ

voked Pote
ur in respon
BCI systems
The SSVEP 

gamma band
ms, a second
en subjects a
ponent of 15
EP to handle

ntrol interfac
10]. The robu
uli has becom

since their r
games have 
stimuli. SS

hat the para
SSVEP game

magery menta
e and were t
t paradigm 
Coyle, 2013]

n the indu
the study of

ns shows th
is not usual

Cogni

n widely crit
nts, since the

e description
his problem 
untay introd
s angles in t
er's angles in
al investigato
articular coor

a floating o
ng three natu
that allow to

cessful way.

entials (SS
nse to visual
s to generate
have three 

d (25-60) Hz, 
dary compon
and latencies

5 Hz below w
e the BCI sys
ces of button
ustness of th

me a more m
atio signal/n
been measu

SVEP games
adigm is acc
e trials were
al strategy, w
ested within
for BCI gam
. 

ustry of B
f this area of 
hat effective
lly maintaine

tive and Men

ticized as a m
e use of th
n of the rot
with the g

duced the co
the joints of t
n a form tha

or, they deter
rdinates of th
or movable a
ural movem
o determine 

SVEP) 
stimulation
an interactio

distinct com
with little in

nent in the ra
s ranging be
with a mean
tem was intr
ns with visu
he SSVEP-BC

manageable t
noise is becom
ured accordi
s had a hig
curate and w
 given little 

within certain
n the same se
mes (high acc

CI systems
neuroscienc
interaction 

ed for long 

ntal Health 

method for 
his method 
tations that 
goniometric 
oncept of a 
the human 

hat is much 
rmined the 
he position 
axis in the 

ments of the 
the Euler’s 

n of certain 
on through 

mponents: a 
nter-subject 
ange of (15-
etween (85-
n latency of 
roduced by 
ual evoked 
CI systems 
tool for the 
ming more 
ing to each 
gh average 
works well 
training in 

in trials the 
ession. This 
curacy and 

s, product 
ce, the state 

n with BCI 
periods of 



Cognitive 

time witho
intended 
simply see
BCI system
using a co
a hybrid B
other biosi
signals obt
and durab
electrocard
such as ca
electronic 
to function

• Direct: 
• Intentio

intentio
magnet

• Real ti
commu

• Feedba
efforts 

2 S

The propo
is one tha
which allo
objects an
potentials 
user in a 
(Brain-Kin

Image 1: S

and Mental 

out the aid 
to delegitim
eks to bring 
ms as an ad

ombination o
BCI (hBCI). 
ignals, e.g. e
tained throu
ble control 
diographic s
ameras, pro
sensors can 

n as BCI [Pfu

the system m
onal contro
onally modu
tic fields or h
ime process
unication or s
ack: the user 
to communi

System O

osed hybrid s
at involves th
ows a natura
d virtual en
which allow
particular a

nect Interface

Scheme of the 

Health 

of an exper
mize the gre

closer the B
dditional inp
of multiple si
The combina

electromyogr
ugh motion c

of an appli
signals (ECG
ximity senso
be used. Hy

urtscheller & 

must rely on 
l: at least 

ulated, must 
hemodynami
sing: the sig
signal contro
must obtain
cate or contr

Overview

scheme for te
he motion ca
al interaction
vironments, 

w to establish
ction within

e) and image

Hybrid BCI s

rt [Millán & 
eat moment 
BCI commun
put channel f
ignals, includ
ation of sign

raphy (EMG)
capture syste
ication or d

G), or extern
ors, accelero

ybrid BCIs, li
Allison, 201

activity reco
one record

t provide inp
ic changes)
gnal process
ol. 
n feedback ab
rol. 

esting videog
apture data 
n through b
a BCI syste

h a relations
n a game rol
 1 shows a g

system propos

Rupp, 2010
this techno

nity to a pos
for the appli
ding at least
nals coming 
) signals or p

ems (MoCap)
device. As a
nal signals o
ometers, pul
ike any BCI, 
0]: 

orded directl
dable brain 
put to the B

sing must o

bout the suc

games for re
from a non

body gesture
em that work
ship of the co
le. The syste
eneral schem

sed (BKI) 

0]. This state
logy is expe
sible solutio
ication. A hy
one BCI cha
from BCI sy

particular bio
), may allow 
additional in
of other con
lse oximeter
must fulfill 

y from the b
signal, wh

CI (electrica

occur online

cess or failur

ehabilitation 
-invasive Ki
s and real-ti
ks with visu
oncentration
em has been

me of it:  

237

ement is not
eriencing; it

on: using the
hybridization
annel, called
ystems with
omechanical

w more stable
nput signals
ntrol devices
rs and other

four criteria

brain. 
hich can be
al potentials,

e and yield

re of his/her

in this work
inect sensor,
ime avatars,

ually evoked
n level of the
n called BKI

7 

t 
t 
e 
n 
d 
h 
l 
e 
s 
s 
r 
a 

e 
, 

d 

r 

k 
, 
, 

d 
e 
I 



238 Cognitive and Mental Health 

The resulting hBCI system actively involved patients with neuromotor diseases in 
video games with motion capture and BCI interactions, significantly improving the 
dynamics of the classic BCI game systems through the change of traditional 
systems of data input such as the keyboard and the mouse, for a real time motion 
capture system which enables the movement of the body parts assigned to an 
avatar as hands, feet, knees, head and trunk (among others), allowing the 
interaction with the BCI system more punctual actions such as the levitation of 
objects, the collision of an object with another, among others. The system is 
completely wireless, which greatly facilitates the comfortable interaction of the 
user with the videogame, also uses a large video projection, subdued illumination 
and sound effects to make the experience more immersive. 

The final platform is implemented in an Interactive Room for Rehabilitation (SIR) 
where assessment of motor and cognitive aspects of the patients is done through 
video games, using the Kinect and Emotive EPOC sensors. This room is located in 
a rehabilitation center where therapies and sessions are conducted for the recovery 
of patients who have suffered motor damages and/or cognitive/neuromotor 
diseases. It is an interactive space where we use Exergames specially designed to 
improve motor skills such as balance and dissociation. Recently, the inclusion of 
the EPOC and the study of BCI systems have opened up the range of variables to 
be analyzed by the medical community in the rehabilitation center: cognitive 
variables that range from the attention and concentration level of the user to the 
objective measurement of emotional states. Although studies in patients are still 
ongoing, this paper seeks to fathom into the technology assembly and proposed 
hybridization to expose the previous results obtained from the study in patients. 
These video games projected on an immersive room allow specialists to work on 
variables such as balance, coordination, dissociation, the recovery of mobility and 
strength. Once identified the pathology, the required type of exercise and other 
parameters of the session, the patient is located approximately 200 cm from the 
Kinect sensor and the projection and is ready to interact with the game through 
his/her gestures and movements. 

Now, one of the most common weaknesses in research and implementation of 
serious games for health, as reported by the psychologist and world expert Pamela 
Kato in [Kato 2012a] is that appropriate or objective measures are not performed 
while conducting sessions with video games. The incorporation of standardized 
measures in the research project usually facilitates comparison with other studies 
looking for increasing the amount of objective results and reducing the anecdotal 
[Kato 2012b]. However, in order to generate objective measures relating to 
displacement and the angles of precession, nutation and rotation of each joint, we 
have created the Bio-Cirac v.1.0 software, which allows the quantitative analysis of 
the user’s movements session by session.  
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falling from the trunk in order to generate positive stimuli and encourage the 
patient to continue efforts to get better scores after each session [Adams & 
Marshall, 2009]. The user must have an optimal control of the BCI system, i.e., 
must be able to generate the signal dynamics trained to continue playing. The 
game ends when the user reaches a determined score by exploding a number of 
objects.  

The integration between the medical staff of the Unidad de Acción Motora and 
engineers of the Universidad Tecnológica de Pereira has allowed the creation of 
this hBCI system, which despite being in its implementation stage, promises to be a 
robust tool for a comprehensive analysis of the rehabilitation processes of motor 
and/or cognitive diseases of patients across the country, providing not only an 
outstanding interactive dynamics for the patient but also accurate and reliable 
movements and cognitive intentions specialist referral.  

3 Conclusion 

We developed a new hybrid interface that combines the signals of motion capture 
acquired by the Kinect sensor with the obtained by a system BCI to combine in a 
video game for the rehabilitation of motion and/or cognitive impairments; the 
system BKI is a new hybrid approach of the BCI systems, which offers a significant 
improvement in the naturalness of the interaction of these interfaces specifically in 
video games. We developed a video game based on the combination of an 
Exergame with a BCI game, in which there used the real time motion capture of 
the Kinect sensor and a methodology for the interaction across SSVEPs taken of the 
neuroheadset Emotiv EPOC for rehabilitating patients with neuromotor injuries or 
disease. The system besides offering a entertaining therapy to the patient, allows 
the medical specialists an objective analysis of the movements of the user across 
the developed software Bio-Cirac v.1.0, which shows graphs of the movements of 
up to 20 joints in the body sensed by the Kinect, as graphs that relate frames to the 
3 Euler's angles used in biomechanics to describe the angular movements of every 
joint in the frontal, sagittal and transverse planes. Finally, the use of OpenVibe 
software allows recording and processing of EEG data captured from the user 
while playing for measurement of concentration, relaxation or SSVEP signal 
latencies, as well as the impact that physical activity can have on the control of BCI 
system. We think that this hBCI allows enriching the therapies of users' 
rehabilitation with multiple disabilities, at the time that it allows to save a log-book 
of the evolution of the patient in cognitive aspects and proper mobility. Probably 
one day in the future we manage to have an ideal connection between our 
movements and our thoughts in a physically real avatar, in the best of James 
Cameron style. 
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Abstract 

Post-traumatic stress disorder is a potentially debilitating psychiatric condition 
causing severe distress and significant loss of productive employment years. In a 
recent experiment we developed a therapeutic virtual reality protocol based on 
already proven successful non-pharmacological theories for treatment of this 
disorder. The initial immersive virtual-reality sequence was developed on the 
Computer Assisted Rehabilitation ENvironment (CAREN) and is called 3MDR: 
military motion-assisted memory desensitization and reprocessing. Furthermore the 
3MDR sequence uses principles of cognitive behavioral therapy and eye movement 
desensitization and reprocessing. After performing a proof of concept the 3MDR-
sequence was translated into an applied game called “Achilles Initiative: the Battle 
for Sector 1”. Central in the applied game is that subjects, prior to playing the game 
deliver pictures of high emotional affect, that are loaded into the game. As such the 
game uses principles of augmented virtuality. In the game the participant passes 
several distinct phases: preparatory, therapeutic and mental cooling down phase. 
Afterwards a debriefing with the therapist is performed. The game can be run 
automated, but a therapist is always present. The development process and the 
feasibility of this game for therapy, based on preliminary patient experiences are 
discussed. 
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1 Introduction 

Posttraumatic stress disorder (PTSD) is a potentially debilitating psychiatric 
disorder. The functional impairments and disability patients suffer can be 
tremendous. In the military the patients are usually young men who still have a 
large working potential ahead of them. Therefore, the costs accompanying this 
disorder, both personal and societal, are very large when paid work is not possible 
for years [1]. The non-pharmacological treatment of PTSD consists usually of 
cognitive behavioral therapy (CBT) and/or eye movement desensitisation and 
reprocessing (EMDR) [2]. Both therapy forms appear to be effective, but adherence 
to therapy is a problem [1,3]. 

EMDR is a form of imaginal exposure accompanied by saccadic eye movements. 
The eye movements (e.g. elicited by following a oscillating finger) are introduced 
as a form of dual task processing for the high emotional load so that it can enhance 
desensitization for the disturbing memory. It is generally believed that the limbic 
system plays an important role in the memory formation and desensitization of the 
stressor. We have used principles of CBT and EMDR and translated those into a 
therapeutic virtual reality sequence (3MDR; http://www.youtube.com/ 
watch?v=3rmJ4ySMAcY) on a motion platform with a 6 m 180 degree field of 
vision [4,5]. Integrated in the platform is an instrumented treadmill. Prior to the 
start of the session subjects deliver 5-7 deployment-related pictures with a high 
emotional affect. The pictures are loaded into the routine and as they virtually 
walk towards a picture it slowly enlarges to about 3 meters. The therapist 
facilitates maximizing the stress level, after which a desensitizing stimulus in the 
form of an oscillating ball appears on the screen. This process repeats itself 5-7 
times, depending on the amount of pictures delivered. It is expected that in general 
6 weekly sessions should suffice, but this will have to be substantiated in further 
research. 

An important problem with conventional therapy is that the therapy is intrusive, 
intense and in general experienced as boring. Hence the therapy adherence is quite 
low [6]. Virtual reality in combination with gaming principles might offer an 
engaging, compelling and challenging therapeutic environment that enhances 
therapy adherence and therefore also better therapeutic results.  

It was hypothesized that translating the 3MDR sequence into an interactive game 
would create a truly interactive and engaging therapeutic environment, enhancing 
therapy adherence and a sense of control. In this study the process of translating 
the sequence into the game “Achilles Initiative: The Battle for Sector 1” is described 
and also the feasibility of using the game as a therapeutic instrument. 
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was facilitated with a lecture by the Military Mental Health Unit and a 
conversation with two patients who had been diagnosed with PTSD. After this 
period a brainstorm session was planned with the program leader from the 
Military Rehabilitation Center. Game concept selection was based on the ‘Scope 
Model’ by M. Hrehosvcik [8]. In this model several concepts are made iteratively 
and after review a final concept is selected.  

Eventually a science fiction adventure game set-up was chosen. The core of the 
storyline is that the subject is in a wrong timeline and has to return to the past to 
fix the present. Much like the analogy of CBT and EMDR.  

A total of four environments were created for the game, namely A. The control 
room. This is where the game starts. The subject finds himself in a control room 
where he is asked to start a mission. If he accepts the games commences. B. The 
Nexus. This is a safe environment to where he is initially transported. The sounds 
in this area are clear, peaceful and whale-like. The environment is white, blue vivid 
and has a broad horizon. The subject can walk there for several minutes to 
familiarize himself with the treadmill, but also to give a final ‘go’ for start of the 
therapy. In this environment he will encounter “Reva”, a flying robot, a companion 
who will accompany and help the subject. C. Game space. In the game space the 
subject walks in a hall of a space ship and is surrounded by flying robots which he 
has to destroy by hitting them with his fists. The environment is narrow and has 
side corridors in which 50% of the time the picture for that specific run is 
presented. Also the end of the hall is closed by doors that will open automatically 
when close enough. In this environment the sounds are threatening, abrupt, 
unpredictable. D. Reprocessing space. After having walked through several 
corridors, the subject enters the reprocessing space. This environment is dark, 
looks shattered and has electric sounds. In this space the subject walks towards the 
picture and when the picture size is about 3 meters, ‘Reva’ takes the role of a 
desensitizing oscillating object (analogous to EMDR therapy). After 45 seconds the 
subject is allowed to (but not necessarily has to) destroy the picture by hitting it. 
This latter is done to enhance the patient’s feeling of control over the situation. 
Environments C and D are then looped according to the number of pictures 
delivered.  

The complete sequence looks like: A-B-C-D-B-A. The second time the subject enters 
environment B, there are also positive pictures present of for example family 
members. This is done to replace the possible negative emotions and to help the 
patient get back into the real life. Afterwards a debriefing with the therapist takes 
place. 

The video-footage of the game can be seen at http://www.youtube.com 
/watch?v=Ba8r8p0qNzE. 
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In general, virtual reality based therapies for PTSD focus on recreating the 
stressing environment. This is a time-consuming process as every situation is 
different [1,9]. The “Achilles Initiative: the battle for sector 1” shows that instead of 
recreating patient-specific virtual environments the use of context-specific pictures 
in a predesigned virtual environment is highly effective in maximizing distress 
levels and this is in accordance with our previous work [4,5]. The process we have 
developed takes less than 5 minutes to load all the pictures into the game and a 
session is completed in 45 minutes. This makes it suitable for daily practice as 
outside the scientific realm, therapists have time-constraints regarding allocated 
therapy time per patient.  

As a final remark, although the CAREN system is a high-end motion platform with 
superb analytical possibilities, the principles in this game are generic and, if 
validated in larger studies, can be easily translated to a low-end game console/pc 
as long as a treadmill is present.  
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Abstract 

The goal of the DYSL-X project is to develop a tool to predict whether a preschooler 
(5 yrs) shows high risks for developing dyslexia. This tool is a tablet game that 
incorporates tests to take specific performance measures that allow for this 
prediction. The game will thus serve as an assessment tool to be used in school 
psychology services and clinical diagnostic and rehabilitation centers. In order to 
design the optimal tablet game for preschoolers, during the first phase of the projects 
several existing games for preschoolers were evaluated in order to derive design 
guidelines for games targeted at preschoolers. These design guidelines are presented 
in this paper and next, we show how these guidelines were used to develop the final 
game of the DYSL-X project.  

1 Introduction 

Dyslexia refers to specific problems to acquire reading and spelling skills despite 
adequate intelligence and instruction. It has a prevalence of 5-10 % in the 
population [1, 2]. The first signs of dyslexia are typically observed during the first 
year of formal reading education (age 7 yrs), but very often the diagnosis is only 
made at an older age. However, dyslexia is a developmental disorder that should 
be detected and treated as soon as possible. The younger the age of the child at the 
start of a therapy, the larger the long term effects. Early risk detection allows for 
taking preventive measures, which has been proven to be effective, even at 
preschooler age.  

B. Schouten et al. (eds.), Games for Health,
DOI 10.1007/978-3-658-02897-8_20, © Springer Fachmedien Wiesbaden 2013
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Recent scientific studies provide us with a better understanding of predictive 
variables for dyslexia that can be measured, even in a preschool population [3–8]. 
The aim of DYSL-X is to integrate these predictors in a computer game, an aim to 
similar [9]. The underlying motivation of the DYSL-X project however is twofold. 
First, by using a game, preschoolers will display a higher motivation, a longer 
attention span, and as a result a more accurate measurement can be taken. 
Consequently, incorporating these measurements into a game will improve the 
quality of the tests and result in a more reliable and more valid prediction. 
Secondly, the DYSL-X game-based application will come with automated 
measurements and scoring. Therefore, no qualified personnel is needed to 
administer and score the tests. This allows for the deployment of DYSL-X at a 
wider scale, increasing the utilization potential. However, in order to develop the 
optimal assessment of the onset of dyslexia we need not only to understand how to 
measure the predictive variables, but equally how to design an optimal game 
experience for preschoolers, based on a thorough understanding of what 
constitutes fun for preschoolers. In this paper, we will describe the design process 
of the DYSL-x game based assessment tool, with the aim of achieving a high play 
motivation of preschoolers. We emphasize that in this paper we will not focus on 
the validation of the game, this will be the focus of forthcoming papers. 

2 Rationale of the project 

Existing dyslexia tests with preschoolers[4, 6–9] already aimed at gamification [10]. 
Researchers made the user interface more attractive and added animations in order 
to increase the motivation of the child [5, 11]. However, the researchers conducting 
the gamified tests mentioned that it was still difficult to keep the child’s attention 
at a high level throughout the test. It was suggested that a higher accuracy can be 
achieved by finding better ways to motivate the child. The challenge remains how 
to elicit a ‘rich game play experience’ and not just [12] coating while offering a 
reliable and valid test platform. It is important for game designers to address the 
true gratifications of this new gaming audience. As existing theoretical frameworks 
on meaningful gameplay for preschoolers are rare, dated and lack a 
comprehensive validation [13], we conducted a User Experience study (i.e. UX) 
Laddering [14, 15]) to unveil the gameplay preferences of preschoolers. This study 
resulted in a list of meaningful and useful guidelines for future game designers, 
directed at this specific target group. In this workshop paper we present these 
design guidelines, and next, we demonstrate how we applied these to our own 
tablet game. 
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Abstract  

Despite its significant impact on concentration and learning process, performance 
anxiety is an under represented topic in today´s primary schools. Even slight extents 
influence one´s cognitive, behavioural and physiological performance and - if 
untreated - might manifest and grow into clinical forms for some pupils. We present 
a serious game prototype for primary schools to introduce this sensitive topic and 
open discussions with pupil in class. Playing the game raises awareness to the topic 
and teaches a possible counter strategy in a playful way as a preventive strategy. As 
such, the game implements a broad base of cognitive psychology research and 
clinical knowledge in child-oriented way. It was designed in an iterative, user 
centred design process, using the Serious Games Assessment Framework as a design 
lens and closely supervised by a psychological therapist. First results of a focus 
group test are promising and prove accessibility and usability for children. The game 
seems to fulfill its central purpose, conveying information about performance anxiety 
and effective counter strategies.  

Keywords 

Serious games, performance anxiety, cognitive behavioural therapy, cognitive 
restructuring, game design, children, school 

1 Introduction 

A significant amount of today`s school children are suffering from performance 
anxiety (PA). While slight extends of anxiety usually raise arousal levels and 
sharpen the mind towards a better performance, those affected with PA are likely 
to experience deterioration in learning and gradually less performance in exam 
situations. Recent studies have shown the considerable frequency of anxiety 
towards negative consequences, such as repetition of an examination not passed 
during school. PA was diagnosed for 20% of the 8 to 18-year-olds of a 
representative sample [1]. Furthermore the negative correlation between anxiety 
and performance was substantiated within a meta-analysis of 126 studies from 
different countries between 1975 and 1988 [2]. 

B. Schouten et al. (eds.), Games for Health,
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In addition, the role of the player needs careful consideration. On the one hand, a 
strong identification with and control over a player character and its internal and 
external journey in the game might foster learning of transferable knowledge. On 
the other hand, it will also render unwittingly evoking performance situations 
even more likely. In "Gedankensuche" the non-player character Simo, a little bear, 
therefore is chosen to experience exam situations while the player takes the role of 
an active observer. The setting allows players to explore the ABC-Theory and learn 
from observing the bear`s reactions and thoughts, instead of being put in a 
performance situation directly. The motivation to play is created by a cover story, 
leading into a social plea to support the bear in finding functional cognitions and 
win back his courage. 

Besides these major considerations, "Gedankensuche" was consequently built 
along state of the art cognitive theories and principles to engage players and allow 
for a maximum of concentration and learning. 

Limited working memory & cognitive load reduction: Humans working-memory 
is limited to three to four chunks. The games story and elements, such as 
animations, interactions, sounds and especially texts are mostly sequenced (one at 
a time), clearly focused and fulfill a functional purpose within the design mix. This 
way, we also prevent the player from extraneous cognitive load [11]. To raise 
challenge, the player is presented with a rising number of cognitions during play. 
The game therefore will be more difficult to play but also build upon experiences 
to support schema acquisition over time.  

Arousal and Attention: According to current knowledge, humans may selectively 
focus or divide attention across different foci [11]. The Yerkes-Dodson-Law 
furthermore postulates that a certain arousal is necessary to focus attention and 
reach optimal performance levels [12]. However, with performance anxiety being 
powerful stressor and situational parameters of play out of design space, resulting 
arousal levels during play might quickly defocus the player and prevent cognitive 
schemata acquisition. The game therefore only presents low arousal levels from 
additional audio-visual stimuli. It also does not implement time pressure 
situations, performance scores or other forms of potential player-to-player 
comparison. A necessary but limited level of arousal is created through the 
stimulating nature of the social plea to help the bear and the mentoring owl-
character.  

Elaboration and Equilibration: The learner should be able to elaborate the content 
by contextual information and different approaches. Equilibration describes an 
optimal level between appliances of knowledge and chances to acquire new 
knowledge [12]. Therefore the game closely connects the story and explanations to 
the player’s tasks: Selecting functional cognitions. Explanations given by the owl 
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feedback cycles conducted by the player as well as reflection on the bear`s overall 
performance. During the exam situation, players are asked to choose the functional 
thoughts out of a number of options. After each action, textual and visual positive 
or explanatory feedback is given to show the player consequences of his selection. 
After the exam, a dialogue between bear and owl reflects the exam situation and 
thoughts selected by the player as a whole, ending with a renewed call for action if 
errors were made  

Fiction and Narrative: The story of "Gedankensuche" takes place on a wood island 
to associate feelings of being somewhere far off school and create the “magic 
circle” of the gaming situation. The story introduces the two main characters, Simo 
the bear and Lilo the owl with the latter being the wise mentor of bear, as well as 
the bear’s family. Simo has lost his courage because of dysfunctional thoughts 
about an upcoming exam situation. The owl then helps the bear understand the 
impact of functional and dysfunctional thoughts on his feelings about the exam, 
before asking the player to help Simo win back his courage by finding the "good 
thoughts". We used a bear character for two main reasons: Bears are usually seen 
as calm and strong animals. If a bear shows weaknesses, it may support player`s to 
emotionally connect to the bear and understand that anxiety has nothing to do 
with size or strength. On the other hand, bears are also believed to grow strong 
and leave weaknesses behind. An owl is attributed with wisdom, seriousness and 
experience and therefore represents an authentic mentor character to guide and 
support the player in his task to support Simo. 

Mechanics: Only simple interaction patterns were implemented to maximize 
cognitive capacity for learning and with respect to the target group's age. The 
game can be played by mouse or track pad only and uses only one mouse button 
for necessary move, choose/recognize and select actions. The game`s core action-
feedback loop consists of players choosing one out of several possible cognitions 
such as "Others are better than me" or "I'll start with what I know", followed by 
multiple intermediate feedback. The owl rates the selection as functional or 
dysfunctional while the bear`s mimics and thoughts shows encouraging or 
discouraging reactions and thoughts. After seven levels with an increasing number 
of options, the exam is finished. Owl and bear reflect the exam in conjunction with 
the number of functional/dysfunctional answers chosen: All correct results in a 
very positive exam feedback; half and more than half result in average feedback 
and asks the player to try again and get better; less than half is an exam failed and 
leave the bear anxious, enforcing the player to try again. In general there is no 
really negative feedback or consequence given to allow players explore the 
character`s reactions with different selections. 
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development milestone. The prototype was tested with small focus groups of three 
to four, with 15 children (7 female, 8 male) in total. The setting consists of an 
approximately ten minutes free play part followed by a one-page questionnaire, 
which was introduced only after play to prevent the notion of a test situation. Main 
goals of the play part were to find major usability issues and monitor children`s 
understanding and reactions, such as, mimic and body language during play. The 
questionnaire was created to tests the children`s comprehension of the games story 
and the purpose of the serious game. It consists of two comprehensive questions 
(free text), six yes/no items out of a standardized anxiety questionnaire for pupils 
[16] and one multiple choice question of the ABC - Theory, with two correct 
answers out of four. The game features a hidden score that was linked with the 
questionnaire to find tendencies of correlations. All data was collected 
anonymously and according to standard ethics guidelines. The corresponding 
ethics proposal was approved by the University's Ethics Board. In summary, our 
focus group test showed the following results. 

Usability: None of the testees showed problems in starting and interacting with 
the game. However, there were significant differences in computer literacy as well 
as precision and proficiency of mouse usage. Further observation gave clues to 
rethink the layout of the game screen regarding a clearer contrast of text feedback 
and buttons. The amount of text to read was adequate and not demotivating. 

Attention/Focus/Challenge: All children seemed to be quite focused on the screen 
during reading the story and play. Some played three to four times, even if they 
already scored maximum in the first round. In total children scored an average of 
6.2 out of 7 points (89.5%), which suggests to carefully raising the overall challenge 
level of difficulty.  

Performance Anxiety: The game was deliberately designed to avoid an ingame 
PA-Situation, but this fundamentally contradicts to the use of challenges in the 
game as discussed above. Our results show a tendency trend to lower scores of 
testees with a tendency to PA from the items of the standardized anxiety 
questionnaire (AFS). This may be explained by present cognitive schemata or an 
inner mental state that biases thinking towards dysfunctional cognitions. 
Comparable notions can be found for depression [17] and as theoretical 
background of the cognitive bias modification treatment [18]. Yet, this hypothesis 
does need further detailed and thorough investigation and evaluation as only few 
selected items of the AFS were used. 

Comprehension: Results of the first comprehensive question showed, that all 
children were able to describe Simo`s problem of performance anxiety in their own 
words. The second question about how Lilo the owl tried to help the bear resulted 
in ten correct and five wrong or misleading answers. For example, one child 
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answered that Lilo tries to reason with the bear, while others noticed that Lilo 
helps the bear to find positive thoughts. Despite the somewhat open question (In 
what way does Lilo try to help the bear), the results indicate possible clarification 
in the game’s story and dialogues. However, most children seemed to understand 
the subject of the game with thirteen children (out of 15) selecting the correct 
cognitions out of the multiple choice question. In summary, the findings indicate 
that the game fulfills its central purpose with most of the children but also leaves 
room for improvement in explaining the mechanics of PA to the children. After 
playfully opening the topic in classroom, the game experience should be combined 
with further material and discussions in class, too. 

4 Conclusion and Outlook 

"Gedankensuche" was created to open discussion on the sensitive topic of 
performance anxiety in primary school. By playing the game and observing the 
characters, children encounter PA in a lightweight and playful way. As such, the 
game offers a chance to learn about coping strategies for personal performance 
anxiety tendencies. It also represents and anchor for further and fruitful discussion 
in class as pupil get the chance to discuss the players characters problems and 
experiences rather than their own and therefore avoiding possible embarrassment. 
As such it holds general potential to reflect children in their own internal thoughts 
as well as to teach first steps towards coping strategies for daily school life. Due to 
its lightweight and opening character, the game might be part of a preventive 
concept in schools.  

The design of the game explicitly follows a consequent easy entry and casual 
gameplay approach to reduce players cognitive load and foster thinking and 
learning about the game´s content. An appealing story and the non-player 
characters´ help request draw players into the game and introduce the task to be 
accomplished. At its core, the game implements the basic idea of the profound 
ABC - theory of cognitive restructuring through active observation. The design 
deliberately avoids ingame PA situations by a careful use of design patterns and 
by putting the NPC Simo in the testing situation rather than the player. 

First results from focus group tests were promising. The game seems to transport 
its content and conveys information about PA and counter strategies, with regards 
to the bear Simo. However, the evaluation did not focus on the utilization of 
knowledge in daily school life, which is an interesting future question. Same 
counts for the question whether players with a tendency towards PA experience 
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the game to be more challenging than others? The next version of the game 
therefore should support a more differentiated scoring and levels of difficulty and 
a more extensive anxiety questionnaire (AFS) to examine that question. Further 
improvements concern the button design of the examination screen, as well as the 
owl’s role and texts as only two third of the children were able to tell the mentors 
task in the game.  

The use of the Serious Game Assessment Framework as a design lens, combined 
with an iterative and user centered design process proved to be a refreshing, useful 
and effective way of design, especially compared to other, more technically driven 
frameworks. Designers should consider using SGAF for other serious games 
productions, too. Especially the frameworks central statement, to discuss all design 
decisions in terms of their support of the game`s purpose deliberately helps to 
focus even if the suggested categories are interpretable and may not apply in all 
cases. However, like other serious games productions, the combination of 
gameplay, pedagogic and domain content is difficult to establish. It required 
significant efforts of each team member to gain necessary multidisciplinary 
insights and skills. Already small design details may have major impact on the 
learning goals of the game or interfere with motivation to play, player experience 
and fun. A very close interchange of all involved disciplines it is crucial to stay 
focused on the purpose and to weave it closely into the design and conflict of the 
game.  

Our next steps are the development of a further improved version of "Gedanken-
suche" regarding the game design improvements, as well as the implementation of 
further content and hidden metrics about player’s performance in the game. 
Further-more, a formative study is currently planned to examine the questions 
found during focus group tests. At last, we continue close relationship to teachers 
and schools, to discuss the use of "Gedankensuche" as well as the creation of 
further material as first steps towards a preventive class unit.  
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Abstract 

The present study described a new reading game (Letterprins), designed to improve 
the reading development of children with reading problems. Letterprins contains a 
series of reading-related tasks, based on previous research, which have been shown 
to facilitate children’s reading development. In order to ensure treatment fidelity 
integrity the game is played in collaboration with a parent or caregiver. The 
parent/caregiver needs to indicate the correctness of the child’s responses. The app 
adjusts the exercises based on the child’s performance, and thereby optimizes 
learning. The app addresses reading development at the sound, word, and sentence 
level, and thereby captures a large range of the stages in early reading development. 

1 Introduction 

For citizens in our knowledge economy reading is a fundamental skill. 
However, about 1.5 million Dutch citizens do not have a sufficient level of 
literacy and as a consequence are unable to participate fully within society. The 
annual costs of illiteracy in the Netherlands are more than 0.5 billion euros 
(Groot & Maassen van den Brink, 2006). These reading problems are not caused 
by socio-economic background and ethnic origin, but by the quality of the 
reading education (Dijksma, 2007; Inspectie van het Onderwijs, 2011). The app 
Letterprins [Letter Prince] aims to prevent and remediate reading problems 
from the start of first grade. It is initiated by parents and is intended to enhance 
children’s reading skills by using the app in the home setting. Letterprins is a 
collaboration of the department of special education of the Radboud University 
Nijmegen with the gaming company Monkeybizniz, which is specialized in 
serious gaming, playful apps and in valorizing scientific knowledge. Letterprins 

B. Schouten et al. (eds.), Games for Health,
DOI 10.1007/978-3-658-02897-8_22, © Springer Fachmedien Wiesbaden 2013
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is based on cutting edge research; evidence-based principles from educational 
and psycholinguistic disciplines translated into practice, which is applied into a 
promising gaming technology for children with reading disorders (Franceschini 
et al., 2013). Recently, Letterprins was nominated for the National Prize of 
Literacy 2013 [Nationale Alfabetiseringsprijs]. 

We will describe the purpose and content of the app Letterprins for children 
with reading disorders and dyslexia along the dimensions of quality of 
healthcare reported by the Committee on Quality of Health Care in America 
(2001). These dimensions encompass safety, effectiveness, patient-centeredness 
and efficiency1. 

2 Reading disorders and dyslexia 

In order to describe the content of the reading app Letterprins along the 
dimensions of quality of healthcare we will first offer a definition of reading 
disorders and more specifically of dyslexia, as it is formulated by the Stiching 
Dyslexie Nederland (2008):   

Dyslexia is a disorder characterized by persistent difficulties with learning and 
quickly applying processes in reading and spelling at the word level. 

The major goals of Letterprins are linked to this definition and to the goals of 
treatment for dyslexia formulated by Stichting Dyslexie Nederland (2008). The 
content therefore focuses on the improvement of the technical aspects of 
reading, that is, recognizing words immediately (quickly) and accurately 
(correctly) when reading silently or out loud. Letterprins valorizes scientific 
knowledge of several intervention studies on the effectiveness of learning to 
read, and the analyses of effectiveness fit into the goals of the aforementioned 
treatment goals.  

                                                           
1 In the Netherlands, the dimension Timely usually is viewed as part of the other 

dimensions (Berg, Beersen, Groenewoud, & Ikkersheim, 2012). In this paper, the last 
dimension, Equitability, is not discussed separately.  
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3 Safety & Patient-centeredness: avoiding negative 
side effects and focus on the well-being of the child 
and its parents.  

The first dimension of quality of healthcare concerns Safety, which involves that 
“harm due to a treatment or other healthcare activities is avoided”. As for 
children with reading disorders and dyslexia, the major concerns in avoiding 
negative side effects of a treatment are to be placed within the social and 
emotional domain (Steenbeek-Planting & Kleijnen, 2011). Many children with 
dyslexia have an academic background with negative and stigmatizing 
experiences (Singer, 2008). They typically have a low self-esteem, and low 
expectations of their academic opportunities (Alexander-Passe, 2006). Children 
often experience pressure to improve their reading skills, at school or even in the 
home setting, and as a result they no longer enjoy reading. The situation in the 
home setting may in turn put pressure on the relationship between the child and 
its parents. Hence, although early reading interventions are crucial for the 
development of children with reading problems, these interventions should also 
provide children with positive associations with reading, fostering motivation 
for learning to read (see De Naeghel, Van Keer, Vansteenkiste, & Rosseel, 2012). 
The dimension Patient-centeredness concerns a focus on the well-being of the 
child and its parents (Kalsbeek & van Leeuwen, 2012). This dimension closely 
relates to the dimension Safety and, therefore, we will simultaneously describe 
how the principles of these dimensions are implemented into the app.  

In Letterprins, first, positive associations are fostered by integrating 
interventions into a playful app where children are having fun learning to read. 
Second, Letterprins is designed to be implemented into the home setting, such 
that most of the time, the child is playing the app together with a parent/ 
guardian or sibling. In such a way, they are actively involved in the learning 
process of the child, while enjoying its reading achievements. Third, to avoid 
stigmatizing and negative ‘labeling’ experiences, the app is not intended for 
“dyslexics or reading-disabled only”, but for all children learning to read. 
Fourth, the app is intended to be responsive to individual learning needs by 
automatically adjusting its content to the individual growth curve of the child. 
Also, it provides exercises that are appropriate to their stage in reading 
development (see 4.3). Moreover, the app is not based on a specific method for 
learning to read Dutch, but rather on general psycholinguistic principles in 
learning to read.  
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2012; 2013; van den Bosch, van Bon & Schreuder, 1995; Wentink, van Bon & 
Schreuder, 1997). In practice, the exposure duration of single words on the 
screen is varied to maintain an accuracy rate of approximately 80%. The 
optimum of presentation time is calculated for each child at the beginning of the 
gaming levels, and thereafter it fluctuates during each level. After reading each 
word, the reading accuracy of the last word and the previous three words are 
evaluated by the app. The exposure duration of the next word is increased by 
about 20 ms if two or more out of four words are read incorrectly, and is 
decreased by about 20 ms if three or more out of four words are read correctly. 
In the other cases, exposure duration remains unchanged. 

5 Efficiency – an economic view, and concluding 
remarks 

The dimension Efficiency concerns the economic view of avoiding waste. A 
playful app in the home setting is highly efficient and of economic advantage if 
it supports the educational system in teaching children learning to read2 . 
However, in the Netherlands teachers do not have a ready and general set of 
evidence-based and practice-based reading materials to provide parents with. 
Moreover, timely interventions can diminish the severity of reading problems. 
This preventive aspect could, in the long-term, diminish the large amount of 
children currently in need of receiving training in treatment centers for dyslexia. 
Therefore, a reading app that valorizes scientific knowledge and evidence-based 
principles, well implemented in the home setting from the onset of reading 
acquisition, could have major economic impact on the chain of two of our 
society’s key systems, education and healthcare. Technical innovations such as 
playful apps from the gaming industry can accelerate this implementation (see 
e.g., Britnell & de Boer, 2012) by bringing the important actors and stakeholders 
(child, parent, education and healthcare) together to realize the most efficient 
growth curve for children learning to read. Future research should verify to 
what extent parents can contribute to the quality and cost-reduction of these two 
systems if they would be involved as a full partner of the educational system for 
children learning to read, and as a full partner of the healthcare system for 
children with learning disabilities. 

                                                           
2 See for a first Dutch study on cost-effectiveness of a treatment for dyslexia Hakkaart-van 

Roijen, Goettsch, Ekkus, Gerretsen, and Stolk (2011).  
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Abstract 

The PlayFit project aims to design for a structural reduction in sedentary behavior 
throughout the day. The challenge is to engage teenagers by connecting to their 
mainly sedentary lifestyle by playful persuasion. Therefore we defined four design 
principles: (1) embedded in the context (2) trigger an intrinsic need to play, (3) adapt 
to a personal playing style and (4) facilitate open-ended and/or emergent play. In the 
past three years we have been exploring solutions through design research and 
applied these insights to three new concepts, each tying into a different aspect of a 
school day. In this paper we share the first insights in applying these design 
principles and implementing the concepts that help reducing sedentary behavior in 
schools for vocational education. 

1 Introduction 

Recent studies indicate that teenagers in most western countries are not physically 
active enough [1, 2]. Active mobility has been effectively designed out of our 
everyday life [3] and an increasingly sedentary lifestyle is the unhealthy result; 
teenagers sit during classes, in their lunch break, and often at home behind a 
computer or television [4] [5]. To be more specific, Dutch teenagers, especially in 
vocational education, do not adhere to the advised Dutch norm for the maximum 
amount of sedentary behaviour per day: “less than two hours computer-time 
and/or watching TV (both broadcasted and recorded)” [6]. Dutch teenagers(twelve 
to seventeen years old) sit or lie around 3.5 hours after school is over. This 
behaviour makes them the most sedentary group in the age group 4-17 year olds. 
In addition, during holidays they display even more sedentary behaviour than 
senior citizens (65+ and 75+) [6]. 

B. Schouten et al. (eds.), Games for Health,
DOI 10.1007/978-3-658-02897-8_23, © Springer Fachmedien Wiesbaden 2013
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appealing to more needs, for example Communication (B) and Expression (D), 
which can be achieved through multi-player functionality.  

Additionally the mobile platform and eventually using mobile internet can extend 
the gameplay further, but also a viable business model. By adding several types of 
logs, we can collect interesting data for both educational stakeholders as well as 
from the health industry. Logging game progress for example can help teachers to 
track the advance of their students. Logging health data can be of interest to health 
professionals to monitor measures in health-risk reduction. We currently explore 
viable business models with multiple stakeholders. 

3.1.2 Trampoline as a game console. 
The evaluation of the two trampoline game concepts clearly indicated that in the 
context of Physical Education an open-ended game aiming at elicitation of emergent 
play was not successful enough in addressing the target user group, compared to a 
rule based game. We have not compared the walk-of-fame with a rule-based 
version, it could be that the availability of a choice between the rule-based game 
and the open-ended game in itself determined the outcome of the study. Other 
explanations for findings in this study could be that the threshold to play an open-
ended game in a class-room setting is higher than during free time (e.g. the walk-
of-fame), that both games should have been screen-based trampoline games for a 
fair comparison, or that jumping on trampoline in itself induces an increased 
feeling of being exposed with this audience. Further research is definitely required 
to pinpoint what determines the success of an open-ended game with this 
audience.  

Future versions of the rule-based trampoline game will focus on broadening the 
type of video games that can be played with a trampoline, for example an 
advanced horizontal scroller like in the Mario series [19] or Guitar Hero series [20], 
with five trampolines, each trampoline controlling a button of the guitar - thus 
making the trampoline a more versatile game console. 

3.1.3 Walk of Fame 
It is interesting to see that the Walk of Fame has an instant appeal to passers-by. 
This concept relies on triggering curiosity, and we can expect that that effect will 
wear off over some time. The main focus is now to study the period of time that an 
interaction stays interesting and to develop new, rich interactions, to structurally 
trigger a need to explore and to ensure prolonged social and physical play. 
Planned interactions involve changing the way recordings combine, for example 
by using two slices (instead of three), different orientations, silhouettes, video 
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school to pay for a game platform or a large installation is a bold assumption. The 
presented concepts provide opportunities to involve a larger number of 
stakeholders. Not only the usual suspects in the educational field, like schools, 
parents and publishers, but also the health-, the sports- and game industry are 
interesting partners. 

4 Conclusions 

The preliminary evaluations presented indicate that reducing sedentary behavior 
through triggering intrinsic motivation lowers the threshold for engaging in 
activating games. We also conclude that further research is required to understand 
the success and limitations of open-ended play in an educational setting. Finally, 
we have laid the basis for an integrated approach that can reduce sedentary 
behavior throughout the day: all three concepts trigger more activity during 
complementary moments in school day. Further research is planned to measure 
and learn about the long term effects and how to structurally engagement youths 
in these novel concepts.  

To implement these concepts in a school environment, we found a positive attitude 
towards the chosen directions, because they are innovative, engaging and aim at a 
healthy lifestyle. The next steps require to ensure high quality content, and to 
overcome practical obstacles in implementing all concepts in a school-environment 
with a sustainable business model. 
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