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Abstract

Autism spectrum disorder (ASD) is a complex neurological
condition affecting children's behavior, communication, and social
interaction. Early intervention is essential for improving outcomes,

yet access to adequate treatment remains limited in countries like
Algeria. This thesis explores how virtual reality (VR) can offer new
therapeutic tools through the development of a serious game
tailored for children with autism.

The game provides interactive scenes designed to enhance
emotional recognition, communication, and focus, while adapting
to the child's level of severity. Developed using Unity and Meta
XR, the project combines educational and therapeutic goals, with
its effectiveness evaluated through user engagement and
developmental indicators. The thesis includes a literature review,
methodology, game design process, and experimental findings
aimed at supporting future tools for autism therapy.
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Introduction

As one of the most prevalent developmental diseases in young children in recent years,
autism spectrum disorder (ASD) has caused anxiety among families, educators, and med-
ical professionals around the world.

Autism is a multifaceted neurological condition that impacts behavior, social interac-
tion, and communication.

According to research, one of the most important elements in lowering autism symp-
toms and enhancing children’s developmental outcomes is early intervention. However,
conventional approaches to autism treatment are frequently insufficient, particularly in
poorer nations like Algeria where access to specialized resources is still restricted.

The development of novel educational and therapeutic tools to address the difficul-
ties experienced by children with autism has become possible due to technological break-
throughs, particularly in the area of virtual reality (VR).

Children can engage with an immersive virtual world in a secure and regulated setting
with VR technologies, which can enhance their social and cognitive development.

The purpose of this project is to create a serious game in a virtual reality setting that
is especially targeted at young autistic children. Through interactive scenes that promote
communication, emotional identification, focus, and social involvement, the game aims to
lessen the symptoms of autism.

The game is made to adjust to the child’s level of autism (mild, moderate, or severe),
giving them a customized experience that suits their particular requirements.

To accomplish these goals, the research aims to respond to the following queries:

1. How can a serious game based on virtual reality contribute to early intervention in

the treatment of autism in children?

2. What design patterns and techniques are most effective in enhancing the emotional

and social development of children with autism?

An applied method has been used to treat these issues, using tools like Unity and
Meta XR to create interactive gaming environments that target autism characteristics like
emotional recognition, tone of voice comprehension, and enhanced motor coordination and

focus.
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Educational indicators, the game’s simplicity of use, and its therapeutic effects will all
be used to assess how effective this experience is.

There are four major chapters in this thesis. The study’s theoretical framework is
presented in Chapter One, which also includes a literature analysis and definitions of
important terms pertaining to autism, serious games, and VR treatment applications.

The study’s methodology is described in Chapter Two, which also examines the methods
employed in game design and provides a summary of technical terms. The creation and
design of the game’s content are covered in Chapter 3.

The experiment’s findings, data analysis, and suggestions that might aid in the future

creation of therapeutic resources for autistic children are finally presented in Chapter 4.



Chapter 1

Autism Spectrum Disorder:

Overview and Situation in Algeria

1 Definition and Characteristics of Autism Spectrum

Disorder

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition that affects how indi-
viduals perceive and interact with others, leading to persistent difficulties in communication
and social interaction. It is also associated with restricted, repetitive patterns of behavior,
interests, or activities.

The term "spectrum' reflects the wide range of symptoms, skills, and levels of impair-
ment that individuals with ASD may experience. According to the DSM-5 classification,
autism spectrum disorder encompasses several conditions that were previously diagnosed
separately, including autistic disorder, Aspergers syndrome, childhood disintegrative dis-
order, and pervasive developmental disorder not otherwise specified [1].

Although the term Aspergers syndrome is no longer used in official diagnostic manuals,
it is still commonly used by some individuals to describe milder forms of autism.

ASD typically appears during early childhood and can affect social, academic, and
occupational functioning. Most children show signs of autism in the first year of life, such
as lack of eye contact or limited social engagement. However, a small proportion of children
may initially appear to develop typically before experiencing a period of regression between
18 and 24 months, after which symptoms become more apparent [2].

While there is no known cure for ASD, evidence shows that early and intensive be-
havioral intervention can significantly improve developmental outcomes in many children

[3].
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2 Symptoms of Autism Spectrum Disorder

Children with Autism Spectrum Disorder (ASD) may begin to show symptoms as early as
infancy. These can include reduced eye contact, limited responsiveness to their name, or
diminished interest in caregivers. In some cases, children may appear to develop typically
during the first months or years of life, only to later regresslosing previously acquired
language skills or becoming withdrawn or irritable [4].

Symptoms typically become noticeable by the age of two, although the presentation
varies greatly from one child to another. The spectrum nature of the disorder means that
children may range from low- to high-functioning, with differing patterns and severity of
behavior.

While some children with ASD show signs of intellectual disability or delayed cognitive
development, others may demonstrate normal or even high intelligence. However, even
children with strong intellectual abilities may have difficulty with communication, applying
their knowledge in real-life situations, or adapting to social environments.

Determining the severity of ASD can be challenging, as it depends on the combination of
symptoms and how significantly they interfere with daily functioning. Clinicians generally
assess severity based on the level of impairments in social communication and the presence

of restricted or repetitive behaviors. [4].

3 Classification of Autism Spectrum Disorder

The classification of Autism Spectrum Disorder (ASD) has evolved significantly over time.
The condition was first formally included in the Diagnostic and Statistical Manual of Mental
Disorders, Third Edition (DSM-III), published by the American Psychiatric Association
in 1980 [5]. Shortly thereafter, the World Health Organization recognized autism in its
International Classification of Diseases, Tenth Edition (ICD-10) in 1992 [6].

In France, autism was initially categorized as a form of infantile psychosis in the Classi-
fication Francaise des Troubles Mentaux de [Enfant et de [Adolescent (CFTMEA) in 1993.
However, in the revised edition of 2000, the CFTMEA moved closer to international stan-
dards by reclassifying autism as a developmental disorder [7].

What was previously understood as a group of pervasive developmental disorders
(PDDs) often mistakenly viewed as psychiatric or behavioral in origin is now widely
accepted as a set of neurodevelopmental conditions. These are influenced by complex
genetic predispositions, in combination with neurological and environmental factors [8].

As a result, autism spectrum disorder is now viewed not as a mental illness, but as a
lifelong developmental disability that requires continuous, specialized support from early
childhood.
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4 Autism Situation in Algeria

Little is known about autism in Algeria, and due to the limited number of specialized
facilities, access to care for children with Autism Spectrum Disorder (ASD) remains dif-
ficult. Another major challenge is the shortage of professionals and caregivers trained in
autism who can provide consistent support for autistic children in educational and social
environments.

However, in recent years, there has been a growing awareness of the importance of
inclusive education and the role of specialized autism centers. Some schools have started to
implement dedicated classrooms for children with autism, supported by non-governmental

organizations and compassionate individuals.[9]

To better understand the demographic distribution of autistic children in Algeria, Ta-
ble 1.1 shows data collected during the 20182019 period. The statistics represent the
percentage of diagnosed autistic children by age group, highlighting the predominance of

younger age categories in the available records.

Age Group | Percentage
03 to 05 years 15.70%
06 to 10 years 62.81%
11 to 14 years 17.52%
15 to 18 years 3.98%

Table 1.1: Distribution of autistic children in Algeria (2018-2019)

As shown in the table, the majority of autistic children in Algeria are between the
ages of 6 and 10. This reflects the critical need for early screening, intervention programs,
and specialized educational environments targeted at younger children. The relatively low
percentage in the 15-18 age group may indicate underdiagnosis or limited access to care

for older children.

5 Education of Autistic Children in Algeria

According to official governmental sources, the rights of children and persons with dis-
abilities, including the right to education, are protected under Algerian law. In its 2015
report to the United Nations, Algeria emphasized the importance of ensuring equitable
opportunities for children with disabilities in accessing education [10].

The country has implemented procedures to educate children based on the type and
severity of their disabilities. These include integration into mainstream public schools
via inclusive classrooms, particularly for children with hearing or visual impairments, as
established by an interministerial decree in 1998 [11]. Additionally, specialized institutions

under the Ministry of National Solidarity serve children with more specific needs.
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Several national laws underpin the inclusive education framework:

o Law 02-09 (2002), which promotes the protection and education of youth with dis-
abilities [12].

« Law 08-04 (2008), which guarantees education for all Algerians and extends manda-

tory schooling by two years for students with disabilities [13].

« Presidential Decree 09-188 (2009), which ratified the UN Convention on the Rights of
Persons with Disabilities, reinforcing inclusive education and lifelong learning prin-
ciples [14].

However, autism is not explicitly referenced in these foundational texts, which mostly
address sensory disabilities. Autism, by contrast, requires more individualized strategies,
such as specially trained teachers, early diagnosis, and tailored learning plans. Many
parents report difficulties due to a lack of early diagnostic services and limited access to
autism-specific education programs.

In 2014, a regulation authorized the creation of special education classrooms for chil-
dren with moderate intellectual, visual, or hearing impairments [15]. The first formal
recognition of Autism Spectrum Disorder (ASD) in Algerian education policy came with
Interministerial Circular No. 1 in 2019 [16]. This document introduced the role of School
Life Assistants (SLAs), who support students in classrooms, daily activities, and commu-
nication with families. Their collaboration with school staff is essential to ensure successful
integration of students with special needs, including those with moderate autism.

Although the 2019 circular marked an important milestone, it lacks detailed accom-
modations for autistic children, particularly in relation to standardized national exams.
Thus, further legislative developments are required to provide comprehensive educational

support tailored to the needs of autistic students.

6 Characteristics of Children with Autism Spectrum

Disorder

Autism Spectrum Disorder (ASD) typically manifests during early childhood and presents
a wide range of developmental challenges. The condition varies greatly in expression and
severity across individuals, which makes each case of autism unique [2].

Common features of ASD include difficulties in communication and social interaction.
Children with autism may also exhibit repetitive behaviors, restricted and fixated interests,
and heightened sensitivity to sensory stimuli such as sounds, textures, or smells [4].

One of the most notable characteristics of ASD is the variability in how symptoms ap-

pear and how severe they are. While some children may be non-verbal and show significant



Autism Spectrum Disorder

delays in development, others may possess average or above-average intelligence but still
struggle with social communication.

Early diagnosis and intervention are critical. Although ASD has no known cure, timely
support and therapy can substantially improve outcomes. Recognizing the early traits
of autism is essential for understanding how this neurodevelopmental condition affects a
child’s development and for providing individualized care [3].

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5), developed by the

American Psychiatric Association, outlines three primary diagnostic characteristics of ASD

[1]:

« Delayed or absent speech and gestures: Children with ASD may show delays

in language development or may not develop spoken language at all.

o Deficits in social communication: This includes challenges in emotional reci-
procity, difficulty initiating or maintaining social interactions, and a lack of sponta-

neous sharing or social interest.

« Repetitive behaviors (stereotypy): These can include repetitive motor move-

ments or speech, insistence on sameness, and fixated interests.

Although each childs profile is different, ASD symptoms typically emerge between the
ages of one and three years. Early identification allows for timely evaluation and interven-

tion, which are essential for long-term developmental support.

Figure 1.1: Characteristics of Children with Autism!*”
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6.1 Early Signs and Clinical Indicators of Autism

Identifying autism at an early stage is essential for timely intervention and improved de-
velopmental outcomes. Research and clinical guidelines have identified a set of behavioral
signs that may indicate the presence of Autism Spectrum Disorder (ASD) during infancy
and early childhood. These early indicators vary across age groups and may appear grad-
ually or suddenly, including developmental regression.

Table 1.2 summarizes the key clinical signs of ASD risk based on the child’s age in
months. This table can assist parents, educators, and healthcare professionals in recogniz-

ing potential red flags that require further evaluation by specialists.

Age (months) | Clinical Presentation
06-12
e Reduced or limited smiles or other joyful expressions directed at
people
e Limited or no eye contact
o Limited reciprocal sharing of sounds, smiles, or facial expressions
o Diminished, atypical, or no babbling or gesturing (e.g., pointing,
reaching, waving 'bye bye’)
o Limited response to name when called
09-12
o Emerging repetitive behaviors (e.g., spinning or lining up ob-
jects)
o Unusual play (e.g., intense visual or tactile exploration of toys)
12-18
o No single words
o Absence of compensatory gestures (such as pointing)
o Lack of pretend play
o Limited joint attention (initiating, responding, sharing of inter-
ests)
15-24
e Diminished, atypical, or no spontaneous or meaningful two-word
phrases
Any age
o Parental and other caregiver concerns about the possibility of
ASD
» Developmental regression (loss of skills): reduced frequency or
loss of social behaviors (e.g., directing eye gaze to others) and
communication (words and gestures) relative to earlier age

Table 1.2: Early warning signs in children at risk for ASD

As seen in Table 1.2, early symptoms of autism can be identified as early as 6 months of
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age. These include lack of eye contact, poor social reciprocity, and delayed communication
behaviors. Recognizing these signs is crucial, as early diagnosis allows for early intervention,

which significantly improves outcomes in social, emotional, and cognitive development.

7 Intervention and Treatment Strategies for Autism

Spectrum Disorder

A variety of intervention and treatment strategies are available to support individuals with
Autism Spectrum Disorder (ASD). These approaches generally fall into several categories:
behavioral, developmental, educational, social-relational, pharmacological, psychological,

and complementary or alternative methods [18].

7.1 Behavioral Approaches

Behavioral therapies are among the most widely researched and evidence-based treatments
for ASD. These approaches focus on analyzing behaviors by observing what precedes and
follows them. They are used extensively in schools, clinics, and therapeutic settings and
are endorsed by medical professionals and educators alike.

One of the most prominent behavioral therapies is Applied Behavior Analysis
(ABA), which aims to improve specific behaviorssuch as social skills, communication,
reading, and academicsas well as adaptive learning skills like fine motor dexterity, hygiene,
and punctuality. ABA techniques promote desired behaviors while reducing harmful or
disruptive ones, with progress tracked through structured measurement [19].

Two common instructional methods within ABA include:

e Discrete Trial Training (DTT): This technique breaks down skills into small,
teachable components. The trainer gives a clear instruction, prompts the correct be-
havior, and rewards the desired response. Incorrect responses are ignored or corrected

without punishment.

« Pivotal Response Training (PRT): Unlike DTT, PRT takes place in more natu-
ralistic settings. It targets "pivotal" developmental areas such as motivation, response
to multiple cues, self-management, and initiation of social interactions. Improving
these skills can lead to broader developmental gains. For example, teaching a child

how to initiate conversations can significantly expand social engagement [20].

7.2 Developmental Approaches

Developmental approaches aim to enhance specific skillssuch as language or motor abil-

itiesor broader interrelated developmental domains. These methods are often combined
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with behavioral strategies to provide a more holistic intervention [21].

One of the most common developmental therapies for individuals with Autism Spec-
trum Disorder (ASD) is speech and language therapy. This intervention helps indi-
viduals improve both their understanding and use of spoken language. While some people
with ASD may develop verbal communication, others rely on alternative communication
methods such as electronic devices, pictures, signs, or gestures [22].

Occupational therapy is another key developmental intervention. It aims to help
individuals achieve maximum independence in daily life activities such as dressing, eating,

bathing, and engaging in social interactions. Occupational therapy may also include:

e Sensory integration therapy, which helps individuals regulate responses to sen-

sory input that might otherwise be overwhelming or restrictive.

o Physical therapy, which supports the development of gross and fine motor skillssuch

as hand movements, posture, or body coordination.

An evidence-based developmental model known as the Early Start Denver Model
(ESDM) integrates principles from Applied Behavior Analysis (ABA) with developmental
techniques. It targets children between 12 and 48 months of age. In ESDM, therapists and
parents use play-based and socially engaging routines to improve language, cognitive, and

social skills in naturalistic settings [23].

7.3 Educational Approaches

Educational interventions for children with Autism Spectrum Disorder (ASD) are typi-
cally delivered within classroom settings. One of the most well-established educational
models is the Treatment and Education of Autistic and Related Communication-
Handicapped Children (TEACCH) program.

The TEACCH approach is grounded in the understanding that individuals with autism
often benefit from visual learning strategies and structured environments. It provides ed-
ucators with tools to organize the classroom in ways that enhance both academic perfor-
mance and behavioral outcomes [24].

Key features of the TEACCH method include:

o Clearly displayed written or pictorial daily schedules.
o Well-defined physical boundaries around different activity or learning stations.
o Use of visual supports and physical demonstrations alongside verbal instructions.

These adaptations help create a predictable and structured learning environment that
supports the unique needs of students with ASD, promoting both engagement and inde-

pendence in learning activities.

10
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7.4 General Developmental Assessment Tools

While autism-specific screening tools are essential, many developmental assessment in-
struments cover a broader range of developmental milestones. These tools help identify
delays in cognitive, motor, social-emotional, and language development, and can serve as
early indicators for potential developmental disorders, including Autism Spectrum Disorder
(ASD).

Table 1.3 summarizes commonly used general developmental screening tools. These
assessments vary in terms of target age, duration, and diagnostic performance, and are

often used in both clinical and educational settings.

11
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Screening Age CompletionTest Per- | Test Sample | Comments
Tool Range Time formance
Ages and | 1 mo. — | 10-15 min | Se: 70— | Diverse eth- | Assesses motor
Stages Ques- | 5.5 yr 90% nic and | skills, lan-
tionnaires Sp: 76— | socioeco- guage,  social-
(ASQ-3) 91% nomic groups | emotional, and
adaptive devel-
opment
Child De- | 15 mo. — | 3040 min | Se: 80— | Mainly 300 items:
velopment 6 yr 100% White, Evaluates 8
Inventory Sp: 94— | working- developmental
(CDI) 96% class families | domains includ-
ing cognition
and language
Brief  Early | 18-60 mo. | 1-5 min Se: 89% Primary care | 22 items:
Childhood Sp: 85% population Screens emo-
Screening tional and
Assessment behavioral  de-
(ECSA) velopment; Free
tool
Nipissing Dis- | 1 mo. — 6 | 5 min Se: 29— | High-risk re- | Covers 13 de-
trict Develop- | yr 68% ferrals velopmental do-
mental Screen Sp: 58— mains; Common
88% in Ontario; Free
in region
Parents’ Birth — 8 | 2-10 min Se: 91— | Diverse popu- | Covers lan-
Evaluation yT 97% lations guage, motor,
of  Develop- Sp: 73— behavioral,
mental Status 86% social-emotional

(PEDS)

and  cognitive

areas

Table 1.3: General developmental assessment tools

As shown in Table 1.3, tools such as ASQ-3 and PEDS are widely used for general

developmental monitoring due to their quick administration and broad age coverage. Al-

though these tools are not autism-specific, they can identify red flags that warrant further

ASD-focused evaluation. Instruments like CDI provide more in-depth assessment but re-

quire longer completion time. Choosing the right tool depends on the clinical context, time

availability, and the childs age.

12
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7.5 Screening Tools for Early Detection of Autism

Early and accurate screening plays a crucial role in identifying children with Autism Spec-
trum Disorder (ASD), especially during critical developmental stages. Several standardized
tools have been developed to help clinicians, therapists, and researchers assess early signs
of ASD. These tools differ in terms of target age, duration, accuracy, and the domains of
behavior they evaluate.

Table 1.4 provides a comparative summary of commonly used autism screening instru-
ments, highlighting key aspects such as age range, time to complete, diagnostic performance

(sensitivity, specificity, predictive values), and a brief description of each tool.

13
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Screening Age | Time Test Perfor- | Sample Description
Tool Range mance
Modified Check- | 16— 5-10 min Se: 85% Toddlers at | 20-item  checklist
list for Autism | 30 Sp: 91-99% 1824 month | + follow-up inter-
in Toddlers, | mo PPV:  48% | well visits view. Evaluates
Revised  with (ASD), 95% early social com-
Follow-up (M- (DD) munication. Free.
CHAT-R/F)
Infant Toddler | 824 | 5-10 min | Se: 93% 924 mo. | 24 items: Assesses
Checklist (ITC) | mo Sp: 83% general popu- | gestures, eye con-
PPV: 71-79% | lation tact, expressions,
NPV: 88-99% vocalizations.  No
cost.
Social Re- | 2.5~ | 15-20 min | Se: 75-78% 442  children | 65 items:  Mea-
sponsiveness 4.5 Sp: 67-96% with and | sures social aware-
Scale  2nd ed. | yr without ASD | ness, communica-
Preschool (SRS- tion, anxiety, and
2-Preschool) autistic traits.
Autism  Spec- | 2-15 | 5-20 min Se: 92% 2,560 children | 70 items: Measures
trum Rating | yr Sp: 89% (normative social and commu-
Scales (ASRS) PPV: 91% sample) nication behavior,
NPV: 89% self-regulation.
Short form avail-
able.
Screening  Tool | 24— 20 min Se: 92-95% Children at | 12 play-based tasks
for Autism in | 36 Sp: 73-85% risk or with | to evaluate commu-
Two-Year-Olds mo PPV: 56% older sibling | nication and social
(STAT) NPV: 97% with ASD interaction.
Rapid Interac- | 18— 10 min Se: 100% 61  toddlers | Differentiates ASD
tive  Screening | 36 Sp: 84% from  early | from other devel-
Test for Autism | mo. PPV: 88% clinic settings | opmental  delays
in Toddlers (DD). Interactive
(RIST-A) and quick.

Table 1.4: Commonly used autism screening tools

As seen in Table 1.4, the Modified Checklist for Autism in Toddlers (M-CHAT-R/F)
and the Infant Toddler Checklist (ITC) are widely used for early detection due to their
short completion time and free availability. While tools like the SRS-2 and ASRS provide

broader behavioral assessments, others like STAT and RIST-A offer structured interactive

14
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observations. Choosing the appropriate tool depends on the childs age, the setting (clinic,

home, school), and the available time and resources.

7.6 Social-relational approaches

Social-relational treatments focus on improving social skills and building emotional bonds.

Some social relational approaches involve parents or peer mentors.

o The Developmental, Individual Differences, Relationship-Based model (also called
DIR or "Floor Time") encourages parents and therapists to follow the interests of the

individual to expand opportunities for communication.

» The Relationship Development Intervention (RDI) model involves activities that in-

crease motivation, interest, and abilities to participate in shared social interactions.
« Social Stories provide simple descriptions of what to expect in a social situation.

« Social skills groups allow people with ASD to practice social skills in a structured

environment. [25]

Figure 1.2: Enhancing Social Skills in Autism Through ABA Therapy!?‘

7.7 Pharmacological Approaches

Certain drugs assist persons with ASD function better by treating co-occurring symptoms,

or those that occur alongside the disorder. Medication may be used to treat excessive
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energy, difficulty concentrating, or self harming behaviors like biting one’s hand or pounding
one’s skull.

In addition to medical conditions such as seizures, sleep problems, or stomach or other
gastrointestinal problems, medication can also assist in controlling co-occurring psycholog-
ical conditions such as sadness or anxiety.

When it comes to medicine, it is crucial to collaborate with a physician who has experi-
ence treating individuals with ASD. This holds for both over the counter and prescription
drugs. To ensure that there are no adverse drug side effects, patients, families, and physi-
cians must collaborate to track responses and progress to ensure that the benefits do not
outweigh the benefits [25]

7.8 Psychological approaches

People with ASD can manage their anxiety, depression, and other mental health conditions
with the help of psychological techniques. One psychiatric strategy that emphasizes under-
standing the relationships between ideas, emotions, and behaviors is cognitive behavioral
therapy (CBT). Together, the patient and the therapist set goals during cognitive behav-
ioral therapy (CBT), after which the patient’s perspective on a circumstance is altered to

alter their response [25]

Figure 1.3: Cognitive Behavioral Therapy techniques*”

7.9 Complementary and alternative treatments

Treatments that do not fall under any of the other categories. These therapies are referred

to as alternative and complementary therapies.
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More conventional methods are frequently supplemented with complementary and al-
ternative therapies. Special diets, herbal supplements, chiropractic adjustments, animal
therapy, art therapy, mindfulness and relaxation techniques are just a few examples. Before
starting any complementary or alternative treatment, patients and their families should

always see their physician [28]

8 Conclusion

The current status of autism spectrum disorder (ASD) care and policy in Algeria has
been emphasized in this chapter. There are still significant gaps in early identification,
educator training, and consistent intervention techniques, despite recent initiatives like the
introduction of School Life Assistants (SLAs) and regulatory frameworks like Law 02-09
showing progress.

Important conclusions include the need for integrated behavioral and educational ther-
apies, delayed identification of ASD, and restricted use of efficient screening instruments.
Multimodal solutions that combine developmental models, ABA, and TEACCH-based ed-
ucational approaches have been shown to improve outcomes.

Algeria must create laws specifically addressing ASD, increase professional training,
introduce standardized testing, and invest in specialized learning environments if it hope
to advance. To create a more effective and inclusive care system, greater focus must be

placed on family support, technology-based interventions, and rural access.
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Chapter 2

Virtual Reality Interventions for

Autism Spectrum Disorder

0.1 Virtual Reality (VR)

Virtual Reality (VR) is a computer-generated simulation that uses visual and auditory
stimuli to create immersive experiences, offering users the sensation of being present in an
artificial environment. These virtual experiences can closely replicate real-world scenarios
or introduce entirely fictional settings [29].

One of the key advantages of VR is its accessibility; it is not limited by geographical
constraints, making it ideal for simulating naturalistic or therapeutic environments. VR
has been especially useful in fields such as education, medicine, and therapy for neurode-
velopmental disorders, including Autism Spectrum Disorder.

Two common VR systems include:

« Head-Mounted Displays (HMDs): HMDs are wearable devices that contain
built-in screens or projectors to visually isolate users from the external world. This
isolation enhances immersion and allows for direct interaction and multisensory feed-
back. Popular consumer-grade HMDs include the Meta Quest and HTC Vive.

« CAVE (Cave Automatic Virtual Environment): This system consists of multi-
ple wall-sized screens or projections arranged around the user. Unlike HMDs, CAVE
environments do not require a headset. Instead, they use motion-tracking sensors

and stereoscopic 2D projections to simulate a 3D experience in a shared space.

Each of these systems provides varying degrees of immersion and interactivity, making

them suitable for different research and therapeutic applications.
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0.2 Virtual Reality Intervention to Improve Social Skills in ASD

Virtual Reality (VR) interventions grounded in occupational therapy have demonstrated
promising results in enhancing social skills among individuals with Autism Spectrum Dis-
order (ASD). ASD is a neurodevelopmental disorder characterized by deficits in verbal
and nonverbal communication, social interaction difficulties, and repetitive or restricted
patterns of behavior.

Research indicates that VR environments can simulate real-world social situations in a
safe and controlled manner, which helps individuals with ASD practice and develop social
communication skills [30]. In particular, VR-based occupational therapy has been shown
to improve peer interaction and overall engagement in social contexts.

For example, a study by Yang et al. (2018) involved children with ASD participating
in a series of VR-based therapy sessions. The results revealed significant improvements in
verbal and nonverbal communication, as well as increased initiation of peer interactions
after the intervention [31]. Similarly, another investigation conducted by Lorenzo et al.
(2016) showed that VR interventions led to enhanced social participation and reduced
social anxiety in children with ASD [32].

These findings support the growing consensus that immersive VR, when designed with
therapeutic goals, can serve as an effective tool for fostering social development in children

with autism.

0.3 Theoretical Framework for Virtual Reality Therapy in Autism

An essential component of the theoretical foundation for virtual reality (VR) therapy in
autism is the concept of social skills development. Children with Autism Spectrum Disorder
(ASD) often face challenges in interpreting and responding to social cues, such as facial
expressions, tone of voice, or body language. These difficulties can lead to heightened
anxiety and reduced participation in social situations [33].

VR therapy offers a safe, controlled, and immersive environment where individuals can
practice key social behaviorssuch as initiating conversations, recognizing facial expressions,
and maintaining eye contactwithout the pressure or unpredictability of real-world interac-
tions [34]. This structured and repetitive practice can help reinforce appropriate responses
and build confidence in handling real-life social contexts.

This approach closely aligns with Social Learning Theory, which posits that in-
dividuals learn social behaviors through observation, imitation, and practice in relevant
contexts [35]. VR provides the perfect medium for observational learning by allowing users
to engage in and witness simulations of social interaction in a dynamic and feedback-rich
setting.

Through repeated exposure to virtual social scenarios, individuals with autism can

gradually improve their social competence and reduce anxiety levels, supporting long-term
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developmental goals.

0.4 Benefits of Virtual Reality Therapy for Children with Autism

Multiple studies have shown that Virtual Reality (VR) therapy offers significant benefits
for children with Autism Spectrum Disorder (ASD). One of the primary advantages is the
ability to fully customize the VR environment based on the individual needs and challenges
of each child [36]. This personalization allows for targeted interventions that align with
specific symptoms, preferences, and developmental levels.

Another major benefit is the high level of engagement observed in children with ASD
during VR sessions. The interactive and game-like nature of VR makes therapeutic activi-
ties more enjoyable and motivating, which can enhance participation and lead to improved
outcomes over time [37].

Moreover, VR provides a safe and controlled setting in which children can develop
essential social and communication skills without the unpredictability or pressure of real-life
environments. This helps reduce anxiety and facilitates gradual improvement in behaviors
that are difficult to practice in traditional settings [38].

Overall, VR therapy presents a promising and flexible tool for supporting skill acqui-
sition and emotional regulation in children with ASD, potentially improving their quality

of life and social integration.

1 Challenges and Limitations of Virtual Reality Ther-
apy

Virtual Reality (VR) therapy has demonstrated potential in reducing anxiety and en-
hancing social skills in children with Autism Spectrum Disorder (ASD). However, several
challenges and limitations need to be considered for its broader application.

One significant limitation is the high cost associated with VR implementation. This
includes expenses related to equipment acquisition, custom software development, updates,
and ongoing maintenance [39]. These financial barriers can restrict access, particularly in
low-resource settings such as public institutions or developing countries.

Additionally, there is a lack of trained professionals capable of designing and delivering
VR-based therapy effectively. Proper training in both technical and therapeutic aspects is
essential to ensure successful outcomes.

Another concern is the risk of **sensory overload** or disorientation for some children
with ASD. The immersive nature of VR may overwhelm children with heightened sensory
sensitivity, potentially reducing the therapy’s effectiveness or causing discomfort [38].

Finally, accessibility issuesincluding physical disabilities, attention limitations, or dis-

comfort with head-mounted displayscan limit the usability of VR systems across the full
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autism spectrum.

Addressing these challenges through targeted research, cost-reduction strategies, and
adaptive design principles will be critical for optimizing the long-term effectiveness and
reach of VR-based interventions for ASD.

2 Study Design and Participants

A special education school accepted the study, and participants voluntarily enrolled with
informed consent from their guardians. Children aged 7 to 12 who had been clinically
diagnosed with mild to moderate Autism Spectrum Disorder (ASD), and who required
educational support, were eligible to participate.

Assessment tools such as the Childhood Autism Rating Scale (CARS) and the Autism
Behavior Checklist (ABC) were used for evaluation before, during, and after the interven-
tion [40, 41].

A total of 26 children were randomly divided into two groups: one group received an
interactive virtual reality game-based intervention, while the other group used traditional
picture books. The primary goals of the study included improving physical coordination,
attention span, and eye contact.

The research process was structured into four main stages: pre-assessment, game de-
velopment, intervention implementation, and post-assessment testing. Fach family partic-

ipated voluntarily and retained the right to withdraw from the study at any stage [42].

2.1 Participant Demographics and Study Context

To evaluate the effectiveness of the proposed VR prototype for children with Autism Spec-
trum Disorder (ASD), a preliminary pilot study was conducted. Understanding the char-
acteristics of the participant group is essential for interpreting the results and determining
the relevance and generalizability of the findings.

Table 2.1 summarizes the basic demographic and diagnostic information of the children
involved in the study. The participants were selected based on specific inclusion criteria

such as age range, ASD diagnosis level, and availability of prior assessments.

Characteristic Value

Age range 7-12 years
Number of participants 26

Diagnosis level Mild to moderate ASD
Assessment tools CARS, ABC
Study duration [Insert duration]

Table 2.1: Participant basic characteristics
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As shown in Table 2.1, the study included 26 children aged between 7 and 12 years,
all diagnosed with mild to moderate levels of ASD. Diagnostic evaluations were conducted
using standardized tools, namely the Childhood Autism Rating Scale (CARS) and the
Autism Behavior Checklist (ABC). The participant profile provides a focused sample ap-
propriate for early-stage evaluation of the intervention. The final study duration should

be reported once confirmed.

Figure 2.1: Participant basic characteristics status/*’

2.2 Types of VR Used in Therapy

There are three main categories of VR systems used in therapy:

« Non-immersive VR: Involves standard screen-based interaction (e.g., desktop appli-

cations).

« Semi-immersive VR: Utilizes large screen projections or limited interaction tools.
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o Fully-immersive VR: Engages the user completely using HMDs like the Meta Quest

2, providing full sensory immersion and 6DOF (six degrees of freedom) tracking.

Fully immersive systems are particularly effective for children with ASD because they

can isolate distractions and fully engage the user in therapeutic tasks

3 Why VR is Effective for Autism Therapy

Virtual Reality (VR) has emerged as a powerful tool in the therapy of children with Autism
Spectrum Disorder (ASD) due to its ability to simulate controlled, repeatable, and person-

alized environments. Its effectiveness is supported by several key features:

o Safe Environment: VR enables children to explore social or sensory situations

without real-life consequences or risks.

« Repetition without Boredom: Tasks and simulations can be repeated multiple
times with varying feedback and reward systems, which maintains engagement and

supports mastery. [43]

« Personalization: VR experiences can be adapted in real-time to suit the individual

needs, abilities, and developmental level of each child.[12]

o Multi-sensory Feedback: Visual, auditory, and kinesthetic elements are integrated

to create an immersive experience that reinforces learning through multiple channels.

These benefits are supported by empirical evidence showing significant improvements
in emotional recognition and executive functioning in adolescents with ASD following VR-

based social cognition training .

3.1 Therapeutic Mechanisms Behind VR

» Reinforced Learning: VR provides instant feedback through visual and audio cues,

helping children connect actions with outcomes.

o Simulation of Real Life Social Cues: Facial expressions, tone of voice, and body
language can be modeled in VR to support the learning of non-verbal communication
[44].

« Neuro plasticity Support: Repeated interaction with therapeutic VR scenes may
support the brain’s ability to rewire itself and improve specific cognitive functions

[36].
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Feature Traditional Therapy VR-based Therapy

Environment Real-world or clinical | Fully controlled virtual setting

Flexibility Limited Highly customizable

Repetition May induce fatigue Encourages engagement through
gamification

Feedback Mechanism | Human therapist Real-time visual and audio rein-
forcement

Sensory Management | May trigger overload | Designed to minimize sensory
stress

Table 2.2: Comparison between Traditional and VR-based Therapies

3.2 Comparison with Traditional Therapies

VR treatment is more scalable and economical than traditional one-on-one therapy since
it can replicate various scenarios and provide consistent experiences without the need for

continual human supervision [44].

3.3 Theoretical Framework: Social Learning in VR

Bandura’s Theory of Social Learning (1977) emphasizes learning through observation, im-

itation, and modeling. VR supports this by:
« Simulating characters that demonstrate correct social behaviors.
o Allow children to observe and then practice social responses in a safe loop.

« Providing repeated exposure to social cues, such as eye contact and facial expressions,

which are often difficult for children with ASD.
These features are also supported by the "Systematic Desensitization" principle, grad-

ually exposing children to stimuli they fear, helping reduce anxiety [44].

3.4 Documented Benefits of VR for ASD Children

o Improved eye contact and joint attention

o Better emotional recognition and empathy

e Increased verbal communication and language use
o Enhanced executive function and task switching

e Development of social problem-solving skills

These improvements demonstrate that immersive VR is more than a learning tool, it

is an emotional and cognitive bridge for children with ASD [44].
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3.5 Challenges and Limitations

Despite its benefits, VR therapy has notable limitations:
o Cost: Initial hardware and software costs may be high.

o Sensory Overload: Some children may find HMD’s overwhelming or uncomfort-
able[45].

o Accessibility: The availability of trained professionals and the support infrastructure

may be limited.

o Technical Barriers: Bugs, motion sickness, and calibration issues can affect usabil-
ity[7].

These concerns are summarized in the research , suggesting the need for careful user-

centered design and gradual exposure to VR environments .

3.6 Notable Studies and Research Examples

o Demonstrated significant improvements in social communication among children

with ASD using VR occupational therapy interventions.

o Found increased social interaction and reduced anxiety in VR-based therapy versus

conventional group therapy.

o Pioneered VR interventions for ASD, focusing on social story scenarios with con-

trolled sensory inputs

The use of virtual reality in the treatment of autism spectrum disorder holds revo-
lutionary promise. It enables therapists to create meaningful, controlled, and repeatable
therapies tailored to the unique needs of every child [42].

VR-based therapy has the potential to develop from a supplementary tool to a funda-
mental element of autism intervention techniques as VR technology becomes more widely
available and reasonably priced, and development tools such as Unity and Meta XR SDK

become more potent [45].

4 Conclusion

Virtual reality (VR) has shown great promise as a cutting-edge therapy tool for kids with
autism spectrum disorder (ASD). Due to its immersive and interactive environment, chil-
dren can practice social, emotional, and cognitive abilities in secure, adaptable, and capti-

vating settings.
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In contrast to conventional therapy, virtual reality (VR) enables tailored feedback, rep-
etition without boredom, and the simulation of real-world situations that may be difficult
to replicate in therapeutic settings.

Evidence from previous research supports gains in social interaction, communication,
executive functioning, emotional awareness, and other areas.

When used carefully and with expert assistance, VR’s advantages outweigh its draw-
backs, including cost, accessibility, and potential sensory overload.

As technology advances, virtual reality can be incorporated into standard therapeutic
procedures for ASD, redefining the future of neurodevelopmental treatment.

More study, interdisciplinary cooperation, and inclusive design are essential to fully

realize VR’s potential for children on the autistic spectrum.
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Chapter 3

Development Environment for VR

Serious Games

1 Introduction

This chapter highlights the essential elements of the therapeutic game project’s develop-
ment environment, from the technical specifications of the hardware used to the choice of a
suitable VR headset to the software and tools that allowed us to create rich and meaningful
interactive experiences.

Every element was chosen with attention to guarantee excellent performance and sta-
bility during development, as well as to give the intended kids a seamless and practical user
experience. The emphasis was on integrating interactive features like hand tracking and
in-world navigation, and making programming easier with adaptable and customization
tools like Unity and the Meta XR SDK. In this situation

The chapter thoroughly explains the design methodology, software, and hardware used,
setting the groundwork for creating a serious game that successfully satisfies its therapeutic

and educational objectives.

1.1 PC Specifications

The workstation was equipped with high-end hardware to ensure smooth VR development

and high-quality game performance. The specifications are as follows:

o Case: NZXT CA-H710 B
o Power Supply: GIGABYTE GP-P680B 650W
o« Processor: Intel Core i9-10900 (LGA1200)

e Cooling System: Kraken X63 RGB CPU cooler
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o Memory: 32GB DDR4 RAM (3333 MHz)

Storage: 1'TB HDD and 512GB SSD
o Motherboard: GIGABYTE Z590 AORUS AX
o Graphics Card: Gigabyte GeForce RTX 3080 Gaming OC 10GB

In order to guarantee that the system could manage the high processing demands of VR
applications, this robust configuration was selected. The system’s exceptional graphical
performance, made possible by the RTX 3080 GPU, was essential for rendering intricate
3D worlds and sustaining high frame rates in virtual reality.

This robust setup enables us to incorporate intricate scenes into the virtual reality set-
ting, where character interactions and educational activities necessitated rapid processing
and high-quality images. For instance, in order to provide consumers with a seamless,
engaging experience, generating dynamic visual elements such as emotions or facial ex-

pressions requires quick processing from both the CPU and GPU.

1.2 Meta Quest 2

Meta Quest 2 (formerly known as Oculus Quest 2) is a standalone virtual reality (VR)
headset developed by Meta Platforms. Released in October 2020, it is designed to provide
an immersive VR experience without the need for a PC or external sensors. The device

features:
A high-resolution display (1832 x 1920 pixels per eye)
o A refresh rate of up to 120Hz
o Inside-out tracking using built-in cameras
o Wireless operation with onboard processing
6 degrees of freedom (6DoF) motion tracking
o Hand tracking and controller support

Meta Quest 2 is used extensively in training simulations, teaching, gaming, and treat-
ment. It is an effective tool for creating VR applications, such as serious games that focus
on social or cognitive development, like autism therapy for kids, because of its compatibility
with Unity and the Meta XR SDK.

The Meta Quest 2 was selected due to its strong features, particularly the hand tracking
feature that lets kids engage with the virtual world in a natural way. For kids with autism,
this is especially helpful since it allows them to engage with characters and activities more

naturally and intuitively, which enhances their social skills and motor abilities.[46]

28



Development Environment for VR Serious Games

Figure 3.1: Meta Quest headsets!*”]

1.2.1 Why Choose Meta Quest 2

The Meta Quest 2 was selected for the VR headset because of its remarkable features and
capabilities, which make it perfect for VR game production. The Meta Quest 2 offers

several benefits:

e Resolution: With a resolution of 3664 x 1920 pixels, the Quest 2 gives customers

sharp, detailed images.

« Field of View (FOV): The headset’s broad 90-degree view enhances users’ immersion

and engagement in the virtual world.

o Wireless Freedom: The Quest 2 can operate without a computer since it supports
independent virtual reality. To enable more intricate VR experiences, it can be linked
to the PC via the Oculus Link.

Additionally, Meta Quest 2 was chosen due to its price and performance balance, mak-
ing it the perfect option for creating a virtual reality game targeted at kids. It was the
ideal choice for the project because of its mobility, simplicity of setup, and broad market
availability [46].

1.2.2 Technical Integration with Unity and Meta XR SDK

e Meta XR SDK: The Meta Quest 2 was integrated with Unity using the Meta XR
All-in-One SDK. The tools required to build key VR features like hand tracking,

room-scale VR, and fluid interaction mechanics were made available via this SDK.

« Compatibility with Unity: The main game engine utilized for development was Unity.
Because of the Meta Quest 2’s complete compatibility with Unity and the Meta XR
SDK’s smooth interaction with the game engine, immersive VR features like real-time

movement and gesture tracking could be implemented.
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In addition to enabling thorough creation and testing in virtual reality, the combination
of a powerful PC and the Meta Quest 2 headgear ensured that the game could provide

players with a fluid and engaging experience [46].

2 Development Setup

Unity, a strong and popular game engine that provides outstanding support for virtual

reality (VR) production, was used to create the serious game.

2.1 Unity

Unity is a cross-platform game engine developed by Unity Technologies that is extensively
used to create interactive 2D and 3D applications, such as training aids, simulations, video
games, and virtual reality (VR) experiences. Windows, Android, iOS, WebGL, and VR
devices like the Meta Quest 2 are just a few of the platforms that Unity supports.

Unity was selected because of its adaptability and strong VR support, both essential for
creating an interactive game that promotes learning and healing. We were able to establish
smooth interactions in the virtual environment where kids may freely explore and learn,
enhancing their social and cognitive skills, thanks to its compatibility with Meta Quest 2
and integration with the Meta XR SDK.

Unity is popular among developers due to its:

o User-friendly interface

o Large and active developer community

» Extensive Asset Store for free and paid game assets

o Support for C# scripting

 Built-in tools for physics, animation, and UI

o Integration with XR SDKs, making it suitable for VR/AR development

Its flexibility, powerful features, and VR support make Unity one of the best choices

for developing serious games and educational applications [48].
2.1.1 Why Unity?
Unity was selected as the main development engine for several reasons:

e VR Support: Meta Quest 2 and other VR systems are well integrated with Unity;,

which provides native support for VR development.
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Figure 3.2: Unity logo*”!

e Big Community: Unity boasts a sizable and vibrant developer community, which
facilitates the discovery of best practices, solutions, and tutorials. Educational Re-
sources: The learning and growth process was accelerated by the abundance of official

and community-generated educational resources.

e Cross platform compatibility: Unity facilitates the game’s deployment across several

platforms, particularly mobile and virtual reality devices [48].

2.1.2 Unity Version

The version used for development was Unity 2022.3.17f1 (LTS), which is a Long-Term
Support (LTS) release that ensures stability and compatibility with professional tools and
plugins [48].

2.2 Plugins and SDKs

To enable full VR functionality and integration with Meta Quest 2, the following tools

were used:

o The All in One SDK for Meta XR: all of the components required to function with
the Quest 2 headset are included in this official SDK from Meta, including input

handling, hand tracking, headset tracking, and interaction systems.

« XR Interaction Toolkit: Unity’s XR Toolkit was used to handle VR interactions such

as grabbing, teleportation, and ray based UI selection.
o Other Unity Packages:

— TextMeshPro for advanced UI text rendering.

— Unity UI Toolkit for building menus and in VR interfaces.
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In order to ensure seamless development and user interaction within the VR environ-
ment, these technologies were crucial.

The Meta XR SDK was crucial for the game to incorporate cutting edge VR capabilities
like hand tracking and room-scale VR. Because of this, we were able to create a more
engaging experience for kids, allowing them to interact with the virtual world through
gestures and natural movements. Additionally, the SDK made creating interactions easier,

increasing the game’s therapeutic effect [48].

Figure 3.3: Meta XR All-in-One SDK Packagel®"!

2.3 Programming Language

The game logic was written in C#, Unity’s primary scripting language. C# was used to:

« Handle user inputs (e.g., grabbing objects, selecting answers).

Control game mechanics (e.g., triggering events, animations, and sounds).
 Implement educational logic (e.g., matching emotions with expressions).
o Manage Ul navigation and interactions inside the VR space.

To facilitate the management and growth of the code base, scripts were organized in a
modular fashion.

In addition to controlling game elements, C# was utilized to develop interactive sys-
tems that lead kids through instructional exercises. These systems provide a safe, virtual
environment for kids with autism to practice social skills, including identifying emotions
and reacting accordingly. By organizing the scripts in a modular fashion, we ensured that

new features could be readily added or modified in response to user input and testing [51].
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Figure 3.4: Building Blocks"!

2.4 Tools Used
2.4.1 3D Models and Assets

The game’s graphic components mainly were taken from the Unity Asset Store rather than
individually created using programs like Blender, 3ds Max, or Maya. Because the project
focused on game logic and interaction in a therapeutic virtual reality environment rather
than 3D modeling, this method allowed for speedier prototyping and development.

Among the resources utilized were:

o Characters (NPC’s and magical helpers)

« Environmental elements (fantasy settings, doors, sky boxes)
o Props and interactive objects used in mini-games

These assets were optimized and compatible with VR, making them ideal for quick

integration into Unity with minimal adjustments.

2.4.2 Code Editor: Visual Studio

Visual Studio was the main Integrated Development Environment (IDE) for creating and

maintaining C# scripts. Features like these were made possible by their interaction with
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Figure 3.5: asset store sitel®?

Unity:
o Code completion and Eisenstein, which sped up script development
» Debugging tools to trace errors and test functionality

« Version control integration (if needed)

Visual Studio was used to program all of the game logic, user interactions, and VR

mechanics in C#, making it a crucial component of the development process [52].

Figure 3.6: Visual Studiol®!

2.5 Supporting Tools
2.5.1 XR Simulator

Since there was no VR gear available at home during the early stages of development,
Unity’s XR Simulator was used for the majority of testing and interface design. By simu-

lating VR device input, this simulator enables developers to:

o Test interactions such as grabbing, Ul selection, teleportation, and collision triggers.
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o Preview player movement and object behavior in a virtual space without needing

physical hardware.

« Save time and iterate quickly without needing to connect a real headset during early

development.

Before implementing the project on the Meta Quest 2 headset in a lab setting, a large
portion of the game logic could be developed and improved using XR Simulator.

During the early phases of development, the XR Simulator was an essential tool that
enabled us to replicate VR interactions such as teleportation, Ul selection, and object
grabbing without the need for physical hardware. Prior to testing on the Meta Quest 2,
this assisted us in improving the interaction and game logic systems. We were able to
swiftly iterate on game play concepts and accelerate development thanks to the simulator
[48].

Figure 3.7: XR Simulator Shapel®?

2.6 Version Control

No specialized version control system such as GitHub or Git Lab was utilized during this
project. Unity project files were regularly manually backed up to prevent data loss and

monitor development progress at various stages [48].

2.7 Target Platform Configuration

The Meta Quest 2 headset, the last platform for the serious game’s distribution, needed

particular Unity configuration steps to guarantee compatibility and peak VR performance.

35



Development Environment for VR Serious Games

2.7.1 Build Platform Setup

Unity was configured to target Android as the build platform, which is necessary for Meta

Quest 2 development. The following steps were taken:

e Android Build Support was installed via Unity Hub.

« XR Plugin Management was enabled, and Meta XR Plugin was added to support

Oculus devices.

o The OpenXR backend was selected to ensure broad compatibility and support for

hand tracking and advanced VR features.

2.7.2 Project Settings

Several Unity project settings were adjusted to optimize performance and compatibility
with Quest 2:

e Multi threaded rendering and GPU skinning were enabled.

o The minimum API level was set to Android 10 (API Level 29), as required by Meta
Quest.

o The target device was explicitly set to Meta Quest in the XR settings.

2.7.3 Input and Interaction Configuration

The game relied on the XR Interaction Toolkit for interaction handling. Special attention

was paid to configuring:

« Hand/controller input
« Gaze or ray based Ul selection

o Teleportation and movement boundaries

These settings ensured that the game could be fully navigated and interacted with

using the Meta Quest 2’s native controls [48].

3 Design and Development Methodology

3.1 Design Philosophy

The VR serious game was developed using a user-centered and therapeutic design approach.

The main objective was to provide children with autism spectrum disorder (ASD) with a
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peaceful, stimulating, and non threatening environment. To prevent sensory overload, the
visual design strongly emphasizes gentle hues, dimly lit spaces, and amiable people.

The following guidelines guided the development of each scene:

« Focus on a single therapeutic goal per scene

Predictable interactions to reduce anxiety
« Positive reinforcement through animations and sound effects

o Free exploration without punishment or failure states

These choices are aligned with best practices in autism-focused digital intervention
design [54, 45].

3.2 Scene Design Pipeline

Figure 3.8: Scene Design Pipeline
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3.3 User Experience Considerations for Children with ASD

The application’s UX was designed to be intuitive, consistent, and encouraging. Special

attention was paid to reduce cognitive load and enhance confidence:

« Navigation was simplified using large buttons, clear icons, and spatial cues.

« All interactions were met with visual and/or audio feedback.

« Mistakes were not penalized; instead, gentle cues guided the child.

« Visual clutter and rapid animations were minimized to avoid overstimulation.

» No reading was required; voice overs or non-verbal cues were used instead.

These design choices adhere to suggestions, which stress the value of visual clarity,

predictability, and few instructions in autism oriented user experience.[55].

3.4 Testing and Iteration Process

Testing was carried out in multiple stages to ensure usability and therapeutic value:

o Initial Testing: Conducted in Unity using the XR Simulator to simulate VR interac-
tions like object grabbing and UI selection.

o Hardware Testing: Scenes were deployed to Meta Quest 2 for real environment test-

ing. Frame rates, hand tracking, and scene transitions were assessed.

o User Feedback: Informal testing with neuro typical users and ASD-focused expert
consultation was used to identify overstimulating elements, which were removed or

softened.

This testing loop ensured that each scene met performance and sensory criteria suitable
for children with autism.[55].

3.5 Development Challenges

Several challenges were encountered during the development process:

o Hand Tracking Variability: Hand detection occasionally failed under low light con-

ditions or rapid movement.

e Speech Recognition Limitations: Offline recognition options in Unity were limited;

simple keywords were prioritized.
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o Sensory Overload Risks: Early versions had bright lights and rapid movements that

were later toned down.

« No Version Control System: Backups were done manually, making collaboration and

tracking changes more difficult.

These challenges are common in VR projects for sensitive users and were addressed

through iterative testing and user feedback [45].

3.6 Future Development Possibilities

The current version of the game is a foundation for further therapeutic innovation. Planned

features include:
o Al-Driven NPC’s: Characters that adapt to the child’s behavior and language use.
o Progress Tracking: A dashboard for therapists or parents to monitor child progress.

» FExpanded Voice Recognition: Integration with cloud-based APT’s for flexible speech

analysis.

o Multiplayer Support: Shared interaction with peers or therapists to practice social

skills collaboratively.

e Cultural Localization: Translation and adaptation for different languages and social

norms.

These improvements aim to enhance personalization and increase the long-term thera-

peutic value of the system [45].

4 Conclusion

This chapter covered the entire development environment and technologies needed to pro-
duce a virtual reality serious game that supports kids with autism spectrum disorder (ASD).
Every choice was made to create a seamless, immersive, and therapeutically successful ex-
perience, from choosing a powerful PC and the Meta Quest 2 headset to utilizing Unity
and a collection of specialized SDKs and plugins.

Thanks to the technical infrastructure, careful design processes, and iterative testing,
we were able to create interactive scenes that prioritize user comfort, accessibility, and
clarity. This supportive setting provided the groundwork for creating a game that serves
therapeutic objectives meaningfully and practically.

In the upcoming chapter, we will examine how the game’s situations, content, and
interaction dynamics are designed to convert these technical underpinnings into useful

therapeutic interventions.
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1 Introduction

The application is a serious virtual reality (VR) therapeutic tool explicitly designed to
support children with Autism Spectrum Disorder (ASD) in developing essential life skills.
The VR experience runs on standalone Meta Quest 2 headsets, making it accessible for
both clinical and home use, with minimal setup requirements.

At its core, the program features eight carefully structured scenes that progress from a
calming introductory space to various skill-building activities.

Therapeutic games incorporate evidence-based techniques, such as applied behavior anal-
ysis (ABA) principles, through engaging virtual scenarios.

For instance, one activity uses gradual exposure to help children practice maintaining eye
contact with friendly virtual characters, while another employs colorful, interactive objects
to improve joint attention skills.

The visual design adopts a muted color palette with minimal sensory triggers, and all in-
teractions use gentle haptic feedback to prevent overstimulation. A unique feature includes
real time performance analytics that help therapists track subtle improvements in reaction
times and task completion rates across sessions.

The system also allows caregivers to customize difficulty levels and session lengths according
to each child’s tolerance and developmental stage. What sets this solution apart is its bal-
anced approach, maintaining scientific rigor in therapy goals while delivering them through
playful, immersive experiences that children genuinely enjoy. Early testing has shown par-
ticular effectiveness in helping non verbal participants communicate choices through gaze
tracking and simple gesture controls.

The architecture also supports future expansion with additional modules for advanced

social skills training.
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Scene Name | Main Objective Skills Targeted ASD Level
Welcome Create a calm and safe in- | Emotional readiness, | All levels
Scene troduction to the VR expe- | trust building
rience
Doors Scene | Provide navigation and sup- | Executive functioning, | All levels
port decision-making spatial  orientation,
confidence
Focus  Cups | Improve focus, aiming, and | Visual attention, | Mild to mod-
Game motor control hand-eye  coordina- | erate ASD
tion, fine motor skills
Magical Stimulate imagination | Imagination, sto- | Mild ASD
Storytelling through free object manip- | rytelling, spatial
Playground ulation awareness, creativity
Shape Match- | Match 3D shapes to their | Visual discrimination, | Mild to mod-
ing Puzzle outlines spatial reasoning, | erate ASD
problem solving
Eye Contact | Encourage eye contact and | Social — engagement, | All levels
Challenge reduce anxiety eye contact, confi-
dence
Magic Word | Develop language skills and | Language skills, pro- | All levels
Columns motivate verbal experimen- | nunciation, verbal in-
tation teraction
The Friendly | Improve  comfort  with | Sensory integration, | Mild to mod-
Forest touch, build connection | social interaction, | erate ASD
with animals cause-effect under-
standing

Table 4.1: Therapeutic Game Scenes Overview

2 Game Name and Logo

2.1 Game Name:

Reno is a short and memorable name derived from the phrase:

« Regulation of Emotion and Negative Outcomes: capturing the game’s thera-
peutic essence of helping children, especially those with Autism Spectrum Disorder

(ASD), to better manage their emotions and reduce negative behavioral responses.
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2.2 Meaning:

The name Reno emphasizes emotional growth and well-being;:

o Teaching children how to understand and regulate their emotions through engaging

activities.

« Preventing or reducing negative emotional outcomes by offering guided and playful

scenarios that promote healthy expression.

2.3 Logo Design:

The logo reflects the gentle and joyful spirit of the game:

o Style: A soft, chubby fantasy creature with a friendly smile and VR goggles, symbol-
izing fun and technological interaction. It is surrounded by sparkles and soft clouds,

evoking a dreamy atmosphere.

o Typography: The word "Reno" is written in a rounded, inflated bubble style with
rainbow pastel gradients and subtle highlights, making it both playful and emotion-
ally soothing.

o Colors: Soft rainbow tones with a smooth blend of orange, green, blue, and pur-
ple. The gentle pastel palette ensures visual calmness while remaining vibrant and

appealing to young players.

o Message: The logo visually conveys safety, emotional warmth, and inner joy. It
encourages children to feel welcomed and motivated to explore their emotional world

with confidence.

Figure 4.1: Game Logo
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3 Welcome Scene

The Welcome Scene serves as the primary entry point for the child into the virtual reality

environment. From a development and design perspective, its goal is to create a calm and

emotionally safe introduction, particularly for children on the autism spectrum.

3.1

3.2

3.3

Environment Setup

Lighting: Soft, indirect lighting is implemented using Unity’s Baked GI system to

avoid harsh contrasts and maintain a soothing ambiance.

Color Scheme: A warm and desaturated color palette is applied via the Sky box

and material settings to reduce overstimulation.

Ambient Sound: A looping ambient audio track is played through an Audio
Source component attached to a central empty GameObject, triggered on scene
load.

Interactive NPC (Non-Player Character)

Purpose: The NPC acts as a magical guide (e.g., a fairy or friendly creature) to

build emotional connection and provide reassurance.

Control: The character is non controllable and animated using a predefined Animator

Controller with pre authored animation clips.

Expressive Gestures: Hand and head gestures are embedded within the animation

timeline to enhance non-verbal communication.

User Interface Start Button

Element: A 3D Start button is placed directly in the users field of view (FoV),

floating at an accessible height.
Interaction: The button uses Unitys XR Interaction Toolkit:

— Configured as an XR Grab Intractable or XR Ray Intractable with collider
based triggers.

— On activation, it calls SceneManager.LoadScene() to transition to the next

scene, optionally with a fade-out or transition animation.
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3.4

3.5

User Interaction Design

No Time Pressure: There are no countdowns or timers; the user initiates the scene

transition entirely at their own pace.

Manual Scene Transition: The next scene is loaded only upon user input to avoid

any sense of being rushed.

Therapeutic Design Considerations

Establishes initial trust and emotional readiness for the VR experience.

Reduces the risk of sensory overload through careful control of light, sound, and

visual stimuli.

Smoothly introduces the child to the idea of exploration and interaction in a safe,

judgment-free virtual space.

Figure 4.2: Welcome Scene
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4 Doors Scene

This scene serves as the main navigation interface within the application. It allows the user
(the child) to select from multiple therapeutic activities via a magical corridor environment

featuring distinct gateways.

4.1 Environment Setup

e General Design: The scene is constructed as a 3D corridor with a magical visual

theme to promote curiosity and engagement.

« Lighting and Effects: Directional lighting is used along with subtle particle effects
around each gateway to enhance visibility. Visual effects like glow and bloom are

applied via the Post Processing Stack.

4.2 Therapeutic Gateways

e Count: The scene includes 6 gateways, each leading to a distinct therapeutic mini

game.

o Placement: Gateways are arranged in a circular layout or along the corridor walls

to ensure clear visibility within the player’s field of view.

« Scene Loading: Each gateway is linked to a separate scene using SceneManager . LoadScene ()

triggered by its corresponding button.

4.3 Interaction Buttons

e Design: In front of each gateway is a red cylindrical button mounted on a slim

pillar, positioned at a height suitable for hand interaction in VR.

e Interaction Mechanism: Buttons use the XR Interaction Toolkit and are ac-

tivated either by direct hand contact or ray based selection (XR Ray Interactor).

o Feedback: Upon interaction, a sound cue is played. To prevent multiple triggers, a

boolean flag isLoading is used.

4.4 User Interaction Characteristics

« Free Choice: The child can navigate the corridor freely and select any gateway in

any order.

« Transition: Each button loads a specific therapeutic game scene using SceneManager . LoadScer

where X denotes the scene index.
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4.5 Design and Therapeutic Goals

o Empower the child with a sense of control by allowing them to choose which activity

to start.
o Offer a structured yet flexible navigation experience that minimizes anxiety.

e Support visual distinction between gateways and their associated games using con-

sistent icons and colors.

Figure 4.3: Doors Scene

5 Magical Storytelling Playground

This scene takes place in a peaceful, enchanting magical world, where the child faces a
beautiful castle surrounded by a calm, dreamy environment. It is designed as an open

ended sandbox environment rich with interactive elements.
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5.1

5.2

5.3

5.4

Environment Setup

Visual Theme: The world features soft lighting, magical particles, and a scenic

background including a fantasy castle and floating terrain.

Audio Ambiance: Gentle background music and occasional environmental sounds

(e.g., birds, chimes) are used to maintain a relaxed and immersive atmosphere.

Physics Settings: Gravity is disabled globally or per object to allow floating or

free placement in 3D space.

Interactive Elements

Types of Objects: Includes magical and familiar items such as flying airplanes,

teddy bears, toy soldiers, vases, and others.

Interactivity: All objects implement components such as XR Grab Interactable

to support picking up, moving, and rotating via hand tracking or controllers.
Object Manipulation:

— Resizing: Users can pinch or stretch objects using two-handed gestures, im-

plemented using custom gesture recognition or XR toolkit extensions.

— Free Placement: Objects can be positioned anywhere in 3D space without

constraints (no snapping or surfaces required).

User Interaction Characteristics

No Objectives or Rules: The scene does not follow a game structure; instead, it

encourages free form exploration and storytelling.

Creative Freedom: Children can invent their own narratives by combining objects,

positioning them, and acting out roles or events.
Persistence: (Optional) The system may store object states for session continuity

if needed.

Therapeutic and Design Goals

Imaginative Play: Supports unstructured creativity and fantasy based play, aiding

in emotional exploration.

Spatial Awareness: Encourages understanding of 3D space, orientation, and rela-

tionships between objects.
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o Cognitive Flexibility: Helps children with ASD practice open ended thinking,

decision making, and symbolic representation.

« Fine Motor Skills: Enhances hand control through gestures like grabbing, resizing,

and placement.

« Self-Expression: Provides a non verbal outlet for the child to express ideas, stories,

or feelings through interactive storytelling.
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Figure 4.4: Magical Storytelling Playground scene

6 Shape Matching Game

This scene features an interactive shape matching activity designed for cognitive and motor
skill development. The game play revolves around manipulating 3D shapes and recognizing

spatial relationships.

6.1 Environment and Object Setup

« 3D Shapes: A collection of interactive 3D primitives (e.g., spheres, cubes, cylinders,
pyramids) is instantiated in the scene. Each shape is tagged appropriately (e.g.,
"Shape_Cube", "Shape_Sphere").

« Silhouettes: Corresponding target outlines (silhouettes) are placed on the opposite
side. These are semi transparent, slightly yellow tinted mesh placeholders using a

custom material with alpha transparency.

o Layout: Shapes and their corresponding silhouettes are positioned in a mirrored

fashion to encourage left to right matching.
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6.2

6.3

6.4

Interaction Logic

Grab Mechanism: Shapes are configured as XR Grab Intractable objects, en-

abling the child to pick them up using hand controllers.

Placement Detection: Each silhouette area includes a collider and a shape-specific

trigger script to detect correct matches.

Error Handling: If a shape is released in the wrong spot, a soft error sound is

played via an AudioSource to indicate the mismatch gently.

Positive Feedback: As the correct shape approaches its corresponding silhouette
(within a defined proximity threshold), a positive audio cue is played (e.g., chime or

soft bell), guiding the child toward the correct placement.
Snap System: When the shape is correctly positioned, it smoothly snaps into place

using a leaped transform transition and becomes non intractable.

Educational and Therapeutic Objectives

Develop visual discrimination by requiring children to identify and match shapes

accurately.

Enhance spatial reasoning through the need to rotate and align shapes with their

outlines.
Improve fine motor control via VR based object manipulation.

Support problem solving and confidence building with clear, real time feedback.

Accessibility and Usability

The design is intentionally minimal and intuitive, accommodating various cognitive

levels within the Autism Spectrum.
The interaction flow is forgiving no time limits or failure states are enforced.

Audio and visual feedback are soft, non intrusive, and tuned to avoid overstimulation.
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Figure 4.5: Shape Matching Puzzle Scene

7 Eye Contact Challenge

This scene is designed to encourage and improve eye contact in children with ASD by

offering a simple, playful, and positive interaction within a safe virtual environment.
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7.1

7.2

7.3

7.4

7.5

Environment Setup

Setting: The scene places the child in a calm, minimalist environment with soft

lighting and a soothing color palette to reduce visual overstimulation.

Audio: A light ambient background sound plays continuously to maintain a relaxed

atmosphere.

Interactive Character

Model: A friendly teddy bear is positioned at eye level and directly faces the player,

creating an opportunity for direct gaze.

Animation: The bear is animated using an Animator Controller with idle and

celebratory states.
Prompt: The bear initiates interaction by asking, in a gentle voice, Can you look

into my eyes?, using a pre recorded audio clip.

Eye Contact Detection

Mechanism: Eye contact is detected by checking the alignment between the player’s

head orientation and the bears face using the VR headset’s tracking data.
Threshold: If the user maintains alignment for at least five continuous seconds, it

is registered as successful eye contact.

Feedback and Reinforcement

Positive Response: Upon success, cheerful music plays and the teddy bear transi-

tions to a joyful dance animation.

Verbal Praise: A voice line such as Great job! is played to reinforce the positive

behavior.
Repeatability: After a short delay, the scene resets, allowing the child to repeat

the activity as needed.

Design and Therapeutic Goals

Provide a controlled and non threatening context to practice eye contact.

Reinforce social behavior using immediate, clear, and positive feedback.
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« Support repeatable, short interactions tailored to children with difficulty maintaining

gaze.

o Promote emotional regulation and build confidence through gentle encouragement.

Figure 4.6: Eye Contact Challenge Scene

8 The Magic Word

This scene is designed to provide a calm and engaging environment that encourages verbal
interaction and vocabulary development in children. It combines visual stimuli with speech

recognition to create an interactive and educational experience.
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8.1

8.2

8.3

8.4

Environment Setup

Scene Design: The child is placed in a cozy, enclosed virtual space with soft lighting

and minimal distractions to promote focus and comfort.

Object Layout: At the center of the environment, there are 22 slender flower like
structures arranged in a straight line. Each is topped with a neutral white sphere,

except for the final one which is topped with a glowing crystal.

Interactive Elements

Speech Activation: When the child approaches a flower, a card appears in front

of the sphere displaying its label (e.g., 'Red’) in Arabic.

Speech Recognition: The system uses a speech recognition module (e.g., Unity +
external STT API or plugin) to detect if the child clearly says the word.

Reactions: Upon correct recognition:
— Color balls change from white to their corresponding color: Red, Blue, Green,
Yellow, black, Pink.
— Special behavior balls:

* Small ball shrinks in size.
x Big ball grows in size.
*x Disappear ball becomes invisible or fades out.

x Jump ball plays a jump animation in place.

— The final crystal responds to the keyword Reset by restoring all balls to their

initial white state.

Feedback and Reinforcement

The system avoids harsh penalties for unrecognized speech to maintain a low pressure

experience.

Design and Therapeutic Goals

Encourage the child to engage with the environment using Arabic vocabulary ver-

bally.

Reinforce the connection between spoken words and visual actions through immediate

feedback.
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« Foster an enjoyable, safe space for experimenting with language without fear of failure

or judgment.

Figure 4.7: The Magic Word Scene

9 Animal Interaction Forest

This scene introduces the child to a cheerful, colorful forest environment upon entering
the virtual world. It is designed to encourage gentle interaction and reinforce sensory and

cognitive concepts through playful engagement with animals.
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9.1

9.2

9.3

94

Environment Setup

Visual Design: The forest is constructed with vibrant, saturated tree models and a
pleasant natural setting. Colors are intentionally chosen to be non-threatening and

visually engaging.

Lighting: Soft ambient lighting is used to create a calm atmosphere without harsh

shadows.

Audio: Ambient forest sounds play continuously to support immersion.

Interactive Animals

Animal Types: The scene includes six friendly animal models: a horse, a chicken,

a deer, a dog, a cat, and a corgi.

Positioning: Animals are spaced across the environment to promote exploration

and movement.

Interaction Mechanism: Each animal is equipped with a collider and interaction
component (e.g., XR Grab Intractable or custom trigger zone). When touched, the

animal plays a corresponding sound clip (e.g , the cat meows).
Animation (Optional): Simple idle or reactive animations may be included to

increase believability (e.g., tail wag, head turn).

User Interaction Characteristics

Encouraged Exploration: The child is free to walk around the environment and

interact with animals in any order.
Cause and Effect Learning: FEvery time the child touches an animal, a clear

auditory response reinforces the concept that actions lead to reactions.

Therapeutic and Educational Goals

Reduce tactile defensiveness and fear of touching living creatures or people.
Improve understanding of animals and encourage emotional connection.

Teach the fundamental cognitive concept of cause and effect.
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9.5 Design Features:

The environment is calm and welcoming, with soft lighting, minimal visual elements, and
ambient background audio to prevent sensory overload. At the entrance to the corridor,
a guide character designed as a young girl offers non verbal cues and remains visible
throughout the scene, serving as a constant visual anchor.

When the button is pressed, a gentle haptic and visual response is triggered to confirm
interaction. The door then opens to reveal a white transition screen, followed by a brief
loading time of approximately two seconds, before the therapeutic game begins. This
sequence ensures a smooth and predictable transition, which is essential for maintaining a

sense of control and emotional stability in children with Autism Spectrum Disorder (ASD).
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9.6

Figure 4.8: Animal Interaction Forest

Therapeutic Objectives:

Promote executive functioning by allowing the child to make decisions independently

Support the development of hand-eye coordination through interactive button-based

input
Enhance visual-spatial perception by encouraging spatial navigation and recognition

Build self confidence by positively reinforcing successful interactions with visual and

auditory feedback

The scene also features an unobtrusive auto-assist system that gently guides the child

without overwhelming or distracting them, thus preserving a safe and engaging environ-

ment that encourages independent exploration.

10

Focus Cups Game Scene

The Focus Cups game is designed to enhance visual attention, hand eye coordination, and

aiming precision skills that are often underdeveloped in children with Autism Spectrum

Disorder (ASD). This scene features a set of colorful cups arranged in a pyramid formation.

10.1 Scene Setup

Cup Arrangement: The cups are instantiated as 3D objects arranged program-
matically into a stable pyramid shape. Each cup is a physics-enabled rigid body to

allow realistic interactions.

Materials and Colors: Each cup uses distinct, vibrant materials to aid visual

discrimination.
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10.2 Launching Tool

o Types: The player is equipped with a launching tool, which can be either a tennis

racket for direct hits or a trebuchet style launcher for controlled aiming.
e Mechanics:

— The launcher allows the child to place a ball inside, pull back via grab and pull
mechanics implemented with the XR Interaction Toolkit, and release to launch
the ball.

— Physics forces are applied on release to simulate realistic ball trajectory.

10.3 Reset Functionality

e The child can reset the game state at any time:

— Refill balls (instantiating or resetting ball objects).
— Reset cup positions to their original pyramid layout.

— Return the launcher to its default resting position.

« Reset triggers are implemented as Ul buttons or physical interactable objects in the

scene.

10.4 User Interaction and Feedback

« The interaction is designed to be forgiving and encourage repeated attempts without

pressure.

 Visual and auditory feedback (such as sounds on hits or resets) reinforce engagement

and provide clear cues.

10.5 Therapeutic Objectives

« Improve concentration, motor control, and precision within a supportive and playful

environment.

o The simplicity and engaging mechanics make the game appropriate for children with
mild to moderate ASD, particularly those with challenges in attention and fine motor
skills.
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Figure 4.9: Focus Cups Game Scene
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1 Comparison with Existing VR Projects for Chil-

dren with Autism Spectrum Disorder

1.1 Detailed Overview of Existing Projects

In the field of Virtual Reality (VR) development for children with Autism Spectrum Dis-
order (ASD), several pioneering initiatives aim to support emotional, cognitive, and be-

havioral skills. Below are some of the most notable projects:

1.1.1 Floreo
« Developer: Floreo Inc. (USA)
o Target Group: Children aged 5-18 with ASD
e Interaction Mode: VR headset with guided sessions by a therapist or parent

o Content: Over 200 lessons covering greetings, facial expressions, and social interac-

tions
e Goal: Improve social and behavioral skills in a safe environment
o Technology: Meta Quest, iPhone VR, therapist dashboard
e Outcomes: Improved social responses shown in pilot studies
o Strengths: Extensive content, structured guidance, user-friendly

o Weaknesses: Subscription-based, English only, internet required

1.1.2 Autism VR
e Developer: UK academic institutions in partnership with autism centers
o Target Group: Children aged 6-14
o Interaction Mode: Independent exploration in VR environments
« Content: Simulated everyday scenarios (e.g., doctor’s visit, shopping)
o Goal: Reduce anxiety and prepare children for real-life situations
o Technology: Unity-based, HTC Vive, Meta Quest
e Outcomes: Reduced anxiety levels through exposure
« Strengths: Realistic scenarios, clinical testing

o Weaknesses: No emotional training, not suitable for severe autism
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1.1.3 BRAVE VR

Developer: MindTech and NHS (UK)

Target Group: Adolescents and children with ASD and social anxiety
Interaction Mode: Therapist-led exposure therapy in VR

Content: Gradual exposure to public speaking, transport use, etc.
Goal: Help children manage social anxiety

Technology: Realistic environments with sound and tasks
Outcomes: Improved coping after several sessions

Strengths: Evidence-based, structured therapy

Weaknesses: Therapeutic focus only, not suitable for young children

1.1.4 Smileys

Developer: European educational initiative

Target Group: Children aged 4-10 with ASD
Interaction Mode: Game-based VR using cartoon avatars
Content: Recognition of emotional facial expressions
Goal: Develop emotional awareness

Technology: Unity, 3D characters

Outcomes: 30% improvement in emotional recognition
Strengths: Child-friendly design, engaging visuals

Weaknesses: Limited depth, no progression or real-life context
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1.2 Comparative Analysis

Criteria Floreo Autism BRAVE Smileys Proposed
VR VR Project
Age Range 5-18 6-14 10+ 4-10 37
Content Focus Social  be- | Real life | Anxiety Emotion Multi
havior prep therapy recognition | skill(focus,
emotion, in-
teraction)
Interaction Mode | Guided ses- | Independent | Therapist- Simple Hands, gaze,
sions guided gameplay voice, full
body VR
Localization No No No No Yes (Algeria-
focused)
Skill Progression | Moderate Low High Weak Adaptive and
expandable
Strengths Rich Realistic Evidence- Fun and vi- | Multi  skill,
lessons, scenarios based sual flexible, local
therapist context
tools
Weaknesses Subscription,| Lacks Not for | Basic, Still a proto-
language emotional young kids | short-term | type
barrier dimension

Table 4.2: Comparison Between Existing Projects and the Proposed VR Prototype

1.3 Summary of the Comparison

This comparison highlights that while existing VR projects provide valuable tools for sup-

porting children with ASD, they often focus on a single developmental aspect such as social

behavior, emotional recognition, or anxiety reduction. In contrast, the proposed project

offers a more comprehensive and flexible experience, supporting multiple developmental

goals simultaneously (attention, emotion, interaction, focus) in a playful yet therapeutic

environment.

Additionally, it is designed for children aged 3 to 7 and takes into account the limitations

of under-resourced regions such as Algeria. This local and inclusive approach, along with

future adaptability, makes the prototype a promising foundation for future therapeutic VR

applications.
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1.4 What Distinguishes Our Project from These Initiatives

Firstly, we offer an integrated collection of therapeutic games that do not focus on
a single skill but include improvements in attention, hand eye coordination, and motor
precision. This diversity makes our approach more comprehensive and targeted towards a
broader range of skills needed by children with ASD.

Secondly, our design considers different levels of support required by children by
providing calm visual environments with warm colors and flexible interactions that allow
children to experience the games at their own pace without pressure, enhancing their sense
of safety and control.

Thirdly, we incorporate psychological and emotional support elements explicitly,
such as a welcoming scene featuring a friendly character that makes the child feel secure
and builds trust before game play begins. This aspect is crucial for achieving effective and
comfortable engagement.

Fourthly, we focus on providing an advanced sensory and motor interactive ex-
perience, where games like "Focus Cups" utilise realistic physical launching tools that
enhance fine motor skills in an enjoyable and motivating way.

Finally, we ensure that the child has full control over the game play experience,
allowing them to choose when and which game to play, with easy options to retry and
reset scenes. This promotes the child’s independence and encourages repeated attempts
and learning without fear of failure or pressure.

Through these features, we present a unique project that combines therapy, education,
and fun, focusing on providing a safe and stimulating environment for children with Autism
Spectrum Disorder (ASD) that supports their comprehensive sensory, motor, and emotional

development.

2 Summary of Therapeutic Game Scenes

e Welcome Scene

— Reduces anxiety and builds trust

— Introduces the VR world in a calm and friendly manner
e Doors Scene

— Encourages decision-making and spatial awareness

— Builds confidence through interactive feedback
e Focus Cups Game

— Enhances hand eye coordination and aiming skills
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— Improves concentration and fine motor abilities
Magical Storytelling Playground

— Stimulates imagination and creative thinking

— Supports spatial manipulation and encourages free play
Shape Matching Puzzle

— Develops visual discrimination and spatial reasoning

— Encourages problem solving with real time feedback
Eye Contact Challenge

— Promotes social engagement and eye contact

— Builds confidence and reduces anxiety around gaze
The Magic Word

— Develops language skills and pronunciation

— Connects words with their effects in an interactive way
The Friendly Forest

— Reduces fear of touch and improves social understanding

— Teaches cause and effect through interaction with friendly animals

Overall Benefits

Promotes attention, focus, and emotional engagement
Uses positive feedback to build self-confidence

Offers safe, non-judgmental play experiences

Avoids sensory overload through careful design
Allows free manipulation of the virtual environment

Supports children across different ASD severity levels
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4 Expert Opinions

4.1 Dr. Houssam Makhlfi Frantz-Fanon Hospital, Blida

According to Dr. Houssam Makhlfi, Head of Department at Frantz-Fanon Hospital in
Blida and a specialist in Behavioral Psychology, Child and Developmental Psychology, and
Autism Spectrum Disorders in children, the development of a virtual reality (VR) game
specifically tailored for children with autism represents a highly valuable therapeutic and
educational tool, especially when grounded in principles from cognitive and behavioral

psychology.
He emphasized the following points:

« Behavioral Impact: The VR game offers autistic children the chance to engage
in structured behavioral scenarios within a safe and controlled environment, which

significantly aids in reducing anxiety and enhancing behavioral flexibility.

e Audio and Sensory Regulation: The games calm auditory elements help prevent

overstimulation and foster better engagement through clear, soft instructions.

e Visual Design: Its visually minimalistic and structured environment enhances focus

and promotes emotional comfort.

e Long-Term Benefits: With continued use, the game can contribute to improve-

ments in emotional regulation, communication, and decision-making skills.

Dr. Makhlfi concluded that the integration of such VR tools in therapeutic settings is

highly beneficial, provided they are used under the supervision of qualified professionals.

4.2 Ms. Fatiha Nouioua EIl Bahdja Psychological Clinic-Biskra

Ms. Fatiha Nouioua, a clinical psychologist with over 15 years of experience in psychological
consultation and therapy, currently runs the El Bahdja Psychological Clinic. She specializes
in various disorders, including Autism Spectrum Disorders.

Ms. Nouioua expressed strong support for the games concept and therapeutic potential,
particularly for children with mild autism. She believes the game is already suitable for
clinical application in her practice and sees real value in its current form. However, she also
emphasized the importance of future enhancements to enrich its therapeutic scope. She
expressed a clear interest in applying the game with her patients and provided constructive

suggestions for potential features that could broaden its usability and effectiveness.
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4.3 Ms. Fatima Ouanoughi Ouanoughi Institution for Psycho-
logical and Orthophonic Training - Biskra

Ms. Fatima Ouanoughi, founder of the Ouanoughi Institution for Learning, Training, and
Psychological Orthophonic Consultation, expressed great enthusiasm for the VR game.
She described it as highly promising and immediately applicable in her institution.

Ms. Ouanoughui emphasized her desire to implement the game across all therapeutic
stages under her supervision. She highlighted the potential of the game to evolve into a
comprehensive intervention tool through structured development and ongoing collabora-
tion. Her feedback included numerous ideas for additions and improvements that could

further enhance the games educational and therapeutic impact.

5 Conclusion

In summary, the eight carefully designed scenes collectively create a comprehensive and
supportive virtual environment tailored to the diverse needs of children with Autism Spec-
trum Disorder. Each scene targets specific developmental skills, ranging from emotional
readiness and social engagement to language acquisition, motor coordination, and cognitive
flexibility. By blending therapeutic objectives with playful and interactive experiences, the
VR application fosters learning in a safe, engaging, and pressure-free setting.

Moreover, the thoughtful design prioritises sensory comfort and gradual skill building,
ensuring that children of varying ASD severity levels can benefit at their own paces. The
integration of positive reinforcement and intuitive feedback further encourages sustained
motivation and confidence.

Overall, this multi-scene approach highlights the potential of virtual reality as an inno-
vative tool to enhance therapeutic interventions, supporting children on the autism spec-
trum to develop essential skills that promote their communication, social interaction, and

personal growth.
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One of the most complicated and difficult developmental disorders affecting children glob-
ally is autism spectrum disorder (ASD). Innovative and readily available intervention
strategies are particularly needed in areas like Algeria that have limited treatment re-
sources. Through the creation of a serious game, this thesis explored the potential of
virtual reality (VR) as a supportive tool for early intervention in children with autism.

We created an interactive virtual reality experience suitable for people with varying
levels of autism severity (mild, moderate, and severe) using Unity and the Meta XR SDK.
The design of the game placed a strong emphasis on social engagement, communication,
emotional identification, and focus skills that are frequently impacted in children with
ASD. The use of game-based learning in a virtual setting allowed us to create engaging,
safe, and controlled experiences that can be tailored to the needs of each child.

The early results of the game testing showed that the children responded well to it
and became more engaged. The promise of virtual reality (VR) as an assistive therapeutic
tool was highlighted by improvements in attention, emotional reaction, and interaction
with virtual environments. Although this prototype is only a starting step, it shows that
incorporating VR into autism therapy is both feasible and promising.

Based on the development process and the initial findings, several future directions are

proposed to enhance the impact and utility of the game:

« Expand testing in a broader population and in collaboration with autism therapy

centers to validate the long term impact of the game.

« Develop additional game levels with increasing complexity to better match the pro-

gression of each child’s cognitive and behavioral development.

« Integrate a database system that allows therapists and specialists to track and mon-
itor the progress of children using the game, facilitating personalized therapeutic

follow-up.

o Include a wider and more accurate range of autism symptoms, including subtle and

specific behaviors, to improve diagnostic and therapeutic coverage.

« Encourage interdisciplinary collaboration between developers, psychologists, and spe-
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cial education professionals to ensure the alignment of therapeutic goals with tech-

nical features.

« Explore complementary technologies, such as eye tracking and biometric sensors,
to personalize the VR experience based on real-time behavioral and physiological

respomnses.

This work contributes to the growing body of research on the use of immersive tech-
nologies in special education. It provides a strong foundation for future efforts to develop
engaging, therapeutic, and adaptable VR applications that aim to improve educational

outcomes and the overall quality of life for children with autism.

72



References

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-5). American Psychiatric Publishing, 2013.

Catherine Lord et al. “Autism spectrum disorder”. In: The Lancet 392.10146 (2018),
pp. 508-520.

Geraldine Dawson, Sally Rogers, Jeffrey Munson, et al. “Randomized, controlled
trial of an intervention for toddlers with autism: The Early Start Denver Model”. In:
Pediatrics 125.1 (2010), el7-e23.

Centers for Disease Control and Prevention. Signs and Symptoms of Autism Spectrum
Disorder. Accessed 2024-05-10. 2023. URL: https://www.cdc.gov/ncbddd/autism/
signs.html.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Dis-

orders, Third Edition (DSM-III). APA Press, 1980.

World Health Organization. International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10). Accessed 2024-05-01. 1992. URL:
https://icd.who.int/browsel10/1992/en.

Raymond Mises. Classification Frangaise des Troubles Mentauz de [Enfant et de [Ado-
lescent (CFTMEA-R). Masson, Paris, 2000.

Fred R. Volkmar and Brian Reichow. “Autism in DSM-5: Progress and Challenges”.
In: Journal of Autism and Developmental Disorders 44.1 (2014), pp. 1-4.

Fotios Drakopanagiotakis et al. Clinical characteristics of patients with unclassifiable

interstitial lung disease. 2015.

Republic of Algeria. Initial Report to the United Nations Committee on the Rights
of Persons with Disabilities. Submitted to the UN. 2015. URL: https://www.ohchr.
org/.

Algerian Government. Interministerial Decree on Inclusive Education for Children
with Sensory Disabilities. 1998.

People’s Democratic Republic of Algeria. Law No. 02-09 on the Protection and Pro-

motion of Persons with Disabilities. 2002.

73


https://www.cdc.gov/ncbddd/autism/signs.html
https://www.cdc.gov/ncbddd/autism/signs.html
https://icd.who.int/browse10/1992/en
https://www.ohchr.org/
https://www.ohchr.org/

References

[13]

[14]

[15]

[16]

[17]

[18]

[21]

22]

23]

[24]

[25]

[26]

People’s Democratic Republic of Algeria. Law No. 08-04 on National Education.
2008.

Algerian Presidency. Presidential Decree No. 09-188 ratifying the Convention on the
Rights of Persons with Disabilities. 2009.

Algeria Ministry of National Solidarity. Ministerial Regulation on Special Education
Classrooms. 2014.

Algerian Ministries of Education and Solidarity. Interministerial Circular No. 1 on

Autism Spectrum Disorder in Schools. 2019.

Sensory Edge. Signs Your Child Might Be Autistic How to Treat Them. Accessed:
June 20, 2025. June 2025. URL: https://blog. sensoryedge . com/signs-your-
child-might-be-autistic-how-to-treat-them/.

National Institute of Mental Health. Autism Spectrum Disorder: Treatment and In-
tervention Services. Accessed 2024-05-10. 2019. URL: https://www.nimh.nih.gov/

health/topics/autism-spectrum-disorders-asd.

Tristram Smith. “ABA Principles and Practice”. In: Behavioral Interventions 16.2
(2001), pp. 89-106.

Robert L. Koegel and Lynn Kern Koegel. “Pivotal Response Treatments for Autism:
Communication, Social, and Academic Development”. In: Autism Research and Treat-
ment 2010 (2010), pp. 1-10.

Lonnie Zwaigenbaum, Susan Bryson, Peter Szatmari, et al. “Early intervention for
children with autism spectrum disorder under 3 years of age: Recommendations for
practice and research”. In: Pediatrics 136.1 (2015), S60-S81.

Association of Speech and Language Therapists in Independent Practice. Communi-
cation Supports for Individuals with Autism. Accessed 2024-05-01. 2020. URL: https:

//www.asltip.com/.

Geraldine Dawson, Sally Rogers, Jeffrey Munson, et al. “Randomized, controlled
trial of an intervention for toddlers with autism: The Early Start Denver Model”. In:

Pediatrics 125.1 (2010), e17-e23.

Gary B. Mesibov, Victoria Shea, and Eric Schopler. The TEACCH Approach to
Autism Spectrum Disorders. New York: Springer, 2004. 1SBN: 978-0306486470.

Centers for Disease Control and Prevention. Treatment and intervention services for
autism spectrum disorder. Mar. 31, 2022. URL: https://www.cdc.gov/autism/
treatment/index.html (visited on 12/20/2023).

QBS SoCal. Social Skills for Autism. Accessed June 2025. n.d. URL: https: //

gbssocal.com/social-skills-for-autism/.

74


https://blog.sensoryedge.com/signs-your-child-might-be-autistic-how-to-treat-them/
https://blog.sensoryedge.com/signs-your-child-might-be-autistic-how-to-treat-them/
https://www.nimh.nih.gov/health/topics/autism-spectrum-disorders-asd
https://www.nimh.nih.gov/health/topics/autism-spectrum-disorders-asd
https://www.asltip.com/
https://www.asltip.com/
https://www.cdc.gov/autism/treatment/index.html
https://www.cdc.gov/autism/treatment/index.html
https://qbssocal.com/social-skills-for-autism/
https://qbssocal.com/social-skills-for-autism/

References

[27]

[30]

31]

Feeling Good Institute. What Are Cognitive Behavioral Therapy (CBT) Techniques?
Accessed: June 20, 2025. 2025. URL: https://feelinggoodinstitute.com/blog/
cognitive—-behavioral -therapy-techniques-what-are-they-and-how-do-

they-work/.

P. Zimmerman. Characteristics of Children With Autism Spectrum Disorder. Sept. 27,
2023. URL: https://www.pisegna-zimmerman.com/blog/characteristics-of-
autism-spectrum-disorder/ (visited on 12/20/2023).

Laura Freina and Michela Ott. “A Literature Review on Immersive Virtual Real-
ity in Education: State Of The Art and Perspectives”. In: eLearning and Software
for Education (eLSE). Carol I National Defence University Publishing House, 2015,
pp. 133-141.

Horace Ip, Louis Wong, and Ricky Chan. “Using Virtual Reality to Train Social Skills
in Children with Autism Spectrum Disorder”. In: Journal of Autism and Develop-
mental Disorders 48.7 (2018), pp. 2515-2526.

Jung-Hyun Yang, Su-Kyung Park, and Mi-Hyun Choi. “Improving Social Skills in
Children with Autism Spectrum Disorder Using a Virtual Reality-Based Occupa-
tional Therapy Program”. In: Occupational Therapy International 2018 (2018), pp. 1-
9.

Gonzalo Lorenzo et al. “The impact of an augmented reality system on the devel-
opment of social skills in children with autism spectrum disorder”. In: Interaction
Studies 17.3 (2016), pp. 345-359.

Simon Baron-Cohen. Mindblindness: An Essay on Autism and Theory of Mind. Cam-
bridge, MA: MIT Press, 1997.

Sarah Parsons and Peter Mitchell. “What children with autism understand about
thoughts and thought bubbles”. In: Autism 11.1 (2007), pp. 53-61.

Albert Bandura. Social Learning Theory. Englewood Cliffs, NJ: Prentice-Hall, 1977.

Hasan Bozgeyikli et al. “Designing a Virtual Reality-Based Personalized Social In-
teraction System for Individuals with Autism”. In: IEEE Transactions on Neural
Systems and Rehabilitation Engineering 26.8 (2018), pp. 1620-1629.

Joe Taylor, Suzanne Martin, and Gavin Breslin. “Virtual Reality in Autism: The
Impact on Motivation, Engagement, and Learning”. In: Journal of Autism and De-
velopmental Disorders 51.5 (2021), pp. 1577-1590.

Amy Howes, Nigel Brown, and Susan Batey. “Using Virtual Reality to Develop Social
Skills in Children with Autism Spectrum Disorders”. In: Disability and Rehabilitation:
Assistive Technology 12.6 (2017), pp. 619-626.

1)


https://feelinggoodinstitute.com/blog/cognitive-behavioral-therapy-techniques-what-are-they-and-how-do-they-work/
https://feelinggoodinstitute.com/blog/cognitive-behavioral-therapy-techniques-what-are-they-and-how-do-they-work/
https://feelinggoodinstitute.com/blog/cognitive-behavioral-therapy-techniques-what-are-they-and-how-do-they-work/
https://www.pisegna-zimmerman.com/blog/characteristics-of-autism-spectrum-disorder/
https://www.pisegna-zimmerman.com/blog/characteristics-of-autism-spectrum-disorder/

References

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[51]

[52]

Lucia R. Valmaggia et al. “Virtual Reality in the Psychological Treatment for Men-
tal Health Problems: An Systematic Review of the Literature”. In: Psychological
Medicine 46.14 (2016), pp. 2299-2310.

Eric Schopler, Robert J. Reichler, and Barbara Rochen Renner. “The Childhood
Autism Rating Scale (CARS)”. In: Journal of Autism and Developmental Disorders
10.1 (1980), pp. 91-103.

Donald A. Krug, James Arick, and Patricia Almond. “Behavior checklist for iden-
tifying severely handicapped individuals with high levels of autistic behavior”. In:
Journal of Child Psychology and Psychiatry 21.3 (1980), pp. 221-229.

Yifan Chen, Min Zhang, and Yicheng Liu. “Effectiveness of VR-based interventions
on social and cognitive functioning in children with ASD: A Randomized Controlled
Study”. In: Autism Research 15.6 (2022), pp. 1054-1065.

Fengfeng Ke, Arlene Imel, and R. Denise Simpson. “Virtual Reality-Based Social
Skills Training for Children with Autism Spectrum Disorder”. In: Journal of Autism
and Developmental Disorders 48.6 (2018), pp. 2056-2071.

Y. Cheng, C.-L.. Huang, and C.-S. Yang. “Virtual reality for enhancing social com-
munication in children with autism spectrum disorders”. In: Research in Autism
Spectrum Disorders 10 (2015), pp. 1-10.

S. Wallace et al. “Sense of presence and atypical social judgments in immersive virtual
environments: Responses of adolescents with autism spectrum disorders”. In: Autism
14.3 (2010), pp. 199-213.

Meta Quest 2 Technical Specifications. Accessed: 2025-04-05. Meta Platforms. 2023.
URL: https://support.meta.com/.

Meta. Meta Quest Virtual Reality Headsets. Accessed June 2025. 2025. URL: https:

//www.meta.com/quest/.

Unity Technologies. Unity User Manual. Accessed: 2025-04-05. 2023. URL: https:
//docs.unity3d.com/Manual/index.html.

Unity Technologies. Unity Real-Time Development Platform. Accessed June 2025.
2025. URL: https://unity.com/.

Meta Developers. Meta XR All-in-One SDK Package. Accessed June 2025. 2025.
URL: https://developers.meta.com/horizon/downloads/package/meta-xr-

sdk-all-in-one-upm/.

Joe Hocking. Unity in Action: Multiplatform Game Development in C#. 1st Edition.
Manning Publications, 2015. 1SBN: 978-161729198-3.

Unity Technologies. Unity Asset Store. Accessed: 2025-04-05. 2023. URL: https :

//assetstore.unity.com.

76


https://support.meta.com/
https://www.meta.com/quest/
https://www.meta.com/quest/
https://docs.unity3d.com/Manual/index.html
https://docs.unity3d.com/Manual/index.html
https://unity.com/
https://developers.meta.com/horizon/downloads/package/meta-xr-sdk-all-in-one-upm/
https://developers.meta.com/horizon/downloads/package/meta-xr-sdk-all-in-one-upm/
https://assetstore.unity.com
https://assetstore.unity.com

References

[53]

[54]

[55]

Microsoft. Visual Studio Code. Accessed June 2025. 2025. URL: https://code.

visualstudio.com/.

G. Lorenzo et al. “Design and application of an immersive virtual reality system to
enhance emotional skills for children with autism spectrum disorders”. In: Computers

& Education 98 (2016), pp. 192-205.

M. H. Putnick D. L. & Bornstein. “Measuring disability in paediatric populations”.
In: The Lancet Neurology 14.5 (2015), pp. 487-488. DOI: 10.1016/S1474-4422(15)
00039-8.

7


https://code.visualstudio.com/
https://code.visualstudio.com/
https://doi.org/10.1016/S1474-4422(15)00039-8
https://doi.org/10.1016/S1474-4422(15)00039-8

	Contents
	List of Figures
	List of Tables
	Introduction
	Autism Spectrum Disorder: Overview and Situation in Algeria
	Definition and Characteristics of Autism Spectrum Disorder
	Symptoms of Autism Spectrum Disorder
	Classification of Autism Spectrum Disorder
	Autism Situation in Algeria
	Education of Autistic Children in Algeria
	Characteristics of Children with Autism Spectrum Disorder
	Early Signs and Clinical Indicators of Autism

	Intervention and Treatment Strategies for Autism Spectrum Disorder
	Behavioral Approaches
	Developmental Approaches
	Educational Approaches
	General Developmental Assessment Tools
	Screening Tools for Early Detection of Autism
	Social-relational approaches
	Pharmacological Approaches
	Psychological approaches
	Complementary and alternative treatments

	Conclusion

	Virtual Reality Interventions for Autism Spectrum Disorder
	Virtual Reality (VR)
	Virtual Reality Intervention to Improve Social Skills in ASD
	Theoretical Framework for Virtual Reality Therapy in Autism
	Benefits of Virtual Reality Therapy for Children with Autism

	Challenges and Limitations of Virtual Reality Therapy
	Study Design and Participants
	Participant Demographics and Study Context
	Types of VR Used in Therapy

	Why VR is Effective for Autism Therapy
	Therapeutic Mechanisms Behind VR
	Comparison with Traditional Therapies
	Theoretical Framework: Social Learning in VR
	Documented Benefits of VR for ASD Children
	Challenges and Limitations
	Notable Studies and Research Examples

	Conclusion

	Development Environment for VR Serious Games
	Introduction
	PC Specifications
	Meta Quest 2
	Why Choose Meta Quest 2
	Technical Integration with Unity and Meta XR SDK


	Development Setup
	Unity
	Why Unity?
	Unity Version

	Plugins and SDKs
	Programming Language
	Tools Used
	3D Models and Assets
	Code Editor: Visual Studio

	Supporting Tools
	XR Simulator

	Version Control
	Target Platform Configuration
	Build Platform Setup
	Project Settings
	Input and Interaction Configuration


	Design and Development Methodology
	Design Philosophy
	Scene Design Pipeline
	User Experience Considerations for Children with ASD
	Testing and Iteration Process
	Development Challenges
	Future Development Possibilities

	Conclusion

	VR Serious Game for Children with Autism Spectrum Disorder
	I Game Design & Scenes Content
	Introduction
	Game Name and Logo
	Game Name:
	Meaning:
	Logo Design:

	Welcome Scene
	Environment Setup
	Interactive NPC (Non-Player Character)
	User Interface – Start Button
	User Interaction Design
	Therapeutic Design Considerations

	Doors Scene
	 Environment Setup
	Therapeutic Gateways
	Interaction Buttons
	User Interaction Characteristics
	 Design and Therapeutic Goals

	Magical Storytelling Playground
	Environment Setup
	Interactive Elements
	 User Interaction Characteristics
	Therapeutic and Design Goals

	Shape Matching Game
	Environment and Object Setup
	Interaction Logic
	 Educational and Therapeutic Objectives
	Accessibility and Usability

	Eye Contact Challenge
	Environment Setup
	 Interactive Character
	Eye Contact Detection
	Feedback and Reinforcement
	Design and Therapeutic Goals

	 The Magic Word
	Environment Setup
	Interactive Elements
	Feedback and Reinforcement
	Design and Therapeutic Goals

	Animal Interaction Forest
	Environment Setup
	Interactive Animals
	User Interaction Characteristics
	Therapeutic and Educational Goals
	Design Features:
	Therapeutic Objectives:

	Focus Cups Game Scene
	Scene Setup
	Launching Tool
	Reset Functionality
	User Interaction and Feedback
	Therapeutic Objectives



	II Analysis & Therapeutic Impact
	Comparison with Existing VR Projects for Children with Autism Spectrum Disorder
	Detailed Overview of Existing Projects
	Floreo
	Autism VR
	BRAVE VR
	Smileys

	Comparative Analysis
	Summary of the Comparison
	What Distinguishes Our Project from These Initiatives

	Summary of Therapeutic Game Scenes
	Overall Benefits
	Expert Opinions
	Dr. Houssam Makhlfi – Frantz-Fanon Hospital, Blida
	Ms. Fatiha Nouioua – El Bahdja Psychological Clinic-Biskra
	Ms. Fatima Ouanoughi – Ouanoughi Institution for Psychological and Orthophonic Training - Biskra

	Conclusion

	Conclusion and Future Work
	References



