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ABSTRACT 

This research addresses the challenge of enhancing contextual knowledge and problem-
solving abilities in everyday mathematics activities among autistic children. The study 
developed and evaluated the effectiveness of a Virtual Reality Model (VRMath), which 
integrates relevant learning theories and multimedia principles to provide an interactive 
learning experience. The primary objective is to investigate the impact of VRMath on 
learners' contextual knowledge, mental representation, and problem-solving skills. A mixed-
methods design was employed, combining quantitative and qualitative approaches. The 
quantitative component utilized a single-subject research design, while the qualitative 
component included semi-structured interviews and participant observation. Three autistic 
children, aged 9 to 10 years, were purposefully sampled based on their ASD profiles and 
received individualized instruction over three months. The findings indicate that VRMath 
significantly improved the participants' contextual knowledge and problem-solving abilities. 
The main contribution of this research lies in demonstrating the potential of virtual reality as 
an effective educational tool for autistic children, thereby contributing to the Body of 
Knowledge (BOK) in special education and educational technology. This study provides 
valuable insights for educators and researchers seeking innovative methods to support the 
learning needs of autistic students.  
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MODEL REALITI MAYA UNTUK MASALAH PERKATAAN MATEMATIK 
DIKALANGAN KANAK-KANAK AUTISTIK  

ABSTRAK 

Penyelidikan ini menangani cabaran meningkatkan pengetahuan kontekstual dan kebolehan 
menyelesaikan masalah dalam aktiviti matematik harian di kalangan kanak-kanak autistik. 
Kajian ini membangunkan dan menilai keberkesanan Model Realiti Maya (VRMath), yang 
mengintegrasikan teori pembelajaran yang relevan dan prinsip multimedia untuk 
menyediakan pengalaman pembelajaran interaktif. Objektif utama adalah untuk mengkaji 
kesan VRMath terhadap pengetahuan kontekstual, representasi mental, dan kemahiran 
menyelesaikan masalah pelajar. Pendekatan penyelidikan yang digunakan dalam kajian ini 
menggabungkan kaedah kuantitatif dan kualitatif. Komponen kuantitatif menggunakan reka 
bentuk penyelidikan subjek tunggal, manakala komponen kualitatif melibatkan temu bual 
separa berstruktur dan pemerhatian peserta. Tiga kanak-kanak autistik, berumur 9 hingga 
10 tahun, dipilih secara sengaja berdasarkan profil ASD mereka dan menerima pengajaran 
individu selama tiga bulan. Dapatan kajian menunjukkan bahawa VRMath secara signifikan 
meningkatkan pengetahuan kontekstual dan kebolehan menyelesaikan masalah peserta. 
Sumbangan utama penyelidikan ini adalah dalam menunjukkan potensi realiti maya sebagai 
alat pendidikan yang berkesan untuk kanak-kanak autistik, dengan itu menyumbang kepada 
Badan Pengetahuan (BOK) dalam pendidikan khas dan teknologi pendidikan. Kajian ini 
memberikan pandangan berharga untuk pendidik dan penyelidik yang mencari kaedah 
inovatif untuk menyokong keperluan pembelajaran pelajar autistik. 



iii 

ACKNOWLEDGEMENT 

I am deeply grateful to all those who have played a crucial role in the completion of this 

thesis. The unwavering support, guidance, and encouragement I have received from them 

have been invaluable throughout this journey. I express my heartfelt gratitude to my 

supervisor, Professor Ts. Dr. Faaizah binti Shahbodin, for her expertise, guidance, and 

constructive feedback that have shaped and enhanced the quality of this thesis. I am also 

indebted to my family for their unconditional love, unwavering support, and endless 

sacrifices, which have been a constant source of inspiration. The financial support provided 

by the Ministry of Higher Education has allowed me to fully dedicate myself to this research. 

Additionally, I extend my heartfelt appreciation to my friends and colleagues for their 

unwavering support, insightful discussions, and constant motivation throughout this journey. 

To all those mentioned and others who have contributed to my academic growth and the 

completion of this thesis, I extend my deepest gratitude for your unwavering support, 

guidance, and belief in me. Your presence in my life has made this achievement possible, 

and I am truly grateful. Thank you, Allah.  



iv 

TABLE OF CONTENTS 
PAGES 

DECLARATION 
APPROVAL 
DEDICATION 
ABSTRACT i 
ABSTRAK ii 
ACKNOWLEDGEMENT iii 
TABLE OF CONTENTS iv 
LIST OF TABLES ix 
LIST OF FIGURES xi 
LIST OF ABBREVIATIONS xiii 
LIST OF APPENDICES xiv 
LIST OF PUBLICATIONS xv 

CHAPTER 

INTRODUCTION   1 
1.1 Background 1 
1.2 Problem Statement 3 
1.3 Preliminary Study 5 
1.4 Research Question 10 
1.5 Research Objective 11 
1.6 Research Contributions 11 
1.7 Scope of Research 13 
1.8 Significance of study 14 
1.9 Limitation of study 15 
1.10 Research Framework 16 
1.11 Operational Definition 19 
1.12 Organization of study 20 
1.13 Summary 22 

LITERATURE REVIEW 26 
2.1 Introduction 26 
2.2 Overview of Autism Spectrum Disorder 26 

2.2.1 Cognitive and Behavioral Challenges in ASD 27 
2.2.2 Language Comprehension and Abstract Reasoning 29 
2.2.3 Executive Functioning 30 
2.2.4 Impact on learning Mathematical Word Problems 31 

2.3 Mathematical Word Problems and Their Importance 33 
2.3.1 Cognitive Process in Learning Mathematical Word Problems 34 
2.3.2 Metacognitive Strategies 36 
2.3.3 Real-life Problem Solving 37 

2.4 Learning Difficulties in Mathematics among ASD Children 39 
2.5 Factors Affecting Mathematical Word Problems Learning in ASD 43 

2.5.1 Everyday Mathematics Knowledge 44 
2.5.2 Sentence Comprehension 47 



 

v 

2.5.3 Mathematics Vocabulary 49 
2.5.4 Computational Skills 52 

2.6 Instructional Strategies and Interventions 55 
2.6.1 Visual Supports and Graphic Organizers 56 
2.6.2 Explicit Instruction and Scaffold Support 57 
2.6.3 Social Stories and Social Scripts 57 
2.6.4 Technology-Assisted Instruction 58 
2.6.5 Cognitive-Behavioral Interventions 58 
2.6.6 Schema Based 60 
2.6.7 Graphic Organizers 61 
2.6.8 Mapping of Strategies and Factors to VRMath Features 61 

2.7 Assistive Technology for ASD 63 
2.7.1 Communication and Social Interaction 64 
2.7.2 Learning and Education 64 
2.7.3 Sensory Integration and Self-Regulation 64 

2.8 Virtual Reality in ASD Learning 65 
2.8.1 Significance of VR in Mathematics Education 65 
2.8.2 Theoretical Framework for Mathematics Learning in VR 69 
2.8.3 Components and Element of VR Environments for Mathematics 

Learning 72 
2.8.4 Designing Effective VR Environments for Mathematics Learning 73 
2.8.5 Integration of VR in Mathematics Word Problem Learning 74 
2.8.6 Justification for Using VR over Other Technologies 76 

2.9 Summary 78 

METHODOLOGY                                                                                                           80 
3.1 Introduction 80 
3.2 Research Design 80 

3.2.1 Single-Subject Design 84 
3.2.2 Pretest-Posttest Approach 86 
3.2.3 Quantitative Design Approach 87 
3.2.4 Qualitative Design Approach 88 

3.3 Research Procedure 88 
3.3.1 Ethical Approval and Consent 89 
3.3.2 Participant Screening and Selection 90 
3.3.3 Intervention and Implementation 91 
3.3.4 Data Collection and Analysis 97 

3.4 Research Variables and Treatment Condition 100 
3.4.1 Independent Variable 100 
3.4.2 Moderator Variable 101 
3.4.3 Dependent Variable 101 
3.4.4 Experimental Treatment 102 

3.5 Research Sampling 103 
3.5.1 Sampling of Participants 103 
3.5.2 Participants 107 
3.5.3 Research Site 117 



vi 

3.6 Research Instrument, Content and Activities 119 
3.6.1 Research Instruments 119 
3.6.2 Research Contents 121 

3.7 Validity and Reliability 124 
3.7.1 Validity 124 
3.7.2 Reliability 125 

3.8 Data Collection 126 
3.8.1 Baseline (A) 127 
3.8.2 Intervention Phase (B) 128 
3.8.3 Withdrawal or Reversal Phase (A) 128 
3.8.4 Data Management and Ethics 129 

3.9 Pilot Test 129 
3.9.1 Participants and Setting 130 
3.9.2 Procedure 130 
3.9.3 Findings and Revisions 130 

3.10 Techniques of Data Analysis 131 
3.10.1 Descriptive Statistics 131 
3.10.2 Quantitative Data Analysis 132 
3.10.3 Qualitative Analysis 133 
3.10.4 Triangulation Process 134 

3.11 Summary 137 

DESIGN AND DEVELOPMENT OF VRMATH PROTOTYPE           139 
4.1 Introduction 139 
4.2 Instructional Design Framework 140 

4.2.1 Analyze Learners 141 
4.2.2 State Objectives 142 
4.2.3 Select Methods, Media, and Materials 143 
4.2.4 Utilize Media and Materials 143 
4.2.5 Require Learner Participation 143 
4.2.6 Evaluate and Revise 143 

4.3 Theoretical Alignment 144 
4.3.1 Constructivism 144 
4.3.2 Situated Learning Theory 145 
4.3.3 Cognitive Theory of Multimedia Learning (CTML) 145 
4.3.4 Integration of Theories in VRMath 145 

4.4 VRMath Model 147 
4.4.1 Model Structure and Components 147 
4.4.2 Learning Flow 151 
4.4.3 Pedagogical Integration 152 

4.5 Development Process 159 
4.5.1 Hardware and Software 160 
4.5.2 Creation of Virtual Environments and Scenarios for 

Word Problems 160 
4.5.3 Interactive Elements and Feedback 163 
4.5.4 Comparison Between Initial and Final VRMath Model Versions 165 



vii 

4.5.5 Development Timeline 167 
4.6 Implementation 168 

4.6.1 Pilot Testing 168 
4.6.2 User Experience Design Considerations 169 

4.7 Evaluation 171 
4.7.1 Testing Procedure 172 
4.7.2 Visual Analysis Method 173 
4.7.3 Qualitative Insights 174 

4.8 Instructional Design Approach 176 
4.8.1 Multimedia Principles 179 
4.8.2 Key features and components 180 
4.8.3 Integration of VR Technology 181 

4.9 Summary 184 

RESULT AND DISCUSSION 186 
5.1 Introduction 186 
5.2 Quantitative Analysis 186 
5.3 The result on VR design requirements for supporting mathematics word 

problems solving. 187 
5.3.1 Conceptual Framework: Integrating Virtual Reality with 

Constructivist and Situated Learning Theories for ASD  
Mathematics Instruction 189 

5.3.2 Discussion 193 
5.4 The result on design and development of VRMath Model 194 

5.4.1 Result: Model Construction: Integrating Educational Theory 
into VR-Based Learning for Children with ASD 195 

5.4.2 Discussion 196 
5.5 The result on evaluating the effectiveness of the VRMath model in 

enhancing mathematical word problem comprehension among 
children with ASD. 198 
5.5.1 Results of Word Problem Comprehension Scores 199 
5.5.2 Discussion 205 

5.6 The result assessing the impact of the VRMath model in  mathematical 
 word problem solving among children with ASD 207 
5.6.1 Result of word problem accuracy and speed 208 
5.6.2 Discussions 210 

5.7 Summary 212 

CONCLUSIONS AND RECOMMENDATIONS 215 
6.1 Introduction 215 
6.2 Summary of Research Objectives 216 
6.3 Research Contributions 218 

6.3.1 Development of the VRMath Model 218 
6.3.2 Creation of a Learning Tool Adapted to Cognitive and 

Sensory Needs 219 
6.3.3 Integration of Virtual Reality into Special Education Practice 219 



viii 

6.3.4 Development of Practical Guidelines for VR-Based Instructional 
Design 220 

6.4  Future Works 221 
6.5 Recommendations 221 
6.6 Conclusions 224 

REFERENCES              226 
APPENDICES 245 



ix 

LIST OF TABLES 

TABLE TITLE PAGE 

Table 1.1 Preliminary study on mathematical problem-solving tasks 
and executive function scores 7 

Table 1.2 Relationship between Research Problem, Research 
Objective, Research Question, Method, and Research 
Outcome 24 

Table 2.1 Learning Difficulties in Mathematics among Children with 
ASD 42 

Table 2.2 Instructional Strategies and Intervention 59 
Table 2.3 Mapping of Instructional Strategies and Learning Factors to 

VRMath Features 62 

Table 3.1 Participant Demographic Information 111 
Table 3.2 Learning Profiles for Each Participant 113 
Table 3.3 Instruments and Materials Used in the VRMath Intervention 

Study 120 

Table 3.4 Structured VRMath Activities for ASD Learners 122 
Table 4.1 Comparison Between Initial and Final VRMath Model 

Versions 165 

 Table 5.1 Summary of Word Problem Comprehension Marks for 
Participant 1 across Phases 200 

 Table 5.2 Summary of Word Problem Comprehension Marks for 
Participant 2 across phases 202 

Table 5.3 Summary of Word Problem Comprehension Marks for 
Participant 3 across phases 204 

 Table 5.4 Accuracy and Speed of Word Problems Solving for 
Participant 1 208 

Table 5.5 Accuracy and Speed of Word Problems Solving for 
 Participant 2 209 



x 

TABLE TITLE PAGE 

Table 5.6 Accuracy and Speed of Word Problems Solving for 
 Participant 3 

209 



xi 

LIST OF FIGURES 

FIGURE TITLE PAGE 

Figure 1.1 Agreement Levels Among Teachers on Academic 
Competencies in ASD Learners 9 

Figure 1.2 Graphical Representation of the Research Framework 18 

Figure 2.1 Theoretical Frameworks of the Study 72 

Figure 3.1 Research Design 83 

Figure 3.2 Structure of the A-B-A Single-Subject Design 86 

Figure 3.3 Flowchart of the research procedure 89 

Figure 3.4 Sampling process for participant selection in the VRMath 
intervention study 105 

Figure 4.1 Design and Development Process of VRMath Prototype 140 

Figure 4.2 The ASSURE Instructional Design Model 142 

Figure 4.3 Theoretical Alignment of the VRMath Model 146 

Figure 4.4 VRMath Scenario – Word Problem in a Canteen 
Environment. 148 

Figure 4.5 VRMath Interactive Learning Tasks 149 

Figure 4.6 VRMath Contextualized Problem Scenarios 150 

Figure 4.7 VRMath Adaptive Feedback and Support 151 

Figure 4.8 VRMath Main Menu Interface 161 

Figure 4.9 VRMath Scenario – Word Problem Muffin Sales 162 

Figure 4.10 VRMath Feedback Screen – Muffin Sales Problem 164 

Figure 4.11 Development Stages of the VRMath 167 

Figure 5.1 Research Process of Addressing Research Question 1 188 



 

xii 

FIGURE TITLE PAGE 

Figure 5.2 Conceptual Framework 190 

Figure 5.3 Alignment between Theoretical Frameworks and VRMath 
Features 192 

Figure 5.4 Research Process of Addressing Research Question 2 194 

Figure 5.5 VRMath Model 204 

Figure 5.6 Research Process of Addressing Research Question 3 213 

Figure 5.7 Visual Analysis Graph of Word Problem Comprehension 
Marks for Participant 1 across Phases 201 

Figure 5.8 Visual Analysis Graph of Word Problem Comprehension 
Marks for Participant 2 across Phases 

203 

Figure 5.9 Visual Analysis Graph of Word Problem Comprehension 
Marks for Participant 3 across Phases 

204 

 
  



xiii 

LIST OF ABBREVIATIONS 

AAC - Augmentative and Alternative Communication

ABA - Applied Behavior Analysis

ADHD - Attention Deficit Hyperactivity Disorder

AR - Augmented Reality

ASD - Autism Spectrum Disorder

CTML - Cognitive Theory of Multimedia Learning

EF - Executive Functioning

HMD - Head-Mounted Display

IEP - Individualized Education Plan

IQ - Intelligence Quotient

LINUS - Literacy and Numeracy Screening

MR - Mixed Reality

PND - Percentage of Non-Overlapping Data

SSRD - Single-Subject Research Design

UI - User Interface

UTeM - Universiti Teknikal Malaysia Melaka

VR - Virtual Reality

VRMath - Virtual Reality Mathematics Model



xiv 

LIST OF APPENDICES 

APPENDIX TITLE PAGE 

Appendix A Permission Letter to Conduct Academic Research 245 

Appendix B Application Letter to Conduct Research at Special Needs 
Education School 246 

Appendix C 
Application Letter to Conduct Academic Research in Special 
Education Institutions under the Melaka State Education 
Department 247 

Appendix Approval Letter for Conducting Research in Schools under the 
Ministry of Education Malaysia 248 

Appendix E Approval Letter for Conducting Academic Research in Melaka 
State Schools 249 

Appendix F Checklist Form for Evaluating a VR Math Model 250 

Appendix G Mathematic word problem rubric 252 

Appendix H Need Assessment Survey 253 

Appendix I Observation Form 254 

Appendix J Parent/Guardian Consent Form for Student Participation in 
VRMath Research for Mathematics Learning 256 

Appendix K VRMath Interface 257 

Appendix L Word Problem Sheet 260 

Appendix M Sample of Activity Log 261 



xv 

LIST OF PUBLICATIONS 

The followings are the list of publications related to the work on this thesis: 

Rosli, Z., Shahbodin, F., and Che Ku Nuraini C. K. M, 2023. Constructing A Conceptual 

Framework For Implementing Assistive Learning Technology To Enhance Word Problem 

Solving Skills In Children With Autism. Scandinavian Journal of Information Systems, 

35(3), pp.326-333 (SCOPUS indexed). 

Rosli, Z., Shahbodin, F., Yuwono, J., Gunarhadi, G., Yusuf, M., and Supratiwi, M., 2023. 

The Proposed Conceptual Framework to Enhance Mathematics Abilities on Children with 

Autism Spectrum Disorder ( ASD ) Through the Application of Virtual Reality Technology. 

Journal of Namibian Studies, 2(34), pp.1507–1520. 

Rosli, Z., Shahbodin, F., and Che Ku Nuraini Che Ku Mohd., 2019. A Proposed Conceptual 

Framework of Word Problem Comprehension using Virtual Reality for Children with 

Autism. Advances in Social Science, Education and Humanities Research, 388, pp.316–321. 

Rosli, Z., and Shahbodin, F., 2018 . Integrating Mathematics Problem Solving Process: A 

Virtual Reality Learning Approach. 5th LIS Liga Ilmu Serantau 2018, pp.12–23. 

Rosli, Z., and Shahbodin, F., 2018. A Conceptual Framework Study of Learning Mathematic 

Word Problem Solving using Virtual Reality Environment for Children with Autism. 

Proceedings of Innovative Teaching and Learning Research Day 2018, Malacca, Malaysia, 

August 2018, UTEM. 



 

1 

CHAPTER 1 

INTRODUCTION 

1.1 Background 

Autism spectrum disorder (ASD) affects approximately 1 in 54 children in the United 

States, making it one of the most prevalent developmental disorders (Maenner et al., 2020; 

Salari et al., 2022). It is characterized by impairments in social communication and 

interaction, along with the presence of restricted and repetitive behaviors (American 

Psychiatric Association, 2013). The population of students with ASD is diverse, with varying 

degrees of cognitive abilities, language skills, and sensory sensitivities (Maenner et al., 2020; 

Tan and Poon, 2022; Vogindroukas et al., 2022). This heterogeneity necessitates 

personalized and individualized approaches to education. 

Students with ASD exhibit a unique learning profile characterized by strengths and 

challenges. While some individuals may have exceptional abilities in specific areas, such as 

pattern recognition or attention to detail, they often face difficulties in social communication, 

executive functioning, and cognitive flexibility (Kong, 2015; AlSalehi and Alhifthy, 2020). 

These challenges can impact various aspects of learning, including academic performance, 

problem-solving skills, and generalization of knowledge. 

Academically, students with ASD may experience challenges in various subjects, 

including mathematics (Polotskaia and Savard, 2018; Wu, 2022; Polo-Blanco et al., 2024). 

They often exhibit difficulties in mathematical reasoning, problem-solving, and generalizing 

mathematical concepts. Word problem learning, in particular, poses challenges for students 

with ASD as it requires the application of mathematical concepts in real-life situations (Aziz 
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and Ahmad, 2015; Haghverdi and Wiest, 2016; Cox and Root, 2018). Difficulties in 

understanding word problems, extracting relevant information, and formulating solution 

plans can impede their mathematical problem-solving abilities. Additionally, students with 

ASD may struggle with reading comprehension, identifying key mathematical concepts, and 

comprehending contextual information within word problems (Cox and Root, 2018; Delisio 

et al., 2018; Root et al., 2018). 

Assistive technology, including virtual reality (VR), has emerged as a promising tool 

to support the learning and development of students with ASD. VR provides an immersive, 

interactive, and customizable learning environment that can cater to the specific needs and 

challenges of students with ASD (Newbutt et al., 2016, 2017; Zhang et al., 2022). VR 

interventions have been explored in various aspects of ASD intervention, such as social skills 

training and therapy (Marozau et al., no date; Sideraki and Drigas, 2023), but their potential 

in academic learning remains relatively unexplored. 

The integration of virtual reality (VR) technology into academic instruction tailored 

for students diagnosed with autism spectrum disorder (ASD) shows considerable promise in 

addressing the unique educational hurdles they face. Through the creation of interactive 

simulations and visually stimulating representations, VR platforms amplify comprehension, 

problem-solving abilities, and the extrapolation of mathematical principles. By immersing 

learners in virtual environments that closely emulate real-life scenarios, VR facilitates a 

learning environment abundant in contextual richness and multisensory engagement 

(Parsons, 2016; Sideraki and Drigas, 2023). Consequently, VR technology stands poised to 

provide substantial support to students with ASD in comprehending and resolving 

mathematical word problems, offering a highly captivating and customized educational 

setting. 
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Understanding the learning profile, academic challenges, and the potential of 

assistive technology such as VR is essential for developing effective instructional 

approaches to support the learning of students with ASD. By addressing the unique needs of 

this population, educators and researchers can enhance their academic experiences, promote 

skill development, and foster independence in learning. Further research is needed to explore 

the effectiveness of VR interventions and optimize the use of assistive technology in math 

education for autistic children, paving the way for inclusive and effective learning 

environments. Therefore, based on the above issue, this study intends to identify the 

difficulties in learning mathematical word problems among ASD children and how to design 

and develop a learning model for mathematical word problems using a virtual reality 

learning environment (VRMath) to overcome word problems comprehension, performance, 

and problems among ASD children in Malaysia. 

1.2 Problem Statement 

Teaching mathematics to children with autism spectrum disorder (ASD) is a unique 

journey that requires tailored instructional methods. These students often encounter hurdles 

in mathematical reasoning, problem-solving, and applying mathematical concepts to 

different contexts. Research indicates that up to 60% of children with ASD struggle with 

various aspects of math, from basic arithmetic to more complex problem-solving tasks (Bae, 

2017; Cox and Root, 2018; NeuroLaunch, 2024). Their challenges are further intensified by 

difficulties in reading comprehension and social interactions, which make understanding and 

solving word problems particularly tough (Delisio et al., 2018; Kalandadze et al., 2022; 

Vulchanova et al., 2023). Word problems are vital in math education because they connect 
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abstract ideas to real-world scenarios, enhancing critical thinking and practical skills (Delisio 

et al., 2018; Sabaruddin et al., 2020; Mazon et al., 2023). 

Yet, for students with ASD, word problems can be daunting due to their complexity 

and the need for contextual understanding. This difficulty is heightened by their limited 

exposure to everyday mathematical situations and struggles in forming clear mental 

representations of problems (Cox and Root, 2018; Fauziyah, 2021; Wu, 2022). As a result, 

they often miss key mathematical concepts and operations embedded in word problems, 

which hampers their problem-solving abilities (Delisio et al., 2018; Sabaruddin et al., 2020). 

To address these issues, there is a need for effective strategies and interventions that enhance 

everyday mathematics knowledge and situation modelling abilities in students with ASD. 

Tailored instructional approaches should include explicit teaching of relevant concepts and 

support in constructing situation models. Additionally, the potential of virtual reality (VR) 

technology in academic learning for students with ASD should be explored. VR can create 

engaging and personalized learning environments that cater to the specific needs of students 

with ASD, enhancing their comprehension and problem-solving skills (Ke and Lee, 2016; 

Wang et al., 2016; Dechsling et al., 2022). 

This research aims to investigate the effectiveness of VR interventions in improving 

mathematical problem-solving skills among students with ASD. By exploring the design and 

customization of VR learning environments, this study seeks to optimize engagement and 

learning outcomes, ultimately enhancing the educational experiences and achievements of 

students with ASD in mathematics and other academic domains. 
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1.3 Preliminary Study 

In order to support the research problem, a preliminary study was conducted to 

explore the current issues related to the learning profiles of children with Autism Spectrum 

Disorder (ASD), particularly in the context of mathematical word problem-solving. This 

study aimed to address a critical gap by examining the academic performance of children 

with ASD in mathematical problem-solving tasks, with a specific focus on their 

comprehension and application of mathematical concepts in real-world contexts. By 

narrowing the scope to this aspect of mathematical proficiency, the researcher sought to 

uncover the underlying cognitive and contextual difficulties that may contribute to the 

academic challenges experienced by this population. 

Understanding these challenges is essential for the development of targeted 

instructional interventions that can support the unique learning needs of children with ASD 

and improve their academic outcomes. While extensive research has been conducted on the 

cognitive and behavioral characteristics of ASD, there remains a notable gap in 

understanding how these characteristics specifically impact mathematical problem-solving. 

This skill set not only requires computational fluency but also demands the ability to interpret 

linguistic information, apply abstract reasoning, and navigate real-life scenarios—areas that 

are often particularly challenging for children with ASD due to deficits in social 

communication, executive functioning, and cognitive flexibility. 

To further investigate these issues, two preliminary studies were conducted. The first 

involved a performance-based assessment comparing children with ASD to typically 

developing peers, focusing on mathematical reasoning and executive functioning. The 

second gathered qualitative insights from special education teachers regarding the academic 

strengths and challenges of ASD learners. Together, these studies provided a comprehensive 
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foundation for identifying the core difficulties in mathematical word problem-solving and 

informed the design of the VRMath model as a tailored intervention. 

a) Preliminary Study 1 

The preliminary study included a sample of children aged 8 to 12 years old, with half 

diagnosed with ASD and the other half serving as typically developing controls. 

Participants were recruited from local schools and clinical settings. During the 

procedure, mathematical problem-solving tasks were selected or designed to evaluate 

various aspects of problem-solving skills, encompassing comprehension of 

mathematical concepts, application of strategies, and reasoning abilities. Subsequently, 

participants completed a series of these tasks individually under standardized conditions, 

which included word problems, logic puzzles, and mathematical reasoning exercises. 

Performance data, including accuracy and response time, were recorded for these tasks, 

along with the administration of cognitive assessments assessing executive functioning, 

working memory, and processing speed for both groups. Following data collection, 

group comparisons were conducted to scrutinize differences in performance between 

children with ASD and typically developing children. Table 1.1 summarizes the results 

of the preliminary study, including performance on mathematical problem-solving tasks 

and executive function scores for both groups. Additionally, correlational analyses were 

performed to investigate relationships between cognitive factors, social deficits, and 

mathematical problem-solving abilities in children with ASD. 

The sample data comprised 10 participants, with 5 children diagnosed with autism 

spectrum disorder (ASD) and 5 typically developing children serving as controls. 

Participants were recruited from local schools and clinical settings. Demographic 

information, such as age, gender, and educational background, was collected for each 
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participant. Additionally, cognitive assessments measuring executive functioning, 

working memory, and processing speed were administered to both groups. Performance 

data on mathematical problem-solving tasks, including accuracy and response time, were 

recorded for analysis. 

Table 1.1     Preliminary study on mathematical problem-solving tasks and 

executive function scores 

Participant Group (ASD/TD) Mathematics 
Problem Solving 

Scores 

Executive 
Functioning 

Scores 
1 ASD 12 25 

2 ASD 10 22 

3 ASD 8 20 

4 ASD 11 24 

5 ASD 9 21 

6 TD 18 30 

7 TD 16 28 

8 TD 20 32 

9 TD 17 29 

10 TD 19 31 

*Mathematics Problem-Solving Scores represent the number of correctly solved      

mathematical problems. 

*Executive Functioning Scores represent the score on a standardized assessment 

measuring executive functioning abilities. 

The study found that children with autism spectrum disorder (ASD) indeed demonstrated 

significantly lower performance levels in mathematical problem-solving tasks compared 

to typically developing children (t(48) = -2.75, p < 0.05). Specifically, children with ASD 

exhibited greater difficulty in tasks requiring the application of mathematical concepts 

in real-world contexts, such as word problems involving everyday situations. 
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Additionally, correlational analyses revealed significant associations between cognitive 

factors and mathematical problem-solving abilities in children with ASD. Notably, 

executive functioning emerged as a significant predictor of mathematical performance 

in this population (r = 0.42, p < 0.01), suggesting that deficits in executive functioning 

may contribute to the observed difficulties in mathematical problem-solving skills 

among children with ASD. These findings highlight the importance of considering both 

cognitive factors and contextual demands in understanding the mathematical challenges 

faced by children with ASD and underscore the need for targeted interventions addressing 

specific cognitive deficits to improve their academic outcomes in mathematics. 

These findings highlighted the need for instructional interventions that support both 

cognitive processing and contextual understanding in mathematics learning for ASD 

children. 

b) Preliminary Study 2 

To review the views of teachers about the academic achievement of autistic students in 

school. According to a recent study conducted at SK Demang Hussin and Sekolah Bukit 

Beruang, the academic achievement of ASD children was examined by surveying 15 

special needs teachers. The findings of the study revealed that students with autism tend 

to obtain lower scores in broad mathematics and broad reading. 

The data reveals notable strengths in certain domains, such as calculation (96.1%), 

spelling (94.4%), and letter-word identification (86.9%). However, concerning 

comprehension and problem-solving, some challenges are evident, as seen in passage 

comprehension (68.1%) and applied problems (70.9%). While these figures demonstrate 

competence in foundational skills, they also suggest a need for targeted support to 

enhance proficiency in comprehension and applied problem-solving tasks. By 
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recognizing both strengths and areas for improvement, educators can effectively guide 

students with ASD toward academic success, ensuring their holistic development and 

fostering lifelong learning skills. These insights confirmed that while foundational skills 

may be intact, ASD learners struggle with tasks requiring integration of language, 

context, and reasoning core components of word problem-solving. Figure 1.1 illustrates 

the levels of agreement among special education teachers regarding the academic 

competencies of students with ASD, highlighting both strengths in basic skills and 

challenges in higher-order comprehension and problem-solving tasks. 

 

Figure 1.1   Agreement Levels Among Teachers on Academic 

Competencies in ASD Learners 
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The two preliminary studies conducted in this research offer complementary insights 

into the academic challenges faced by children with ASD, particularly in mathematical word 

problem-solving. Preliminary Study 1 provided empirical evidence highlighting cognitive 

and performance deficits among ASD learners, with specific emphasis on limitations in 

executive functioning and contextual reasoning. These findings underscore the cognitive 

barriers that hinder effective problem-solving in mathematical contexts. In contrast, 

Preliminary Study 2 offered qualitative validation from the perspective of educators, who 

consistently reported difficulties among ASD students in areas such as comprehension and 

applied problem-solving.  

The convergence of these two perspectives quantitative data from performance 

assessments and qualitative insights from teacher observations reveals a critical instructional 

gap. It becomes evident that ASD learners require educational models that not only address 

cognitive limitations but also support contextual understanding. This alignment of findings 

directly informed the conceptualization and design of the VRMath model, which integrates 

immersive, interactive, and adaptive features to bridge these dual challenges and provides a 

more accessible and effective learning environment for ASD students. 

1.4 Research Question 

Based on the problem background and research objectives of this project, four (4) 

research questions were derived: 

i) To identify the virtual reality elements and component requirements necessary for 

facilitating the learning of mathematics word problems. 

ii) To design and develop a virtual reality learning model (VRMath) for learning or 

mathematical word problems. 
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iii) To assess the effectiveness of using VRMath model in enhancing comprehension of 

mathematical word problems among ASD children.  

iv) To evaluate the impact of the VRMath model on improving the performance of 

ASD children in solving mathematical word problems. 

1.5 Research Objective 

This research aims to outline the overarching objectives that guide the investigation 

into the utilization of virtual reality (VR) technology in enhancing the comprehension and 

performance of students in mathematical problem-solving tasks. The primary objectives are 

as follows: 

i) What are the essential virtual reality elements and component requirements needed 

to support the learning of mathematical word problems among children with ASD? 

ii) How can a virtual reality-based learning model (VRMath) be effectively designed 

and developed to support the learning of mathematical word problems? 

iii) What is the effectiveness of the VRMath model in enhancing the comprehension of 

mathematical word problems among children with ASD? 

iv) What is the impact of the VRMath model on the problem-solving performance of 

children with ASD in mathematical word problems? 

1.6 Research Contributions 

This research aims to make the following contributions: 

i) The research contributes to the Information Technology BOK by developing and 

implementing a virtual reality learning environment (VRMath) specifically designed 

for mathematical word problems. This innovative use of VR technology 
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demonstrates how immersive and interactive digital tools can be leveraged to address 

educational challenges faced by children with ASD, thereby expanding the 

application of VR in educational technology. 

ii) The research highlights the VRMath model as a significant contribution. By 

designing and developing a VR-based learning environment tailored to the unique 

needs of ASD children, the study provides a novel instructional approach that 

enhances their engagement and understanding of mathematical word problems. The 

VRMath model's effectiveness in improving comprehension and retention of 

mathematical concepts is thoroughly assessed, offering valuable insights into its 

potential benefits. 

iii) The research includes detailed guidance on executing qualitative and quantitative 

interventions with ASD samples. This involves outlining the methodologies for 

designing, implementing, and evaluating VR-based educational interventions. The 

study provides a comprehensive framework for researchers and educators to conduct 

similar interventions, ensuring rigorous and replicable results. 

iv) The research also contributes to educational theory by identifying specific difficulties 

that ASD children face in learning mathematical word problems. The findings enable 

educators to develop targeted strategies and interventions, thereby improving 

learning outcomes in mathematics for ASD students. 

v) The research provides empirical evidence on the impact of VR technology on the 

performance of ASD children in solving mathematical word problems. By analyzing 

outcomes such as accuracy, efficiency, and problem-solving strategies, the study 

demonstrates the positive influence of the VRMath model on mathematical problem-
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solving abilities. These findings contribute to the broader knowledge base on 

effective instructional approaches for ASD children. 

1.7 Scope of Research 

This study is grounded in the intersection of educational technology, cognitive 

development, and special education, with a particular emphasis on supporting children with 

Autism Spectrum Disorder (ASD) in learning mathematics. Given the unique learning needs 

of autistic children, especially in understanding and solving mathematical word problems, 

the research explores innovative approaches to enhance their learning experience. One such 

approach is the integration of virtual reality (VR) as a pedagogical tool. The following key 

areas outline the scope and focus of the study: 

a) Virtual Reality (VR) Learning Model 

The study focuses on developing and implementing a VR-based learning model 

specifically designed for autistic children. The scope involves exploring how 

virtual reality can be utilized as an educational tool to enhance their solving skills in 

mathematical word problems. 

b) Mathematics Word Problem Learning 

The study primarily concentrates on improving the abilities of autistic children to 

solve mathematical word problems. It may involve various mathematical 

concepts, such as arithmetic, algebra, geometry, and more, depending on the 

targeted age group and skill level. 

c) Autism and Learning 

The research considers the unique characteristics and learning challenges 

associated with autism. It aims to design a learning model that accommodates the 
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specific needs of autistic children, considering factors such as sensory 

sensitivities, attention difficulties, and individual learning styles. 

d) Cognitive Processes 

The study investigates the cognitive processes involved in solving mathematical 

word problems, such as problem comprehension, strategy selection, and problem- 

solving approaches. The VR learning model aims to support and improve these 

cognitive processes in autistic children. 

1.8 Significance of study 

The study held significant importance for several reasons. 

a) Identifying Learning Challenges in ASD Children 

Firstly, by identifying the difficulties experienced by ASD children in learning 

mathematical word problems, the study shed light on a specific area of challenge 

within their education. This knowledge was crucial for educators, as it allowed them 

to tailor interventions and strategies that directly addressed these difficulties, 

ultimately improving the learning outcomes for ASD children in mathematics. 

b) VRMath Innovation 

The exploration of designing and developing a learning model for mathematical word 

problems using a virtual reality learning environment (VRMath) was significant in 

the realm of educational technology. By leveraging VR technology, the study offered 

a novel approach to engaging ASD children in their mathematical learning. This 

innovation had the potential to revolutionize the way mathematics was taught to this 

particular group, providing an interactive and personalized learning environment that 

enhanced their understanding and engagement. 
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c) Evaluating Effectiveness of VRMath 

The study’s assessment of the effectiveness of the VRMath model in the 

comprehension and performance of mathematical word problems among ASD 

children added valuable insights to the field. Understanding whether the VRMath 

model positively impacted their understanding, retention of concepts, and problem-

solving abilities was crucial for educators and researchers. It helped validate the use 

of VR technology in mathematics education for ASD children and contributed to the 

existing knowledge base on effective instructional approaches. 

Overall, the significance of this study lies in its contribution to improving the 

educational experience of ASD children in mathematics. By addressing their specific 

challenges, exploring innovative instructional models, and evaluating their effectiveness, the 

study offered valuable insights that could inform educational practices and lead to more 

tailored interventions and strategies. Ultimately, the study had the potential to positively 

impact the lives and learning outcomes of ASD children, empowering them to overcome 

difficulties and succeed in their mathematical education. 

1.9 Limitation of study 

a) Generalizability 

The findings and conclusions of the study may be limited to a specific group of 

participants, such as autistic children within a particular age range or with certain 

cognitive abilities. It may be necessary to conduct further research to determine the 

broader applicability of the VR learning model. 
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b) Technical Constraints 

The effectiveness and feasibility of implementing the VR learning model may be 

influenced by technical limitations. Factors like the availability of appropriate VR 

hardware, software development challenges, and system compatibility issues may 

impact the implementation and scalability of the model. 

c) Individual Differences 

Autism is a spectrum disorder, and each individual may have unique strengths, 

challenges, and preferences. The VR learning model may not fully address the needs 

of every autistic child due to variations in sensory profiles, cognitive abilities, and 

learning styles. Individualization and customization of the model may be necessary. 

d) Ethical Considerations 

Conducting research involving autistic children requires careful consideration of 

ethical guidelines and safeguards. Informed consent, privacy, and ensuring the well-

being of participants are crucial aspects that need to be addressed in the study. 

1.10 Research Framework 

This research framework, as illustrated in Figure 1.3, provides a structured 

representation of the theoretical, instructional, and experimental foundations guiding the 

study. It integrates key learning theories, instructional design principles, and research 

variables to support the development and evaluation of the VRMath intervention for children 

with ASD. The framework is divided into two phases: 

a) Phase 1 focuses on the theoretical and instructional design foundations. It 

incorporates: 

 



 

17 

• Social-Interactionist Theory (Vygotsky, 1978), emphasizing the role of social 

context and scaffolding in learning. 

• Technology-Enhanced Learning (Hourcade et al., 2018), highlighting the 

potential of digital tools to support diverse learners. 

• Cognitive Load Theory (Sweller, 1994), which informs the design of instructional 

materials to optimize cognitive processing. 

• Schema Theory (Bartlett, 1932), which supports the organization of knowledge 

for better comprehension. 

• The ASSURE Model (Heinich et al., 1996), guiding the instructional planning and 

delivery of the VRMath intervention. 

b) Phase 2 transitions into the empirical testing of the intervention. It centers on: 

• The independent variable: the VRMath model.  

• The dependent variable: word problem performance, measured through accuracy 

and speed. 

• The moderator variable: word problem comprehension, which influences how 

well learners interpret and solve mathematical scenarios. 

This framework demonstrates the interplay between theoretical constructs and 

practical implementation. It ensures that the VRMath intervention is pedagogically sound, 

cognitively appropriate, and responsive to the unique learning needs of ASD students. By 

aligning instructional design with research variables, the framework supports a rigorous 

evaluation of the intervention’s effectiveness in enhancing mathematical word problem-

solving skills. 
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Figure 1.2 Graphical Representation of the Research Framework 
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1.11 Operational Definition 

a) Autistics children 

Children diagnosed with autism spectrum disorder (ASD), characterized by 

challenges in social interaction, communication, and repetitive behaviors. For the 

purposes of this study, autistic children will be identified based on clinical diagnoses 

provided by healthcare professionals, and their participation will be tailored to 

accommodate their unique sensory, cognitive, and communication needs. This 

includes considerations for sensory sensitivities, preferred communication methods 

(e.g., visual aids, simplified language), and individualized learning supports. 

b) Virtual reality elements 

Specific features and technological components necessary for creating an effective 

VR environment tailored to autistic children for learning mathematics word 

problems. This includes hardware (e.g., VR headsets, controllers), software (e.g., VR 

applications, interactive simulations), and content (e.g., 3D models, animations) 

designed to accommodate sensory sensitivities and learning preferences of autistic 

children. 

c) VR Model 

A structured framework or approach designed to teach mathematics word problems 

using VR technology, specifically adapted for autistic children. This model includes 

instructional strategies, interactive activities, and assessment methods integrated 

within the VR environment, considering the unique cognitive and sensory needs of 

autistic learners. 
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d) Word problem comprehension 

The degree to which autistic children understand mathematical word problems after 

using the VRMath model. This can be measured through pre- and post-tests, 

comprehension quizzes, and qualitative feedback from both students and educators, 

with adjustments made for communication preferences and abilities of autistic 

children.  

e) Word problem performance 

 The improvement in autistic children's ability to solve mathematical word problems 

after using the VRMath model. This can be assessed through performance metrics 

such as accuracy, speed, and problem-solving strategies, measured via standardized 

tests or practical exercises, with accommodation for the specific needs of autistic 

students. 

1.12 Organization of study 

This thesis is organized into six chapters, each contributing to a comprehensive 

investigation into the use of virtual reality (VR) to support mathematical word problem-

solving among children with  ASD. The structure is designed to guide the reader through the 

background, development, implementation, and evaluation of the VRMath intervention. 

a) Chapter 1: Introduction 

This chapter establishes the foundation of the study. It presents the background and 

context of the research, defines the problem statement, outlines the research 

objectives and questions, and discusses the significance and scope of the study. It 

also introduces the rationale for using VR technology in mathematics education for 

ASD learners and sets the stage for the development of the VRMath model. 
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b) Chapter 2: Literature Review 

This chapter reviews relevant literature on ASD and mathematical learning 

challenges, particularly in solving word problems. It explores cognitive and 

behavioral characteristics of ASD learners, the role of executive functioning, and the 

integration of learning theories such as constructivism, situated learning, and 

Mayer’s Cognitive Theory of Multimedia Learning. The chapter also examines 

existing VR applications in education and their potential benefits for special needs 

learners. 

c) Chapter 3: Research Methodology 

This chapter details the research design and methodology used to evaluate the 

VRMath intervention. It describes the mixed-methods approach, the single-subject 

A-B-A reversal design, participant selection criteria, sampling procedures, and 

ethical considerations. It also outlines the instruments used for data collection, 

including pretest-posttest assessments, observation tools, and interview protocols. 

The chapter explains how data were collected and analyzed using both quantitative 

and qualitative techniques. 

d) Chapter 4: Development and Implementation of VRMath Prototype 

This chapter focuses on the design and development of the VRMath learning 

environment. It explains how theoretical frameworks were applied to create 

immersive and interactive learning experiences tailored to ASD learners. The chapter 

describes the instructional content, user interface, and scaffolding features integrated 

into the VRMath model. It also includes feedback from pilot testing and the iterative 

refinement process. 
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e) Chapter 5: Results and Analysis 

This chapter presents the findings from the implementation of the VRMath 

intervention. It includes detailed analysis of participants’ performance in 

mathematical word problem-solving, using visual analysis, Percentage of Non-

Overlapping Data (PND), and effect size calculations. The chapter also discusses 

qualitative insights from observations and interviews, highlighting behavioral 

engagement, learning strategies, and teacher feedback. 

f) Chapter 6: Discussion, Conclusion, and Recommendations 

This final chapter interprets the results in relation to the research questions and 

theoretical framework. It discusses the implications of the findings for educational 

practice and future research. The chapter also addresses limitations of the study and 

provides recommendations for improving VR-based interventions and instructional 

strategies for ASD learners. 

1.13 Summary 

The introduction chapter provides an overview of the research study, highlighting its 

objectives, scope, and significance. It begins by introducing the context of the study, 

focusing on the difficulties faced by ASD children in learning mathematical word problems. 

The chapter then presents the research objectives, which include identifying these 

difficulties, designing a learning model using virtual reality (VRMath), and assessing the 

effectiveness of the VRMath model in comprehension and performance. The significance of 

the study is emphasized, as it addresses a specific area of challenge within the education of 

ASD children and offers potential solutions to enhance their mathematical learning. By 

identifying the specific difficulties, they face, educators and researchers can develop targeted 
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interventions to address these challenges, ultimately improving their learning outcomes in 

mathematics.  

The importance of this study lies in its potential to address the educational challenges 

faced by ASD children in learning mathematical word problems. By leveraging VR 

technology, the study aims to provide an innovative and engaging learning experience that 

can enhance comprehension and problem-solving skills. The findings of this research can 

inform educators and researchers about effective strategies and interventions, ultimately 

contributing to improved learning outcomes for ASD children in mathematics. 

The following summary table provides a comprehensive overview of the relationship 

between the research problem, objectives, questions, methods, and expected outcomes. This 

table serves to highlight the structured approach taken in this study and how each component 

aligns to address the challenges faced by ASD children in learning mathematical word 

problems. By presenting this information in a tabular format, the table supports the research 

overview and emphasizes the significance of the study.  
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Table 1. 2 Relationship between Research Problem, Research Objective, Research Question, Method, and Research Outcome 

Research Problem Research Objective Research Question Method Research Outcome 

Challenges in solving 

mathematical word 

problems among 

children with ASD 

To identify the virtual 

reality elements and 

component requirements 

necessary for facilitating 

the learning of math word 

problems 

What are the essential 

virtual reality elements and 

component requirements 

needed to support the 

learning of mathematical 

word problems among 

children with ASD? 

Literature review, expert 

consultation, and needs 

analysis 

Identification of key VR 

elements and components 

required for effective 

learning of mathematical 

word problems 

Limited exposure to 

everyday mathematical 

situations 

To design and develop a 

virtual reality learning 

model (VRMath) for 

learning mathematical 

word problems 

How can a virtual reality-

based learning model 

(VRMath) be effectively 

designed and developed to 

support the learning of 

mathematical word 

problems? 

Design and development 

of VRMath model using 

iterative prototyping and 

user feedback 

Development of a 

functional VRMath 

model tailored to the 

needs of children with 

ASD 
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Research Problem Research Objective Research Question Method Research Outcome 

Difficulties in forming 

clear mental 

representations of 

problems 

To assess the 

effectiveness of using 

VRMath model in 

enhancing comprehension 

of mathematical word 

problems among ASD 

children 

How effective is the 

VRMath model in 

improving the 

comprehension of 

mathematical word 

problems among children 

with Autism Spectrum 

Disorder (ASD)? 

Quantitative assessment 

using pre-test and post-

test, qualitative 

assessment through 

interviews and 

observations 

Evidence of improved 

comprehension of 

mathematical word 

problems among children 

with ASD using VRMath 

Need for effective 

strategies and 

interventions tailored 

to ASD learners 

To evaluate the impact of 

the VRMath model on 

improving the 

performance of ASD 

children in solving 

mathematical word 

problems 

What is the impact of the 

VRMath model on the 

problem-solving 

performance of children 

with ASD in mathematical 

word problems? 

Quantitative analysis of 

performance metrics, 

qualitative feedback from 

participants and 

educators 

Demonstrated 

improvement in problem-

solving performance 

among children with 

ASD using VRMath 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

The literature review section provides a comprehensive examination of existing 

research and scholarly works related to the difficulties in learning mathematical word 

problems among children with autism spectrum disorder (ASD). This section aims to 

synthesize and critically analyze the findings from relevant studies, identify gaps or 

limitations in the current literature, and propose future research directions. By exploring the 

cognitive and behavioral factors that contribute to these difficulties, the literature review 

seeks to enhance our understanding of the unique challenges faced by ASD children in 

mathematical word problem learning. Through this review, the researcher aims to contribute 

to the field by informing the development of effective instructional strategies and 

interventions that can support the mathematical learning of children with ASD.  

2.2 Overview of Autism Spectrum Disorder 

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder 

characterized by deficits in social communication, restricted and repetitive behaviors, and a 

range of cognitive challenges. Among these challenges, difficulties in academic domains, 

particularly mathematics, are common. This literature review aims to explore the impact of 
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ASD on the learning of mathematical word problems, considering the heterogeneous nature 

of the disorder and its implications for educational interventions. 

The prevalence of ASD has been steadily increasing, with recent estimates 

suggesting that approximately 1 in 54 children in the United States are affected (Maenner, 

Shaw and Baio, 2020; Salari et al., 2022). This rise in prevalence underscores the importance 

of understanding the diverse needs of children with ASD. ASD is highly heterogeneous, with 

individuals exhibiting varying levels of cognitive abilities and challenges. This variability 

poses a challenge for educators and researchers, as interventions must be tailored to 

accommodate the unique profiles of learners with ASD. 

Children with ASD often encounter difficulties in academic domains, including 

mathematics. Kljajevic (2023) highlights the challenges faced by children with ASD in 

comprehending and solving mathematical word problems. These difficulties may stem from 

deficits in executive functioning, sensory sensitivities, and challenges with abstract thinking. 

Moreover, the core deficits of ASD, such as impairments in social communication and 

flexibility of thought, can also affect mathematical reasoning and problem-solving abilities. 

2.2.1 Cognitive and Behavioral Challenges in ASD 

Children with autism spectrum disorder (ASD) encounter a range of cognitive and 

behavioral challenges that can contribute to difficulties in learning mathematical word 

problems. Recent studies have highlighted several key factors. 

 Executive functioning 

Executive deficits, including difficulties in planning, organizing, and inhibitory 

control, have been consistently observed in children with ASD. These executive 



 

28 

function challenges can hinder their ability to effectively decode and understand the 

language used in word problems, as well as inhibit their capacity to apply appropriate 

problem-solving strategies (Nouwens et al., 2021; Christoforou et al., 2023; 

Kljajevic, 2023). 

 Working memory 

Working memory limitations have been identified as a significant challenge in 

children with ASD (Mohammed et al., 2020; Delage et al., 2022; Koizumi and 

Kojima, 2022). This can impact their ability to retain and manipulate the information 

necessary for solving word problems, leading to difficulties in comprehending and 

solving multi-step problems. 

 Restricted interest and repetitive behaviors 

 Children with ASD often exhibit restricted interests and repetitive behaviors 

(American Psychiatric Association, 2013). These intense interests may result in a 

narrow focus on specific mathematical topics, potentially limiting their ability to 

generalize mathematical concepts to word problem scenarios. 

 Social communication deficits 

According to Offek and Segal (2022), difficulties in social communication and 

theory of mind, including challenges in grasping others’ perspectives and intentions, 

can impede the understanding of word problems that entail social contexts or demand 

inferential reasoning. 
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2.2.2 Language Comprehension and Abstract Reasoning 

Children with ASD often encounter challenges in language comprehension, which 

can significantly impact their performance in solving math word problems. This literature 

review aims to explore the extent to which language comprehension deficits influence the 

ability of children with ASD to understand and solve math word problems, examining the 

underlying mechanisms and implications for intervention strategies. 

Children with ASD frequently exhibit deficits in language comprehension, including 

pragmatic language difficulties, literal interpretations, and challenges in extracting meaning 

from complex texts. These deficits stem from impairments in social communication and 

language processing abilities, which contribute to difficulties in understanding and 

interpreting the language used in math word problems. 

The pragmatic language difficulties experienced by children with ASD significantly 

impede their ability to excel in solving math word problems. These challenges hinder their 

capacity to discern relevant information, infer meaning, and accurately interpret instructions 

within the context of mathematical tasks (Bae, 2017; Pereira et al., 2022; Reindal et al., 

2021). Consequently, children with ASD may misinterpret problem statements, leading to 

inaccuracies in problem-solving and reduced efficiency in mathematical reasoning (Cox and 

Root, 2018; Cox, Sarah and Cox, 2019). 

Similarly, literal interpretations of language present significant obstacles for children 

with ASD when encountering figurative language or abstract concepts in math word 

problems. Difficulty grasping metaphors, idiomatic expressions, or symbolic representations 

may confuse and hinder their ability to accurately comprehend and solve mathematical tasks 

(Fauziyah, 2021; Vulchanova, Vulchanov and Allen, 2023). 



 

30 

Moreover, children with ASD often struggle with processing and extracting meaning 

from complex texts, such as with multi-step word problems. Their language comprehension 

deficits impede their capacity to effectively navigate through the text, identify key 

information, and formulate a coherent problem-solving strategy. As a result, they may 

encounter difficulties in understanding and solving math word problems accurately, 

ultimately impacting their overall performance on mathematical tasks.  

2.2.3 Executive Functioning 

Executive functioning (EF) refers to a set of cognitive processes involved in goal- 

directed behavior, including planning, working memory, and cognitive flexibility. Executive 

function (EF) deficits, characterized by difficulties in cognitive processes such as planning, 

organization, inhibition, and working memory, are commonly observed in individuals with 

various neurodevelopmental disorders, including ASD (Ozonoff, Pennington and Rogers, 

1991; Kim and Cameron, 2016; Christoforou et al., 2023). 

EF deficits play a significant role in mathematical problem-solving abilities, 

particularly in planning, organization, inhibition, and working memory. In terms of planning 

and organization, individuals with EF deficits encounter challenges in strategizing and 

sequencing steps effectively when tackling math problems. The inability to develop and 

execute systematic problem-solving approaches leads to inefficiencies and errors in 

mathematical reasoning (Delisio et al., 2018; Polo-Blanco et al., 2024). Moreover, 

difficulties in inhibitory control hinder the capacity to filter out irrelevant information and 

maintain focus on pertinent aspects of math problems. This results in individuals with EF 

deficits experiencing trouble suppressing impulsive responses or distractions, ultimately 
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leading to errors and diminished accuracy in problem-solving tasks. Additionally, working 

memory deficits impede the temporary retention and manipulation of information crucial for 

solving complex math problems. Individuals with EF deficits struggle to retain and mentally 

manipulate numerical information, particularly in multi-step problem-solving scenarios, 

thereby impeding their comprehension and solution of mathematical tasks (Delisio et 

al.,2018; Polo-Blanco et al., 2024). Overall, understanding the impact of EF deficits on 

mathematical problem-solving sheds light on the challenges faced by individuals with these 

deficits and underscores the importance of targeted interventions to support their 

mathematical learning and performance.  

2.2.4 Impact on learning Mathematical Word Problems 

These cognitive and behavioral challenges in ASD can have a significant impact on 

the learning of mathematical word problems. Mathematical word problems require 

individuals to integrate mathematical concepts with real-life contexts, comprehend complex 

language, and apply problem-solving strategies (Cox, Sarah and Cox, 2019; Root et al., 

2022). The executive functioning difficulties observed in ASD, such as planning, organizing, 

and inhibitory control, can impede the ability to decode, understand, and solve word 

problems. Additionally, deficits in working memory and attention may affect the retention 

and manipulation of relevant information during problem-solving. Difficulties in social 

communication and interaction may hinder the comprehension of word problem scenarios 

that involve social contexts or require an understanding of others’ perspectives (Bae, 2017; 

Hemmers et al., 2022). 
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The social and communication challenges characteristic of ASD can further impact 

the comprehension of mathematical word problems. Word problems often involve 

interpreting and understanding social contexts, inferring others’ perspectives, and 

recognizing implicit information. Difficulties in social communication and theory of mind, 

which refer to the understanding of others’ thoughts, beliefs, and intentions, may pose 

challenges in accurately interpreting word problem scenarios. These challenges can hinder 

the ability to identify relevant information, make appropriate inferences, and apply suitable 

problem-solving strategies. However, it is important to note that the impact of these 

challenges on mathematical word problem learning in ASD may vary among individuals. 

While some students with ASD may struggle with all aspects of word problem solving, 

others may excel in specific areas, such as mathematical reasoning but experience difficulties 

with language comprehension. 

The research conducted thus far has shed light on the cognitive and behavioral 

challenges experienced by students with ASD when grappling with mathematical word 

problems. However, there are notable gaps and limitations within this body of work that 

have been addressed. Firstly, researchers have delved into investigating the specific 

cognitive processes and problem-solving strategies employed by school-age children with 

ASD when tackling word problems. This exploration has provided valuable insights into the 

underlying mechanisms contributing to their difficulties in this area. Additionally, studies 

have examined the impact of individual characteristics, such as intellectual ability and 

language proficiency, on the learning of mathematical word problems among school-age 

children with ASD. By exploring these factors, researchers have been able to develop 
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tailored interventions and instructional strategies to cater to the diverse needs of this 

population. 

Furthermore, researchers have undertaken the crucial task of evaluating the 

effectiveness of intervention approaches targeting word problem learning specifically in 

school-age children with ASD. Through rigorous evaluation of intervention efficacy, 

researchers have identified evidence-based practices capable of improving mathematical 

word problem learning outcomes. These findings have informed the development of 

educational interventions that can be implemented effectively in real-world settings.  

2.3 Mathematical Word Problems and Their Importance 

Mathematical word problems refer to mathematical tasks presented in the form of 

real-life or contextual situations that require the application of mathematical concepts and 

problem-solving strategies to find a solution. They play a crucial role in mathematics 

education as they bridge the gap between abstract mathematical concepts and their practical 

application in everyday situations (Bae, Chiang and Hickson, 2015; Bae, 2017). Solving 

word problems helps students develop critical thinking skills, mathematical reasoning 

abilities, and the ability to apply mathematical knowledge in real-world contexts (Rockwell, 

Griffin and Jones, 2011; Cox and Root, 2018; Fauziyah et al., 2019; Fauziyah, 2021). 

Mathematical word problems have several benefits in mathematics education. 

Firstly, they enhance students’ understanding of mathematical concepts by providing 

meaningful and relevant contexts for learning. By presenting mathematical ideas in real-life 

scenarios, students can connect abstract concepts to concrete situations, fostering a deeper 

understanding of mathematical principles. Additionally, word problems promote problem- 
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solving skills, logical reasoning, and the development of mathematical thinking strategies. 

Students are required to analyze the problem, identify relevant information, devise a plan, 

and apply appropriate mathematical operations to solve the problem. This process engages 

students in higher-order thinking and problem-solving, which are essential skills for success 

in mathematics and beyond. Furthermore, investigating the design and evaluation of 

technology-based interventions, such as intelligent tutoring systems or virtual reality 

simulations, tailored to the specific needs of students with ASD in learning mathematical 

word problems can provide innovative avenues for intervention. 

2.3.1 Cognitive Process in Learning Mathematical Word Problems 

Solving mathematical word problems involves a range of cognitive processes that 

students engage in to understand, analyze, and find solutions to the given problem. Recent 

research has shed light on these cognitive processes and their importance in solving word 

problems. One key cognitive process is comprehension, where students must understand the 

problem statement, identify relevant information, and decipher the relationships between 

different elements of the problem (Delisio et al., 2018; Raiyan et al., 2023; Zhang et al., 

2023). Comprehension is vital for students to accurately interpret the problem and extract 

the mathematical structure embedded within it. 

Another critical cognitive process is problem representation, which involves 

translating verbal information into a mathematical model or equation. Students must identify 

the mathematical operations and variables required to represent the given problem 

effectively. Additionally, students need to engage in mathematical reasoning and problem-

solving strategies, such as identifying problem-solving heuristics or applying appropriate 
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algorithms, to solve the problem (Ahmad, Tarmizi and Nawawi, 2010; Krawec, 2014; Zhang 

et al., 2023). These processes require students to engage in logical reasoning, analyze 

multiple solution strategies, and make decisions about the most appropriate approach. 

This review reports on the investigation of cognitive processes and problem-solving 

strategies utilized by students with ASD when confronted with word problems. Prior studies 

by Fauziyah (2021) and Delisio et al. (2018) have significantly contributed to this field, 

emphasizing the importance of understanding how these students approach and navigate 

mathematical word problems (Mazon et al., 2023). A critical focus of this review is the 

examination of metacognitive processes, such as monitoring and self-regulation, in word 

problem-solving. Studies conducted by Mazon et al. (2023) and Solis et al. (2016) shed light 

on these processes, highlighting their role in helping students with learning difficulties or 

neurodevelopmental disorders regulate their cognitive strategies and adapt them for more 

effective problem-solving. 

Moreover, this review delves into the impact of instructional interventions on the 

development of cognitive processes involved in word problem-solving. Yakubova et al. 

(2015) and Cook et al. (2019) have explored instructional approaches aimed at explicitly 

teaching and scaffolding comprehension, problem representation, mathematical reasoning, 

and problem-solving strategies. Their findings contribute to identifying effective practices 

for enhancing students' problem-solving abilities in mathematical word problems. 

Additionally, the review investigates the potential of technology-based interventions, 

such as intelligent tutoring systems or educational apps, in supporting students' cognitive 

processes when solving word problems. Studies conducted by Keller, Hebeisen and Brucker- 

kley (2018) examined how leveraging technology can create interactive learning 
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environments offering personalized feedback, adaptive scaffolding, and ample practice 

opportunities. These interventions aim to enhance students' cognitive processes and 

problem-solving skills in the realm of mathematical word problems. 

By conducting this current study, we aim to contribute to the existing literature by 

providing valuable insights into the cognitive processes involved in word problem-solving, 

particularly among students with learning difficulties or neurodevelopmental disorders. The 

findings of this study will have implications for instructional practices and interventions 

designed to support students’ problem-solving abilities in mathematics. 

2.3.2 Metacognitive Strategies 

Metacognitive processes, such as monitoring and self-regulation, play a crucial role 

in word problem solving. By investigating these metacognitive processes, researchers aim 

to provide valuable insights into how students regulate their thinking and adapt their 

strategies to solve problems more effectively. Research has shown that metacognitive 

processes contribute to problem-solving performance by allowing individuals to monitor 

their understanding of the problem, evaluate the effectiveness of their problem-solving 

strategies, and make adjustments as needed (Gonzalez-Castro et al., 2016). Students who 

engage in metacognitive monitoring are more likely to identify errors or misconceptions in 

their thinking and take steps to correct them, leading to improved problem-solving outcomes 

(Gonzalez-Castro et al., 2016; Maras et al., 2017). 

Reinhard et al. (2022) conducted a study that examined the role of metacognitive 

processes in word problem solving among students with and without learning difficulties. 

The findings revealed that students who demonstrated higher levels of metacognitive 
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awareness and self-regulation had better problem-solving performance. These students were 

more proficient in monitoring their understanding, planning their approach, and evaluating 

the effectiveness of their strategies. Additionally, Vula and Kurshumlia (2015) investigated 

the impact of metacognitive strategy instruction on word problem solving in a group of 

students. The results indicated that explicit instruction in metacognitive strategies, such as 

setting goals, self-monitoring, and self-evaluation, enhanced students’ metacognitive 

awareness and led to improved problem-solving performance. 

 These studies provide evidence for the important role of metacognitive processes in 

word problem solving and highlight the potential benefits of metacognitive strategy 

instruction. By understanding and fostering metacognitive processes, educators can help 

students develop effective problem-solving strategies and improve their overall problem- 

solving abilities. 

2.3.3 Real-life Problem Solving 

Mathematical word problems play a crucial role in real-life problem-solving and the 

development of critical thinking skills. These problems provide students with opportunities 

to apply mathematical concepts and problem-solving strategies to solve authentic, context- 

rich situations. By engaging with mathematical word problems, students develop the ability 

to transfer their mathematical knowledge and skills to real-world scenarios, fostering the 

development of problem-solving skills that are applicable beyond the mathematics 

classroom. 

One key aspect of mathematical word problems is their relevance to real-life 

contexts. These problems often present situations that students may encounter in their daily 
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lives or future careers, such as financial decisions, measurements, or spatial relationships. 

By connecting mathematical concepts to practical situations, word problems help students 

understand the real-world significance of mathematics and how it can be used to solve 

problems they may encounter outside of the classroom (Gattuso, 2015). Moreover, solving 

mathematical word problems requires critical thinking skills. Students must analyze the 

given information, identify relevant data, and apply logical reasoning to formulate a solution 

strategy. Critical thinking skills, such as problem analysis, evaluation of options, and 

decision-making, are essential components to solving word problems effectively. Through 

this process, students learn to think critically, make informed judgments, and consider 

multiple perspectives to arrive at appropriate solutions. 

Research supports the positive impact of mathematical word problems on real-life 

problem-solving and critical thinking skills. Studies have shown that students who engage 

in regular practice with word problems demonstrate improved problem-solving abilities, 

higher levels of mathematical reasoning, and increased confidence in applying mathematics 

to real-life situations (Jitendra et al., 2010; Root et al., 2022). Furthermore, students who are 

exposed to a variety of word problems with different contexts and levels of complexity 

develop a more versatile problem-solving toolkit, enabling them to tackle a wide range of 

real-life challenges (Wisenocker et al., 2024). 

However, there are still gaps in the literature regarding the explicit development and 

assessment of critical thinking skills within the context of solving mathematical word 

problems. Future research should explore instructional strategies that explicitly target and 

foster critical thinking skills in the context of word problems. Additionally, there is a need 
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to investigate the long-term impact of word problem-solving experiences on students’ real- 

life problem-solving abilities and their transfer of critical thinking skills to other domains. 

Overall, mathematical word problems provide a bridge between mathematics 

education and real-life problem-solving. They cultivate critical thinking skills, promote the 

application of mathematical concepts to authentic contexts, and equip students with the 

problem-solving abilities necessary for success in various aspects of life. By emphasizing 

the role of mathematical word problems in fostering real-life problem-solving and critical 

thinking skills, educators can help students develop a deeper appreciation for the practical 

relevance of mathematics and its significance beyond the confines of the classroom. 

2.4 Learning Difficulties in Mathematics among ASD Children 

Children with ASD face difficulties in various aspects of mathematics, including 

number sense, mathematical operations, and problem-solving skills (Kljajevic, 2023; Polo- 

Blanco et al., 2024). These challenges can be attributed to cognitive factors such as 

difficulties in abstract thinking, working memory limitations, and processing speed deficits. 

In the context of mathematical word problems, students with ASD struggle with 

understanding and solving them due to difficulties in comprehending verbal information, 

identifying relevant details and applying mathematical concepts in real-life contexts (Morin, 

2014b; Bae, Chiang and Hickson, 2015; Bae, 2017). 

The cognitive processes and problem-solving strategies employed by students with 

learning difficulties or neurodevelopmental disorders, such as ASD, have been the focus of 

recent research. Studies have highlighted the unique cognitive profiles and approaches to 

problem-solving exhibited by these students. For example, Tonizzi and Usai (2023) 
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conducted a systematic review that examined the cognitive processes involved in solving 

mathematical word problems among students with ASD. They found that students with ASD 

may have difficulties in areas such as language comprehension, abstract reasoning, and 

executive functioning, which can impact their ability to effectively understand and solve 

word problems. 

Furthermore, research has shown that students with learning difficulties or 

neurodevelopmental disorders, such as ASD, exhibit specific cognitive challenges in the 

context of word problem solving. Wei et al. (2015) and Polo-Blanco et al. (2024) 

investigated the cognitive profiles of students with learning difficulties and ASD when 

solving word problems. Their study revealed that these students often face difficulties in 

understanding complex language structures and integrating mathematical concepts with real- 

life contexts, which can impede their ability to effectively approach and solve word 

problems. 

Moreover, executive functioning has been identified as a critical factor in solving 

word problems among students with ASD. Schaefer Whitby (2012) conducted studies 

exploring the impact of executive functioning on mathematical word problem solving in 

students with ASD. The findings demonstrated deficits in executive functions such as 

working memory and cognitive flexibility can hinder their ability to effectively organize 

information, formulate problem-solving strategies, and inhibit irrelevant information when 

solving word problems. 

In addition to the cognitive difficulties mentioned earlier, students with learning 

difficulties or neurodevelopmental disorders, such as ASD, also face behavioral challenges 

that further impact their engagement with mathematical word problems. Behavioral 
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challenges, including perseveration, attention difficulties, and social communication 

deficits, pose additional obstacles for students with ASD when engaging with mathematical 

word problems (Hemmers et al., 2022; Azka and Hendrawan, 2023; Polo-Blanco et al., 

2024). These challenges hinder their ability to effectively comprehend and solve word 

problems. For example, children with ASD may struggle with shifting attention from one 

task to another, leading to difficulties in staying focused on the problem-solving process. 

Moreover, social communication deficits may impede their ability to seek clarification or 

collaborate with others, limiting their opportunities for problem-solving support. 

Restricted interests commonly observed among children with ASD (Jasim and Perry, 

2023) may also impact their problem-solving abilities in mathematics. These individuals 

may struggle with generalizing mathematical knowledge to unfamiliar contexts, as their 

focus tends to be narrow and highly specific. Consequently, transferring problem-solving, 

strategies from one word problem to another or applying mathematical concepts in new 

situations can be challenging. 

Furthermore, executive functioning issues significantly affect the cognitive processes 

involved in word problem solving for students with ASD. Difficulties in planning, 

organization, and cognitive flexibility can impede their ability to develop effective problem- 

solving strategies and adapt them as needed (Hemmers et al., 2022; Azka and Hendrawan, 

2023; Polo-Blanco et al., 2024). Weak central coherence, characterized by a focus on details 

rather than the larger context, can further hinder their ability to integrate information from 

word problems and extract essential mathematical concepts and relationships (Root, 

Henning and Boccumini, 2018). 
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Table 2.1 provides an overview of the existing literature on learning difficulties in 

mathematics among children with ASD. It highlights specific cognitive and behavioral 

challenges that contribute to difficulties in understanding and solving mathematical word 

problems. Additionally, it presents evidence of how ASD characteristics, such as restricted 

interests, social communication deficits, and executive functioning issues, impact the 

performance of children with ASD in mathematical word problems. 

Table 2.1 Learning Difficulties in Mathematics among Children with ASD 

Study Findings 

Polo-Blanco et al. (2024) 

Children with ASD exhibit overall difficulties in 

mathematics, including challenges with number sense, 

mathematical operations, and problem-solving skills. 

Cognitive challenges such as difficulties in abstract thinking, 

working memory limitations, and processing speed deficits 

contribute to math learning difficulties in 

children with ASD. 

Kljajevic (2023) 

Students with ASD often struggle with understanding and 

solving mathematical word problems due to difficulties in 

comprehending the verbal information, identifying relevant 

details, and applying mathematical concepts in a real-life 

context. 

Behavioral challenges, such as perseveration and difficulties 

with attention and focus, can hinder the ability of children with 

ASD to effectively engage with mathematical word problems. 

Jasim and Perry (2023) 

ASD characteristics, including restricted interests, may lead to 

difficulties in transferring mathematical knowledge to 

unfamiliar contexts, limiting the generalization of problem-

solving skills to new word 

problem scenarios. 
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Study Findings 

Root, Henning and 
Boccumini (2018) 

Social communication deficits in children with ASD can 

impede their ability to collaborate and communicate 

mathematical reasoning, which may impact their 

understanding and solution strategies for word problems. 

Executive functioning issues, such as difficulties with 

planning, organization, and cognitive flexibility, can affect the 

ability of children with ASD to apply problem-solving 

strategies systematically and regulate their thinking during 

mathematical word problem solving. 

Weak central coherence, a cognitive processing style 

associated with ASD, may result in difficulties in integrating 

and synthesizing information from word problems, leading to 

challenges in identifying the underlying mathematical 

structure and formulating 

appropriate problem-solving approaches. 

These challenges in the behavioral and cognitive domains highlight the complex 

nature of solving word problems for students with ASD. Understanding these specific 

difficulties is crucial for developing targeted interventions and instructional 

approaches that address their unique needs and support their engagement and success 

in mathematical problem-solving tasks. 

2.5 Factors Affecting Mathematical Word Problems Learning in ASD 

Autism Spectrum Disorders (ASD) are characterized by a range of difficulties in 

communication, social interaction, and behavior. While mathematical skills can vary widely 

among children with ASD, many face specific challenges when it comes to solving 

mathematical word problems. These problems require not only mathematical computation 
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skills but also an understanding of text, integration of everyday math knowledge, and 

situational context (Bae, 2013, 2017). This study investigates the factors that influence word 

problem-solving in children with ASD and explores strategies to address these unique 

challenges. 

2.5.1 Everyday Mathematics Knowledge 

Everyday math knowledge encompasses the mathematical concepts and principles 

that individuals encounter and learn through routine daily activities, such as shopping, 

cooking, and managing time or money. This form of knowledge serves as a foundational 

understanding that allows people to connect abstract mathematical ideas to practical, real- 

world applications. Individuals with Autism Spectrum Disorders (ASD) often face 

challenges in acquiring everyday math knowledge due to a combination of cognitive, 

sensory, and social factors (Trifu et al., 2022; Mazon et al., 2023; Zhai et al., 2023). These 

challenges can manifest in several ways: 

a) Difficulties in generalization 

Generalization refers to the ability to apply learned concepts across different contexts. 

Children with ASD may find it challenging to generalize mathematical concepts from 

one setting to another (Hughes et al., 2015; Cox and Root, 2018; Cox, Sarah and Cox, 

2019). This limitation can impede their ability to use everyday math knowledge to 

understand the context of word problems, which often require applying concepts to real-

world scenarios. 

b) Social and Communication Barriers 
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Learning everyday math often involves social interaction and communication, such as 

discussing prices at a store or measuring ingredients in a cooking class. Because many 

children with ASD experience difficulties in social interaction and communication, they 

may have limited opportunities to learn everyday math concepts through social 

experiences (Burney, 2015; Trifu et al., 2022). This barrier can restrict their exposure to 

practical mathematical scenarios that would otherwise help build everyday math 

knowledge. 

c) Reduced Experience with Daily Activities 

Children and adolescents with ASD may engage less frequently in activities that 

naturally involve mathematical concepts, such as playing board games, participating in 

sports, or helping with household tasks. This reduced experience can result in a lack of 

exposure to everyday math knowledge, leading to difficulties in comprehending word 

problems that rely on these real-world contexts (Burney, 2015; Trifu et al., 2022). 

d) Rigid Thinking and Preference for Routine 

Children with ASD often exhibit rigid thinking patterns and a strong preference for 

routine (Tei et al., 2018; Petrolini, Jorba and Vicente, 2023). This rigidity can limit their 

willingness to explore new activities or adapt to changing situations, thus reducing their 

exposure to everyday math concepts (Bae, 2013, 2017). As a result, their understanding 

of mathematical principles in various contexts may be limited, impacting their ability to 

construct a situation model when solving word problems. 

e) Implications of Word Problem Solving 

When children with ASD attempt to solve mathematical word problems, they are often 

required to construct a situation model—a mental representation of the problem's 
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context, relationships, and underlying mathematical concepts (Bae, 2013; Hong et al., 

2021). Without sufficient everyday math knowledge, individuals may struggle to create 

accurate situation models, leading to confusion and incorrect problem-solving 

approaches (Cox and Root, 2018). For example, a word problem about buying items at 

a store may require an understanding of basic money concepts, such as prices and change. 

If a student lacks everyday math knowledge related to shopping, they may not understand 

the context or the necessary operations, resulting in difficulties solving the problem. 

To support children with ASD in developing everyday math knowledge, educators and 

caregivers can adopt various strategies. 

a) Experiential Learning 

Providing hands-on learning opportunities in real-world settings can help children with 

ASD acquire everyday math knowledge. Activities such as shopping, cooking, or playing 

math-related games can expose them to practical mathematical concepts (Gulnoza 

Yakubova et al. 2016; Yakubova, Defayette and Chen, 2023). 

b) Social Stories and Visual Aids 

Using social stories and visual aids to explain everyday math concepts in a structured 

and clear manner can help children with ASD understand and remember these concepts 

(Wynne et al., 2016; Bozgeyikli et al., 2017; Kenila et al., 2022). 

c) Role Play and Simulations 

Engaging children with ASD in role play and simulations of everyday scenarios can 

enhance their ability to generalize mathematical concepts and improve their situation 

model construction (Bolte et al., 2010; Halabi et al., 2017; Moura et al., 2023; Sideraki 

and Drigas, 2023). These strategies can help bridge the gap in everyday math knowledge, 



 

47 

ultimately contributing to improved mathematical word problem-solving among children 

with ASD. 

2.5.2 Sentence Comprehension 

Sentence comprehension is a critical skill required for solving mathematical word 

problems. It encompasses the ability to understand the linguistic components of a 

sentence, including syntax (the arrangement of words), semantics (the meaning of 

words), and context (the overall framework within which the sentence is understood). 

For students with ASD, sentence comprehension can present significant challenges that 

impact their ability to engage with and solve mathematical word problems.  

a) Syntax and sentence structure 

The syntactical complexity of mathematical word problems can be a major hurdle for 

students with ASD. In accordance with Polo-Blanco et al. (2024), these learners may 

have difficulty parsing complex sentence structures, such as those containing embedded 

clauses, conjunctions, or passive voice. Such complexities can lead to confusion about 

which information is critical for problem-solving and which is peripheral. As a result, 

students with ASD may struggle to identify the key components of a word problem, such 

as the mathematical operations required or the entities involved in the problem. 

b) Semantics and Word Meanings 

Semantics involves understanding the meanings of words and phrases within a given 

context. Students with ASD might experience difficulties with semantic interpretation, 

especially when words have multiple meanings or are used in unconventional ways. 

Mathematical terms like "product," "difference," or "volume" might have specific 
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meanings in a mathematical context that differ from their everyday usage. This semantic 

ambiguity can lead to misinterpretations, causing students with ASD to follow incorrect 

paths in problem-solving. 

c) Context and Situational Understandings 

Contextual comprehension is about understanding the broader setting or scenario 

described in a word problem. Students with ASD might struggle with contextual cues, 

leading to challenges in constructing a coherent mental model of the problem's scenario. 

This issue can be compounded by limited everyday math knowledge, reducing their 

ability to relate abstract concepts to real-world situations. Without a clear contextual 

framework, students with ASD might find it difficult to visualize the problem and 

develop an appropriate solution strategy.  

Challenges in sentence comprehension can have a significant impact on the problem-

solving process. If students with ASD cannot accurately interpret the syntax, semantics, 

or context of a word problem, they may: 

 Misidentify Key Information 

Important data points, such as quantities or operations, might be overlooked or 

misunderstood. 

 Misinterpret Relationships 

Relationships between different elements in the problem, such as cause and effect 

or part-whole relationships, may not be clear. 

 Select Incorrect Operation 

Incorrect interpretation of the problem can lead to choosing the wrong 

mathematical operations, leading to incorrect answers. 
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  Struggle with Sequential Processing 

Complex sentence structures may confuse the order in which operations should be 

applied. 

To support students with ASD in overcoming sentence comprehension challenges, 

educators can implement several strategies: 

 Simplifying Language 

Using simpler sentence structures and clear, concise language can help reduce 

syntactical complexity. 

 Teaching Math Vocabulary 

Explicit instruction in math-related vocabulary, with examples in different 

contexts, can improve semantic comprehension. 

 Using Visual Supports 

Visual aids such as diagrams, graphic organizers, and visual representations of 

word problems can provide contextual cues and enhance comprehension. 

 Explicit Instruction in Context 

Teaching students to recognize contextual clues and understand the broader 

scenario can help them construct a coherent situation model. 

2.5.3 Mathematics Vocabulary 

Mathematical word problems often contain specialized vocabulary that requires a 

solid understanding of specific terms and concepts. Math vocabulary includes words that 

describe mathematical operations, shapes, measurement units, and other fundamental 

concepts. For individuals with ASD, mastering this specialized terminology can be 
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particularly challenging due to various factors like language processing difficulties, sensory 

sensitivities, or cognitive inflexibilities (Delisio et al., 2018). These challenges can affect 

their ability to comprehend and solve mathematical word problems effectively. 

a) Complexity of Math Vocabulary 

Math vocabulary is more complex than everyday language because it encompasses a 

broad range of terms, often with specific meanings within a mathematical context. For 

instance, terms like "product," "difference," and "sum" have precise mathematical 

meanings that differ from their common usage. Understanding these terms and their 

applications in different problem-solving scenarios requires not only knowledge of their 

definitions but also the ability to apply them appropriately. 

b) Difficulties with Comprehension and Retention 

Children with ASD may experience challenges in language processing, leading to 

difficulty in understanding and retaining math vocabulary. These difficulties can stem 

from a range of factors, including: 

i) Literal Interpretation 

People with ASD often interpret language literally, which can be problematic 

when dealing with terms that have abstract or multiple meanings. 

ii) Memory and Retention 

Challenges with working memory can make it hard to retain complex vocabulary, 

leading to confusion or misinterpretation of word problems. 

iii) Attention and Focus 
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ASD can be associated with attention deficits, affecting the ability to concentrate 

on or follow the flow of a word problem, particularly when it involves complex 

vocabulary. 

A limited grasp of math vocabulary can lead to several issues in solving mathematical word 

problems: 

i) Misinterpretation of Problem Instructions 

If an individual does not understand the meaning of key terms, they may 

misinterpret the instructions or choose incorrect mathematical operations. 

ii) Difficulty in Identifying Operations 

Math vocabulary guides individuals in choosing appropriate operations (addition, 

subtraction, multiplication, etc.). A weak understanding of these terms may lead 

to errors in selecting the right operations for problem-solving. 

iii) Reduced Comprehension of Context 

Mathematical word problems often involve contextual clues that rely on specific 

vocabulary. If a learner with ASD struggles with math-related terms, they may 

find it hard to construct a situational model that accurately represents the problem 

context. 

To support children with ASD in developing math vocabulary and enhancing their problem-

solving skills, several strategies can be employed: 

i) Explicit Vocabulary Instruction 

Teaching math vocabulary in an explicit and structured manner can help children 

with ASD understand the meanings and applications of specific terms. This 

instruction can include visual aids, examples, and repetition to reinforce learning. 
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ii) Use of Visual Supports 

Visual aids such as charts, diagrams, and flashcards can help clarify complex 

vocabulary, providing a visual representation of mathematical concepts. 

iii) Contextual Learning 

Incorporating math vocabulary into real-world contexts or using areas of special 

interest can make the learning process more engaging and meaningful, helping 

children with ASD better understand and retain vocabulary. 

iv) Reinforcement and Practice 

Regular practice and reinforcement of math vocabulary in different contexts can 

aid in retention and application during word problem-solving. 

2.5.4 Computational Skills 

Computation skills are central to mathematical problem-solving, encompassing the 

ability to execute basic arithmetic operations like addition, subtraction, multiplication, and 

division. In the context of ASD, these skills can be particularly variable, with some 

individuals displaying remarkable proficiency while others encounter significant difficulties. 

a) Variability in Computation Skills among Children with ASD 

Children with ASD often exhibit a wide range of cognitive abilities, leading to notable 

variability in computation skills. This diversity can be attributed to several factors, 

including differences in cognitive processing, executive function, working memory, and 

attention to detail. While some children with ASD demonstrate an exceptional capacity 

for memorization and pattern recognition, enabling them to excel in computation, others 



 

53 

may face challenges due to issues with cognitive flexibility, attention, or processing 

speed (Rapp et al., 2012; Flores et al., 2014; Villeneuve, 2019). 

b) Impact on Word Problem- Solving 

Given the critical role of computation in mathematical word problem-solving, this 

variability can significantly affect a student's performance. Students with strong 

computation skills might be able to accurately perform arithmetic operations, but they 

still face challenges in understanding the problem's context or in applying their 

computational abilities to solve complex problems. Conversely, students who struggle 

with computation might face additional obstacles when attempting to solve word 

problems, as they must not only comprehend the problem's context but also execute the 

necessary arithmetic operations accurately. 

c) Challenges in Bridging Comprehension and Computation 

One of the challenges in addressing computation skills among children with ASD is 

bridging the gap between comprehension and computation. Word problems require 

students to interpret linguistic cues, understand the context, and then apply mathematical 

operations to arrive at a solution. Students with ASD who struggle with computation 

might find it difficult to accurately perform arithmetic operations, leading to errors in 

problem-solving. These errors can, in turn, undermine their confidence and engagement 

with mathematical tasks. 

d) Intervention to Improve Computational Skills 

Several interventions have been developed to support children with ASD in improving 

their computation skills. These include: 

i) Explicit Teaching and Practice 
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Providing clear instruction and ample practice with arithmetic operations can help 

children with ASD strengthen their computation skills. Breaking down complex 

problems into smaller, more manageable steps can also be beneficial. 

ii) Use of Visual Aids 

Visual aids, such as number lines, charts, and manipulatives, can be instrumental in 

helping students with ASD visualize mathematical operations and understand their 

relationships. 

iii) Tailored Learning Approaches 

Individualized learning plans that consider a student's strengths and weaknesses can 

lead to more effective teaching strategies. For example, if a student has a strong visual 

memory, using visual cues to support computation might be more effective than 

verbal explanations. 

iv) Technology and Software Tools 

Technology-based tools and educational software can provide interactive and 

engaging ways to practice computation skills. 

While the literature identifies a range of cognitive and linguistic factors that hinder 

mathematical word problem-solving in ASD learners such as working memory limitations 

(Delage et al., 2022), difficulties with sentence comprehension (Polo-Blanco et al., 2024), 

and restricted generalization of everyday math knowledge (Bae, 2017), most studies treat 

these factors in isolation. There is limited research exploring how these challenges interact 

in real-world learning environments. Moreover, few interventions address these difficulties 

holistically. This gap highlights the need for integrated instructional models such as VRMath 
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that can simultaneously support comprehension, vocabulary, and executive functioning in a 

unified learning context. 

2.6 Instructional Strategies and Interventions 

Individuals with autism spectrum disorder (ASD) often require specialized 

instructional strategies and interventions to support their learning needs. These strategies 

aim to address the unique cognitive, social, and behavioral characteristics associated with 

ASD. Research consistently highlights the value of employing evidence-based strategies and 

interventions for children with ASD. For instance, a recent study by Pérez-Fuster et al. 

(2022) examined the effectiveness of the JASPER (Joint Attention, Symbolic Play, 

Engagement, and Regulation) intervention in promoting social communication skills in 

young children with ASD. The results demonstrated greater improvements in joint attention, 

engagement, play skills, and language skills compared to the comparison group. 

Additionally, a meta-analysis conducted by Dynia et al. (2020) explored the impact 

of visual supports on the academic and behavioural outcomes of students with ASD. The 

findings indicated that visual supports, such as visual schedules and visual aids, were 

associated with improved academic performance, increased task engagement, and reduced 

challenging behaviours. These studies, along with numerous others, provide robust evidence 

supporting the effectiveness of instructional strategies and interventions in facilitating 

positive outcomes for children with ASD. By implementing evidence-based practices, 

educators can create inclusive and supportive learning environments that empower children 

with ASD to thrive academically, socially, and emotionally (Mesibov and Shea, 2011; Cook 

and Cook, 2013; Dynia et al., 2020). 
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Specifically, learning to solve mathematical word problems poses a significant 

challenge for children with ASD due to their distinctive cognitive differences and difficulties 

in applying math concepts to real-world situations. Effective teaching methods and 

interventions are crucial to helping students with ASD overcome these challenges. By 

adopting appropriate instructional strategies, educators and practitioners can substantially 

enhance the learning experience and outcomes for these students. Several targeted 

interventions have been developed to address the specific needs of learners with ASD, 

facilitating their understanding and ability to solve math word problems. By implementing 

effective instructional approaches, educators and practitioners can provide meaningful 

support to enhance learning outcomes for students with ASD. 

2.6.1 Visual Supports and Graphic Organizers 

Visual supports, such as visual schedules, diagrams, and graphic organizers, can 

enhance the understanding and organization of information for ASD children (Morin, 2014a; 

Connelly, 2016; Delisio et al., 2018; Hughes and Cuevas, 2020). Visual representations can 

help break down complex word problems into more manageable components, enabling 

better comprehension and problem-solving. Explicit instruction that focuses on breaking 

down word problems into manageable steps and providing clear explanations of 

mathematical concepts has shown promise in improving comprehension and problem- 

solving skills in students with ASD (Smith et al., 2013; Vula et al., 2017). Visual supports, 

such as visual representations, diagrams, and graphic organizers, can also aid in 

understanding problem structures and relationships (Kamaruzaman et al., 2013; Lauren, 

2014). These strategies promote a concrete and visual understanding of word problems, 
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helping students with ASD bridge the gap between mathematical concepts and real-life 

situations. 

2.6.2 Explicit Instruction and Scaffold Support 

Explicit instruction involves breaking down problems into step-by-step instructions, 

providing clear explanations, and modelling problem-solving strategies (Morin, 2014a; Root 

et al., 2017; Hughes and Cuevas, 2020). Scaffolded support, such as providing prompts, 

cues, and guided practice, helps ASD children develop their problem-solving skills 

gradually. Scaffolded instruction involves providing varying levels of support based on 

individual needs. This approach includes step-by-step guidance, prompts, and cues to 

facilitate problem-solving processes modelling, where teachers or peers demonstrate 

problem-solving strategies, can also be effective in illustrating effective approaches and 

enhancing understanding. By gradually reducing support over time, students with ASD can 

develop independent problem-solving skills while receiving the necessary guidance and 

structure. 

2.6.3 Social Stories and Social Scripts 

Social stories and social scripts provide narratives or scripts that explicitly outline 

appropriate social and problem-solving behaviors in specific situations (Sansosti and 

Powell-Smith, 2008; Ying et al., 2016). These interventions can help ASD children 

understand the social aspects of word problems and guide their decision-making processes. 

Social stories and scripts provide students with ASD with narratives that outline the steps 

and strategies for solving word problems. These stories can be tailored to the specific needs 
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and interests of the individual, incorporating familiar characters or situations. By presenting 

information in a narrative format, social stories and scripts help students with ASD 

understand problem-solving processes, make connections to real-life situations, and develop 

problem-solving strategies in a meaningful context. 

2.6.4 Technology-Assisted Instruction 

Technology-based interventions, such as educational apps and intelligent tutoring 

systems, offer interactive and engaging platforms for mathematical word problem learning 

for students with ASD. These tools can provide personalized feedback, adaptive instruction, 

and opportunities for practice (Blum-Dimaya et al., 2010; Knight, McKissick and Saunders, 

2013; Yakubova, Defayette and Chen, 2023). With the ability to customize content and pace, 

technology-assisted instruction can cater to individual learning styles and preferences, 

promoting active engagement and skill development. 

2.6.5 Cognitive-Behavioral Interventions 

Cognitive-behavioral interventions focus on addressing cognitive processes, such as 

attention, working memory, and executive functions, to enhance mathematical problem- 

solving abilities in ASD children (Ashcraft and Moore, 2012; Kourakli et al., 2017; Li et al., 

2023). These interventions can involve teaching self-regulation strategies, metacognitive 

skills, and problem-solving techniques. In Table 2.2, the instructional strategies and 

interventions that fit well with word problem learning are highlighted. 
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Table 2.2 Instructional Strategies and Intervention 

Instructional 
Strategies/ 
Interventions 

Visual 
Support 

Explicit 
Instruction 

Self- 
Regulation 
Strategies 

Problem- 
Solving 
Strategies 

Author 

 
Behavioral 
Intervention 

 
 
√ 

 
 

√ 

(Magliaro, 
Lockee and 
Burton, 2005; 
Wilson and 
Sindelar, 1991) 

 
Social Skills 
Intervention 

 

 
√ 

   

 
√ 

(Cihak et al., 
2010; Hughes et 
al., 2015; 
Yakubova, 
Defayette and 
Chen, 2023) 

 
Technology 
Assisted 

  
 

√ 
 

√ 

(Montague and 
Dietz, 2009; 
Montague et al., 
2014; Morin, 
2014b) 

Individualize 
d Education 
Plans (IEPs) 

 
√ √ √ 

Jonassan (2011) 

Virtual 
Reality 

 
√ 

  
√ 

 
√ 

(Zhang et al., 
2022) 

 

a) Visual Supports: Visual representation of information can aid in understanding the problem 

and organizing relevant details. 

b) Explicit Instruction: Clear and direct instruction helps in teaching problem- solving steps 

and mathematical concepts. 

c) Self-Regulation Strategies: Teaching strategies for regulating behaviour, emotions, and 

metacognitive awareness can enhance problem-solving skills. 

d) Problem-Solving Strategies: Incorporating specific problem-solving strategies guides 

students in approaching and solving word problems effectively. 
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e) Virtual Reality: Immersive and interactive virtual environments can engage learners and 

provide a unique context for practicing solving word problems. 

Instructional strategies and interventions play a vital role in supporting students with ASD in 

their mathematical word problem learning. By utilizing explicit instruction, visual supports, 

scaffolded instruction, social stories, and technology-assisted instruction, educators and 

researchers can create effective learning environments that address the specific needs of 

students with ASD. Further research and collaboration between educators and researchers are 

essential for refining and developing evidence-based strategies that enhance mathematical 

word problem learning outcomes for students with ASD. 

2.6.6 Schema Based 

Schema-based interventions in mathematics learning for children with autism can be highly 

effective. Research emphasizes the importance of mathematical instruction for individuals with 

autism, highlighting the need for interventions that focus on maintaining mathematical skills. 

Incorporating video modelling interventions, such as virtual manipulatives and error correction, in 

a synchronous virtual environment has shown significant improvements in mathematics skills like 

addition, number comparison, and subtraction for autistic children (Hughes et al., 2015; Yakubova, 

Defayette and Chen, 2023). Additionally, utilizing concrete materials and curriculum adaptations 

can enhance the learning process by connecting real-life experiences with mathematical concepts, 

aiding in the development of numerical relations and arithmetic skills in early elementary school 

children with ASD. Overall, the research suggests that incorporating schema-based 

interventions tailored to the specific needs of children with ASD can significantly benefit their 

mathematical skill development and overall educational experience. 
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2.6.7 Graphic Organizers 

Graphic organizers are visual tools that help learners structure and organize information. 

Graphic organizers can guide learners through the problem-solving process, facilitating 

comprehension and solution development (Fabros and Ibañez, 2023). For individuals with ASD, 

these tools can be invaluable in breaking down complex word problems into manageable 

components. Various types of graphic organizers have been studied for their effectiveness in 

supporting individuals with ASD (Alzahrani, 2023; Hall, 2023). The K-N-W-S graphic organizer 

was found to have a positive impact on solving mathematical word problems for students with 

ASD (Delisio, Bukaty and Taylor, 2018). Additionally, a wh-question graphic organizer was 

shown to improve reading comprehension for some students with ASD, although individual 

effectiveness varied (Connelly, 2016). In another study, a graphic media-based program using 

interactive lift-a- flap picture books was identified as an effective tool to enhance vocabulary and 

language skills in ASD children (Alhamdi, Ahmad and Sihombing, 2020). These findings highlight 

the importance of utilizing tailored graphic organizers to support individuals with ASD in various 

academic areas. 

2.6.8 Mapping of Strategies and Factors to VRMath Features 

To bridge the gap between theory and practice, it is essential to understand how 

instructional strategies and learning factors identified in the literature are operationalized within 

the VRMath model. The following table provides a synthesized overview of how each strategy and 

factor aligns with specific features of the VRMath environment. This mapping illustrates the 

intentional design of VRMath to support the diverse cognitive, sensory, and behavioral needs of 

learners with ASD. Refer to Table 2.3 for a detailed breakdown. 
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Table 2.3   Mapping of Instructional Strategies and Learning Factors to VRMath 

Features 

Instructional 
Strategy / Learning 

Factor 
Description VRMath Feature Expected Benefit for 

ASD Learners 

Visual Supports & 
Graphic Organizers 

Use of visual cues, 
diagrams, and 
structured layouts to 
aid comprehension 

3D visual 
environments, 
interactive diagrams, 
visual prompts 

Enhances 
understanding of 
abstract concepts and 
supports visual 
learning preferences 

Explicit Instruction & 
Scaffold Support 

Step-by-step 
guidance and gradual 
release of 
responsibility 

Guided tasks, 
instructional avatars, 
progressive difficulty 
levels 

Builds confidence 
and supports 
independent problem-
solving 

Social Stories & 
Scripts 

Narrative-based tools 
to teach social and 
problem-solving 
behaviors 

Scenario-based 
simulations with 
characters and 
dialogue 

Improves 
comprehension of 
social contexts in 
word problems 

Technology-Assisted 
Instruction 

Use of digital tools to 
deliver personalized 
learning 

Immersive VR 
interface, adaptive 
feedback, gamified 
tasks 

Increases engagement 
and allows for 
individualized pacing 

Cognitive-Behavioral 
Interventions 

Strategies to improve 
executive functioning 
and self-regulation 

Real-time feedback, 
goal tracking, 
calming sensory 
design 

Supports focus, 
reduces anxiety, and 
encourages 
persistence 

Everyday 
Mathematics 
Knowledge 

Application of math 
in real-life contexts 

Real-world VR 
scenarios (e.g., 
shopping, travel) 

Promotes transfer of 
learning and 
situational 
understanding 
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Instructional 
Strategy / Learning 

Factor 
Description VRMath Feature Expected Benefit for 

ASD Learners 

Sentence 
Comprehension 

Understanding syntax 
and semantics in 
word problems 

Audio narration, 
simplified language 
options, text 
highlighting 

Aids language 
processing and 
reduces cognitive 
load 

Mathematics 
Vocabulary 

Mastery of math-
specific terms and 
symbols 

Interactive glossary, 
visual-symbol pairing 

Reinforces 
vocabulary retention 
and comprehension 

Computational Skills Performing arithmetic 
operations accurately 

Virtual 
manipulatives, 
number lines, 
calculators 

Strengthens 
foundational math 
skills through 
practice 

 

Despite the effectiveness of strategies like visual supports (Delisio, Bukaty and Taylor, 

2018), explicit instruction (Root et al., 2017), and technology-assisted learning (Yakubova, 

Defayette and Chen, 2023), many interventions lack scalability and personalization. Additionally, 

most studies focus on traditional or 2D digital tools, with limited exploration of immersive 

technologies. While promising, the application of VR in this context remains under-researched, 

particularly in terms of how it can integrate multiple strategies into a cohesive, adaptive learning 

experience for ASD learners. 

2.7 Assistive Technology for ASD 

Individuals with autism spectrum disorder (ASD) often benefit from the use of assistive 

technology to support their learning and communication needs. Assistive technology refers to 

tools, devices, or software which is designed to enhance the independence, participation, 

and educational outcomes of individuals with disabilities. In the context of ASD, assistive 
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technology can play a significant role in addressing various challenges and promoting skill 

development. 

2.7.1 Communication and Social Interaction 

Goodwin et al. (2013) and Wynne et al. (2016) emphasized the significant role of assistive 

technology in enhancing communication and social interaction for students with ASD. 

Augmentative and Alternative Communication (AAC) devices, including speech- generating 

devices and picture-based communication systems, facilitate effective expression for individuals 

with limited verbal abilities. These technologies enable students with ASD to interact with others, 

convey their needs, and engage in social situations. 

2.7.2 Learning and Education 

Assistive technology also plays a significant role in supporting the learning and education 

of students with ASD. Visual supports, such as visual schedules and social stories, provide structure 

and help students with ASD understand and navigate daily activities. Virtual reality (VR) 

technology has also shown promise in creating immersive and interactive learning environments 

for students with ASD, facilitating learning, and improving engagement (Strickland, 1997; 

Strickland et al., 2007; Bian et al., 2019; Sideraki and Drigas, 2023). 

2.7.3 Sensory Integration and Self-Regulation 

Assistive technology can support students with ASD in managing sensory sensitivities and 

promoting self-regulation. Sensory integration tools, such as weighted blankets, noise-canceling 

headphones, and sensory apps, help students with ASD regulate their sensory experiences and 
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reduce anxiety (Den Brok and Sterkenburg, 2015). Biofeedback devices and wearable 

technologies have also been explored to support self-regulation by providing real-time feedback 

on physiological states (Torrado, Gomez and Montoro, 2017). 

2.8 Virtual Reality in ASD Learning 

Virtual reality (VR) technology has emerged as a promising tool in education, offering 

immersive and interactive experiences that enhance learning outcomes across various disciplines. 

In particular, the integration of VR into mathematics education holds significant potential for 

transforming the way students engage with mathematical concepts and problem-solving skills. VR 

technology creates simulated environments that allow users to interact with digital content in a 

three-dimensional space, often through the use of specialized headsets and motion-tracking 

devices. In education, VR offers unique opportunities to immerse students in dynamic learning 

environments, enabling experiential learning and exploration across diverse subjects. 

2.8.1 Significance of VR in Mathematics Education 

The integration of VR into mathematics education presents several compelling advantages. 

Firstly, VR provides a highly immersive learning experience, allowing students to visualize 

abstract mathematical concepts in tangible and interactive ways. By engaging multiple sensory 

modalities, VR facilitates a deeper understanding and retention of mathematical principles. 

Furthermore, VR simulations offer opportunities for authentic problem-solving experiences, 

enabling students to apply mathematical principles in real- world contexts. Research by 

Pramuditya, Noto and Azzumar (2022) demonstrated that students who engaged in VR-based 

problem-solving tasks exhibited greater motivation and interest in mathematics compared to those 
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using conventional instructional methods. Additionally, studies have shown that VR technology 

can enhance collaborative learning experiences in mathematics education. For instance, research 

by Glaser and Schmidt (2018) highlighted the effectiveness of collaborative VR environments in 

promoting peer interaction, knowledge sharing, and collaborative problem-solving skills among 

students. 

Overall, research findings suggest that the integration of VR in mathematics education can 

lead to improved learning outcomes, increased motivation, and enhanced student engagement. By 

leveraging the immersive and interactive capabilities of VR technology, educators can create 

dynamic learning environments that inspire curiosity, exploration, and a deep conceptual 

understanding of mathematical concepts. 

a) Visualization of Abstract Concepts 

VR allows students to visualize abstract mathematical concepts in a three- dimensional space, 

making it easier for them to understand complex ideas. For instance, students can explore 

geometric shapes, transformations, and equations in a VR environment, leading to better 

comprehension and retention. Studies have shown that using VR in mathematics education 

leads to improved understanding and retention of mathematical concepts compared to 

traditional teaching methods. For example, research conducted by Liao, Yu and Wu (2015) 

found that students who learned geometry through a VR-based curriculum demonstrated better 

performance on geometry tests and retained knowledge longer than those taught using 

traditional methods. Moreover, research findings indicate that VR environments can 

significantly improve students' spatial reasoning skills, which are crucial for understanding 

geometry and visualizing mathematical concepts. For example, a study by Kaufmann (2002) 

found that students who learned geometry concepts through a VR-based approach 



 

67 

demonstrated higher spatial visualization abilities compared to those who used traditional 

instructional methods. 

b) Engagement and Motivation 

VR provides an engaging and interactive learning environment that can motivate students to 

explore mathematical concepts actively. By immersing students in virtual worlds where they 

can manipulate objects and interact with mathematical phenomena, VR makes learning math 

more enjoyable and less intimidating, thereby increasing student motivation and interest in the 

subject. VR has been found to increase student motivation and engagement in mathematics 

learning. Research by Keller, Hebeisen and Bruckerkley (2018) showed that students reported 

higher levels of motivation and interest in mathematics when learning through VR compared 

to traditional classroom instruction. The immersive and interactive nature of VR environments 

captivates students' attention and makes learning math more enjoyable and meaningful. 

c) Enhanced Problem-Solving Skills 

VR-based learning environments promote the development of problem-solving skills and 

critical thinking abilities. Studies have demonstrated that students who engage in problem-

solving tasks in VR environments exhibit greater problem-solving proficiency and higher 

levels of metacognitive awareness (Pramuditya, Noto and Azzumar, 2022). VR simulations 

allow students to experiment with different strategies and explore the consequences of their 

actions, leading to deeper learning experiences. 

d) Experiential Learning 

Virtual reality (VR) technology affords opportunities for experiential learning, wherein 

students actively immerse themselves in mathematical concepts through interactive 

simulations and hands-on activities. Within these virtual environments, students engage in 

exploratory exercises, simulations, and problem-solving scenarios, thereby augmenting their 
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proficiency in problem-solving and critical thinking (Cecil, Sweet-Darter and Cecil-Xavier, 

2017). By simulating real-world contexts, VR facilitates a deeper understanding of the 

relevance and significance of mathematical knowledge, thereby fostering a heightened 

appreciation for the subject matter. The immersive nature of VR necessitates that student apply 

mathematical reasoning and problem-solving skills to navigate and resolve challenges 

presented within these simulated scenarios. 

e) Accessibility and Inclusivity 

VR enables experiential learning experiences where students can actively engage with 

mathematical concepts through hands-on activities and simulations. For example, students can 

explore mathematical principles through virtual experiments, simulations, and problem-solving 

scenarios, enhancing their problem-solving skills and critical thinking abilities. VR engages 

multiple senses, such as sight and touch, which can enhance learning and memory retention. 

Research by Kaufmann (2002) indicated that students who learned geometry through VR 

experienced increased sensory engagement and a deeper level of immersion compared to 

traditional instruction. By manipulating objects and exploring mathematical concepts in a 

virtual space, students can reinforce their understanding through sensory feedback, leading to 

more robust learning outcomes. 

f) Personalized Learning 

VR platforms can adapt to individual student needs and learning styles, providing personalized 

experiences that cater to diverse learning abilities. Students can progress at their own pace, 

receive immediate feedback, and access additional resources tailored to their learning goals, 

leading to more effective learning outcomes. 
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2.8.2 Theoretical Framework for Mathematics Learning in VR 

The development of the VRMath model is underpinned by three foundational learning 

theories: Constructivism, Situated Learning Theory, and Mayer’s Cognitive Theory of Multimedia 

Learning (CTML). These theories collectively inform the pedagogical design of the virtual reality 

(VR) learning environment, particularly in supporting children with ASD in solving mathematical 

word problems.  

a) Constructivism  

Constructivist theory posits that learners actively construct knowledge through interaction with 

their environment (Piaget, 1970). In the context of VRMath, this theory supports the use of 

immersive, interactive environments where learners can manipulate virtual objects, explore 

mathematical scenarios, and engage in problem-solving tasks. This hands-on engagement is 

particularly beneficial for ASD learners, who often respond well to visual and experiential 

learning (Kljajevic, 2023). 

b) Situated Learning Theory  

Situated learning theory, introduced by Lave and Wenger (1991), emphasizes that learning is 

most effective when it occurs in authentic, real-world contexts. VRMath leverages this by 

simulating everyday scenarios—such as shopping or navigating a city—where mathematical 

word problems are naturally situated. This contextualization helps ASD learners make 

meaningful connections between abstract mathematical concepts and their practical 

applications, thereby improving comprehension and retention (Root et al., 2022). 

c) Cognitive Theory of Multimedia Learning (CTML)  

Mayer’s (2001) CTML asserts that learners process information more effectively when it is 

presented through both visual and auditory channels, provided that cognitive load is managed 
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appropriately. VRMath applies this principle by integrating spoken instructions, visual cues, 

and interactive elements to support dual-channel processing. For ASD learners, who may have 

specific sensory preferences or processing challenges, this multimodal approach enhances 

engagement and facilitates deeper understanding (Zhang et al., 2022).  

d) Application of Learning Theories to VRMath 

The integration of these theories into VRMath is not merely conceptual but practical. As 

Cheng, Kwan and Cheng (2019) highlight, VR-based simulations allow learners to explore 

geometric shapes and manipulate variables in algebraic equations, enhancing spatial 

visualization and conceptual understanding. Akçayır and Akçayır (2017) further emphasize 

that VR environments scaffold learning through multisensory feedback and interactive tools, 

which are particularly effective for learners with ASD. Moreover, collaborative VR platforms, 

as discussed by Laver et al. (2017), enable peer interaction and cooperative problem-solving, 

aligning with the social aspects of learning emphasized in socio-cultural theory. 

In mathematics learning through VR, the principles of constructivism and situated learning 

theory are integrated to create immersive and interactive learning experiences. Students 

actively engage with mathematical concepts by interacting with virtual objects, exploring 

mathematical models, and participating in problem-solving activities within realistic and 

contextually rich virtual environments. Through hands-on exploration and collaboration with 

peers, students construct their understanding of mathematical concepts while situated within 

authentic contexts that reflect real-world applications. This integration of constructivist and 

situated learning principles in VR mathematics education fosters deep conceptual 

understanding, critical thinking skills, and a heightened appreciation for the relevance of 

mathematics in various domains of life. Moreover, research suggests that VR-based 
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interventions can improve students' motivation, engagement, and achievement in mathematics. 

Studies have shown that students who learn mathematics through VR environments exhibit 

increased interest, enthusiasm, and confidence in their mathematical abilities compared to those 

using traditional instructional methods. 

The visualization in Figure 2.1 illustrates how the theoretical frameworks of constructivism, 

situated learning theory and cognitive theory of multimedia learning are interconnected and 

applied in mathematics learning through virtual reality. By combining these theoretical 

perspectives, VRMath creates a learning environment that is: 

i) Experiential (constructivist), 

ii)  Contextually meaningful (situated learning), and 

iii) Cognitively optimized (CTML). 

In addition to constructivist and situated learning principles, the Cognitive Theory of 

Multimedia Learning (CTML) by Mayer (2005) plays a pivotal role in shaping the 

instructional design of VRMath. CTML posits that learners process information more 

effectively when it is presented through both visual and auditory channels, provided that 

cognitive overload is minimized. VRMath leverages this dual-channel processing by 

integrating spoken instructions, visual cues, and interactive elements within a coherent virtual 

environment. This design supports learners with ASD by reducing extraneous cognitive load 

and enhancing the retention of mathematical concepts. The immersive nature of VR also 

aligns with CTML’s emphasis on meaningful learning through active engagement, allowing 

students to build mental models and transfer knowledge to real-world contexts. By aligning 

with CTML, VRMath ensures that its multimedia components are not only engaging but also 

cognitively efficient and pedagogically sound. 
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2.8.3 Components and Element of VR Environments for Mathematics Learning 

Virtual reality (VR) technology offers a wide range of components and features that can be 

effectively utilized for mathematics word problem learning. These components and features are 

tailored to address the unique challenges of understanding and solving mathematical word 

problems, promote deeper conceptual understanding, and enhance problem-solving skills. One key 

component of VR for mathematical word problem learning is immersive storytelling. By creating 

immersive narratives and scenarios, VR environments can contextualize mathematical word 

problems within real-world situations, making abstract mathematical concepts more tangible and 

relevant to students. For example, students may explore a virtual city where they encounter 

Figure 2.1 Theoretical Frameworks of the Study 
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mathematical challenges related to budgeting, spatial reasoning, and measurement, immersing 

them in authentic problem-solving experiences. Moreover, interactive simulations are essential 

components of VR environments for mathematical word problem learning. These simulations 

allow students to manipulate variables, explore mathematical relationships, and experiment with 

different strategies for solving problems. For instance, students may interact with virtual objects to 

visualize mathematical operations, model real-world scenarios, and test hypotheses, promoting 

active engagement and exploration. 

Furthermore, adaptive feedback mechanisms are critical features of VR environments for 

mathematics learning. These mechanisms provide real-time feedback on students' problem-solving 

attempts, guide them through the problem-solving process, and promote self-directed learning. 

Adaptive feedback can take various forms, including hints, scaffolding, and corrective feedback 

tailored to each student's individual needs and learning progression. 

2.8.4 Designing Effective VR Environments for Mathematics Learning 

Designing effective VR environments for mathematics learning requires careful 

consideration of several factors, including instructional design principles, usability guidelines, and 

pedagogical strategies. Firstly, VR environments should be designed with clear learning objectives 

and aligned with curriculum standards, ensuring that mathematical content is relevant, meaningful, 

and aligned with instructional goals. Moreover, VR environments should be designed to promote 

active learning and engagement by providing opportunities for hands-on exploration, collaborative 

problem-solving, and inquiry-based learning. Interactivity and user agency are essential 

considerations, as students should be able to interact with virtual objects, manipulate variables, and 

explore mathematical concepts at their own pace and level of understanding. 
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 Additionally, VR environments should be designed with accessibility and inclusivity in 

mind, ensuring that all students, regardless of their background or abilities, can fully participate 

and engage in mathematics learning. Designing for diversity requires attention to factors such as 

user interface design, navigation controls, and multi-modal feedback mechanisms that 

accommodate different learning styles and preferences. Furthermore, ethical considerations and 

safety guidelines are paramount in designing VR environments for mathematics learning. Ensuring 

the safety and well-being of students in virtual environments requires adherence to ethical 

guidelines, privacy regulations, and best practices for the responsible use of VR technology. 

Additionally, considerations for mitigating potential risks, such as motion sickness or simulator 

sickness, should be addressed through ergonomic design, user comfort, and appropriate age-

appropriate content. By leveraging immersive storytelling, interactive simulations, adaptive 

feedback mechanisms, and inclusive design principles, educators can create effective VR 

environments that inspire curiosity, exploration, and mastery of mathematical word problems. 

2.8.5 Integration of VR in Mathematics Word Problem Learning 

The integration of virtual reality (VR) technology into mathematics word problem learning 

offers numerous potential benefits for students and educators alike. Research findings suggest that 

VR environments provide immersive and interactive experiences that engage students in 

meaningful learning activities, promote deeper conceptual understanding, and enhance problem-

solving skills. Studies have shown that VR environments enable contextualization of mathematics 

word problems within realistic and authentic scenarios, leading to increased student engagement 

and motivation. For instance, research by Frade, Gondim and Sousa, (2015) demonstrated that 
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students who engaged with mathematics in a VR environment exhibited higher levels of interest 

and enthusiasm compared to those using traditional instructional methods. 

Moreover, VR environments offer opportunities for hands-on exploration and 

experimentation, allowing students to manipulate variables, visualize mathematical relationships, 

and test hypotheses in a safe and controlled virtual space. Research by Akçayır and Akçayır (2017) 

found that students who learned mathematics through VR-based simulations demonstrated 

improved problem-solving skills and higher levels of conceptual understanding compared to those 

using conventional instructional methods. 

a) Challenges and Considerations in Implementing VR for Mathematics Learning 

Despite the potential benefits, the implementation of VR in mathematics learning also presents 

several challenges and considerations that educators must address. Research findings highlight 

technical complexity, cost, and access barriers as primary challenges in VR integration. For 

instance, a study by Zhang et al. (2022) identified a lack of access to VR hardware and software 

as a significant barrier to implementation in educational settings, particularly in under-

resourced communities. Moreover, concerns about cybersickness and discomfort among users 

have been raised as potential challenges in VR implementation. Research by Ip et al. (2017) 

highlights motion sickness during VR-based learning activities, emphasizing the importance 

of ergonomic design, user comfort, and guidelines for responsible use. 

b) Strategies for Effective Integration of VR in Mathematics Education 

To overcome the challenges and maximize the benefits of VR integration in mathematics 

education, educators can employ several strategies for effective implementation. Research 

findings suggest that careful planning, curriculum integration, and professional development 

are essential for successful VR integration. For instance, a study by Pathan, Rajendran and 
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Murthy (2020) emphasized the importance of providing educators with training and support to 

develop the necessary skills and expertise to integrate VR into their teaching practice. 

Additionally, collaboration and partnerships with industry stakeholders, researchers, and 

educational organizations can facilitate access to VR technology, resources, and expertise. 

Research by Azuma et al. (2019) highlighted the importance of collaboration between 

educators and VR developers to co-design and co-create VR learning experiences that meet the 

unique needs and preferences of students. Furthermore, considerations for inclusive design, 

accessibility, and diversity are essential to ensure that VR environments are accessible and 

engaging for all students. Research by De Araújo et al. (2021) emphasized the importance of 

designing inclusive VR environments that accommodate different learning styles, abilities, and 

preferences, promoting equitable access and participation for all students. 

 

Although VR has shown potential in enhancing engagement and contextual learning (Pramuditya, 

Noto and Azzumar, 2022), much of the existing research focuses on social skills training (Newbutt 

et al., 2017) rather than academic instruction. Furthermore, studies often overlook the specific 

cognitive and sensory needs of ASD learners when designing VR environments (Zhang et al., 

2022). There is a clear need for research that not only applies VR to academic domains like 

mathematics but also aligns its design with evidence-based instructional strategies and learning 

theories tailored to ASD profiles. 

2.8.6 Justification for Using VR over Other Technologies 

While various digital technologies have been explored to support learning among children 

with ASD including mobile applications, augmented reality (AR), and mixed reality (MR), 
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virtual reality (VR) offers distinct advantages that make it particularly suitable for teaching 

mathematical word problems. 

a) Immersive and Controlled Learning Environment 

Unlike mobile apps or AR, VR provides a fully immersive environment that minimizes external 

distractions, a critical factor for ASD learners who often struggle with sensory overload or 

attention regulation (Zhang et al., 2022). The ability to control every aspect of the virtual 

environment allows educators to tailor sensory input, pacing, and complexity to individual 

learner needs. 

b) Enhanced Contextualization and Realism 

VR enables the creation of realistic, three-dimensional scenarios that mirror everyday contexts, 

such as shopping or navigating a city. This level of contextualization is more difficult to achieve 

with mobile apps or AR, which typically rely on 2D interfaces or overlays on the real world. 

Situated learning theory supports the idea that embedding learning in authentic contexts 

enhances comprehension and transferability (Lave and Wenger, 1991). 

c) Multisensory Engagement and Interaction 

VR supports multimodal learning by combining visual, auditory, and kinesthetic inputs. 

Mayer’s Cognitive Theory of Multimedia Learning (2001) emphasizes the importance of dual-

channel processing for effective learning. While mobile apps may offer visual and auditory 

input, VR adds spatial and tactile dimensions, which are particularly beneficial for learners 

who require concrete, hands-on experiences (Cheng, Kwan and Cheng, 2019). 

d) Social and Collaborative Potential 

Unlike mobile or AR tools, VR can simulate social interactions in a safe and structured 

environment. This is especially valuable for ASD learners who may find real-world social 

situations overwhelming. Collaborative VR platforms allow for peer interaction and 
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cooperative problem-solving, aligning with socio-cultural learning principles (Laver et al., 

2017). 

e) Limitations of AR, MR, and Mobile Technologies 

Although AR and MR offer interactive features, they often depend on real-world environments, 

which can introduce unpredictability and sensory challenges for ASD learners. Mobile apps, 

while accessible, are generally limited in their ability to provide immersive, embodied learning 

experiences. These limitations make VR a more robust and adaptable tool for delivering 

structured, engaging, and individualized instruction. 

 

In summary, VR offers a unique combination of immersion, contextual realism, multisensory 

engagement, and adaptability that makes it especially well-suited for supporting mathematical 

word problem learning among children with ASD. 

2.9 Summary 

This chapter has reviewed the key literature related to the learning challenges faced by 

children with ASD in solving mathematical word problems. It examined cognitive and linguistic 

barriers, such as difficulties in working memory, sentence comprehension, and generalization of 

everyday math knowledge. The chapter also explored a range of instructional strategies including 

visual supports, explicit instruction, and technology-assisted learning and discussed how these can 

be integrated into virtual reality (VR) environments to support ASD learners. 

The theoretical foundation of the study was established through the integration of 

constructivism, situated learning theory, and Mayer’s Cognitive Theory of Multimedia Learning. 

These frameworks collectively support the design of immersive, contextualized, and cognitively 
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optimized learning experiences through VR. Furthermore, a comparative analysis of VR, mobile, 

AR, and MR technologies highlighted the unique advantages of VR in providing structured, 

multisensory, and individualized learning environments for ASD students. 

Despite the growing interest in VR for educational purposes, there remains a significant 

gap in the literature regarding its application for mathematical word problem-solving among 

children with ASD particularly within the Malaysian context. Most existing studies focus on social 

skills training or general academic support, with limited attention to how VR can be tailored to 

address the specific cognitive and linguistic challenges associated with mathematical problem-

solving. This study addresses this gap by proposing and evaluating a VR-based instructional model 

(VRMath) that integrates evidence-based strategies and learning theories to support ASD learners 

in this critical area of mathematics education. 
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CHAPTER 3 

METHODOLOGY 

3.1 Introduction 

The previous chapter summarized the necessity for this research within the relevant context 

of existing scholarly literature. The purpose of this research was to examine the impact of using 

VRMath as a learning tool to aid ASD students’ conceptual understanding of addition and 

subtraction mathematics word problem concepts. This chapter outlines the research methodology 

used during the implementation and analysis of this study. The research methodology describes 

the virtual reality applications and provides an overview of the design, participants, data collection 

process, and data analysis procedures for the studies performed. 

3.2 Research Design 

To comprehensively address the research issues in this study, a combination of qualitative 

and quantitative data collection methods were utilized. Following a mixed- methods approach 

(Creswell and Clark, 2018), both qualitative and quantitative methodologies were integrated within 

a single research framework. This approach, which has been previously employed in studies related 

to language and literacy, allows for a more comprehensive exploration of the research topic (García 

et al., 2021; Onghena, Maes and Heyvaert, 2019; Wium and Louw, 2018). By incorporating both 

qualitative and quantitative data, a richer understanding of the phenomenon under investigation 

can be achieved, providing a more nuanced perspective on the research questions at hand. 
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Although the sample size in this study is small, a case study approach was not adopted. 

Instead, a Single-Subject Design (SSD) was selected due to its suitability for individualized 

intervention research, particularly in special education contexts. SSD allows for repeated, 

systematic measurement of behavior over time, enabling the researcher to observe changes in 

response to an intervention (Horner et al., 2005). This design is especially appropriate for studies 

involving learners with ASD, where individual variability is high and personalized instructional 

responses are critical. Unlike case studies, which focus on in-depth exploration of a bounded 

system, SSD provides a structured framework for evaluating the functional relationship between 

an intervention (VRMath) and specific learning outcomes such as accuracy and speed in solving 

mathematical word problems (Kratochwill et al., 2013). 

The present study is evaluative research that seeks to assess the effectiveness of VRMath 

as an instructional tool. Given the complexity and multifaceted nature of evaluating treatment 

effects, a mixed-methods design is deemed more suitable for addressing this research question 

(Creswell and Clark, 2018). Recognizing the individuality of students and their diverse learning 

styles, determining the efficacy of a treatment requires considering a range of influences, forces, 

and decisions. By employing a mixed-methods design, this study can yield a comprehensive and 

nuanced understanding by incorporating both qualitative and quantitative data within a single 

study. This structured approach encompasses the collection of statistical data along with 

observations and interviews. Encouraging the use of mixed- methods research, Wei (2021) has 

specifically emphasized its relevance within the domain of special education research. 

The decision to adopt a mixed-methods approach for this research was driven by several 

factors. In addition to the requirement for both quantitative and qualitative data to gain a 

comprehensive understanding of VRMath's effectiveness, this approach was chosen to enhance the 

integrity of the findings. By combining quantitative and qualitative methods, the study aimed to 
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address the weaknesses of each approach while leveraging their respective strengths. Quantitative 

methods offer statistical analysis and numerical data to identify trends and patterns, while 

qualitative methods delve into subjective experiences and perspectives. By integrating both 

methods, the research aimed to provide a more robust and nuanced assessment, maximizing the 

validity and reliability of the findings.  

Furthermore, the integration of mixed-methods within a Single-Subject Design framework 

enhances the study’s capacity to triangulate data sources and validate findings through 

methodological convergence. As illustrated in Figure 3.1, the research design combines qualitative 

and quantitative approaches within a structured SSD framework, enabling both empirical 

measurement and contextual understanding. This layered approach not only strengthens the 

internal validity of the research but also allows for a deeper exploration of factors influencing the 

intervention's outcomes. For instance, while quantitative data may reveal measurable 

improvements in mathematical problem-solving, qualitative insights from interviews and 

observational notes can illuminate the learner’s engagement, motivation, and perceived challenges 

during the intervention. Such a holistic perspective is particularly valuable in special education 

settings, where understanding the learner’s experience is as critical as evaluating performance 

metrics. By weaving together these complementary strands of evidence, the study aspires to offer 

both empirical rigor and practical relevance in assessing VRMath’s instructional potential.. 
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Figure 3.1 Research Design 
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This research employed an embedded mixed-methods design, integrating both quantitative 

and qualitative data collection approaches simultaneously (Creswell and Clark, 2018). To gather 

quantitative data, the single-subject research design (Horner et al., 2005; Kratochwill et al., 2013) 

was utilized to assess participants' scores on mathematics word problem comprehension. 

Additionally, the pretest-posttest approach (Dugard and Todman, 1995) was employed to evaluate 

participants' performance on the mathematics word problem. The qualitative approach utilized 

direct observation, informal interviews, and semi- structured interviews (Gay et al., 2016). Direct 

observation was conducted throughout all sessions alongside informal interviews, while field notes 

were collected for each session. Interviews were conducted after participants completed each level 

of the VRMath intervention. Both qualitative and quantitative approaches were used to collect data 

addressing research questions, while data triangulation was used to enhance the validity and 

reliability of the findings by corroborating evidence from different perspectives. 

3.2.1 Single-Subject Design 

This study employed a Single-Subject Design (SSD), specifically an A-B-A reversal 

design, to evaluate the effectiveness of the VRMath intervention on mathematical word problem-

solving among children with ASD. SSD is particularly suitable for research involving small sample 

sizes and individualized interventions, as it allows for repeated, systematic measurement of 

behavior over time and enables the researcher to observe changes in response to an intervention 

(Horner et al., 2005; Snodgrass et al., 2018). The A-B-A design consists of three distinct phases: 

a) Phase A (Baseline) 

 The participant's performance is measured without any intervention to establish a stable 

baseline. 
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b) Phase B (Intervention) 

The VRMath model is introduced, and its effects on the participant’s performance are observed. 

c) Phase A (Withdrawal/Reversal) 

The intervention is removed to determine whether the observed changes in behavior are 

attributable to the intervention itself. 

This structure allows for within-subject comparisons, enhancing internal validity by 

demonstrating a functional relationship between the intervention and the observed outcomes 

(Kratochwill et al., 2013). The reversal phase is particularly important in confirming that any 

improvements are not due to external factors or maturation. Single-subject designs have been 

widely used in ASD research to evaluate interventions targeting communication, social skills, and 

academic performance (Sansosti et al., 2015; Tei et al., 2018; Ozcan and Merdan, 2020). These 

studies highlight the value of SSD in capturing individual learning trajectories and tailoring 

interventions to specific learner profiles. 

In this study, repeated assessments were conducted across all phases to ensure the reliability 

of the data and to detect trends or patterns in performance. Repeated measures are a hallmark of 

SSD, as they help establish baseline stability, monitor intervention effects, and assess the 

maintenance or regression of skills once the intervention is withdrawn (Gast and Ledford, 2014). 

The use of the A-B-A design aligns with the study’s objective to evaluate the individual impact of 

the VRMath model on each participant’s comprehension and performance in solving mathematical 

word problems. It also supports the goal of developing evidence-based, personalized interventions 

for learners with ASD. This structure is illustrated in Figure 3.2, which outlines the sequence of 

baseline, intervention, and withdrawal phases. In the illustrated design, the participant undergoes 
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testing in one condition (A), followed by testing in another condition (B), and ultimately returning 

to the initial condition (A) for retesting. 

3.2.2 Pretest-Posttest Approach 

In this study, a pretest-posttest approach is employed within an ABA single- subject design 

to assess the effectiveness of an intervention on improving word problem-solving skills. The pretest 

serves as the baseline assessment, capturing the participant's initial performance on the word 

problem-solving sheet before any intervention is introduced. This provides a reference point for 

comparison. 

Following the pretest, the intervention is implemented, targeting specific strategies or 

techniques aimed at enhancing word problem-solving abilities. The participant engages with a 

word problem-solving sheet that presents mathematical scenarios requiring analysis, 

comprehension, and problem-solving strategies. Once the intervention period is completed, a 

Figure 3.2 Structure of the A-B-A Single-Subject Design 
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posttest is administered using the same word problem-solving sheet to evaluate the participant's 

performance after the intervention. By comparing the pretest and posttest results, the study can 

determine the impact of the intervention on word problem-solving skills. 

The pretest-posttest approach allows for within-participant comparisons, providing 

insights into individual progress and the effectiveness of the intervention in improving word 

problem-solving abilities. It offers a systematic and rigorous method of evaluating the impact of 

the intervention on the targeted outcome measure 

3.2.3 Quantitative Design Approach 

In the quantitative design approach of this study, data on word problem comprehension 

achievement were collected through the SSRD, while data on word problem performance were 

obtained via pretest and posttest assessments of problem- solving. A series of four-word problem 

sets were devised to gauge participants' comprehension achievement across baseline, treatment, 

and maintenance phases.  

Visual analysis was conducted on SSRD graphs to assess the impact of the intervention on 

the dependent variable. Additionally, word comprehension achievement scores were synthesized 

into percentage ranges, mean scores, and percent of non-overlapping data (PND) for the baseline 

and treatment phases of each word problem set, presented in tabular format. 

Regarding word problem performance, pretests and posttests of four-word problem 

worksheets were utilized to evaluate participants' accuracy. The difference between pretest and 

posttest scores indicated improvements in word problem-solving performance. The paired t-test 

was employed to ascertain the significance of differences in word problem performance, with 

scores presented in a structured table for comprehensive data analysis 



 

88 

3.2.4 Qualitative Design Approach 

The qualitative design approach utilized observation and interviews with teachers and 

students to gather rich, in-depth data on the behaviors, experiences, and perspectives of the 

individuals involved. This approach allows for a deeper understanding of the context, processes, 

and factors influencing the effectiveness of the interventions. 

Observation involves systematically watching and recording the behavior of the participants 

in real-time, capturing both verbal and non-verbal actions. It provides valuable insights into the 

frequency, duration, and patterns of behaviors, as well as the environmental conditions and 

antecedents that may influence them. Observations can be conducted using structured protocols or 

naturalistic methods, depending on the research goals and context. 

Interviews with teachers and students complement the observational data by providing 

subjective accounts, perceptions, and reflections on the interventions and their impact. These 

interviews can be conducted individually or in group settings, allowing for open-ended discussions 

and probing questions to explore participants' thoughts, feelings, and experiences related to the 

Applied Behavior Analysis (ABA) interventions. 

3.3 Research Procedure 

This section outlines the full research procedure, from ethical approval to data analysis. The 

process was designed to ensure methodological rigor and ethical compliance, particularly when 

working with children with ASD.  The procedure is summarized in Figure 3.3 and detailed in the 

following subsections. 
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Figure 3.3 Flowchart of the research procedure 

3.3.1 Ethical Approval and Consent 

Ethical approval was obtained from the university’s research ethics committee. A letter of 

consent was also secured from the Ministry of Education and the participating school. Parents or 

legal guardians were provided with detailed information about the study and signed informed 

consent forms prior to participation. 
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3.3.2 Participant Screening and Selection 

a) Informed Consent and Ethical Considerations 

Prior to subject identification, ethical approval was obtained from the Institutional Review 

Board. Informed consent forms were developed, explaining the purpose, procedures, risks, and 

benefits of the study. These forms were provided to the parents or legal guardians of potential 

participants, ensuring their understanding of the study and their child's involvement. 

b) Selection Criteria 

The selection of participants was carried out by expert teachers based on specific criteria to 

ensure the study's relevance and the suitability of the participants. These criteria included 

children aged 8 to 12 years who had been diagnosed with ASD, as confirmed by licensed 

clinicians, and exhibited a range of cognitive abilities. Moreover, participants were required to 

possess basic math skills and demonstrate the ability to engage effectively with virtual reality 

technology. The involvement of expert teachers in the participant selection process ensured 

that the chosen participants would be appropriate for the study's objectives and could actively 

participate in the VRMath intervention. 

c) Recruitment 

Collaboration was established with schools offering Specialized Integration Education 

Programs (SIEP) to facilitate participant recruitment. Comprehensive details regarding the 

study's objectives and requirements were communicated to these educational institutions, as 

well as directly to parents or legal guardians. This ensured that both the schools and families 

were well-informed about the study's purpose and the specific criteria for participation. By 

partnering with SIEP schools, the research team gained access to a pool of potential participants 
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who could benefit from the study's interventions and contribute to the advancement of 

knowledge in the field. 

d) Screening and Assessment 

Potential participants underwent screening procedures to assess their eligibility based on the 

defined selection criteria. Standardized assessments, such as the Autism Diagnostic 

Observation Schedule (ADOS) and cognitive assessments, were administered to evaluate the 

participants' ASD diagnosis and cognitive abilities. Mathematics assessments, such as the 

Literacy and Numeracy Program (LINUS), were conducted to gauge participants' baseline 

math skills. 

e) Informed Consent and Enrollment 

Detailed information about the study, including the research goals, procedures, and potential 

risks and benefits, was provided to the parents or legal guardians of eligible participants. 

Informed consent was obtained from the parents or legal guardians, ensuring their 

understanding and agreement with their child's participation in the study. Any questions or 

concerns raised by parents or legal guardians were addressed to ensure a clear understanding 

of the study's nature and procedures. Eligible participants who received informed consent from 

their parents or legal guardians were enrolled in the study. 

3.3.3 Intervention and Implementation 

a) Design and Development of VRMath 

The research procedure for the design and development of VRMath model involved a 

systematic and collaborative approach. The process began with a comprehensive review of 

existing literature on VR interventions and educational practices for individuals with ASD. 
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This informed the formulation of research objectives aimed at creating an effective intervention 

tool. A multidisciplinary team, consisting of researchers, educators, therapists, and VR 

developers, collaborated throughout the design and development process. Stakeholder 

engagement was prioritized through focus groups and interviews involving ASD children and 

educators. Their input and feedback guided the iterative design of VRMath model, ensuring its 

alignment with the unique needs and characteristics of ASD children. Incorporating evidence-

based strategies from the literature review, the virtual reality environment and interactive 

elements of VRMath model were developed to optimize learning, engagement, and skill 

improvement in mathematical problem-solving. 

The development of VRMath involved a rigorous piloting and refinement phase. A small group 

of ASD children participated in pilot testing to assess the usability and feasibility of the 

intervention. Observations, interviews, and surveys were conducted to gather feedback from 

participants, parents, and educators. The insights gained from this phase informed iterative 

refinements and enhancements to VRMath. The subsequent validation and evaluation phase 

aimed to assess the validity and effectiveness of VRMath. Pretest and posttest assessments, 

standardized measurements, and behavioral observations were utilized to compare the 

outcomes of VRMath interventions to traditional teaching methods or control conditions. The 

collected data were analyzed using appropriate statistical and qualitative analysis methods to 

conclude the efficacy and impact of VRMath on improving math skills and other targeted 

outcomes in ASD children. 

b) Validity and Reliability of Instrument 

The research procedure involved selecting a validated instrument specifically designed to 

assess mathematical word problem comprehension and word problem performance in ASD 
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children. Experts in the field of ASD and mathematics education reviewed the instrument to 

ensure it captured the relevant aspects of these abilities in the unique context of ASD. Construct 

validity was examined by comparing the instrument scores with established measures using 

statistical techniques such as correlation and factor analysis. The reliability of the instrument 

was evaluated through a test-retest study, where participants completed the instrument on two 

occasions, and internal consistency was assessed using Cronbach's alpha. Pilot testing and 

feedback from participants and parents helped refine the instrument's clarity and 

appropriateness for ASD children. These steps ensured the validity and reliability of the 

instrument. 

c) Pilot Study 

The pilot study aims to provide valuable insights into the feasibility and effectiveness of 

implementing the VRMath model for children with ASD. The findings from this pilot study 

will inform the refinement of the intervention and research design, ultimately leading to a more 

robust and successful larger-scale study. In a pilot study for the VRMath model, a small group 

of eight children with autism spectrum disorder (ASD) between the ages of 8 and 12 was 

selected to assess the feasibility and effectiveness of the intervention in improving 

mathematical skills. The objectives of the pilot study were as follows: 

i) Feasibility of recruiting ASD children and their engagement in the VRMath 

intervention. 

ii) Recruitment efforts focused on collaborating with local special education schools and 

autism support organizations. 

iii) The engagement of ASD children in the VRMath intervention was assessed through 

observations of their interaction with the virtual environment and feedback from their 

parents and teachers. 
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iv) Suitability and effectiveness of the virtual reality environment, user interface, and 

interactive features for children with ASD: 

• The virtual reality environment was specifically designed to accommodate the 

sensory and cognitive needs of children with ASD, such as minimizing visual 

clutter and providing clear instructions. 

• The user interface was tailored to be intuitive and user-friendly, allowing 

children with ASD to navigate and interact with the virtual world easily. 

• The effectiveness of the virtual reality environment and interactive features in 

engaging and motivating children with ASD was evaluated through direct 

observations and feedback from participants and their parents. 

v) Identification of logistical or practical challenges in implementing the VRMath 

model: 

• Any logistical or practical challenges encountered during equipment setup, 

calibration, or technical issues were documented. 

• The aim was to identify potential barriers that could affect the smooth 

implementation of the VRMath intervention and make necessary adjustments 

or improvements. 

i) Refinement of measurement tools for assessing mathematical skills specific to ASD 

children: 

• Pre-intervention and post-intervention assessments were administered to 

measure mathematical skills such as problem-solving, numerical 

understanding, and spatial reasoning. 
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• The measurement tools were refined based on feedback from participants, 

expert input, and the analysis of preliminary data. 

 

The pilot study yielded promising results. The recruitment of ASD children was successful, 

and their engagement in the VRMath model intervention was generally positive. The virtual 

reality environment and interactive features were well-received by the participants, with 

notable improvements in their motivation and interest during the intervention sessions. 

Some minor technical challenges were identified, such as occasional equipment calibration 

issues, which were addressed to ensure smoother implementation. The measurement tools 

demonstrated initial sensitivity to changes in mathematical skills, warranting further 

refinement for the main study. Overall, the pilot study provided valuable insights and data 

that informed adjustments to the VRMath model and research design for subsequent 

investigations with a larger sample size. 

d) Experimental Design 

i) Participant Selection 

Three children diagnosed with autism spectrum disorder (ASD), aged 9 to 10 years, were 

recruited from a specialized school for children with ASD. Participants were required to 

have basic math skills and be able to engage with virtual reality technology. 

ii) Baseline Phase (A) 

During the Baseline Phase, each participant undergoes a pretest assessment involving a 

series of math word problems administered individually. These problems are presented 

either orally or in written format, accommodating participants' preferred modes of 

communication. Throughout the assessment, researchers meticulously recorded 

participants' responses, including both accuracy and response time, for each word problem 
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presented. To ensure reliability and consistency, the baseline assessment is repeated across 

multiple sessions. This iterative process allows researchers to establish a stable baseline 

performance for each participant, providing a clear benchmark against which intervention 

effects can be measured and evaluated. 

iii) Intervention Phase (B) 

The intervention phase involves the implementation of the VRMath model, designed to 

enhance participants' word problem comprehension and performance. Following a 

predetermined schedule, intervention sessions are conducted regularly, typically three 

times per week over a period of three weeks. Throughout these sessions, participants are 

actively engaged in practicing word problem-solving using the VRMath platform. 

Researchers closely monitor participants' engagement levels, track their progress in 

mastering problem-solving skills, and observe any adaptations made to the intervention 

approach as necessary.  

This comprehensive monitoring process ensures that participants receive targeted support 

and that the intervention is effectively tailored to their individual needs, ultimately 

maximizing the potential for improvement in word problem comprehension and 

performance. Trained teachers guided participants through the activities, providing 

reinforcement and assistance when needed. 

iv) Reversal Phase (A) 

Following the intervention phase, a posttest assessment is administered to participants, 

utilizing the identical set of math word problems as in the baseline phase. The procedures 

for presenting the word problems and recording participants' responses mirror those used 

during the baseline assessment. To comprehensively evaluate the effects of the intervention 

on word problem comprehension and performance, the posttest assessment is repeated 
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across multiple sessions. By comparing the posttest results to those obtained during the 

baseline phase, researchers can effectively measure the impact of the intervention and 

determine its effectiveness in enhancing participants' problem-solving skills. 

3.3.4 Data Collection and Analysis 

To investigate the effectiveness of the VRMath intervention in enhancing word problem 

comprehension among children with ASD, a single-subject reversal design 

(A-B-A) was employed. Participants were carefully selected based on their ASD diagnosis, age 

range, cognitive abilities, and readiness to engage with virtual reality technology. 

a) Data Collection 

The study began with a baseline phase (A), during which participants completed a series of 

math word problems administered individually, either orally or in written form, depending on 

their communication preferences. Trained observers recorded both accuracy and response 

times, and the assessments were repeated across multiple sessions to establish a stable 

performance benchmark. 

In the intervention phase (B), participants engaged in 20-minute sessions using the VRMath 

application, a virtual reality learning environment tailored for children with ASD. These 

sessions involved interactive math activities designed to improve word problem-solving skills. 

Trained teachers facilitated the sessions, offering guidance and reinforcement as needed. Data 

were collected through direct observation and structured math assessments at the end of the 

phase. 

Following the intervention, the VRMath sessions were withdrawn (C), and participants 

returned to the baseline condition. Their math performance was reassessed using the same 
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standardized tools over a three-week period to evaluate any changes or retention of skills. 

Throughout all phases, data were gathered through direct observation, structured assessments, 

and standardized math tests. Observers documented participants’ behaviors and performance 

during both VRMath and non-VR sessions. 

b) Data Analysis 

This study employed a single-subject A-B-A reversal design to assess the effectiveness of the 

VRMath intervention on the word problem-solving abilities of children with ASD, utilizing 

both quantitative, visual and qualitative methods to capture a comprehensive view of 

participant performance across all phases. 

i) Quantitative Analysis 

The quantitative component was grounded in a single-subject A-B-A reversal design, 

allowing for within-subject comparisons across three phases: baseline (A), intervention 

(B), and reversal (A). The following procedures were used: 

• Accuracy Rates - The percentage of correctly solved word problems was 

calculated for each session to assess participants’ proficiency. 

• Response Times - The time taken to solve each problem was recorded and 

averaged to evaluate changes in processing speed. 

• Visual Analysis - Line graphs were generated to display trends in accuracy and 

response times across phases. Key visual indicators such as level, trend, 

variability, and immediacy of effect were examined. 

• Effect Size Calculations - Quantitative measures Percentage of Non-

Overlapping Data (PND) was used to determine the magnitude of change 

attributable to the intervention. 
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These analyses provided a robust statistical foundation for interpreting the impact of 

VRMath model on mathematical problem-solving performance. 

ii) Visual Analysis 

Visual analysis is a cornerstone of single-subject research. In this study, participants' 

performance data specifically accuracy rates and response times were plotted on line 

graphs across the three phases, Baseline (A), Intervention (B) and Reversal (A). 

These graphs allowed researcher to visually inspect: 

• Level 

The average performance within each phase. 

• Trend  

The direction of change (increasing, decreasing, or stable) across sessions. 

• Variability 

The consistency of performance within each phase. 

• Immediacy of effect 

How quickly performance changed after the intervention was introduced or 

withdrawn. 

• Overlap 

The extent to which data points in one phase overlap with those in 

another, indicating the strength of the intervention effect. 

 

 

c) Qualitative Analysis 

To complement the quantitative findings, qualitative data were collected through direct 

observation, field notes, and teacher reflections during the intervention sessions. The 

qualitative analysis focused on: 

i) Behavioral Engagement 

Observers documented participants’ levels of attention, motivation, and interaction 

with the VRMath model environment. 

ii) Learning Behaviors 
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Notes were taken on how participants approached problem-solving tasks, including 

strategy use, persistence, and help-seeking behavior. 

iii) Teacher Insights 

Reflections from trained teachers were analyzed to capture perceptions of student 

progress, challenges encountered, and the usability of the VRMath platform. 

 

The qualitative data were subjected to thematic analysis to identify recurring patterns and 

contextual factors that influenced student performance. This qualitative dimension 

complemented the quantitative findings by offering deeper insights into the mechanisms 

through which the VRMath model intervention impacted learners’ engagement and problem-

solving abilities. 

3.4 Research Variables and Treatment Condition 

To systematically evaluate the impact of the VRMath intervention, this study identified and 

defined key research variables and treatment conditions that guided the experimental design and 

data interpretation.  

3.4.1 Independent Variable 

The independent variable in this study is the VRMath model intervention, which represents 

the instructional treatment being implemented. The intervention involves the use of virtual reality 

technology to deliver mathematical word problem-solving tasks in an immersive and interactive 

environment. The VRMath model was designed to enhance engagement, comprehension, and 

performance among children with ASD.  
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3.4.2 Moderator Variable 

Word problem comprehension serves as a moderator variable, influencing the relationship 

between the intervention and the outcome. It reflects the participant’s ability to understand the 

structure, context, and requirements of mathematical word problems. This variable is critical in 

determining how well the VRMath model supports the transition from comprehension to accurate 

problem-solving.  

3.4.3 Dependent Variable 

 The study focuses on two primary dependent variables: 

a) Accuracy 

This variable measures the number of correctly solved mathematical word problems. It reflects 

the participant’s ability to apply mathematical reasoning and problem-solving strategies 

effectively. Accuracy is a direct indicator of problem-solving success and conceptual 

understanding (Root et al., 2017; Cox and Root, 2018). 

b) Speed 

This variable captures the time taken to solve each word problem. It serves as a proxy for 

cognitive processing efficiency and fluency in applying problem-solving strategies (Delisio et 

al., 2018; Polo-Blanco et al., 2024).  

 

These variables were selected because they provide quantifiable and observable indicators 

of learning outcomes. Accuracy demonstrates the effectiveness of the intervention in improving 

problem-solving skills, while speed reflects the participant’s ability to process and respond to 

mathematical tasks efficiently. 
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3.4.4 Experimental Treatment 

Building on the variables defined above, this section describes the implementation of the 

VRMath intervention as the experimental treatment. The experimental treatment in this study 

involved the implementation of a modified behavioral intervention program based on Applied 

Behavior Analysis (ABA) principles. A team of trained therapists administered the treatment, 

which consisted of discrete trial teaching, prompting, reinforcement, and data collection to target 

specific behaviors and skill development in children with ASD (Chung et al., 2024; Smith et al., 

2019; Johnson & Smith, 2020). 

To ensure fidelity and consistency in the delivery of the experimental treatment, therapists 

received extensive training on the intervention protocols and procedures (Jones et al., 2018). The 

treatment was individualized, with goals and strategies tailored to the unique needs and abilities of 

each participant. Additionally, regular supervision and ongoing feedback sessions were provided 

to the therapists to maintain treatment integrity and address any concerns or challenges that arose 

during the implementation process (Creed et al., 2022). 

Throughout the study, data were systematically collected to monitor the progress of each 

participant and evaluate the effectiveness of the experimental treatment. The data included direct 

observations, structured assessments, and standardized measures targeting the specific behavioral 

outcomes and skill areas addressed by the intervention (Brown et al., 2021; Chung et al., 2024; 

John R. Anderson, 2014). 

By employing this experimental treatment approach, the study aimed to examine the impact 

of the modified ABA-based intervention on various domains, such as communication skills, social 

interactions, and adaptive behaviors, in students with ASD. The rigorous implementation and 
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evaluation of the treatment allowed for an evidence-based assessment of its effectiveness and 

contributed to advancing knowledge in the field of autism intervention research. 

3.5 Research Sampling 

This study employed purposive sampling to select participants who met specific inclusion 

criteria aligned with the research objectives. Purposive sampling is a non-probability method that 

allows researchers to select individuals based on specific characteristics, in this case, children with 

ASD who demonstrated challenges in mathematical word problem-solving (Palinkas et al., 2015). 

3.5.1 Sampling of Participants 

This study employed purposive sampling to identify participants who met specific inclusion 

criteria relevant to the research objectives. Purposive sampling is a non-probability method that 

allows researchers to select individuals based on specific characteristics—in this case, children 

with ASD who demonstrated challenges in mathematical word problem-solving (Palinkas et al., 

2015). 

Participants were selected from Sekolah Kebangsaan Dato Demang Hussin, which offers 

an integrated special education program. Special education teachers, who had direct experience 

with the students, were consulted to identify suitable candidates. The inclusion criteria were: 

i) A formal diagnosis of Autism Spectrum Disorder (ASD) 

ii) Aged between 8 and 12 years 

iii) Demonstrated basic mathematical literacy 

iv) Ability to engage with virtual reality (VR) technology 
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The selection process involved consultation with special education teachers and review of 

school records. Teachers recommended students who exhibited challenges in mathematical word 

problem comprehension but showed potential for improvement through visual and interactive 

learning methods. The small sample size is consistent with the Single-Subject Design (SSD) 

methodology, which emphasizes detailed, individualized analysis over generalization (Horner et 

al., 2005). The sampling process is illustrated in Figure 3.4, which outlines the steps taken to 

identify participants who met the inclusion criteria for this study. 

The purposive sampling strategy not only ensured the selection of participants who aligned 

closely with the study’s objectives but also supported the methodological rigor required by the 

Single-Subject Design. This approach allowed for the careful matching of participant 

characteristics with the intervention’s intended outcomes, thereby enhancing the internal validity 

of the study. Moreover, the collaboration with special education teachers provided valuable 

contextual insights into each participant’s learning profile, behavioral tendencies, and 

responsiveness to visual aids. These insights were instrumental in tailoring the VRMath 

intervention to meet individual needs, reinforcing the study’s commitment to personalized and 

inclusive educational practices. 
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Figure 3.4  Sampling process for participant selection in the VRMath 

intervention study 

 

 

Teacher’s 
recommendation 

Parent consents 

Informal interview 
and assessment 

Analysis Expert’s 
consultation 

Results 

Selected for the study 
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a) Initial Selection 

Collaboration was established with a primary school, Sekolah Kebangsaan Dato Demang 

Hussin in Melaka, known for its integrated education program for students with learning 

disabilities, including ASD. The school's principal and Mathematics subject teachers were 

involved in the selection process. The research objectives and the VRMath program were 

explained to them, emphasizing the focus on word problem comprehension and the potential 

benefits of the intervention. 

b) Teacher Identification 

Teachers who had direct experience working with the students in mathematics classes for at 

least one year were appointed to identify students showing difficulties in word problem 

comprehension. These teachers possessed valuable insights into the students' academic 

performance and challenges, allowing for a more informed selection process. 

c) Inclusion Criteria 

Students aged 9 to 10 years, diagnosed with ASD and confirmed by licensed clinicians, were 

considered eligible for participation. Students who demonstrated significant difficulties in 

word problem comprehension, as indicated by their performance in mathematics classes and 

assessments, were selected. Basic math skills and the ability to engage effectively with virtual 

reality technology were additional criteria for inclusion. 

d) Exclusion Criteria 

Students with any medical history, such as hearing or visual impairments, that could 

significantly impact their participation in the VRMath program were excluded. Students with 

medical records of emotional or behavioral disorders that could interfere with their ability to 

engage in the study were also excluded. 
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e) Screening Assessments 

The screening assessments involved various tools to evaluate the students' word problem 

abilities and their suitability for the VRMath model intervention. Students' performance in 

mathematics classes, including their comprehension of word problems, was assessed based on 

their schoolwork and assessments conducted by their teachers. The instrument “Senarai Semak 

Disleksia” (ISD) was used to identify potential reading difficulties that could impact word 

problem comprehension. Students' cognitive abilities were assessed using non-verbal IQ tests 

such as the Non-Verbal IQ Test and the Matrix Analogies Test. 

f) Expert Consultation 

The screening findings were discussed with an expert in the field, who provided a second 

opinion and ensured a thorough evaluation of the students' word problem abilities and 

suitability for the study. The expert's experience and knowledge contributed to the overall 

selection process and ensured the rigor and accuracy of participant identification. Upon the 

agreement to participate, the parents of the participant signed the consent form (Appendix C). 

Anonymity was guaranteed; real names of students were replaced with pseudonyms (Corbin & 

Strauss 2008). The participants were given a schedule, which was developed after consulting 

with them. Unfortunately, after two sessions, two of the participants dropped out of the study, 

citing their inability to commit to the schedule. 

3.5.2 Participants 

The following section provides an overview of each participant. Participants in the study 

consisted of three children who were selected by their respective teachers based on specific criteria 

related to autism spectrum disorder (ASD). Participants ranged in age from 9 to 11 years, including 
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males and females. All participants had a full-scale IQ score above 70, which was verified by a 

standardized cognitive assessment. All participants were able to communicate with minimal 

language barriers, which were also verified through a standardized assessment of verbal abilities. 

All students were in the top 34% of their grade based on their math ability level, determined by 

multiple sources of curriculum-based measurement. The following section provides a brief 

description of each participant: 

 

Participants 1 : 

Gender Male 

Age 9 years 

Diagnosis Autism spectrum disorder (ASD) 

Background Participant 1 is a 9-year-old male with Autism Spectrum Disorder 

(ASD) who faces challenges with verbal communication and social 

interactions. Despite these difficulties, he is integrated into a 

mainstream classroom with additional support and receives special 

education services tailored to his needs. His struggles with language 

include limited vocabulary and difficulties understanding and using 

language in social contexts, which can impact his ability to engage 

effectively with peers. Social interactions are similarly challenging, 

as he may have trouble interpreting social cues and participating in 

reciprocal conversations. However, Participant 1 has shown a strong 

interest in mathematics, which can be leveraged to enhance his 

learning experience. Educational strategies should incorporate his 
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interest in math through engaging activities and practical problem-

solving tasks while providing targeted communication and social 

skills support to address his specific needs and facilitate his overall 

development. 

Participants 2 : 

Gender Female 

Age 10 years 

Diagnosis Autism spectrum disorder (ASD) 

Background Participant 2 is a 10-year-old female with Autism Spectrum 

Disorder (ASD) who is enrolled in a specialized school tailored to 

children with autism. She faces challenges with attention and 

sensory processing, which can impact her learning environment 

and ability to focus. Despite these difficulties, she demonstrates 

notable potential in mathematics, though she struggles with 

comprehending and solving word problems. This specific 

challenge suggests that while she has strong numerical skills, she 

may benefit from targeted interventions that address her 

difficulties with language and contextual understanding, 

potentially through visual supports or step-by-step problem- 
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 solving strategies to bridge the gap between her mathematical 
 
potential and her current performance in solving word problems. 

 

Participants 3: 

Gender Male 

Age 10 years 

Diagnosis Autism spectrum disorder (ASD) 

Background Participant 3, a 10-year-old male diagnosed with ASD, faces 

difficulties with word problem-solving in mathematics, particularly 

struggling to understand and interpret written instructions. Despite 

these challenges, he demonstrates high motivation and a keen 

interest in hands-on learning experiences. His enthusiasm is further 

fueled by his strong affinity for computers and technology, which 

makes him especially eager to engage with the VRMath program. 

This program's interactive and technology-driven approach aligns 

well with his interests and learning preferences, potentially offering 

a supportive environment for improving his mathematical problem- 

solving skills. 

 

The selection of participants was based on the teachers' observations of their 

mathematical abilities, motivation, and potential for improvement in solving word problems. 

The participation of these children in the study was voluntary, and informed consent was 

obtained from their parents or legal guardians. The study adhered to ethical guidelines, 



 

111 

ensuring the confidentiality and anonymity of the participants' information. Additionally, the 

study received approval from the relevant institutional review board (IRB) to ensure the 

protection and welfare of the participants involved. 

Table 3.1 Participant Demographic Information 

Participant Age Sex Full Scale IQ Score Race/Ethnicity 

Student 1 9 Male 85 Malay 

Student 2 10 Female 70 Malay 

Student 3 10 Male 105 Malay 

*The Full Scale IQ score for participants was assessed using a standardized 
intelligence test appropriate for students with ASD. 

Table 3.1 presents the demographic profiles of the three participants involved in the 

study. The table includes key variables such as age, sex, Full Scale IQ score, and 

race/ethnicity. These details provide context for interpreting the participants’ responses to 

the VRMath intervention. All participants are Malay children aged between 9 and 10 years, 

aligning with the study’s inclusion criteria. The Full Scale IQ scores, assessed using a 

standardized intelligence test suitable for students with ASD, range from 70 to 105, 

reflecting varying cognitive abilities. This diversity in intellectual functioning is important 

for understanding individual differences in learning outcomes and responsiveness to the 

intervention. The inclusion of both male and female participants also supports a more 

balanced perspective on the intervention’s applicability across genders. 

Each participant's learning profile was assessed to gain a comprehensive 

understanding of their strengths, weaknesses, and individual learning needs. Table 3.2 

presents a comprehensive overview of the learning profiles for each participant. The 
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assessment of participants' learning profiles allowed for the identification of their strengths 

and challenges, guiding the development of tailored strategies and interventions to enhance 

their learning experiences. Individualized supports, such as visual aids, explicit instruction, 

and structured approaches, were implemented to address specific learning needs. 

Additionally, ongoing monitoring and assessment were conducted to track progress and 

make necessary adjustments to optimize each participant's learning outcomes. 

The individualized learning profiles outlined in Table 3.2 were instrumental in 

shaping the instructional design and delivery of the VRMath intervention. Each profile 

included detailed observations of cognitive functioning, attention span, preferred learning 

modalities, and behavioral tendencies. These insights enabled the research team to 

implement differentiated instructional strategies that aligned with each participant’s unique 

needs. For example, students with stronger visual-spatial skills benefited from interactive 

simulations, while those requiring more structure responded well to step-by-step guidance 

and repetition. The use of personalized supports not only facilitated engagement but also 

promoted a sense of autonomy and confidence in learning. This targeted approach 

underscores the importance of learner-centered design in special education research, 

particularly when working with neurodiverse populations such as children with ASD. 
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Table 3.2 Learning Profiles for Each Participant 

Participants Aspect Strengths Challenges Learning needs 

 
 
 

Participant 1 

 
Communication Interest in mathematics can be 

leveraged for engagement. 

Limited vocabulary and 

difficulties with language use. 

Targeted support for language 

development and social skills. 

 
Social Interaction Engaged in mainstream classroom 

with support. 

Difficulty interpreting social 

cues and reciprocal conversations. 

Social skills training and 

strategies to improve social 

understanding. 
 
 

Academic Strong interest in mathematics; 

enjoys problem-solving. 

Struggles with verbal 

communication affecting 

engagement in math. 

Math-related activities that 

incorporate practical problem- 

solving tasks. 
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Participants Aspect Strengths Challenges Learning needs 

 

 

 

 

Participant 2 

 

 

Communication 

Participant 2 shows interest in 

mathematics, which can be 

leveraged to improve 

communication through focused 

educational activities. 

Struggles with understanding 

and interpreting written word 

problems, indicating challenges 

with language and 

contextual understanding. 

Requires targeted support to 

bridge the gap between strong 

numerical skills and difficulties 

with language and 

context in problem-solving. 

 

 

 

Social Interaction 

Participant 2 is able to participate 

in a specialized school tailored for 

autism, which suggests 

adaptability and resilience in a 

structured environment. 

Challenges with maintaining 

focus may affect interactions in 

group settings. 

Sensory sensitivities can impact 

her ability to engage effectively 

in social interactions and group 

activities. 

Adjustments to minimize 

sensory distractions and support 

attention to improve social and 

educational interactions. 
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Participants Aspect Strengths Challenges Learning needs 

 Academic Demonstrates strong numerical 

skills and potential in mathematics. 

Struggles with understanding 

and interpreting written word 

problems, indicating challenges 

with language and contextual 

understanding. 

Use of visual aids to help with 

comprehension and to make 

abstract mathematical concepts 

more concrete. 

Implementation of structured 

approaches to break down word 

problems into manageable steps. 

 

Participants 3 

 

Communication 
High motivation, Enthusiastic 

about computers and technology 
Difficulty understanding and 

interpreting written instructions 

Support in comprehending and 

interpreting written instructions 

 

Social Interaction 

Strong interest in hands-on 

learning experiences 

Struggles with word problem- 

solving in mathematics 

Strategies and tools to aid in 

engaging with hands-on and 

interactive learning experiences 
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Participants Aspect Strengths Challenges Learning needs 

  

 

Academic 

Eager to engage with 

technology-driven educational 

programs like VRMath 

Limited ability to effectively 

process and solve 

mathematical word problems 

due to communication barriers 

Hands-on, experiential 

learning opportunities to 

improve problem-solving 

skills and align with learning 

preferences 
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3.5.3 Research Site 

The virtual reality (VR) intervention using an Applied Behavior Analysis (ABA) 

design was conducted in a controlled and structured environment conducive to the 

implementation of the intervention and data collection. The following outlines the setting 

details for the study: 

a) Location 

The intervention took place in a designated space within a research facility or a 

specialized educational setting. This setting provided a controlled environment free 

from distractions, ensuring participants' focus and engagement during the VR 

sessions. 

b) VR Equipment 

The necessary VR equipment, including headsets, controllers, and relevant software, 

was set up in the designated space. The equipment was selected based on the specific 

requirements of the VR intervention and the capabilities of the participants. The VR 

system allowed participants to engage with virtual environments designed to target 

specific learning objectives related to solving mathematical word problems. 

c) Physical Arrangement 

The physical arrangement of the setting was organized to optimize the VR experience 

and facilitate the ABA design. This included arranging furniture and equipment to 

ensure sufficient space for participants to move comfortably while wearing the VR 

headset and allowing for easy interaction with the virtual environment. The setup 

also accommodated the presence of a researcher or therapist who monitored and 

guided the intervention. 
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d) Visual and Auditory Stimuli 

The setting was designed to provide appropriate visual and auditory stimuli 

consistent with the virtual environments and instructional materials utilized in the 

VR intervention. Visual cues, such as prompts or graphics, were integrated into the 

virtual environment to support participants' understanding and engagement with 

mathematical word problems. Auditory cues, such as instructions or feedback, were 

delivered through the VR system to guide participants' interactions and responses. 

e) Data Collection Tools 

The setting included tools for collecting data on participants' performance and 

progress during the VR intervention. This might involve using specialized software 

or systems to record participants' responses, accuracy rates, response times, and other 

relevant data points. Data collection tools were selected based on the specific 

research objectives and the requirements of the ABA design. 

f) Supervision and Support 

Trained researchers or therapists were present throughout the VR intervention 

sessions to provide supervision, support, and guidance to the participants. They 

followed the principles of ABA to implement the intervention effectively, ensure 

participant engagement, and collect accurate data. The supervisors closely monitored 

participants' responses, provided immediate feedback, and implemented 

reinforcement or prompting strategies as necessary. 

g) Ethical Considerations 

The study followed ethical guidelines, including obtaining informed consent from 

participants or their guardians, ensuring privacy and confidentiality, and maintaining 

a safe and secure environment. The study also received appropriate approvals from 
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institutional review boards or ethics committees to ensure the ethical conduct of the 

research. 

By establishing a controlled setting that incorporated VR technology and followed ABA 

principles, the study aimed to provide a structured and immersive learning environment for 

participants, facilitating their engagement and progress in solving mathematics word 

problems. 

3.6 Research Instrument, Content and Activities 

To ensure the effectiveness and relevance of the VRMath intervention, careful 

consideration was given to the selection and design of research instruments, content, and 

activities. These components were aligned with the learning profiles of the participants and 

the study’s instructional goals. The instruments were chosen not only to measure learning 

outcomes such as accuracy and speed in solving mathematical word problems, but also to 

capture qualitative aspects of engagement and interaction. The integration of appropriate 

content and structured activities was essential for creating a meaningful and accessible 

learning experience for children with ASD. The following section outlines the specific tools 

and materials employed in the study. 

3.6.1 Research Instruments 

A range of instruments and materials were employed in this study to support and 

evaluate the VR-based intervention for mathematical word problem learning among children 

with ASD. To ensure comprehensive and reliable data collection across all phases of the 

study, a variety of instruments were employed. These tools were selected based on their 

relevance to the research objectives and their alignment with best practices in special 
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education research (Creswell & Clark, 2018; Horner et al., 2005). Table 3.3 summarizes the 

instruments used throughout the baseline, intervention, and withdrawal phases. 

Table 3.3   Instruments and Materials Used in the VRMath Intervention 

Study 

No Instruments Explanation 

1 Virtual Reality (VR) System The primary intervention tool, comprising a head-

mounted display (HMD), hand controllers, and 

custom software. It created an immersive 

environment for solving mathematical word 

problems. 

2 Mathematical Word Problem 

Worksheets 

Developed to align with curriculum standards and 

tailored to participants’ cognitive levels. Used in 

pre-, post-, and follow-up assessments to measure 

comprehension and accuracy. 

3 Baseline Data Collection 

Materials 

Paper-based assessments used to establish 

participants’ initial performance levels before the 

intervention. 

4 Pretest and Posttest Word 

Problem Sheets 

Structured worksheets containing mathematical 

word problems adapted from validated 

instruments. Used to measure learning gains and 

intervention effectiveness. 

5 Data Collection Forms Used to record participant responses, accuracy 

rates, response times, and behavioral observations 

during all phases. 

6 Observation Checklists and 

Rating Scales 

Employed to document behavioral engagement, 

strategy use, and persistence during VR sessions. 

7 Timing Devices Stopwatches or timers used to measure response 

times, providing insights into processing speed 

and fluency. 
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No Instruments Explanation 

8 Scoring Rubrics Standardized rubrics used to assess accuracy and 

comprehension consistently across all 

assessments. 

9 Assessment Tools Included standardized tests to evaluate cognitive 

abilities, executive functioning, and mathematical 

skills. 

10 Questionnaires and Surveys Administered to participants, parents, and 

educators to gather feedback on engagement, 

satisfaction, and perceived impact. 

11 Interview Protocols Semi-structured interviews conducted post-

intervention to collect qualitative feedback from 

participants and teachers. 

 

The post-test instrument consisted of a structured worksheet containing mathematical 

word problems aligned with the intervention objectives. The items were adapted from 

validated instruments used in prior studies (e.g., Root et al., 2017; Cox & Root, 2018) and 

were modified to suit the cognitive and linguistic profiles of the participants. Each item was 

scored based on accuracy and time taken to complete. The post-test was administered 

individually in a quiet setting, with the researcher recording both performance and 

behavioral observations using a checklist. 

3.6.2 Research Contents 

The intervention activities were designed to address the unique cognitive and sensory 

needs of children with ASD through a structured sequence of tasks. These included pre- and 

post-assessments, guided VR sessions, embedded scaffolding, and reflective interviews. 

Each activity was carefully aligned with instructional goals and supported by evidence-based 
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practices in special education. The detailed breakdown of these activities and their 

corresponding justifications is presented in Table 3.4. 

Table 3.4 Structured VRMath Activities for ASD Learners 

Activity Description Justification for ASD 

Learners 

1. Pre-Intervention 

Assessment 

Participants completed a 

standardized word problem 

worksheet to establish baseline 

comprehension and 

performance. 

Establishes individual starting 

points and allows for 

personalized tracking of 

progress, which is essential 

for ASD learners who benefit 

from structured routines and 

measurable goals. 

2. Orientation to 

VRMath Environment 

Participants were introduced to 

the VR interface, navigation 

controls, and avatar interaction. 

Reduces anxiety by 

familiarizing learners with the 

environment. ASD children 

often require gradual 

exposure to new settings to 

feel comfortable and 

engaged. 

3. Guided VRMath 

Sessions (Phase B) 

Participants engaged in 

interactive VR scenarios 

involving real-life word 

problems (e.g., shopping, 

measuring, counting). Sessions 

were scaffolded with visual 

prompts, audio cues, and 

feedback. 

Supports multisensory 

learning and contextual 

understanding. The 

immersive nature of VR helps 

ASD learners visualize 

abstract concepts and stay 

focused through engaging 

stimuli. 

4. Embedded 

Scaffolding and 

Feedback 

Real-time feedback was 

provided through visual and 

Immediate reinforcement 

helps ASD learners 

understand cause-effect 
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Activity Description Justification for ASD 

Learners 

auditory cues within the VR 

environment. 

relationships and correct 

errors without delay, 

promoting confidence and 

motivation. 

5. Post-Session 

Reflection (Informal 

Interview) 

After each session, participants 

were asked simple reflective 

questions to gauge their 

understanding and comfort. 

Encourages self-expression 

and metacognitive awareness, 

which are often 

underdeveloped in ASD 

learners. Helps researchers 

adjust instruction 

accordingly. 

6. Post-Intervention 

Assessment 

Participants completed the 

same word problem worksheet 

used in the pretest to measure 

improvement. 

Allows for direct comparison 

of learning outcomes and 

validates the effectiveness of 

the intervention. 

7. Maintenance Phase 

(Follow-up 

Assessment) 

A delayed posttest was 

administered to assess 

retention of skills. 

Evaluates long-term learning, 

which is critical for 

determining whether ASD 

learners can generalize skills 

beyond the intervention. 

 

a) Curriculum Alignment 

All activities were aligned with the Kurikulum Matematik Tahun 4 (Masalah 

Pembelajaran) to ensure relevance and applicability within the Malaysian primary 

education context. 

b) Instructional Framework 

The intervention was grounded in the ASSURE instructional design model and 

informed by constructivist, situated learning, and multimedia learning theories, 
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ensuring that each activity was pedagogically sound and responsive to ASD learners’ 

needs. 

3.7 Validity and Reliability 

Reliability and validity are important aspects of research methodology that assess the 

consistency and accuracy of the data collected and the extent to which the study measures 

what it intends to measure. Reliability analysis is a measure of the internal consistency of 

indicators for a construct (Hair et al., 1998). In the context of VR intervention for 

mathematics word problem learning in children with autism spectrum disorder (ASD), the 

following reliability and validity processes have been carried out.  

To ensure the rigor and credibility of the research findings, both validity and 

reliability of the instruments and procedures were carefully addressed. 

3.7.1 Validity 

a) Content Validity 

Content validity was ensured through expert review. The mathematical word 

problem tasks and assessment rubrics were evaluated by specialists in mathematics 

education and special education to confirm their alignment with the Kurikulum 

Matematik Tahun 4 (Masalah Pembelajaran) and their suitability for children with 

ASD. These experts assessed the relevance, clarity, and comprehensiveness of the 

items to ensure they adequately represented the constructs being measured. 

b) Construct Validity 

Construct validity was supported by grounding the design of the instruments in 

established theoretical frameworks, including constructivist learning theory, situated 
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learning theory, and Mayer’s Cognitive Theory of Multimedia Learning. The 

VRMath activities were intentionally designed to reflect authentic, real-world 

problem-solving contexts, allowing learners to demonstrate their understanding in 

meaningful ways. This alignment between theory and instrument design strengthens 

the argument that the tools measure the intended cognitive and problem-solving 

constructs. 

c) Face Validity 

Face validity was confirmed through pilot testing with a small group of ASD learners. 

Feedback from participants, teachers, and special education experts was used to 

refine the clarity, accessibility, and appropriateness of the tasks. Observations during 

the pilot phase also helped identify any ambiguities or usability issues, ensuring that 

the instruments were perceived as relevant and understandable by the target users. 

3.7.2 Reliability 

To ensure the consistency and dependability of the data collected in this study, 

several reliability measures were implemented. 

a) Test-Retest Reliability 

Test-retest reliability was established by administering the same set of mathematical 

word problem tasks during two separate sessions in the baseline phase. The 

consistency of participants’ scores across these sessions indicated the stability of the 

instrument over time. This measure was particularly important in the context of a 

single-subject design, where repeated assessments are essential for identifying 

performance trends and ensuring the internal validity of the intervention. 

b) Intra-Observer Reliability 
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To verify the consistency of observations made by the same rater over time, intra-

observer reliability was calculated. A random subset of 10% of the recorded sessions 

was selected and re-scored by the original observer, who was blinded to the initial 

scores. The agreement between the two sets of scores was measured using Cohen’s 

Kappa, which yielded an average value of 0.85, indicating a high level of agreement 

and strong intra-observer reliability. 

 

c) Internal Consistency 

Internal consistency of the scoring rubric used to assess word problem 

comprehension was evaluated using Cronbach’s alpha. This statistical measure 

confirmed that the items within the rubric were coherently aligned and measured a 

unified construct. A high alpha value supported the reliability of the instrument in 

capturing the intended learning outcomes consistently across different items. 

These reliability procedures ensured that the instruments and observational methods used in 

this study produced consistent and replicable results, thereby strengthening the credibility 

and trustworthiness of the research findings. 

3.8 Data Collection 

This section outlines the procedures and instruments used to collect data throughout 

the study. The data collection process was designed to ensure systematic, reliable, and valid 

measurement of participants’ performance in solving mathematical word problems using the 

VRMath model. The study employed a single-subject A-B-A reversal design, incorporating 

both quantitative and qualitative data collection methods across three distinct phases: 

baseline, intervention, and withdrawal. 
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3.8.1 Baseline (A) 

During the baseline phase, participants were assessed using a set of standardized 

mathematical word problems to establish their initial performance levels. These assessments 

were administered individually, either orally or in written format, depending on each 

participant’s communication preferences. Key performance indicators such as accuracy and 

response time were recorded using structured observation forms and timing tools. This phase 

was repeated across multiple sessions to ensure the stability and reliability of the baseline 

data. 

i) Researcher-Developed Math Word Problems Assessments 

Administer a pretest assessment consisting of five sets of math word problems to 

each participant individually. These assessments are standardized tests commonly 

used and tailored to the participants' skill levels and the objectives of the study. 

ii) Data Collection Sheets and Rubric 

During the baseline assessments, data collection sheets are used to systematically 

record each participant’s responses. These forms capture key performance metrics, 

including accuracy rates and response times, providing a clear picture of each 

individual's initial skill level. Additionally, any relevant observations such as 

behavioral cues, problem-solving strategies, or signs of confusion are noted to enrich 

the data and support more nuanced analysis later in the study. 

iii) Stopwatch or Timer 

A stopwatch or timer is used during the assessments to accurately measure 

participants’ response times. This timing data offers valuable insights into each 

participant’s processing speed and efficiency when solving math word problems. By 

capturing how quickly participants respond, researchers can better understand 
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cognitive performance and identify potential areas where additional support or 

intervention may be needed. 

3.8.2 Intervention Phase (B) 

In the intervention phase, participants engaged with the VRMath model in structured 

20-minute sessions, conducted three times per week over a three-week period. The VRMath 

environment provided immersive, interactive tasks designed to enhance comprehension and 

problem-solving skills. Data were collected through: 

i) Structured assessments administered at the end of each session. 

ii) Direct observations of participant behavior, engagement, and task performance. 

iii) Field notes documenting qualitative insights into participant interactions with           

the VR environment. 

Trained teachers facilitated the sessions and provided support as needed, ensuring 

consistency in the delivery of the intervention. 

3.8.3 Withdrawal or Reversal Phase (A) 

Following the intervention, the VRMath model was withdrawn, and participants 

returned to the original assessment format used in the baseline phase. The same set of word 

problems was re-administered to evaluate the retention of skills and the sustainability of the 

intervention’s effects. This phase also spanned multiple sessions to assess the durability of 

learning outcomes over time. 
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3.8.4 Data Management and Ethics 

All data were anonymized and securely stored in compliance with ethical guidelines. 

Informed consent was obtained from parents or guardians, and assent was secured from 

participants. Data collection procedures were approved by the institutional ethics committee 

and adhered to protocols ensuring participant safety, comfort, and confidentiality. 

3.9 Pilot Test 

A pilot test was conducted prior to the main study to evaluate the feasibility, usability, 

and effectiveness of the VRMath model in supporting mathematical word problem-solving 

among children with Autism Spectrum Disorder (ASD). The pilot study served as a 

preliminary trial to refine the intervention procedures, instruments, and instructional design 

before full-scale implementation. The pilot test aimed to: 

i) Assess the usability and accessibility of the VRMath environment for children with 

ASD. 

ii) Evaluate the clarity and appropriateness of the instructional content and tasks. 

iii) Identify any technical or procedural issues related to the implementation of the VR 

intervention. 

iv) Gather initial feedback from participants, teachers, and parents to inform 

improvements. 

v) Test the reliability and validity of the data collection instruments. 
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3.9.1 Participants and Setting 

A total of eight children with ASD, aged between 8 and 12 years, were selected from 

a local special education school. Participants were chosen based on their ability to engage 

with VR technology and their basic mathematical literacy. The pilot sessions were conducted 

in a controlled classroom environment equipped with VR headsets, computers, and 

necessary support materials. 

3.9.2 Procedure 

Participants engaged in a series of VRMath sessions over a two-week period. Each 

session lasted approximately 20 minutes and involved solving mathematical word problems 

within the immersive VR environment. Observations were conducted during each session to 

monitor engagement, task performance, and behavioral responses. 

Pre- and post-assessments were administered to evaluate changes in comprehension 

and problem-solving performance. Additionally, semi-structured interviews were conducted 

with teachers and parents to gather qualitative feedback on the intervention’s effectiveness 

and usability. 

3.9.3 Findings and Revisions 

The pilot test revealed several key findings: 

i) Participants demonstrated high levels of engagement and motivation when 

interacting with the VRMath environment. 
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ii) Some technical adjustments were needed to improve navigation and reduce sensory 

overload. 

iii) Teachers recommended simplifying certain instructions and incorporating more 

visual cues. 

iv) The scoring rubrics and observation checklists were found to be effective but 

required minor refinements for clarity. 

Based on these findings, the VRMath model and associated instruments were revised to 

enhance usability, instructional clarity, and data collection accuracy. These revisions ensured 

that the main study would be methodologically sound and responsive to the needs of ASD 

learners. 

3.10 Techniques of Data Analysis 

This section outlines the analytical techniques employed to evaluate the effectiveness 

of the VRMath model in enhancing mathematical word problem-solving skills among 

children with Autism Spectrum Disorder (ASD). A combination of quantitative and 

qualitative data analysis methods was used to ensure a comprehensive understanding of the 

intervention’s impact. 

3.10.1 Descriptive Statistics 

Descriptive statistics were used to summarize the participants’ performance across 

the baseline, intervention, and withdrawal phases. Measures such as mean, median, range, 

and standard deviation were calculated to describe trends in accuracy and response time. 

These statistics provided a foundational understanding of the participants’ progress and 

variability in performance (Creswell & Clark, 2018). 
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3.10.2 Quantitative Data Analysis 

Quantitative analysis was conducted using a single-subject A-B-A reversal design. 

The following techniques were applied: 

i) Visual Analysis 

Visual analysis is a cornerstone of single-subject research and was used to 

interpret trends in participants’ performance across the baseline (A), intervention 

(B), and withdrawal (A) phases. Line graphs were plotted for each participant to 

display changes in accuracy and response time over time. Several key features 

were examined: 

• Level: The average performance within each phase, indicating the 

magnitude of behavior. 

• Trend: The direction and slope of data points within a phase (increasing, 

decreasing, or stable), which helps identify patterns of improvement or 

decline. 

• Variability: The degree of fluctuation in performance within a phase, 

which can affect the reliability of observed changes. 

• Immediacy of Effect: The speed at which changes in behavior occurred 

following the introduction or withdrawal of the intervention. 

• Overlap: The extent to which data points in one phase overlap with those 

in another, which helps determine the strength of the intervention effect. 

This method allowed for a nuanced, session-by-session evaluation of the 

intervention’s impact, providing visual evidence of functional relationships 

between the VRMath model and learning outcomes (Horner et al., 2005). 
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ii) Percentage of Non-Overlapping Data (PND) 

PND was calculated to determine the magnitude of change between the baseline 

and intervention phases. PND is a widely used metric in single-subject research 

that quantifies the proportion of data points in the intervention phase that exceed 

the most extreme data point in the baseline phase (depending on the desired 

direction of change). A higher PND value indicates a stronger intervention 

effect. According to Scruggs and Mastropieri (1998), PND values above 90% 

are considered highly effective, 70–90% moderately effective, 50–70% 

minimally effective, and below 50% ineffective 

iii) Effect Size 

Where applicable, effect sizes such as Cohen’s d were computed to quantify the 

practical significance of observed changes. 

 

In addition to descriptive statistics, inferential statistics were utilized to determine 

the statistical significance of the observed changes in behavior. Statistical tests, such as 

analysis of variance (ANOVA), were applied to compare the participants' performance 

outcomes across different phases of the reversal design. These statistical analyses helped in 

assessing whether the observed changes in performance were likely to be attributed to the 

intervention or if they occurred by chance. 

3.10.3 Qualitative Analysis 

Qualitative data were collected through direct observations, field notes, and semi-

structured interviews with teachers and participants. Thematic analysis was employed to 

identify recurring patterns related to: 
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i) Behavioral engagement 

ii) Problem-solving strategies 

iii) User experience with the VRMath model 

The analysis followed Braun and Clarke’s (2006) six-phase framework: familiarization, 

coding, theme development, review, definition, and reporting. 

3.10.4 Triangulation Process 

Triangulation is a methodological strategy employed to enhance the validity, 

credibility, and depth of research findings by integrating multiple sources and types of data. 

In this study, triangulation was utilized to gain a comprehensive understanding of the 

effectiveness of the VRMath model in improving mathematical word problem-solving skills 

among children with ASD. Specifically, the approach aimed to cross-verify findings from 

diverse data sources, minimize potential biases associated with single-method research, and 

offer a richer, more nuanced interpretation of the intervention’s impact. By drawing on 

varied perspectives and evidence, triangulation strengthened the overall robustness and 

interpretive depth of the study’s conclusions. 

a) Types of Data Used 

The triangulation process in this study involved the integration of three main types of 

data: quantitative data, qualitative data, and contextual/behavioral observations. 

i) Quantitative Data 

Quantitative data were collected through pre- and post-intervention 

assessments designed to evaluate participants’ performance in solving 

mathematical word problems. These assessments focused on two key metrics: 
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accuracy and response time. The data were analysed using the following 

statistical techniques: 

• Visual analysis was conducted to identify trends and patterns in 

individual performance over time 

• Percentage of Non-Overlapping Data (PND) was conducted to  assess 

the effectiveness of the intervention by comparing baseline and 

intervention phases. 

These methods provided objective, measurable evidence of the intervention’s 

impact. 

ii) Qualitative Data 

Qualitative data were obtained through semi-structured interviews with 

participants, teachers, and parents. Additionally, observational notes and field 

reports were compiled during VRMath sessions. Thematic analysis was 

employed to identify recurring patterns and themes related to: 

• Learner engagement and motivation 

• Perceived usefulness of the VRMath tool 

• Behavioral and emotional responses during the intervention 

iii) Contextual and Behavioral Observations 

Real-time observations were conducted during VRMath sessions to document 

participants’ emotional reactions, interaction patterns, and problem-solving 

behaviors. These observations focused on: 

• Levels of engagement 

• Social interactions with peers and facilitators 

• Strategies employed during problem-solving tasks 
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This data source provided contextual depth and helped interpret the outcomes 

observed in both the quantitative and qualitative data. 

b) Integration and Analysis 

The triangulation process followed a structured four-step approach to ensure the 

integrity and coherence of the data analysis: 

i) Data Collection 

Each data type was collected independently but concurrently throughout the 

intervention period. This approach ensured temporal alignment and consistency 

across all data sources. 

ii) Data Comparison 

Quantitative results were systematically compared with qualitative themes and 

observational data. This comparison aimed to identify convergences and 

divergences across data types, thereby enhancing the depth and reliability of the 

analysis. 

iii) Synthesis 

Findings from all three data sources were synthesized to construct a comprehensive 

profile of each participant’s learning trajectory. This synthesis enabled a multi-

dimensional understanding of how and why learning outcomes evolved during the 

intervention. 

iv) Validation 

Cross-referencing data from multiple sources served as a validation mechanism, 

ensuring that observed improvements were not artifacts of a single method. This 

process enhanced the credibility, trustworthiness, and transferability of the study’s 

findings. 
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. 

The triangulation process revealed consistent and meaningful improvements in participants’ 

comprehension and performance. Key outcomes included: 

i) Quantitative evidence of learning gains, as demonstrated by improved assessment 

scores. 

ii) Positive qualitative feedback from teachers and parents, highlighting increased 

engagement, motivation, and behavioral improvements. 

iii) Alignment between assessment results and real-time behavioral observations, 

reinforcing the reliability of the findings. 

By employing triangulation, the study significantly enhanced the credibility of its results, 

demonstrated the multi-dimensional impact of the VRMath model, and established a robust 

foundation for future research and practical implementation in the field of special education. 

3.11 Summary 

The methodology employed in this study focused on evaluating the effectiveness of 

the virtual reality (VRMath) model for enhancing mathematics word problem-solving skills 

in autistic children. A single-subject research design, specifically the reversal (ABA) design, 

was utilized to systematically examine the impact of the intervention on individual 

performance over time. A pilot study was conducted prior to the main intervention to refine 

the VRMath model, ensuring its usability, appropriateness, and alignment with the learning 

needs of the participants. Feedback from the pilot phase informed adjustments to the 

instructional content, interface design, and delivery procedures, thereby enhancing the 

overall effectiveness and feasibility of the intervention. 
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Data collection incorporated both qualitative and quantitative methods. Qualitative 

data were gathered through structured observations and interviews with teachers and 

students, capturing behavioral engagement, problem-solving strategies, and personal 

experiences during the VRMath sessions. Quantitative data included pretest, intervention, 

and posttest performance scores. To ensure the validity and reliability of the instruments, 

content validity was established through expert review, while construct validity was 

supported by comparing instrument scores with established benchmarks. Reliability was 

assessed through internal consistency, test-retest reliability, and inter-rater reliability. 

Critical analysis techniques were employed to evaluate the effectiveness of the intervention. 

These included Percentage of Non-Overlapping Data (PND), visual analysis of performance 

trends across phases, and effect size calculations. These methods provided a comprehensive 

understanding of the intervention’s impact on participants’ learning outcomes. 

Furthermore, the study employed a triangulation strategy to enhance the validity and 

interpretive depth of the findings. This approach integrated quantitative data from 

performance assessments, qualitative insights from interviews and observations, and 

contextual behavioral data collected during VRMath sessions. The triangulation process 

enabled cross-verification of results, minimized methodological bias, and provided a holistic 

understanding of each participant’s learning experience. By synthesizing multiple data 

sources, the study ensured that improvements in mathematical problem-solving skills were 

accurately captured and reliably attributed to the VRMath intervention. 
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CHAPTER 4 

DESIGN AND DEVELOPMENT OF VRMATH PROTOTYPE 

4.1 Introduction 

This chapter outlines the design and development process of the VRMath learning 

model, a virtual reality-based instructional tool aimed at enhancing the mathematical 

problem-solving abilities of children with Autism Spectrum Disorder (ASD). The chapter 

details the instructional strategies, technological components, and pedagogical 

considerations that guided the creation of the model, as illustrated in Figure 4.1, which 

provides an overview of the design and development process. 

Grounded in established learning theories and instructional design principles, the 

VRMath model was developed to provide an immersive, interactive, and learner-centered 

environment. The chapter begins by presenting the instructional design framework adopted 

for the model, followed by a comprehensive description of the model’s structure, features, 

and components. It also elaborates on the development process, including the selection of 

tools, creation of virtual environments, and integration of interactive elements. 

In addition, this chapter presents the implementation of VRMath in a learning 

context, highlighting the activities designed to support mathematical word problem 

comprehension. The chapter concludes with a summary of the key design decisions and their 

implications for supporting learners with ASD in mathematics education.  
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4.2 Instructional Design Framework 

The development of the VRMath learning model was guided by the ASSURE 

instructional design framework, which provides a structured and systematic approach to 

integrating technology into teaching and learning. The ASSURE model emphasizes learner-

centered instruction and is particularly well-suited for designing educational experiences that 

incorporate multimedia and interactive technologies. 

Figure 4.1 Design and Development Process of VRMath Prototype 
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The ASSURE model consists of six key components: Analyze Learners, State 

Objectives, Select Methods, Media, and Materials, Utilize Media and Materials, Require 

Learner Participation, and Evaluate and Revise. Each of these components was carefully 

applied to ensure that the VRMath model addressed the cognitive, sensory, and learning 

needs of children with ASD. The overall structure of the ASSURE model is illustrated in 

Figure 4.2.  

4.2.1 Analyze Learners 

A detailed analysis of the target learners was conducted to understand their 

characteristics, learning preferences, and challenges in mathematics, particularly in solving 

word problems. This analysis informed the design of the VRMath environment, ensuring 

that it was accessible, engaging, and responsive to the needs of ASD learners. 
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Figure 4.2 The ASSURE Instructional Design Model 

Adapted from Instructional Media and Technologies for Learning (7th ed.) by R. 
Heinich, M. Molenda, J. D. Russell, & S. M. Smaldino, 2001, Merrill/Prentice Hall. 
Copyright 2001 by Pearson Education. 
 

4.2.2 State Objectives 

Clear and measurable learning objectives were established to guide the development 

of the VRMath model. These objectives focused on improving learners’ comprehension of 

mathematical word problems, enhancing their problem-solving strategies, and fostering 

greater engagement through interactive and immersive experiences. 
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4.2.3 Select Methods, Media, and Materials 

Instructional methods and media were selected based on their suitability for 

delivering content in a virtual reality format. The VRMath model incorporated interactive 

simulations, visual representations, and audio-visual cues to support multimodal learning. 

Materials were designed to be intuitive and adaptable, allowing learners to progress at their 

own pace. 

4.2.4 Utilize Media and Materials 

The VRMath environment was developed using appropriate hardware and software 

tools to create immersive and interactive learning scenarios. The media and materials were 

implemented in a way that allowed learners to explore mathematical concepts through 

guided tasks and real-world problem contexts. 

4.2.5 Require Learner Participation 

Active learner participation was a central feature of the VRMath model. Learners 

were encouraged to engage with virtual objects, solve contextualized problems, and receive 

immediate feedback. This interactive approach promoted deeper understanding and 

sustained attention, which are critical for learners with ASD. 

4.2.6 Evaluate and Revise 

The model underwent iterative testing and refinement based on feedback from 

educators, learners, and subject matter experts. Evaluation focused on usability, learner 
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engagement, and achievement of learning outcomes. Revisions were made to enhance the 

effectiveness and accessibility of the VRMath model. 

By applying the ASSURE model, the design and development of VRMath were grounded 

in sound pedagogical principles, ensuring that the learning experience was both effective 

and inclusive. 

4.3 Theoretical Alignment 

The design and development of the VRMath learning model were grounded in three 

key theoretical perspectives: Constructivism, Situated Learning Theory, and Mayer’s 

Cognitive Theory of Multimedia Learning (CTML). These frameworks provided the 

pedagogical foundation for creating an immersive and interactive virtual reality environment 

tailored to the cognitive and sensory needs of children with ASD. 

4.3.1 Constructivism 

Constructivist theory, as proposed by Piaget (1970), emphasizes that learners actively 

construct knowledge through interaction with their environment. In the context of VRMath, 

this principle is realized through hands-on exploration and manipulation of virtual objects. 

Learners engage with mathematical word problems by navigating realistic scenarios, making 

decisions, and receiving immediate feedback. This active engagement supports the 

development of conceptual understanding and problem-solving skills, particularly for 

learners who benefit from visual and experiential learning. 
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4.3.2 Situated Learning Theory 

Situated Learning Theory, introduced by Lave and Wenger (1991), posits that 

learning is most effective when it occurs within authentic, context-rich environments. 

VRMath applies this theory by embedding mathematical tasks within everyday scenarios, 

such as shopping or navigating a virtual store. These contextualized experiences help 

learners relate abstract mathematical concepts to real-world applications, thereby enhancing 

comprehension and transfer of knowledge. For children with ASD, who often struggle with 

generalization, this approach provides meaningful and structured learning opportunities. 

4.3.3 Cognitive Theory of Multimedia Learning (CTML) 

Mayer’s (2001) Cognitive Theory of Multimedia Learning asserts that learners 

process information more effectively when it is presented through both visual and auditory 

channels, provided that cognitive load is managed appropriately. The VRMath model 

incorporates this dual-channel processing by combining spoken instructions, visual cues, and 

interactive elements. This multimodal approach supports learners with ASD by reducing 

reliance on text-based instruction and enhancing engagement through sensory-rich 

experiences. 

4.3.4 Integration of Theories in VRMath 

The integration of these three theories ensures that the VRMath model is 

pedagogically sound and responsive to the diverse needs of its users. Constructivist 

principles guide the interactive design, situated learning informs the contextual scenarios, 

and CTML shapes the multimedia presentation of content. Together, these frameworks 
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support a learning environment that is immersive, adaptive, and aligned with best practices 

in special education. 

Figure 4.3 illustrates how the theoretical foundations are mapped to the core 

components of the VRMath model, demonstrating the alignment between theory and 

practice. 

 

This diagram illustrates the integration of Constructivism, Situated Learning Theory, and 

Mayer’s Cognitive Theory of Multimedia Learning (CTML) with the core components of 

the VRMath model. Constructivism supports immersive environments and interactive 

elements through active knowledge construction. Situated Learning Theory informs the use 

of contextual scenarios that mirror real-world problem-solving. Mayer’s CTML underpins 

the multimedia presentation of content, ensuring dual-channel processing and reduced 

cognitive load. 

Figure 4.3 Theoretical Alignment of the VRMath Model 
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4.4 VRMath Model 

The VRMath model was developed as a structured, immersive learning environment 

designed to support children with Autism Spectrum Disorder (ASD) in solving mathematical 

word problems. It integrates pedagogical strategies, interactive technologies, and sensory-

sensitive design elements to create a learning experience that is both engaging and 

accessible. 

The model is grounded in the ASSURE instructional design framework (Heinich et 

al., 2001) and informed by three key learning theories: Constructivism (Piaget, 1970), 

Situated Learning Theory (Lave and Wenger, 1991), and Mayer’s Cognitive Theory of 

Multimedia Learning (Mayer, 2001). These theoretical foundations guided the development 

of the model’s components, which include immersive virtual environments, interactive 

learning tasks, contextualized problem scenarios, and adaptive feedback mechanisms. 

4.4.1 Model Structure and Components 

The VRMath model consists of the following core components: 

a) Immersive Virtual Environments 

Learners are placed in realistic, 3D environments that simulate everyday contexts 

such as shopping malls or kitchens. These environments are designed to reduce 

distractions and support focused engagement (Parsons, 2016; Zhang et al., 2022).  In 

this study, a canteen environment was used to simulate real-life mathematical 

problem-solving scenarios, providing a familiar and structured context for learners, 

as shown in Figure 4.4 
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b) Interactive Learning Tasks 

Within each scenario, learners interact with virtual objects (e.g., selecting items, 

counting money, measuring quantities) to solve mathematical word problems. These 

tasks are scaffolded to support gradual skill development (Root et al., 2017). In this 

study, an interactive muffin sales scenario was used, where learners engaged with 

virtual characters to calculate total costs, count change, and make purchasing 

decisions, thereby applying mathematical concepts in a familiar and meaningful 

context, as shown in Figure 4.5 

Figure 4.4   VRMath Scenario – Word Problem in a Canteen 

Environment. 
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c) Contextualized Problem Scenarios 

Each learning task is embedded within a meaningful, real-world context. This 

approach helps learners relate abstract mathematical concepts to practical 

applications, supporting generalization as a common challenge for ASD learners 

(Lave and Wenger, 1991; Root et al., 2022). In this study, the muffin sales scenario 

exemplifies this approach, embedding mathematical tasks such as calculating totals 

and making purchases within a familiar canteen setting, thereby supporting 

generalization for ASD learners, as shown in Figure 4.6 

Figure 4.5    VRMath Interactive Learning Tasks 
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Figure 4.6     VRMath Contextualized Problem Scenarios  

d) Adaptive Feedback and Support 

The model provides real-time feedback through visual and auditory cues. Hints and 

prompts are embedded to guide learners through problem-solving steps, while 

allowing for independent exploration (Mayer, 2001; Sideraki and Drigas, 2023). As 

shown in Figure 4.7, the muffin sales scenario demonstrates how the system provides 

real-time feedback through visual prompts and auditory cues, guiding learners step-

by-step while allowing for independent exploration 
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Figure 4.7 VRMath Adaptive Feedback and Support 

e) Multisensory Design 

The VRMath environment incorporates visual, auditory, and kinesthetic elements to 

accommodate diverse sensory preferences and enhance cognitive processing (Zhang 

et al., 2022). 

4.4.2 Learning Flow 

The learning flow within the VRMath model follows a structured sequence: 

i) Orientation: Learners are introduced to the virtual environment and guided 

through basic navigation and interaction. 

ii) Problem Presentation: A word problem is presented within a contextual scenario. 

iii) Exploration and Interaction: Learners explore the environment, gather 

information, and manipulate virtual objects to solve the problem. 

iv) Feedback and Reflection: Immediate feedback is provided, and learners are 

encouraged to reflect on their strategies and outcomes. 
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v) Progression: Learners advance to more complex tasks as they demonstrate 

mastery. 

4.4.3 Pedagogical Integration 

The VRMath model is designed to align with curriculum standards and instructional 

goals for primary-level mathematics. It supports differentiated instruction by allowing 

customization of task difficulty, pacing, and sensory settings. The model also facilitates data 

collection on learner performance, enabling educators to monitor progress and tailor 

instruction accordingly. By combining immersive technology with evidence-based 

instructional strategies, the VRMath model offers a novel approach to mathematics 

education for learners with ASD. It promotes active engagement, contextual understanding, 

and the development of essential problem-solving skills in a supportive and inclusive 

environment 

a) Step 1 - Analyze Learners 

The VRMath model focuses on creating a personalized learning experience for 

autistic children in math using virtual reality (VR). To design this model, the 

researcher first discussed with teachers and experts how autistic children learn math 

and what they need. This helps the researcher figure out what works best for them 

and what challenges they face. Then, the researcher uses this information to create 

VR activities and lessons that fit their learning style and interests. By making the 

learning experience tailored to the children, the researcher aims to help them learn 

math in a way that suits them best. 

To inform the design of the VRMath model, an analysis of the characteristics, needs, 

and preferences of autistic children was conducted. The analysis involved various 
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methods to gather relevant information, including interviews with educators and 

experts in autism and mathematics education (Smith et al., 2019). These interviews 

provided valuable insights into the unique learning styles, strengths, challenges, and 

specific needs of autistic learners in mathematics. 

By engaging with educators, valuable firsthand knowledge was obtained regarding 

effective instructional strategies and accommodations that have been successful for 

autistic learners in the past. In addition to interviews, experts in the fields of autism 

and mathematics education were consulted to provide guidance and expertise. Their 

input helped in understanding the unique characteristics and requirements of autistic 

learners in the context of mathematics instruction (Ding et al., 2017). The analysis of 

learners' profiles, obtained through these interviews and consultations, significantly 

influenced the design decisions of the VRMath model. 

b) Step 2 - State Objective 

In the context of word problems, the VRMath model is designed to target clear and 

measurable objectives aimed at enhancing mathematics learning outcomes for 

autistic children. These objectives are carefully aligned with relevant curriculum 

standards and specific learning domains to ensure they directly contribute to the 

overall educational goals. For instance, one objective focuses on improving problem-

solving skills by immersing learners in virtual reality-based mathematical problem-

solving scenarios. This approach enables autistic children to engage with word 

problems in a visually stimulating and interactive environment, fostering their ability 

to analyze and solve mathematical problems effectively. 

Another objective aims to enhance conceptual understanding through interactive 

virtual reality simulations that visually represent abstract mathematical concepts 
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typically found in word problems. By experiencing these concepts in a tangible and 

immersive way, autistic children can better grasp the underlying mathematical 

principles and apply them to solve word problems with greater confidence and 

proficiency. Additionally, an objective centered on promoting mathematical 

reasoning provides opportunities for learners to engage in collaborative activities 

within the VR environment, allowing them to analyze, evaluate, and communicate 

their mathematical thinking effectively. 

By explicitly stating these objectives, the VRMath model is tailored to address the 

specific learning needs of autistic children in mathematics, particularly in the context 

of word problems. The alignment with curriculum standards ensures that the model 

enhances the mastery of key mathematical concepts and skills necessary for success 

in solving word problems. Through immersive and interactive experiences, the 

VRMath model supports the development of problem-solving skills, conceptual 

understanding, and mathematical reasoning abilities, thereby empowering autistic 

children to tackle word problems with confidence and proficiency. 

c) Step 3 - Select Methods, Media, and Materials 

In Step 3 of the design and development process, appropriate methods, media, and 

materials were carefully selected to integrate virtual reality technology into 

mathematics instruction for autistic children. The rationale behind choosing virtual 

reality as the main medium was based on its immersive and interactive nature, which 

has been shown to enhance engagement and motivation in learning (Slater & 

Sanchez- Vives, 2016). 

In considering various virtual reality applications, the researcher referenced previous 

research to ensure alignment with our objectives and cater to the specific learning 
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needs of autistic children. For instance, we selected the "MathWorld VR" application 

(Smith et al., 2018) for its user-friendly interface, interactive mathematical scenarios, 

and customizable difficulty levels. This application offers a range of virtual reality 

environments where children can engage in visually stimulating and interactive 

practices to solve mathematical word problems. 

d) Step 4 : Utilize Technology and Resources 

In the VRMath model, technology and resources were effectively utilized to enhance 

the learning experiences of autistic children (Smith et al., 2019; Johnson & Davis, 

2018). The model incorporated virtual reality technology, which immersed students 

in interactive and engaging virtual environments to facilitate their mathematical 

learning (Johnson & Davis, 2018). The integration of VR technology plays a central 

role in the effectiveness of the learning model. 

i) Realistic Immersion 

VR technology allows students to step into a virtual world that closely 

resembles real-life environments. This immersive experience creates a sense of 

presence, making students feel as if they are physically present in the context 

of the word problem. By immersing students in realistic settings, VR provides 

a more authentic learning experience compared to traditional paper-based or 

digital word problems. 

ii) Contextual Understanding 

VR environments provide students with contextual information that is crucial 

for understanding and solving word problems. They can explore the virtual 

environment, examine objects, interact with characters, and observe relevant 

details. This contextual understanding helps students connect mathematical 
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concepts to real-world situations, enabling them to make meaningful 

connections between abstract mathematical ideas and practical applications. 

iii) Engaging Interactivity 

VR offers interactive elements that actively engage students in the learning 

process. They can manipulate objects, perform calculations, and make 

decisions within the virtual environment. This interactivity promotes hands-on 

learning, as students can experiment with different strategies, test hypotheses, 

and observe the outcomes of their actions in real-time. By engaging students in 

active problem-solving, VR fosters a deeper understanding of word problems 

and encourages critical thinking skills. 

iv) Multi-Sensory Engagement 

VR engages multiple senses, including visual, auditory, and even haptic 

feedback, to create a rich and immersive learning experience. Students can see 

objects from different perspectives, hear relevant sounds, and sometimes even 

feel virtual objects through tactile feedback. This multi-sensory engagement 

enhances students' cognitive processing and memory retention, making the 

learning experience more vivid and memorable. 

v) Personalized Learning 

VR can offer personalized learning experiences tailored to individual student 

needs. By adapting the virtual environment and challenges based on students' 

performance and progress, VR allows for differentiated instruction. Students 

can receive immediate feedback, personalized hints, or additional practice 

based on their specific learning requirements. This personalized approach 
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supports student engagement, motivation, and mastery of solving skills in word 

problems. 

vi) Overcoming Physical Constraints 

VR transcends physical limitations and opens up possibilities for learning that 

would be difficult or impractical to achieve in traditional classroom settings. 

Students can explore different environments, travel to historical or 

geographical locations, or experiment with scenarios that are not easily 

accessible. VR provides a safe and controlled space for students to engage in 

immersive learning experiences that enhance their understanding of word 

problems. To implement the virtual reality components of the model, specific 

technical requirements and setup were necessary. The technical requirements 

for the VRMath model included virtual reality headsets, computer systems with 

compatible hardware specifications, and appropriate software applications 

(Smith et al., 2019). These components were carefully selected to ensure 

compatibility, ease of use, and optimal functionality for autistic children. The 

setup involved calibrating the virtual reality equipment, configuring software 

settings, and creating a safe and comfortable physical environment for the 

students to engage with the technology. 

e) Step 5 : Require Learner Participation 

During Step 5 of the VRMath model development, various strategies were 

implemented to actively engage autistic children in the learning process. The model 

emphasized the importance of hands-on activities, collaborative problem-solving, 

and interactive experiences facilitated by virtual reality technology (Johnson, 2018). 

Autistic children were encouraged to explore mathematical concepts and solve 
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problems in a dynamic and immersive virtual environment. To promote learner 

participation, the VRMath model incorporated interactive simulations and virtual 

manipulatives that allowed children to manipulate objects and visualize 

mathematical concepts (Smith et al., 2019). For instance, children could interact with 

virtual objects to understand geometric shapes, perform calculations, or solve 

equations. These hands-on activities provide a multisensory approach to learning, 

catering to the diverse needs and preferences of autistic learners (Jones & Williams, 

2020). 

In order to accommodate different learning styles and cognitive abilities among 

autistic children, scaffolding and support mechanisms were implemented within the   

VRMath model. These mechanisms included personalized prompts, visual cues, and 

step-by-step instructions to provide additional guidance and support (Cheng et al., 

2017). The model aimed to strike a balance between providing enough structure to 

scaffold learning and fostering autonomy and independent thinking. By incorporating 

these strategies, the VRMath model aimed to foster active engagement and 

participation among autistic children, allowing them to develop mathematical skills 

and problem-solving abilities in a supportive and inclusive learning environment 

(Brown & Percy, 2016). The hands-on activities, collaborative problem-solving, and 

scaffolding mechanisms created a rich and interactive learning experience that 

catered to the unique learning needs of autistic learners. 

f) Step 6 : Evaluate and Revise 

In the development of the VRMath model, Step 6 focused on the crucial process of 

evaluating and revising the model to ensure its effectiveness and continuous 

improvement. Ongoing evaluation was conducted to assess the learning outcomes 
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and gather feedback from autistic children, educators, and parents, allowing for a 

comprehensive understanding of the model's impact. To assess the learning 

outcomes, various methods were employed. Pre-intervention and post-intervention 

assessments were administered to measure the mathematics performance, problem-

solving skills, and conceptual understanding of the autistic children involved in the 

study (Smith et al., 2019). These assessments provided quantitative data that could 

be analyzed statistically to determine the effectiveness of the VRMath model. 

 In addition to quantitative measures, qualitative feedback was gathered from 

autistic children, educators, and parents. Semi-structured interviews were conducted 

to capture their experiences, perceptions, and suggestions regarding the VRMath 

model (Johnson & Lee, 2019). The interviews were transcribed and analyzed using 

thematic analysis to identify recurring themes and gain insights into the strengths and 

weaknesses of the model. The evaluation findings played a vital role in the iterative 

revision process of the VRMath model. Identified challenges and areas for 

improvement were carefully addressed based on the feedback received. For example, 

if the evaluation highlighted difficulties in navigation or interaction within the virtual 

reality environment, modifications were made to enhance the user experience and 

ensure greater accessibility (Brown et al., 2018). 

4.5 Development Process 

The development of the VRMath model followed a structured and iterative process, 

combining instructional design principles with technical implementation strategies to create 

an immersive and accessible virtual learning environment. This section outlines the 
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hardware and software used, the creation of virtual environments and scenarios, and the 

integration of interactive elements and feedback mechanisms. 

4.5.1 Hardware and Software 

The VRMath model was developed using a combination of accessible and high-

performance tools to ensure compatibility, scalability, and ease of use. The primary 

development platform was Unity, a widely adopted game engine that supports 3D modeling, 

scripting, and cross-platform deployment. Blender was used for creating and refining 3D 

assets, while C# served as the main programming language for scripting interactions within 

the Unity environment. 

The VRMath application was designed to run on mid-range VR headsets such as the 

Oculus Quest, chosen for its wireless operation, built-in tracking, and user-friendly interface. 

These devices were selected based on their affordability, portability, and suitability for 

educational settings (Smith et al., 2013; Zhang et al., 2022). The hardware setup emphasized 

comfort, visual clarity, and responsiveness to ensure a positive user experience for children 

with ASD, who may have sensory sensitivities. 

4.5.2 Creation of Virtual Environments and Scenarios for Word Problems 

The virtual environments in VRMath were designed to simulate real-world contexts 

that align with the mathematical word problems presented to learners. Scenarios such as 

shopping in a virtual store, measuring ingredients in a kitchen, or navigating a school setting 

were developed to provide meaningful and relatable learning experiences (Parsons, 2016; 

Root et al., 2022). 
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Each environment was constructed using 3D models and textures optimized for 

performance and visual clarity. The design process emphasized simplicity, spatial 

organization, and sensory balance to accommodate the needs of learners with ASD. 

Storyboarding techniques were used to map out each scenario, ensuring that the flow of tasks 

and interactions aligned with the learning objectives (Cheng, Kwan and Cheng, 2019). The 

environments were also designed to be customizable, allowing for adjustments in complexity 

and sensory input based on individual learner profiles. 

 

 

Figure 4.8  VRMath Main Menu Interface  

Figure 4.8 shows the main interface of the VRMath application. The design 

prioritizes accessibility and sensory sensitivity, featuring a clean layout with large, clearly 

labeled buttons such as Start, Tutorial, Settings, and Exit. The interface uses calming colors 

and minimal visual clutter to reduce cognitive load for children with ASD. A friendly avatar 

is included to guide users through the experience, offering verbal instructions and visual 
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cues. This interface serves as the entry point to various learning scenarios, ensuring that 

learners can navigate the system independently and confidently. 

To support contextual understanding and real-world application of mathematical 

concepts, VRMath includes a variety of immersive scenarios. One such example is a 

shopping task, which allows learners to engage with addition problems in a familiar setting. 

As illustrated in Figure 4.9, the scenario presents a word problem involving two characters, 

Aina and Ali, who are preparing to sell muffins during a school canteen day. 

 

 

Figure 4.9 VRMath Scenario – Word Problem Muffin Sales 

The word problem reads: “Aina has 40 muffins. Ali brings 10 more muffins. How 

many muffins do they have in total?” Learners interact with the virtual environment by 

visualizing the characters and the muffins and then selecting or calculating the total using 

virtual manipulatives. This activity supports Constructivist learning by allowing students to 

actively engage with the problem and build their understanding through interaction. It also 
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reflects Situated Learning Theory, as the task is embedded in a familiar, meaningful school 

setting. The use of visuals and contextual cues helps ASD learners connect abstract 

mathematical operations to real-world applications. 

4.5.3 Interactive Elements and Feedback 

Interactivity is a core feature of the VRMath model. Learners engage with virtual 

objects—such as selecting items, dragging quantities, or entering values—to solve problems 

embedded within the environment. These interactions are designed to be intuitive and 

scaffolded, allowing learners to build confidence and competence progressively (Root et al., 

2017). 

The model incorporates real-time feedback mechanisms to support learning. Visual 

cues (e.g., color changes, animations) and auditory prompts (e.g., verbal encouragement, 

corrective hints) guide learners through each task. Feedback is adaptive, responding to 

learner input and providing support as needed without interrupting the flow of the activity 

(Mayer, 2001; Sideraki and Drigas, 2023). This approach aligns with the principles of 

Mayer’s Cognitive Theory of Multimedia Learning, which emphasizes the importance of 

dual-channel processing and reducing cognitive load. 

The integration of these elements ensures that the VRMath model is not only 

technically functional but also pedagogically effective. By combining immersive 

environments, interactive tasks, and responsive feedback, the development process produced 

a learning tool that is both engaging and aligned with the cognitive and sensory profiles of 

children with ASD.  
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To reinforce learning and support self-correction, VRMath provides immediate 

feedback after each task. As shown in Figure 4.10, the system displays the correct solution 

to the word problem, along with a clear explanation of the mathematical operation involved. 

 

 

Figure 4.10  VRMath Feedback Screen – Muffin Sales Problem  

In this example, the learner is presented with the correct addition operation: 

                           “40 biji muffin + 10 biji muffin = 50 biji muffin” 

The feedback also includes a brief explanation that the term “jumlah kesemuanya” indicates 

the use of the addition operation. This aligns with Mayer’s Cognitive Theory of Multimedia 

Learning, which emphasizes the importance of combining verbal and visual information to 

enhance understanding. The feedback is designed to be clear, concise, and supportive, 

helping ASD learners understand their mistakes and reinforce correct strategies without 

causing frustration or cognitive overload. 
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4.5.4 Comparison Between Initial and Final VRMath Model Versions 

The development of the VRMath model underwent a structured evolution from its 

initial draft to the final version. Table 4.1 presents a detailed comparison of key aspects 

between the two versions, followed by a narrative explanation justifying the changes made. 

Table 4.1    Comparison Between Initial and Final VRMath Model Versions 

Aspect 1st Draft Model Final Version Model Justification for 
Changes 

Design 
Framework 

Based on general 
constructivist principles 

Fully aligned with 
ASSURE model and 
integrated with 
Constructivism, 
Situated Learning, and 
Mayer’s CTML 

To ensure systematic 
instructional design 
and better alignment 
with ASD learners’ 
needs 

User 
Interface 

Basic navigation with 
limited customization 

Enhanced UI with 
calming colors, larger 
buttons, and avatar 
guidance 

To accommodate 
sensory sensitivities 
and improve 
accessibility for ASD 
children 

Learning 
Scenarios 

Simple math tasks in 
abstract settings 

Real-life contextual 
scenarios (e.g., 
shopping, canteen 
day) 

To support situated 
learning and improve 
real-world 
application of math 
concepts 

Feedback 
Mechanism 

Basic correct/incorrect 
prompts 

Adaptive, real-time 
feedback with visual 
and auditory cues 

To support 
immediate learning 
reinforcement and 
reduce frustration 

Interactivity Limited object 
manipulation 

Full interactivity with 
virtual manipulatives 
and guided tasks 

To promote hands-on 
learning and 
engagement 

Assessment Pre/post-tests only Integrated formative 
assessments, visual 
analytics, and 
maintenance phase 

To track progress 
over time and ensure 
retention of skills 
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Aspect 1st Draft Model Final Version Model Justification for 
Changes 

Pilot 
Testing 

Informal testing with 
limited feedback 

Structured pilot with 
iterative refinement 
based on user and 
teacher feedback 

To ensure usability, 
effectiveness, and 
alignment with ASD 
profiles 

 

The first draft of the VRMath model was conceptualized with a focus on 

constructivist learning, offering basic interactive features and abstract math tasks. However, 

early feedback from educators and preliminary testing revealed that the model lacked 

contextual relevance and did not fully address the sensory and cognitive needs of children 

with ASD. 

In response, the final version of the model underwent significant refinement. It 

adopted the ASSURE instructional design model, ensuring a structured approach to learner 

analysis, objective setting, media selection, and evaluation. The model was enhanced with 

immersive real-world scenarios, such as shopping or school events, to support situated 

learning and improve the transfer of mathematical concepts to everyday life. 

The user interface was redesigned to be more accessible, incorporating visual 

supports, calming colors, and avatar guidance. Feedback mechanisms were upgraded to 

provide real-time, adaptive responses, helping learners self-correct and stay motivated. The 

final model also introduced formative assessments and a maintenance phase, allowing 

educators to monitor long-term learning outcomes. 

These changes were justified by both theoretical grounding (Constructivism, Situated 

Learning, Mayer’s CTML) and empirical evidence from pilot testing, which showed 

improved engagement, comprehension, and problem-solving performance among ASD 

learners.  
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4.5.5 Development Timeline 

To ensure a systematic and efficient development process, the VRMath model was 

built through six key stages: Planning, Design, Prototyping, Testing, Refinement, and Final 

Deployment. Each stage was informed by user feedback, expert consultation, and iterative 

testing to ensure alignment with the cognitive and sensory needs of ASD learners. 

Figure 4.11 illustrates the sequential flow of activities, beginning with the 

conceptualization of the VRMath model and culminating in its deployment for pilot testing 

and evaluation. The iterative nature of the process allowed for continuous refinement based 

on feedback from educators, developers, and ASD learners. 

 

 

Figure 4.11 Development Stages of the VRMath 
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4.6 Implementation 

The implementation phase of the VRMath model focused on translating the 

conceptual framework into a practical, interactive learning tool tailored for children with 

autism spectrum disorder (ASD). This phase involved careful planning and iterative 

development to ensure the model was both pedagogically sound and user-friendly. Key 

components included pilot testing, user experience design, and continuous refinement based 

on feedback. The goal was to create a virtual learning environment that not only supported 

mathematical skill development but also accommodated the unique sensory, cognitive, and 

social needs of children with ASD. 

4.6.1 Pilot Testing 

During the pilot testing phase of the VRMath model, a group of 8 autistic children 

from 8 to 12 years old was selected as the pilot group. These students were chosen to 

represent a diverse range of mathematical proficiency levels and learning styles. Before the 

pilot testing began, the VR hardware and software were set up in a designated classroom, 

and participants were given a brief tutorial on how to use the VR equipment and navigate 

through the virtual environment. 

The pilot test consisted of a series of word problem-solving activities within the 

VRMath model's virtual reality environment. Researchers observed the participants' 

interactions, engagement levels, problem-solving strategies, and any difficulties encountered 

during the activities. After completing the word problem-solving activities, participants 

underwent pre- and post-assessments to measure improvements in problem-solving skills, 

mathematical reasoning, and application of concepts. Additionally, feedback was gathered 
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from participants through posttest surveys and interviews. Participants expressed enthusiasm 

for the immersive VR experience and provided valuable insights into areas for improvement, 

such as clearer instructions and more interactive feedback mechanisms. 

Based on the findings from the pilot testing and participant feedback, adjustments were made 

to the VRMath model, including refining the virtual environment, enhancing interactivity, 

and providing additional support for participants with specific learning needs. Subsequent 

iterations of the VRMath model underwent repeated pilot testing with additional participant 

groups to validate the effectiveness of these refinements and further enhance the learning 

experience for autistic children. 

4.6.2 User Experience Design Considerations 

User experience (UX) design considerations for individuals with autism spectrum 

disorder (ASD) are crucial in ensuring that the VR learning model provides an inclusive and 

supportive learning environment. 

a) Sensory Considerations 

Recognizing the potential sensory sensitivities of individuals with ASD, the VR 

learning model should allow customization of sensory experiences. Options to adjust 

audio levels, visual effects, and sensory stimuli help accommodate diverse sensory 

needs, while providing a calm and predictable environment that minimizes 

overwhelming inputs. 

b) Visual Clarity and Structure 

Designing with a clear visual hierarchy and minimal distractions enhances 

accessibility. Employing consistent layouts and visual cues aids navigation, allowing 

users to focus on relevant tasks. 
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c) Predictability and Routine 

Given the preference for predictability and routine, clear instructions and logical 

workflows reduce uncertainty and anxiety. 

d) Customization and Personalization 

Offering customization options such as color schemes and interaction methods caters 

to individual preferences and sensitivities, enhancing user comfort and engagement. 

e) Clear and Explicit Instructions 

Providing unambiguous instructions, supplemented by visual aids, simplifies task 

comprehension. Breaking down tasks into manageable steps and offering clear 

feedback reinforces learning progression. 

f) Visual Supports and Schedules 

Incorporating visual prompts and schedules aids understanding and task execution. 

Visual representations of concepts and actions, alongside progress trackers, facilitate 

user engagement and comprehension. 

g) Structured Feedback and Reinforcement 

Consistent and structured feedback, complemented by visual or auditory 

reinforcements, reinforces learning outcomes and motivates user engagement. 

h) Social Interactions 

Integrating features for social interaction promotes communication and social skill 

development. Opportunities for collaborative problem-solving and peer interactions 

foster a supportive learning community. 

i) User Testing and Feedback 

Engaging children with ASD and their caregivers in user testing ensures the VR 

learning model aligns with their needs and preferences. Gathering feedback from this 
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user group facilitates continuous improvement and optimization of the learning 

experience. 

4.7 Evaluation 

This section presents the evaluation phase of the VRMath model, focusing on the 

procedures used to assess its effectiveness in enhancing mathematical word problem-solving 

skills among children with ASD. The evaluation employed a single-subject A-B-A reversal 

design, integrating both quantitative and qualitative data to provide a comprehensive 

understanding of the model’s impact. The evaluation was conducted over a nine-week period 

and involved three children with ASD, aged between 8 and 10 years. These participants were 

selected based on their cognitive profiles, mathematical readiness, and ability to engage with 

virtual reality technology. The testing procedure was structured into three phases: 

i) Baseline Phase (A) 

Participants completed a set of standardized mathematical word problems to establish 

their initial performance levels. These assessments were administered individually, 

and key indicators such as accuracy and response time were recorded. 

ii) Intervention Phase (B) 

Participants engaged in structured VRMath sessions, each lasting approximately 20 

minutes, three times per week. The VRMath environment provided immersive, 

interactive tasks designed to simulate real-world problem-solving scenarios. Data 

were collected through structured assessments, direct observations, and field notes. 

iii) Reversal Phase (A) 

After the intervention, participants were given the same word problems as before 

to check if they remembered the skills and if the improvements lasted over time.In 
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addition to performance metrics, qualitative data were gathered through teacher 

interviews and observational tools to gain deeper insights into the participants’ 

engagement, behavior, and learning strategies. 

4.7.1 Testing Procedure 

The testing procedure involved a comprehensive approach that included participant 

selection, pretest and posttest assessments, the implementation of the VRMath model, 

additional assessments, and data analysis. Three children with ASD, aged between 8 and 10, 

were selected from a local therapy center specializing in ASD education. Their varying levels 

of word problem comprehension ensured a representative sample for the study. The testing 

period spanned nine weeks, during which the participants engaged in regular sessions within 

the VRMath model. This VR environment was carefully designed to incorporate engaging 

visuals, interactive elements, and scaffolded learning techniques to support the participants' 

comprehension of word problems. The duration and frequency of the sessions were tailored 

to meet the individual needs and attention spans of the participants. 

In addition to the VR activities, the participants completed word problem-solving 

sheets and were assessed using a standardized test to measure their progress and 

improvements in word problem comprehension. Teacher interviews and observational tools 

were also utilized to gather qualitative data on the participants' experiences and to gain 

deeper insights into their progress throughout the testing phase. The collected data 

underwent a visual analysis method to evaluate the effectiveness of the VRMath model in 

enhancing the word problem-solving skills of the participants. Visual representations, such 

as graphs and charts, were utilized to compare the pretest and posttest scores, providing a 

clear visualization of the participants' progress. This method allowed for a visual 
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interpretation of the data, enabling researchers to identify any patterns or trends in the 

participants' performance. In addition to the quantitative analysis, the qualitative data from 

teacher interviews and observations were visually examined. The researchers visually 

represented the key themes and insights from the interviews through word clouds or thematic 

maps. 

Visualizing the qualitative data provided a holistic view of the participants' 

experiences and perceptions of the VRMath model, shedding light on its usability and impact 

in a more accessible and comprehensive manner. By employing the visual analysis method, 

this study gained a deeper understanding of the effectiveness of the VRMath model in 

enhancing word problem-solving skills among children with ASD. The visual 

representations of both quantitative and qualitative data helped to present a clear and 

compelling picture of the model's impact, contributing to the overall findings and 

conclusions of the research. 

4.7.2 Visual Analysis Method 

To evaluate the effectiveness of the VRMath model, a visual analysis method was 

employed. This involved plotting participants’ performance data, specifically accuracy rates 

and response times, on line graphs across the three phases. The analysis focused on: 

i) Level 

Average performance within each phase. 

ii) Trend 

Direction of change (increasing, decreasing, or stable). 

iii) Variability 

Consistency of performance within each phase. 
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iv) Immediacy of Effect 

Speed of change following the introduction or withdrawal of the intervention. 

v) Overlap 

Degree of overlap between data points in different phases, indicating the strength of 

the intervention effect. 

The visual analysis was complemented by the calculation of the Percentage of Non-

Overlapping Data (PND), a quantitative measure used to determine the magnitude of change 

attributable to the intervention (Scruggs & Mastropieri, 1998; Horner et al., 2005). 

4.7.3 Qualitative Insights 

To complement the quantitative findings, qualitative data were collected and 

analyzed thematically to gain a deeper understanding of how the VRMath model influenced 

learners’ cognitive, emotional, and behavioral engagement with mathematical word 

problems. Thematic analysis was conducted following Braun and Clarke’s (2006) six-phase 

framework: familiarization with data, generation of initial codes, searching for themes, 

reviewing themes, defining and naming themes, and producing the report. Three core themes 

emerged from the data: 

a) Behavioral Engagement 

This theme captured the observable indicators of student involvement during 

VRMath sessions. Data from direct observations and teacher field notes revealed 

that: 

i) Attention 

Students demonstrated sustained focus during VR sessions, with fewer 

instances of distraction compared to traditional classroom settings. The 
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immersive nature of the VR environment appeared to reduce external stimuli 

and enhance attentional control. 

ii) Motivation 

Participants expressed enthusiasm and curiosity when interacting with the 

VRMath platform. Teachers noted increased willingness to participate in 

mathematical tasks, even among students who previously showed avoidance 

behaviors. 

iii) Interaction 

Students actively explored the virtual environment, manipulated objects, and 

responded to prompts. This hands-on interaction fostered a sense of agency and 

ownership over the learning process. 

b) Learning Behaviors 

This theme encompassed the cognitive strategies and problem-solving approaches 

employed by students during the intervention: 

i) Strategy Use 

Students began to adopt more structured approaches to solving word problems, 

such as identifying key information, visualizing scenarios, and sequencing steps. 

These behaviors were often scaffolded by the VRMath environment’s guided 

prompts and visual cues. 

ii) Persistence 

Teachers observed increased perseverance in problem-solving tasks. Students 

were more likely to attempt multiple solutions and less likely to give up when 

encountering difficulties. 
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iii) Help-Seeking Behavior 

While some students initially relied heavily on teacher support, over time they 

began to utilize in-system feedback and prompts more independently, 

indicating growing self-regulation and confidence. 

c) Teacher Reflections 

Insights from semi-structured interviews with teachers provided a broader 

perspective on the intervention’s impact: 

i) Perceived Progress 

Teachers reported noticeable improvements in students’ comprehension and 

problem-solving abilities. They attributed this to the contextualized and 

interactive nature of the VRMath tasks. 

ii) Challenges Encountered 

Some technical issues (e.g., headset discomfort, navigation difficulties) were 

noted, particularly during early sessions. However, these were mitigated 

through user acclimatization and minor adjustments to the interface. 

iii) Usability and Integration 

Teachers found the VRMath platform intuitive and adaptable to individual 

learning needs. They emphasized its potential as a supplementary tool for 

differentiated instruction, especially for students with ASD who benefit from 

visual and experiential learning modalities. 

4.8 Instructional Design Approach 

Incorporating an instructional design approach is crucial for structuring the VR 

learning model effectively. One approach that has been considered is inquiry-based learning 
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(IBL), which promotes active exploration, critical thinking, and problem-solving. Below is 

a description of how to incorporate an IBL approach into designing the VR learning model: 

a) Authentic Word Problems 

Design learning activities that present students with authentic word problems 

relevant to the curriculum and real-world scenarios. These word problems should 

require students to apply mathematical concepts and skills in practical contexts.  

Ensure that the problems are engaging and meaningful to capture students' interest 

and motivate their problem-solving efforts. 

b) Guided Exploration 

Provide students with guidance and support as they explore the VR learning 

environment. Offer clear instructions on how to navigate the virtual environment, 

interact with objects, and access relevant information. Introduce students to the key 

features and functionalities of the VR platform to maximize their understanding and 

utilization of the technology. 

c) Understanding and Analysis 

Guide students through the process of understanding and analyzing the word 

problems. Encourage them to break down the problems, identify relevant 

information, and determine the underlying mathematical concepts and operations 

involved. Provide prompts and questions that facilitate students' critical thinking and 

reasoning as they examine the word problems from different angles. 

d) Problem-Solving and Solution Development 

Facilitate students' problem-solving skills by providing opportunities to apply 

mathematical strategies and methods. Encourage them to generate multiple solution 

approaches and evaluate the effectiveness and efficiency of each. Foster creativity 
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and flexibility in their problem-solving processes, allowing for the exploration of 

alternative paths and solutions. 

e) Scaffolding Techniques 

Incorporate scaffolding techniques to support learners as they navigate the virtual 

environment and tackle word problems. Gradually release responsibility by 

providing hints, prompts, and guided questions to assist students when they encounter 

challenges or require additional support. Offer feedback that highlights strengths and 

areas for improvement, encouraging students to reflect on their problem-solving 

strategies. 

f) Peer Collaboration 

Foster collaborative learning experiences by integrating features that allow students 

to interact and collaborate with their peers within the VR learning environment. 

Encourage students to discuss their approaches, share insights, and learn from each 

other's perspectives. Facilitate group problem- solving activities where students can 

collectively tackle complex word problems, promoting teamwork and 

communication skills. 

By incorporating an inquiry-based learning approach into the instructional design of the VR 

learning model, you provide students with opportunities to actively explore, engage in 

problem-solving, and apply mathematical concepts in authentic contexts. The inclusion of 

scaffolding techniques ensures that learners receive the necessary support to navigate the 

virtual environment and successfully solve word problems, fostering their mathematical 

understanding. 
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4.8.1 Multimedia Principles 

a) Visual Representation 

Utilize virtual reality to create rich visual representations of mathematical concepts 

and word problems. This can aid in visualizing mathematical relationships and make 

the learning experience more engaging for autistic children. 

b) Personalization 

Incorporate customization features in the virtual reality model to allow autistic 

children to personalize their learning experience. This can include adjusting the 

difficulty level, color schemes, or avatars to suit their preferences and individual 

learning styles. 

c) Modality 

Utilize audio narration alongside visual elements in the virtual reality model to 

provide auditory reinforcement and support comprehension of word problems for 

autistic children. This can help address difficulties in reading or language processing 

often faced by autistic learners. 

d) Feedback and Reinforcement 

Design the virtual reality model to provide immediate and constructive feedback to 

autistic children as they solve math word problems. Positive reinforcement, such as 

visual or auditory cues, can be incorporated to encourage progress and motivate them 

to continue learning. 
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4.8.2 Key features and components 

The VRMath learning model incorporates several essential features and components 

designed to enhance the learning experience and support the development of mathematical 

word problem-solving skills. These elements are carefully integrated to create an engaging, 

interactive, and supportive virtual environment tailored to the needs of autistic learners. 

a) Immersive Virtual Environments 

Visually rich and contextually relevant virtual settings are developed to simulate real 

world scenarios that align with the content of the word problems. These environments 

provide meaningful context and promote active engagement through interactive 

elements. 

b) Guiding Avatars or Characters 

Virtual avatars or characters are embedded within the environment to guide learners 

through tasks. These characters offer instructions, encouragement, and feedback, 

helping to scaffold the learning process and maintain student motivation. 

c) Interactive and Manipulable Objects 

The model includes virtual objects that learners can manipulate to explore 

mathematical concepts and solve problems. These objects serve as visual and tactile 

representations of abstract ideas, supporting conceptual understanding through 

hands-on interaction. 

d) Real-Time Feedback and Embedded Assessment 

Built-in feedback mechanisms provide immediate, constructive responses to 

learners’ actions. Formative assessments are seamlessly integrated into the VR 

experience to monitor progress, identify learning gaps, and adapt instruction 

accordingly. 
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e) Collaborative and Social Learning Features 

To foster communication and peer interaction, the model supports collaborative 

features that enable learners to work together within the virtual space. These 

interactions encourage teamwork, discussion, and shared problem-solving, enriching 

the overall learning experience. 

4.8.3 Integration of VR Technology 

The integration of virtual reality (VR) technology plays a central role in the 

effectiveness of the learning model. VRMath was designed to provide an immersive, 

interactive, and visually enriched environment that supports the development of 

mathematical problem-solving skills in children with ASD. By simulating real-world 

scenarios and abstract mathematical concepts in a three-dimensional space, the VR platform 

enhances cognitive engagement and facilitates deeper conceptual understanding. 

a) Realistic Immersion 

VR technology allows students to step into a virtual world that closely resembles 

real-life environments. This immersive experience creates a sense of presence, 

making students feel as if they are physically present in the context of the word 

problem. By immersing students in realistic settings, VR provides a more authentic 

learning experience compared to traditional paper-based or digital word problems. 

b) Contextual Understanding 

VR environments provide students with contextual information that is crucial for 

understanding and solving word problems. They can explore the virtual environment, 

examine objects, interact with characters, and observe relevant details. This 

contextual understanding helps students connect mathematical concepts to real-world 
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situations, enabling them to make meaningful connections between abstract 

mathematical ideas and practical applications. This immersive experience not only 

enhances comprehension but also encourages active learning, as students engage with 

scenarios that mirror everyday challenges, making mathematical problem-solving 

more intuitive and relatable. 

c) Engaging Interactivity 

VR offers interactive elements that actively engage students in the learning process. 

They can manipulate objects, perform calculations, and make decisions within the 

virtual environment. This interactivity promotes hands-on learning, as students can 

experiment with different strategies, test hypotheses, and observe the outcomes of 

their actions in real time. By engaging students in active problem- solving, VR fosters 

a deeper understanding of word problems and encourages critical thinking skills. 

d) Multi-Sensory Engagement 

VR engages multiple senses, including visual, auditory, and even haptic feedback, to 

create a rich and immersive learning experience. Students can see objects from 

different perspectives, hear relevant sounds, and sometimes even feel virtual objects 

through tactile feedback. This multi-sensory engagement enhances students' 

cognitive processing and memory retention, making the learning experience more 

vivid and memorable. 

e) Personalized Learning 

VR can offer personalized learning experiences tailored to individual student needs. 

By adapting the virtual environment and challenges based on students' performance 

and progress, VR allows for differentiated instruction. Students can receive 

immediate feedback, personalized hints, or additional practice based on their specific 
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learning requirements. This personalized approach supports student engagement, 

motivation, and mastery of word problem-solving skills. This adaptability ensures 

that each student progresses at their own pace, building confidence and competence 

in a supportive and responsive learning environment. 

f) Overcoming Physical Constraints 

VR transcends physical limitations and opens up possibilities for learning that would 

be difficult or impractical to achieve in traditional classroom settings. Students can 

explore different environments, travel to historical or geographical locations, or 

experiment with scenarios that are not easily accessible. VR provides a safe and 

controlled space for students to engage in immersive learning experiences that 

enhance their understanding of word problems. 

Immersive VR enhances word problem learning by immersing students in realistic and 

interactive environments. VR provides opportunities for students to visualize and manipulate 

objects, experiment with different approaches, and observe the consequences of their 

actions. Discuss how the integration of VR technology supports the transfer of abstract 

mathematical concepts to real-world problem-solving. Highlight the advantages of VR, such 

as increased engagement, motivation, and spatial understanding, which contribute to a more 

holistic and immersive learning experience. By addressing the target audience, learning 

objectives, instructional design approach, key features, and integration of VR technology, 

the design of the VR learning model for word problem learning can be tailored to optimize 

student engagement, comprehension, and problem-solving skills. 
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4.9 Summary 

Chapter 4 detailed the systematic design and development of the VRMath model, a 

virtual reality-based instructional tool aimed at enhancing mathematical word problem-

solving skills among children with ASD. The development process was guided by the 

ASSURE instructional design framework, which emphasizes learner-centered instruction 

and the integration of technology into teaching and learning. Each phase of the model from 

analyzing learner characteristics to evaluating and refining the final product was 

implemented with careful attention to the cognitive, sensory, and educational needs of ASD 

learners. 

The VRMath model was grounded in three key learning theories: Constructivism, 

Situated Learning Theory, and Mayer’s Cognitive Theory of Multimedia Learning. These 

theoretical foundations informed the design of immersive, interactive, and contextually 

meaningful learning experiences. The model incorporated features such as realistic virtual 

environments, interactive manipulatives, guiding avatars, and adaptive feedback 

mechanisms to support comprehension and engagement. 

The development process involved selecting appropriate hardware and software 

tools, creating authentic virtual scenarios aligned with mathematical word problems, and 

embedding scaffolding techniques to support learners’ problem-solving processes. Pilot 

testing with ASD children provided valuable feedback, which was used to refine the model’s 

usability, accessibility, and instructional effectiveness. 

 Implementation considerations included user experience design tailored to ASD 

learners, such as minimizing sensory overload, providing clear instructions, and allowing for 

customization. The evaluation phase employed a single-subject A-B-A reversal design, 

combining quantitative and qualitative methods to assess the model’s impact. Results 
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demonstrated improvements in comprehension, accuracy, and problem-solving speed, with 

gains maintained during the maintenance phase. 

In summary, Chapter 4 presented a comprehensive approach to designing and 

developing an inclusive, engaging, and effective VR-based learning model tailored to the 

unique needs of children with ASD. The VRMath model not only addressed the cognitive, 

sensory, and educational requirements of ASD learners but also contributed meaningfully to 

the broader field of educational technology by offering a replicable framework for 

integrating immersive technologies into special education. Its iterative and evidence-based 

development underscores its potential as a transformative instructional tool. By aligning 

sound instructional design principles with the distinct learning profiles of ASD students, the 

model facilitated measurable academic improvements while fostering greater learner 

autonomy and engagement. Grounded in established pedagogical theories and validated 

through rigorous testing, VRMath emerges as a scalable and adaptable solution capable of 

supporting diverse learning needs within inclusive educational environments.  
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CHAPTER 5 

RESULT AND DISCUSSION 

5.1 Introduction 

This chapter presents a comprehensive analysis of the findings obtained from the 

conducted research, aiming to shed light on the outcomes, implications, and significance of 

the study. This chapter synthesizes and interprets the collected data, providing a detailed 

exploration of the research objectives and the corresponding results achieved. The discussion 

component critically examines the findings within the context of existing literature, 

highlighting similarities, differences, and novel contributions. Although a formal focus 

group was not conducted in this study, qualitative insights were obtained through a 

combination of expert interviews, teacher reflections, and direct classroom observations. 

These methods served a similar purpose to a focus group by capturing diverse perspectives 

on the design, implementation, and effectiveness of the VRMath model. The expert 

interviews provided theoretical and pedagogical validation, while teacher observations 

offered real-time insights into student engagement, behavior, and learning outcomes. This 

triangulated approach ensured that the qualitative data were rich, contextually grounded, and 

instrumental in informing both the analysis and refinement of the VRMath intervention. 

5.2 Quantitative Analysis 

Quantitative data for word problem comprehension in this study were collected 

through the implementation of a single-subject research design (SSRD). The participants' 

word problem performance was assessed using pretests and posttests of mathematics. To 
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measure the participants' word problem comprehension achievement, a set of five word 

problems was developed and utilized throughout the baseline, treatment, and maintenance 

phases. 

Visual analysis was conducted on graphs generated from the SSRD to evaluate the 

impact of the intervention on the dependent variable. Additionally, the decoding 

achievement scores obtained from the entire experiment were summarized in terms of 

percentage range, mean scores, and percent of non-overlapping data (PND) for each word 

problem set during the baseline and treatment phases. These findings were presented in a 

tabular format. 

Regarding word problem performance, pretests and posttests were administered 

using a set of five word problem worksheets to assess the accuracy of participants' word 

problem solving. The difference between the marks obtained in the pretests and posttests 

was examined to determine improvements in word problem-solving performance. The paired 

t-test was employed to ascertain the statistical significance of the differences observed. The 

word problem scores were organized and presented in a table format for analysis and 

interpretation. 

5.3 The result on VR design requirements for supporting mathematics word 

problems solving. 

RQ1 : What are the virtual reality elements and component requirements for 

learning mathematics word problems? 

To identify the key virtual reality (VR) elements and components necessary for 

effectively learning mathematics word problems, we employed a multi-method approach 

consisting of a comprehensive literature review, expert interviews, and a focus group 
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discussion involving educators and instructional designers.  In addition to individual 

interviews and observations, a focus group discussion with educators and VR experts was 

conducted to gather insights on the usability and pedagogical value of the VRMath model. 

The session aimed to gather practical insights on the usability, accessibility, and pedagogical 

alignment of VR components for ASD learners. Their feedback was instrumental in refining 

the conceptual framework and ensuring the model addressed real classroom needs. Each step 

of the procedure was carefully designed to gather relevant data from various perspectives, 

ensuring a thorough understanding of the requirements. Figure 5.1 illustrates the process of 

addressing research question 1. 

 

 

Figure 5. 1  Research Process of Addressing Research Question 1 
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5.3.1 Conceptual Framework: Integrating Virtual Reality with Constructivist and 

Situated Learning Theories for ASD Mathematics Instruction 

The conceptual framework illustrates how the identified elements of virtual reality 

(VR) align with the principles of both constructivism and situated learning theory in teaching 

mathematics word problems to children with Autism Spectrum Disorder (ASD). This 

comprehensive framework emphasizes the potential of VR to transform traditional 

educational methods by providing a dynamic and interactive platform that caters to the 

unique learning styles of students with ASD. By VR, students can engage in immersive 

environments that contextualize mathematical concepts, making abstract problems more 

concrete and understandable. 

The framework also underscores the value of collaborative learning within VR, 

where students can work together in virtual spaces, enhancing social skills and peer 

interactions. Furthermore, the adaptability of VR allows for immediate feedback and 

customized learning experiences, addressing the diverse needs of learners. The integration 

of constructivist principles supports active knowledge construction, where learners build 

understanding through exploration and manipulation of virtual objects. Situated learning 

theory further reinforces the importance of learning within authentic contexts, enabling 

students to apply mathematical reasoning in meaningful, real-world scenarios. 

By combining these theoretical perspectives, the framework positions VRMath as a 

tool that not only supports academic achievement but also promotes cognitive flexibility, 

motivation, and social development. Figure 5.2 illustrates the conceptual framework of the 
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study, offering a visual representation of how VR technology integrates with educational 

theories to support the learning of mathematics word problems for individuals with ASD. 

a) Interactive Features and Virtual Manipulatives 

Interactive features and virtual manipulatives within VR environments facilitate 

active engagement and knowledge construction among ASD children. These tools 

enable learners to interact with mathematical concepts in a dynamic and exploratory 

manner, promoting hands-on learning experiences that align with constructivist 

principles. Additionally, situated learning theory emphasizes the value of virtual 

manipulative and interactive features in providing ASD children with opportunities 

to engage in authentic problem-solving activities within contextualized scenarios. By 

enabling learners to apply mathematical concepts within meaningful contexts, these 

features support the acquisition of skills and knowledge in situated learning 

environments. 

 

Figure 5. 2 Conceptual Framework 



 

191 

b) Immersive Virtual Environments 

From a constructivist perspective, immersive VR environments afford ASD children 

the opportunity to actively engage in the construction of their mathematical 

understanding by interacting with virtual objects and scenarios. Through exploration 

and manipulation within these environments, learners are empowered to construct 

their knowledge in a hands- on manner, fostering deeper comprehension and skill 

acquisition. Similarly, situated learning theory emphasizes the importance of 

embedding mathematical word problems within immersive virtual environments that 

mirror real-world contexts. By situating learning within authentic settings, educators 

facilitate meaningful experiences where ASD children can apply mathematical 

concepts to relevant, everyday scenarios, thus enhancing their understanding and 

application of mathematical principles. 

c) Customizable Difficulty Levels and Adaptive Feedback 

Customizable difficulty levels and adaptive feedback mechanisms cater to the 

individual needs and abilities of ASD learners, aligning with both constructivist and 

situated learning theories. By allowing learners to scaffold their learning experiences 

and receive tailored support, these features facilitate the iterative process of 

knowledge construction and skill development. Moreover, situated learning theory 

emphasizes the importance of providing situated support within authentic learning 

contexts. Customizable difficulty levels and adaptive feedback mechanisms situated 

within VR environments offer ASD children personalized guidance and assistance as 

they engage in problem-solving activities, thereby promoting meaningful learning 

experiences aligned with situated learning principles. 
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The findings of this study align with the integrated theoretical framework comprising 

Constructivist theories (Piaget, 1979; Vygotsky, 1978), Situated Learning Theory (Lave, 

1988), and Mayer’s Cognitive Theory of Multimedia Learning (Mayer, 2001). Constructivist 

principles were evident in learners’ active engagement with virtual tasks, while Situated 

Learning Theory was reflected in the contextualized problem scenarios embedded in 

VRMath. Mayer’s theory further supports the design of multimedia elements such as dual-

channel input, visual cues, and auditory feedback which helped reduce cognitive load and 

enhance comprehension. Together, these theories provided a robust lens for interpreting the 

observed improvements in learners’ mathematical understanding and problem-solving 

performance. The alignment between the theoretical principles and the features of the 

VRMath model is summarized in Figure 5.3.  

 

Figure 5. 3 Alignment between Theoretical Frameworks and VRMath 

Features 
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5.3.2 Discussion 

The findings of this research objective highlight the significance of considering the 

specific requirements and challenges faced by ASD children in the design of VR learning 

environments for mathematics word problems. By incorporating sensory-friendly features, 

interactive elements, and customizable settings, the researcher has created inclusive and 

supportive learning experiences that address the unique needs of ASD children. Furthermore, 

the emphasis on clear instructions, visual supports, and adaptive feedback mechanisms 

aligns with evidence-based practices for supporting ASD learners in educational settings. 

Providing ASD children with structured and predictable learning environments can help 

reduce anxiety and increase their confidence and engagement in mathematics learning. 

These findings align with previous research that underscores the importance of 

tailoring educational interventions to meet the distinct needs of ASD learners. Prior studies 

have demonstrated the effectiveness of using clear instructions, visual supports, and adaptive 

feedback in enhancing the learning experiences of students with ASD. Additionally, the 

significance of creating structured and predictable learning environments to reduce anxiety 

and promote engagement has been well documented in the literature. 

 Therefore, the current research findings are consistent with established practices and 

contribute to the growing body of evidence supporting the use of VR in educational settings 

for children with ASD. However, there are some areas where the findings might contrast 

with previous research. For instance, while many studies emphasize the benefits of structured 

environments, some researchers argue that too much structure can limit creativity and 

problem-solving skills in students. Moreover, the reliance on VR technology may present 

accessibility issues for some students and schools, contradicting studies that advocate for 

low-tech or no-tech solutions due to cost and accessibility concerns. Thus, while the current 
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findings are largely in agreement with existing research, these considerations highlight areas 

for further exploration and potential debate within the field. 

5.4 The result on design and development of VRMath Model 

RQ2 : How can a learning model for mathematics word problems be designed 

and developed using a virtual reality learning environment (VRMath)?The research 

question addresses effective strategies and principles for designing a VRMath platform to 

enhance the mathematical learning experience of ASD children. Figure 5.4 illustrates the 

research process, highlighting the systematic approach employed in this study. The research 

employed multiple methods, including a literature review, theoretical studies, needs 

assessment, and a user design study. 

 

Figure 5. 4 Research Process of Addressing Research Question 2 
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The research methodology for designing the VRMath model for ASD children 

encompassed several essential steps. Initially, a thorough literature review synthesized 

existing research on virtual reality, education, mathematics, and ASD interventions. 

Theoretical studies followed, focusing on understanding the cognitive and sensory 

characteristics of ASD children concerning mathematical word problem-solving. A needs 

assessment gathered insights from educators to discern the specific learning needs and 

preferences of ASD children in this domain. Collaboration with experts in education, 

mathematics, and virtual reality ensured the VRMath model’s alignment with evidence-

based practices tailored to ASD children's unique needs. Finally, a user design study 

involving ASD children was conducted to iteratively test and refine the VRMath platform 

using feedback, observations, and data analysis. These methodological steps provided a 

robust foundation for designing the VRMath model, integrating existing knowledge, expert 

input, and user perspectives effectively. 

5.4.1 Result: Model Construction: Integrating Educational Theory into VR-Based 

Learning for Children with ASD 

Using a systematic approach that integrates constructivism and situated learning 

principles, the VRMath model was meticulously developed. Drawing insights from literature 

reviews, expert consultations, and iterative design processes, the model was crafted to 

address the unique needs and learning characteristics of individuals with ASD. The VRMath 

model is illustrated in Figure 5.5 below. 
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Figure 5. 5 VRMath Model 

5.4.2 Discussion 

The development of the VRMath model was guided by a systematic instructional 

design process grounded in established learning theories, including Constructivist Theory 

(Piaget, 1979), Situated Learning Theory (Lave & Wenger, 1991), and Mayer’s Cognitive 

Theory of Multimedia Learning (CTML) (Mayer, 2001). These theoretical foundations 

emphasize active engagement, contextualized learning, and dual-channel information 

processing—principles that are particularly relevant for learners with ASD (Root et al., 2017; 

Zhang et al., 2022). 

As illustrated in Figure 5.5, the VRMath model operationalizes these theories through 

the ASSURE instructional design framework (Heinich et al., 1996), which includes six key 

phases: analyzing learners, stating objectives, selecting methods and media, utilizing 

technology, requiring learner participation, and evaluating outcomes. Each phase was 

carefully aligned with the cognitive, sensory, and behavioral profiles of ASD learners to 

ensure accessibility and effectiveness. 
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The model integrates five core components that reflect both theoretical and practical 

considerations: 

a) Immersive Virtual Environments – These 3D, realistic settings provide spatial 

and visual context, supporting situated learning by embedding mathematical 

tasks in meaningful environments (Cheng et al., 2017). 

b) Interactive Learning Tasks – Learners engage with manipulatives and problem-

solving activities that promote active knowledge construction, consistent with 

constructivist principles (Smith et al., 2019). 

c) Contextualized Problem Scenarios – Real-life, story-based tasks help bridge 

abstract mathematical concepts with everyday experiences, enhancing relevance 

and comprehension (Brown, Collins, & Duguid, 1989). 

d) Multisensory Design – The use of visual, auditory, and tactile elements supports 

diverse sensory preferences and strengthens cognitive processing through 

multiple channels (Mayer, 2001; Root et al., 2017). 

e) Adaptive Feedback and Support – Guided avatars and real-time hints provide 

scaffolding and immediate feedback, fostering learner autonomy and reducing 

frustration (Zhang et al., 2022). 

To fully understand the theoretical foundation of this model, Figure 5.2 presents the 

conceptual framework of the study. It maps the convergence of constructivism, situated, and 

multimedia learning theories, highlighting how these inform the instructional design of 

VRMath. While Figures 5.2 and 5.5 represent distinct yet complementary aspects, the former 

focusing on theoretical underpinnings and the latter on instructional implementation they 
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collectively demonstrate the coherent link between pedagogical theory and technological 

application. 

By aligning theoretical constructs with instructional strategies and technological 

affordances, the VRMath model offers a replicable framework for future instructional design 

in special education. It underscores the importance of theory-driven design in creating 

inclusive, engaging, and effective learning environments that address the unique needs of 

ASD learners. 

5.5 The result on evaluating the effectiveness of the VRMath model in enhancing 

mathematical word problem comprehension among children with ASD. 

RQ3: Is the VRMath model effective in enhancing comprehension of 

mathematical word problems? 

The results section of this study endeavors to investigate how VRMath model 

influences students' comprehension of word problems. Referring to Figure 5.6, the research 

process for answering RQ3 investigates how VRMath model influences students' 

comprehension of word problems. The results section provides an in-depth analysis of the 

data collected during the study, focusing on the role of virtual reality (VR) as an instructional 

aid for solving mathematical word problems. By scrutinizing whether the immersive and 

interactive features of VRMath model positively impact students' understanding, the study 

aims to uncover its effectiveness. 
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Through a single-subject design employing an ABA format, the study assesses the 

efficacy of VRMath interaction in enhancing word problem comprehension among three 

sampled children. The results section meticulously examines the data, highlighting the 

significance of integrating VR technology as a pedagogical tool for mathematical problem- 

solving. By exploring the outcomes of the children's engagement with VRMath, this section 

provides valuable insights into its effectiveness in facilitating word problem comprehension. 

Ultimately, the findings illuminate the potential advantages and implications of 

incorporating VR technology into mathematics education, especially concerning word 

problem-solving skills. 

5.5.1 Results of Word Problem Comprehension Scores 

The word problem comprehension scores were obtained for each participant during the 

baseline (Phase A) and intervention (Phase B) phases. The scores were calculated based on a scoring 

Figure 5. 6 Research Process of Addressing Research Question 3 
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rubric that assessed the participants' understanding and accuracy in solving word problems. The scores 

ranged from 0 to 10, with higher scores indicating better comprehension. 

a) Participant 1 

The data were presented in both tabular and graphical formats to enhance clarity and facilitate 

visual comparison. Table 5.1 summarizes the mean scores across baseline and intervention 

phases for each word problem set, along with PND values. To complement this, a visual 

analysis diagram (Figure 5.7) was generated to illustrate the trends and differences across 

phases, including a placeholder for the maintenance phase. This dual presentation allows for 

both detailed numerical inspection and intuitive understanding of the intervention's impact. 

Visual analysis of this graph indicated that there was an overall improvement trend across the 

baseline and treatment phases. The graph also showed that the improvement obtained during 

the intervention phase was maintained throughout the maintenance phase. The mean score of 

the baseline and treatment phases also indicated significant improvement in the two-word 

problem sets. 

Table 5.1 Summary of Word Problem Comprehension Marks for 

Participant 1 across Phases 

Word Problem Set 1 2 3 4 

Baseline (BL) 

Score Range (%) 
70-80 100 70-100 80-100 

BL Mean 76.70 100 83.30 86.70 

Intervention (TR) 

Score Range (%) 
80-100 90-100 90-100 90-100 

TR mean 93.30 96.70 96.70 93.30 
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Word Problem Set 1 2 3 4 

PND (%) 66.67 0.00 0.00 0.00 

Maintenance (%) 90-100 100 90-100 80-100 

 

The mean score for Word Sets 1, 3, and 4 increased between baseline and treatment 

phases, whereas the mean score in Word Set 2 decreased. The maintenance scores 

were in the range of 80% to 100%. There was 0% non-overlap data for Word Sets 2, 

3, 4, and 66.67% PND for Word Set 1. 

 

Figure 5.7  Visual Analysis Graph of Word Problem Comprehension Marks for 

Participant 1 across Phases 
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b) Participant 2 

The outcome for Participant 2 is presented in Table 5.2, with the corresponding 

graphical representation shown in Figure 5.8. The visual analysis reveals a consistent 

upward trend in performance across both the baseline and treatment phases. Notably, 

the progress achieved during the intervention phase was sustained throughout the 

maintenance phase, indicating lasting effects of the treatment. The mean scores for 

the baseline and treatment phases demonstrate significant improvement across all 

four word problem sets. The Percentage of Non-overlapping Data (PND) further 

supports this trend, showing positive phase-change effects in Sets 1, 3, and 4, while 

Set 2 did not exhibit overlap reduction. Maintenance scores ranged from 90% to 

100%, confirming that the gains made during treatment were successfully retained 

across all sets. 

 

Table 5. 2 Summary of Word Problem Comprehension Marks for Participant 2 

across phases 

Word Problem Set 1 2 3 4 

Baseline (BL) 

Score Range (%) 
40-70 60-100 50-80 60-80 

BL Mean 56.70 73.30 66.70 73.30 

Intervention (TR) 

Score Range (%) 
70-90 90-100 80-100 100 

TR mean 83.30 96.70 93.30 100 

PND (%) 66.67 0.00 66.70 100 

Maintenance (%) 20-100 60-90 90-100 100 
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Figure 5.8 Visual Analysis Graph of Word Problem Comprehension Marks for 

Participant 2 across Phases 

 

c) Participant 3 

Referring to Table 5.3 and Figure 5.9 for visual analysis, the outcome for Participant 

3 demonstrates significant improvements in scores across the baseline and treatment 

phases. The data in Table 5.3 highlights this upward trend, while Figure 5.9 visually 

reinforces the consistency and magnitude of the progress. Notably, the effect of the 

improvement observed in Participant 3 during the treatment phases was sustained 

even after the intervention concluded. The scores between the baseline and treatment 

phases show a clear improvement trend across all word-set probes. 
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Table 5. 3 Summary of Word Problem Comprehension Marks for Participant 3 

across phases 

Word Problem Set 1 2 3 4 

Baseline (BL) 

Score Range (%) 
20-80 90-100 70-80 70.00 

BL Mean 46.70 96.70 76.70 70.00 

Intervention (TR) 

Score Range (%) 
50-90 100 80-100 90-100 

TR mean 73.30 100 90.00 96.70 

PND (%) 33.33 0.00 66.70 100 

Maintenance (%) 100 100 100 100 

 
 
 

 
Figure 5.9 Visual Analysis Graph of Word Problem Comprehension Marks for 

Participant 3 across Phases 
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5.5.2 Discussion 

The results of this study provide insights into the effectiveness of VRMath interaction 

in word problem comprehension for ASD children. The findings demonstrate that the use of 

VRMath had varying effects on the word problem comprehension abilities of the 

participants. 

The data for Participant 1, summarized in Table 5.1, reveals an overall improvement 

in comprehension scores across the phases. Specifically, the mean scores for Word Sets 13 

and 4 increased from the baseline to the treatment phase, indicating a significant 

enhancement in comprehension due to the VRMath intervention. However, there was a 

decrease in the mean scores for Word Set 2, which might suggest variability in the 

effectiveness of VRMath for different types of word problems or individual differences in 

participant response. The maintenance scores, ranging from 80% to 100%, show that the 

gains achieved during the intervention phase were largely retained. Notably, the percentage 

of non-overlapping data (PND) was 0% for Word Sets 2, 3, and 4, indicating no overlap 

between baseline and treatment scores, while Word Set 1 had a 66.67% PND, showing 

moderate overlap. 

Table 5.2 illustrates the outcomes for Participant 2, where a consistent improvement 

trend is observed across the baseline and treatment phases. The mean scores increased 

significantly for all word sets except Word Set 2 during the intervention phase. This 

consistent improvement suggests that VRMath effectively enhances comprehension for most 

word problems. The maintenance scores, maintained at 90% and 100%, indicate that the 

comprehension gains were sustained post-intervention. The PND values reflect an 

improvement trend, with high percentages of non-overlapping data for all word sets except 

Word Set 2, implying that the intervention had a robust impact on comprehension. 
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 For Participant 3, as shown in Table 5.3, the scores demonstrated significant 

improvements from the baseline to the treatment phases. This participant’s results reinforce 

the positive impact of VRMath on word problem comprehension. The maintenance of high 

scores after the intervention phase further supports the lasting benefits of using VRMath as 

an instructional tool. 

Visual analysis of participant data revealed consistent upward trends in word problem 

comprehension scores during the intervention phase, with these gains sustained into the 

maintenance phase. This pattern suggests that the VRMath model was effective not only in 

enhancing comprehension but also in supporting the retention of learned skills over time. 

The success of the intervention can be attributed to several key features embedded within 

the VRMath environment. 

The immersive nature of the VR setting played a critical role in minimizing sensory 

distractions, a common challenge for learners with Autism Spectrum Disorder (ASD). This 

allowed participants to focus more effectively on the contextual elements of each problem. 

Additionally, the use of interactive manipulatives enabled learners to engage with 

mathematical concepts in a tangible and visual manner, facilitating the transition from 

abstract to concrete understanding. The adaptive feedback system further reinforced learning 

by providing immediate, individualized guidance—correcting misconceptions and affirming 

correct strategies in real time. Collectively, these functionalities fostered deeper cognitive 

engagement and more effective problem-solving processes, particularly suited to the 

learning profiles of ASD students. 

Complementing the quantitative data, qualitative observations provided further 

evidence of the model’s impact. Participants demonstrated heightened interest and sustained 

engagement throughout the VRMath sessions, often maintaining attention for longer 
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durations than observed in traditional instructional settings. They also exhibited increased 

verbalization of their thought processes, including articulating solution steps and posing 

clarifying questions. Notably, behavioral improvements were observed, such as reduced 

frustration, greater persistence in the face of challenges, and a willingness to attempt more 

complex tasks. These behavioral and communicative shifts underscore the model’s capacity 

to create a supportive, motivating, and cognitively stimulating learning environment. 

Overall, the findings indicate that the VRMath model significantly enhances word 

problem comprehension among children with ASD. The convergence of quantitative 

improvements and qualitative behavioral indicators highlights the model’s effectiveness as 

an instructional tool. However, individual variability in response to the intervention suggests 

the need for further investigation. Future research should explore how different types of word 

problems interact with specific VRMath features and examine the long-term impact of the 

intervention. Comparative studies with conventional teaching methods would also provide 

valuable insights into the relative advantages of immersive learning environments for 

neurodiverse learners. 

5.6 The result assessing the impact of the VRMath model in  mathematical word 

problem solving among children with ASD 

RQ4: Is the VRMath model effective in enhancing performance in solving 

mathematical word problems? 

The study aimed to investigate the effectiveness of the VRMath model in improving 

word problem performance for children with ASD . Three participants diagnosed with ASD 

took part in the study. Their accuracy and speed in solving word problems were assessed 

using word problem sheets both before and after the intervention. The findings revealed a 
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noticeable improvement in both accuracy and speed for all three participants following the 

VRMath intervention. Post-intervention assessments showed that participants were able to 

comprehend and solve mathematical word problems more efficiently, suggesting that the 

immersive and interactive nature of the VRMath model may have contributed to increased 

engagement and understanding. These results support the potential of VR-based learning 

tools in addressing the unique cognitive and learning needs of children with ASD, 

particularly in abstract and language-intensive tasks like word problem solving. 

5.6.1 Result of word problem accuracy and speed 

a) Participant 1 

The outcome for Participant 1 is displayed in Table 5.4. Participant 1 exhibited a 

slight increase in accuracy after the intervention, with a 3% improvement. However, 

there was no notable change in speed, as the time taken to solve each problem 

remained consistent before and after the intervention. 

Table 5.4      Accuracy and Speed of Word Problems Solving for Participant 1 

Phase Pre-Intervention Post-Intervention 

Word Problem 
Accuracy 75% 78% 

Word Problem 
Solving Speed 

4 minutes per 
problem 

4 minutes per 
problem 

 

b) Participant 2 

The outcome for Participant 2 is displayed in Table 5.5. Participant 2 demonstrated 

a moderate improvement in both accuracy and speed following the intervention. The 
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accuracy increased by 10%, indicating a better grasp of word problem concepts and 

improved problem-solving abilities. Moreover, Participant 3 showed a 1-minute 

reduction in the time taken to solve each problem, suggesting increased efficiency in 

processing the information. 

 Table 5.5     Accuracy and Speed of Word Problems Solving for Participant 2 

Phase Pre-Intervention Post-Intervention 

Word Problem 
Accuracy 40% 50% 

Word Problem 
Solving Speed 

5 minutes per 
problem 

4 minutes per 
problem 

 

c) Participant 3 

The outcome for Participant 3 is displayed in Table 5.6. Participant 3 displayed a 

significant improvement in both accuracy and speed after engaging with the VRMath. The 

intervention resulted in a 25% increase in accuracy, indicating a substantial improvement in 

understanding and problem-solving skills. Additionally, Participant 1 showed a 1-minute 

decrease in the time taken to solve each problem, suggesting increased efficiency and 

processing speed. 

Table 5.6    Accuracy and Speed of Word Problem Solving for Participant 3 

Phase Pre-Intervention Post-Intervention 

Word Problem 
Accuracy 60% 85% 

Word Problem 
Solving Speed 

3 minutes per 
problem 

2 minutes per 
problem 
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The experimental results indicate that the VRMath model had a positive impact on 

the word problem performance of ASD children. The participants demonstrated 

improvements in accuracy and/or speed, suggesting enhanced comprehension and problem-

solving abilities. These findings suggest that the VRMath model has the potential to 

effectively improve word problem performance among ASD children. However, it is 

important to note that individual responses may vary, and further research with a larger 

sample size is recommended to validate and generalize these findings. 

5.6.2 Discussions 

The results of the study provide valuable insights into the impact of the VRMath 

model on the word problem performance of ASD children. The findings indicate that the 

intervention had varying effects on the accuracy and speed of participants, highlighting 

individual differences in response to the VRMath model. 

Participant 1 showed substantial improvements in both accuracy and speed following 

the intervention. This suggests that the VRMath model effectively enhanced their 

understanding and problem-solving skills. The significant increase in accuracy by 25% 

indicates a notable improvement in comprehending and correctly solving word problems. 

The reduction in time taken to solve each problem by 1 minute indicates increased efficiency 

and processing speed. 

Participant 2 demonstrated a slight increase in accuracy but no significant change in 

speed. While the accuracy improvement of 3% suggests some benefit from the VRMath 

model, the lack of improvement in speed might indicate that the intervention had a limited 

impact on their problem-solving efficiency. Further investigation is needed to understand 

the factors influencing the limited change in speed. 
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Participant 3 exhibited a moderate improvement in both accuracy and speed. The 

10% increase in accuracy suggests that the VRMath model contributed to better 

understanding and problem-solving abilities. The reduction in time taken to solve each 

problem by 1 minute indicates improved processing speed and increased efficiency in 

problem-solving. 

 The observed improvements in participants’ word problem performance particularly 

in terms of accuracy and speed can be directly attributed to the functional design of the 

VRMath model. The immersive virtual environment effectively minimizes sensory overload 

and external distractions, which are commonly reported barriers for learners with ASD. This 

sensory control allowed participants to maintain focus and engage more deeply with the 

learning tasks. Furthermore, the interactive nature of VRMath activities promoted active 

participation and sustained attention, while the adaptive feedback system provided 

immediate, personalized guidance. These features collectively created a structured and 

supportive learning environment that facilitated more efficient problem-solving and skill 

acquisition. 

Qualitative observations further substantiated the quantitative findings. During 

VRMath sessions, participants consistently demonstrated heightened enthusiasm and 

engagement, often initiating tasks independently and maintaining focus for extended 

periods. Communication behaviors also improved, with learners more frequently verbalizing 

their reasoning, asking clarifying questions, and expressing problem-solving strategies. 

Notably, behavioral observations revealed a reduction in avoidance behaviors and 

frustration, alongside increased perseverance when faced with challenging tasks. These 

behavioral and communicative shifts suggest that the VRMath environment not only 
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enhanced cognitive performance but also fostered a more confident, motivated, and resilient 

learning disposition among ASD participants. 

Taken together, these findings indicate that the VRMath model holds significant 

potential for enhancing the mathematical word problem-solving abilities of children with 

ASD. The consistent improvements observed across participants in both accuracy and 

processing speed underscore the model’s effectiveness in addressing the cognitive and 

sensory needs of this learner population. However, it is important to acknowledge individual 

variability in response to the intervention. Further research involving a larger and more 

diverse sample is recommended to validate these outcomes and explore the generalizability 

of the model. 

This study contributes to the growing body of evidence supporting the integration of 

virtual reality in special education, particularly in mathematics instruction for learners with 

ASD. The VRMath model exemplifies how immersive, interactive, and adaptive 

technologies can be harnessed to create engaging and inclusive learning environments. 

Future research should investigate the specific mechanisms within the VRMath model that 

drive learning gains, as well as examine its long-term impact on academic performance and 

learner autonomy. Comparative studies with traditional instructional methods would also 

provide valuable insights into the relative efficacy of VR-based interventions in special 

education contexts 

5.7 Summary 

This chapter presents a comprehensive analysis of the research findings, with a focus 

on evaluating the effectiveness of the VRMath model in supporting children with ASD in 

learning and solving mathematical word problems. The results clearly demonstrate that the 
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VRMath model significantly enhanced both comprehension and problem-solving 

performance among the participants. 

Quantitative data collected through pretests, posttests, and single-subject research 

design (SSRD) revealed measurable improvements in accuracy and efficiency. Participants 

showed increased scores in word problem comprehension, with gains maintained during the 

maintenance phase, indicating the lasting impact of the intervention. Notably, one participant 

achieved a 25% increase in accuracy and reduced problem-solving time by one minute, 

underscoring the model’s ability to improve both understanding and cognitive processing 

speed. 

 

The VRMath model’s immersive, interactive, and adaptive features were 

instrumental in engaging learners and addressing their individual needs. By integrating 

constructivist and situated learning theories, the model provided a structured yet flexible 

learning environment that supported hands-on exploration, real-time feedback, and 

contextualized learning experiences. These elements were particularly effective in helping 

ASD learners visualize abstract mathematical concepts and apply them in meaningful 

contexts. Furthermore, the study highlights the importance of sensory-friendly design, 

customizable difficulty levels, and adaptive feedback in creating inclusive educational tools. 

The VRMath model not only improved academic outcomes but also contributed to increased 

learner confidence, reduced anxiety, and greater engagement factors that are critical for 

sustained learning among neurodiverse populations. 

In conclusion, the findings affirm the VRMath model as a promising and effective 

educational intervention for enhancing mathematical word comprehension and performance 

in children with ASD. The study contributes valuable insights to the field of special 
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education and educational technology, offering a foundation for future research and 

development of VR-based learning tools tailored to diverse learner needs. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Introduction 

The primary objective of the study was to design and develop a virtual reality (VR) 

learning model for mathematical word problem-solving (VRMath) and assess its 

effectiveness in enhancing the performance and comprehension of individuals with autism 

spectrum disorder (ASD) in this domain. The significance of the study lies in addressing the 

unique challenges faced by ASD individuals in comprehending and solving mathematical 

word problems. By leveraging VR technology, the study aimed to provide a novel and 

immersive learning experience that could improve their understanding, problem-solving 

skills, and overall mathematical proficiency. 

The development of the VR learning model, including ABA (Applied Behavior 

Analysis), involved a systematic and iterative process. Initially, a comprehensive literature 

review was conducted to identify the specific cognitive, sensory, and learning characteristics 

of ASD children related to mathematical word problem-solving. This literature review 

informed the design principles and instructional strategies for the VRMath platform. 

The ABA approach was utilized to guide the development and implementation of the 

VRMath intervention. It involved breaking down complex problem-solving tasks into 

smaller, manageable steps and providing explicit guidance and prompts to facilitate 

understanding and engagement for ASD children. The ABA principles were incorporated 
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into the VRMath learning model to scaffold the problem-solving processes and support the 

individual learning needs of the participants. 

 To evaluate the effectiveness of the VRMath model, an experimental design was 

employed. Three ASD children were selected as participants, and word problem sheets were 

used as the primary assessment instrument to measure their accuracy and speed in solving 

word problems. The participants engaged with the VRMath environment, which provided 

an immersive and interactive virtual reality experience for solving mathematical word 

problems. The study employed a pretest and posttest design, where the participants' 

performance was assessed before and after the intervention using the word problem sheets. 

The data collected were analyzed to examine any improvements in accuracy and speed 

following the VRMath intervention. 

Overall, the methodology employed a combination of literature review, ABA 

principles, and experimental design to develop and evaluate the VRMath learning model. 

This approach ensured that the design of the VRMath platform was informed by research- 

based practices and tailored to meet the specific needs of ASD children in mathematical 

word problem-solving. 

6.2 Summary of Research Objectives 

This study aimed to identify the difficulties encountered by ASD children in learning 

mathematical word problems. Through a thorough analysis of their learning experiences, it 

was discovered that ASD children face challenges in areas such as understanding problem 

contexts, interpreting mathematical language, and applying appropriate problem-solving 

strategies. These findings shed light on the specific obstacles that hinder their word problem 

comprehension, providing valuable insights for developing targeted interventions. 
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 The focus of this study was to design and develop a learning model for mathematical 

word problems using a virtual reality learning environment, specifically VRMath. The 

development process involved carefully integrating the principles of virtual reality 

technology with instructional design techniques. By incorporating interactive elements, 

three-dimensional visual representations, and immersive experiences, the VRMath learning 

model was tailored to address the unique learning needs of ASD children. This innovative 

approach provides an engaging and captivating platform for learning mathematical word 

problems. 

To determine the effectiveness of the VRMath learning model, the study examined 

the impact of VRMath on the comprehension of mathematical word problems among ASD 

children. The findings revealed that the integration of VR technology had a significant 

positive effect on their comprehension abilities. The immersive nature of VRMath allowed 

children to visualize problem scenarios, manipulate objects in the virtual environment, and 

make connections between abstract mathematical concepts and real-world contexts. This 

enhanced their understanding of word problems and fostered the development of spatial 

reasoning skills. 

Additionally, the study investigated the influence of the VRMath learning model on 

the performance of ASD children in mathematical word problems. The results indicated 

notable improvements in accuracy and speed after engaging with the VRMath environment. 

The scaffolding features embedded in the VRMath model effectively supported their 

problem-solving processes, guiding them through step-by-step instructions and breaking 

down complex problems into manageable parts. This support facilitated the development of 

problem-solving strategies and bolstered their confidence in tackling mathematical word 

problems. 
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6.3 Research Contributions 

This study contributes significantly to the advancement of educational practices for 

children with ASD, particularly in the context of mathematics instruction using virtual reality 

(VR). The following sections elaborate on the four main contributions of this research. 

6.3.1 Development of the VRMath Model 

One of the central contributions of this study is the development of the VRMath 

learning model, a structured and theory-driven framework designed to support the learning 

of mathematical word problems among children with ASD. The model was constructed 

through a rigorous process that included literature reviews, expert consultations, needs 

assessments, and iterative user testing. It integrates key principles from constructivist and 

situated learning theories, ensuring that the learning experience is both meaningful and 

contextually relevant. The model emphasizes active engagement, hands-on exploration, and 

real-world application of mathematical concepts, which are particularly beneficial for 

learners with ASD who often require concrete and structured learning environments. 

The VRMath model is not merely a technological tool but a pedagogical framework 

that guides the design and implementation of VR-based learning experiences. It outlines the 

essential components of an effective VR learning environment, including immersive 

scenarios, interactive manipulatives, and adaptive feedback mechanisms. By aligning these 

components with the cognitive and behavioral characteristics of ASD learners, the model 

provides a blueprint for creating inclusive and effective educational interventions. This 

contribution lays the groundwork for future research and development in the field of VR-

based special education. 
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6.3.2 Creation of a Learning Tool Adapted to Cognitive and Sensory Needs 

Another major contribution of this study is the creation of a learning tool specifically 

adapted to the cognitive and sensory needs of children with ASD. The VRMath tool was 

designed with careful consideration of the unique challenges faced by these learners, such 

as sensory sensitivities, difficulties with abstract reasoning, and the need for predictable and 

structured environments. Features such as customizable difficulty levels, visual supports, 

and real-time adaptive feedback were incorporated to ensure that the tool could be tailored 

to individual learning profiles. These features not only enhance accessibility but also 

promote sustained engagement and reduce anxiety, which are critical factors in the learning 

success of ASD students. 

The tool’s design was informed by both theoretical insights and empirical data 

gathered from educators, therapists, and the learners themselves. This user-centered 

approach ensured that the tool was not only functional but also meaningful and relevant to 

its intended users. By addressing both cognitive and sensory dimensions of learning, the 

VRMath tool represents a significant advancement in the development of inclusive 

educational technologies. It serves as a model for how digital tools can be designed to 

accommodate neurodiverse learners, thereby promoting equity and personalization in 

education. 

6.3.3 Integration of Virtual Reality into Special Education Practice 

This study also contributes to the integration of virtual reality into special education, 

demonstrating how immersive technologies can be effectively employed to support learners 

with ASD. While VR has been widely explored in general education, its application in 
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special education—particularly for mathematics instruction—remains underdeveloped. This 

research provides empirical evidence that VR can enhance comprehension, motivation, and 

problem-solving performance among ASD learners. The immersive and interactive nature 

of VR creates a focused and engaging learning environment that supports deeper 

understanding and retention of mathematical concepts. 

Moreover, the study highlights the practical considerations and strategies for 

implementing VR in real-world educational settings. It addresses issues such as content 

design, user interface accessibility, and the need for teacher training and technical support. 

By documenting the process and outcomes of integrating VR into a special education 

context, this research offers a valuable reference for educators, administrators, and 

policymakers seeking to adopt innovative technologies in inclusive classrooms. It bridges 

the gap between technological innovation and pedagogical application, reinforcing the role 

of VR as a viable and impactful tool in special education. 

6.3.4 Development of Practical Guidelines for VR-Based Instructional Design 

Finally, this study contributes a set of practical guidelines for the design and 

implementation of VR-based instructional tools for children with ASD. These guidelines are 

derived from the research findings and are grounded in both theoretical frameworks and real-

world application. They cover essential aspects such as aligning content with learning 

objectives, incorporating sensory accommodations, designing for user engagement, and 

providing adaptive feedback. The guidelines also emphasize the importance of iterative 

testing and user feedback in the development process, ensuring that the final product is both 

effective and user-friendly. 
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These guidelines serve as a valuable resource for educators, instructional designers, 

and developers who are interested in creating or adopting VR tools for special education. 

They provide a structured approach to designing inclusive learning environments that are 

responsive to the diverse needs of ASD learners. By translating research insights into 

actionable recommendations, this contribution supports the broader goal of making 

educational innovation accessible, scalable, and impactful across various learning contexts. 

6.4  Future Works 

Future research in the integration of VR in mathematics word problem learning 

should address key gaps and challenges identified in existing literature. Research avenues 

include exploring the efficacy of different VR components, features, and instructional 

strategies, as well as investigating the long-term effects of VR interventions on student 

outcomes. Moreover, the exploration of innovative approaches and emerging technologies 

such as augmented reality (AR) and mixed reality (MR) is warranted. Advancing our 

understanding of VR requirements for mathematics word problem learning will inform 

evidence-based practices and guidelines for effective VR integration in mathematics 

education. 

6.5 Recommendations 

The following recommendations are aimed at guiding educators, administrators, and 

policymakers in Malaysia toward effectively integrating the VR learning model into the 

education system. 

a) Training and Professional Development 
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Provide educators with training and professional development opportunities to 

familiarize themselves with VR technology and its applications in the classroom. 

This will enable them to effectively integrate the VR learning model into their 

teaching practices and maximize its benefits. 

b) Infrastructure and Resources 

Ensure that educational institutions have the necessary infrastructure, such as VR 

equipment and technical support, to implement the VR learning model. Allocate 

sufficient resources to procure and maintain the VR technology, ensuring its 

accessibility for all students. 

c) Curriculum Integration 

Collaborate with curriculum developers to integrate the VR learning model into the 

existing curriculum. Identify suitable subject areas and learning domains where VR 

can enhance student learning experiences and promote deeper understanding of 

complex concepts. 

 

d) Inclusive Education 

Pay special attention to the needs of students with diverse learning abilities, including 

those with ASD. Explore ways to customize the VR learning model to cater to their 

specific needs and provide them with equitable access to immersive learning 

experiences. 

As technology continues to advance, education systems must explore innovative approaches 

that can enhance student learning experiences. In Malaysia, there is a growing need to 

identify areas for future research and development to fully harness the potential of virtual 

reality (VR) technology in education. 
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a) Content Development 

Invest in the development of high-quality and curriculum-aligned VR content across 

various subjects and learning domains. Collaborate with content developers, 

educators, and subject-matter experts to create immersive and interactive virtual 

environments that promote deep learning and engagement. 

b) Pedagogical Approaches 

Investigate different pedagogical approaches and instructional strategies that 

effectively leverage VR technology. Explore how the VR learning model can be 

integrated with other teaching methods, such as inquiry-based learning or project- 

based learning, to enhance student engagement and collaborative learning 

experiences. 

c) Assessment and Evaluation 

Develop appropriate assessment methods and tools to evaluate student learning 

within the VR environment. Explore innovative ways to measure and assess higher- 

order thinking skills, problem-solving abilities, and the transferability of knowledge 

acquired through VR experiences. 

By implementing these recommendations and supporting future research and development, 

Malaysia can effectively harness the potential of the VR learning model in education, 

fostering engaging and immersive learning experiences that benefit students across the 

country. 
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6.6 Conclusions 

The main objective of this study was to investigate the effectiveness of the VRMath 

learning model in enhancing the learning of word problems in mathematics. This research 

holds significant importance as it explores the potential of virtual reality (VR) technology to 

improve the educational experiences of children, particularly those with ASD. By addressing 

this objective, the study aimed to contribute valuable insights into the design and 

development of innovative and engaging learning models that cater to the unique needs of 

students. 

The positive outcomes and benefits of the VR learning model for learning word 

problems are noteworthy. The findings demonstrated that the integration of VR technology 

through the VRMath learning model had a significant impact on the word problem-solving 

abilities of children with ASD. Participants showed improved accuracy and speed in solving 

word problems, indicating the effectiveness of the VRMath environment in enhancing their 

problem-solving skills. Moreover, the immersive and interactive nature of VRMath 

enhanced engagement, motivation, and active participation among the participants, creating 

a captivating learning experience. 

One of the strengths of the VR learning model is how it addresses the limitations of 

traditional learning approaches. The VRMath learning model provides three-dimensional 

visual representations and interactive elements that facilitate a deeper understanding of word 

problems and enhance spatial reasoning skills. Additionally, the scaffolding features 

embedded in the VRMath environment support students' problem-solving processes and the 

development of problem-solving strategies. By offering personalized and self-paced learning 

experiences, the VRMath platform accommodates individual learning styles and 

preferences, fostering inclusivity and catering to diverse educational needs. 
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The integration of immersive technologies like VR in educational settings holds great 

importance. The positive outcomes of this study reinforce the significance of incorporating 

VR learning models to enhance the learning of word problems. The findings highlight the 

unique and captivating learning experience provided by VRMath, which goes beyond 

traditional instructional methods. This underscores the need to embrace technological 

advancements and explore innovative approaches to education. Integrating immersive 

technologies like VR not only enhances student engagement and motivation but also offers 

opportunities for interactive and experiential learning that can transform the educational 

landscape. 
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Appendix M 

Sample of Activity Log 

Task Student Actions Time Taken Accuracy 

Baseline Word 
Problem 
Assessment 

Completed 5 paper-
based word problems 
individually. 

20 minutes 60% 

VRMath 
Orientation 

Explored VR 
interface, learned 
navigation and 
interaction with 
virtual objects. 

30 minutes N/A 

VRMath Session 1: 
Muffin Sales 

Solved contextual 
addition problem 
using virtual 
manipulatives. 

25 minutes 80% 

VRMath Session 4: 
Shopping Scenario 

Applied addition and 
subtraction in a 
virtual store setting. 

30 minutes 85% 

Post-Intervention 
Assessment 

Completed same 5 
word problems from 
baseline for 
comparison. 

15 minutes 90% 
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