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Abstrak

Kajian ini memberi tumpuan kepada reka bentuk dan pembangunan prototaip
Persekitaran Latihan Taekwondo Maya (VT?E) sebagai bahan tambahan untuk latihan
Taekwondo arah sendiri. Walaupun terdapat pelbagai bahan latihan Taekwondo
tambahan yang ada, kebanyakannya mempunyai batasan dalam menyokong latihan arah
sendiri. Hasil kajian awal menunjukkan pentingnya latihan Taekwondo yang diarahkan
oleh para pelatih dan mereka menghadapi masalah semasa menjalani latihan arah sendiri
di rumah kerana mereka tidak mempunyai bahan latihan tambahan yang sesuai untuk
membimbing mereka. Oleh itu, penyelidikan ini bertujuan untuk membangun prototaip
VT’E sebagai bahan tambahan untuk latihan Taekwondo arah sendiri yang
menggabungkan teknologi Realiti Maya (VR) dan Tangkapan Gerakan (MoCap) untuk
menilai kepuasan para pelatih dari aspek penglibatan, kehadiran, kegunaan dan
kemudahan penggunaan. Metodologi kajian ini terdiri daripada tiga fasa, iaitu;
pengumpulan maklumat, reka bentuk prototaip dan pembangunan dan penilaian yang
disesuaikan daripada Vaishnavi dan Kuechler (2008). Dalam menyediakan bahan
pembelajaran yang berguna dan berkesan, prototaip menggabungkan Teori Konstruktivis
dan Teori Aliran. Analisis persepsi, korelasi Pearson dan regresi digunakan untuk
menentukan kesan penglibatan, kehadiran, kegunaan dan kemudahan penggunaan ke atas
kepuasan pelatih dalam menggunakan prototaip VT’E. Keputusan menunjukkan
sokongan empirikal untuk hubungan positif dan statistik yang signifikan antara kegunaan
dan kemudahan penggunaan terhadap kepuasan para pelatih. Bagaimanapun, penglibatan
dan kehadiran tidak mempunyai hubungan yang positif dan signifikan dengan kepuasan.
Sebagai kesimpulan, kajian ini telah melihat kemungkinan memperkenalkan pendekatan
latihan baru melalui penggunaan kedua-dua teknologi tersebut. Adalah diharapkan
prototaip ini dapat menjadi panduan untuk latihan Taekwondo dalam meningkatkan
kemahiran dan persembahan dan secara tidak langsung memenuhi kepuasan para pelatih.

Kata kunci: Prototaip VT’E, Realiti Maya (VR), Tangkapan Pergerakan (MoCap),
latihan arah sendiri, latihan Taekwondo



Abstract

This study focuses on the design and development of Virtual Taekwondo Training
Environment (VT2E) prototype as a supplementary material for self-directed Taekwondo
training. Even though there are varieties of supplementary Taekwondo training materials
available, most of them have limitations in supporting self-directed training. The results
of the preliminary study clearly indicated the importance of self-directed Taekwondo
training among the trainees and they are facing problems while performing self-directed
training at home since they do not have proper supplementary training materials to guide
them. Thus, the research aims to propose the VTE prototype as a supplementary material
for self-directed Taekwondo training which incorporates Virtual Reality (VR) and
Motion Capture (MoCap) technologies which is to study the trainees’ satisfaction in
terms of Engaging, Presence, Usefulness and Ease of Use. The methodology of this study
consists of three phases, namely; information gathering, prototype design and
development and evaluation which is adapted from Vaishnavi and Kuechler (2008). In
providing a useful and effective training material, the prototype incorporates the
Constructivist Theory and Theory of Flow. Perception, Pearson Correlation and
Regression analyses were used to determine the effects of Engaging, Presence,
Usefulness and Ease of Use on trainees’ Satisfaction in using the VT?E prototype. The
results provided empirical support for the positive and statistically significant
relationships between usefulness and ease of use on trainees’ satisfaction. However,
Engaging and Presence did not have positive and significant relationships with
satisfaction. As for the conclusion, this study has looked into the possibility of
introducing a new approach of training through the use of the two technologies. It is
hopeful that this prototype can be a guide for self-directed Taekwondo training in
enhancing the skills and performances and indirectly fulfil the trainees’ satisfaction.

Keywords: VT?E prototype, Virtual Reality (VR), Motion Capture (MoCap), self-
directed training, Taekwondo training



Acknowledgement

Alhamdulillah, grateful to Allah, lastly this thesis is finally completed. A special
gratitude | give to my supervisor Associate Prof Abdul Nasir Bin Zulkifli for his
excellent guidance, unwavering support, kindness, patience, motivation and his expertise
in the field of study. In addition, a special thanks goes to my co-supervisor Encik Mohd
Fitri Bin Yusoff which also helped me in doing this research. | am really thankful for

them.

Furthermore | would also like to thank the Universiti Utara Malaysia for supporting me
by funding this research and provide all the support that has facilitated the research
process along my completion this thesis until now. | would also like to thank the School
of Mechatronic Engineering, Universiti Malaysia Perlis for allowing me to use the

MoCap facilities and assist me in the MoCap process.

Last but not least, | also would like to say my deepest thanks to my family members for
their great moral and financial support, not forget to thank my research colleagues and
others for the supports and encouragement in achieving this Master (by Research) degree.
Thank you all.



Table of Contents

PermissSion t0 USE.......o.iuininiiii e [
N 1] 3 < I
ADSIIACE. ... i
ACKNOWIEAZMENES. ... .ttt 1\
LISt OF TabIES. ... e, X
List Of FIgUIES. ...ttt e xii
LiSt OF APPENAICES ...t e XV
List of ADDIevIations ..........c.oeiiii i XVi
CHAPTER ONE: INTRODUCTION.....cctiutuiiiieiniiiininiierinesesisesasnscnnes 1
| L0 A5 74 1= 1
1.2 Research Background. ... 1
1.3 Problem Statement. ..........oiueniini i e 5)
1.4 Preliminary Study........oooiiiiiiii e 7
1.5 Purpose of the Study..........oooeiuiuinii e 10
1.6 ReSearch QUESTIONS. .. ...ttt ettt e e e e e e e enann 11
1.7 Research Ohjgetivesss~..... WINIVEISILI WUidld Mididyasid .. 12
1.8 RESEAICh SCOPC. . .vi ettt 12
1.9 Research Hypothesis. ........oouiuiiiiii e, 13
1.10 Research Significance............co.ouvuveiiiiiiii i 14
B ) 0 e D T U 15
1.12 Summary of This Research Study..............coooiiiiiiiii 15
1.13 Summary of Al Chapter...... ..o 17
CHAPTER TWO: LITERATURE REVIEW....ccciviiiiiiiiiiiiniieniinninninecanes 19
2.1 OVEIVIBW. ¢ttt et e e e 19
2.2 MArtial ATES. .. oeee ettt 19
2.2.1 Tackwondo and Training.............oeiiniiitiiniiieiie e eieieeieenaaans 20
2.2.2 Types of Training Environment. .............c.oooiiiiiiiiniiiiinnen, 21
2.3 Self-directed Training.........c.oveiniiniiii e 23



2.4 Virtual Reality........coiiiiiii e 25

2.4.1 Type of VR SYSteIMS. ...uuiiiitiitiii e e e 28
2.4.2 Implications of VR iInthis Study.............cociiiiiiii 29
2.4.3 The Limitation of VR..... .o i, 30
2.5 Motion Capture (MoCap)Technology........ccvviiiiiiiiiiiiiiii e 30
2.5. 1 MoCap Training iINVR ... 32
2.6 VE IN Training. ......ouiiiiiit et 33
2.6.1 Conventional Methods and Integrating Technologies in Training............. 34
2.6.2 VR and MoCap Technology.......cccceeceieeiiieeiiieeciee e 36

2.7 TR0 Y . .o 39
2.7.1 CONSLIUCHIVISE ThEOTY.....v ittt et e 39
2.7.1.1 Constructivist Approach and Design Method in Learning........... 37

2.7.1.2 Implications of Constructivist to this Study...............cccceeeveeer.. 38
2.7.2Theory OF FIOW......o.uiuiniit it e e e e e e 39
2.7.2.1 Implications of Flow to This Study.............cccoiiiiiiiiiniiie 41

2.8 Related Previous Research Works in VR and MoCap Technologies............... 41
2.8.1 Differences between Previous Studies with This Study...................... 50

2.9 Measurement.OMNWIR 2/ ... 1 inivareitt - Fdara Malawaig- - 51
B B B o 0 Yo 51
B i (<Y 11 51
2.9.3 Perceived Usefulness. .........oiniiriiii i 52
2.9.4 Perceived Ease OF USE........oviniiiiiii e, 52
2.9.5 SAtISTACHION. ...ttt e 53
2.10 Heuristic Evaluation for VE.............ooiii e 53
2.11 Summary of the Literature REVIEW............oiiiiiiiiiii e 54
CHAPTER THREE: METHODOLOGY ..cuitititieieiuiniuinrnrrirninenenisnenn 56
R B 0 )7c a4 1o PSP 56
3.2 Methodology of this Study...........cooiiiii e, 56
3.2.1 Phase 1: Information Gathering................cooiiiiiiiiii i e, 57
3.2.1.1 Preliminary Study.........ooviiii e 57

3.2.1.2 Literature ReVIEW......ooviiiiiiiiiii e 58

Vi



3.2.2 Phase 2: Prototype Design and Development..................c.ocoeeiininnnn.
2. 2. L MOCAD. et
3.222Modelling. ... ..o
3.2.2.3 ANIMATION. ...ttt et et ettt
32 2 A VE
3.2.2.4.1 Constructivist Approach for VE.................ciiiiiinns
3.2.2. 4.2 FlOW. .o uininii e e
3.2.3Phase 3: Evaluation...... ..o,
3.2.3.1 The Expert Evaluation and Procedures in this Study..................
3.2.3.2 The User Evaluation and Procedures in this Study....................
3.3 Summary of the Methodology........c.ooviiiiiiii e
CHAPTER FOUR: PROTOTYPE DEVELOPMENT ...citiiiiieiiiiereiarcnnnnnnn.
O @Y= 1= PSP
4.2 Motion Capture Phase. ........cco.iiuiiiiii i e
4.2.1 System Preparation. .........evruiirtieiet ettt et e eerireesieeenaee e
4.2.1.1 Hardware Requirements. ..........ccoouiiiiinniiiiieenineeieennannens
4.2.1.2 Software Installation...................coo i,
4.2.2 SubjechPreparation. .. .1t mivarciti-Heara -Molayaio. ..
A W\ (T O o 1
4.2.2.2 Putting Markers on a Real Person.....................ooooiiil.
4.2.3 Calibration.........ooiii
4.2.3.1 System Calibration...............cooiiiiiiiiiii
4.2.3.2 Subject Calibration..............ocoiiiiiii e,
4.2.4 CaptUre SESSION. ....uttt ittt et e
4.2.5 Cleaning and Edit Data. ...
4.2.5.1 Data SECHION. ....utiee e
4.2.5.2 Character SEtUP. ... ..ouvirit i,
4.2.5.3 Actor and Character Setup.........cooviiriiiiiiiii e
4.2.5.4 RENUEIING. ..outiti it e,
A.3MOAelliNg Phase.......co.iiuiiiii e

4.3.1 3D CharaCter. .. ....ouinit it e

vii



4.3.1.1 Head Modelling..........ccooiiiiniiii e

4.3.1.2 Torso and Clothes Modelling..............cccoiiiiiiiiiiiieeee e,
4.3.1.3Leg Modelling......ccoouiiii i

4.3. 1.4 Hand Modelling. ..........oooiiiiiiiiiiiiiii e

4.3.2 Modelling of VT?E ENVIFONMENT. .......vuneeeeeeee e,
4.4 ANIMALION Phase. .......oovieiiii e
4.4.1 Insert the 3D CharaCter..........o.vueuiiiiiii e,
4.4.2 Applying Motion Data to the 3D Character...............cooevevviinineeninnnn
4.4.3 Animating the 3D CharaCter............c.ooiriiiiiiiiii e,
A5 VE PRaSe. ...
4.5.1Insert 3D ENVIFONMENT. .......otiti e,
4.5.2 Placing of 3D Object in the Environment...............oooviiiiiiiiiininnnn..
4.5.3Scene LIighting.......c.ooeiiiiii
454Camera 4k ... B0 B0 - - BE - B

455 8Save as an EXe FIle. ..o

4.6 Embedding Engaging, Presence, Usefulness, Ease of Use and Satisfaction in

thE VT2E PIOTOLYPE. .o,
4.6.1 EpBadMg..5/.... tinivareiti-Itara -Malavein -

A.6.2 PIESEINCE. ...ttt

4.6.3 USETUINESS. ...t
A.6.4EaSE OF USE. .. .ot

4.6.5 SatisfaCtioN..........oviii i
4.7Summary of the Prototype Design and Development....................ccoeevinnennn.
CHAPTER FIVE: DATA ANALYSIS AND RESULT....cccciiieiiiiiiieiinnnnnn.
D L OVBIVIBW . ..ttt et et e e e e e e e
5.2 EXpert Evaluation.........c.ooiuiiiiiii i e e
5.2.1 Content Expert Evaluation..............ccoouiiiiiiiiii e,
5.2.2 Interface Expert Evaluation.................oooiiiiiiiiii e

5.3 User Evaluation..........oiiiiiiii i e e
5.3, L SaAMPIE. .
5.3.2 Validity and Reliability of the Questionnaire...................cevivviennn....

viii



5.3.3 User Evaluation for each Measurement............uuueeeeeeieeiineiaeeeennan.

5.3.3.1 Engaging of using the VTE Prototype. ...........oeeeeeueeeeeeeees

5.3.3.2 Presence of using the VT2E Prototype. ...........uuueeeeeeeeeeeeeeess

5.3.3.3 Usefulness of using the VTZE Prototype. .............oeeeeeeeceecercenees

5.3.3.4 Ease of Use Using the VT?E Prototype..............eeeeeeeeeeeeeennnn.

5.3.3.5 Satisfaction of using the VT?E Prototype...........oeeeveeeeeeeennnne.

5.4 Correlation StUAY. ... ..ot
5.5 Regression ANalYSiS. .....c.ouuiniiiiii e
5.6 Testing of Hypotheses. ....c.ovvniiiiniii e
5.6.1 Testing HYpothesis L.........c.ooiriii e
5.6.2 Testing HYPOthesIiS 2.........oiniiiii e
5.6.3 Testing HYpothesis 3..... ... e
5.6.4 Testing HYpOtheSIS 4. ... ...

5.7 Comparison between Previous Findings and Findings of This Study..............
5.8 SUMMAIY . . . e e et e aaans

CHAPTER SIX: DISCUSSION AND CONCLUSION....ccccccetettennionmmcsnscones
8.1 OVBIVIBW . ..ttt ettt e e e e e e e e e
6.2 RESEAICH DISCUSSION. ...\ .ttt e e e et e et e e e e e aeas

6.2.1 Designing and Developing the VTE Prototype...................coueeeee.n.

6.2.2 The VT?E Prototype Evaluation...........................cccoiiiiiiiiiiine,
6.3 Research ContributioNS. ...........oiiirii e
6.4 Research LImitations. ........o.ouiiiei e
6.5 Future RecommEeNndations. ... .......ouiiieii e
6.6 Summary of the Discussion and Conclusion.................ccoevviiiiiniininnn...
REFERENCES....uiuiitiiiitiiieteieietetetntetetateressssssasssssssssnsasssnsnsnsnsasasnns



List of Tables

Table 1.1: Taekwondo Colour Belt................cccoociiiiiiiiie e,
Table 1.2: Numbers of Respondents using the Supplementary Taekwondo
Training MaterialS. ... ...
Table 1.3: Summary of ThisResearch.............ccoooiiiiiiiii
Table 2.1: Comparison between Conventional, Video-based and VR Training......
Table 2.2: Video and VR ...
Table 2.3: Types 0f VR SYSteMS. ....ouieii it
Table 2.4: Current Method and Integrating Technology in Training...................
Table 2.5: Three Stages in Flow Theory............coooiiiiiiiiiiiii,
Table 2.6: Related Research in VR and MoCap in Training.............................
Table 2.7: VE Heuristic GUIdElINS............ooiiiiiii e
Table 3.1: Nine Elements of Flow and Manifestation in VE............................

Table 3.2: VE Heuristics Evaluation ...,
Table 3.3: Measurements and Items Used For VTE Prototype User Evaluation....

Table 5.1: Problems and Suggestions for Heuristics Evaluation of the VT?E

e 0110] 1Y R
Table 5.2: Summary of Respondents Demographic Data....................cccevveninn.
Table 5.3: A Rule of Cronbach Alpha Scale..............ccoooiiiiiiiiiiii
Table 5.4: Cronbach Alpha Values for All Measurements..............................
Table 5.5: Cronbach Alpha Scale for Each Measurement...............................
Table 5.6: Items for ENgaging.........ccoooviniiiiiii e
Table 5.7: [temS fOr PreSENCE. ... v e
Table 5.8: Items for Usefulness............oiiiiii e
Table 5.9: Items for Ease 0F USE........oviiiiiiiie e
Table 5.10: Items for Satisfaction..............ooviiiii i

Table 5.11: Descriptive Statistics for the User Evaluation of the VT’E Prototype...

Table 5.12: Correlation Coefficient. ...
Table 5.13: Pearson Correlation Coefficient Analysis................coocoiiiinn...

Table 5.14: Regression ANalySiS. ........coiriiriiiii e



Table 5.15: Summary of the Hypotheses Testing Results................................
Table 6.1: The Hypotheses of Perception Evaluations............................oo
Table 6.2: The Pearson Correlation Coefficient Analysis...............cccooiiinnn

Xi



List of Figures

Figure 1.1: Preliminary Study SESSION........c.oiviniiniiiiie e, 8

Figure 1.2: Numbers of respondents using the supplementary Taekwondo training

MALETIALS . ...t e 9

Figure 1.3: The conventional method of Tackwondo training.......................... 10
Figure 2.1: Conventional training environment..................cccooviiiiiiiiinnn... 21
Figure 2.2: Video training envVironment. ..........oooiieiiiiiiiieeeieeeeeeene, 21
Figure 2.3: VR training environmMent. ...........oooiitiiii e 21
Figure 2.4: Microsoft Kinect...... ..o, 32
Figure 2.5: Marker and markerless facial MoCap devices.............................. 32
Figure 2.6: Virtual character in VE. ... 33
Figure 2.7: Designing tool for an interactive SyStem...............coevivriiininennnnn, 38
Figure 2.8: An actor in their suit with markers attached.................................. 46
Figure 2.9: Layout 0f the 3D VIEWET........ceiiiniitiii e 47
Figure 2.10: The actual movement by a real dancer......................ccceveninnnn.. 47
Figure 2.11: User trains a dance MoOtION. ......ueueereeseneeneeneeneseneeneaneananeanenns 47
Figure 2.12: User trains by following the same move as shown on the screen...... 47
Figure 2.13: The VE for thai boXing............ocoviiiiiiiiiiiiiiiiieieeeee, 48
Figure 2.14: Motion Training SYSteM...... ..ottt 49
Figure 2.15: The VE fortai Chi.............ooooiiiiiiii e, 50
Figure 3.1: The research methodology.............cooiiiiiiiiiiiiiieeeeae 56
Figure 4.1: Design and development ProCess..........o.vveuieeriinieriiieereennnnnn. 70
Figure 4.2: MOCap StUAIO. ......oviiii e 69
Figure 4.3: MoCap environment with 5 oqus cameras...............ccocoeeeenieninnn.. 69
Figure 4.4: SYStem Preparation...........c.eeeeerineenearineeteeaeeeeneeeenenneneanenns 71
Figure 4.5: High-speed 0QUS Camera. ...........ouvveiiriineiiiiiieeeieee e 72
Figure 4.6: Qualisys track manager software..............c.ccooviiiiiiiiiiiininnennn.. 73
Figure 4.7: Headband and wristband...................coooiiiiiiiiii e, 74
Figure 4.8: A set of passive markers.............ooviiiiiiiiiiiiii i 74

xii



Figure 4.9: Subject with attached markers...................ocooiiiiiiiiii i, 75
Figure 4.10: Front and back view of marker placement................................. 76
Figure 4.11: System calibration..............coeevuiuiineiiieiieeeieeeeaenes 77
Figure 4.12: Subject in“T” POSIION. .....ouiitiitit it 78
Figure 4.13: Capture SESSION. ... ..iuiitit it ettt ettt e 79
Figure 4.14: Screenshots of camera 2D and 3D view of grid........................... 79
Figure 4.15: Subject in StUdI0. ........oivinii e, 80
Figure 4.16: Real-time representation in MotionBuilder................................ 80
Figure 4.17: Cleaningand edit data.................cooiiiiiiiiiie e, 80
Figure 4.18: Data SECHION. ...t 81
Figure 4.19: SKeleton iN T-PoSe.......oueuiniieeit et 82
Figure 4.20: Markers in T-poSe. . .....ouuuerinie e 83
Figure 4.21: Matching actor to markers................oooiiiiiiiiiiiii e, 83
Figure 4.22: SKEleton in T-poSe. ......coviriiiiit it i, 84
Figure 4.23: Activated character in MotionBuilder................c.oviiiiiiinin.n. 84
Figure 4.24: Animated character in 3DS MaX........ccooiiiiiiiiiiieiiieeineananenn, 85
Figure 4.25: 3D Character modeling to be used for animation......................... 86
Figure 4.26: Screenshot of head modelling............ccovviiiiiiiiiiiiiiiiiniiinnn 87
Figure 4.27: Screenshot of torso and clothes modelling.....................coeenn 88
Figure 4.28: Screenshot of leg modelling................coooviiiiiiiiiiiiiiiiene, 88
Figure 4.29: Screenshot of hand modelling..................coooiiiiiiiiiiiiiiii, 89
Figure 4.30: Screenshot of the Taekwondo training hall in 3DS Max................. 90
Figure 4.31: 3D character in rendered mode..............ccoevviiiiiiiiiiiiniiiinnn.. 91
Figure 4.32:3D character in wireframe mode...............ccooiiiiiiiiiiiii i, 91
Figure 4.33: Various stages of the Tackwondo movements.....................cccceeeee. 92
Figure 4.34: Channels in QUest3D.........coviiiiiiiiii e, 93
Figure 4.35: The virtual Tackwondo training...............coeveveiniienneninennenennnnn, 94
Figure 4.36: The virtual Tackwondo Character inside the training hall............... 94
Figure 4.37: Scene lighting...........ccoiiiriiiii e 95
Figure 4.38: Zoom in and out in third person VIeW...........c.ccoeviiriieeiininnennnn 96
Figure 4.39: Various viewing angles in the orbital view................................ 96

Xiii



Figure 5.1:
Figure 5.2:

Figure 5.3:
Figure 5.4:
Figure 5.5:

Figure 5.6:

Figure 5.7:
Figure 5.8:

Evaluation design for this study................oooiiiiiiiiii .

Engaging of the VTE PrOtOtYPe. ...t
Presence of the VTE PrOtOLYPE. ...t
Usefulness of the VT E PrOtOtYPe. ...t
Ease of Use of the VTE ProtOtYPe. ..

Satisfaction of the VT°E ProtOtYPe. . ..o,

Snapshot from SPSS of the Pearson correlation analysis..................

Snapshot from SPSS of regression Result...........................e.l.

Xiv

108

109

110

111

112



List of Appendices

Appendix A Preliminary Investigation QuUestionnaires...................ccveeuenennn... 149
Appendix B VTE Evaluation QUESEIONNAINE. ............veoveeeeereeereeereeeeene, 152
Appendix C Experts Review L........oooiiiiiiiiii e 157
Appendix D EXperts ReVIEW 2.......ouiiiiiiii i 158
AppendiX E EXPertsS REVIEW 3. ... o 159
Appendix F Experts ReVIew 4.......oooiiiiiii e 160
Appendix G Expert Profile............ooiiiii 161
Appendix H Snapshots of VT2E PIOtOYPE. ... .c.vuneeeeee e 162
Appendix | Snapshots of User Evaluation.......................coooi ., 167

XV



List of Abbreviations

VR Virtual Reality

MoCap Motion Capture

WTF World Taekwondo Federation

VE Virtual Environments

3D Three Dimensions

HMD Head Mounted Display

SPSS Statistical Package for the Social Sciences
QTM Qualisys Track Manager

XVi



CHAPTER ONE

INTRODUCTION

1.1 Overview

This chapter presents the background of the research focus. The introduction focuses
on several specific topics which are important to the research which consists of
background of the study, statement of the problems, research questions, research

objectives, research scope, research hypotheses and research significance.

1.2 Background of Study

Martial arts are very well-known and have long existed more than 3000 years ago. It
is categorized as exercise and sports that have hundreds of different styles (Lakes &
Hoyt, 2004). Millions of people involved in martial arts recognize the importance of
martial arts training for health. It continues to increase in participation, especially
among youth (Woodward, 2009). According to WorldMAC Academy, the

involvement of practitioners in martial arts was estimated 350 million in worldwide.

Each martial arts training have its unique benefits compared with other activities
(Goldsmith, 2013). This has been proven by several studies. According to Lakes and
Hoyt (2004), when involved in martial arts, among the benefits is that a person
acquires more active thoughts and actions resulting in better actions. The martial arts
training involve three important aspects that include discipline, body control,
commitment and self-control (Goldsmith, 2013). In addition, martial arts are
associated with health that can provide physical fitness among practitioners (Tsang,
Kohn, Chow & Fiatarone Singh, 2010; Yoshimura & Imamura, 2010). Besides that,

involvement in martial arts is also due to several factors that include; aesthetics,
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Appendix A

Preliminary Study Questionnaires

Pusat Pengajian Teknologi Multimedia Dan Komunikasi
Universiti Utara Malaysia

06010 UUM Sintok

Kedah Darul Aman

Tuan/Puan/Cik yang dihormati,

Kaji selidik ini dijalankan untuk mendapatkan maklumat berkaitan dengan pengalaman
anda menjalani latihan seni mempertahankan diri taeckwondo. Saya amat berbesar hati
sekiranya Tuan/Puan/Cik dapat menjawab SEMUA soalan atau mengisi pada ruangan
yang disediakan. Segala maklumat yang diberikan hanyalah untuk tujuan akademik.
Kerjasama anda amat dihargai.
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BAHAGIAN A: MAKLUMAT UMUM

Jawab soalan berikut dengan menandakan (¥ ) didalam kotak dan juga menulis
jawapan diruang yang disediakan.

1. Jantina

[ ILelaki [_IPerempuan
2. Umur tahun
3. Tahap pendidikan

[_]Sekolah Rendah

[_IKolej/Universiti

[_1 Sekolah Menengah [_JLain-lain

BAHAGIAN B: MAKLUMAT BERKAITAN LATIHAN TAEKWONDO
Jawab soalan berikut dengan menandakan (V) didalam kotak yang disediakan.

No. Soalan Ya | Tidak

1. | Saya mengikuti latihan taekwondo secara beramai-ramai yang
dikendalikan oleh jurulatih

2. | Saya dapat melihat dengan jelas setiap langkah dan teknik
dalam taekwondo yang ditunjuk oleh jurulatih semasa latihan
beramai-ramai

3. | Saya dapat mendengar dengan jelas setiap arahan berkaitan
dengan langkah dan teknik daripada jurulatih semasa latihan
beramai-ramai

4. | Saya memahami setiap langkah dan teknik dalam latihan
taekwondo secara beramai-ramai

5. | Saya mengingati setiap langkah dan teknik yang di ajar oleh
jurulatih dalam taekwondo semasa latihan beramai-ramai

6. | Saya selesa dengan latihan yang dijalankan secara beramai-
ramai

7. | Saya dapat menumpukan perhatian dalam latihan secara
beramai-ramai

8. | Mempelajari taekwondo secara beramai-ramai mencukupi
untuk saya mahir dalam taekwondo

9. | Mempelajari taekwondo secara beramai-ramai mencukupi
untuk saya bersedia untuk mengambil ujian

10.| Secara keseluruhan saya berpuas hati mempelajari taekwondo
secara beramai-ramai
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BAHAGIAN C: MAKLUMAT BERKAITAN LATIHAN TAEKWONDO
SENDIRI
Jawab soalan berikut dengan menandakan (V) didalam kotak yang disediakan.

No. Soalan Ya | Tidak

1. | Saya melakukan latihan taekwondo sendiri di rumah

2. | Saya berminat melakukan latihan taekwondo sendiri di rumah

3. | Saya menghadapi masalah melakukan latihan taekwondo
sendiri di rumah

4. | Saya memerlukan bahan latihan taekwondo untuk
membolehkan saya berlatih taekwando sendiri dirumah

5. | Saya mengikuti latihan taekwondo melalui sumber lain.

Jika jawapan bagi bahagian 5 ialah Ya, teruskan menjawab bahagian 6 dan 7.

6. | Tandakan [V ] pada kotak yang berkenaan dengan sumber lain
yang dirujuk untuk latihan taekwondo sendiri.

(1 DVD/CD/Video

[ Youtube

1 Internet

[1 Buku

1 Lain-lain (sila nyatakan)

7. | Sekiranya alat bantuan latihan taekwondo sendiri yang
interaktif di buat menggunakan teknologi realiti maya
menggabungkan objek 3D dan animasi 3D, saya akan
menggunakannya untuk latihan taekwondo sendiri.

BAHAGIAN D: MAKLUMAT BERKAITAN MENDUDUKI UJIAN

TAEKWONDO
Jawab soalan berikut dengan menandakan (V) didalam kotak yang disediakan.

No. Soalan Ya | Tidak

1. | Latihan secara beramai-ramai oleh jurulatih sudah mencukupi
untuk persediaan bagi saya menduduki ujian tackwondo

2. | Latihan dengan merujuk kepada alat bantuan latihan seperti
DVD/CDl/video, youtube, online, buku, dan lain-lain
mencukupi untuk persediaan saya menduduki ujian taekwondo

3. | Saya memerlukan latihan tambahan untuk persediaan saya
menduduki ujian taeckwondo

4. | Saya yakin dengan menjalankan latihan taekwondo sendiri di
rumah tanpa bantuan alat latihan boleh membantu saya lulus
dalam ujian taekwondo

5. | Saya memerlukan alat bantuan latihan yang interaktif untuk
membolehkan saya berlatih taekwando sendiri dirumah bagi
menduduki ujian taekwondo

6. | Saya yakin alat bantuan latihan taekwondo yang interaktif di

buat menggunakan teknologi animasi 3D dapat membantu saya

bersedia untuk menduduki ujian taekwondo

Kerjasama anda amatlah dihargai
Terima kasih
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Appendix B

VT2E Evaluation Questionnaire

UNIVERSITI UTARA MALAYSIA
KOLEJ SASTERA DAN SAINS
06010 UUM SINTOK KEDAH DARUL AMAN

Pelatih Taekwondo yang saya hormati,
Tujuan kaji selidik ini dijalankan untuk mendapatkan maklum balas dari pelatih-pelatih

Taekwondo berkaitan dengan perspesi terhadap kaedah latihan melalui Persekitaran
Latihan Taekwondo Maya (VT?E) sebagai bahan tambahan dalam membantu

melakukan latihan Taekwondo secara sendiri.

Saya amat berbesar hati sekiranya pelatih-pelatih dapat menjawab SEMUA soalan
pada ruangan yang disediakan. Segala maklumat yang diberikan hanyalah untuk tujuan

akademik semata-mata.

Kerjasama pelatih-pelatih amatlah dihargai.
Terima kasih.

Yang benar,

Nur Ain Binti Mohd Jelani (817161)
M. Sc. MM Studies (By Research)
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Bahagian A: Maklumat Umum

Sila jawab soalan berikut dan tandakan [\] pada kotak yang disediakan.

1. Jantina
Lelaki Perempuan
2. Umur (tahun)
<12 12 -19 >19
3. Bangsa
Melayu Cina India Lain-lain

Bahagian B: Penggunaan Komputer Dan Realiti Maya
Sila jawab soalan berikut dan tandakan [V] pada kotak yang disediakan.

1. Adakah anda mempunyai kemudahan komputer di rumah?
Ya Tidak

2. Berapa kerap anda menggunakan komputer?

Harian Mingguan Bulanan

3. Adakah anda mempunyai pengetahuan berkaitan Teknologi Realiti Maya?
Ya Tidak

4.  Adakah anda menggunakan bahan rujukan tambahan dalam menjalani latihan
Taekwondo secara sendiri?

Ya Tidak

5. Sila tandakan sumber lain yang PERNAH anda rujuk untuk latihan taekwondo

secara sendiri.

YouTube

CD/DVD/Video

Buku

Lain-lain (sila nyatakan)
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Bahagian C: Penilaian Kepuasan Pengguna

Sila jawab kenyataan berikut dengan membulatkan diruang yang disediakan seperti
yang ditunjukkan dibawah.

Skala:

Tidak Pasti
Setuju
Sangat Setuju

Sangat Tidak Setuju
Tidak Setuju

PN
N
w
N

©

1. PENGLIBATAN / ENGAGING (Webster, Trevino & Ryan, 1993)
Definisi: Tahap di mana seseorang merasai yang dia terlibat secara
langsung di dalam suatu persekitaran (Bierbaum, Just, Hartling, Meinert,
Baker & Cruz-Neira, 2001).

Bil Kenyataan Skala
1 | VTE membuatkan saya memberi tumpuan 1123|1415
sepenuhnya dalam latihan Taekwondo secara
sendiri.

VT“E menarik perhatian saya.

VT“E merangsang rasa ingin tahu saya.

VT“E membangkitkan daya imaginasi saya.

VT“E menyeronokkan.

Rl R R | -
[CY I CY B CY I O I )
w| w| w| w| w
BN S S I S e
ol g ;f ;| o

o O Bl WO DN

VT°E menarik secara intrinsik.

2. HADIR / PRESENCE (Kalawsky, 1999)

Definisi: Pengalaman subjektif berada di satu tempat atau persekitaran,
walaupun secara fizikal seseorang itu berada di tempat yang lain (Witmer
& Singer, 1998).

Bil Kenyataan Skala

1 | Saya rasa hadir (iaitu berada di sana) apabila 1(2((314]|5
menggunakan VT2E.

2 | Kualiti imej dalam VT°E meningkatkan 1(2((314]|5
perasaan hadir.
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3 | Saya berpendapat bahawa ruang pandangan 1(2 (34|65
dalam VTE dapat meningkatkan rasa hadir.

4 | Saya merasakan berada di sana dan sebahagian 1123|415
daripada persekitaran maya.

5 | Saya dapat menghayati skala dengan baik di 1123|415
dalam persekitaran maya.

6 | Saya sering tahu di mana saya berada di dalam 1123|415
persekitaran maya.

3. KEBERGUNAAN / USEFULNESS (Davis, 1993)
Definisi: Tahap di mana seseorang itu percaya dengan sesuatu sistem
tertentu dapat meningkatkan prestasi kerjanya (Davis, 1993).

Bil Kenyataan Skala

1 | Menggunakan VT“E dalam latihan 112|13]|4]5
membolehkan saya menyelesaikan latihan
dengan lebih cepat.

2 | Menggunakan VT“E dapat memperbaikiprestasi | 1 [ 2 | 3[4 | 5

latihan saya.

3 | Menggunakan VVT“E dalam latihan dapat 1123|415
meningkatkan produktiviti saya.

4 | Menggunakan VVT“E dapat meningkatkan 1123|415

keberkesanan latihan saya.

5 | Menggunakan VTE dapat memudahkan latihan | 1 | 2 | 3 [ 4 | 5
saya.

6 | Saya dapati VT°E berguna dalam latihan saya. 11213]4]|5

4. KEMUDAHGUNAAN / EASE OF USE (Davis, 1989)
Definisi: Tahap di mana seseorang itu percaya dengan menggunakan
sesuatu sistem tertentu akan bebas daripada usaha (Davis, 1989).

Bil Kenyataan Skala

1 | Belajar untuk mengendalikan VT°E adalah 112(3]4]|5
mudah bagi saya.

2 | Saya dapati VT°E mudah untuk melakukanapa | 1 [2 [ 3 [ 4 | 5
yang saya mahu ia lakukan.

3 | Interaksi saya dengan VVT“E adalah jelas dan 112(3]4]|5
mudah difahami.

4 | Saya dapati VVT“E fleksibel untuk berinteraksi. 112(3]4]|5

5 | Adalah mudah bagi saya untuk mahir 11213415
menggunakan VT°E.
6 | Saya dapati VT“E mudah digunakan. 112[(3[4]5

6. KEPUASAN HATI / SATISFACTION (Chou & Liu, 2005)
Definisi: Tahap di mana seseorang itu percaya bahawa pemilikan dan/ atau
menggunakan suatu perkhidmatan dapat menimbulkan perasaan positif
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(Rust & Oliver, 1994).

Bil Kenyataan Skala

1 | Saya berpuas hati dengan pengalaman latihan 2 |3
menggunakan VT?E.

2 | Saya berpuas hati dengan keberkesanan latihan 2 |3
keseluruhannya.

3 | Saya berpuas hati dengan kaedah latihan 2 |3
menggunakan persekitaran latihan berasaskan
komputer.

4 | Saya berpuas hati dengan jenis persekitaran 2 |3
latihan berasaskan komputer.

5 | Saya mendapati kandungan VT°E memenuhi 2 |3
keperluan saya dalam latihan Taekwondo.
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Appendix C

Expert Review 1

EVALUATION BY INTERFACE EXPERT

I, hereby certify that the Virtual Taekwondo Training Environment (VT’E): A Self-
Directed Taekwondo Training Prototype has been produced by Nur Ain Binti Mohd
Jelani (817161). student of Master of Science (Multimedia Studies), by Research, College
of Arts and Sciences, Universiti Utara Malaysia. It has been checked in terms of the

validity of the contents and the general comments are as follows:

General Comments:
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Name: Juk ore AAts  fon Cawon

Position: Lectnrer

Address:  J P

Date: 4. O .2 (€
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Appendix D

Expert Review 2

EVALUATION BY INTERFACE EXPERT

I, hereby certify that the Virtual Taekwondo Training Environment (VT’E): A Self-
Directed Tackwondo Training Prototype has been produced by Nur Ain Binti Mohd
Jelani (817161), student of Master of Science (Multimedia Studies), by Research, College
of Arts and Sciences, Universiti Utara Malaysia. It has been checked in terms of the

validity of the contents and the general comments are as follows:

General Comments:

Layogf' % :f Aan rmenfq Gudpevkecn. %M}'ma,u ap bilean 4« A@agw‘,b_u

War na Werna cerat yeerns &-Wuﬂa lkwer addafcAon cesad

Butfo. rn %‘A*Twﬂ’f berada [)adﬂ ke liben 74,4,j Aot IE
4—'5‘/1VP LJM(7 remndal ban Pg;ﬁw,ug

.-14'71_,L,Lw»/cc«. wntik Memdoen raklesed

Fonrf Foat ‘/“"f AP IEP x3 ~YeRe W

Rl T kecol Mut«,/r/‘—t_fr %‘56/176‘
e bk

Name: Yussalile Md “ussep
Position: P”/ﬂgljfwazéx

Address: Smm7c

)9
Date: 14 /9//&
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Appendix E

Expert Review 3

EVALUATION BY CONTENT EXPERT

1, hereby cortify that the Virtual Taekwondo Training Envivonment (VI’E): A Self-
Directed Taekwondo Training Prototype has been produced by Nur Ain Binti Mohd
Jelani (817161), student of Master of Science (Multimedia Studies), by Researcly, College
of Arts and Sciences, Universiti Utara Malaysia. It has been checked in terms of the
validity of the contents and the general comments are as follows:

General Comments:

iy s FQI\JWﬂQh dolam  prf=taip g etk oligepat Aan  Sedwa;
unfuk  feguhann F{(NFI\—'PQ{N}H\ Tackuperdo .

2) (st peadurgon Jega mudod ofi fehamd

8) Peraguaann  prfoteip  mi depet  memponfu  pa(odi - petakh
Taekworfe  fervfepaliye  dalam penjaienl  labihoa Secara
Lenclivd

Name: JHW\{;U an ,anatj
Position: Juralatih Tagpwarde WTF

Address: Kefa Bhany, Kelanfan

Date: 4/5/20t3
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Appendix F

Expert Review 4

EVALUATION BY CONTENT EXPERT

1, hereby certify that the Virtwal Taelovondo Training Environment (VTZE): A Scelf-
Dirccted Taekwondo Training Prototype has been produced by Nur Aln Bintl Mohd
Jelani (817161), student of Master of Science (Muitimedia Studies), by Research, Colloge
of Arts and Sciences, Universiti Utara Malaysia. It has been checked in terms of the
validiity of the contents and the general comments are as foilows:

General Comments:

D 18 pardurgan  berSepuaian cie.ngﬂn silibus  TaekwWendo WIF
don fongat berguns dalam  membangu peretih - peladtih
ferutomanga datam  mejabintan  {atmor  Se e Eendivi

D K=op  prowicip vt dopat dikesnbampan iog delam  Seni
Mein perfathantan  div uarg  lady |

Name: Wur Bifpah Hari Bt Fash ¢
Position: Juwlalih  Taekbordlo  pusat kokusikbdium  uup

Address: Pugog Fobwvikatum  uym, Sinfo e

Date: /< /201F
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Appendix G

Expert Profile

Dr. Juliana Aida Abu Bakar is a senior lecturer at the
Multimedia Technology and Communication, Universiti Utara
Malaysia (SMMTC). Her research areas comprise Virtual
Environment Technology, Augmented Reality and Learning
and Multimedia Learning Environment.

Yussalita Md Yussop is a senior lecturer at the Multimedia
Technology and Communication, Universiti Utara Malaysia
(SMMTC). Her research areas comprise Virtual Environment
Technology, Augmented Reality and Learning and Multimedia
Learning Environment.

Zulkifly Bin Nawang is a senior WTF Taekwondo trainer at
the Kota Bharu training club. He has experiences in teaching
WTF Taekwondo training for more than five years.

Nur Fitriah Hani Binti Kashfi is a senior WTF Taekwondo
trainer at the Pusat Kokurikulum UUM. She has experiences in
teaching WTF Taekwondo training for more than five years.
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Appendix H

Snapshots of VT?E Prototype

i &

THIS IS
¢
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IIII"I Loading Please Wait 3‘ ‘ﬂ’ '
ROTATE Left click ar with the mouse
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ROTATE
ZOOM
MOVE
PAN
MENU

- Left click and drag with the mouse

- Scroll the middle mouse button to zoom in and out or press + or - on the keyboard
-Use W, S, A, D to move forward, back, left and right
- Hold down the left mouse button and drag to pan

- Hold down SPACE bar for addifional menu options i.e. hide/unhide footsteps

STEP BY STEP MODE
The chapter starts in this mode. You can step forward and backwards movement by movement. Listen to the

movements in Korean fo learn the terminology

EXPLORE MODE
This mode allows you fo scrub through the animation at will just like  video, Hide and unhide footsteps and
the floor plan

FREE CAMERA

In this camera mode you can move fly around freely if you get lost just press again to reset the view

TRACKING CAMERA

In this camera mode the camera tracks FGMR wherever he goes

NAVIGATOR
This tool enables you to look ot the pattern from six 3 dimensional compass points. When doing so your view
becomes flat so you can see precise positioning and alignment. Clicking on the figure within also changes the

camera's point of focus depending on which body part you click.
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Appendix |

Snapshots of User Evaluation
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