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Abstrak 

Fokus kajian ini adalah berkaitan teknologi (perkakasan dan perisian) yang dibangunkan 

khusus untuk golongan kelainan upaya (OKU), yang dikenali sebagai Teknologi Asistif 

(AT). Dapatan sebelum ini mendedahkan kajian yang berkaitan kandungan pendidikan di 

dalam koswer adalah tersangat kurang, terutamanya kepada pelajar-pelajar berpenglihatan 

terhad. Juga, kebanyakan model rekabentuk konsep bagi koswer yang sedia ada mempunyai 

kekurangan dari segi keperluan khas dan bukti empirikal yang dapat memenuhi keperluan 

pelajar-pelajar berpenglihatan terhad. Kajian-kajian awal membuktikan aplikasi kandungan 

sedia ada gagal memenuhi keperluan pelajar-pelajar berpenglihatan terhad dari segi 

keupayaan capaian maklumat, keupayaan navigasi, dan keupayaan menghibur. Oleh itu, 

kajian ini mengusulkan sebuah model rekabentuk konsep bagi koswer untuk pelajar-pelajar 

berpenglihatan terhad yang dinamakan sebagai Assistive Courseware for Low Vision 

(AC4LV). Empat (4) objektif dibentuk. Metodologi Kajian Sains Rekabentuk telah 

diadaptasi. Lapan (8) komponen Model Rekabentuk Konsep AC4LV telah dibina dan 

diintegrasikan: struktur, komposisi kandungan, elemen AC4LV, teori pembelajaran, 

pendekatan pembelajaran, proses pembangunan, model rekabentuk pengajaran, dan 

teknologi. Model yang diusulkan telah dinilai dan dikomen oleh 12 orang pakar dan 

disahkan melalui pembangunan prototaip. Hasil penilaian menunjukkan, model yang 

diusulkan dapat diterima baik oleh pakar tempatan dan antarabangsa. Pembangunan 

prototaip mengimplikasikan model tersebut adalah berguna untuk dirujuk oleh pembangun 

baru dan kurang kemahiran teknikal. Selain itu, dapatan daripada pengujian pengalaman 

pengguna menunjukkan AC4LV dapat memenuhi keperluan pelajar-pelajar berpenglihatan 

terhad dari segi keupayaan capaian maklumat, keupayaan navigasi, dan keupayaan 

menghibur. Semua dapatan ini menunjukkan bahawa Model Rekabentuk Konsep AC4LV 

memperlihatkan pembangunan yang berguna untuk aplikasi kandungan serta memberi 

sumbangan dari sudut teori dan praktikal. Kajian ini menyediakan garis panduan untuk 

membangunkan kandungan pendidikan di dalam koswer yang dapat memenuhi keperluan 

pelajar-pelajar berpenglihatan terhad supaya kumpulan istimewa daripada OKU ini 

mendapat peluang pembelajaran yang sama rata.  

 

Kata kunci: Teknologi Asistif (AT), Masalah penglihatan, Kandungan kreatif, Model 

rekabentuk konsep, Koswer. 
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Abstract 

The focus of this study relates to technology (hardware and software) that is purposely 

designed for people with disabilities (PWDs), which is called Assistive Technology (AT). 

Previous findings reveal that studies related to educational content in courseware is highly 

lacking, particularly for low vision learners. Also, many existing conceptual design models 

of courseware lack of specific requirements and empirical evidences to cater the needs of 

low vision learners. Preliminary studies have proven that available content applications fail 

to cater the needs of low vision learners in terms of information accessibility, 

navigationability, and pleasurability. Hence, this study proposes a conceptual design model 

of courseware for low vision learners, named as Assistive Courseware for Low Vision 

(AC4LV). Four (4) specific objectives are formulated. The Design Science Research 

Methodology has been adopted. Eight (8) components of Conceptual Design Model of 

AC4LV have been constructed and integrated: structural, content composition, AC4LV 

element, learning theories, learning approaches, development process, instructional design 

model, and technology. The proposed model has been reviewed by 12 experts and validated 

through prototyping. It was found that the proposed model has been well-accepted by local 

and international experts. Prototyping has implicated that the model is useful to follow by 

novice and non-technical developers. On top of that, the findings of user experience testing 

indicate that the AC4LV is able to fulfill the needs of the low vision learners in terms of 

information accessibility, navigationability, and pleasurability. All these findings 

demonstrate that the Conceptual Design Model of AC4LV exhibits useful development for 

content application as well as providing theoretical and practical contributions of the 

study.This study provides guidelines for developing educational content in courseware that 

caters the need of low vision learners so that this particular group of PWDs may gain equal 

opportunities of learning. 

 

 

Keywords: Assistive Technology (AT), Creative content, Low vision learners, Conceptual 

design model, Courseware. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 iv 

Acknowledgement 

Alhamdulillah, foremost all praise and thanks be to Allah S.W.T. for giving me 

opportunity and strength to gone through this Ph.D journey until it complete. My 

sincere gratitude expressed to my supervisor Dr. Ariffin Abdul Mutalib and Dr. Siti 

Mahfuzah Sarif for the continuous support of my Ph.D study, for their patience, 

motivation, enthusiasm, and immense knowledge. Their guidance helped me 

continually of research and writing of this thesis. I could not imagine having a better 

mentor for my Ph.D study. Not forgetting the Malaysia government, Universiti 

Teknologi MARA (UiTM), and Universiti Utara Malaysia (UUM) for supporting 

this study.  

 

My sincere thanks also goes to all the local and international experts involve in this 

study for their insightful comments and hard questions. Also, special thanks to my 

fellow labmates in School of Multimedia Technology and Communication UUM for 

the stimulating discussions, for the experience we were working together before 

deadlines, and for all the fun we had have in the last two years.   

 

Most importantly, my special acknowledgement goes to my lovely hubby; Mohd 

Saifullizam Jaafar, thank you so much for your support and sacrifice allowing me to 

stay in UUM fighting for Ph.D. Also, to both of my dearly little angle Raaiq Raqilli 

and Raif Zaffran; Ibu love you so much and miss you all the time. My deeply thanks 

to my parents Rohimi Tuajin and Aziz Man for giving birth to me at the first place, 

believing my ability, and supporting me spiritually throughout my life.  I appreciate 

all of you very much. I pray to Allah that all of you will have a special place in the 

hereafter.     

 

Nurulnadwan Aziz 

Universiti Utara Malaysia 

4 November 2014 



 

 v 

Table of Contents 

Permission to Use ........................................................................................................ i 

Abstrak ........................................................................................................................ ii 

Abstract ..................................................................................................................... iii 

Acknowledgement ..................................................................................................... iv 

Table of Contents ....................................................................................................... v 

List of Tables ............................................................................................................ xv 

List of Figures .......................................................................................................... xix 

List of Appendices .................................................................................................. xxv 

List of Abbreviations ............................................................................................ xxvi 

List of Publications and Awards .......................................................................... xxix 

CHAPTER ONE INTRODUCTION ....................................................................... 1 

1.1 Overview ................................................................................................................ 1 

1.2 Background of Study ............................................................................................. 1 

1.3 Motivation of Study ............................................................................................... 3 

1.3.1 Current State of Disabled People in Malaysia ............................................. 3 

1.3.2 Government Support and Initiatives ............................................................ 5 

1.3.3 Advancement of Assistive Technology in Education .................................. 7 

1.3.4 Summary of Research Motivation ............................................................. 10 

1.4 Problem Background ............................................................................................ 11 

1.4.1 Preliminary Investigation ........................................................................... 18 

1.4.1.1 Preliminary Study I ........................................................................ 18 



 

 vi 

1.4.1.2 Preliminary Study II ...................................................................... 22 

1.5 Problem Statement ............................................................................................... 30 

1.5.1 Research Gaps ............................................................................................ 31 

1.6 Research Question ................................................................................................ 32 

1.7 Proposed Solution ................................................................................................ 32 

1.8 Research Objective............................................................................................... 33 

1.9 Scope of the Study ............................................................................................... 34 

1.10 Significance of Study ......................................................................................... 35 

1.11 Theoretical and Research Framework ................................................................ 37 

1.12 Operational Definitions and Terminologies ....................................................... 39 

1.12.1 People with Disability (PWD) ................................................................. 39 

1.12.2 Assistive Technology (AT) ...................................................................... 39 

1.12.3 Assistive Courseware (AC) ...................................................................... 39 

1.12.4 Visual Impairment (VI) ............................................................................ 40 

1.12.5 Low Vision ............................................................................................... 40 

1.12.6 Conceptual Design Model of AC4LV ..................................................... 40 

1.13 Thesis Structure .................................................................................................. 41 

1.14 Summary ............................................................................................................ 43 

CHAPTER TWO REVIEWS ON CONCEPTS AND THEORIES .................... 44 

2.1 Overview .............................................................................................................. 44 

2.2 Assistive Technology (AT) .................................................................................. 44 

2.2.1 The Widespread Use of AT ....................................................................... 47 

2.2.2 The Categories of AT ................................................................................. 48 



 

 vii 

2.2.2.1 Computer-based AT ...................................................................... 48 

2.2.2.2 Augmentative and Alternative Communication (AAC) ................ 51 

2.2.2.3 Environmental Control AT ............................................................ 52 

2.2.2.4 Telecommunication AT ................................................................. 53 

2.2.2.5 Cognition AT ................................................................................. 54 

2.2.2.6 Mobility AT ................................................................................... 54 

2.3 Inclusive Design ................................................................................................... 55 

2.4 Disabilities ........................................................................................................... 58 

2.4.1 Types of Disabilities .................................................................................. 61 

2.4.2 Children with Disabilities .......................................................................... 63 

2.5 Visual Impairment (VI) ........................................................................................ 65 

2.5.1 AT Devices for Low Vision Learners ........................................................ 73 

2.5.2 Challenging Task and Ability of Low Vision Learners ............................. 74 

2.6 Courseware and Component ................................................................................ 77 

2.7 Assistive Courseware (AC) .................................................................................. 78 

2.8 Six Category of Design Guidelines for Children ................................................. 80 

2.9 Information Accessibility ..................................................................................... 81 

2.10 Navigationability ................................................................................................ 82 

2.11 Pleasurability ...................................................................................................... 84 

2.12 Conceptual Design Model .................................................................................. 88 

2.12.1 Reviews and Critiques on Existing Conceptual Design Model of Typical 

Courseware (TC)................................................................................................. 91 

2.12.2 Reviews and Critiques on Existing AC Model ...................................... 108 



 

 viii 

2.12.3 Implications of Reviews and Critiques on Existing Conceptual Design 

Model (TC and AC) to the Study...................................................................... 121 

2.13 Instructional Design Model .............................................................................. 122 

2.13.1 ADDIE Model ........................................................................................ 122 

2.13.2 Dick, Carey, and Carey Model .............................................................. 124 

2.13.3 ARCS Model of Motivational Design ................................................... 127 

2.13.4 Implications of ID Model to the Study .................................................. 129 

2.14 Learning Theories in AC4LV .......................................................................... 129 

2.14.1 Constructivism Theory ........................................................................... 130 

2.14.2 Connectivism Theory ............................................................................. 132 

2.14.3 Multimedia Learning Theory ................................................................. 134 

2.14.4 Multiple Intelligence (MI) Theory ......................................................... 136 

2.14.5 Implications of Learning Theories to the Study .................................... 138 

2.15 Learning Approach in AC4LV......................................................................... 138 

2.15.1 Mastery Learning Approach .................................................................. 139 

2.15.2 Problem-based Learning (PBL) ............................................................. 141 

2.15.3 Active Learning Approach ..................................................................... 143 

2.15.4 Self-paced Learning ............................................................................... 144 

2.15.5 Implications of Learning Approaches to this Study............................... 146 

2.16 Evaluation on Usefulness of Courseware ........................................................ 146 

2.17 Summary .......................................................................................................... 148 

CHAPTER THREE RESEARCH METHODOLOGY ...................................... 150 

3.1 Overview ............................................................................................................ 150 



 

 ix 

3.2 Rational of Using Qualitative Approach ............................................................ 150 

3.3 Triangulation Methodology ............................................................................... 151 

3.4 Rational of Using Iterative Triangulation Methodology .................................... 155 

3.5 Phase in Methodology ........................................................................................ 156 

3.5.1 Phase 1: Awareness of Problem ............................................................... 159 

3.5.1.1 Content Analysis I and Communication with Expert and Actual 

Users ........................................................................................................ 159 

3.5.2 Phase 2: Suggestion ................................................................................. 160 

3.5.2.1 Content Analysis II ...................................................................... 161 

3.5.2.2 Comparative Analysis.................................................................. 161 

3.5.2.3 Expert and Actual Users Consultation ........................................ 162 

3.5.3 Phase 3: Construction .............................................................................. 163 

3.5.3.1 Expert Consultation ..................................................................... 164 

3.5.3.2 Expert Review ............................................................................. 164 

3.5.4 Phase 4: Evaluation .................................................................................. 165 

3.5.4.1 Sampling and Sample Size .......................................................... 165 

3.5.4.2 Prototyping .................................................................................. 166 

3.5.4.3 Investigating User Experience ..................................................... 167 

3.5.4.4 Pilot Test ...................................................................................... 168 

3.5.4.5 Ensuring Validity ......................................................................... 168 

3.5.4.6 User Experience Testing .............................................................. 169 

3.5.4.7 Data Collection Method............................................................... 170 

3.5.4.8 Analysis on Usefulness of AC4LV ............................................. 176 



 

 x 

3.5.5 Phase 5: Conclusion ................................................................................. 180 

3.6 Summary ............................................................................................................ 180 

CHAPTER FOUR CONSTRUCTION OF CONCEPTUAL DESIGN MODEL 

OF AC4LV .............................................................................................................. 182 

4.1 Overview ............................................................................................................ 182 

4.2 Component of the Proposed Model.................................................................... 185 

4.2.1 Structural Component .............................................................................. 192 

4.2.2 Content Composition Component ............................................................ 197 

4.2.2.1 Pedagogical Approach ................................................................. 198 

4.2.2.2 Human Entities ............................................................................ 200 

4.2.2.3 Justification on Content Composition Components of AC4LV .. 210 

4.2.3 Elements and Design Principles of AC4LV ............................................ 214 

4.2.4 Explanation on Content Composition Component of AC4LV ................ 220 

4.2.4.1 Pedagogical approach .................................................................. 220 

4.2.4.2 Human Entities ............................................................................ 224 

4.2.5 Learning Theories and Approaches ......................................................... 224 

4.2.6 Development Process ............................................................................... 225 

4.2.7 Instructional Design Model ...................................................................... 225 

4.2.8 Technology .............................................................................................. 226 

4.3 The Proposed Conceptual Design Model of AC4LV ........................................ 226 

4.4 Expert Review .................................................................................................... 229 

4.4.1 Instrument and Procedure ........................................................................ 232 

4.4.2 Expert Review Findings ........................................................................... 233 



 

 xi 

4.4.3 Justification on Experts’ Comments ........................................................ 239 

4.5 Reviewed Conceptual Design Model of AC4LV .............................................. 242 

4.6 Summary ............................................................................................................ 244 

CHAPTER FIVE PROTOTYPING OF AC4LV CONCEPTUAL DESIGN 

MODEL ................................................................................................................... 245 

5.1 Overview ............................................................................................................ 245 

5.2 The Development of AC4LV ............................................................................. 246 

5.2.1 Pre-production Phase ............................................................................... 247 

5.2.2 Production Phase ...................................................................................... 254 

5.2.3 Post-Production Phase ............................................................................. 257 

5.3 Principles of ARCS Model in the Development of AC4LV .............................. 258 

5.4 The AC4LV ........................................................................................................ 259 

5.4.1 The Opening Segment .............................................................................. 263 

5.4.2 The Assistive Content Segment ............................................................... 265 

5.4.2.1 Pedagogical Approach ................................................................. 266 

5.4.2.2 Human Entities ............................................................................ 282 

5.4.3 The Closing Segment ............................................................................... 285 

5.5 Learning Theories in AC4LV ............................................................................ 286 

5.6 Learning Approach in AC4LV........................................................................... 289 

5.7 Summary ............................................................................................................ 292 

CHAPTER SIX USER EXPERIENCE ON AC4LV .......................................... 293 

6.1 Overview ............................................................................................................ 293 

6.2 Special Testing Requirements ............................................................................ 293 



 

 xii 

6.3 Pilot Test with Low Vision Learners ................................................................. 296 

6.3.1 Pilot Test I ................................................................................................ 296 

6.3.1.1 Procedure ..................................................................................... 297 

6.3.1.2 Findings of the Pilot Test I .......................................................... 298 

6.3.2 Pilot Test II .............................................................................................. 301 

6.3.2.1 Procedure ..................................................................................... 301 

6.3.2.2 Findings of the Pilot Test II ......................................................... 303 

6.3.3 Observation and Interview of Pilot Tests ................................................. 303 

6.3.4 Implication of the Pilot Test to the Study ................................................ 309 

6.4 Ensuring Validity and Reliability....................................................................... 309 

6.4.1 Inter-rater (coder) Reliability ................................................................... 313 

6.5 The Semantic Network ....................................................................................... 314 

6.6 User Experience I ............................................................................................... 314 

6.6.1 The Demographic Background of the Subjects ....................................... 314 

6.6.2 Analysis of Findings on User Experience I ............................................. 316 

6.6.2.1 Observation .................................................................................. 316 

6.6.2.2 Interview ...................................................................................... 321 

6.6.3 Conclusion ............................................................................................... 326 

6.7 User Experience II.............................................................................................. 327 

6.7.1 Demographic Background of the Subject ................................................ 327 

6.7.2 The Procedure .......................................................................................... 329 

6.7.3 Analysis of Findings on User Experience II ............................................ 329 

6.7.3.1 Observation .................................................................................. 330 



 

 xiii 

6.7.3.2 Interview ...................................................................................... 340 

6.7.4 Conclusion ............................................................................................... 348 

6.8 Summary ............................................................................................................ 350 

CHAPTER SEVEN CONCLUSION .................................................................... 352 

7.1 Overview ............................................................................................................ 352 

7.2 Research Question 1 ........................................................................................... 353 

7.3 Research Question 2 ........................................................................................... 354 

7.4 Research Question 3 ........................................................................................... 355 

7.5 Aim and Objectives: Revisit .............................................................................. 355 

7.6 Implications of Study to Theory and Practical ................................................... 356 

7.7 Limitations and Recommendations for Future Works ....................................... 358 

7.7.1 Conceptual Design Model of AC4LV ..................................................... 358 

7.7.2 The AC4LV Prototype ............................................................................. 359 

7.8 Summary ............................................................................................................ 360 

REFERENCES ....................................................................................................... 362 

APPENDIX A ......................................................................................................... 393 

APPENDIX B ......................................................................................................... 394 

APPENDIX C ......................................................................................................... 395 

APPENDIX D ......................................................................................................... 396 

APPENDIX E ......................................................................................................... 397 

APPENDIX F .......................................................................................................... 399 

APPENDIX G ......................................................................................................... 400 



 

 xiv 

APPENDIX H ......................................................................................................... 425 

APPENDIX I .......................................................................................................... 426 

APPENDIX J .......................................................................................................... 427 

APPENDIX K ......................................................................................................... 429 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 xv 

List of Tables 

Table 1.1: Registered Disabled People According to Types of Disability, 2006-20134 

Table 1.2: Creative Content Clusters ........................................................................... 6 

Table 1.3: Example of Commercialized Courseware .................................................. 9 

Table 1.4: Example of AC ......................................................................................... 10 

Table 1.5: Challenging Learning Activities for Children and Young People with Low 

Vision ......................................................................................................................... 14 

Table 1.6: Example of Conceptual Design Model of Typical Courseware (TC)....... 15 

Table 1.7: Example of AC with the Target Learners ................................................. 16 

Table 1.8: List of Interview Question ........................................................................ 19 

Table 1.9: Respondents’ Opinion on the Availability and the Needs of Courseware 

for Low Vision Learners ............................................................................................ 20 

Table 1.10: Data Gathered Through Observing Subjects’ Behavior ......................... 25 

Table 1.11: Characteristic and Level of Acceptance for Audio ................................. 27 

Table 1.12: Characteristic and Level of Acceptance for Formatting Style and Text . 28 

Table 1.13: Characteristic and Level of Acceptance for Graphics and Animation ... 28 

Table 1.14: Characteristic and Level of Acceptance for General Interaction ............ 29 

Table 1.15: Level of Acceptance for Practical Testing .............................................. 29 

Table 1.16: Current Problems and Methods of Teaching and Learning for Low 

Vision Learners .......................................................................................................... 30 

Table 2.1: Examples of Microsoft AT Products ........................................................ 50 

Table 2.2: Examples of Alternatives Input Devices................................................... 51 

Table 2.3: Universal Design Principles in Public CAL for VI Children ................... 57 



 

 xvi 

Table 2.4: Category of Disabilities ............................................................................ 62 

Table 2.5: Cause of VI Afterbirth .............................................................................. 68 

Table 2.6: Category of VI .......................................................................................... 68 

Table 2.7: VI Categories based on Visual Acuity Range........................................... 69 

Table 2.8: Types of Human Ability ........................................................................... 75 

Table 2.9: Six Categories of Design Guidelines for Children ................................... 80 

Table 2.10: Accessibility Guidelines ......................................................................... 82 

Table 2.11: Navigationability Guidelines .................................................................. 83 

Table 2.12: Fraction of Pleasurability ........................................................................ 85 

Table 2.13: Components of Conceptual Design Model ............................................. 88 

Table 2.14: Recommended Design of Conceptual Model ......................................... 90 

Table 2.15: Interface Design Guidelines of Math Explorer ..................................... 114 

Table 2.16: Principles of Multimedia Learning Theory .......................................... 134 

Table 2.17: MI Theory ............................................................................................. 137 

Table 3.1: Six Key Principles of UCD ..................................................................... 162 

Table 3.2: Usefulness Evaluation Method ............................................................... 170 

Table 3.3: Observation Techniques.......................................................................... 171 

Table 3.4: Observation Setting ................................................................................. 172 

Table 3.5: Observation Instrument ........................................................................... 174 

Table 3.6: Types of Interview .................................................................................. 175 

Table 3.7: Kappa Statistics ....................................................................................... 179 

Table 4.1: Criteria and Justification of Participants in UCD Cycles in the Contruction 

of Conceptual Design Model of AC4LV ................................................................. 183 



 

 xvii 

Table 4.2: Justification for Selecting Models .......................................................... 186 

Table 4.3: Comparative Analysis of Generic Components for TC .......................... 187 

Table 4.4: Comparative Analysis of Generic Components for AC ......................... 188 

Table 4.5: Summary of Generic Component of Existing Models ............................ 188 

Table 4.6: Indicator for Categories of Component .................................................. 188 

Table 4.7: Generic Component of Existing Models................................................. 189 

Table 4.8: Proposed Generic Component of AC4LV .............................................. 191 

Table 4.9: Details of Structural Components ........................................................... 192 

Table 4.10: Structural Component of TC ................................................................. 193 

Table 4.11: Structural Component of AC ................................................................ 193 

Table 4.12: Summary of Structural Component in the Existing Models ................. 193 

Table 4.13: AC4LV Structural Component based on Analyzed Models ................. 194 

Table 4.14: Proposed Structural Component of AC4LV ......................................... 196 

Table 4.15: Details on Content Composition Component ....................................... 202 

Table 4.16: Comparative Analysis on Content Composition Component for TC ... 204 

Table 4.17: Comparative Analysis on Content Composition Component for AC ... 205 

Table 4.18: Summary of Content Composition Component from Existing Models 206 

Table 4.19: AC4LV Content Composition Component based on Analyzed Models

 .................................................................................................................................. 207 

Table 4.20: Proposed Content Composition Components of AC4LV ..................... 209 

Table 4.21: Proposed Elements and Design Principles of AC4LV ......................... 214 

Table 4.22: Demographic Profile of the Experts ..................................................... 230 

Table 4.23: Frequency of Responses from Expert Review ...................................... 234 



 

 xviii 

Table 4.24: Further Comments from the Expert ...................................................... 236 

Table 5.1: Descriptions of the Prototype.................................................................. 260 

Table 5.2: Actual Content of AC4LV ...................................................................... 260 

Table 5.3: Description for Form of Activity in AC4LV .......................................... 261 

Table 5.4: Constructivism and Connectivism Theories Associated with AC4LV... 286 

Table 5.5: Multimedia Learning Theory Mapped to AC4LV .................................. 287 

Table 5.6: MI Theory Connected to AC4LV ........................................................... 288 

Table 5.7: Learning Approach in AC4LV ............................................................... 290 

Table 6.1: Problems, Causes, and Solutions Detected in the Pilot Test I ................ 300 

Table 6.2: Types of Interview Questions ................................................................. 304 

Table 6.3: Classification and Rationale of Interview Questions .............................. 306 

Table 6.4: Demographic Background of the Subjects involved in User Experience I

 .................................................................................................................................. 315 

Table 6.5: Demographic Background of the Subjects involved in User Experience III

 .................................................................................................................................. 328 

Table 6.6: Information Accessibility Codes’ and Occurrences of Using the AC4LV

 .................................................................................................................................. 330 

Table 6.7: Navigationability Codes’ and Occurrences of Using the AC4LV .......... 334 

Table 6.8: Pleasurability Codes’ and Occurrences on AC4LV ................................ 337 

Table 6.9: Codes and Quotations of AC4LV for Information Accessibility ........... 342 

Table 6.10: Codes and Quotations of AC4LV for Navigationability ...................... 345 

Table 6.11: Codes and Quotations of AC4LV ......................................................... 346 

Table 6.12: Summary of Finding ............................................................................. 349 



 

 xix 

List of Figures 

Figure 1.1: Activities and Interest between VI including Low Vision Students and 

Non-disabled Students ............................................................................................... 13 

Figure 1.2: Online Teaching Courseware is played to the Low Vision Learners ...... 22 

Figure 1.3: Snapshots of the Low-fidelity Prototype of AC ...................................... 24 

Figure 1.4: Theoretical and Research Framework ..................................................... 38 

Figure 2.1: Level of Limited Eyesight ....................................................................... 70 

Figure 2.2: Normal Vision ......................................................................................... 71 

Figure 2.3: Low Vision .............................................................................................. 71 

Figure 2.4: Central Field Loss .................................................................................... 71 

Figure 2.5: Certain Field Loss .................................................................................... 71 

Figure 2.6: Reduction of Vision Field........................................................................ 71 

Figure 2.7: CCTV ...................................................................................................... 73 

Figure 2.8: Magnifying Glass .................................................................................... 73 

Figure 2.9: Conceptual Framework of English Language Courseware (Mazyrah et 

al., 2008)..................................................................................................................... 93 

Figure 2.10: Conceptual Design Model of RLM (Ariffin, 2009) .............................. 94 

Figure 2.11: ID Model of Multimedia Courseware for Lines and Planes (Syazwan & 

Wan Fatimah, 2010) ................................................................................................... 95 

Figure 2.12: Conceptual Model of Small Screen (Churchill, 2011) .......................... 97 

Figure 2.13: Framework of Virtual World Courseware (Nik Siti Hanifah et al., 2011)

 .................................................................................................................................... 98 

Figure 2.14: ID Model of Li2D (Zuraini & Wan Fatimah, 2011)............................ 100 

file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210527
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210541


 

 xx 

Figure 2.15: CDM (Efendioğlu, 2012) ..................................................................... 101 

Figure 2.16: IPO Framework of Courseware for Teaching History Subject (Rossafri, 

2012) ........................................................................................................................ 103 

Figure 2.17: Architecture of UZWEBMAT (Özyurt et al., 2013) ........................... 105 

Figure 2.18: Model of Constructivist Computational Platform (Garcia & Pacheco, 

2013) ........................................................................................................................ 106 

Figure 2.19: Snapshots of Auslan Children (Ellis, 2009) ........................................ 109 

Figure 2.20: ID Model of Komputer Saya (Norfarhana et al., 2010)....................... 110 

Figure 2.21: Snapshots of Komputer Saya ............................................................... 110 

Figure 2.22: Snapshots of Interface for: a) teacher b) student (Morfidi et al., 2010)

 .................................................................................................................................. 111 

Figure 2.23: eAcces2LearnFramework (Sampson & Zervas, 2010) ........................ 112 

Figure 2.24: HTML Content with eAccess2Learn Style Sheet for Low Vision People

 .................................................................................................................................. 113 

Figure 2.25: Snapshots of Math Explorer ................................................................ 115 

Figure 2.26: Framework of MudahKiu (Siti Zaharah & Nor Azan, 2011) .............. 116 

Figure 2.27: Snapshots of Malay Sign Language Courseware (eBIM) ................... 117 

Figure 2.28: Snapshot of AC for VI Learners .......................................................... 118 

Figure 2.29: Scaffolding Models to Hear and Read Stories (Rahmah & Tengku 

Nazatul, 2012) .......................................................................................................... 119 

Figure 2.30: Digital Storytelling Framework for Remedial Student (Rahmah et al., 

2012) ........................................................................................................................ 120 

Figure 2.31: ADDIE Model ..................................................................................... 123 



 

 xxi 

Figure 2.32: Dick, Carey, and Carey Instructional Design Model........................... 125 

Figure 2.33: ARCS Model of Motivational Design ................................................. 127 

Figure 2.34: Overview of Literature Study .............................................................. 149 

Figure 3.1: Basis of Methodology ............................................................................ 153 

Figure 3.2: Phases in the Research Process ............................................................. 158 

Figure 3.3: Sample of Expert Validation Form for Validity of Data ....................... 179 

Figure 4.1: Summary of Activities in Constructing the Conceptual Design Model of 

AC4LV ..................................................................................................................... 182 

Figure 4.2: Summary of the Participants in UCD Cycles in the Construction of the 

Conceptual Design Model of AC4LV...................................................................... 184 

Figure 4.3: Conditions for Classification ................................................................. 189 

Figure 4.4: Proposed Model for Generic Component of AC4LV ............................ 191 

Figure 4.5: UCD Approach (Having Discussion with Teacher) .............................. 195 

Figure 4.6: Proposed Model for Structural Components of AC4LV ....................... 197 

Figure 4.7: Proposed Model of Content Composition Component of AC4LV ....... 213 

Figure 4.8: Proposed Elements of AC4LV with Design Principles ......................... 219 

Figure 4.9: The Proposed Conceptual Design Model of AC4LV ............................ 228 

Figure 4.10: Relevancy of the Proposed Elements in the Components of AC4LV . 234 

Figure 4.11: Understanding of the Proposed Design Principles in AC4LV Elements’

 .................................................................................................................................. 235 

Figure 4.12: The Terms, Connections and Flows, and Readability of the Conceptual 

Design Model of AC4LV. ........................................................................................ 235 

Figure 4.13: Revised Conceptual Design Model of AC4LV ................................... 243 

file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210565
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210565
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210566
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210566
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210568
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210573
file:///C:/Users/l/Dropbox/Thesis%20Correction%20After%20VIVA/THESIS%20CORRECTION%20AFTER%20VIVA-4.docx%23_Toc419210577


 

 xxii 

Figure 5.1: Pre-production Phase ............................................................................. 247 

Figure 5.2: Navigation Specification between Topics in AC4LV ........................... 250 

Figure 5.3: Navigation Specification between Topics and Activities in AC4LV .... 251 

Figure 5.4: Production Phase ................................................................................... 255 

Figure 5.5: Post-Production Phase ........................................................................... 257 

Figure 5.6: Principles of ARCS Model Mapped to Development Process of AC4LV

 .................................................................................................................................. 259 

Figure 5.7: The Prototype of AC4LV ...................................................................... 259 

Figure 5.8: Structural of AC4LV ............................................................................. 262 

Figure 5.9: Initial Welcome Element ....................................................................... 264 

Figure 5.10: The Actor Addressing the Element of Welcome, Title, and Objective of 

the Course ................................................................................................................ 264 

Figure 5.11: Audio Element Applied in the AC4LV ............................................... 268 

Figure 5.12: The Use of Texts in the AC4LV .......................................................... 270 

Figure 5.13: Graphics and Animations in the AC4LV ............................................ 270 

Figure 5.14: Interface Layout in the AC4LV ........................................................... 271 

Figure 5.15: Sample of Bad and Good Action ......................................................... 272 

Figure 5.16: Lecturing Presented by “Smiley” ........................................................ 272 

Figure 5.17: Instruction-based and Demonstration in the AC4LV .......................... 274 

Figure 5.18: Auditory Explanation .......................................................................... 275 

Figure 5.19: Samples of Activity-based Applied in the AC4LV ............................. 276 

Figure 5.20: Integration of Text, Graphic, Audio, Animation, and Transition to Cater 

Information Accessibility. ........................................................................................ 278 



 

 xxiii 

Figure 5.21: Sample of Snapshots for Navigational Button in the AC4LV............. 279 

Figure 5.22: Sample of Snapshots of Pleasurability Aspects Addressed in the 

AC4LV ..................................................................................................................... 281 

Figure 5.23: Separator Scene Applied in AC4LV ................................................... 282 

Figure 5.24: Instructor in AC4LV ............................................................................ 284 

Figure 5.25: General Interaction Applied in AC4LV .............................................. 285 

Figure 5.26: Closing Segment Addressed in AC4LV .............................................. 286 

Figure 5.27: Sample of Snapshot of Constructivism Theory Applied in AC4LV ... 287 

Figure 5.28: Sample of Snapshots of Connectivism Theories Associated with 

AC4LV ..................................................................................................................... 287 

Figure 5.29: Sample of Snapshot of Multimedia Learning Theory Adapted in 

AC4LV ..................................................................................................................... 288 

Figure 5.30: Sample of Snapshots of Multiple Intelligence Theory Applied in 

AC4LV ..................................................................................................................... 289 

Figure 5.31: Mastery Learning and PBL Approaches Mapped to AC4LV ............. 291 

Figure 5.32: Active Learning and Self-paced Learning Approaches Adapted in 

AC4LV ..................................................................................................................... 291 

Figure 6.1: Two Cycles of Pilot Test ....................................................................... 295 

Figure 6.2: Two Cycles of User Experience Testing ............................................... 295 

Figure 6.3: Group 1 .................................................................................................. 298 

Figure 6.4: Group 2 .................................................................................................. 298 

Figure 6.5: Subjects involved in Pilot Test II .......................................................... 302 



 

 xxiv 

Figure 6.6: Cohen’s Kappa Value from Rater 1 and Rater 2 for Observation Session

 .................................................................................................................................. 313 

Figure 6.7: Cohen’s Kappa Value from Rater 1 and Rater 2 for Interview Session 313 

Figure 6.8: Experience of Using Computer ............................................................. 315 

Figure 6.9: Experience of Using TC ........................................................................ 315 

Figure 6.10: Subjects involved in User Experience I ............................................... 316 

Figure 6.11: Speak-aloud the Content ...................................................................... 317 

Figure 6.12: Navigate the AC4LV ........................................................................... 318 

Figure 6.13: Subjects Concentrate on the Content Comfortably and Relax ............ 320 

Figure 6.14: Ensuring the Similar Content .............................................................. 321 

Figure 6.15: Experience of Using Computer ........................................................... 328 

Figure 6.16: Experience of Using TC ...................................................................... 328 

Figure 6.17: Flow of the User Experience II............................................................ 329 

Figure 6.18: Subject Reactions on Audio in the AC4LV......................................... 331 

Figure 6.19: Selecting Attributes in the AC4LV ..................................................... 332 

Figure 6.20: Recognizing the Graphic ..................................................................... 333 

Figure 6.21: Recognizing the Navigational Button.................................................. 335 

Figure 6.22: Sample of Self Interaction with the AC4LV ....................................... 336 

Figure 6.23: Sample of Social Interaction with the AC4LV. ................................... 336 

Figure 6.24: Amused ................................................................................................ 339 

Figure 6.25: Enjoyed ................................................................................................ 339 

Figure 6.26: Sense of Humor ................................................................................... 339 

Figure 6.27: Happy .................................................................................................. 340 



 

 xxv 

List of Appendices 

Appendix A: Sample of Application Letter to Conduct Preliminary Investigation and 

Endorsement from the School Principle .................................................................. 393 

Appendix B: Sample of Invitation Email to Expert and Response Email from the 

Expert ....................................................................................................................... 394 

Appendix C: Sample of Consent Form for Expert ................................................... 395 

Appendix D: Sample of Appointment Letter for Expert .......................................... 396 

Appendix E: Expert Review (Instrument) ............................................................... 397 

Appendix F: Sample of Expert Comments’ ............................................................. 399 

Appendix G: Script and Storyboard of AC4LV ....................................................... 400 

Appendix H: Sample of Approval Lettter to Conduct Pilot Test ............................. 425 

Appendix I: Sample of Permission Letter from Parents for Video Recording ........ 426 

Appendix J: The Sematic Network .......................................................................... 427 

Appendix K: Sample of Application Letter to Conduct User Experience Testing and 

Endorsement from the School Principle .................................................................. 429 

 

 

 

 

 

 

 

 



 

 xxvi 

List of Abbreviations 

AAC  Augmentative and Alternative Communication  

AC Assistive Courseware  

AC4LV  Assistive Courseware for Low Vision  

ACS  American Community Survey  

ADDIE  Analysis Design Development Implementation 

ASHA  American Speech Language Hearing Association  

AT  Assistive Technology  

CAI  Computer-assisted Instruction  

CAL  Computer-assisted Learning  

CBT  Computer-based Training  

CCTVs  Closed Circuit Televisions  

CD  Conceptual Definition  

CDHL Center for Childhood Deafness and Hearing Loss  

CDM  Courseware Development Model  

EBU  European Blind Union  

FCTD  Family Center on Technology and Disability 

GRIT Global Research Innovation and Technology  

GUIDE  General User Interface for Disorder of Execution  

GPS  Global Positioning System  

IDEA  Individuals with Disabilities Education Act  

ICT  Information and Communication Technology  

IPO  Input-Process-Output  



 

 xxvii 

ID  Instructional Design  

ISD Instructional System Development  

ILO  International Labor Office  

JAWS  Job Access With Speech  

KAIMal Kemahiran Asas Individu Masalah Penglihatan  

LD  Learning Disabilities  

LFC  Leveraged Freedom Chair  

MAB  Malaysian Association for the Blind  

ML Meaningful Learning  

MOE  Ministry of Education  

MI  Multiple Intelligence  

NECIC  National Early Childhood Intervention Council 

NICHCY National Dissemination Center for Children with Disabilities  

ODI  Office for Disability Issues  

OD  Operation Definition  

PWDs  People with Disabilities  

PDAs  Personal Digital Assistants  

PERS  Personalized Emergency Response Systems  

PBL  Problem-based Learning  

RLM  Reality Learning Media  

SGD  Speech Generating Devices  

TDD  Telecommunication Device for the Deaf  

TTY  Teletypewriter  



 

 xxviii 

TC  Typical Courseware  

UK  United Kingdom  

UNESCO  United Nations Educational Scientific and Cultural Organization  

UCD  User Centred Design  

VI Visual Impairment  

VI  Visually-impaired  

VOCA  Voice Output Communication Aids  

WHO  World Health Organization  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 xxix 

List of Publications and Awards 

Journals: 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2014). A 

comparative analysis on conceptual design model of Assistive Courseware 

(AC) for visually-impaired learners (AC4VI). Australian Journal of Basic 

and Applied Sciences, 8(4), 75–80. Retrieved from 

http://ajbasweb.com/old/ajbas/2014/Special/75-80.pdf 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2014). Critical 

analysis in proposing a conceptual design model of assistive courseware for 

low vision (AC4LV) learners. International Journal of Computer 

Applications, 92(10), 18–25. doi:10.5120/16044-5173%0A 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2014). The design 

principles of Assistive Courseware for Low Vision (AC4LV) learners. 

ARPN Journal of Engineering and Applied Sciences, 3 (10), 1447–1456. 

Retrieved from http://www.arpnjournals.com/jeas/research_papers/rp_2015/ 

jeas_0215_1614.pdf 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2015). Expert 

review on conceptual design model of Assistive Courseware for Low Vision 

(AC4LV) Learners. International Journal of Conceptions on Management 

and Social Sciences, 3(2), 35–39. Retrieved from 

http://www.worldairco.org/IJCMSS/May2015Paper14.pdf 

 

Chapter in Book: 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2013). Preliminary 

investigation on creative educational content for visually-impaired (VI) 

learners. In H. Badioze Zaman, P. Robinson, O. Patrick, T. K.Shih, & S. 

Velastin (Eds.), Advances in Visual Informatics (3rd ed., pp. 408–417). 

Switzerland: Springer International Publishing. doi:10.1007/978-3-319-

02958-0 

Conference Proceedings: 

 Nurulnadwan, A., Ariffn, A. M., & Siti Mahfuzah, S. (2013). A 

comparative analysis on conceptual design model of Assistive Courseware 

(AC) for visually-impaired learners (AC4VI). Proceedings of the 

International Conference on Engineering and Technology (ICET ’13), 75–

80. 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2014). Reviews 

and critiques on learning theories towards proposing a conceptual design 

model of assistive courseware for low vision (AC4LV) learners.  



 

 xxx 

Proceedings of the 7th Knowledge Management International Conference 

(KMICe ’14), 760–765. 

 Nurulnadwan, A., Ariffn, A. M., & Siti Mahfuzah, S. (2014). Conceptual 

design model of Assistive Courseware for Low Vision (AC4LV) Learners. 

Proceedings of the International Conference on Advances in Educational 

Technology (ICAET ’14), 44–53. 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2014). Integrating 

Multimedia Learning Theory in Assistive Courseware for Low Vision 

(AC4LV) Learners. Proceedings of the 3rd International Conference on 

Interactive Digital Media (ICIDM’ 14).  

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2014). The design 

principles of Assistive Courseware for Low Vision (AC4LV) learners.  

Proceedings of the Advancement in Information Technology International 

Conference (ADVCIT’ 14), 222-230. 

 Nurulnadwan, A., Ariffin, A. M., & Siti Mahfuzah, S. (2015). First cycles 

of user experience on Assistive Courseware for young Low Vision 

(AC4LV) learners. Proceedings of the 5
th

 International Conference on 

Computing and Informatics (ICOCI ‘15), 180-186.  

Awards: 

 Bronze Medal at the Malaysian Technology Exhibition 2013 (MTE 

2013), Kuala Lumpur: 

o Project Title: Assistive Learning Materials for Low Vision 

Learners  

o Project Members: Ariffin Abdul Mutalib, Nurulnadwan Aziz, 

Siti Mahfuzah Sarif  

 

 Best Paper Award  
o 3rd International Conference on Interactive Digital Media 

(ICIDM 2014) 2-4 December 2014. 

o The Pacific Sutera Hotel @ Sutera Harbour Resort Kota 

Kinabalu, Sabah. 

o Title: Integrating Multimedia Learning Theory in Assistive 

Courseware for Low Vision (AC4LV) Learners. 

o Author: Nurulnadwan Aziz , Ariffin Abdul Mutalib , Siti 

Mahfuzah Sarif.  

 

 Silver Medal at the National Innovation and Invention Competition 

Through Exhibition 2015 (iCompEx ‘15), Politeknik Sultan Abdul 

Halim Mu’adzam Shah (POLIMAS): 

o Project Title: Assistive Courseware for Low Vision Children 

o Project Members: Nurulnadwan Aziz, Ariffin Abdul Mutalib, 

Siti Mahfuzah Sarif 

 



 1 

CHAPTER ONE 

INTRODUCTION 

1.1 Overview 

This introductory chapter provides some background of study which deliberates on 

issues that lead to the motivation aspects of the study, specification of the problem, 

preliminary investigation, extraction of research gap, and formulation of research 

objective. It also discusses the scope and limitations of the study, significance of 

study, theoretical and research framework, as well as operational definitions of terms 

used throughout the study. 

1.2 Background of Study 

Everybody is gifted with certain ability. It depends on how far a person can explore 

their potentials to utilize the abilities optimally. It is similar with disabled people but 

the approach is definitely dissimilar. In the process of exploring the potentials, 

learning should take place. However, it is not an easy task for disabled people 

especially the school-aged children to grasps new knowledge fluently as normal 

children. Eventhough it is not an easy task, generating knowledge is very important 

to everybody including the disabled because only knowledge could develop and 

differentiate the level among people. It is emphasized in the Quran clearly through 

Surah Az-Zumar [verse: 9]: 



The contents of 

the thesis is for 

internal user 

only 
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