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ABSTRACT

This chapter addresses up-to-date research development regarding the adoption of more natural forms of 
interaction in the Serious Games for Rehabilitation domain of application. The chapter starts by present-
ing fundamental concepts on Serious Games illustrated by relevant applications. It describes the main 
problems involved and how Serious Games can benefit the process of rehabilitation. A comprehensive 
literature survey is presented and accompanied by a proposed set of classification criteria towards a 
taxonomy. From this study, a main research opportunity the authors identified is the potential benefits 
of the adoption of natural interaction modalities. The remainder of the chapter presents the authors’ 
recent work on this subject, including the description and design of game prototypes using alternative 
and natural interaction modalities. The chapter presents experiments and the results of a user study 
in order to make it possible to conclude about the benefits of the newer forms of interaction. From this 
study, it was concluded that the introduction of the natural interaction modalities has increased the 
attractiveness and intuitiveness of the prototyped Serious Game. This important result is a motivating 
factor to improve the interaction mechanisms and conduct studies with distinct tasks and larger samples 
of users/patients. Lastly, the authors report identified research opportunities and open problems.
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INTRODUCTION

Serious Games is an emergent field of research 
that focuses in the use of games with other pur-
poses than mere entertainment and that can have 
applications in many diverse areas. Nowadays 
this concept is largely used in respect to computer 
games. In this chapter we will use Serious Games 
to refer to computer games (also referred as video 
games by some authors in the literature). Their 
popularity is growing so fast that we are assist-
ing to the arising of new audiences of players 
such as women and older people, as we can see 
by the growing use of the Nintendo Wii system 
(Nintendo, 2011), the Microsoft Kinect system 
(Microsoft, 2010) or the Sony Playstation Move 
System (Sony, 2011) by people of all ages and/or 
entire families. A notorious example of a domain 
area where the field of Serious Games is assuming 
a relevant role is the rehabilitation area. We can 
point several advantages of its use in this area. 
Computer games are becoming more motivating 
to the patients than traditional therapy solutions: 
games have a story, a set of challenges and they 
motivate the patient to accomplish the defined 
goals, by the use of tasks that were designed for 
rehabilitation. Besides enabling to accomplish 
the final “top-level” goal that is rehabilitation, 
the game offers the patient the possibility of being 
immersed in a different situation where he tries to 
accomplish the goals proposed in the game and is 
distracted from his disability condition and from 
the fact that is in a rehabilitation activity. Apart 
the serious goal of the patient recovery, the game 
gives also to the patient: immersion, challenge, 
motivation, enjoyment, sensations that he could 
not feel if he was only repeating a sequence of 
tasks that were part of his rehabilitation plan.

Additionally, games are becoming more ac-
cessible to people in general. Computer systems 
are becoming more disseminated and affordable 
to users in general, in the form of several devices: 
game consoles, portable personal computers, large 
display TV sets, etc. At the same time, people tend 

to have more literacy about information systems 
and computer technologies, and this promotes the 
accessibility to computer games.

On the other hand, we are assisting to the 
arising and development of more natural user 
interfaces that are changing the traditional inter-
action paradigm of mouse and keyboard to other 
new forms of input: gestures, forces feedback, 
balance feedback, facial expression recognition, 
and voice recognition, to name some of the more 
relevant modalities of input. These new forms of 
interaction can be used to create applications that 
tend to be more natural and free, as they foster 
the elimination of artificial input devices in the 
human-computer interaction. These new forms of 
interaction can be used in order to increase the 
quality and efficiency of the rehabilitation process.

Another important aspect that can favor Reha-
bilitation Serious Games is the fact that people are 
connected to the internet using more bandwidth, 
which enables network rehabilitation games and 
the fulfilling of rehabilitation plans at home, 
without having to move the patient to the clinic/
hospital. The rehabilitation plans can be adjusted 
in some cases by the therapist, at distance, which 
contributes to a greater comfort, time economy and 
autonomy development to the patient. Addition-
ally, as patients can be connected by the web, this 
promotes the introduction of social components 
in the games, which can be used in the creation 
of new scenarios of rehabilitation where patients 
can cooperate and compete at distance.

This chapter reviews relevant work described 
in the literature concerning natural forms of 
interaction. It also presents a proof of concept 
serious game that can be used in a therapy ses-
sion in order to study how more natural forms of 
interaction can be used to augment motivation in 
a rehabilitation session. Another important result 
is concerned with the identification of research 
opportunities and open problems.

The rest of the chapter is structured as fol-
lows. The next section presents an introduction to 
Serious Games, including fundamental concepts 
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and terminology, classifications and examples 
of application. It also describes the importance 
of simulation in Serious Games, by presenting 
some examples of the use of simulations in the 
health field of applications. The section ends 
with a review on the use of natural interfaces in 
Rehabilitation Serious Games. Following, section 
“Natural Interfaces in Serious Games for Reha-
bilitation” introduces the motivation of Serious 
Games for Rehabilitation, its issues and problems 
and describes a reference system in Rehabilitation, 
the serious game prototype implemented (includ-
ing the concept, the interaction technology used 
and some details of the implementation) and the 
validation of the system, including the discus-
sion of the obtained results. In section “Future 
Research Directions”, directions for future work 
are suggested and open problems identified. Fi-
nally, in section “Conclusion”, major conclusions 
are drawn.

BACKGROUND

In 2002 was formed the Serious Games Initia-
tive (Rejeski & Sawyer, 2009), contributing to 
organize the area of Serious Games in an industry 
that merges: game developers, innovation, and 
projects from distinct areas (education, training, 
health and public policy). The amount of research 
in this area has been growing, with seminars 
and conferences being organized all around the 
world. However, although the term Serious Game 
is becoming more and more popular, there is no 
current single definition of the concept. Zyda 
was the first author to give a definition of Serious 
Games (Zyda, 2005):” a mental contest, played 
with a computer in accordance with specific rules, 
that uses entertainment to further government 
or corporate training, education, health, public 
policy, and strategic communication objectives”. 
Several other authors have defined this term (Chen, 
2006; Corti, 2006; Zyda, 2005). In this chapter 
we adopt our definition (Rego, Moreira, & Reis, 

2010a) that defines Serious Games as computer 
games that allow the player to achieve a specific 
non entertainment purpose using the entertain-
ment and engagement component provided by 
the experience of the game.

Some other terms are used that are sometimes 
related and overlapped with the Serious Games 
concept: edutainment, e-learning, game-based 
learning. However, we may consider Serious 
Games concept a much broader one, in which all 
of the previous can be included. For example, the 
edutainment concept refers to any form of educa-
tion that also entertains, but that is not limited to 
video-games. On the other hand, Serious Games 
use games and entertainment, but are not limited 
to an educational purpose.

Serious Games have been applied in many 
diverse areas: corporate and military training 
(Numrich, 2008), health (Sawyer, 2008), educa-
tion (von Wangenheim & Shull, 2009), cultural 
training (Zyda, 2007). We refer the interested 
reader to the work of Rego et al. (Rego, Moreira, 
& Reis, 2010b) for a comprehensive review on 
Serious Games applications.

A Serious Game has a specific goal that goes 
beyond pure entertainment. It aims to create simu-
lations and user experiences that can be used to 
attain that specific goal. By taking advantage of 
game technology in order to create more attractive 
user experiences and increasing playability, the 
environments and tasks simulated in the serious 
game can be used to teach or train users in various 
situations. The same strategy can also be used with 
other purposes as for the individual growth and 
development, advertisement, and marketing, to 
name some relevant applications. In many of these 
applications the use of simulated models becomes 
necessary or convenient in order to represent in 
an accurate way several aspects of the game, as 
it is the case of other players and their behavior, 
the surrounding environment, and cognitive or 
motor processes.

Next we describe the importance of the use of 
simulation in Serious Games, by presenting some 
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of the more relevant works reported in the literature 
in the health and rehabilitation application field.

Simulation and Serious Games

As systems are getting more complex and more 
dynamic, simulation can be used in many do-
mains as a way to understand and integrate their 
complexity and changeability. Simulation is the 
imitation of some real thing, state of affairs, or 
process, over time, seeking to represent certain 
key characteristics or behaviors of the selected 
physical or abstract system. It is used in many 
contexts which vary from decision making, to the 
modeling of natural systems or human systems 
in order to gain insight into their functioning or 
the simulation of technology for performance 
optimization, safety engineering, testing, training 
and education (Law, 2007; Zeigler, Praehofer, 
& Kim, 2000). Simulation is very important in 
Serious Games for Rehabilitation as it is used to 
simulate the environment and the tasks the patient 
has to do in a rehabilitation session.

Simulation can be used in many domains with 
varying goals but mainly to control system com-
plexity and improve its performance. In health 
field of applications, the simulation can be used 
on different levels: environment, patient, therapist 
or all (environment and users of the environment).

The simulation of the environment can be 
done by placing the patient in a more controlled 
environment and measuring his progress over 
time, adjusting practice sessions to patient needs 
or impairments. In a controlled environment, 
close to the real world, the patient progress can be 
measured, facilitating experiments and predictions 
and creating a risk free and/or cost effective solu-
tion. In many applications Virtual Reality (VR) 
is used to provide immersion. Example of these 
applications can be seen in (Inoue et al., 2006) 
that describe the use of a driving simulator, in 
(Niniss & Inoue, 2010) describing the use of an 
electric wheelchair simulator, in (Kim, Kim, & 
Kwon, 2006) describing a VR Bicycle Simulator 

and in (ArmNews, 2010) that describes a computer 
assisted rehabilitation environment system for 
civilian and military patient recovery.

The simulation of the patient can be seen by 
the use of a physical representation of the patient 
body or of a part of the patient’s body. The former 
consists in an artificial patient that is a computer 
connected to a life size mannequin which mimics 
body functions (heartbeat, respiration, replicate 
symptoms of illness) and that can be programmed 
to recreate life-threatening emergency situations 
and to respond to injected drugs (Fernandez, 
Parker, Kalus, Miller, & Compton, 2007; Kincaid 
& Westerlund, 2009). This has the advantage of 
teaching trainees technical abilities and to establish 
pre-clinical proficiency by allowing unlimited 
and consequence-free practice, transfer of skills 
learned in the simulated environment into the 
real-world clinical environment, and providing 
motivation to learning by giving feedback from 
decisions and actions. An example of the later is 
given by Hageman (Hagemann, 2009) that de-
scribes the use of a hand model as a training tool 
to make orthoses. In other simulations, visual and 
virtual representations of medical processes are 
reproduced using computer graphics techniques, 
haptic feedback devices, and physical simulation. 
Examples of these applications are described in 
(Dankelman & Di Lorenzo, 2005) and seen from 
the virtual laparoscopic simulator (LapSimÂ, 
2009) of the University of Mississippi Medical 
Center which describes suturing tasks and the 
simulated cholecystectomy procedure. Other 
examples describe sirurgical simulations such as 
a cataract surgery simulation (Allard, Marchal, 
& Cotin, 2007).

The simulation of the therapist can be seen in 
systems that minimize the presence of the therapist 
in the rehabilitation session. Examples of these 
applications include mainly the use of robotic 
systems that assist the patient in the rehabilitation 
session and help to reduce dependency from the 
therapist (Kan, 2008; Masiero, Carraro, Gallina, 
Rossi, & Rosati, 2009).
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On the other hand, the environment and us-
ers simulation is used to simulate an envisioned 
facility to allow the planning, predicting and im-
provement of operation and procedures. Examples 
of applications included in this category can be 
seen in (Findlay, 2010) that consists in a medical 
simulation in the virtual world of Second Life 
platform, used in nursing courses, which repre-
sents virtually the environment of a envisioned 
clinic, the virtual patient, the virtual therapist and 
the clinic functioning and procedures. Another 
example can be seen in (Vidani & Chittaro, 2010) 
which describes a serious game demo application 
that can be used to train medical first responders, 
representing virtually the patient and the proce-
dures the therapist has to do.

In rehabilitation area, simulation has been used 
to simulate the system environment and mostly 
the therapist: by means of a computer game, 
the rehabilitation training exercise is simulated 
for the patient, minimizing the presence of the 
therapist. This paper focuses the use of simulation 
on the rehabilitation area by means of a serious 
game that simulates the training exercises of the 
patients in rehabilitation. The serious game aims 
to represent the training exercise the patient has 
to do in a cognitive rehabilitation session.

Serious Games for Rehabilitation

High social costs result in a major part from 
high costs in the rehabilitation of a variety of 
deficits resulting from diseases or traumatic 
incidents. Rehabilitation is a dynamic process of 
planned adaptive change in lifestyle in response 
to unplanned change imposed on the individual 
by disease or traumatic incident (Gunasekera & 
Bendall, 2005).

Stroke has been referred in literature as the 
major cause of the long term disabilities among 
adults in industrialized nations (Warlow et al., 
2008). A stroke usually occurs when a blood clot 
stops the flow of blood to a portion of the brain. 
After a few minutes, the cells of the brain that 

are lacking the blood begin to die and patients 
who survive a stroke can suffer cognitive, visual 
and motor losses. In terms of cognitive functions, 
stroke survivors may have losses in memory and 
speech that can affect highly his interaction with 
the world (Alankus, Lazar, May, & Kelleher, 
2010). Some of the patients, as a result of stroke, 
lack the perception in one side of their visual 
side. Sometimes they have motor problems like 
paralysis or weakness on one side of their bodies. 
When patients lose the ability to use their arm, 
they are limited in activities of daily life like 
feeding, dressing and bathing. All these problems 
make difficult for the patients to get back to their 
normal life. They have to be encouraged to use the 
affected members of the body through exercise 
so they can relearn the ability to use them again. 
This process is usually very slow and demanding 
and may require hundreds of repeated movements 
every day.

Major tests reported from rehabilitation 
programs of patients with impairments and dis-
abilities show that patients function improves 
with an intensive training that is oriented in the 
achievement of a goal and is divided in specific 
tasks. The main problem with this task-specific 
treatment approaches, however, is the lack of 
patient interest in performing repetitive tasks and 
in ensuring that they finish the treatment program 
(Burke et al., 2009). Games can play here a very 
important role. In fact, it has been showed that 
games contribute to increase motivation in reha-
bilitation sessions, which is the major problem in 
therapy sessions, caused by the repetitive nature of 
exercises (Burke, et al., 2009; Kizony, Raz, Katz, 
Weingarden, & Weiss, 2005). Various research 
projects have been studying how to use games to 
help patients recovering from impairments or dis-
abilities (Conconi et al., 2008; Ryan et al., 2009).

Several works have been reported in the litera-
ture that identify important game characteristics 
in the rehabilitation area (Rego, et al., 2010b). 
In a previous work (Rego, et al., 2010a) we 
identified relevant criteria for the classification 
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of Serious Games in rehabilitation area. These 
criteria could be used for the design of more 
effective rehabilitation games and also to make 
a synthesis and comparison of existing Serious 
Games for rehabilitation. The criteria identified 
are the following ones: Application area (Cogni-
tive/ Motor), Interaction Technology (used by 
the patient to interact with the system), Game 
interface (2D or 3D), Number of players (single 
or multi-player), Game Genre (from catch, reach 
and grasp, to simulation or strategy), Adaptability 
(the capability of the system to adapt dynamically 
game difficulty or challenge, according to the 
patient performance and abilities in the game), 
Performance Feedback (capability of the sys-
tem to transmit to the patient the results of the 
interaction), Progress monitoring (capability of 
the system to allow saving the results of patients 
interaction with the system) and Game portability 
(capability of the system to be used at home, or 
at a hospital or clinic). In this chapter we focus 
on the interaction technology criterion and study 
how it can be used in a game in order to make it a 
more motivational tool for rehabilitation therapy.

There are many recent rehabilitation serious 
game projects reported in the literature that use 
different forms of interaction, yet the majority of 
these use traditional forms like the mouse and/
or keyboard. Next we present some of the ap-
plications of rehabilitation Serious Games that 
we reviewed, focusing the following aspects: the 
interaction technology used, the evaluation test 
done and the introduction of social components 
like cooperation or competitiveness.

In (Ma & Bechkoum, 2008) the authors de-
scribed a serious game based movement therapy 
for stroke patients with upper limb motor disorders. 
Their system uses functional tasks, such as wrist 
extension, reaching, grasping and catching, and 
Serious Games. Input devices include the mouse 
and keyboard for the operator and a range of 
real-time motion tracking devices: data gloves to 
capture finger flex and hand postures; and wire-
less magnetic sensors to track the patient’s hand, 

arm and upper body movements. The dual output 
visual interface includes a desktop computer LCD 
for the operator and a high resolution HMD for 
patients. The HMD equipment displays an im-
mersive virtual environment.

PlayMancer (Conconi, et al., 2008) was in-
troduced as a platform for rapid development of 
Serious Games, applied to physical rehabilitation 
and therapeutic support and lifestyle management 
programs for behavioral and addictive disorders. 
The platform is modular and combines techniques 
from multimodal interaction (speech, touch, bio-
sensors and motion-tracking), 3D engines, virtual 
and augmented reality, speech recognition and 
natural language processing.

The Rehabilitation Gaming System (RGS) 
(Cameirão, Badia, Zimmerli, Oller, & Vershure, 
2009), a VR based system developed for the re-
habilitation of patients suffering from stroke and 
TBI combines a camera based motion capture 
system with gaming technologies. In this system, 
the movements of the patients’ arms are visually 
captured by a camera that is on the top of the 
display and that detects color patches located on 
wrists and elbows of the subject. A pair of data 
gloves measures finger flexure. According to the 
movements of the user, an avatar performs a task 
in the virtual scenario.

The Balance Rehabilitation Games project 
(Ryan, et al., 2009) developed at University of 
New South Wales (UNSW), in Australia, aims to 
design a game to older adults while incorporat-
ing appropriate balance exercises. The game is 
a maze-solving problem for one or two players. 
The goal of the game is to navigate the maze and 
collect all the treasures. The player’s score is the 
final time through the maze. Players move forward 
by walking in place on a Wii Fit balance board. 
Longer `strides’ produce more rapid progress, to 
reward better balance rather over rapid stepping. 
Cooperative and competitive two-player versions 
of the game are also being prototyped. In the 
cooperative version, the players work together 
to collect all the treasures and finish the maze as 
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quickly as possible. In the competitive version 
the treasures are omitted and it is simply a race to 
complete the maze as quickly as possible.

Several games for upper limb stroke reha-
bilitation were described in (Burke, et al., 2009), 
which use low-cost webcams as input technology 
to capture video data of user’s movements. The 
position of the player hands are tracked, so he 
has to wear a glove or hold a marker which can 
be an object of a single color, such as a piece of 
card. The games use user profiling and an option 
to adaptability.

In (Burke et al., 2010) the authors extended 
the work presented in (Burke, et al., 2009) to 
include augmented reality (AR) techniques for 
the upper-limb rehabilitation games developed. 
The real objects have attached AR markers and 
with a webcam it is possible to track the position 
and orientation of the real object as it is moved. 
The system can then augment the captured image 
of the real environment with virtual objects and 
then it is possible to present diverse games and 
scenarios to the patient. This has the potential 
to increase the engagement of the patient in the 
created rehabilitation scenarios.

A collaborative game developed for arm reha-
bilitation of patients with multiple sclerosis (MS) 
was described in (Vanacken et al., 2009). In this 
game, the patient has to make specific movement 
tasks with his arm, using a force feedback device, 
the HapticMaster with a gimbal. The patient 
has to play the game with the collaboration of a 
co-player which will use a Wiimote or a force-
feedback device. The input devices used can be 
a force-feedback device to control the pump, or 
a WiiMote.

In (Alankus, et al., 2010), the authors described 
the development, testing and improvement of nine 
games, two of them were two-player collaborative 
games, two were two-player competitive games 
and the remaining were single-player games. They 
used as input devices a webcam to track the posi-
tions of the colorful objects held by the patient and 
Wii remotes. Wii remotes have the advantage of 

being wireless and inexpensive devices. To detect 
compensatory motions, they attach additional 
Wii remotes to the body parts that are supposed 
to remain stationary. They tested the games with 
four stroke patients.

In order to study collaboration and social skills 
in children with Autistic Spectrum Disorders 
(ASD), a Collaborative Puzzle Game (CPG) (Bat-
tocchi et al., 2008) that runs on an interactive table 
supporting multi-user interaction was developed. 
The actions on digital objects can be performed 
only through simultaneous touch of two or more 
users. In the game, the participants have to drag 
the pieces to complete a puzzle.

The work herein presented reviews relevant 
work described in the literature in rehabilitation 
Serious Games in what concerns the interaction 
technology used and specific rehabilitation criteria 
like adaptability, progress monitoring, etc. Figure 
1 summarizes the applications described above (in 
the table, the “--“ means that this feature is not 
mentioned in the paper reviewed).

NATURAL INTERFACES IN SERIOUS 
GAMES FOR REHABILITATION

Issues and Problems

Traditional rehabilitation therapies are usually 
considered boring and uninteresting by patients 
in rehabilitation. It is important to increase the 
motivation of these patients in the practicing of 
the exercises, because an intensive repetition 
of the exercises is essential for their recovery. 
Game-based therapies have shown an increas-
ing in the motivation of these patients due to the 
playful and engaging components of the game. 
Serious Games can therefore play a relevant role 
in the motivation of patients in rehabilitation 
and therefore in obtaining better results in their 
recovery. Games engage the patient in the asso-
ciated narrative and distract his attention of the 
rehabilitation activity (necessary for his recovery) 
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itself, at the same time they lead the patient to the 
practice of the exercises necessary to fulfill the 
goals defined by the game. However, most of the 
applications reported in the literature of this area 
misses yet essential components for games to be 
considered fully functional and efficient tools in 
rehabilitation. In our previous work (Rego, et al., 
2010a) we found a set of criteria for the design of 
more effective rehabilitation games and that were 
referred in the previous section.

From the literature review and from analysis of 
Figure 1 we can conclude that although exist many 
recent projects of rehabilitation Serious Games 
reported in the literature, most of them are only 
prototypes and were experimented with a small 
number of patients, which makes difficult to take 
more precise conclusions from their effectiveness.

Interaction technology was found as a relevant 
criterion to achieve a more motivational purpose 
in rehabilitation therapy, using computer games. 
However, most of reviewed games have very 
simple interfaces and traditional forms of inter-
action. Natural interfaces appear in some games 
(Alankus, et al., 2010; Battocchi, et al., 2008; 
Burke, et al., 2009, 2010; Cameirão, et al., 2009; 
Conconi, et al., 2008; Ma & Bechkoum, 2008; 
Ryan, et al., 2009; Vanacken, et al., 2009), but 
are poor evaluated in terms of the rehabilitation 
process.

The interaction technology reviewed in those 
works can vary from the traditional methods us-
ing a mouse or keyboard process to VR based 
methods. For instance, in VR, patients can have 
visual interfaces including desktop monitors and 

Figure 1. Synthesis and comparison of the rehabilitation serious games reviewed
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head-mounted displays (HMDs), haptic interfaces, 
and real-time motion tracking devices that are 
used to create environments that allow users to 
interact with images and virtual objects in real-
time through multiple sensory modalities (vision, 
haptics, audition). In fact, the use of VR technology 
in the rehabilitation of cognitive and motor deficits 
has been growing in the last decade and one of the 
main target populations are stroke patients (Burke, 
et al., 2009). With these new methods patients 
can be part of immersive experiences that are 
engaging and rewarding for them, which promotes 
their recovery. In telerehabilitation the most used 
modalities are webcams, tele-videoconferencing 
over phone lines, videophones and web pages 
containing rich internet applications.

We believe that the use of more natural user 
interfaces can benefit the process of rehabilitation 
since the patients have several cognitive and motor 
disabilities which difficult the way they interact 
with the system. This interaction with the system 
should then be more intuitive and easy to use, due 
to patient’s disabilities.

Another important aspect to have in consid-
eration is to choose an interaction technology 
that can be inexpensive to be feasible for home 
use and thus promoting for the patients to play 
more frequently the games. The existence of 
home-based technologies that can motivate the 
patients to continue practicing the exercises out 
of rehabilitation clinic assumes therefore a very 
important role.

Additionally, the social dimension of the 
games is very poor. Most of the games are for a 
single user player. However, to study the increase 
of motivation in the rehabilitation programs 
several approaches have recently been reported 
that seek to add a social dimension in the games. 
In the very few and recent multi-player games 
reported (Alankus, et al., 2010; Battocchi, et al., 
2008; Vanacken, et al., 2009), the collaboration 
and competitiveness facility exists, but the evalu-
ations done are inexistent (yet planned for future 
studies), or with a very small number of patients. 

The family and friends can also give a contribution 
in the rehabilitation process, by adding a social 
support and this can go beyond an increase in 
the patients’ motivation. This social support can 
come also from other fellow patients or therapists 
for instance.

However, in all of these works rehabilitation 
criteria such as progress monitoring, performance 
feedback and adaptability are present. The solu-
tion adopted should be technologically advanced 
to detect, log, and analyze patients’ motions and 
tasks prescribed by the therapists.

On the other hand, the design of the rehabilita-
tion tasks is a very complex issue that depends in 
the kind of disabilities of the patient in rehabili-
tation. These disabilities can be diverse and so 
it would be necessary a program adapted to the 
patient needs in order to achieve the best results 
in the rehabilitation program. Based on that, the 
design of the rehabilitation tasks would require 
a multidisciplinary team from the medical field 
composed with doctors, nurses, psychologists, 
physiotherapists, and therapists. Also it would 
require professionals of the game design field. 
This is difficult since it implies communication 
between different professionals (and languages).

It is our intention to further research if the use 
of new forms of interaction in a serious game 
can increase the motivation of the rehabilita-
tion program, having in account all the aspects 
referred above.

RehaCom: A Reference 
System for Rehabilitation

As it would be difficult to arrange a multidisci-
plinary team responsible for designing the game, 
in order to minimize the complexity associated 
with that task, we use an existing and established 
system as a reference for the design task of our 
game – The RehaCom system.

There are other similar systems in cognitive 
rehabilitation, namely the StrongArm System 
(StrongArm, 2007), Parrot Software System 
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(Weiner, 2011), and the cognitive software of Fun-
dación INTRAS (Intras, 2004). The first system, 
initially developed for head/brain injury patients, 
but now also used for other treatments like stroke 
patients, geriatrics, Alzheimer patients and chil-
dren with learning problems, can be used by indi-
viduals at home, besides the rehabilitation centers 
or public schools and shows results of its efficacy 
evaluation from a controlled trial held during over 
3 years. The Parrot Software System, developed 
initially for speech rehabilitation, includes now 
different programs for communication, memory, 
cognitive reasoning, and attention rehabilitation, 
can be used at hospitals or rehabilitation centers 
or at home, providing an internet option as an 
alternative to purchasing the software. Fundación 
INTRAS (Intras, 2004) provides programs of 
cognitive software (with modules for attention, 
perception, memory, orientation and calculation) 
for use in rehabilitations centers or clinics but also 
for home rehabilitation.

Although these cognitive rehabilitation sys-
tems are used in many clinics/hospitals, the Re-
haCom system has results proven scientifically, 
with a great number of patients. Additionally, 
another major reason to use RehaCom is that we 
have access to patients using the system and this 
will enable us to conduct tests that can validate 
our approach.

RehaCom is composed of a set of Serious 
Games that are used in the rehabilitation sessions. 
This system is widely used and tested in the area 
of cognitive rehabilitation, in various hospitals and 
clinics. His effectiveness has been demonstrated 
in a number of studies all very well referenced 

(with a description of the study conducted) in the 
RehaCom Catalogue (Schuhfried, 2011). Figure 
2 presents a picture of the RehaCom System. The 
interaction technology used by this system consists 
in a special panel, the mouse or a touch screen.

RehaCom is a computer-assisted modular 
system that requires an experienced therapist and 
is composed of training procedures for training 
different skills: attention, memory, executive, field 
of view and visuomotors. Each training procedure 
consists of a specific task that the patient must 
accomplish. Figure 3. displays the training pro-
cedures RehaCom offers for each training program 
or application area.

For example in the category “Executive Func-
tions”, RehaCom provides the shopping game. In 
this game, the patient receives a shopping list with 
all the items that he needs to find in the super-
market and put in his shopping basket. Once he 

Figure 2. RehaCom system

Figure 3. Training procedures of system RehaCom by application area
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has all the items in the basket, he can go to the 
till and leave the supermarket. The difficulty is 
increased by adding to the number of articles that 
need to be purchased. In the second mode the 
article prices must be added up and compared 
with the amount of money that is available.

In a “Plan a Day” game, the patient has to 
schedule necessary activities in the best possible 
sequence. The patient is provided with a map 
showing buildings (bank, café, post office etc.) that 
must be visited according with the plan that the 
client draws up, considering priorities, minimizing 
distance traveled and maximizing the number of 
activities completed.

Figure 4 shows the game “Attention and 
concentration” that is included in the category 
of “Attention Training”. In this game, there is a 
matrix of pictures on the left and separated on 
the right a comparison picture. The picture on the 
right that matches the comparison picture must 
be identified.

Figure 4 shows the “Memory for Words” game 
that is included in the “Memory Training” cate-
gory. In this game the goal is to recognize words 
that were memorized in a first (learning) phase 
and that after appear in a sequence of other words.

These games offer characteristics like: adapt-
ability and performance feedback that potentiate 
the motivational and enjoyment aspects of the 
game. Adaptability allows that task difficulty 
increases automatically as learning progresses so 
the patient is not faced with tasks that are too easy 
or too difficult for him. In respect to performance 

feedback, the system informs the patient of his 
progress in motivational ways. If an error is made 
the patient receives specific feedback. When a 
session ends, a performance chart appears on the 
screen where the patient sees his progress made 
from session to session.

RehaCom system also offers the functionalities 
specific to rehabilitation like progress monitoring 
and portability advantages. With progress monitor-
ing, the therapist can analyze the patient’s progress 
and identify and influence his performance deficits 
and reserves. In terms of portability, RehaCom 
requires the presence of the therapist in order to 
discuss the patient’s training goal and results at 
the beginning and end of training. Therefore, it 
reduces considerably the workload of participants 
in the therapy.

A Serious Game Prototype 
for Rehabilitation

We believe that the use of natural forms of interac-
tion and Serious Games can augment the efficacy 
of the rehabilitation process, by increasing the 
motivation of the patients in the therapy sessions. 
In order to investigate this, the approach used was 
to choose one of the games from RehaCom to de-
sign and implement and introduce to it new forms 
of interaction, not included in RehaCom’s games.

Figure 4. RehaCom games: (left) Attention and concentration; (right) Memory for words
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Game Concept

The game prototype developed can serve as a 
proof-of-concept application to investigate if 
these new forms of interaction can be applied to 
increase motivation in rehabilitation patients. Our 
implementation of the game reproduces the game 
mechanism of the Memory for Words game of 
RehaCom system, illustrated in Figure 4 (right). 
This game is included in the “Memory Training” 
category of RehaCom, as can be seen in Figure 3. 
The goal of this game is to recognize a set of words 
that were memorized in a first (learning) phase 
and that after appear in a sequence of other words. 
The interface of the game is two-dimensional.

Game Interaction Technology

In RehaCom “Memory for Words” game the words 
were chosen by the user using the special panel, 
the mouse or a touch screen. Our implementation 
of the game considers three forms of input: using 
the mouse (mouse detection), using some noise 
(sound detection), or using some motion (motion 
detection). Figure 5 shows the screen interface of 
our game that is presented to the player asking 
him to choose from one of these forms of interac-
tion. Figure 6 presents some screenshots of the 
game play.

The hardware required to run this game pro-
totype consists in a laptop or computer desktop 
with internet access, a microphone and a webcam.

Game Implementation

The game prototype was implemented in the 
Adobe Flash platform, using the ActionScript 3.0 
programming language.

Adobe Flash allows to work with the sound 
captured from the microphone attached to the 
computer using the Microphone class which re-
turns the current activity level of the microphone 
(Keith, 2009). Video input is handled through the 
Camera class which allows to detect levels of mo-
tion and to make the stream of the captured data 
over the network, or locally to an instance of the 
Video class which makes the display of the data 
(Keith, 2009). This allows also to analyze images 
pixel by pixel and to implement image processing 
and computer vision filters.

Figure 6. Screenshots of the game play

Figure 5. Screen interface of the game asking to 
choose the input option.
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The possibilities of the Flash ActionScript 
API are encouraging as it provides, besides an 
OOP language, a rich and complete set of classes 
devoted and oriented to develop interactive, in-
terconnected and rich-media applications. There 
are already third-party libraries and frameworks 
that extend this capabilities with more elaborated 
tools to handle for instance face recognition tasks 
- such as the Marilena (Masakazu, 2008) port of 
the OpenCV (OpenCVWiki, 2010) object rec-
ognition, the FlARToolkit (SparkWiki, 2011) - a 
port of the disseminated ARToolkit (Lamb, 2003) 
for Augmented Reality, PaperVision3D (Paper-
Vision3D, 2010) to handle three dimensional 
object representations such as virtual worlds and 
TUIO AS3 Lib – a library that implements the 
TUIO (Kaltenbrunner, Bovermann, Bencina, & 
Costanza, 2005) framework for tangible multi-
touch surfaces.

Figure 7 presents a block diagram of the 
modular architecture of the system. The detec-

tion modules (mouse, sound and motion) have 
functions to prevent the detection of two levels of 
consecutive sounds. They also include functions 
of calibration of the recognition modules to be 
adjusted to the environment conditions like the 
background noise level and/or lighting issues.

Adobe Flash provides classes that allow basic 
mechanisms to activate the detection of some 
specified level of sound and/or motion. With the 
sound and/or motion interaction, one of the prob-
lems is that the game velocity is limited by the 
detection process itself. With a sound or motion 
interaction, a user cannot play as quickly as it 
would if he was using mouse clicks.

In the developed prototype, the three modes 
of interaction (mouse, sound and motion) can be 
enabled and activated at the same time. However, 
for the purpose of the current study, the actual 
configuration uses only one mode of the inter-
action at a time, which the user chooses in the 
beginning of the game.

Figure7. Representation of the main modules of the prototype system, with particular detail on the input 
modalities



1201

New Forms of Interaction in Serious Games for Rehabilitation

User Testing

To validate our prototype we conduct a small user 
study with 20 healthy users. This study can thus 
serve to evaluate the playability of the game in 
what concerns the three input forms of interaction 
before running a usability study with patients in 
rehabilitation. First we made a small demonstration 
of the three input options of the game. Each user 
then played five times the game in each of its three 
input options and filled a questionnaire. The first 
two times were for him to become accustomed 
to the interface and the remaining to evaluate the 
game. In Figure 8 is presented an excerpt of the 
questionnaire we used in this study.

The majority of participants enjoyed playing 
all the input options, with the sound input option 
being considered the most enjoyable (55% agree-
ing and 20% strongly agreeing that this option 
was enjoyable) and the motion option being con-
sidered the least enjoyable (65% agreeing and 5% 
strongly agreeing that this option was enjoyable).

The majority of participants found the input 
mechanism of the game intuitive, with the mouse 
option being considered the most intuitive one 
(25% agreeing and 60% strongly agreeing that 
this option was intuitive) and the motion option 
being considered the least intuitive (35% agree-

ing and 30% strongly agreeing that this option 
was intuitive).

Relatively to the feedback of the game, the 
majority of participants found the feedback of 
the game effective, with the mouse option being 
considered the most effective (45% agreeing and 
45% strongly agreeing that this option was intui-
tive) and the motion option being considered the 
least effective (40% agreeing and 25% strongly 
agreeing that this option was intuitive). To notice 
here that the results obtained in the sound option 
were very close to the results of the mouse option 
(45% agreeing and 35% strongly agreeing that 
this option was intuitive).

The majority of player considered play again 
more times the game, with the sound input op-
tion being the most chosen to play again (35% 
agreeing and 40% strongly agreeing that they 
would play again that option), and the mouse 
input option being the less chosen (30% agreeing 
and 25% strongly agreeing that they would play 
again that option).

Figure 9 presents a chart illustrating the 
results described relatively to question 1 of the 
questionnaire.

Figure 10 presents another excerpt of the 
questionnaire that we used in the study.

Figure 8. An excerpt of the first part of the questionnaire used in the playability study
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When asked to compare the three input game 
options, the participants felt more involved with 
the motion input option (50% against 15% that 
chosen the sound input option and 35% the mouse 
input option), they considered the mouse option 
the most intuitive input (60% against 15% that 
chosen the sound input option and 25% the motion 
input option) and would play again the motion 
and mouse option (40% against 20% that chosen 
the sound option). Figure 11 presents a chart il-
lustrating the results obtained in each input option 
in respect question 2 included in the last excerpt 
shown of the questionnaire.

Comparison with Reviewed Systems

A comparison with the systems that were described 
and reviewed in section “Background” of this 
chapter can be analyzed from Figure 1 which 
presents the characteristics of our prototyped 
system, according to the criteria we have chosen 
to classify the referred reviewed systems.

Our system uses three input devices as in-
teraction technology: a webcam, a microphone 
and a keyboard. These input devices can be used 
alternately in the game. In the beginning of the 
game, the player can choose among three input 
options: mouse, motion and sound. The player 
can use only the mouse as input device in the 

Figure 9. Results from the questionnaire relatively to question 1 of the questionnaire

Figure 10. Excerpt of the second of the questionnaire used in the playability study
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first version of the game; in the second version 
of the game, he must use movements of his body 
(hands, head, arms) to make the selections and 
play the game; in the sound option, the player has 
to make some sound effect (talk, clapping, yell, 
etc.) to play the game.

Our system does not provide a facility for 
collaboration/competition. This facility would be 
considered in future versions of our game.

In respect to application area, the prototyped 
game is to be used in a cognitive rehabilitation 
context. The game implemented is a re-implemen-
tation of the game mechanism of a words memory 
game included in a widely used and tested reha-
bilitation system that is described in the previous 
section –the RehaCom system, which use is well 
proven in cognitive rehabilitation sessions.

For each of the input options of the game, we 
have considered in its design some of the design 
principles that should exist in a rehabilitation con-
text such as performance feedback, adaptability, 
progress monitoring and portability. Performance 
feedback is created in the game through the feed-
back given to the player by visual messages for 
right or wrong answers, information about score, 
sprites changing text messages and text colors. 
Adaptability is provided by changing the speed and 
difficulty of the game, according to player’s per-

formance. Beyond the game mechanics, progress 
monitoring is also a fundamental feature in order 
to enable track and analysis of the rehabilitation 
plan. This facility is already prepared, although 
was not used in this study. In terms of portability, 
our system can be used for home rehabilitation, 
as it only requires a laptop/ desktop computer 
with internet access, a webcam and a microphone.

The problems found as a result of the play-
ability study can be improved in future versions 
of the game. The next phase of our study will be 
to involve a larger number of patients in rehabili-
tation with improved versions of our prototype.

Compared with the reviewed systems, our 
system gathers a set of advantages that can be 
enunciated as low cost, portability, easy access, 
and a large diversity of interaction mechanisms, 
attracting a larger number of players and a larger 
number of player interactions with the game. An-
other major advantage is that it is based in a game 
well tested in clinic terms and that makes part of 
a reference system used in cognitive rehabilita-
tion. Our game uses the game mechanism of this 
widely tested rehabilitation game and augments 
it with new interaction mechanisms. The systems 
reviewed are based in games which don´t have 
rehabilitation requisites in mind in its design.

Figure 11. Results from the questionnaire in respect to question 2
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FUTURE RESEARCH DIRECTIONS

From the conducted study it was clear that many 
features of the game would require improvements 
especially in the sound and motion options, such 
as the introduction of a more reliable and adaptive 
facility to make a proper calibration of the input 
sensors and recognition procedures increasing 
the overall robustness of the system by making 
it more reliable in varying noise and illumination 
conditions and also to the patient intrinsic motion 
and voice characteristics, for instance. Many 
participants reported they did not like much the 
motion input option, or considered it less intui-
tive, simply because they didn’t know how much 
they have to move in front of the camera to make 
the word selections. In many situations, a similar 
problem occurred for the sound option. However, 
this study gave us a good starting point to improve 
future versions of the game.

As an immediate direction for future work 
there is the improvement of the above mentioned 
features. As future work we plan to conduct a more 
comprehensive study involving a larger sample 
with patients in rehabilitation.

As a major research opportunity we have identi-
fied that more research is still needed in order to 
demonstrate how distinct and natural input mo-
dalities, such as body motion, hand gestures, voice 
recognition, and facial expressions can increase 
effectiveness of Serious Games for rehabilitation. 
In order to accomplish that task we are currently 
extending a multimodal user interface, originally 
developed and used in the context of intelligent 
wheelchairs (Braga, Petry, Moreira, & Reis, 2009; 
Vasconcelos, 2011). 

Complementarily we have identified as a 
research opportunity the study on how a social 
dimension in Serious Games, such as collaboration 
and competiveness, can benefit the effectiveness 
of the rehabilitation process. Most of the reported 
games are single player/user games. Only few 

games provide a multi-player facility in which 
there is some social activity supported by col-
laborative or competitive tasks. Moreover, there 
are few reported evaluations and most of them use 
a very small sample of patients. We believe that 
the introduction of social support in the games 
can be used to increase the motivation in the 
rehabilitation sessions.

CONCLUSION

In rehabilitation area, there exists many and recent 
Serious Games reported in the literature. However, 
the major problem evidenced in this area is the 
poor motivation of the patients in rehabilitation 
sessions and most of the rehabilitation reported 
games have not yet fully exploited the potential 
of the entertainment that games can provide. 
Therefore, further improvements are needed to 
attain higher levels of motivation for patients in 
rehabilitation programs. Additionally, most of the 
applications reported are only prototypes and were 
experimented with a small number of patients, 
which difficult to take more precise conclusions 
from their effectiveness.

From our study, supported by a comprehen-
sive literature review, interaction technology was 
found as a relevant criterion to achieve a more 
motivational purpose in rehabilitation therapy, 
using computer games. However, in most of the 
games reviewed the interfaces are very simple 
and use traditional forms of interaction, like the 
mouse and the keyboard devices. We believe that 
the use of more natural interfaces in the games 
can contribute to diminish the problem of poor 
motivation in the rehabilitation sessions, since 
it can enable the way the patients interact with 
the system.

To investigate the effect of the interaction 
technology in the motivation of the users it 
was developed a serious game prototype which 
simulates a set of activities that can be used in a 
rehabilitation session. In the prototype, a set of 
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more natural gestures were simulated that can be 
extended to more elaborated Serious Games ap-
plications in order to make them more motivating 
to the users.

The game implemented is a word memory 
game to be used in a cognitive rehabilitation 
therapy session and can be played in three dif-
ferent versions that differ in the interaction input 
form: mouse, sound or motion. For the design of 
the game it was adopted a reference serious game 
system in rehabilitation.

From the playability study conducted with 
healthy users some design problems were identi-
fied that can be improved in future versions of the 
game such as the introduction of more appropriate 
colors in the screens, objects and text messages, 
the introduction of more instructive text messages 
and sounds. Other features to improve include the 
introduction of a facility of game calibration of the 
range of motion of the users. Some participants in 
the evaluation test didn´t like the sound and mo-
tion input option because they didn´t know how 
much to move or make noise to make the words 
selections. However, despite of that, the sound 
and motion input option of the game provided the 
most involvement of the users in the game and 
were the options the users showed more interest 
to play again.

The developed game has many advantages that 
can be evidenced by the fact that it can be played 
online which eases the access to the game platform, 
making the game more accessible to all users, 
including the patients in rehabilitation and thus 
providing a low cost solution to patients training. 
Due to limitations on therapy much of the work 
necessary for the patient’s recovery must be done 
at home and so our solution will facilitate a home 
rehabilitation, in addition to traditional therapy. 
Our prototype also offers an input mechanism that 
is more intuitive and can more easily be adopted 
by people with impairments and disabilities in 
rehabilitation.

In overall, the conducted user study demon-
strated that new forms of interaction were interest-

ing to the users, despite some difficulties, and made 
the user experience more attractive and intuitive.
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KEY TERMS AND DEFINITIONS

Collaboration: Refers to the act of working 
together in a joint effort to fulfill a common set of 
goals. The term collaboration is used here in the 
sense of having games that include collaborative 
tasks where users cooperate in order to reach the 
same goals and promote social interaction between 
the players.

Disability: Any limitation or inability (re-
sulting from an impairment) to accomplish an 
activity in the way or range considered normal 
for an individual.

Edutainment: Refers to the act of learning 
using a medium that educates and also seeks 
to entertain and that is not limited to the use of 
video games.

E-Learning: Refers to a computer-based-
training in which the learning content is delivered 
to many users, through different media, (using 
internet technology) mostly over the Internet or on 
Intranets, and therefore accessible anywhere and 
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anytime. For some authors the “e” in e-Learning 
means electronically delivered learning. However, 
for others (Ahdell & Andresen, 2001) the “e” must 
also imply effective and engaging learning, in 
order to exploit the true potential of e-Learning.

Impairment: Refers to any functioning prob-
lem in a psychological, physiological or anatomi-
cal structure or function of the body.

Natural User Interfaces: The system by 
which users interact with the computer composed 
by input devices other than the traditional key-
board or mouse devices that do not use wires or 
commands and that give the user the sense of an 
easier and intuitive interaction with the system, 
making him to learn more rapidly how to control 
the computer application.

Rehabilitation: Therapy used to recover the 
patient cognitive and motor functions that have 
been diminished by disease or traumatic injury. 
It can include two main applications: cognitive 
rehabilitation and physical/motor rehabilitation. 
Cognitive rehabilitation is focused on the patient’s 
reacquisition of the most independent or highest 
level of functioning. Motor rehabilitation focuses 

the functional reorganization of the motor system 
after damage.

Serious Game: A computer game that allows 
the player to achieve a specific purpose other than 
pure entertainment, using the entertainment and 
engagement components provided when playing 
the game.

Simulation: The imitation of some activities 
of the real world, or process, over time, repre-
senting certain key characteristics or behaviors 
of the selected physical or abstract system for 
various purposes: training, analysis, or prediction. 
Simulation permits users to undertake tasks and 
experience situations which would sometimes be 
impossible or difficult for reasons of logistical, 
safety, cost and time.

Virtual Reality: Refers to computer created 
environments that simulate physical presence in 
places in the real world or in imaginary worlds, 
by using computational techniques and devices. 
The user has the real sensation of being inside of 
the virtual world (immersion) and that is able to 
manipulate the objects (interactivity) of the virtual 
environment just like they were real.


