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ABSTRACT range of motion for weight bearing and/or walking; (2) hip

Virtual reality is a technology that provides a sense of
presence in a real environment with the help of 3D pictures
and animations formed in a computer environment and enable
the person to interact with the objects in that environment. In
other words, VR described as an improved form of human-
computer interaction that allows the user to be part of and
interact with a computer-generated environment. This
research will study on the usage of technology into
rehabilitation process for Cerebral Palsy children. Objectives
of this research is to develop a computer games for Cerebral
Palsy children. Testing and commissioning have been
conducted in order to ensure the game is properly developed
for the target group.
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1. INTRODUCTION

There is no universally accepted definition of Cerebral Palsy
(CP). The International Workshop on Definition and
Classification of Cerebral Palsy in 2007 was offered for
international consensus and adoption for CP definition as
follow, “Cerebral Palsy (CP) describes a group of permanent
disorders of the development of movement and posture,
causing activity limitation, that are attributed to non-
progressive disturbances that occurred in the developing fetal
or infant brain. The motor disorders of cerebral palsy are often
accompanied by disturbances of sensation, perception,
cognition, communication, and behaviour, by epilepsy, and by
secondary musculoskeletal problems”. The prevalence of CP
range from 2 to 2.5per 1000 births worldwide (Mohammad,
2006; Rosen & Dickinson, 1992; Odding, Roebroeck,& Stam,
2006). It is the most common motor disorders in childhood
(Capute & Accardo’s, 2008). In 2011, they were 170 CP cases
reported and represented 7.6% of the total registration of
children with special need in Malaysia (Ministry of Health
Malaysia [MOH], 2011). It was increased by 26.5% (215
cases) in 2012.

It has been estimated that about 80% of children with CP have
some type of movement disorder (Delgado, & Albright, 2003).
CP can be categorized according to the types of topographic
motor involvement. It is including monoplegia, diplegia,
hemiplegia, triplegia, quadriplegia, and double hemiplegia
(Mohammad, 2006). Rehabilitation for children with cerebral
palsy is not a ““‘fix”” but rather should focus on developing
function (Novak, 2014). Recent systematic review evidence
recommended that the interventions would address the family’s
goals and standard care for children with CP should include the
following suite of interventions (1) casting for improving ankle

surveillance for maintaining hip joint integrity; (3) bimanual
training, constraint-induced movement therapy, context-
focused therapy, goal-directed/functional training, and/or home
programmes for improving motor activities or self-care
function; (4) BoNT, diazepam, or selective dorsal rhizotomy
for spasticity management; (5) fitness training for aerobic
fitness; (6) pressure care for reducing the risk of ulcers; (7)
bisphosphonates for improving bone mineral density; and (8)
anticonvulsants for managing seiures (Novak et al., 2013).
Rehabilitation program should be designed at the activities and
participation level that put the point on the child’s strengths
and reflect their interests and motivations, and ultimately seek
to help children live an inclusive and contented life (Novak et
al., 2013). Child-active rehabilitation approaches is one of the
contemporaneous management approaches of CP (Novak,
2014). The others including (1) compensatory and environment
adaptation and (2) health and secondary prevention
approaches. Child-active approaches are the new best-practice
where the child is actively practicing real-life tasks during
intervention, for improving or consolidating functional skill
that they want to learn (Novak, 2014). Child-active approaches
are in line with current neuroscience evidence about inducing
maximal neuroplasticity, and these learning-based approaches
include the following features: goal-based, taskspecific
practice, high-dose repetition, use-dependent plasticity,
experience-dependent  plasticity, and learning-dependent
plasticity (Novak, 2014).

New tools that is crop up for rehabilitation where its allows
individuals to experience and interact with computer-generated
environments through their senses, including vision, touch
and/or hearing is virtual reality (Levin, 2011). Using virtual
reality in rehabilitation was reportedly improved balance when
standing, better hand control, and enhanced “fitness” Fehlings,
2001). Many CP children also report that they enjoy the
competitive aspect of beating their previous scores in the VR
activities (Fehlings, 2001).

Virtual reality (VR) technology is rapidly becoming a popular
application for physical rehabilitation and motor control
research. But questions remain about whether this technology
really extends our ability to influence the nervous system or
whether moving within a virtual environment just motivates
the individual to perform. Virtual Reality technology has been
commercially from the oil and gas industry to manufacturing
(especially airplanes and cars), to military and medical care. In
Medicine, VR has been used in teaching anatomy, training in
diagnostic procedures (such as virtual colonoscopy, or virtual
bronchoscopy), teaching open and minimallyinvasive surgery
procedures, and in rehabilitation. Referring to Baram (2006) in
his study about Virtual reality cues for improvement of gait in
patients with multiple sclerosis, VR assisted methods of
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rehabilitation have been devised to assess and treat both
cognitive deficits and motor disorders. Kawasaki (2006) also
conclude that VR environment has been introduced to make
the training enjoyable and improve better in healing process.
This statement also supported by Matthew et al (2011) in their
statement,  “Activity-promoting gaming systems may
encourage activity (especially in sedentary individuals) and
complement rehabilitation”.

New technologies like VR play an important role in functional
training and performance. VR allows intensive and
motivational training. It enables the use of many interactive
environments and multiple sensory feedbacks. The use of this
technology in disabled individuals ensures communication
with others, improves social relations, and increases
independence. VR meets important criteria for motor learning
and motor control. VR applications also enable the therapist to
train the child at home without supervision from the expert.
High levels of motivation, participation, and cooperation are
essential components of a game system. These characteristics
of the training support behavioral changes and neural
plasticity. VR implementation in children with CP positively
affects brain reorganization, plasticity, motor capacity, visual
perceptive skills, social participation and personal factors.
Some of the benefits of using Virtual Reality in rehabilitation
are it increases the CP children motivation, it can demonstrate
target-directed functions more realistically, provide an
experience for the child according to his/her own motor
learning capacity and provide interactive treatment security
systems work on the same basic principle of securing entry
points of doors and windows, as well as interior space.

2. OVERVIEW

2.1 Problem Statement

One word comes to mind about rehabilitation is boring.
Indeed, rehabilitation traditionaly is repetitive, and repetition
tends to reduce patient’s motivation. Another characteristic is
the predominance of simple mechanical devices with little or
no computerized sensing. Thus there are errors in interpreting
evaluation data because there are no widespread online
databases. Traditional rehabilitation is done one-to-one,
meaning one therapist (or sometimes several) working with
one patient. Thus costs are high, especially for demanding
patients such as those with traumatic brain injury or spinal
chord injury. For the portion of therapy that the patient is
doing at home, there currently is no monitoring. This results
in varying degrees of compliance with the prescribed exercise
regimen, and a larger than necessary variability in treatment
outcome.

2.2 Objectives
The main objectives of this project are:

a) To identify the virtual reality development framework that
suitable for cerebral palsy rehabilitation process for children.

b) To develop an exergame using VR technology for cerebral
palsy rehabilitation.

2.3 Scope and Limitations
Scope for this project includes:

a) This research focus on children patient with cerebral palsy
known as spastic hemiplegia, one side of the body is affected,
usually the arm more than the leg. The focus group on type of
CP is the mild CP which is the first category that not severe.
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The virtual reality game only addresses the ways in which
upper limbs and memories are improved.

b) In this research, user will be able to control the
environment by using the head mount display (HMD) and the
controller configurations will be input by Oculus Touch
controllers. It involves hands movement and gestures for the
movements of their head that can be transmitted into the
game.

c) For the system development, this research focus on VR
game for CP children. The research focus on five stages for
patient to play.

3. LITERATURE REVIEW

Since the first time the term "Virtual Reality" (VR) has been
used back in the 60s, VR has evolved in different manners
becoming more and more like the real world. The former is a
computer-based environment that can simulate places in the
real or imagined worlds. In the past, there was a major
difficulty about using equipment such as a helmet with
goggles, while now new devices are being developed to make
usability better for the user. VR, which is based on three basic
principles: Immersion, Interaction, and User involvement with
the environment and narrative, offers a very high potential in
education by making learning more motivating and engaging
(Laura and Freina, 2015).

Based on (Upadhyay and Khandelwal, 2018), shows that VR's
hardware, content and apps are more realistic and immersive,
leading to increased visibility and popularity. VR learning
imitates genuine employment and trainees do better at their
real employment with immersive knowledge. VR is used to
train, transform and enhance its dynamics, immersion,
commitment, affordability, and remote accessibility. Use of
virtual reality technology to promote and provide new method
possibilities for greater education schooling and learning. In
addition to defining the potential obstacles to adopting VR, this
paper is designed to identify student opinions on the
implementation of VR technology within their degree
programmes, from a teaching method angle (Baxter and
Hainey, 2019).

Games, which are on social networking platforms, have their
own features, which distinguish them from other digital games.
The study wants to explore social and social game variables
and their role in enhancing the thrill of being felt. It also
examines the relationship between perceived pleasure, subject
matter, critical mass considered, playful intentions and actual
behavior (Chen, Lu, & Wang, 2016). Research in games and
learning diverged into "games for learning" and "games as
learning." Study wants to provide a third framed ' Learning
games ' that can assist people deal with lived experiences
outside of formal, educational environments with these media
(Duncan, 2016). In certain fields of formal education, game-
based learning was very effectively used. The use of games in
education and learning is increasing. The specific aims are to
assess the effectiveness of the game as a teaching process,
explore student learning experience, preference and motivation
to participate in the game, and identify the connection between
game and the learning experience of students and overall
satisfaction (Oo & Lim, 2016).

In developed countries, strokes are the most prevalent cause of
adult long-term disability. Continued involvement in
rehabilitation may relieve some of the effects and help stroke
patients recover. Physical rehabilitation, however, requires a
long commitment to tedious practice routines that often cause
patients to give up such a therapeutic approach. In this sense,
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the rehabilitation of the stroke based on games can tackle two
significant obstacles: rehabilitation accessibility and patient
motivation (Kamkarhaghighi, Mirza-Babaei, El-Khatib, and
Gerling, 2017). Study describes a fresh strategy, which takes
complicated medical, food and activity data and provides it to
diabetic patients through a mobile app / game that makes this
complicated information more available by using interactive
3D computer graphics and playing. Pilot randomized outcomes
of the control research showed that the use of interactive 3D
games by Diabetes Visualizer improves participants
'knowledge of the situation and their daily management.
Increased the interest of and willingness to participate with
diabetes management was also stimulated by the Diabetes
Visualizer application (Patterson, 2014).

The use of video games in rehabilitation is becoming more
popular to clinicians. These games are embedded in off-the-
shelf commercial entertainment applications or especially-
developed for clinical purposes. Treatment of CP children is a
challenging task for clinicians. Lack of motivation and
progress monitoring are two important factors clinicians need
to deal with. The use of serious games (SG), sometimes
referred to as Virtual Rehabilitation (VR), could therefore be
an interesting adjuvant to conventional treatment for these
patients. This is however a new discipline and many scientific
issues remain to be solved (Bonnechére, Jansen, Omelina,
Degelaen, Wermenbol, 2014).

Rehabilitation programs for people with CP are increasingly
using virtual reality environments for improving engine
practice with increasing accessibility to computer-aided
technology. Therefore, it is essential to consider whether
improving efficiency in the virtual setting generalizes to the
natural setting. However, these improvements have been
particular to the setting in practice, no transfer has been made
of learning. It concludes that it should not be taken for
granted, but should be closely regarded, to application of
virtual settings for engine rehabilitation in people with CP
(Monteiro, Massetti, Silva, Kamp, Abreu, 2014).

4. METHODOLOGY

This Research methodology is a gathered data and
information about a specific topic or object. In other word,
Study is the systematic investigation of new topic or issue to
review other present understanding by finding fresh facts.
This section will clarify the details of the methodology used to
complete this project. The ADDIE Model is the best
methodology to make full use of this project. The ADDIE
model is the generic method that educational designers and
training developers have traditionally used. The five stages of
Analysis, Design, Development, Implementation, and
Evaluation are a vibrant, flexible guideline to build efficient
instruments for coaching and performance support. Although
perhaps the most popular design model, the ADDIE model
has several weaknesses that have resulted in a number of spin-
offs or variants. Figure 1 shows the ADDIE model method.
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EVALUATION

IMPLEMENTATION

Figure 1: ADDIE Model Method
(Hidayanto et al, 2017)

4.1 Analysis

The analysis phase clarifies the educational issue, establishes
the main objectives and identifies the understanding to help
this CP people and analyse their abilities. The project
developer then observes the CP children and interviews
expertise to gather extra user information to enhance the
project and make it more user-friendly. Then analyses are
made of the gathered information

4.2 Design

This stage describes additional details about the CP children's
VR game. The main interface for the game, the logo and the
button to be used in the game is the design for this project.
The storyboard method is used to show the game design
because the design can be understood by storyboard. It is
simple and not complicated to produce the framework, which
guarantees that the user interacts without problems. There are
few sound effect and background music added to make the
user feels immerse and enjoy the environment.

4.3 Development

Production is begun in this stage. The first thing to do when
creating Virtual Reality is to build the fundamental 3D model
by using Autodesk Maya for the balloon and blocks designs.
The model will then transfer to Unity 3D to create the VR
environment. Developer will create the environment as well
as applying music and sound effect to help user interact with
the environment.

4.4 Implementation

Testing the prototype with the user to make sure the project
has no mistakes come to this stage. The project will be test by
the CP children to know their opinions. Implementation is an
important step in the ADDIE process, as the data will be
transmitted to the user during this phase.

4.5 Evaluation

In the evaluation phase, it involves the process of evaluating
the VR for CP children game that was developed. Evaluation
process is done by gathering feedback from the user which is
the CP children and the trainer/parents who will help the CP
with the device. This is the phase developer must react to the
feedback to improve the project’s quality.

5. ANALYSIS

Based on (Stake, 1995), qualitative data consist of words,
observations, pictures, and symbols. Qualitative Data
Analysis (QDA) refers to the processes and procedures that
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are used to analyze the data and provide some level or
explanation, understanding, or interpretation. Qualitative data
analysis typically occurs simultaneously with the data
collection.

Observation and interviews are some of the of the way to
gather data. Pemulihan Dalam Komuniti (PDK) Tanjong
Karang is a place that have one of the CP children, so the
observations start here. Puan Ida Hasni, UITM Puncak Alam
physiotherapy lecturer is the person that can help the
development of this project. This project observation process
take place at PDK Tanjong Karang, Selangor. There are
currently one CP children and one CP adult in the PDK.
Children that have CP issues here in PDK Tanjong Karang
have movement problems at their upper limb that consists of
elbow, wrist and hand rotation and movement.

Questionnaires is a way is used to collect the data and
information from the respondents. The questionnaires were
delivered to the respondents which is parents of CP children
by using google form and the respondents will answer the
question in the developer device. The total of respondents that
has been choose in this project was 10 respondents that
already been submitted by respondent.

Do you want Your child to play and exercise their movement at the

same time using VR?
® Yes
® No
Maybe

Figure 2: Percentage of parents willing to adapt using VR
for rehabilitation

Would you like to have this VR game for your child?

) responses

® Yes
® No
Maybe

Figure 3: Acceptance of technology

Figure 2 and 3 shows that most parents willing to adapt in
using technology for rehabilitation purposes.

6. DESIGN
Figure 4 shows the flow chart of the game that is design for
children with CP.
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LEVEL 1
Environment Difficulty
« Popping balloons « Easy
L
LEVEL 2
Environment Difficulty
* Getrid of bees e Easy
<
LEVEL 3
Environment Difficulty
» 5Slide blocks based on *  Medium
color
L
LEVEL 4
Environment Difficulty
* Simple question *  Medium
based on picture
* User need to touch
the right answer
<
LEVEL 5
Environment Difficulty
» Pick up and put down * Hard
blocks

Figure 4: Flow chart of the game

Flowchart is used to show the levels implemented in the
games that increase the game difficulty at each level in this
project. Each level has its various difficulties and make the
game become more challenging. The design that must have to
develop this project is main menu interface, interface of the
game, model and button for the game project. Sound effect
and background music then applied for user’s entertainment
and feel the 3D environment. This design can attract user to
play it simultaneously. This project consists 5 levels/stages for
the user to interact.

7. CONCLUSION

This research can be extended in future in terms of application
for other disabilities. Game that has been design can assist in
rehabilitation process especially for patient with Cerebral
Palsy.
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