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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, 


