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ABSTRACT

The aim of the present study was to determine the user satisfaction of the EyeToy for the
training of the upper limb in children with cerebral palsy (CP). User satisfaction was mea-
sured in 12 children with CP, using a postexperience questionnaire, primarily based on a pres-
ence questionnaire. In general, children with CP were satisfied with and motivated by the
EyeToy training. In addition, a first evaluation study was performed to determine the effect
of this training method on the upper limb function. Ten children with CP were randomly as-
signed to the intervention (mean age 11 years, 9 months; SD 2,3) and the control group (mean
age 12 years, 3 months; SD 3,2). After a treatment period of 6 weeks, the intervention group
completed a user satisfaction questionnaire. Functional outcome was measured using the Mel-
bourne Assessment scores. Percentage scores of the Melbourne Assessment of 7 of the 10 chil-
dren were the same or changed only 1% to 2% from baseline to followup. However, in the
experimental group, two children improved more, 9% and 13% respectively. In conclusion, it
can be said that the EyeToy is a motivational training tool for the training of children with
CP and has the potential to improve upper extremity function.
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INTRODUCTION

CEREBRAL PALSY (CP) is a clinical syndrome char-
acterized by movement disorders caused by a

nonprogressive injury to the immature brain. The
prevalence of CP in Western countries is approxi-
mately 2.0 to 2.5 per 1,000 live births.1 One of the
consequences of CP is an impaired motor function
of the arm and hand. Arm movements, such as
reaching and grasping, are essential for various ac-
tivities of daily life. As such, an important part of
rehabilitation treatment is aimed at achieving the
maximum functional ability of the impaired arm. To

integrate the affected arm in children with CP, it is
essential to make rehabilitation treatment more
challenging—for example, by integrating play and
leisure occupations in therapy.2,3

It is suggested that computer play, such as vir-
tual reality, could be used in rehabilitation for chil-
dren with disabilities.4 These technologies have sev-
eral strengths, including the capability of VR to
adapt the virtual environment (VE) relatively easily
to meet the needs of a user’s physical abilities. Other
advantages are that children play in a safe envi-
ronment, preventing injury,5 that VR facilitates real-
time performance feedback and independent moti-
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vational training, and VR has the capacity to increase
the complexity of tasks. Despite the promises of VR
in rehabilitation, many of the current VR systems
have several limitations (e.g., high costs, presence of
wires that limit user movements), which hamper im-
plementation in clinical practice.5 A VR technique
without interaction and wiring problems is motion-
capturing VR. This technique is related to the video-
capture VR gaming platforms in which users interact
with the VEs by making body (mainly arm) move-
ments. The Mandala® Gesture Xtreme (GX) System
combined this technique with video game environ-
ments. Reid investigated this application in children
with CP.6 The children received increased compe-
tence, self-assurance, self-esteem, self-worth, and con-
trol over the VEs.3 They also found that the VR game
stimulated playfulness and was a very motivating ac-
tivity.6 Although the Mandala GX System seems suit-
able for the integration of play and leisure in rehabil-
itation, it is expensive and is not available off the shelf.
A recent product that incorporates motion capturing
is the EyeToy application. The game EyeToy: Play is
used with the PlayStation 2 platform, which is rela-
tively inexpensive. The aim of this study was to de-
termine user satisfaction of the EyeToy for the train-
ing of the upper limb in children with CP. In addition,
a first evaluation study was performed to determine
the effect of this training method on the upper limb
function.

USER SATISFACTION STUDY

Participants

Twelve children with CP, treated at a local reha-
bilitation hospital, were approached to participate
in the present user satisfaction study. Before partic-

ipation of the children, both children and parents
signed an informed consent. The inclusion criteria
specified that participants (a) are between 7 and 16
years; (b) have a diagnosis of CP; (c) can understand
the Dutch language; and (d) can stretch and bend
the shoulder and elbow of their affected arm. The
exclusion criteria were (a) a visual or auditory im-
pairment; (b) epilepsy; and (c) mental retardation.

Apparatus

In this study, the EyeToy: Play (Sony Computer
Entertainment Group Europe Ltd.; United King-
dom) was used (Figure 1). The EyeToy: Play con-
sists of a game disc and a USB camera that is
plugged into a PlayStation 2 (Sony Computer En-
tertainment, Inc.; Tokyo, Japan). Based on prior ex-
pert interviews with physiotherapists and occupa-
tional therapists of the local rehabilitation center,
different EyeToy minigames were selected for the
training sessions. Within these games, patients had
to make gross elbow and shoulder movements to
“touch” and manipulate the virtual objects on the
television screen.

User satisfaction questionnaire

Several usability evaluation methods exist, such
as thinking aloud tests, questionnaires, interviews,
performance tests, focus groups, and heuristic eval-
uation.7 However, the existing evaluation methods,
developed for the 2D graphical user interfaces
(GUIs), are not appropriate for evaluation of VEs.
Therefore, Gabbard specified a taxonomy of usabil-
ity characteristics specifically for VEs.8,9 In addition,
Federoff states that satisfaction is more important
than effectiveness and efficiency in evaluating game
play.10 For collecting user satisfaction with the Eye-
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FIG. 1. Child with CP performing Eye Toy training.
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Toy games, a postexperience questionnaire was de-
veloped for the present study. This user satisfaction
questionnaire for children with disabilities is pri-
marily based on a presence questionnaire11 and ad-
ditionally on several game play10 and VE heuris-
tics.8,9 Statements concerning attitudes and feelings
toward the EyeToy games and clarity for different
aspects of the EyeToy games were presented.

Data analysis

The questions of the user satisfaction question-
naire were grouped by subject (presentation, level

of difficulty, motivation, cognitive abilities, physi-
cal effort) and accordingly presented in frequencies. 

Results

Twelve children with CP completed the user sat-
isfaction questionnaire (Table 1). Answers are pre-
sented in frequencies.

With respect to visual presentation, the children
reported they were able to see all things in the
games very well. The moving objects and figures in
the games were very interesting and attractive to
them. The children experienced no delay between
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TABLE 1. USER SATISFACTION QUESTIONNAIRE: ANSWERS IN FREQUENCIES (N � 12)

1 2 3 4 5

EyeToy™: presentation
I could see all things in the game very well — — — — 12
I found the moving things/objects in the game very interesting — — — 5 7
The things I saw in the game were very attractive — 2 — 4 6
There was no delay in what I did and what I saw in the game — 2 — 2 8
I could hear all sounds very well — — — — 12
The sounds I heard out of the game were very attractive — 3 — 4 5
I couldn’t hear where all sounds out of the game did come from — 3 2 3 4
I found it nice to see myself in the game — 1 4 1 6
I would regret it if I wouldn’t see myself in the game but, for 1 2 1 5 3

example, a cartoon character

EyeToy™: level of difficulty
The game was too hard 4 5 — 3 —
The game wa so fast, it wasn’t too easy; but also wasn’t too hard — 4 — 4 4
I still must learn a lot, before I can play this game very well 5 4 1 1 1
I could predict what was going to happen after I had made a movement — — — 1 11
I had the feeling I could win 1 5 — 4 2

Player: motivation
I would find it nice if I could play the game together with more children — 2 1 3 6

at the same time
I wish I could save the game where I ended, so the next time I can start 1 2 — 2 7

from there
The game was so attractive that I lost all count of time — 1 — 3 8
I would like to play this game more often — 1 — 2 9
EyeToy™ training is less fun than regular physiotherapy 4 3 4 1 —

Player: cognitive capability
This game was easy to understand — — 1 7 4
This game was easy to play — 2 2 4 4
It was very logical playing the game by moving my hands — — — — 12

Player: physical effort
I found it hard to play the game by moving my hands 2 4 1 5 —
I become more tired from this game play than from the regular physiotherapy 1 — 5 5 1
By playing the game, I have learned new movements 3 4 3 2 —
I think I could learn new movements, by playing the game more often 1 4 1 2 4

1 � completely disagree; 2 � slightly disagree; 3 � neutral; 4 � slightly agree; 5 � completely agree.



the movements they made and the reflection of
these movements in the VR games. They liked see-
ing themselves in the games. The experienced level
of difficulty varied among the participating chil-
dren. Overall, the children were motivated to train
with the EyeToy. One child explained this was be-
cause of “more variation in the EyeToy training.”
The children were divided about feeling the need
to win a game. This feeling was enhanced by the
negative feedback of the system after finishing a
game. Although some children had learning diffi-
culties, most of them agreed that the games were
easy to understand. All children intuitively played
the EyeToy games by moving their hands. The ques-
tioned children experienced few difficulties with
playing the game by moving their hands. Becoming
tired because of the therapy did not much differen-
tiate between EyeToy training and regular physio-
therapy.

FIRST EVALUATION STUDY: UPPER
LIMB FUNCTION

Methods

Participants. Ten children with CP, treated at a lo-
cal rehabilitation hospital, were approached by a

specialist in physical medicine and rehabilitation to
participate in the present study. The research proj-
ect was approved by the local Medical Ethical Com-
mittee. Before participation of the children, both
children and parents signed informed consent. The
inclusion criteria specified that patients (a) are be-
tween 7 and 16 years; (b) have a diagnosis of CP;
(c) can understand the Dutch language; and (d) can
stretch and bend the shoulder and elbow of their af-
fected arm. The exclusion criteria were (a) a visual
or auditory impairment; (b) epilepsy; and (c) men-
tal retardation.

At baseline, the Gross Motor Function Classifica-
tion System (GMFCS),12 the Manual Ability Classi-
fication System (MACS),13 and Zancolli classifica-
tion14 were used as an indicator of gross motor
function, manual function, and hand function re-
spectively.

Apparatus. In the present study, EyeToy: Play, as
described previously, was used (Figure 1). Based on
expert interviews with physiotherapists and occu-
pational therapists, the following minigames were
selected for the VR play sessions: Kung Foo (partic-
ipants were challenged to hit virtual characters
jumping from a Chinese tower), Wishi Washi (par-
ticipants were challenged to wash virtual windows
by making gross arm movements), and Keep Ups
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TABLE 2. PARTICIPANT CHARACTERISTICS

Child Zancolli
ID Group Gender Age Diagnosis GMFCS MACS class

01 Control M 14.6 CP spastic tetraplegia III II I
04 Control F 7.0 CP spastic hemiplegia I II I
06 Control M 11.1 CP spastic tetraplegia I III I
08 Control M 10.9 CP spastic tetraplegia IV IV I
09 Control M 15.8 CP spastic diplegia IV III I
02 Intervention M 12.6 CP spastic diplegia IV III I
03 Intervention M 12.8 CP spastic tetraplegia IV IV I
05 Intervention M 16.0 CP spastic tetraplegia I II I
07 Intervention M 13.0 CP spastic tetraplegia I II —
10 Intervention M 7.2 CP spastic tetraplegia I II I

M, male; F, female; CP, cerebral palsy
GMFCS: Level I participants can generally walk without restrictions but tend to be limited in some of

the more advanced motor skills. Level V children are very limited in their ability to move themselves
around even with the use of assistive technology.

MACS: Level I participants can handle objects easily and successfully, even with limitations in speed
and accuracy when performing manual tasks. Level V children can not handle objects and have severely
limited ability to perform even simple actions.

Zancolli: Pattern I indicates an active extension of the fingers with the wrist in less than 20 degrees of
wrist flexion. A child with pattern III has a severe flexion deformity; no active extension of fingers, even
with maximal wrist flexion, can be made.



(participants were challenged to keep up a virtual
ball with their arms).

Outcome measurements. The Melbourne Assess-
ment of Unilateral Upper Limb Function (Mel-
bourne Assessment) was developed to quantify the
quality of upper limb function in children 
between 5 and 15 years old with the diagnosis 
of CP.15,16,17 The assessment consists of 16 items that
examine reach, grasp, release, and manipulation of
the affected upper limb. The individual subscores
were summed to obtain a raw overall score, after
which it was converted to a percentage score.

Procedure. Within this explorative study, children
were randomly assigned to either the control or the
EyeToy game intervention group. After random-
ization, participants were assessed twice for the
Melbourne Assessment: a baseline assessment (T0)
and a follow-up assessment after 6 weeks of train-
ing (T1). The children assigned to the control group
continued with their regular physiotherapy pro-
gram; the five children in the intervention group
used the VR game in addition to their regular phys-
iotherapy. However, the total treatment intensity
was equal for both groups: 30 minutes twice a week
for 6 weeks. Each child’s physiotherapist decided
which of the three EyeToy minigames the child
should play and in what order.

Results

Participants. The study population consisted of
10 children with varying types and degrees of CP.
The characteristics of the participating children are
summarized in Table 2. There were no differences
in descriptive measures between the control group
(n � 5) and the intervention group (n � 5).

Upper limb function. The Melbourne Assessment
total percentage scores for both baseline and fol-
lowup of the 10 participants are presented in Table
3. As can be seen, percentage scores of the Mel-
bourne Assessment of 7 of the 10 children were the
same or changed only 1% to 2% from baseline to
followup. In the experimental group, children 5 and
7 improved more, 9% and 13% respectively.

DISCUSSION

The present study showed that the EyeToy has
the potential to improve arm function in children
with CP. Of the five children in the EyeToy group,
two children improved considerably on the Mel-
bourne Assessment total percentage score (9% and
13%) after following only 6 weeks of EyeToy train-
ing with moderate intensity. No negative side ef-
fects have been reported. This is in accordance with
a study concerning motion-capturing VR games.18

A plausible rationale of the advantages of motor
learning and relearning by means of VR technology
is given by Holden.19 She stated that VR has the po-
tential to increase the number of repetitions, include
augmented feedback, and motivate patients, which
are all important factors for motor learning and re-
lated cortical changes.

In general, the children were satisfied with the
EyeToy training. This is in accordance with the
study of Harris,6 who concluded that playing with
the Mandala GX System was a motivating activity
for children with CP and consequently could be a
successful training method for improving self-es-
teem, mental health, and physical health and for
stimulating social relationships and a sense of self-
concept.
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TABLE 3. TOTAL PERCENTAGE SCORES FOR THE MELBOURNE ASSESSMENT AT T0 AND T1

Child Melbourne score (%) Melbourne score (%) Difference at T1
ID Group T0 T1 (%)

01 Control 67 71 4
04 Control 70 70 0
06 Control 71 70 �1
08 Control 76 75 �1
09 Control 86 88 2
02 Intervention 93 94 1
03 Intervention 61 61 0
05 Intervention 73 82 9
07 Intervention 61 74 13
10 Intervention 53 55 2



However, besides these promising aspects, the
EyeToy has limitations for children with motor dis-
orders. Because the technology of such systems is
not designed with a rehabilitation purpose in mind,
not all the desired adjustments can be made. For ex-
ample, it is not possible to grade the level of diffi-
culty of the game to the child’s capacity and to the
stages of rehabilitation. To make the system even
more appropriate for rehabilitation purposes, ad-
justments to the design of the games, the speed of
the games, and feedback about performance and re-
sults should be implemented to increase motor
learning and relearning. The EyeToy is a promising
intervention tool for the training of upper extrem-
ity function in children with physical disabilities.
The VR game has the potential to improve upper
extremity function, and provides at the same a more
motivational training. However, adaptations to the
system and accompanying VR games are necessary
to make it more suitable for children with CP.
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