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ABSTRACT

DESIGN OF VIRTUAL REALITY-BASED VIDEO MODELLING
INTERVENTION IN ADAPTING TO A NEW SCHOOL

ENVIRONMENT FOR AUTISTIC CHILDREN

Ang Yi Ling

A personalised support that applies Virtual Reality (VR) in Video Modelling
(VM) designed as an augmentative support to help autistic children adapt to new
schools. Difficulties during the school transitions were identified, as they often
face adaptation issues. Point-of-view VM demonstrates behaviours from the
child's perspective for imitation. A customisable Virtual Reality Video
Modelling support was designed in this research to address school adaptation,
presenting appropriate learning behaviours in a class, and the proper way of
making new friends. The immersive experience, facilitated by Google
Cardboard Goggles, aimed to attract children. Additionally, the customisation
feature allowed parents to customise the classroom’s background and furniture
settings to enhance virtual school realism. The input of actual school images
and the child’s name in the storylines heightened the immersion of autistic

children. A total of 7 participants were involved in the training sessions before
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the opening of the school. The results of the support's performance were
identified using the Social Responsiveness Scale (SRS-2), and the Behaviour
Assessment System for Children (BASC-3). Cohen’s d value to determine the
effect size of the personalised support in each scale was calculated as d=1.247
for hyperactivity indicating high effect size, suggesting that autistic children had
reduced their hyperactivity in the class; d=0.739 for behavioural symptom index
from BASC-3, indicating autistic children are better able to pay attention in the
class and reduced abnormal behaviours, and d=0.546 for social awareness from
SRS-2, indicating a medium effect where the results show improvement in their

understanding of reciprocal social situations.

Keywords: virtual reality, video modelling, autistic children, school adaptation,

SRS-2, BASC-3.

Subject Area: T1-995 Technology (General)
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CHAPTER 1

INTRODUCTION

1.1 Background and Motivation

Autism Spectrum Disorder (ASD) is a common childhood neurodevelopmental
disorder. The American Psychiatric Association (2022) defines ASD as
significant deficits in social communication and social interaction abilities, as
well as the presence of dysfunctional repetitive and restrictive behaviours.
Autistic children often face significant challenges while transitioning to school
due to their cognitive and behavioural challenges. They are normally having

difficulty expressing their feelings [1].

There are some treatments have been found to improve their communication
skills in their daily life. By having the treatments, appropriate reactions in
different situations can be learned [2]. Video modelling (VM) is a videotape
demonstrating certain behaviours that are imitable by watching it. There is some
research proving that VM effectively assists autistic children in imitating
targeted behaviours such as increased eye contact [3], sharing board games with
peers [4], and positive interaction with peers [5]. Several forms of VM are
available such as basic VM, video self-modelling, point-of-view VM, and video

prompting. In this research, point-of-view (POV) VM is implemented as it is



designed from autistic children’s perspective and presented from their

viewpoint, which aims to be more effective than the other forms of VM [6].

In the technological generation, Virtual Reality (VR) may be an effective tool
to help autistic children learn appropriate behaviour and interactions in different
situations [7]. Autistic children explore the virtual world safely to understand
new concepts, learn how to perform tasks, and interact with objects and people
in 3D simulation experiences [8, 9]. In the virtual but realistic school
environment, autistic children prepare themselves for adapting to a new
environment in the future. By being aware that the environment is virtual,
autistic children are able to explore the new environment without fear. Thus,
producing a less hazardous virtual environment, and reducing training accidents

since the environment is safe to conduct some unsafe training [9, 10].

Virtual reality-based video modelling has a high usability for autistic individuals
although virtual reality-based video modelling itself is not sufficient to be a
stand-alone support that helps autistic individuals to improve their social skills
[11]. In fact, virtual reality-based video modelling personalised support can be
used as an augmentative support that enhances and prolongs the effect of the
main therapy that autistic individuals attend. Compared to 2D-VM, virtual
reality-based video modelling enhances participants’ sense of presence within
the virtual environment [9]. By wearing a head-mounted display (HMD), they
are able to immerse themselves in the virtual school environment and enjoy the
VM. In contrast, fully immersive VR offers a more flexible experience in which
the participants can rotate their heads and bodies, their motion is tracked, and
the VR view updates accordingly; the virtual reality-based video modelling
provided in this research restricts the rotation and movement of participants in

2



the VM to diminish the occurrence of possible distractions [6]. Preventing
autistic children from rotating their heads, moving away from the targeted

objects in the VM but focusing on the storyline of the video.

Therefore, this research aims to design a VR-based VM (VRVM) personalised
support that provides safe and repeatable training for autistic children in order
to familiarise them with the social situations that may potentially happen in the
school environment. A few possible social situations may arise in the new
school environment, resulting in the design and creation of the VRVM storylines.
Providing immersive VR experiences to autistic children to attract them and

enhance their willingness to participate in the training sessions [9].

1.2 Problems Statements

In this research, there are three research questions are compiled as follows:

RQI1: How was the Virtual Reality (VR) technique implemented in Video

Modelling (VM) to help autistic children adapt to a new school?

Recently, the implementation of VR in VM which focuses on Malaysia's autism
population remains limited. However, the respective use of VR and VM in
training autistic children shows an improvement to help them improve their
social communication skills [3, 4, 5, 7]. Integrating VR into social stories helps
autistic children behave appropriately in social situations [7], while the use of
VM contributes to assisting them to learn the appropriate way to communicate
with peers in school settings [12]. Therefore, the effect of the implementation
of VR in VM which contributes to helping autistic children adapt to a new

school is the focus of the dissertation.



RQ2: To what extent could the parents of the autistic children customise the

VRVM?

Nevertheless, the different needs of autistic individuals result in a variety of
different designs of virtual reality-based personalised support [13]. A virtual
reality-based support that is personalised for each user requires a long process
of collecting their needs and requirements and developing the completed
product of the support. This process may offer a real-time personalisation of the
support based on participants’ reactions [14]. In this situation, the training
process requires an expert, which may make the home training inefficient.
Therefore, a time-consuming data collection and development process and
experts required during training may be the challenges in order to minimise
autistic children's school adaptation stress by using virtual reality-based support.
Thus, the customisation features provided for parents may enhance the
efficiency of the training. However, the extent to which parents are allowed

to customise the VRVM is one of the focuses of the research.

RQ3: How was the effectiveness of the personalised support?

Moreover, the effectiveness of the designed personalised support is one of the
concerns in this dissertation. After the training sessions, the focus is to assess
the improvement of the participants and determine whether the improvement
persists as they transition to the new school. In order to evaluate the
effectiveness of personalised support, certain tools are required to analyse both

the external and internal performance of children [15].



1.3 Objectives

The objectives of this research are listed down below:

e To develop a VRVM personalised support for autistic children.

e To allow customisation by the parents/guardians of autistic
children in the VRVM personalised support .

e To evaluate the effectiveness of the VRVM personalised support

by using related assessment tools.

The first objective is to develop personalised support that applies VR technology.
For autistic children, it is challenging to adapt to new environments such as
school. Before they go to school, they require more time compared to typically
developing children, as they have a higher rate of anxiety [10]. Training is
required before they step into the next stage of their journey. The use of VR in
the training process is improving its effectiveness, as proven by the researchers
[10]. Yet, there is a lack of VR-based personalised support specifically designed
for the training process of autistic children in Malaysia. Some parents may use
the social story (SS) to train their children in adapting to the new environment.
[16] Moreover, VM has also been implemented to boost the positive interaction
of autistic children with their peers [3], share toys with their peers [4], and
develop their social skills in school settings. Autistic children are told about
possible situations they might encounter in school and are prepared to face
different kinds of situations. Although various types of personalised support are

available, this research aims to shift from VM to a VR-based VM approach.

A customisation feature is aimed to provide personalised support for parents of

autistic children to better tailor the program according to their children’s needs



[16]. By applying technology-based personalised support, customisation can be
done more easily and efficiently, such as inserting pictures that are favourable
to autistic children and enhancing their engagement in the training sessions.
Nevertheless, a simple customisation process that can be done by the parents of
autistic children without the need for technological background knowledge may
be preferred by the parents [17]. A personalised virtual reality social story is
designed for autistic participants according to their needs, where the dialogues
of the social stories can be modified in real-time to facilitate the different
training needs. [14] Therefore, customisation according to autistic children’s
preferences aims to improve the training results by enhancing their engagement

in the training [16].

Different kinds of assessment tools are available to evaluate autistic children's
performance. In order to identify the effectiveness of the designed personalised
support, two types of assessments are used: the Social Responsiveness Scale -
Second Edition (SRS-2), and the Behaviour Assessment System for Children -
Third Edition (BASC-3). These assessments are chosen because of their well-
established reliability and wvalidity in evaluating the effectiveness of
personalised support for autistic children. In order to determine whether there
is an improvement in the children's performance, pre-tests and post-tests are

conducted, and the results are compared.

1.4 Contribution

This research helps Malaysia’s autism population by providing them a home-
based training to assist in adapting to a new school. Firstly, this research extends

the limited studies by providing technological personalised support specifically



for autistic children in Malaysia, to help them prepare before attending a new
school. With few VRVM storylines designed, they can learn appropriate
behaviour in certain social situations by imitating the actions presented through
VRVM training sessions. This personalised support may contribute to reducing
their schooling adaptation stress by familiarising them with the potential social

situations and allowing them to practice appropriate behaviours repeatedly.

With customisation features provided to the parents of autistic children, they
can customise the virtual school environment to enhance the realism of the
virtual world, such as modifying the classroom settings, inputting the actual
school image, and selecting the preferred language used. Therefore, this
increased realism may improve autistic children’s engagement in the training
sessions [16]. Moreover, there is research mentions that autistic children are
normally sensitive to colour [18]. Therefore, the modification of the classroom
background colour may attract them in participating the training sessions. In
this research, the efficient customisation process allows the personalised
support to be implemented easily and effectively, without requiring

technological knowledge from the parents.

Moreover, this research aims to determine the relationship between the usage of
personalised support and its effectiveness in helping autistic children adapt to a
new school by using relevant assessment tools, such as BASC-3 and SRS-2. It
will identify which scales of the assessment tools show improvement after
autistic children complete the training sessions. The assessments provide
various evaluations across different scales, identifying the internal and external

issues, and the skills the children have learned. Therefore, by analysing the



results from the assessments, the advantages of personalised support can be

determined.

1.5 Organisation of the Dissertation

The dissertation is organised as follows: Chapter 2 reviews relevant
personalised support for autistic children. Chapter 3 describes the research
materials and methods, including the VRVM personalised support and
assessment tools, along with the training design and participants’ selection.
Chapter 4 and Chapter 5 analyse and discuss the results of the training sessions.

Finally, Chapter 6 presents the recommendations and conclusion of the research.



CHAPTER 2

LITERATURE REVIEW

2.1 Current Trend in Personalised Support

Recently, many kinds of support have been used to help autistic children adapt
to social communities, such as occupational therapy, social skill training, music
therapy, and social stories. Traditionally, occupational therapy helps autistic
children perform their daily living tasks based on their needs and abilities.
However, it is a lengthy process to carry out occupational therapy, which often
takes up to 12 months to complete [19]. Occupational therapists apply their
unique perspectives to enhance autistic children’s skills in social participation

[20].

Music therapy offers immediate and lasting effects on behavioural and
emotional problems by utilising different musical instruments [21, 22]. Music
therapy has a positive impact on improving autistic children’s language
communication and social skills [23] while their coordinated joint engagement
improves after therapy [22]. Some parents prefer creating meaningful social
stories according to their children’s needs, such as giving precautions for some
kinds of activities, guiding them in doing new tasks, teaching them a proper way

of greeting, etc [24].



In the technological era, many researchers apply technology to traditional
support in order to enhance effectiveness and improve efficiency. A computed-
mediated cognitive behavioural therapy is designed to teach autistic children in
learning the way to solve social issues. This computer-mediated support offers
audio and visual support to autistic children, and they need to answer questions
after watching the relevant video which focuses on preschool activities.
However, it is mentioned that unnecessary stimuli may distract autistic children

as they have high sensory sensitivity [25].

Compared to the traditional way of presenting social stories, the digital
presentation method attracts autistic children to watch. Presenting social stories
using an iPad shows a significant improvement in autistic children’s
understanding and anxiety issues [26]. Moreover, the implementation of VR in
social stories addresses the capability of social skills teaching by showing some
short stories in first-person perspective. Autistic children can learn the
appropriate behaviour from the virtual school settings and enhance their

understanding of each situation [7].

2.2 Virtual Reality

As VR is a repeatable and safe tool to train special needs children in daily living
tasks, the Oculus Quest 1 is used to train them in separating objects into the
correct bin. In this research, they are able to use the controller to move the
objects to a bin. By repeating the practices, they improve in the task. Moreover,
it is worth mentioning that the skills children learn from VR are transferable to

the real world. However, this does not indicate that VR training is better than

10



real-world training. Also, the participants focused on this study are individuals

with intellectual disabilities instead of autistic children [27].

Furthermore, there is research that focuses on the use of immersive VR to teach
autistic individuals police interaction skills. In this safety interaction training
program, autistic individuals can immerse themselves in the virtual world by
wearing the headset while the police officer’s behaviour can be modified in real-
time based on the individual’s performance [28]. By practising communication
with virtual police officers, they gain the confidence to interact with police
officers in actual life. However, this study mentions that it focuses on one single
situation which is the situation when interacting with police officers and it does
not carry out an examination to test the occurrence of long-term negative side

effects, such as sleep issues [28].

There is research implementing VR in social skill training in order to compare
the effectiveness of this implementation in adaptive and non-adaptive
prompting. A single-case experimental design is utilised, involving 4 autistic
participants in eight social skill training sessions. The scenarios included in the
VR-based social skill training sessions are: understanding facial expressions in
a school gallery, resolving conflict with peers, role-playing as a waiter, etc. By
conducting systematic behaviour analysis, the behaviours of the participants are
observed and coded to assess their targeted social skills occurrences, including
social interaction initiation, responding to social interactions, interpersonal
negotiation and self-identity. The research shows that VR-based social skill
training has both positive and negative results on social skills in responding to
social interactions, interpersonal negotiation and self-identity. However, some
parents provide feedback that their children’s social skills improve after the

11



training. For example, the children express their desire to continue the training.
This research mentions that only a specific group of autistic children who join
the training have the chance to experience the desktop-based VR-based social
skills training. This limits the ability to access the generic effectiveness of the

training in a broader population [29].

2.3 Video Modelling

VM is implemented to assist autistic children in developing social skills in the
school environment [4, 6, 12]. To help autistic children develop social skills in
the school environment, paper [12] proposes support to teach them an
appropriate method of playing with friends and greeting someone at school by
using VM. VM demonstrates suitable behaviour for the child on a screen, which
can be imitated by the child. There are 4 participants involved in the training
sessions, of which two of them are targeted to be trained for playing with friends
appropriately in the school, and the other two are targeted to be trained for
greeting people appropriately during school day interactions. Therefore, 2
videos are created: 1) showing appropriate playing behaviour with peers in the
school and 2) showing appropriate meeting and greeting methods at school.
Both videos are presented on a television to the children. During the baseline
phase, all participants are observed before watching the video, and the
observational data are recorded. During the intervention phase, the videos are
presented to the participants, and they are observed after watching the video for
a completed phase of 5 weeks. A follow-up phase follows. and no videos are
presented, but observation is conducted. To identify the effectiveness of the

support acts on the children, appropriate behaviours, inappropriate behaviour,

12



and no interaction behaviours are all observed and recorded to compare the
frequency of each behaviour during the baseline phase, intervention phase, and
follow-up phase. The effectiveness of the video modelling support is exceeding
expectations even though there is minor fluctuation. Furthermore, it is
mentioned that the video was shot in a different school to the children’s school,

but the result was not affected by this factor.

This research focuses on VM with the use of classroom peers as the model to
enhance the social communication skills of autistic children in the preschool
environment. The researchers integrate VM and peer-mediated intervention to
create a video model using classmate peers. Two peers are recorded as the video
model after they practice the targeted skills a few times with the coaching
provided by the training team. The targeted skills are as follows: 1) sharing
puzzle pieces, 2) cooperative block building, and 3) transitioning to clean up the
toys. An iPad is used to record and display the video models, and three video
models are recorded for each targeted skill. The peers are involved in the video
model shooting process before the start of the intervention. After the creation of
video models, a baseline phase is conducted to observe and record the
participants’ responses to each targeted skill before the intervention. During the
intervention phase, the participants are presented with the video models that
show peers performing the target behaviour. The baseline phase is then returned
to observe their responses after the intervention. A second intervention is
conducted as follows. A last intervention is carried out one-on-one with a
clinician and participants’ responses are recorded during the follow-up phase
after having three phases of intervention. The correct rate of the targeted

behaviours is calculated and presented in a graph for each participant. In this
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research, the VM using classroom peers as the video models can be an effective
intervention that helps autistic preschool students in social communication. The
participants who receive the intervention treatment indicate an improvement in
the targeted social behaviours. However, the researcher mentions that the
treatment options should be individualised for the participants, but the VM
created in this study is not individualised for each participant. Moreover, the
severity of the autistic level is not known in the study as they do not utilize any

assessment tools before the start of intervention treatment [4].

Point-of-view VM is presented to teach social initiation skills to autistic children.
An iPad is utilised to film the video models. During the filming phase, an
investigator’s voice is recorded in the video to indicate the verbal greeting to be
taught to the participants, but the face of the investigator is not shown in the
video to create a point-of-view video. Five autistic participants are involved in
the experiment. During the baseline phase, participants are observed to record
the presence of targeted behaviours. This is followed by the intervention phase
in which the participants receive the point-of-view VM training, and a daily
probe is conducted immediately after the experiment to identify the presence of
targeted behaviours such as initiating a conversation with a communication
partner in the same setting as the VM. Generalization probes are conducted
before and after the experiment to observe the presence of greetings with
another communication partner in a novel setting from the VM. A maintenance
phase replicates the baseline phase to observe the presence of targeted behaviour
from the participants. The correct rate of targeted behaviour is calculated and
presented in a graph for each participant. From the results, it is proved that this

support is helping autistic individuals in greeting, interacting, and
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communicating with others. Nevertheless, the data collected is minimal in the

experiment which is a total number of five participants involved [6].

For the research mentioned above, the participants are observed and recorded
for appropriate and inappropriate behaviour in particular situations [4, 6, 12].
However, observer bias may occur in this circumstance, leading to unreliable
observation results [30]. Also, the severity of the autism level for each
participant is undefined in the paper [4], with no related assessment tools being

utilised.

2.4 Virtual Reality Implemented in Video Modelling

By utilising Virtual Reality technology, presenting a spherical video to autistic
individuals to teach them adaptive skills is the focus of this paper. The
researchers wish to use 360-degree video to present the virtual environment to
the individual by wearing a head-mounted display (HMD). In order to create
this kind of video, a 360-degree video camera is required. By watching the 360-
degree video, autistic individuals may process the information in the video
visually and imitate the appropriate social behaviours. In this research, an
SVVR public transportation application is developed to assist autistic
individuals to adapt to the use of public transportation, such as 1) determining
the shuttle stop, 2) walking to the shuttle stop, 3) identifying the shuttle’s
schedule, and 4) getting onto the shuttle. Five autistic participants are involved
in the usage testing stage. The participants use the SVVR application with a
Google Daydream HMD, a Google Cardboard HMD, and without a VR headset.
Structured interview questions are asked, and the System Usability Scale (SUS)

is conducted after the usage testing. From the results, the SUS score for Google
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Cardboard is higher than Google Daydream in the ease-of-use aspect. The
participants mention that they are less likely to face head strap discomfort or
press the wrong button when experiencing the Google Cardboard compared to
Google Daydream. Moreover, the participants experiencing the application
without a headset needed more assistance than others, while the participants
using Google Cardboard require the least assistance. There is a report of
discomfort when using Google Daydream, in which a participant experiences
cybersickness. By comparing the delivery type of the spherical video to the
individuals, Google Cardboard is recommended as it provides immersive
experiences to the users, is easy to use, has fewer errors occurring and is low-

cost [11].

There is research applying VR in VM to help the autistic individual develop
their social communication skills. By using a 360-degree camera, they shoot the
video content for this study. Combining first-person and third-person
perspectives, there are a total of 10 videos prepared to improve autistic
individuals’ social communication skills. They observe the appropriate
behaviour from their viewpoint when watching the first-person perspective’s
VM and observe the task being completed by the others from a third-person
perspective. A total of 5 physical sessions involve watching the VM without a
headset, and 3 physical sessions involve experiencing the spherical video-based
VR by wearing a Meta Quest 2 VR headset, forming the complete cycle. After
completing the training, a semi-structured interview is conducted in order to
collect their suggestion and identify user experience in the designed VM. The
implementation of VR in VM benefits in cost-effectiveness and decreases the

side effects associated with the VR headset, such as cybersickness [31].

16



However, a lack of interactive elements in the support to attract autistic
individuals to the training exists, which may reduce the participants’ sense of
presence in the virtual environment and affect the effectiveness of the support
[9]. Yet, this research focuses more on the user experience instead of the
effectiveness of the support in improving their social communication skills and
providing customisation that may better personalise the support to meet

participants’ needs [16].

2.5 Relevant Support Used for Autistic Children
Cognitive Behavioural Therapy (CBT) is one of the personalised supports

commonly used to help autistic children [32]. During the pandemic, CBT is
transformed into an online delivery mode in which the effectiveness of the mode
transition of the therapy and its effect on autistic children is evaluated by using
the assessment tool, Behaviour Assessment System for Children - Third Edition
(BASC-3) for comparing the results of pre-test and post-test [33]. Parent-Child
Care (PC-CARE), Brief Behavioural Intervention (BBI), and Parent-Child
Interaction Therapy (PCIT) are parent-coaching supports that improve
children's behaviour [34, 35], minimise disruptive behaviours [36], and enhance
parent-child engagement. Licensed therapists are involved in the PC-CARE and
PCIT support to observe parent-child interaction and strategies are taught to the
parent [34, 35]. The ImPACT program is conducted by psychological therapists
to introduce new skills to parents and provide personalised solutions for each
parent experiencing interaction issues with their child [37]. Individual Fitness
Program (IFP) introduces physical activity support that offers personalised

fitness training sessions to autistic individuals to improve their behavioural and
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physical issues [38]. Meanwhile, Multimedia Anxiety and Social Skills
Intervention (MASSI) is a school-based treatment designed to minimise anxiety
and social deficits for autistic children [39]. Peer Mediated Intervention (PMI)
is a personalised support that teaches normally developing peers to assist
autistic children in engaging in social interactions. In this research, the Social
Responsiveness Scale — Second Edition (SRS-2) is used to evaluate the

effectiveness of personalised support in helping autistic children [40].

2.6 Chapter Conclusion

There are various personalised support available for autistic children nowadays,
such as music therapy, occupational therapy and social stories. Each treatment
has different requirements and methods of implementation. Some are carried
out traditionally, while others incorporate technology, such as computers, and
iPads [25, 26]. Depending on their abilities and conditions, parents can choose

the type of personalised support that perfectly meets their requirements.

Since VR is a safe tool to use, some personalised supports utilise this technology
in order to be conducted safely and repeatedly. Carrying out police interaction
skills training on the road is dangerous, and managing emergencies can be
challenging. Therefore, the use of VR in this kind of training is helpful.
Repeated training ensures autistic children get ample practice. Furthermore, the
skills learned from the virtual world are transferable to the real world, which 1s

beneficial to them and eases the training process [27].

An imitable VM is beneficial for autistic children in learning appropriate
behaviour in particular social situations. Point-of-view VM shows the first-

person perspective VM to them and enhances the immersion in the virtual world
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[6]. Some research shows an improvement in helping autistic children learn
social skills through watching VM. However, it is also worth mentioning that
the observation methods used in the training to monitor their behaviours may

lead to unreliable observation results.

Since both VR and VM assist autistic children in different aspects, combining
VR and VM aims to make the training process more efficient while maintaining
the effectiveness of personalised support. Some research implements VR in VM
to assist autistic individuals in using public transportation and develop their
social communication skills [11, 31]. Watching VM in a virtual world enhances
their engagement and the high immersion makes the virtual world feel more
realistic. However, both studies emphasize more on the user experience than on
the effectiveness of personalised support. It is important to note that the Google
Cardboard HMD is cost-effective and provides users with an immersive
experience. Also, inputting some attractive elements in the VRVM may improve

user engagement.

Various supports are used to improve children's behaviour and help them engage
in social interactions, such as the online mode of CBT [32], PC-CARE [34],
BBI [36], PCIT [35], ImPACT program [37], IFP [38], MASSI [39], and PMI
[40]. These personalised supports also utilise assessment tools like BASC-3 and
SRS-2 to identify individuals’ autistic behaviours. Comparing autistic children’s
behaviours across different personalised supports can be done by evaluating the
assessment results. The use of the same assessment tools ensures the

consistency of the comparison.
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CHAPTER 3

METHODOLOGY AND MATERIALS

The research methodology is shown in Figure 3.1 including the literature review
to research similar personalised supports, and requirement collection to assess
children’s needs in the school. Next, the draft of the storylines was designed
after gathering the needed data from online sources, and expert advice. In the
VRVM storylines, three languages are used: English, Chinese and Malay. The
experts reviewed the language used for each story to ensure the terms used were
understandable by children aged 5 to 7. After getting some suggestions from the
experts, the refinement of the storylines was conducted followed by the VRVM
scenarios development using Unity.
Participant selection was carried out to filter the participants based on autism
severity and age. Autistic children who fulfilled the requirement were involved
in the training sessions. The pre-training test was conducted by using the
assessment tools which will be discussed in the following sub-chapter. The
training was then carried out and the post-training tests were conducted twice.
The results collected for each participant were analysed and the effectiveness of

personalised support will be discussed in the following chapter.
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Figure 3.1 Flow chart of the research

3.1 The Design of the Virtual Reality Video Modelling (VRVM)
Personalised Support

In order to assist autistic children in the new school adaptation, some stories
needed to be designed to familiarise them with possible social situations. For
example, making new friends in class, social contact with classmates, etc. Some
of them may face difficulties in understanding other’s feelings in social
situations [7], and this personalised support was aimed at enhancing their
understanding of such situations. An augmentative customisable Virtual Reality
Video Modelling (VRVM) application was developed as an Android application
to present three different stories in the school settings, which aimed to assist
autistic children in getting familiarised with the school environment that was
new to them. By presenting the stories in the first-person point-of-view, autistic

children could immerse themselves in the school environment and the storyline.
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The flow in using the VRVM personalised support designed is shown in Figure
3.2. There are two targeted users: parent and child. As a parent, various
customisation features were facilitated, including the modification of the
classroom such as modifying the classroom background colour, the selection of
the preferred language to be used in the VRVM stories, the inputting of the
child’s name and uploading of the actual school image in which both name and
image were usable in the storylines. While the child role was selected, there
were three VRVM storylines that could be chosen. The chosen VRVM story
would be played, and the training sessions would be conducted by letting
autistic children wear the Google Cardboard head-mounted display (HMD). By
considering the cost of VR goggles hardware, the VRVM applied the use of a
Google Cardboard HMD which was affordable for most families and provided

an immersive experience to the users.
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Figure 3.2 The flow of the VRVM Personalised Support

The requirements of the training sessions were drafted to fulfil their needs in
the school environment, and the possible situations were designed accordingly.
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For the purpose of helping autistic children adapt to a new school, several
possible scenarios were created, allowing them to practice their behaviours
before attending school. By installing the VRVM application on an Android
device, parents could turn on the videos and start the training for autistic
children in any place, at any time. In this circumstance, parents saved time by
not having to visit a therapist for the training sessions. The VRVM application
was developed in Unity, and it provided three storylines in the VM format as

follows:

1. Going to a new school

2. Make new friends in the class

3. Behaviour during the lesson.

3.1.1 Story 1: Going to A New School

Figure 3.3 The scene captured in the first video modelling

The first VM aimed to assist autistic children in adjusting to a new school. They
were shown the new school they would attend soon to help them prepare and
introduce them to new virtual teachers and virtual classmates, as shown in
Figure 3.3. The virtual avatar greeted the children, demonstrating the

appropriate greeting way, which aimed to enhance their greeting skills by
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imitating the avatar. In the first story, the children were introduced to the new
school they would soon be attending. They were brought to the school by car,
and the teacher welcomed and greeted them. The teacher brought them to the
school, where they met new teachers and new friends. This experience gave
them a chance to prepare for meeting new people. During the lesson, they are
expected to sit properly and listen to the teacher. Whenever the children had
issues, they were required to raise their hands and ask the teacher’s permission
to do something. After school, all the students said goodbye to each other.
Therefore, autistic children received a general idea of the new school before

attending.

3.1.2 Story 2: Make New Friends in the Class

Figure 3.4 The scene captured in the second video modelling

A few short conversations with classmates were shown in the second VM to
familiarise them with the communication method with their classmates, as
shown in Figure 3.4. When first entering the class, the teacher introduced the
autistic children to their classmates, and the classmates introduced themselves
by name. This scenario aimed to enhance their skills in introducing themselves
when meeting new classmates. Other conversations were presented, including a

conversation about borrowing stationaries to help them build relationships with
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classmates. Additionally, situations where other classmates made fun of autistic
children were presented, which allowed the children to learn how to react in

such situations.

3.1.3 Story 3: Behaviour During the Class

Figure 3.5 The scene captured in the last video modelling

Lastly, appropriate behaviours in the classroom, which is focusing on the
teacher during the lessons, were depicted in the third VM to prevent them from
disrupting the lesson, as shown in Figure 3.5. By showing this VM to them, they
had the opportunity to learn the appropriate learning behaviour in class. When
autistic children were in the classroom, they had to listen to the teacher.
Whenever they had questions, they could ask for the teacher’s help. In this VM,
autistic children learned how to ask for help, and it was not difficult for them to

do so.

3.1.4 Customisation Features Provided

Generally, autistic children were sensitive to colour changes, so it was a good
idea to allow their parents to customise the support’s colour settings [18]. Other
than that, more customisation features ensured the realism of the virtual school.

The customisation features provided aimed to minimise the unwillingness of
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autistic children to participate in the training sessions. Therefore, the VRVM
application offered a few customisation features for parents to improve the
virtual school’s realism and enhance the children’s engagement. However, the
VRVM application was still limited in some advanced customisation features,
such as the modifying of the virtual teacher’s face by inserting the actual

teacher’s photo. The customisation features provided were shown as follows:

1. Uploaded the actual school image, as shown in Figure 3.6 and the image was

placed in the story and shown to autistic children.

2. Inputted the autistic child’s name, which would be used in the storyline.

3. Adjusted the wallpaper colour of the classroom.

4. Modified the number and colour of table chairs in the classroom, as shown in

Figures 3.7 and 3.8.

5. Selected the language used in the storyline.

Figure 3.6 Customisation feature: Upload actual school image
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Figure 3.8 Customisation feature: Select the design of the table

3.1.5 Experts Reviews
In the VRVM storylines, three languages were used: English, Chinese and

Malay. Since the VRVM personalised support focused on Malaysia's autism
population, some of the children were attending Chinese schools, some were
attending Malay schools, and some were attending English schools. Therefore,
the language selection enhanced the extent of customisation to fulfil their
different needs. Psychology experts reviewed the contents, and the language
used in this personalised support to ensure the appropriateness of the language
and terms for better understanding by autistic children aged 5 to 7. In a physical
meeting with the experts, the language used for Chinese and English versions
of the VRVM was discussed, while a Malay expert reviewed the Malay version

via email. The completed storylines for each language were attached in
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Appendices A to I. For example, the word “stationary” used in the first draft of
the VRVM story might not have been understood by the children, so the words
“eraser” or “pencil” were suggested by the experts. In the Chinese version, the

word “EX §1 (qi-fu),” meaning “bully,” might not have been understood by them,
so a suggestion “fii¥% 3k (chu-mo-wo)” was given as a modification to convey a

similar meaning. In the Malay version, the phrase “memperkenalkan diri,”
meaning “self-introduction,” might not have been understood by them, so it was
modified to “bagi tahu nama,” to convey the meaning of “introduce self by
name,”. The experts’ suggestions were considered, and further amendments

were made.

3.2 Assessment Tools Used

In this research, three types of assessment tools were used: the Childhood
Autism Rating Scale - Second Edition (CARS-2), the Behaviour Assessment
System for Children - Third Edition (BASC-3) and the Social Responsiveness
Scale - Second Edition (SRS-2). Before the training sessions, the assessment
tool CARS-2 was used during the demographic collection stage to filter out
participants who did not fulfil the required autism severity level. In this training
sessions, children with mild or severe levels of autism severity were recruited

based on the CARS-2 results.

The assessment tools BASC-3 and SRS-2 were used to conduct pre-training and
post-training tests for improvement comparison after the training sessions. The
purpose of using BASC-3 was to identify the behaviour and emotions of the
children in both problem behaviour and adaptive skills. The problem behaviours
included are anxiety, depression, hyperactivity and attention problems. With
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these data provided, it was easier to track children’s improvement in the new
school, such as whether they were too hyperactive in class or had any focusing
issues. The adaptive skills included social skills, adaptability and functional
communication to assess children’s ability to adapt to new environments and

their ability to social contact.

The use of SRS-2 was to identify the social impairment that is related to autism
and determine any conditions that affect social functioning. It was commonly
used to identify the effectiveness of personalised support aimed to improve
an individual’s social skills and minimise their autistic symptoms. Furthermore,
using BASC-3 and SRS-2 ensured consistency in benchmarking with other
personalised support and helped identify internal and external behaviour

improvements through the scales.

3.2.1 Childhood Autism Rating Scale - Second Edition (CARS-2)
The Childhood Autism Rating Scale - Second Edition (CARS-2) was involved

in the participants’ demographic collection stage. It was a 15-item clinician-
rated scale that objectively quantified children’s direct behavioural observation.
Each scale was rated on a scale of 1 to 4, with 1 indicating behaviour within
normal limits for that age and 4 indicating severely abnormal behaviour for that
age and mid-points were used when the behaviour fell between the two
categories. CARS-2 consisted of two rating forms, where the High Functioning
(HF) was used for children who had relatively good verbal skills and were above
six years old, while the Standard (ST) version was used for children with
notably impaired communication or were younger than six years old. In a recent

study, both versions of CARS-2 were reported with significant concurrent
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validity with the gold standard diagnostic tool for ASD, the Autism Diagnostic
Observation Schedule (ADOS) among children in Korea, highlighting its
efficacy in identifying children with ASD in a relatively brief amount of time

[41].

3.2.2 Behaviour Assessment System for Children - Third Edition
(BASC-3)

The Behaviour Assessment System for Children - Third Edition (BASC-3)
measured the behaviour and perceptions of children and young adults ages 2 to
25 via a multimethod and multidimensional system [42]. It consisted of 105 to
165 items questionnaire completed by a parent, teacher, or other adult who
regularly interacted with the child. In this research, the Parent Rating Scale
version for Preschool (PRS-P) was used for toddlers aged 2-5 years old. The
Parent Rating Scale version for School Age children (PRS-C) was used for
children aged 6 to 18 years old to identify the children’s adaptive and problem
behaviours from the parent’s perspective. The scale assessed various factors in
this assessment tool such as hyperactivity, anxiety, etc. The score for each scale
indicated the severity of each scale. Therefore, the effect of the VRVM could be

examined by contrasting the scales’ scores before and after the training sessions.

3.2.3 Social Responsiveness Scale - Second Edition (SRS-2)

The Social Responsiveness Scale - Second Edition (SRS-2) was a standardised
assessment tool designed to measure the severity of social impairment
associated with autism spectrum disorder [43]. It was widely used in both
clinical and research settings due to its robust psychometric properties and

comprehensive evaluation of social behaviour [44]. The SRS-2 consisted of 65
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items that were completed by the parents of autistic children on a 4-point Likert
Scale ranging from “Not True” to “Almost Always True”. In this research, the
items in SRS-2 were translated into a Simplified Mandarin Version to adapt to
the parents’ limited understanding of the English language. The total score
produced was clustered into 5 subscales such as social awareness, social
cognition, social motivation, social communication, and repetitive restricted
interests and behaviours. The scale was proven to have a strong test-retest
reliability internal consistency, a=0.93 [45]. The total score generated for the
pre-training and post-training was compared to identify the effectiveness of

personalised support used.

3.3 Participants Selection

Table 3.1 Participant Demographics

Participants Age Gender CARS-2 T-Score
P1 5 Female 33; mild

P2 7 Female 29.5; mild

P3 5 Male 38.5; severe

P4 6 Male 29.5; mild

P5 7 Female 36.5; mild

Po6 7 Male 32.0; mild

P7 6 Male 30.5; mild

Before conducting the pre-training test, participant selection was carried out to
filter the participants who met the requirements of the training sessions. In this
research, autistic children aged 5 to 7 years old were recruited, as children in
this age range were about to attend primary school, where they might face many
adaptation issues in the new school. Therefore, training sessions was necessary

before they attended school. Also, high-functioning autistic children were
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involved to ensure they could understand the storylines and the instructions
given. In order to recruit suitable participants, some strategies were conducted
such as carrying out an online briefing to the parents to explain the process,
reaching out to nurseries with autistic children from several states including
Perak, Selangor, Kedah and Penang, and sharing the recruitment poster in
autistic-related Facebook groups. Unfortunately, due to a low response rate,
only 10 participants agreed to join the personalised support training and 2 of
them did not meet the requirement as they have developmental delay instead of
autism, and 1 participant was unable to schedule a timeslot to join. After the
participants' selection, the visiting timeslots were allocated for each participant
based on their availability. Thus, the pre-training test was conducted during the
first visit, and the participants who did not fulfil the requirements were excluded,
such as autism severity outside the required range based on the CARS-2 results,
low IQ, an inability to understand the contents of the VRVM, or failure to
schedule the available timeslot to join the training. As a result, a total of seven
participants who fulfilled the requirements were involved in the training

sessions, as shown in Table 3.1.

3.4 The Process of the Training

The training sessions were conducted from January 2024 to March 2024 with
several weekly sessions separated. All the personal data collected from the
training sessions were approved by the Universiti Tunku Abdul Rahman,
Scientific and Ethical Review Committee. The training was conducted in the

following phases:
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Pre-training Phase: During the first visit, the parents of autistic children were
required to complete the pre-training assessment by using the assessment tools:
CARS-2, SRS-2 and BASC-3. The data collected from CARS-2 ensured that

the children’s autism severity was within the required range.

Personalised Support Training Phase: The training sessions were conducted
once per week before the opening of school in March 2024. Each session was
conducted for about 1 hour and individually for each participant. The number
of training sessions ranged from 3 to 6, depending on the participants’
availability and training performance. After the training at the venue, parents
were encouraged to let their children continue experiencing the VRVM at home.
However, some children may have refused to engage with the VRVM repeatedly
at home, which leads to the necessity of additional training. During the training
sessions, autistic children were required to wear the Google Cardboard HMD to

experience the VM.

Post-training Phase: Two post-training tests were carried out using SRS-2 and
BASC-3 with the assistance of a trainee clinical psychologist. The first test was
conducted after the final training session, while the second test was conducted
one week after autistic children attended school. The purpose of conducting
post-training tests twice was to assess the lasting effectiveness of the VRVM
personalised support and identify the persistence of the VRVM personalised

support until the opening of school.

Evaluation: After collecting the pre- and post-training assessment results, a

trainee clinical psychologist was involved in evaluating the assessments. The
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effectiveness of the VRVM was assessed by comparing and interpreting the

results.

3.5 Chapter Conclusion

In this chapter, the research questions were identified in guiding the design of
the personalised support to solve the research questions. The design of the
VRVM personalised support was discussed, including the stories designed and
the customisation features provided. After the first draft of the personalised
support was developed, it was reviewed by a few psychological experts in order

to assess whether the support was suitable for autistic children aged 5 to 7.

During the personalised support training stage, three assessment tools were
involved, namely CARS-2, which was implemented during the demographic
collection stage, and BASC-3 and SRS-2, which were utilised to collect
participants’ pre- and post-training results. The CARS-2 was used to identify
the severity of autism in children. Moreover, the BASC-3 was used to assess the
children’s adaptive and problem behaviours, while the SRS-2 was used to

measure the severity of social impairment.

The participants’ selection was discussed in the following paragraph. The data
collected before the training sessions were shown, including their age, gender
and the CARS-2 score indicated their autism severity. In this research, children

with mild and severe levels of autism were recruited to participate.

Furthermore, the completed training process was assessed, including the pre-
training phase, personalised support training phase, post-training phase and

evaluation phase. The data collected from the participants in the pre- and post-
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training phases by using BASC-3 and SRS-2 were evaluated and analysed in

the evaluation phase.

35



CHAPTER 4

RESULTS

4.1 The Overall Result of Pre- and Post- Training

4.1.1 The Comparison of Participant Outcomes in Each Scale

After the personalised support training sessions, the pre-training results are
compared with the post-training results. Figures 4.1 and 4.2 show the number
of participants who show improvement in each scale of the BASC-3 and SRS-
2. As shown in Figure 4.1, the scales of BASC-3 where more than 50% of
participants show improvement are hyperactivity, externalising problems,
anxiety, somatisation, internalising problems, atypicality, withdrawal,
behavioural symptoms index, adaptability, social skills, functional
communication, activities of daily living, and adaptive skills. Notably, the scale
of adaptive skills, where 7 out of 7 participants show improvement after the
training sessions. This indicates that they are better able to adapt to new
environments and interact with friends or adults. Moreover, the scale of social
skills, with 6 out of 7 participants improving after the training sessions, indicates
that they are more capable of interacting with peers, and adults in different
settings, including home, school, and community. Similarly, the withdrawal
scale, with 6 out of 7 participants showing improvement, indicates a reduction
in the tendency to evade others to avoid social situations. The internalising
problem scale, which combined the scales of anxiety, depression and
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somatisation, has 5 out of 7 participants showing improvement after the
personalised support training sessions. This indicates that the participants who
completed the personalised support training sessions experienced less worry
and stress. Therefore, making them less sensitive to some minor physical

problems.

BASC-3: The Comparison of Participant Outcomes in
Each Scale
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Figure 4.1 The number of participants that have improved compared to those without an improvement in

BASC-3

Figure 4.2 indicates that the scales of SRS-2 where more than 50% of
participants show improvement are social motivation, and restricted interests
and repetitive behaviour. The improvement in the scale of social motivation
indicates that the participants are calmer when alone, more confident when
interacting and more willing to join group activities. In addition, the

improvement in the scale of restricted interests and repetitive behaviour shows
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that the participants minimised strange behaviours and abnormal sensory

interests, like mouthing or repeatedly flapping their hands.

SRS-2: The Comparison of Participant Outcomes in
Each Scale
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Figure 4.2 The number of participants that have improved compared to those without an improvement in

SRS-2

4.1.2 The Effect Sizes for Each Assessment Scale

Figure 4.3 shows the mean scores of the pre-training result, first post-training
result, and second post-training result for each scale of BASC-3. The effect size
for each scale of BASC-3 is calculated using Cohen’s d value, based on the

formula provided below.

M;-M,

2’(012+022)
2

where, M;= mean scores of the pre-training result,

(4.1)
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M,= mean scores of the latest post-training result,

o0, = standard deviation of the pre-training result,

0, = standard deviation of the latest post-training result.

Scales with an effect size, represented by Cohen’s d value greater than 0.200,
are considered practically significant, with a d value greater than 0.5 indicating
a medium effect, and greater than 0.8 indicating a large effect [46, 47]. Cohen’s
effect size is a standardised measurement that measures the magnitude of an
effect, and it is not directly affected by the sample size, making it appropriate
for this research given the small sample size in the personalised support training
sessions [48]. The following scales of BASC-3 show a practically significant
effect size: hyperactivity, conduct problems, externalising problems, anxiety,
internalising problems, atypicality, withdrawal, behavioural symptom index,
social skills, leadership, functional communication, activities of daily living,
and adaptive skills. The greatest effect size, in the hyperactivity scale, with a d
value of 1.247, shows that the participants significantly decreased hyperactivity
in class. With a nearly large effect size of d = 0.739, the behavioural symptom
index scale, which combined the scales of attention problems, atypicality, and
withdrawal, indicates that the participants are better able to concentrate in class

and exhibit fewer odd behaviours.
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Effect Size of BASC-3 Scales
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Figure 4.3 Effect size of BASC-3 Scales

Figure 4.4 shows the mean scores of the pre-training result, first post-training
result, and second post-training result for each scale of SRS-2. The effect size
for each scale of SRS-2 is calculated using Cohen’s d value, as outlined earlier.
The scales of SRS-2, social awareness, social motivation, and restricted
interests and repetitive behaviour are practically significant, with effect sizes of
d = 0.546, 0.493, and 0.434, respectively. With a practically significant effect
size in the social awareness scale, it shows that the participants improve their
understanding of reciprocal social situations, which also highlights a positive

indication of their improvement in adapting to a new environment.
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Effect Size of SRS-2 Scales
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Figure 4.4 Effect size of SRS-2 Scales

4.2 Analysis of the Results for Each Participant

4.2.1 Behaviour Assessment System for Children - Third Edition
(BASC-3)

The personalised support training results in significant improvements across
various BASC-3 scales for all participants, as shown in Figures 4.6 to 4.7. For
Participant P1, the improvements are shown in the scales of atypicality,
withdrawal, activities of daily living, and adaptive skills. The improvement in
the withdrawal scale indicates that Participant P1 decreases the tendency to
evade others to avoid social contact with them, suggesting a positive change in
social engagement. Social engagement is critical for school adaptation, as social
contact is one of the primary challenges in transitioning to a new school [49].
Also, the reduction of abnormal behaviour is highlighted in the atypicality scale.
This may reduce the chance of autistic children being teased for their “odd”
behaviour. For Participant P2, a great improvement is exhibited in the scales of
hyperactivity, aggression, conduct problems, anxiety, somatisation, atypicality,

social skills, and adaptive skills while Participant P3 shows improvement in

41

Cohen's d Value



hyperactivity, anxiety, somatisation, withdrawal, and functional communication.
The decreases in anxiety and somatisation issues for both Participants P2 and
P3 result in fewer worries and complaints by autistic children as physical
complaints such as headaches and stomachaches are often due to emotional
distress [50]. The improvement is leading the participants P2 and P3 to feel
more comfortable and reducing their insecurity when adapting to the new school.
The improvement in the hyperactivity scale for both Participants P2 and P3
highlights the reduction in hyperactive behaviour in class. This improvement
indicates that VRVM personalised support may effectively help autistic children
in promoting their self-regulation skills, leading them to focus in the classroom

and engage in school activities.
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Figure 4.5 BASC-3 Pre- and Post-Training Result for Participant P1
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BASC-3 Pre and Post-Training Result (Participant P2)
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Figure 4.6 BASC-3 Pre- and Post-Training Result for Participant P2
BASC-3 Pre and Post-Training Result (Participant P3)
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Figure 4.7 BASC-3 Pre- and Post-Training Result for Participant P3

As presented in Figures 4.8 and 4.9, Participant P4 improves in the scales of
anxiety, depression, somatisation, adaptability, and social skills, while
Participant P5 shows improvement in the scales of aggression, conduct

problems, anxiety, atypicality, withdrawal, activities of daily living, and
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adaptive skills improved. From the improvement shown in Figures 4.8 and 4.9,
both Participants P4 and P5 are less likely to be nervous and fearful about
attending school suggesting the improvement in confidence and emotional
regulation. Also, the improvement in the depression scale for Participant P4
highlights the reduction of stress results in being unable to carry out daily tasks
which will be helpful for autistic children to perform their tasks in school.
Generally, high stress levels may cause difficulty in carrying out tasks like
participating in classroom activities, and completing homework given by

teachers [51].
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Figure 4.8 BASC-3 Pre- and Post-Training Result for Participant P4
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BASC-3 Pre and Post-Training Result (Participant P5)
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Figure 4.9 BASC-3 Pre- and Post-Training Result for Participant PS5

As shown in Figures 4.10 and 4.11, Participant P6 shows improvement in the
BASC-3 scales of withdrawal, adaptability, social skills, leadership, activities
of daily living, and adaptive skills as well as Participant P7 improves in
hyperactivity, aggression, conduct problems, somatisation, withdrawal, social
skills, activities of daily living, and adaptive skills. As shown in the
improvement in the withdrawal scale, participants P6 and P7 enhance their
tendency to meet new friends. As they are more open to forming a connection
with peers, enhances their friendship quality and builds a sense of belonging to
the school [49]. Meanwhile, the improvement in the scale of social skills
indicates that the ability to interact with people is improved. This scale is critical

for a long-term school adaptation as it allows autistic children to build
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connections with friends, and work collaboratively in classroom activities with

their classmates.

BASC-3 Pre and Post-Training Result (Participant P6)

80
70
60
50
40
30
20
10
0
> o* Q &
-\\\ '\o 0 X4 R -\\ \ N \ & '\
S 2 Q; Q) \ "v fb N NA S .Q A
@c} & o\ v<\+ & ,;\’\3’ S J\oo & b@ & P _\‘s@ & & QO -4‘2?’
2 égo Q\ Q\ Q)Q > Qk <8 6 {{9 O(Q & O Q;b \)Q N P
L V& F K& VPRI &R
< & P G & & <&
SRS SR © N
© & & @ ,OO(D N
< & «zﬁ\o &8 N
X N
F N

HPre mPost-1 mPost-2 Linear (Post-2)

Figure 4.10 BASC-3 Pre- and Post-Training Result for Participant P6

BASC-3 Pre and Post-Training Result (Participant P7)
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Figure 4.11 BASC-3 Pre- and Post-Training Result for Participant P7
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4.2.2 Social Responsiveness Scale - Second Edition (SRS-2)

Participant P1 improves on the SRS-2 scale for restricted interest and repetitive
behaviours, as shown in Figure 4.12. On this scale, a lower score indicates fewer
related issues. Participant P1 improved from a score of 86 to 78 but there is a
slight increase to 80 after attending the actual school. This fluctuation may be
caused by other factors that occur in the actual school environment which are
not fully replicated in the personalised support. For example, there are some
unpredictable environmental stimuli presented in the real school context such

as crowded spaces, and noise levels.
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Figure 4.12 SRS-2 Pre- and Post-Training Result for Participant P1

As shown in Figure 4.13, Participant P2 improves on the scale of social
motivation from a score of 51 to 45 after completing the personalised support
training sessions. The enhancement in this scale indicates that the participant is
more motivated to participate in social interaction, with less anxiety. The

motivation in social interaction suggests that the willingness to connect with
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people of participant P2 is improving which can effectively affect the

participant’s overall social competence in the new school environment [40].

SRS-2 Pre and Post-Training Result (Participant P2)

80
70
60
50
40
30
20
10
0
<
OOJ\Q; (\?J%% _{-\'\OQ ;00(\ ’_00(\ \.\\o\) 6_00(\
& & N & N @ &
@ W ¢ S oS of &
N Na & & > .© &
& & & & & ¥
P 9 O o ) N
N9 X O
I & R
22 S N
e O
X2 &
? &
kQ’ [e)
@ O
& &°
Rl e
S
Q\

HPre mPost-1 mPost-2 Linear (Post-2)

Figure 4.13 SRS-2 Pre- and Post-Training Result for Participant P2

Participant P3 improves greatly on the scale of social communication and
interaction, from a score of 71 to 55 after completing the personalised support
training sessions, as shown in Figure 4.14. However, the score increases to 63
after attending the actual school. In this situation, this may be influenced by
other environmental factors at school. Meanwhile, VRVM personalised support
does not aim to enhance participants’ social and communication deficits which

are addressed in the scale of social communication and interaction.
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SRS-2 Pre and Post-Training Result (Participant P3)
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Figure 4.14 SRS-2 Pre- and Post-Training Result for Participant P3

After attending the personalised support training sessions, Participant P4 shows
a slight improvement in the social motivation scale, indicating an increased
motivation to engage in social situations, as shown in Figure 4.15. However,
Participant P4 is absent from the second post-test due to personal scheduling

conflicts and is unavailable to complete the second post-test before school opens.
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Therefore, the effect of the personalised support after attending the school

remains unknown for this participant.

SRS-2 Pre and Post-Training Result (Participant P4)
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Figure 4.15 SRS-2 Pre- and Post-Training Result for Participant P4

Participant P5 shows an improvement across all the scales in SRS-2. The
greatest difference between the pre-test and the first post-test is on the restricted
interest and repetitive behaviour scale, which has a score difference of 22, as
shown in Figure 4.16. For Participant P5, the stereotypical behaviours of autism,
such as body rocking, toe walking and sniffing are minimised. Moreover, the
enhancement in the social cognition scale, which is from a score of 88 to 82,
indicates that Participant PS5 improves the ability to interpret social cues in social
interaction. Previous research showed first-person VM is helpful in enhancing
their cognitive ability to understand other’s feelings [31]. Social cognition plays
a role in understanding and responding to social situations accordingly such as

understanding facial expression, body language and tone of voice. Meanwhile,
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the score improvement in the social communication scale indicates that

Participant PS5 is better able to express feelings to others.

SRS-2 Pre and Post-Training Result (Participant P5)
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Figure 4.16 SRS-2 Pre- and Post-Training Result for Participant P5

As shown in Figure 4.18, Participant P6 has a slight improvement in the social
communication scale, which indicates that the ability in expressive
communication is improved. Furthermore, the improvement of Participant P7
after the personalised support training sessions is shown in Figure 4.19,
including the scales of social awareness, social cognition and social motivation.
In this circumstance, Participant P7 improves in picking up the social cues from
others, interpreting the social cues and being willing to interact with them.
Previously, difficulties in interpreting nonverbal cues may lead to an

inappropriate response in a particular social situation [52]. The improvement of
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participant P7 in interpreting enhances the appropriate responding capability

and forms a better interaction with peers and teachers.

SRS-2 Pre and Post-Training Result (Participant P6)
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Figure 4.17 SRS-2 Pre- and Post-Training Result for Participant P6

SRS-2 Pre and Post-Training Result (Participant P7)
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Figure 4.18 SRS-2 Pre- and Post-Training Result for Participant P7
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4.3 Clusters Results of All Participants in BASC-3
4.3.1 Adaptive Skills Cluster

The adaptive skills cluster includes the scales of adaptability, activities of daily
living, functional communication, social skills, and leadership from BASC-3.
In this cluster, all participants show improvement when comparing the pre-
training result to the latest post-training result. This cluster demonstrates the
ability of autistic children to adapt to new environments, express their ideas,
communicate with people effectively, and interact with peers or adults in home,
and school settings. A higher score in this cluster indicates a greater ability of
autistic children in adaptive skills. As shown in Figure 4.20, the latest post-
training results are improved compared to pre-training results for each
participant. According to the scores represented in the graph, Participants P4
and P6 improve from the at-risk class to the average class, while Participant P7

improves from the clinically significant class to the at-risk class.
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Figure 4.19 Adaptive Skills Cluster Results for Each Participant
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4.3.2 Internalising Problems Cluster

The internalising problems cluster includes the scales of anxiety, depression,
and somatisation as shown in Figure 4.21. This cluster shows the tendency of
autistic children to be nervous, fearful, worried about certain problems, overly
sensitive to problems, and to experience feelings of unhappiness, sadness, stress,
and insecurity which may prevent them from carrying out daily tasks [51, 53].
A higher score in this cluster signifies more severe internalising problems. After
the personalised support training sessions, 5 out of 7 participants show a
decrease in their internalising problems score, indicating that the personalised
support helps reduce feelings of stress, nervousness, etc. Participant P5
improves from the average class to the low class, implying that she has

minimised internalising problems such as anxiety, and depression.
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Figure 4.20 Internalising Problems Cluster Results for Each Participant

4.3.3 Behavioural Symptoms Index Cluster

The behavioural symptoms index cluster includes the scales of hyperactivity,
aggression, depression, attention problems, atypicality, and withdrawal. This
cluster reflects the tendency of autistic children to act in a hostile manner, be

easily distracted, behave differently, be overly active, and evade others to avoid
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social contact. The presence of such behaviours may cause difficulty in new
school adaptation [54]. A lower behavioural symptoms index value implies
fewer related problems in this cluster. As seen in Figure 4.22, the behavioural
symptoms index value decreases for 4 out of 7 participants after the personalised
support training sessions. Participants P2 and P5 improve from the at-risk class

to the average class in this cluster.
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Figure 4.21 Behavioural Symptoms Index Cluster Results for Each Participant

4.3.4 Externalising Problems Cluster

The externalising problems cluster includes the scales of hyperactivity,
aggression, and conduct problems. This cluster assesses the tendency of autistic
children who act without thinking, threaten others, display antisocial behaviour,
and break rules. Externalising-related behaviours are generally caused by the
inability to control impulses and lead to disruptions in a structured environment
like school [55]. Therefore, a higher score in the externalising problems cluster
indicates more severe externalising problems in each participant. After the
personalised support training sessions, 4 participants improve in this cluster as

shown in Figure 4.23.
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Figure 4.22 Externalising Problems Cluster Results for Each Participant

4.4 Scale Results of All Participants in SRS-2
4.4.1 Social Motivation Scale

However, some scales of SRS-2 show that the VRVM personalised support
helps autistic children minimise related symptoms, such as social motivation,
and restricted and repetitive behaviours. Symptoms in the social motivation
scale include being more fidgety when alone, lacking confidence when
interacting with others, being overly dependent on adults, being unlikely to join
group activities, etc. As seen in Figure 4.24, 6 out of 7 participants show
improvement after the personalised support training sessions, with the latest
post-training results being lower than the pre-training results. Remarkably,
participant P5’s score dropped from 86 to 51, which implies the participant
improves from the severe range to the normal range. The improvement in social
motivation suggests that autistic children show a higher interest in social
engagement after the personalised support training sessions. Through VRVM,
they are allowed to practice and familiarise themselves with real-world
interaction in a virtual environment which will slowly enhance their confidence

in such situations [56].
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SRS-2: SOCIAL MOTIVATION
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Figure 4.23 Social Motivation Scale Results for Each Participant

4.4.2 Restricted Interests and Repetitive Behaviour Scale

Moreover, the symptoms involved in the scale of restricted interests and
repetitive behaviour include behaving strangely, showing abnormal sensory
interest such as mouthing, and exhibiting repetitive and abnormal behaviours
like flapping hands. Previously, the appearance of abnormal behaviours may
have been driven by the self-stimulatory mechanisms that affect emotion
regulation and empower feelings of discomfort in a new environment [57]. After
the personalised support training sessions, 4 participants show improvement in
this cluster by demonstrating a decrement in their latest post-training results, as
shown in Figure 4.25. In this cluster, Participant P2 improves from the moderate
range to the mild range, while Participant P5 improves from the severe range to

the mild range.
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SRS-2: RESTRICTED INTERESTS AND
REPETITIVE BEHAVIOURS
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Figure 4.24 Restricted Interests and Repetitive Behaviours Scale Results for Each Participant

4.4.3 Social Awareness and Social Communication Scales

For both the social awareness scale and social communication scale, only 3 out
of 7 participants are improving and showing a decrement in their latest post-
training results as shown in Figures 4.26 and 4.27. The value of social awareness
is to identify whether autistic children have the ability to pick up social cues.
Symptoms involved in social awareness include mismatched facial expressions
to speech, and not realising they are making too much noise. Additionally,
avoiding eye contact and not focusing on the speaker within an interaction may
lead to a meaningless conversation [3]. A higher social awareness score
indicates more related symptoms. Participant P3 improves from the severe
range to the mild range. Furthermore, the social communication scale includes
expressive social communication such as avoiding eye contact, not playing with
peers, and responding inappropriately to other’s mood changes. Therefore, a
greater score on this scale indicates that autistic children exhibit more related

symptoms.
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SRS-2: SOCIAL AWARENESS
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Figure 4.25 Social Awareness Scale Results for Each Participant

SRS-2: SOCIAL COMMUNICATION
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Figure 4.26 Social Communication Scale Results for Each Participant

4.4.4 Social Cognition Scale

The social cognition scale assesses the ability to interpret social cues after they
are picked up, such as difficulties in understanding people’s tone of voice and
facial expressions or being overly sensitive to sounds, textures, or smells. As
shown in the previous study, autistic children who are sensory sensitive will
easily be distracted due to the background noise [25]. In this case, autistic
children may face difficulty in focusing the conversation which leads to the
missing of social cues. As seen in Figure 4.28, only 2 out of 7 participants show

improvement in this scale.
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SRS-2: SOCIAL COGNITION
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Figure 4.27 Social Cognition Scale Results for Each Participant

4.4.5 Social Communication and Interaction and T-Score Scales

The scale of social communication and interaction (SCI) measures children’s
social communication, interaction, and resulting T-Score, the overall
improvement in participants may not be immediately evident, as demonstrated
in Figures 4.29 and 4.30. The VRVM personalised support designed in this
research does not aim to directly improve the social communication deficits
instead to facilitate adaptation to changes and help autistic children transition
more smoothly into new environments, such as school settings. While this
personalised support is crucial in reducing anxiety and promoting behavioural
adjustment during transitions, it does not explicitly focus on enhancing social
communication or interaction skills, which are central to SRS-2 outcomes [43,

45].

As aresult, the VRVM personalised support should be seen as an augmentative
rather than a core personalised support. It primarily supports broader therapeutic
efforts that address the social and communicative challenges faced by autistic

children. Essentially, it may help maintain gains from primary personalised
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supports but is insufficient on its own to substantially reduce social

communication and interaction deficits.

However, it is noteworthy that Participant P5 demonstrates significant progress,
showing improvements in both social communication and interaction scale, as
well as in their overall T-Score. This participant's shift from the severe to the
moderate range of autism severity suggests that while VRVM may not directly
enhance social communication skills, it may be beneficial to some individuals.
This improvement may reflect P5's increased ability to adapt to changes and
transitions, potentially reducing stress and therefore improving overall social

functioning.

SRS-2: SOCIAL COMMUNICATION AND
INTERACTION
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Figure 4.28 Social Communication and Interaction Scale Results for Each Participant
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SRS-2: T-SCORE
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Figure 4.29 T-Score Results for Each Participant

4.5 Chapter Conclusion

The overall results of pre-training and post-training for all participants are
presented. In the assessment tool, BASC-3, the scale of adaptive skill shows
that all participants improve after the personalised support training, which
indicates that they are better able to adapt to new environments and interact with
friends or adults. Other than that, the scales of social skills and withdrawal, with
6 out of 7 participants improving after the personalised support training, indicate
the improvement in interacting with people, and an increased willingness for
social contact. The effect size of the hyperactivity scale, with a d value = 1.247,
is practically significant in reducing autistic children’s hyperactivity issues. The
scale of the behavioural symptom index, with a d value = 0.739, indicates that
autistic children are better able to concentrate in class. Moreover, the scale of
social motivation from SRS-2 shows 6 out of 7 participants improving, which
indicates that the participants are able to calm themselves when alone, and their
confidence when interacting with people is enhanced. The effect sizes for social

awareness and social motivation are d = 0.546 and 0.493 respectively, indicating
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that autistic children better understand social situations and enhance their

willingness to participate in social situations.

Looking at each participant’s improvement across all the scales from BASC-3,
Participant P1 is better able to fit into social situations. Participants P2 and P3
minimise their worries about attending school, while P4 and PS5 are less fearful
about attending school. Moreover, Participants P6 and P7 are more willing to
meet new friends, and their interaction abilities improved. Across all the scale
results from SRS-2, it shows that Participants P1 and P5 improve in minimising
autistic stereotypical behaviours, such as toe walking, etc. Participants P2 and
P4 show improvement in the social motivation scale, indicating they are more
motivated to participate in social interaction with less anxiety. Participants P5
and P6 show enhancement in the social communication scale, indicating that
they are better at expressing feelings after the personalised support training.
Meanwhile, Participant P7 improves in picking up the social cues from others,

interpreting those cues and being more willing to interact with them.

In addition, as presented from the result of the adaptive skills cluster,
Participants P4 and P6 show improvement from the at-risk class to the average
class, while Participant P7 enhances from the clinically significant class to the
at-risk class. In this situation, they are more able to adapt to a new school. Five
participants show a decrement in the internalising problems score, indicating
that feelings of stress and nervousness about attending school are reduced.
Remarkably, Participant PS5 improves from the average class to the low class.
The cluster of behavioural symptoms index show improvement in 4 participants,
with Participants P2 and PS5 improving from the at-risk class to the average class
in this cluster.
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As seen from the SRS-2 scale results, 6 out of 7 participants show improvement
in the social motivation scale. Remarkably, Participant P5’s score dropped from
86 to 51, implying that the participant improves from the severe range to the
normal range, addressing that the participant is more confident when interacting
with people and more willing to join group activities at school. For the scale of
restricted interests and repetitive behaviour, 4 participants show improvement,
with Participant P2 improving from the moderate range to the mild range, and
Participant P5 improving from the severe range to the mild range. A minority of
the participants also show improvement in the scales of social awareness, social
cognition and social communication, which indicates that their ability to pick
up and interpret social cues, and express themselves by using eye contact, etc
has improved. The VRVM personalised support does not directly improve
children's social communication, interaction and overall improvement, as
shown in the social communication and interaction scales and T-Score, as it is
designed to facilitate adaptation to changes and help autistic children transition
more smoothly into new schools, rather than focusing on improving their social
communication. Therefore, the VRVM personalised support should be viewed
as an augmentative personalised support that supports broader therapeutic
efforts that address the social and communicative challenges faced by autistic

children.
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CHAPTER 5

DISCUSSIONS

By extracting the data analysed from the personalised support training, and
benchmarking the same scales of data from other research mentioned in Chapter
2; CBT [33], PC-CARE [34], PCIT [35], BBI [36], InPACT [37] and IFP [38]
to discuss the effectiveness of the VRVM, along with its strengths and

weaknesses.

5.1 Benchmarking of the Externalising Problems Scale

By comparing the effect size of the externalising problems scale of BASC-3,
the VRVM personalised support in this research has a practically significant
effect size of d = 0.545, as shown in Figure 5.1. This scale identifies the severity
of the children's hyperactivity and aggression, which is a critical aspect to
determine their ability to function in the new school. However, PC-CARE
shows a larger effect size of d = 0.84, indicating real-time suggestions given by
the therapist to the parent may have a strong impact in addressing externalising
problems [34]. Compared to PC-CARE, VRVM personalised support resulted
in a smaller effect size, which suggests that VRVM may have a comparatively
weaker impact in reducing the externalising problems. However, implementing
VR into personalised support still offers unique advantages that traditional

approaches like PC-CARE may not offer. PC-CARE relies on real-time
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therapist suggestions for parents, while VRVM personalised support provides
customisation features without requiring technological knowledge from parents.
Compared to CBT support, VRVM demonstrates a better effect size, indicating
that VR-based personalised support may offer an engaging experience which
beneficial in minimising externalising problems. Additionally, more
enhancement and further research may be required to convert some evidence-

based methods into an online delivery mode [33, 37].

BASC-3: Externalising Problems (Group Comparison)
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Figure 5.1 Bench Marking for Externalising Problems Cluster

5.2 Benchmarking of the Internalising Problems Scale

To identify the depression and anxiety levels of autistic children, the result of
the internalising problems scale provided valuable insight. Figure 5.2 shows that
VRVM has a practically significant effect size of d = 0.450 for internalising
problems, compared to CBT (d = 0.271) [33] and IFP (d = 0.025) [38]. VRVM
proves more effective in reducing internalising issues than CBT and IFP, which
also suggests that VRVM provides a more engaging environment for emotion

regulation [10]. The implementation of CBT may require further research to
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identify a better way to conduct the therapy without requiring autistic
individuals to attend physically. BBI only involves one participant, so the effect
size cannot be calculated [36]. Compared to CBT, which focuses on verbal
instruction through an online meeting to face their fear and generate confidence
in facing the fear [33], VRVM personalised support provides a virtual but
realistic environment for the participants to practice their behaviour in the

immersive environment and generalise their skills safely.

BASC-3: Internalising problems (Group Comparison)
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Figure 5.2 Bench Marking for Internalising Problems Cluster

5.3 Benchmarking of the Behavioural Symptoms Index Scale

Clustering attention problems, atypicality, and withdrawal, the behavioural
symptoms index for VRVM demonstrates a practically significant effect size of
d = 0.739, indicating a nearly large effect [46], as shown in Figure 5.3.
Compared to IFP, VRVM is more effective in addressing related problems, with
IFP showing a negligible effect size [38, 48]. Providing personalised fitness
training sessions for autistic individuals may not effectively improve the

behavioural symptoms index, such as withdrawal, which indicates challenges in

67

0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000



social contact. However, VRVM personalised support delivers the possible
scenarios within a simulated school environment, which emphasises meeting
new friends and new teachers in the school setting, which helps autistic children
prepare themselves for social contact in the new environment [58]. Targeting
the challenges that primary school students normally face, VRVM personalised
support is able to minimise their withdrawal issues in a new school and improve
their interaction with classmates and teachers, while IFP may contribute to
general well-being but may not be comparatively effective in solving the related

issues when autistic children transition to a new environment [38].

BASC-3: Behavioural Symptoms Index
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Figure 5.3 Bench Marking for Behavioural Symptoms Index Cluster

5.4 Benchmarking of the Social Motivation Scale

The scale of social motivation provided insight into identifying autistic children
who are motivated to be involved in social-interpersonal behaviour. As shown
in Figure 5.4, VRVM has an effect size of d = 0.493, which is slightly higher
than ImPACT in the social motivation cluster from SRS-2 [37]. The effect size

comparison indicates that symptoms in the social motivation cluster are reduced
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after the VRVM personalised support training, such as being less fidgety when
alone and more willingness to join group activities. Unlike ImPACT, which
focused on real-time social engagement with the therapist to improve their
social motivation [37]. Meanwhile, VRVM personalised support offers video
modelling focused on scenarios like children attending school without parents
accompanying and participating in class activities, autistic children are able to
practice their behaviours in these situations and better handle similar real-world
situations after VRVM personalised support training. VRVM personalised
support allows autistic children to see modelled behaviour in particular
situations before attempting them in the real-world context. The demonstration
from the personalised support leverages their visual learning and imitation skills
[11, 12]. Autistic children’s confidence levels are boosted after practising their
behaviour repeatedly in the virtual school environment, which causes them to

be more motivated to participate in social interaction [56].

SRS-2: Social Motivation
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Figure 5.4 Bench Marking for Social Motivation Cluster
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5.5 Benchmarking of the Restricted Interests and Repetitive
Behaviours Scale

Moreover, stereotypical behaviours are identified through the scale of restricted
interests and repetitive behaviours. When comparing VRVM’s effect size for
restricted interests and repetitive behaviours with IFP support, IFP has a higher
score of effect size, d = 0.791, as shown in Figure 5.5 [38]. The VRVM
personalised support, with a practically significant effect size of d = 0.434,
signifies a decrease in the frequency of the participants behaving oddly and
showing abnormal sensory interest. Compared to IFP, which focuses on physical
fitness, VRVM incorporates the virtual environment for the participants to
practice appropriate behaviours in each virtual scenario. The exposure to the
scenarios may contribute to long-term behavioural improvement, while IFP may

offer an immediate improvement in reducing stereotypical autism behaviours.

SRS-2: Restricted Interests and Repetitive Behaviours
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Figure 5.5 Bench Marking for Restricted Interests and Repetitive Behaviours Cluster

5.6 Chapter Conclusion

After analysing the data collected using the assessment tools, some data can be

benchmarked against other personalised support. In externalising problems
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scale of BASC-3, VRVM personalised support has a practically significant
effect size of d value = 0.545, indicating that the participants are improving in
hyperactivity issues and are less likely to be aggressive. When comparing the
effect size with PC-CARE, which has a larger effect size which is d value =
0.840, suggesting that real-time consultation by a therapist may have a more
impactful effect [34]. However, the uniqueness of VRVM, which implements
VR into personalised support, still offers advantages that PC-CARE may not
offer, such as customisation features provided without requiring technological
knowledge from parents. VRVM personalised support addresses an engaging
experience to be comparatively effective in minimising externalising problems

compared to CBT.

Benchmarking in internalising problems scale of BASC-3, VRVM personalised
support shows a practically significant effect size of d = 0.450, which is more
effective than CBT [33] and IFP [38]. This may be because the mode conversion
of CBT to anonline format may require further research to assess the
appropriate conducting method to improve its effect size. VRVM provides an
engaging environment to help autistic participants by reducing their anxiety
about attending school and making them less likely to feel nervous and fearful
about the new school [10]. An immersive, virtual but realistic environment
provided by VRVM personalised support allows autistic children to practice
their behaviour and generalise their skills safely while CBT focuses on verbal
instruction and interaction with a therapist through an online meeting to address

the issues.

As presented from the effect size of VRVM personalised support in the
behavioural symptoms index, it is practically significant, with the effect size of
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d value = 0.739. This indicates that autistic participants are more likely to join
group activities and show reduced abnormal behaviours. When compared to IFP,
VRVM performs much better, as IFP presents a negligible effect size. This may
be because the personalised fitness training sessions are not that effective in
improving behavioural symptoms index, including encouraging autistic
participants to engage in social activities. In contrast, VRVM personalised
support delivers the possible scenarios within a simulated school environment,
which emphasises meeting new friends and teachers and helps them engage with
new people. It is comparatively effective in improving their ability to engage in
social contact, as prior preparation in a virtual environment minimise their
withdrawal issues in a new school and improves their interaction with
classmates and teachers, while IFP may not be comparatively effective in
solving the related issues when autistic children transition to a new environment

[38].

The social motivation scale of SRS-2 assesses autistic children involved in
social-interpersonal behaviour. VRVM shows a higher effect size, with a d value
= 0.493, on the social motivation scale of SRS-2 compared to ImPACT [37].
This indicates autistic participants are more confident when engaging in social
situations after the VRVM personalised support training. VRVM personalised
support offers video modelling focused on scenarios which motivated them to
involved in social-interpersonal behaviours, such as attending school without
parents accompanying and participating in class activities. Therefore, the
participants better able to handle related situations after the VRVM personalised
support training compared to other supports since the demonstration from the

personalised support leverages their visual learning and imitation skills [11, 12].
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In the scale of restricted interests and repetitive behaviours of SRS-2, autism
stereotypical behaviours are identified. The VRVM personalised support has a
lower effect size, with a d value of 0.434, compared to IFP, which has a d value
of 0.791 [38]. This is because IFP assists autistic participants exercise their
bodies, which may result in reducing their abnormal sensory interest and odd
behaviours such as hand flapping. Compared to IFP, which focuses on physical
fitness, VRVM incorporates the virtual environment for the participants to
practice appropriate behaviours in each virtual scenario. As shown from the
effect size value, the exposure to the scenarios may contribute to long-term
behavioural improvement, while IFP may offer an immediate improvement in

reducing stereotypical autism behaviours.
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CHAPTER 6

CONCLUSIONS AND FUTURE WORK

6.1 Conclusions

Since autistic children aged 5 to 7 are attending a new primary school, their
adaptation to the new environment is a major concern for parents. Due to their
stereotypical autistic behaviours, they may be avoided or teased by their peers.
Typically, they feel stressed and fearful about attending school, so a
personalised support is needed to help them prior prepare before the opening of
school. Therefore, some personalised supports are available to be used to help
them. For example, the use of VM demonstrates the correct method to handle
tasks, which autistic children can imitate. VR can also be implemented in any
way to attract them to experience and show teachable scenes to them. Thus, VR
is aimed to be useful when implementing it in the VM with the purpose of

assisting autistic children to adapt to a new school.

The implementation of VR in VM which focuses on Malaysia's autism
population remains limited and this research focuses on that implementation.
This implementation aims to help autistic children prepare for a new school by
presenting relevant, imitable scenarios that demonstrate appropriate behaviours.
Nevertheless, the different needs of autistic individuals result in many different

designs of personalised support. A customisable approach that allows parents to
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tailor the personalised support based on children’s preferences and abilities. In
order to make the personalised support efficient, a time-consuming data
collection and development process is avoided in this research. Offering
customisation features that can be carried out easily and without technological
knowledge is preferred by the parents. Thus, the extent of customisation offered
is one of the focuses of the research. In addition, this research determines the
effectiveness of the personalised support designed and assesses the
improvement of autistic children. Therefore, there are several assessment tools

are available to identify its effectiveness.

The VRVM personalised support is successfully developed for the purpose of
training autistic children in adapting to a new school. It provides three VRVM
storylines that depict potentially happened scenarios, giving autistic children the
opportunity to prior experience the virtual school environment before attending

in real life.

The VRVM storylines include:

1. Going to a new school,

2. Make new friends in the class,

3. Behaviour during the lesson.

The first story aims to help autistic children in adjusting to a new school. After
completing the training for this story, autistic children are able to imitate the
greeting way to their friends and teachers. By getting a general idea of the new
school beforehand, their acceptance of attending the actual school is aimed to

increase. In the second story, a few conversations with classmates are presented
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to teach them the appropriate communication methods in the following

situations:

1. Introducing themselves to the others

2. Borrowing stationary from classmates

3. Responding appropriately when teased by classmates

The final story presents correct behaviours in class, which is to focus on the
teacher when the teacher is teaching in the class. Also, they will learn to seek
the teacher’s help whenever they face issues, ensuring that asking for help feels

manageable for them.

The customisation feature which allows parents to insert the actual school image
attracts children, as most of them prefer videos with the school compared to
other videos without it. In this circumstance, autistic children become familiar
with the school that they will soon attend. The VRVM personalised support
helps autistic children in different aspects, leading to new school adaptations,
such as social interaction with new classmates, and joining group activities.
Other than that, the modification of the classroom background colour and
furniture in the classroom enhances the realism, improving the effectiveness of
the personalised support. The insertion of children’s names in the storyline
enhances the immersion of the children and increases their engagement in the

personalised support training.

By using the assessment tools, SRS-2 and BASC-3, the study concluded the
VRVM personalised support has effectively improved autistic children's
hyperactivity issues and behavioural symptom index, enabling them to make

new friends and focus on the lesson. The nearly high effect size of the d value,
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d = 0.739 in the behavioural symptom index indicates that this personalised
support helps them engage in social contact with friends and teachers in the new
school, leading to better school adaptation. The d value, d = 1.247 for
hyperactivity indicates the reduction in related issues after the personalised
support training. Therefore, they are able to attend school and able to remain

calm during the lesson.

By benchmarking against other research, VRVM has been shown to help autistic
children in terms of externalising problems and internalising problems, where
it has a better performance compared to CBT and IFP [33, 38]. This indicates
that VRVM is helping autistic children reduce their stress about attending school
and minimise their abnormal behaviours when attending school. Although
VRVM showed a slightly weaker performance in restricted interests and
repetitive behaviours compared to IFP, it has a practically significant effect size
on the scale of the behavioural symptoms index when compared to it. Also,
VRVM had a better effect size on the social motivation scale compared to
ImPACT [37].
In summary, the research provides the evidence in solving the research

questions stated in Chapter 1:

RQI1: How was the Virtual Reality (VR) technique implemented in Video

Modelling (VM) to help autistic children adapt to a new school?

The research successfully developed a VRVM personalised support that
provides three storylines focusing on the possible scenarios in a new school.
These storylines were designed to assist autistic children in adapting to the new

school before attending in real life. By exploring these storylines, they gained a

77



general idea of the new school and were able to imitate the appropriate
communication and learning methods in the school. Learning the appropriate
behaviours through the VR-based VM was attractive to autistic children and

offered realistic, imitable scenarios.

RQ2: To what extent could the parents of the autistic children customise the

VRVM?

In this research, the customisation features that did not require technological
knowledge provided were preferred by the parents. The customisation features
provided in this research, as mentioned earlier, allow parents to insert an actual
school image, which is then incorporated into the storylines to introduce the
children to the new school. This ensures that autistic children can familiarise
themselves with the new environment by completing the training. The
modification of classroom background colour and furniture enhances their

engagement in the training and increases the realism of the virtual environment.

RQ3: How was the effectiveness of the personalised support?

In order to identify the effectiveness of the personalised support, SRS-2 and
BASC-3 were utilised. The findings showed that the personalised support
successfully improved autistic children’s hyperactivity issues, with the effect
size of d = 1.247. This shows the reduction of related issues in children after the
personalised support training. The personalised support also improved their
engagement in social contact with people, with the effect size provided, d =
0.739. With the effect sizes proven, this personalised support effectively assists

autistic children adapt to a new school environment.
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6.2 Future Work

The current study is limited by a small sample size of seven participants, three
of whom are girls, due to the time constraint in which the training needs to be
carried out before the opening of school. The small sample size may lead to a
reduction in the generalisation of the study. In addition, the absence of a control
group within the personalised support training may lead to difficulty defining
the causality of the personalised support and the observed improvement. Thus,
future research is recommended to recruit more autistic participants to expand
the sample size and generalise the results. Future VRVM personalised support
enhancements should include more storylines to cover more possible scenarios
in the school environment although only three VMs are currently available
which still provide some meaningful insight from the personalised support
training. Additionally, the improvement of virtual avatars and their movement
could be done in the future to boost the engagement of the participants. Carrying
out requirement collection from the parents to further enhance the customisation
features is also suggested to be done in the future. Last but not least, long-term
personalised support training is suggested to determine whether the
improvement observed in a VR-based environment can be maintained over a
longer period. This ensures consistency in the performance of autistic children

when adapting to a new school.
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Appendix A

English Version of Storyline Text for “Going to a new school”

I will ride a car to a new school.
Hi, I am Teacher Ann.

Bye enjoy your day in the school. Mum hugs me before I go into the
school.

Follow me to go to the class.
I will meet new teachers at school. I will meet friends at school.

All students are sitting properly in the class. I and my classmates are
sitting and listening to teacher.

[ will try to focus when teacher is teaching.

If I don't understand, I may raise my hand and ask the teacher. Teacher,
what does that mean?

If T want to go toilet, I may raise my hand and tell the teacher. May I go
to toilet?

When the school is end, all students say goodbye to each other. Going to
school will be fun.
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Appendix B

English Version of Storyline Text for “Make new friends in the
class”

When first come to the school, teacher may introduce me to the class.

This is our classmate, [child’s name]. My new friends may introduce
themselves. Hi, I am Ali.

I may make new friends at school.

My friend may borrow eraser from me.

May I borrow eraser from you?

When I forget to bring pencil, I may borrow from them.
May I borrow pencil from you?

Sure. Here you go.

It may fun when we learn together.
Sometimes, my friend may make fun of me.
Why you look different from the others?

I may not like it. It is ok.

They may touch my arm or hand.

It may be their way to make friends. It is ok.

It is still fun when playing with friends.
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Appendix C

English Version of Storyline Text for “Behaviour during the lesson”

Teacher is teaching in the class.
When teacher is teaching, I will pay attention.

There are some questions | do not know. Teacher may help me in doing
homework.

When | need teacher's help, I may raise my hand and ask for help.
Teacher, | need help. Yes? | do not know this question.

I may go for a rest after the lesson ends.

Today's lesson ends here.

It may not be hard for me to ask for help.
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Appendix D

Chinese Version of Storyline Text for “Going to a new school”

PR R R EE PR

fREF, FEME.

B, MEEREKER. BEERHIRZIE T H— M.
IREBHNFRIE,

BEEFRINAFE R, REEFRINRAEA].

B F4AEAERE Lin B E, BHEZMNLER L, TOREMIHR.
LHEMELRNNER, HETOITR.

WMRBEAZ, HAMUEFXE. Zh, BA=.

RFAB LM, FHATUEFERFEM. BEI T IAERAD?

WFEN, EFEEREFL. LFSREE,
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Appendix E

Chinese Version of Storyline Text for “Make new friends in the
class”

HHERKREFFERE, ZMRERZENNER.

XRHAEZE, [child’s name], HHFPATES@IBINEB. B, I
=l G

B EFREXHAR.

HHRA TS @ BAEREIR.

BT E RIER R ARG ?

HPTICHEEN, BT EMIE,

BT AR RIEHEL?

LRI, BIR,

BHEN—EES, FITRSTBEE,

A, RORATESIKIK.

AT AREERFFIAR—FE?

BB AERMMNZEN T, KR

TS AERNFESLTF.
JREEMNZAEMNTTR. BER.

S5RE—ETNBAREE,
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Appendix F

Chinese Version of Storyline Text for “Behaviour during the lesson”

ZIMIEAEYE EZR
ZIMPHRIHE, FaT LIk,
ALERERA S . Z ] FE AT LLAERAL

I AL LI B, BRI LIS T IR KA B
ZI, W EH D fFEHITE? JAZEA
FRAHE, BATUARE T
SRIJRFERNX BLR T

TSR AR Bl AT B BOR A AR AE o
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Appendix G

Malay Version of Storyline Text for “Going to a new school”

Saya akan menaiki kereta ke sekolah baru.
Hai, saya Cikgu Anna.

Sampai jumpa, selamat bermain hari anda di sekolah. Ibu memeluk saya sebelum
saya masuk ke sekolah.

Ikut saya ke kelas.

Saya akan berjumpa dengan guru baru di sekolah. Saya akan berjumpa kawan-kawan
di sekolah.

Semua pelajar duduk dengan betul di dalam kelas. Saya dan rakan-rakan sekelas saya
sedang duduk dan mendengar guru.

Saya akan cuba fokus semasa cikgu mengajar.

Jika saya tak faham, saya boleh angkat tangan dan tanya cikgu. Cikgu, saya tidak
faham.

Jika saya nak pergi tandas, saya boleh angkat tangan bagi tahu cikgu. Bolehkah saya
pergi ke tandas?

Apabila sekolah tamat, semua pelajar mengucapkan selamat tinggal antara satu sama
lain.

Pergi ke sekolah akan menjadi menyeronokkan.
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Appendix H

Malay Version of Storyline Text for “Make new friends in the class”

Apabila kali pertama datang ke sekolah, cikgu akan bagi tahu nama saya kepada
kelas.

[Child’s name] adalah rakan sekelas kita. Kawan baru saya akan bagi tahu name
mereka. Hai, saya Ali.

Saya mungkin akan mendapat kawan baru di sekolah.

Rakan saya boleh mintak pinjam alat tulis daripada saya.

Boleh saya pinjam pemadam daripada awak?

Apabila saya terlupa membawa alat tulis, saya juga boleh pinjam daripada mereka.
Bolehkah saya meminjam pensel daripada awak?

Pasti. Ini dia.

Seronok apabila kita belajar bersama.

Kadang-kadang, kawan saya mungkin mengejek saya.

Kenapa awak nampak beza dari yang lain?

Mungkin saya tidak suka mereka bercakap tentang saya. Tidak apa.
Mereka mungkin menyentuh lengan atau tangan saya.

Mungkin itu cara mereka untuk berkawan. Tidak apa.

Masih seronok bila bermain dengan kawan-kawan.
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Appendix |

Malay Version of Storyline Text for “Behaviour during the lesson”

Guru sedang mengajar di dalam kelas.
Apabila guru mengajar, saya akan memberi perhatian.

Ada beberapa soalan yang saya tidak faham. Guru mungkin akan membantu saya
untuk habiskan soalan.

Apabila saya memerlukan bantuan guru, saya boleh mengangkat tangan dan
meminta bantuan.

Cikgu, saya perlukan bantuan. Ya? Saya tidak faham.
Saya boleh pergi berehat selepas pelajaran tamat.
Pelajaran hari ini tamat di sini.

Mungkin tidak susah bagi saya untuk meminta bantuan.
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Experts’ Review of VRVM

Appendix J

Reviewer | Reviewer 1 | Reviewer 2 | Reviewer 3
Section A: Demographic Data Collection

Name Fan Say Ken Cecilia Tsang Lim Suat Wei
Email fansayken@gmail.co | tyycecilia@gmail.co | suatwei86@gmail.co
Address m m m

Gender Male Female Female

Highest Bachelor's Degree Master’s Degree Bachelor's Degree
degree you

have

graduated

from

Title or name
of the degree
you graduated
from

Bachelor of Speech
Sciences with Honours

Postgraduate Diploma
in Piano Performance

Bachelor of Speech
Sciences With Honours

Your
profession

Speech and Language
Pathologist

Lived Experience
Expert (Parents)

Speech and Language
Pathologist

Section B: Review

Clarity of the V

ideo Modelling's Direction

The
vocabulary
level, language
structure, and
conceptual
level of the
Video
Modelling
suits the level
of autistic
children. The
Video
Modelling s
designed in a
clear and
understandabl
€ manner.

3

2

Organization and Presentation of the Video Modelling

The Video
Modelling is
organized and
presented in a
logical and
sequential
manner.

2

3

Suitability of Vi

deo Modelling

The Video
Modelling

4
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appropriately
represent the
substance of
the  autistic
children’s
daily life in
school.  The
Video
Modelling is
designed  to
help  autistic
children in
adapting to
new schools.

Adequateness of Content per Video Mod

elling

The content
represents the
coverage  of
each story
adequately.
The content is
representative
enough of the
concept
defined for the
research. The
content is not
too short or
too long for
the Video
Modelling.

4

4

Attainment of Purpose

The Video
Modelling as a
whole  fulfill
the objective
of the
research.

3

Objectivity

The Video
Modelling has
no aspect of
bias (such as
gender
stereotyped,
etc) on the
part of the
content.

Experts’ Feedback

Comments
and
Suggestions

perhaps it is better to
use pictures that are
specific to the targeted
child for him to relate to
the story. Also, the
audio might be
confusing to the child
as the voices for all
characters are the same.

The movement of the
‘camera’ is fast which
may cause
cybersickness

The speed of narrative
may be too fast for
some of the
individuals with ASD
Background music can
be softer to avoid

distraction

Social Story is
personalized. This
resource can be used as
a guideline/ template
for the development of
an indidualized Social

Story that fits the
context/skills/
knowledge of an

audience. For e.g.: "l
will ride a car to new
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school", some audience
may ride a car/
motorbike/ walk to
school. Hence, the
social story may not be
giving the accurate
informations to the
audience.

As for the animation in
the video, it would be
clearer to have different
set of sound (audience
VS "dialogue/ speech™
of others).
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