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 Abstrak 

Kajian ini memberi tumpuan kepada reka bentuk dan pembangunan prototaip 

Persekitaran Latihan Taekwondo Maya (VT
2
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
2
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
2
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
2
E, Realiti Maya (VR), Tangkapan Pergerakan (MoCap), 

latihan arah sendiri, latihan Taekwondo 
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Abstract 

 

This study focuses on the design and development of Virtual Taekwondo Training 

Environment (VT
2
E) 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 VT
2
E 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
2
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
2
E prototype, Virtual Reality (VR), Motion Capture (MoCap), self-

directed training, Taekwondo training 
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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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personal growth, physical fitness, cultural learning and fun (Ko & Kim, 2010). While, 

according to Kim (1997), martial arts can provide benefits such as stress reduction, 

improved confidence, weight management, self-discipline increased level of energy 

and improved the performance. 

 

Taekwondo is one of the traditional Korean martial arts and it is now become a 

modern international sport (Foung, Ng, & Chung, 2013; Lakes, Bryars, Sirisinahal, 

Salim, Arastoo, Emmerson, Kang, Shim, Wong, & Jin Kang, 2013). Taekwondo has 

earned its reputation internationally and has been listed among the official Olympic 

Games since the Sydney 2000 Olympic (Haddad, Ouergui, Hammami, & Chamari, 

2015). It has been independently developed over 20 centuries (2000 years) in Korea 

(Ha, Lee, Cha, & Lee, 2011). Taekwondo is different from other martial arts from the 

physical aspects since it is very dynamic with active movements involving physical 

training. It is also a form of martial arts that focuses more on learning techniques 

using hands, fists, elbows, knees, feet or any part of the body. The Taekwondo 

trainees start by learning basic blocking, punching and kicking techniques, and then 

begin to combine these elements into patterns of movements and non-contact sparring 

(Law, 2004). 

 

The World Taekwondo Federation (WTF) defined Taekwondo as the right way of using 

all parts of the body to stop fights and help to build a better and more peaceful world 

(Haddad et al., 2015). Taekwondo trainees must involve in grading which is a physical 

examination that martial arts need to take to attain their next belts. As trainees learn and 

master Taekwondo domains, they advance through the ranks that changing belt colour 

is the way to show the trainees are improving. Table 1.1 shows six Taekwondo colour 
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belts with descriptions. If the trainees are committed in training, and demonstrated 

good techniques, the colour would change on their belt. Each of these belts represents 

a certain level of skill or a certain set of skills indicating that a trainee has achieved a 

certain rank. 

 

Table 1.1 

Taekwondo Colour Belt  

Taekwondo Colour Belt System Description 

  

  
 

White Belt (beginners): The first step of 

Taekwondo journey which is 

representing purity and innocence. 

 

  
 

Yellow Belt: Represents the earth with 

the color of the rising sun which 

represents the earth and the beginning of 

the journey. 

 

  
 

Green Belt: Represents the growth of 

plant which is the development of the 

Taekwondo journey. 

 

  
 

Blue Belt: Represents the sky or heaven 

that requires the developing strength, 

power and concentration.  

  

  
 

Red Belt: Represents the blood and 

danger which is an advance in 

Taekwondo skill. 
 

 

 

  
 

Black Belt: The final stage in 

Taekwondo, which represents maturity 

and achieve good skills in Taekwondo. 

(Source: http://www.Taekwondo-guide.com/Taekwondo-belts.html) 

 

http://www.taekwondo-guide.com/Taekwondo-belts.html
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Basically, the conventional method of Taekwondo training is to join a training class 

together with other trainees which is conducted in the presence of a trainer. The 

trainer will explain and demonstrate the Taekwondo movements and then the trainees 

will follow the trainer. One of the problems faced by most trainees is lack of time to 

attend training classes (Sani et al., 2015; Chan, Leung, Tang, & Komura; 2011) and 

sometimes the trainers are not available. The use of Virtual Reality (VR) in 

Taekwondo training is still uncommon. Meanwhile the current Taekwondo training 

supplementary materials that are used include; DVD/CD (video), YouTube, Website, 

and books. These supplementary materials are used whenever the trainees wanted to 

practice certain particular movements as well as preparing for the test in the absence 

of the trainer. There are limitations in the existing supplementary materials for 

Taekwondo training. To learn and understand the Taekwondo movements, the 

trainees need to be able to follow the movements of an expert that is the trainer. In the 

absence of the trainer, the supplementary training material must be able to imitate the 

trainer‘s movement and provide a clear and comprehensive display of body 

movements which can be viewed from all angles so that the trainees can understand 

and follow the movements without assistance from the trainer. 

 

The increasing new technology in the VR application has encouraged many 

researchers and industries to develop new systems, especially in training by producing 

the prototype (Xia, Lopes, Restivo, & Yao, 2012). Related to VR, training has been 

considered as the best area where the technology can be applied. VR technology is 

used as a visualization tool. This is because VR provides a higher degree of 

interactivity compared to videos making virtual worlds look real, sounds real and 

realistically to viewer‘s actions (Aukstakalnis & Blatner, 1992). According to Ragan, 
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Bowman, Kopper, Stinson, Scerbo and McMahan (2015), the use of VR allows users 

to fully control the VE, flexibility, repeatability, provide the environment realism with 

a reasonable cost and can realize immersive in training environment. VR technology 

is becoming a powerful tool in training as it promises a number of advantages 

whereby it allows repeated practices, and enables self-directed training (Li, Ying, 

Brodlie, & Phillips, 2000). 

 

The use of VR in training has many benefits and has been proven in several 

applications in computer-based training. The use of computer-based provides 

interactive environment that allows users to interact and taking control of the system 

effectively (Moshell & Hughes, 2002; Burdea & Coffet, 2003; Crosier, Cobb, & 

Wilson, 2002; Limniou, Roberts, & Papadopoulos, 2008). 

 

1.3 Statement of the Problem 

 

In Taekwondo training, there are two ways to learn Taekwondo. The first way is to 

learn with the trainer in the class or additional training club which is the conventional 

approach of Taekwondo training that is widely used nowadays. The trainer is an 

important part and function in a training process which is responsible to guide and 

train the trainees on how to perform properly in each task in order to improve and 

achieve success in their performance (Lussier & Shadrick, 2006; Lopes, Pires, 

Cardoso, Santos, Peixinho, Sequeira, Morgado, Paredas, & Foguet, 2009). The trainer 

will be standing in front of the trainees and demonstrate the movements step-by-step 

and then followed by the trainees. The demonstration by the trainer will be repeated 

for several times and the trainees will just follow their trainer. However, this approach 

has some limitations. According to Lussier and Shadrick (2006), training will be 
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difficult when it involves large groups. Although training with a large group has the 

advantage of reducing the fees charged (Komura et al., 2006), it also has the 

disadvantage in terms of quality performance in training (Gotoda, Matsuura, 

Nakagawa, & Miyaji, 2013). Since the training involves a large group of trainees, not 

all trainees are able to visually follow the demonstration by the trainer since they are 

standing far away or they might be blocked by other trainees (Komura et al., 2006). 

When involving complex body movements, the trainees should be able to fully 

understand their trainer‘s movements before they are able to perform them on their 

own. Probably some of them just follow their fellow trainees‘ movements without 

actually seeing them directly from the trainer. Thus, the trainees may not be able to 

fully understand and they will perform the wrong steps and at the end, they will give 

up on their training (Komura et al., 2006). Besides that, the problem faced by the 

trainees is lack of time to attend the training classes and sometimes the trainers are 

not available (Chan et al., 2011). 

 

The second way is through self-directed training by using existing supplementary 

training materials. Supplementary materials are important for users as they can attract 

users to engage in an activity to develop skills and improve the learning process 

(Cahyaningrum, Wahyuni, & Sulistyawati, 2016). Nowadays, there are many existing 

supplementary Taekwondo training materials such as DVD/CD (video), YouTube, 

websites and books, but most of them are not sophisticated enough. While the video is 

available for a variety of skills, the use of video as a medium of training is limited 

(Anderson, Grossman, Matejka & Fitzmaurice, 2013). A major problem in the usage 

of videos is the lack of the third dimension and feedback (Chan et al., 2011; Witte, 

Emmermacher, Bandow, & Masik, 2012). According to Ribeiro, Bernardes, Roman, 
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Antunes, Ortega, Sousa and Lima (2016), feedback is important in training to 

measure the quality of performance and can directly identify errors and correct them 

immediately. Even though the videos can be rewind, fast forward or backward or 

pause, they cannot fully portray the body movements completely (Kulpa, Multon & 

Argelaguet, 2016). While the use of books as training supplement is not sufficient 

because the books lack of interactive elements and the information is static which 

make them difficult to follow in terms of movements (Falah, Khan, Alfalah, Alfala, 

Chan, Harrison, & Charissis, 2014). These limitations can be overcome by the 

implementation of VR technology that can produce interactive environments, 

immersive and numerical simulations (Vignais, Kulpa, Brault, Presse, & Bideau, 

2015). According to Sani et al. (2015), with the limitations of the existing 

supplementary material, it is necessary to produce a better system for the users in 

order to help them in training performance. 

 

1.4 Preliminary Study 

 

In order to further explore some of the issues faced by the Taekwondo trainees, a 

preliminary study was conducted among 52 Taekwondo trainees as respondents. The 

study was carried out at a selected Taekwondo training center in Kota Bharu, 

Kelantan. A convenient sampling technique was applied and all of the respondents 

were between the ages of 10 to 20 years old. Figure 1.1 shows the some of the 

respondents who were involved in the preliminary study. Since training in the 

classroom is the conventional method used for Taekwondo training, the preliminary 

study was conducted to determine the problems faced by the respondents pertaining to 

the conventional Taekwondo training and also the need for supplementary training 

materials among the respondents. A set of questionnaire (refer to Appendix A) was 
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used as an instrument containing questions related to the Taekwondo training. The 

feedback from the trainees is important to identify their problems during the training 

session. Once the problems have been identified, the solution is implemented in the 

proposed Virtual Taekwondo Training Environment (VT
2
E) prototype. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1.1. Preliminary study session 

 
 

The preliminary study started with the gathering of information pertaining to the 

methods that the trainees used in Taekwondo training. The questionnaire consists of 

two parts; Part A: Information regarding Taekwondo training and Part B: Information 

on self-directed Taekwondo training. The training process requires highly effective 

training. In this stage, the process of obtaining information about Taekwondo training 

is essential. Based on the preliminary study, Taekwondo training is usually conducted 

by the skilful trainers and it is considered the main method used for Taekwondo 

training. However, the results from the preliminary study indicated that 36 out of 52 

(69.2%) respondents conducted self-directed training at home. 25 (48%) of the 

respondents indicated that they needed some form of supplementary Taekwondo 

training materials to further understand and practice the Taekwondo movements. The 

supplementary training materials that were referred by trainees include DVD/CD 

(video), YouTube, Internet websites, and books. Table 1.2 depicts the number of 

respondents who have used the supplementary training materials while doing self-
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directed training whereby 5 (9.6%) respondents used DVD/CD (video), 20 (38.5%), 

respondents used YouTube, 15 (28.8%) respondents used Website and finally 7 

(13.5%) respondents used Books. 

 

The study also indicated 32 (61.5%) of the respondents were willing to use the 

supplementary training material based on interactive VR technology if it is available. 

The results of the preliminary study clearly indicated the importance of self-directed 

Taekwondo training among the trainees and they were facing problems while 

performing self-directed training at home since they did not have proper 

supplementary training materials to guide while conducting self-directed training. 

 

Table 1.2  

 Numbers of Respondents using the Supplementary Taekwondo Training Materials 

  

Supplementary 
Training 

Number of Respondents 

Yes No 

YouTube 20 32 

Website 15 37 

Book 7 45 

DVD/CD (video) 5 47 

 

 

Based on the preliminary results, this study has been designed and conducted to study 

the level of satisfaction among youngsters on the use of the VT
2
E prototype as a 

supplementary training material during self-directed training session. Figure 1.3 

shows the conventional method of Taekwondo training which is conducted among 

trainees under a single trainer. 
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Figure 1.3. The Conventional Method of Taekwondo Training 
 

 

Hence, there is a need to introduce a new approach for Taekwondo training to 

overcome the shortcomings of the existing supplementary Taekwondo training 

materials as well as to address the issues that have been highlighted in the preliminary 

study. As suggested by Komura et al. (2006), the use of a virtual trainer will help 

trainees to conduct self-directed training anytime and anyplace in a more convenient 

environment. 

 

1.5 Purpose of the Study 
 

The purpose of this study is to design and develop the VT
2
E prototype that will be 

used as a supplementary Taekwondo training. The VT
2
E prototype provides a real 

time 3D display of a virtual trainer performing body movements based on the colour 

of the belt representing the level. The VT
2
E prototype is meant to be used by trainees 

whenever they need to practice on their own in the absence of the trainer at home or 
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outside in the open space. Through the use of the VT
2
E prototype, it will allow the 

trainees to view from all angles the body movements conducted by a virtual trainer, 

repeat the movements multiple times until they fully understand the movements and 

consequently follow the movements of the virtual trainer. By doing this, the trainees 

will be able to improve and perfect their Taekwondo movement skills and better 

prepared to take the test. 

 

In the past, many researchers have identified the vast potential and numerous benefits 

of VR technology in training (Liang, Kato, Hashimoto, & Okawa, 2014; Tan, Zhu, 

Shi, & Qin, 2014). VR technology has been proven to have good potential in training; 

however, it has not been adopted much into martial arts especially for Taekwondo 

training. This study has looked into the design and development of the VT
2
E 

prototype using VR technology. In conveying an effective Taekwondo training 

prototype, several guidelines and theories were utilized. The prototype was evaluated 

among a sample of target users to assess the level of satisfaction among them towards 

the use of the prototype. 

 

1.6 Research Question 

 

The problems discussed above lead to the following questions to be investigated 

in this study. 

 

1. How should VR be applied in developing the VT
2
E prototype? 

 

2. What are the perceptions of users towards the use of VT
2
E prototype as a 

supplementary Taekwondo training material? 
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3. What are the relationships between Engaging, Presence, Ease of use and 

Usefulness (independent variables) and Satisfaction (dependent variable) in 

using the VT
2
E prototype? 

 

1.7 Objective of the Research 

The research aims to propose the VT
2
E prototype as a supplementary material for 

self-directed Taekwondo training which incorporates VR and MoCap technologies. In 

order to successfully achieve the main research objective, three sub-objectives are 

introduced. The three sub-objectives function as guidelines for this study and are as 

follows: 

 

1. To design and develop the VT
2
E prototype using VR technology. 

 

2. To investigate the users' perceptions towards the use of the VT
2
E prototype 

as a supplementary Taekwondo training material. 

 
3. To determine the relationships between Engaging, Presence, Ease of use 

and Usefulness (independent variables) and Satisfaction (dependent 

variable) in using the VT
2
E prototype. 

 

1.8 Research Scope 

This research focuses on the VT
2
E prototype and the target users. The target users for 

this study were Taekwondo trainees between the ages of 18 to 39 years old. The 

Taekwondo trainees from Universiti Utara Malaysia (UUM) were selected to be the 

respondents for this study. The prototype was designed as a supplementary 

Taekwondo training material in a way that allows them to learn and practice the 

Taekwondo movements interactively while conducting self-directed training. The 



13 

 

VT
2
E prototype was developed as a standalone application running on Windows 

platform. The prototype integrates VR which is capable in producing 3D real time 

visualization into a computer training application. The 3D visualization enables 

trainees to control the Taekwondo movement patterns in self-directed training and 

allows them to interact with the system like the real environment. The contents of the 

VT
2
E prototype focuses on the WTF Taekwondo yellow colour belt which is form 1 

(Taegeuk Il Jang). The VT
2
E prototype requires a normal PC, with Random Access 

Memory (RAM) of at least 2GB and a mouse. The software that has been used in 

developing the VT
2
E prototype include; Qualisys Track Manager, Autodesk Motion 

Builder, Autodesk 3DS Max and Quest3D. 

 

1.9 Research Hypotheses 

 

This section discusses the hypotheses that have been formulated for this study. Four 

hypotheses were constructed and the probability level of 0.05 was used to test for the 

inferential statistical significance. Besides inferential statistics, the hypotheses are 

also discussed in descriptive statistics in Chapter 5 (Data Analysis and Result). 

 

Hypothesis 1: There is no significant relationship between Engaging and Satisfaction  

in using the VT
2
E prototype.      

 

Hypothesis 2: There is no significant relationship between Presence and Satisfaction in   

using the VT
2
E prototype. 

 

Hypothesis 3: There is no significant relationship between Usefulness and Satisfaction  

http://www.blackbeltwiki.com/taegeuk-il-jang
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in using the VT
2
E prototype. 

Hypothesis 4: There is no significant relationship between Ease of use and Satisfaction  

in using the VT
2
E prototype. 

 

1.10 Research Significance 

This study is beneficial for Taekwondo trainees, researchers, training courseware 

developers and the community in general. This study provides guidelines in designing 

and developing the VT
2
E prototype that will provide 3D visualization which will 

assist the trainees to practice outside the classroom. Besides that, it will also provide 

an interactive computer-based 3D real time visualization training tool which readily 

accessible anytime and anywhere and attractive to the younger computer-savvy 

generation. It also provides an easier, faster and systematic Taekwondo training tool 

which integrates the VR technology and facilitates greater retention of knowledge and 

experience and enhances the training process. 

 

The VT
2
E prototype is the most important output of this research. The findings of this 

study can be extended to other martial arts training or other similar research. 

Researchers and training courseware developers can use the identified factors to 

enhance the satisfaction in the use of VR technology in their future studies. 

 

Finally, the results of the evaluation which was conducted among the target users 

highlighted some of the immense potentials of the use of VR technology for 

Taekwondo training. The results from this study are able to support the utilization of 

computer-based training technique for a variety of issues involving the community as 

a whole. 
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1.11 Conclusion 

 

In conclusion, this chapter has discussed the problem statement and the research 

questions. It also discussed the objectives, the scope and the expected outcomes and 

significance of the proposed solution. The topics discussed in this chapter are 

important as guidelines for this study. 

 

1.12 Summary of This Research Study 

 

Table 1.3 shows the summary of this study. This table lists the research questions, 

research objectives, research method and research hypotheses of this study in order to 

achieve the aim which is to design and develop the VT
2
E prototype as a 

supplementary material for self-directed Taekwondo training. 

 

Table 1.3 

 

Summary of This Research 

 

Research Question 

i. How should VR be applied in developing the VT
2
E prototype? 

ii. What are the perceptions of users towards the use of VT
2
E prototype as a 

supplementary Taekwondo training material? 

iii. What are the relationships between Engaging, Presence, Ease of use and 

Usefulness (independent variables) and Satisfaction (dependent variable) in 

using the VT
2
E prototype? 

Research Objective 

i. To design and develop the VT
2
E prototype using VR technology.  

ii. To investigate the users' perceptions towards the use of the VT
2
E prototype 
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as a supplementary Taekwondo training material. 

iii. To determine the relationships between Engaging, Presence, Ease of use 

and Usefulness (independent variables) and Satisfaction (dependent 

variable) in using the VT
2
E prototype. 

Research Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Hypothesis 

Hypothesis 1: There is no significant relationship between Engaging and 

Satisfaction in using the VT
2
E prototype. 

 

Hypothesis 2: There is no significant relationship between Presence and 

Satisfaction in using the VT
2
E prototype. 

 

             PROCESS STEPS                              OUTPUTS 

 

Phase 1: 

Information Gathering 

 Preliminary Study 

 Literature Review 
 

Phase 2: 

Design and Development 

 MoCap 

 Modelling 

 Animation 

 VE 

 
 

Phase 3: 

Evaluation 

 Expert 

 User 

 

VT
2
E Prototype 

Performance 

Measure  

Proposal 
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Hypothesis 3: There is no significant relationship between Usefulness and 

Satisfaction in using the VT
2
E prototype. 

 

Hypothesis 4: There is no significant relationship between Ease of use and 

Satisfaction in using the VT
2
E prototype. 

 

  
 

 

 

1.13 Summary of All Chapters 
 

 

This thesis consists of six chapters and is structured as follows. 
 

 

Chapter 1: Introduction – This chapter provides the introduction about this thesis. 

This chapter includes the background of the study, statement of the problem, 

preliminary study, purpose of the study, research questions, research objectives, 

hypotheses and conclusion for the chapter. 

 

Chapter 2: Literature Review – This chapter discusses about the related literature in 

this study. It discusses several topics such as martial arts, Taekwondo and training, 

types of training environment, self-directed training, VR, Motion Capture (MoCap) 

technology, VE in training, theories, related previous research work, measurement of 

VR and heuristic evaluation for VE. 

 

Chapter 3: Research Methodology - This chapter discusses the research methodology 

for this study. In this study, the research methodology is adapted from Vaishnavi and 

Kuechler (2008). The methodology consists of three phases that include; information 

gathering, prototype design and development and evaluation. In information 
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gathering, all the information related to Taekwondo training, training methods and 

limitations were identified. The design and development phase discusses in detail the 

process of design and development of the VT
2
E prototype. The evaluation phase 

discusses about the user and expert evaluations.  

 

Chapter 4: Prototype Development – This chapter describes the processes involved 

in the design and development of the VT
2
E prototype. The design and development 

of VT
2
E prototype consists of four phases; MoCap (system preparation, subject 

preparation, calibration, capture session and cleaning and editing data), Modelling 

(3D character and 3D environment), Animation (insert 3D character, applying 

motions to a 3D character and animated 3D character) and VE (insert 3D 

environment, placing of 3D animated objects in the environment, scene lighting, 

camera and save as EXE file). 

 

Chapter 5: Data Analysis and Result –This chapter mainly discussed the results of 

the study from the evaluation that has been conducted. It includes the results of 

perception study, the Pearson correlation and regression. 

 

Chapter 6: Discussion and Conclusion –This is the final chapter that provides the 

overall findings from this research, the limitation and recommendations of the study. 

It also discusses the contribution to the body of knowledge and suggestion for future 

study. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Overview 

 

Advances in computer technology of today‘s three-dimensional graphics coupled with 

the emergence of a variety of powerful devices have provided many benefits to 

training applications utilizing VR and MoCap technologies. The use of these 

technologies offers a unique experience to the user by offering superior immersive 

representation as well as realistic motion training system. This chapter discusses VR 

and MoCap technologies. It also reviews some of the related studies pertaining to the 

used of VR and MoCap technologies in martial arts training. Besides that, some of the 

theories that are related to this study are also discussed. 

 

2.2 Martial Arts 

 

Martial arts are popular and long existed more than 3000 years ago. Nowadays, 

martial arts can be categorized as modern sport and exercise which are increasingly 

popular among all ages. The utilization of VR in sports has been successfully proven 

such as in the London Olympic Games (2012), Beijing Olympic Peak Park (2008) and 

Shanghai Online Expo (2010) (Liu, Yin, Sha, & Gao, 2014). The benefits of VR and 

MoCap in sports are not limited just to the improvement in the training performance 

of the athletes but they are also capable of getting people to be involved in sports.
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2.2.1 Taekwondo and Training 

  
Taekwondo is one of the most popular traditional martial arts which originated in 

Korea and has become a modern international sport which has evolved into many 

parts of the world (Langford, 2014; Fong, Ng, & Chung, 2013). Taekwondo has been 

practiced by over 50 million people all over the world and this number is increasing 

which makes taekwondo more popular. It is categorized as an exercise and sport that 

have a variety of styles. Besides that, Taekwondo has been ranked among the official 

Olympic Games‘ sports since the Sydney 2000 Olympic (Haddad et al., 2015). 

 

Taekwondo is different from other martial arts from the physical aspects since it is 

very dynamic with active movements involving physical training. It focuses more on 

learning techniques using hands, fists, elbows, knees, feet or any parts of the body. 

Normally, Taekwondo training involves the trainees to learn from their trainer in a 

classroom or training club whereby the trainer will explain and demonstrate the 

taekwondo movements and then the trainees will follow the trainer. In addition, 

taekwondo training also conducted through supplementary materials such as 

YouTube, Website, books and DVD/CD (video). The trainees used supplementary 

materials in order to achieve a quality performance in Taekwondo training. 

 

Besides that, the trainer is important in Taekwondo training since he/she is 

responsible to guide and train the trainees on how to perform properly in each task in 

order to improve and achieve successful performance (Lussier & Shadrick, 2006; 

Lopes et al., 2009). The trainer will explain and demonstrate the task to be performed 
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and the trainees will follow the trainer. If there are mistakes made by trainees, the 

trainer is responsible to correct and make sure the trainees will perform correctly. 

 

2.2.2 Types of Training Environment 

Training is defined as a learning experience in producing knowledge, skills and 

behaviours to achieve good performance in various activities (Milhem, Abushamsieh, 

& Pérez Aróstegui, 2014). According to Witte et al., (2012), there are three types of 

training environment (see Figure 2.1), training in a traditional class with a real trainer 

(see Figure 2.2), training from a video of the trainer and training from a VE of the 

virtual trainer (see Figure 2.3). Meanwhile, Table 2.1 describes the comparisons 

between the three training methods. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

  

Figure 2.1. Conventional training   Figure 2.2. Video training environment                                                     

environment     

 

 

 

 

  

 

Figure 2.3. VR training environment  
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Training in a traditional class is the fundamental training process whereby it is 

conducted by a real trainer involving a relatively large number of trainees at one time. 

The trainer gives explanation and demonstration to the trainees while the trainees 

follow the movements make by the trainer. Through this, the trainees practice the 

training with a real trainer face-to-face. The benefit that the trainees will get is that the 

trainer can immediately correct the mistakes made by the trainees. 

 

Training from a video of the instructor is the second type of training environment. 

The trainees watch the video of the instructor while mimicking and following the 

steps and movements of the trainer. The trainees can view and playback images from 

a single angle or 2D image of the environment. Besides that, the trainees will practice 

alone anytime and anywhere using computer monitor or projection system and allows 

the user to rewind, fast forward or pause the video. 

 

Training from a VE of an instructor provides users with the opportunity to view from 

any angle deem suitable by the viewers and also playback the view in real time and in 

3D. Users will be able to practice alone using a computer monitor or projection 

system. Besides that, it allows the user to control the angle of the view, rewind, fast 

forward, pause, zoom in and zoom out. 
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Table 2.1 

 

Comparison between Conventional, Video-based and VR Training Environment 

(Bailenson, Patel, Nielsen, Bajscy, Jung, & Kurillo, 2008) 

Conventional  Training Environment 

 Users see the motion from the trainer and then follow the same motion as the 

trainer. 

 Users practice with a trainer or with other trainees face-to-face. 

 Immediate feedback from the trainer. 

 

Video-Based Training Environment 

 Users can only view and playback image from a single angle or 2D image of the 

environment. 

 Users will practice alone using a computer monitor and allow to rewind and 

pause the video. 

 No immediate feedback.  

 

VR Training Environment 

 Users can view and playback image in three-dimensional and real time.  

 Users will practice alone using a computer monitor and allow controlling the 

angle of the image within 360 degrees; rewinding, fast forward, pausing, 

zooming in and zooming out.  

 Immediate feedback from the virtual instructor. 

 

 



2.3 Self-directed Training 
 
 

Self-directed training is defined as an approach in which the individual decodes what 

kind of training is desired and when and how the training will take place (McNamara, 

2007). In this context of this research, self-directed training define as a form of 

training without guidance or instruction from a trainer which allows the trainees to 

conduct and access the training on their own at any time and anywhere. This type of 

training can be formal or informal. Self-directed training has an advantage of being 

non-binding training schedule and place which makes comfortable and convenience 

to the users. The trainees may conduct the training as long or as little as the trainees 
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want at a time. The trainees will successful in self-directed training when they are 

highly invested into the training because there are not conducted by the trainer. 

 

Normally, self-directed training is conducted by using supplementary training 

materials such as videos and books. Nowadays, most self-directed training is 

conducted through the use of technology such as through computer, web and mobile. 

In self-directed training, the trainees usually use existing supplementary training 

material such as books and videos and these have their limitations (Chan et al., 2011). 

 

 
With the integration of technology into self-directed training enhances the training 

quality as well as the knowledge and performance of the trainees. The growth of 

technologies can make the number of training resources available to increase 

dramatically. Overall, integrated training environments have been created to provide 

more effective training. 

 

Seldom, the trainer requires his/her trainees to do self-directed training to improve 

their performance and skills which could not be sufficiently achieved in a classroom 

with a large group of trainees. The use of technology such as virtual reality for self-

directed training provides a lot of benefits such as the user can view the display in 3D 

from all angles and playback the 3D display in real time. VR allows the user to 

practice alone infront of the computer at home or at any other convenient places. The 

user has a full control of the 3D display, rewind, fast forward, pause, zoom in and out, 

and these features enable the user to improve the feeling of presence and get the depth 

information (Bideau, Kulpa, Vignais, Brault, Multon, & Craig, 2010). Table 2.2 

shows the comparison between video and VR while doing self-directed training. 
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Table 2.2 

 

Video and VR (Bideau et al., 2010) 
 

Video  VR 

Lack of presence Presence Feeling of presence 

Cannot interact Interaction Interact with virtual environment 

Cannot fully control User control Systematically control the virtual 

environment/ Viewpoint in real 

time 

Absence of interactivity Interactivity Interactivity 

Limited information Information Depth information 

2D Display 3D 

 

 

 

2.4 Virtual Reality 

  
VR is defined as a computer generated imagery where the users can interact in a real 

world, navigate and view in real time (Gorini & Riva, 2014; Cho, Hwangbo, & Shin, 

2014; Levin, 2011). VR has also been defined as a technology which combines the 

use of computers, software and hardware to generate the VE and allows users to 

create an experience in the environment (Sacks, Perlman, & Barak, 2013). According 

to Gorini, Capideville, De Leo, Mantovani and Riva (2011), VR is a human-computer 

interface that allows users to explore, manipulate, real time visualization and 

interaction then become immersed in a computer-generated simulation environment. 

The advancements in the three-dimensional (3D) computer graphics technology 

coupled with the emergence of a variety of powerful and affordable 3D graphics 

hardware bring a lot of interest in the VR applications (Yap, Choo, & Kok, 2014). 

 

VR is widely used in computer-based training (Cho et al., 2014; Yang, Chen, & Jeng, 

2010) including the study of human motion (Talkington, Pollard, Olesh, & Gritsenko, 

2015). Recent advances in VR has been implemented and applied in dance and 

martial arts (Bailenson et al., 2008; Chan et al., 2011; Chua, Crivella, Daly, Hu, 
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Schaaf, Ventura, Camill, Hodgins, & Pausch, 2003) sports (Covaci, Olivier, & 

Multon, 2014; Tao, Archambault, & Levin, 2013) and rehabilitation training 

(Kallmann, Camporesi, & Han, 2015; Tang, Yang, Bateman, Jorge, & Tang, 2015). 

 

 

The use of VR technology offers unique experiences to the users which include 

representative, detailed, and realistic view of the environment. Users can also interact 

with the VR system in unlimited time and place for self-directed training (Weir, 

O'Donoghue, Rainsford, & Murphy, 2005). According to Abulrub, Attridge and 

Williams (2011), in education and training, the benefits of using the VR technology 

among others include; it can be fully controlled, cost-effective, safe to use, realistic 

and interactive in enhancing the learning experience. Besides that, through the use of 

the Head Mounted Display (HMD) or large projection screen, it will provide the 

immersive VR system and also give immediate feedback for users (Hoang, Reinoso, 

Vetere, & Tanin, 2016). 

 

The strength of VR is in creating the sense of presence (Lalonde, Henry, Drouin-

Germain, Nolin, & Beauchamp, 2013). Steuer (1992) states presence as the ―sense of 

being there‖. Meanwhile, Riva, Waterworth, and Waterworth (2004) defined VR as 

the ―feeling of being in a world that exists outside the self‖. These can make users 

feel like being in the real world which is unavailable with other systems. On the other 

hand, VR has the capability to create the feeling of immersion to the user. Immersion 

is ―the objective level of sensory fidelity a VR system provides‖ (Bowman & 

McMahan, 2007). This can ensure that the environment looks realistic and allows 

users to navigate and interact with the virtual environment (Lalonde et al., 2013). 
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The reason for using VR is the real time interactivity where users will be provided an 

immediate feedback (Huang, Rauch, & Liaw, 2010). Besides that, the interaction can 

increase the sense of presence in a virtual environment (Seth, Vance, & Oliver, 2011). 

Consequently, this enables users to interact with all human sensorial channels such as 

see, hear, feel or touch (Burdea, 1999). When the human sensorial channels are 

combined with interactivity, it will make the VR experience more immersive and 

realistic which cannot be obtained from video and television as well as attract the 

attention of users to use the VR technology (Sharar, Miller, Teeley, Soltani, Hoffman, 

Jensen, & Patterson, 2014). Furthermore, this can make the users to experience the 

system which is useful to them in improving their learning performance. 

 

According to Dalgarno and Lee (2010), there are two main features of a virtual 

environment namely; representational fidelity and learners‘ interaction. 

Representational fidelity refers to the realistic display that ensures physical 

characteristics of the environment such as rich graphics, the view and motion of the 

objects changes smoothly, object consistent behaviour, kinesthetic and tactile force 

feedback (Dalgarno & Lee, 2010). While learners' interaction is the users‘ actions in a 

virtual environment to explore, rotate, manipulate and view objects from different 

perspectives (Dalgarno & Lee, 2010). For example, users can enjoy the freedom of 

movement by controlling the viewing angles of the objects such as zoom in, zoom out 

and rotation up to 360 degrees as if they were immersed in a real environment. 

 

VR is also a system that provides flexibility for user‘s convenience. The user can 

interact with the system in unlimited time and place for self-directed learning 

(Rainsford & Murphy, 2005). In addition, the use of VR actualizes the three-
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dimensional representation, authentic representation, visualization tool, multiple 

perspectives, controlled complexity, active learning, learner-centered and motivation 

(Jen, Chong, & Fauzy, 2003). Through these features can make an application or 

system more attractive, realistic, engaging, and extremely fun compared to other 

representation methods such as narrative, text or picture form. 

 

2.4.1 Types of VR systems 

 

  
VR can be categorized into fully-immersive, semi-immersive, and non-immersive 

(Zhang, 2017; Mujber, Szecsi, & Hashmi, 2004). A fully-immersive environment 

enables users to experience the feeling of presence when they are in a virtual world. 

In simple terms, the users have the feeling of being in that environment as they can 

hear, visualize and interact with the artificial environment. When using the HMD, it 

provides the users with fully-immersive experience of the virtual world (Hoang, et 

al., 2016). A semi-immersive environment also known as partial immersion supports 

the feeling of looking at a VE rather than being immersed. While a non-immersive 

environment displays images on devices that allow users to interact with the 

environment. Table 2.3 below summarizes the comparison between the types of VR 

systems. 
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Table 2.3 

 

Types of VR systems (Mujber et al., 2004) 
 

 

ITEM 

VR SYSTEM 

Non-Immersive  Semi-Immersive Fully Immersive 

Input Devices Mouse, Keyboard, 

Joystick, Space 

balls 

Joystick, Space 

balls, Data Gloves 

Data Gloves, Voice 

Commands 

Output Devices Standard Monitor Large Screen 

Monitor or 

Projection Systems 

Head Mounted 

Display (HMD), 

CAVE 

Resolution High High Low-Medium 

Sense of 

Immersion 

Non- Low  Medium-High High 

Interaction Low Medium High 

Cost Lowest Expensive Very Expensive 

    

 

 

 

2.4.2 Implications of VR in this Study 

 

 

As discussed above, there are plenty of advantages of VR especially in training. VR 

must comprise of these terms; computer-generated, 3D and interactive. The use of VR 

in this study can contribute many benefits to the user in order to address the problems 

mentioned in chapter 1. By applying VR in VT
2
E prototype, it helps in providing 

supplementary materials in the self-directed training required by the users, especially 

for Taekwondo trainees. Besides that, it can guide the trainees to better understand 

each step in Taekwondo training. VR in training provides high quality 3D graphics 

which create environment, almost similar and closed to the real one. Other than that, 

VR can view and play back without limited time access and also flexible in any 

location in self-directed training. The trainees can repeated the use of VT
2
E prototype 
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in unlimited times especially when involving parts that display complicated 

movements which require extra attention to understand. 

 

2.4.3 The Limitation of VR 

There are many advantages in VR, but undeniably VR also has its own limitation. The 

cost of developing the VR application or system especially for the immersive system 

is quite high. In addition, the necessary hardware and software required are also high 

in terms of processing as well as cost. Therefore, it is undeniable that the use of 

immersive VR involves high cost for most ordinary users. 

 
 

2.5 Motion Capture (MoCap) Technology 

 

MoCap technology has been introduced since the 70‘s and has been widely used in 

various fields of applications such as in sports, entertainment, television, video 

games, feature films and medicine. MoCap is a technology that can store data and 

track the full body movement or another movement (Nymoen, 2013). The main 

purpose of the MoCap technology is to create varieties of applications as it can 

capture the human movements (Geiselhart, Otto, & Rukzio, 2016). Besides that, 

MoCap helps to capture difficult and complex movements whereby other techniques 

or methods might not be feasible. 

 

In the traditional 3D animation process, it is difficult to animate the digital human 

character with the used of the keyframing technique. Keyframing is a technique to 

smoothly interpolate key postures over time to generate the full set of frames required 

for an animation (Watt & Watt, 1992). Using this technique to produce realistic 

human animation requires a high level of expertise, a lot of effort as well as time. It is 
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used to capture the movements of a real object and map it onto the digital objects. It is 

usually used to create digital actors by capturing the motions of humans. 

 

There are many types of MoCap system which among others include magnetic, 

mechanical and optical depending on the types of technology that the devices are 

made off. Most of the MoCap systems are considered expensive and beyond the reach 

of most individuals. However, with the introduction of an affordable MoCap device 

such as Microsoft Kinect (see Figure 2.4), the utilization of MoCap for various 

applications can be broadly expanded. The advancement in the computational power 

results in the introduction of facial MoCap to capture complex movements in a human 

face to represent emotion. Figure 2.5 shows the marker and markerless facial MoCap 

devices. 

 

The main advantage of MoCap is the capability of real-time visualization and the high 

quality of the generated motion (Jeong, Park, Baek, & Lee, 2001). This is the main 

reason for MoCap to be indisputably the creative tool in the entertainment as well as 

training industries. Besides that MoCap does not restrain the actor‘s behavior, and the 

actor can move in any direction or manner (Nagasaka, Shimoda, & Fujii, 2011). The 

use of MoCap enables complex movement and realistic physical interactions easily 

recreated in a physically accurate manner (Schulz, 2010). 
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Figure 2.4. Microsoft kinect  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5. Marker and markerless facial MoCap devices 

 

 

 

 

2.5.1 MoCap Training in VR 
 

 

MoCap technique has been widely used in various other fields of applications. 

Nowadays, MoCap and VR are a powerful combination that can help in tracking the 

full body of motion which can generate interaction between the virtual environment 

and human (Liu et al., 2014). According to Yamaoka, Uehara, Shima, and Tamura, 

(2013), MoCap is the effective method that can provide the realistic human motion in 

3D animation. 

 

In addition, the availability of more affordable MoCap hardware such as the 

Microsoft Kinect enables more studies to be conducted in the use of Kinect in 

capturing human movements for the purpose of martial arts training. These have 

encouraged many industries and researchers to develop new applications especially in 

training (Xia et al., 2012). 
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The main purpose of MoCap technology is to create varieties of applications as it can 

capture the human movement (Geiselhart et al., 2016). There are lots of MoCap 

systems that can bring benefits to the users. Various studies have been conducted 

pertaining to the MoCap systems that makes this topic extremely active in the 

research field and it proves that the advanced MoCap technology is required due to 

the need of growing MoCap technology (Polak, Kulasa, VencesBrito, Castro, & 

Fernandes, 2016). Some examples of the use of MoCap include; dancing, gymnastics, 

tennis, swimming, golf, archery, basketball, baseball, volleyball, soccer, rugby, 

combat sports, martial arts and many others. Figure 2.6 shows the virtual character in 

a VE. 

 

 

 

 

 

 
 
 
 
 
 

 

 

Figure 2.6. Virtual character in VE (Brownridge, 2014) 

 

 

 

2.6 VE in Training 

 

Even though there are other technologies available for training such as computer-

based training (CBT), video-based training (VBT), and web-based training (WBT), 

VE in training is still considered as a valuable and effective technology for training 
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because it provides 3D environment that makes user feels like being there and looks 

like real one (Burdea, & Coiffet, 2003; Slater, Steed, & Chrysanthou, 2002). 

 

As stated by Blümel, Salem and Schenk (2003), VE in training provides high-quality 

3D graphics which create environments, almost similar and closed to the real one. 

Furthermore, the higher level of interactivity and involvement can still be achieved 

with or without the utilization of high-end devices particularly for immersive VE. The 

VE is not time and location dependent which means that the VE in training can still 

be provided with or without the availability of internet connection. 

 

To produce a better environment, the VE must have three important criteria. Firstly, it 

must look realistic. Secondly, the system must be accessible and affordable to all 

users. Thirdly, the system must function and be validated. As stated by Miles, Pop, 

Watt, Lawrence and John (2012), with all the criteria mentioned above, it allows 

user‘s satisfaction works with the system using the VE that is growing and has been 

accepted by many users especially for training. 

 

According to Satyandra, Davinder, John, Maxim and Robert (2008), the VE provides 

three benefits in training applications. Firstly, the user can interact in an easy way and 

natural manner. Secondly, the user can experience the use of 3D. Thirdly, through 

watching videos, viewing 3D images and animations, it supports the development of 

multimedia technology. 

 

2.6.1 Conventional Methods and Integrating Technologies in Training 

 

Normally, training is conducted through conventional methods but nowadays training 

is conducted through the use of technology. With the integration of technology, it 
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enables enhanced high-quality training performance and knowledge. The growth of 

technologies can make the number of training resources available to increase 

dramatically. Overall, integrated training environments have been created to provide 

more effective training. Table 2.4 shows the differences between the conventional 

method and integrating technology in training. 

 

Table 2.4 

 

Current Method and Integrating Technology in Training (Piccoli, Ahmad & Ives, 

2001; Zhang, Zhao, Zhou, & Nunamaker, 2004) 

 Conventional Method Integrating Technology 

Time • Trainer and trainees convene 

twice a week for 90 minutes. 

• Trainees can use the system 

anytime (time flexibility). 

Place • Trainer and trainees convene 

in a classroom. 

• Trainees can access the system 

anywhere (place flexibility).  

Space • Need wide boundaries of 

space during class time. 

• Boundaries of space are 

flexibility.  

Interaction • Trainees are able to interact 

face-to-face with the trainer 

during training. 

• Trainees receive immediate 

responses and feedback. 

• The interaction between the 

instructor and some students 

are limited. 

• Trainees interact with a virtual 

trainer. 

• Responses are generally not 

immediate feedback. 

• The interaction between virtual 

trainer is limited. 

Technology • Trainees go to training class 

and repeat the motion shown 

by the trainer. 

• Trainees access the system 

through a PC and repeat the 

motion shown by self-training. 

User  Control • Trainees cannot control the 

movement or order in which 

the movement is presented.  

• Trainees cannot skip over 

movement during the training. 

• Trainees can ask for 

repetition but do so rarely and 

almost never is there more than 

one repetition. 

• Trainees control the pace and 

order in which the material is 

accessed. 

• Trainees are free to review or 

skip any movement or 

components of it. 

•Trainees can repeat the entire 

movement, or any component of 

them, at will and repeatedly. 

Cost • Cost is quite expensive to 

deliver. 

• Cost more effective. 
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2.6.2 VR and MoCap Technology 

 

There have been many previous types of research related to VR and MoCap in 

training. These technologies have been widely used in computer-based training (Cho 

et al., 2014; Yang et al., 2010) including the study of human motion (Talkington et 

al., 2015). In addition, recent advances in VR and MoCap enable them to be 

implemented in martial arts (Sani et al., 2015; Chye, & Nakajima, 2012; Ogawa & 

Kambayashi, 2012; Phunsa, Potisarn, & Tirakoat, 2009; Komura et al., 2006; Kwon 

& Gross, 2005; Chua et al., 2003) dance (Fujimoto, Tsukamoto, & Terada, 2012; 

Marquardt, Beira, Em, Paiva & Kox, 2012; Chan, Jacky, Howard, Jeff, Tang, & 

Komuru, 2011; Hachimura, Kato, & Tamura, 2004), and rehabilitation (Kallmann et 

al., 2015; Tang et al., 2015).  

 

 

2.7 Theory 

 

According to Hudak (2007), the development of a training system must refer to the 

current theories to produce and achieve the goals in the training or learning process. 

 

2.7.1 Constructivist Theory 

  
The constructivist theory has numerous definitions, but one of the definitions is the 

users are controlling their own learning (Milbrandt, Felts, Richards, & Abghari, 

2004). The users control their learning by applying approaches that he/she definitely 

knows or with current experiences, help from others and research resources (Gibbons, 

2003). Meanwhile, the constructivist learning theory sees learning as a process in 

which users effectively develop new concepts or ideas depending on current and prior 

knowledge (Adams, 2007). The users can learn the real world environment from the 

virtual world where the users could develop new idea and knowledge depending on 
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prior experiences. According to Chau, Wong, Wang, Lai, Chan, Li, Chu, Chan and 

Sung (2013), learning experience can be enhanced by the presence of realism in the 

virtual world. 

 

2.7.1.1Constructivist Approach and Design Method in Learning 

 

In the design and development of the VR application, the constructivist theory was 

applied during the design process in order to produce a usable and user friendly 

system. Winterbottom and Blake (2008) stated that the designing tool for an 

interactive system involved four processes as shown in Figure 2.7. The process is for 

the development of a tool to help users in designing the VE interactions as well as 

others. The first process involves distilling the constructivist values of atomic 

simplicity, multiplicity, exploration, control and reflection. The second process 

involves researching and reframing the expert practices in terms of the constructivist 

values. The third process involves examining and understanding the novice processes 

in constructivist terms. Finally, creating and showing the prototype to the target users. 

These steps are iterated until the designed tool is satisfactory. 
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Figure 2.7. Designing tool for an interactive system (Winterbottom & Blake, 2008) 

 

 
 

2.7.1.2 Implications of Constructivist to This Study 

 

Constructivist is a theory that widely used in various applications for learning. In 

VT
2
E prototype, the constructivist theory was applied to create an interactive VE 

prototype as a supplementary material in doing self-directed training. Furthermore, it 

can help and identify how the use of a system can solve their problems. Through the 

existence of constructivist can help the users in learning. Besides that, it can produce 

an effective design for VT
2
E prototype as a supplementary material in doing self-

directed Taekwondo training. The user will feel engaged with their activities and 

allows the learning process to be more effective. 

 

 

 

1. Distil practical values from 

constructivism to guide design. 
 

2. Examine processes of expert 

designers and experts in the domain 

and rephrase them in terms of the 

design values. 
 

3. Investigate the practices of novices 

in the domain area (VE design) in order 

to understand their specific problems. 

4. Iteration: create a prototype and 

show it to the target audience. 

Let them use it. Focus on design values 

and their effects in questions 

afterwards. Repeat steps 2 to 4 until 

goal is met. 
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2.7.2 Theory of Flow 

 
 

The flow is defined as the feeling of users (Csikszentmihalyi & LeFevre, 1989; 

Csikszentmihalyi, 1990) and the enjoyable experience when they fully involved in 

certain activities with positive emotions (Csikszentmihalyi, 1997). The flow occurs 

when people involved in activities and achieve their satisfaction that makes them 

repeat the activity (Csikszentmihalyi, 1988). Meanwhile, in the context of computer-

mediated environments, Agarwal and Karahanna (2000) defined flow as the 

subjective experience through the human-computer interactions as playful and 

exploratory. According to Webster, Trevino, and Ryan (1993), the flow theory has 

three aspects which are control, attention focus, and cognitive enjoyment. 

 

According to Finneran and Zhang (2003), the flow theory is used in human-computer 

interaction, consumers‘ behaviour, communication, and management information 

systems. The flow theory shows that individual behaviour towards the use of new 

information technology related to the holistic experience in using a new technology 

(Agarwal & Karahanna, 2000). In addition, the flow theory can increase the computer 

use, satisfaction and acceptance of information technology, exploratory behaviour, 

learning, and training (Woszczynski, Roth, & Segars 2002; Finneran & Zhang, 2003). 

Based on previous studies conducted by Csikszentmihalyi and LeFevre (1989); 

Webster et al., 1993); Hoffman and Novak (1996) proved that there is a relationship 

between flow and learning. 

 

Csikszentmihalyi (1990) categorized flow into nine dimensions that include; clear 

goal, immediate feedback, a match between personal skills and challenges, merger of 

action and awareness, concentration on the task, sense of control, loss of self- 
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consciousness, altered sense of time and autotelic experience. These nine dimensions 

can be divided into three stages which are antecedents, experience and effects. Table 

2.5 depicts the three stages in flow theory. 

 

Table 2.5 
 

 

Three Stages in Flow Theory (Trevino & Webster, 1992; Ghani & Deshpande, 

1994; Finneran & Zhang, 2003). 

 

Stages Dimensions Descriptions 

 

Antecedents Perceptions of clear goals, 

immediate feedback, and 

matched skills and challenges. 

This stage describes the qualifying 

factors of the activity itself for 

reaching the flow state (clear 

goals and immediate feedback) 

and the prerequisites (matched 

challenge and skill levels) for 

provoking the emergence of the 

optimal experience. 

 

Experience The merger of action and 

awareness, concentration, and 

a sense of potential control. 

This stage describes those 

characteristics which are 

perceived during the flow state. 

 

Effects Loss of self-consciousness, 

time distortion, and experience 

which becomes autotelic. 

This stage describes an 

individual's inner experience, 

focusing on the effects after 

entering the flow state. 

 

 

Based on the previous researches conducted by Csikszentmihalyi and LeFevre 

(1989), Webster et al. (1993), Hoffman and Novak (1996), Skadberg and Kimmel 

(2004) show that through the experience of flow can increase the learning process. 

Meanwhile, Woszczynski et al., (2002) stated that the flow can increase learning in 

computer interaction. 
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2.7.2.1 Implications of Flow to This Study 
 

In the VT
2
E prototype, the flow is a psychological state when the trainees used the 

prototype efficiently and having an enjoyable experience as a tool for self-directed 

Taekwondo training which result in satisfaction. When the trainees achieve a positive 

goal in using the VT
2
E prototype, they will use it continuously in the future. 

 

2.8 Related Previous Research Works in VR and MoCap Technologies 

The VR applications assist and allow users to experience the real environment 

through the human-computer interface. Meanwhile, the use of MoCap technology has 

been recognized for synthesizing complex motion into digital motion.  In this section, 

previous studies that are related to our proposed system will be reviewed.  

 

There are many studies related to VR and MoCap technologies that have been 

implemented.  Recent advances in VR and MoCap enable them to be implemented in 

training (Sani et al., 2015; Fujimoto et al., 2012; Marquardt et al., 2012; Chye & 

Nakajima, 2012; Ogawa &  Kambayashi, 2012; Chan et al., 2011; Phunsa, Potisarn, & 

Tirakoat, 2009; Komura et al., 2006; Kwon & Gross, 2005; Hachimura et al., 2004; 

Chua et al., 2003). Table 2.6 summarizes several related previous research works 

related to this study. 

 

Sani et al. (2015) developed a basic Taekwondo training system by using the MoCap 

technology Microsoft Kinect. This system was developed for both trainers and 

trainees to help them to learn and improve complex martial arts Taekwondo 

movements while training. It also provides immediate feedback for both trainers and 

trainees in order to improve their training.  
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Fujimoto et al. (2012) proposed a system that allows the user to practice dance and 

analyse the results of their own motion through the video instructions. The system 

used MoCap and wearable sensors technologies and the results showed that by using 

this system, beginners were able to enjoy learning the dance movements. 
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Table 2.7 
 

Related Previous Research Works 
 

 

Paper Reference Technology 

Used 

Objective Findings  

Development of Basic 

Taekwondo Training 

System Application 

Based on Real-Time 

Motion Capture 

Using Microsoft 

Kinect 

Sani, 

Hendrawan 

& Samopa 

(2015) 

MoCap 

(Microsoft 

Kinect) 

To developed a Taekwondo training system 

by using the MoCap system for both trainers 

and trainees to help them learn and improve 

complex martial arts Taekwondo movements 

while training. 

It also provides immediate feedback 

for both trainers and trainees in order 

to improve their training. 

 

A Dance Training 

System that Maps 

Self-Images onto an 

Instruction Video 

Fujimoto, 

Terada & 

Tsukamoto 

(2012) 

MoCap 

technology 

and 

wearable 

sensors 

To design and develop systems that allows 

the user to practice dance and analyze the 

results of their own motion through the video 

instructions. 

The results show that by using this 

system, beginners were able to enjoy 

learning dance movements.  

Super Mirror: A 

Kinect Interface for 

Ballet Dancers 

Marquardt,  

Beira, Em, 

Paiva & 

Kox(2012) 

Kinect-

based 

system 

To propose a prototype Supper Mirror, A 

Kinect-based system for Ballet Dancers that 

can capture the ballet motion and enable to 

provide feedback. 

As a result, this system is giving users 

the opportunity to correct mistakes in 

training. 

Games Based 

Approach to Learning 

Martial Arts for 

Beginners 

Chye & 

Nakajima 

(2012) 

MoCap 

(Kinect 

sensor) 

The main purpose of this system is to 

provide a virtual trainer in training and 

provides real-time feedback to the users. 

This system has been proven to bring 

joy and fun learning experiences, 

especially for the novice. 

Physical Instructional 

Support System 

Using Virtual Avatars 

Ogawa &  

Kambayashi 

(2012) 

MoCap 

(Kinect) 

To develop the real-time physical 

instructional support system. 

This system also provides immediate 

feedback to the users and instructors 

in improving their training 

performance.  

A virtual Reality 

Dance Training 

System Using Motion 

Capture Technology 

Chan, 

Jacky, 

Howard, 

Jeff, Tang 

MoCap To proposed VR prototype dance training 

system using a MoCap technology that 

enables users to interact with virtual 

instructors. 

The result proved that the system 

helps the user in dance training 

compared with the current method of 

watching videos. It also allows users 

Table 2.6 

 

Related Previous Research Works 
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& Komuru 

(2011) 

more fun and motivation to practice 

dance. 

Edutainment - Thai 

Art of Self-Defense 

and Boxing by 

Motion Capture 

Technique 

Phunsa, 

Potisarn, & 

Tirakoat 

(2009) 

MoCap 

technique 

To develop a system for edutainment of Thai 

martial arts that allows users to gain 

knowledge and entertainment. 

The results show that the edutainment 

can give interest to students in Thai 

culture and the right techniques can be 

obtained. 

e-Learning Martial 

Arts 

Komura, 

Lam, Lau 

and Leung 

(2006) 

MoCap Proposed a martial arts training system by 

using the MoCap system which is able to 

provide three benefits that include; the users 

can use the system at any time when they 

feel free, provides an immediate feedback 

that can help trainees in training and the real 

trainer can also get the benefit from using the 

system. 

The results of their study showed that 

after using the system for several 

times, the users were able to improve 

their training performance and the 

immediate feedback can help them to 

learn. 

Combining Body 

Sensors and Visual 

Sensors for Motion 

Training 

Kwon & 

Gross 

(2005) 

Body 

sensor and 

visual 

sensor 

To design a motion training system based on 

combination of body and visual sensors 

This system provides motion 

detection and evaluation and visual 

feedback generation. It allows the 

trainees to train the motion and 

produce motion training videos and 

practice complex motions precisely 

evaluated by a computer. 

A Prototype Dance 

Training Support 

System with Motion 

Capture and Mixed 

Reality Technologies 

Hachimura, 

Kato & 

Tamura 

(2004) 

Mixed 

reality 

technology 

and motion 

capture (CG 

character), 

HMD 

To propose a prototype dance training for 

self-training using mixed reality technology 

and motion capture. 

The result of this system shows that 

users will use this system in training 

and it gives benefits to them. 

Training for Physical 

Tasks in Virtual 

Environment: Tai Chi 

Chua, 

Crivella, 

Daly, Hu, 

Schaaf, 

Ventura & 

Pausch 

Wireless 

head-

mounted 

display 

(HMD) and 

optical 

To design and developed a VR prototype 

with full body Tai Chi training application. 

The results of this study show that this 

system has successfully tracked the 

human body (41 points). 



45 

 

 

(2003) motion 

capture 

device 
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Ogawa and Kambayashi (2012) developed a self-learning system through virtual 

avatars using Microsoft Kinect. This system provides users and virtual avatars that 

can communicate through the same virtual space. This system also provides 

immediate feedback to the users and instructors in improving their training 

performance.  

 

Chan et al. (2011) proposed a dance training system that tracks full body based on 

MoCap and VR. The system uses the MoCap suit technology that allows users to 

follow the movement of the virtual teacher to improve their performance. This system 

also provides immediate feedback to users in order to correct the mistake and improve 

their performance. The results of this study have shown that the system is able to 

make the learning process more fun and motivate the users to learn. Figure 2.8 shows 

an actor in their suit with markers attached. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.8. An actor in their suit with markers attached (Chan et al, 2011). 

 

Marquardt el al. (2012) proposed a prototype Supper Mirror, Kinect-based system for 

Ballet Dancers that can capture the ballet motion and enable to provide feedback. As 

a result, this system is giving users the opportunity to correct mistakes in training. 
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Chye and Nakajima (2012) developed a game-based learning system for martial arts 

(karate) using Microsoft Kinect, a motion sensor device that allows users to interact 

intuitively. The main purpose of this system is to provide a virtual trainer in training 

and provide real-time feedback to the users. This system has been proven to bring joy 

and fun learning experiences, especially for the novice. 

 

Figure 2.9 shows an example of layout of the 3D viewer and Figure 2.10 shows the 

actual movement by a real dancer. Meanwhile, Figure 2.11depicts an example of user 

trains a dance motion and Figure 2.12 user trains by following the same move as 

shown on the screen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
Figure 2.9. Layout of the 3D Viewer             Figure 2.10. The actual movement by a 

real dancer 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

            Figure 2.11. User Trains a Dance Motion       Figure 2.12. User Trains by following   

                                                                                     the same move as shown on the screen 
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Phunsa et al. (2009) developed a Thai Boxing edutainment system based on MoCap 

technique. This system uses 9 optical MoCap cameras and 42 markers attached to the 

body of a Thai Boxer in order to record and capture the movements. The results of 

their study indicated that the edutainment system is able to provide the right exercise 

postures, physical activities, and self-defense techniques to the users. It shows that the 

edutainment can generate interest among students in Thai culture and the right 

techniques can be obtained. Figure 2.13 shows the VE for Thai Boxing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.13. The VE for thai boxing (Phunsa et al., 2009) 

 

Komura et al. (2006) proposed a martial arts training system by using the MoCap 

system. Their system is able to provide three benefits that include; the users can use 

the system at any time when they feel free, the system provides an immediate 

feedback that can help trainees in training and the real trainer can also get the benefit 

from using the system. The user has to wear the head-mounted display (HMD) to 

interact with a virtual trainer. The results of their study showed that after using the 
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system for several times, the users were able to improve their training performance 

and the immediate feedback can help them to learn. 

 

Kwon and Gross (2005) developed a martial arts motion training system using a 

combination of body and visual sensors. This system provides motion detection and 

evaluation and visual feedback generation. It allows the trainees to train the motion 

and produce motion training videos and practice complex motions precisely evaluated 

by a computer. Figure 2.14 shows the motion training system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.14. Motion training System (Kwon & Gross, 2005) 

 

Hachimura et al. (2004) designed a training prototype for dancing using mixed reality 

technology and MoCap. The evaluation on the prototype indicated that the users 

approved the significance and usefulness of the prototype and some of them wish to 

use the prototype for training. The prototype provides feedback to the user to improve 

performance and identify their own shortcomings. Chua et al., (2003) proposed a VR 

motion training system that tracks full body for practicing Chinese martial arts, Tai 

Chi. This system has been proposed to improve the training performance. This system 

is the first system that uses wireless full-body VE. In this system, the user will mimic 
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the movements of a virtual avatar. Figure 2.15 shows the Tai Chi motion training 

system. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.15. The VE for tai chi (Chua et al, 2003) 

 

2.8.1 Differences between Previous Studies with This Study  

 

Based on previous research, the researcher has reviewed some previous studies 

related to motion training system using VR and MoCap technologies. However, the 

difference between the VT
2
E prototype with other previous MoCap training system is 

that the VT
2
E prototype is sophisticated and more comprehensive pertaining to human 

motion in order to provide step-by-step movements for the WTF Taekwondo training. 

This study is to design and develop the prototype for supplementary material in self-

directed Taekwondo training which is the first prototype to be proposed for WTF 

Taekwondo trainees. Moreover, the VT
2
E prototype utilizes 3D animation in real time 

to allow the trainees to observe the Taekwondo movements in unlimited time and 

place. Besides that, the trainees can fully control this prototype by rotating and 

moving (forward, back, left, right).  In addition, the VT
2
E prototype was used to study 

the users‘ satisfaction in using the prototype in order to improve their Taekwondo 

training performance. Other than that, the VT
2
E prototype is intended to assist in 

dealing with the limitations of the existing supplementary training materials. 
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Therefore, the main advantage of the VT
2
E prototype is to capture the complex full 

body human movement for the purpose of WTF Taekwondo training.  

 

2.9 Measurements of VR 

There are many measurements of VR that have been applied by previous researchers 

in their studies. In this study, the measurements that are used include; engaging, 

presence, perceived usefulness, and perceived ease of use as the independent 

variables and satisfaction is the dependent variable. The following sections discuss on 

all the measurements with regard to the use of VR in taekwondo for self-directed 

training. 

 

2.9.1 Engaging 
 

Engaging is one of the independent variable in this study. Engaging means the user is 

not easily distracted and he/she can fully focus on an activity (Arnone, Small, 

Chauncey & McKenna, 2011). When the users are fully focused on their learning, it 

enables the users to concentrate on their learning process in any situation. Focusing is 

a good quality of the trainees, thus they can concentrate on learning in any situation. 

It has been proven that VE is able to tie up the users with the training process with its 

extraordinary potential compared to normal method of training. Through engaging, 

the learning process can be carried out better and successful (Phon & Ali, 2014). 

 

2.9.2 Presence 
 

Presence is the second independent variable which refers to the subjective experience 

of ―being there‖ in one environment or place, even though in the real world they are 

not situated there (Witmer & Singer, 1998; Bulu, 2012). In this situation, the level of 

presence will be different between each people on how they focus and involve in the 
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VE (Bowman & McMahan, 2007). The user achieved a high level of presence when 

he/she is totally involved in the VE. According to Schifter, Ketelhut, and Nelson 

(2012), the user can achieve the higher sense of being there when they can interact 

with the objects through the immersive and vivid environment. Besides that, presence 

can be obtained through the 3D features which are representational fidelity, realistic 

environment, and immediacy of control and view (Dalgarno & Lee, 2010). These 3D 

features can help users to improve the learning outcomes (Lee, Wong, & Fung, 2010). 

 

2.9.3 Perceived Usefulness 
 

Perceived usefulness is the third independent variable which refers to the ability of 

the system to help the users to improve their performance (Davis, 1989; Efferson, 

Lalive, Richerson, Mcelreath, & Lubell, 2006). If the users feel that the system can 

help to enhance their performance, then the users have the potential of using the 

system. In this case the VT
2
E prototype has been developed for the purpose to 

enhance the trainees‘ performance as well as their skills in the taekwondo. According 

to Rubin and Chisnell (2008), usefulness is the degree of usability when the system 

can help them to achieve what they want and indirectly they will continuously use the 

system when the system is effective, efficient and easy to learn. 

 

2.9.4 Perceived Ease of Use 

 

Perceived ease of use is the fourth independent variable which refers to the ability of 

the users to adopt a system by using the system easily without any bits of the help 

from others (Davis, 1989).  When the system is easy to use, the probability of the 

users will accept and use the system will increase. This was taken into consideration 

while developing the VT
2
E prototype so that it is comprehensive and suitable to the 
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taekwondo trainees. Thus, the prototype should not be complicated and easy to 

navigate by the trainees without any guidance. 

 

2.9.5 Satisfaction 

The dependent variable of this study is satisfaction. Satisfaction is the response or 

reaction of the users after their experience of using a product/system that brings the 

users into positive feelings (Oh & Lee, 2015). Meanwhile, according to Myhre 

(2015), satisfaction refers to how users are pleased with the system/service. 

Satisfaction refers to the emotional and the degree to which the users were satisfied 

and gained experience between expectations and consumption (Hunt, 1977). From the 

perspective of behavioral science, satisfaction refers to the level of achievement of 

goals or motivated by the human needs and desires. Satisfaction as a variable that has 

been used in the technology field and it is often associated with acceptance or 

rejection of the technology. Users feel dissatisfied if their expectations are not 

achieved, but they will be satisfied with a system when having high expectations and 

willing to use it as well in the future (Oh & Lee, 2015; Myhre, 2015). According to 

Mujber et al., (2004), the successful utilization of the VR technology will be able to 

produce users‘ satisfaction and in the context of this study, Taekwondo trainees‘ 

satisfaction in using the VT
2
E prototype is important in self-directed training. 

 

2.10 Heuristic Evaluation for VE 

 

Heuristic evaluation is important in order to produce a usability prototype. According 

to Valarmathie (2015), heuristic evaluation was defined as a systematic inspection of 

the prototype in producing the accurate and correct contents of the prototype. The aim 

of the heuristic evaluation is to define the usability problem that occurs in the 

prototype. By conducting the heuristic evaluation, it can help to solve the usability 
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problem of the prototype. The heuristic evaluation of VE was validated by experts. 

The expert has to be selected from the area of the selected study (Davids, Chikte, 

Grimmer‐Somers, & Halperin, 2014). Table 2.7 shows the VE heuristic guidelines 

proposed by Sutcliffe and Gault (2004) and further explanations were discussed in 

Chapter 3. 

 

Table 2.7 

 

VE Heuristic Guidelines 
     
 

VE Heuristic Guidelines 

1.Natural engagement 

2.Compatibility with the user‘s task and domain 

3.Natural expression of action 

4.Close coordination of action and representation 

5.Realistic feedback 

6.Faithful viewpoints 

7.Navigation and orientation support 

8.Clear entry and exit points 

9.Consistent departures 

10.Support for learning 

11.Clear turn-taking 

12.Sense of presence 

 

 

 

2.11 Summary of the Literature Review 

 

As a conclusion, this chapter focuses on providing some understanding about the 

related topics in this study. Based on the literature, the VR, MoCap, theories and 

heuristic guidelines that were used in designing and developing the VT
2
E prototype 

as a supplementary material in doing self-directed Taekwondo training have been 

achieved. The research proposes the use of the VT
2
E prototype as a supplementary 

material for self-directed Taekwondo training which incorporates VR and MoCap 

technologies. The integration of VR and MoCap technology is important to design 

and develop the VT
2
E prototype as a sophisticated prototype. Furthermore, the 
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development of the VT
2
E prototype incorporates constructivists and theory of flow to 

produce an effective and useful prototype. Besides that, the heuristic guidelines were 

required in order to improve the prototype in terms of usability. 
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CHAPTER THREE 

METHODOLOGY 

 

3.1 Overview 

This chapter covers the design research methodology in developing the VT
2
E 

prototype as a supplementary training material for self-directed Taekwondo training 

utilizing the VR and MoCap technologies. The research methodology is adapted from 

Vaishnavi and Kuechler (2008).  

 

3.2 Methodology of this Study 

This methodology consists of three phases which include; information gathering, 

prototype design and development, and evaluation as shown in Figure 3.1. The 

following sub-sections describe the phases of the methodology in detail.

 

Figure 3.1. The research methodology 
 

             PROCESS STEPS                              OUTPUTS 

 

Phase 1: 

Information Gathering 

 Preliminary Study 

 Literature Review 
 

Phase 2: 

Design and Development 

 MoCap 

 Modelling 

 Animation 

 VE 

 
 

Phase 3: 

Evaluation 

 Expert 

 User 

 

VT
2
E Prototype 

Performance 

Measure  

Proposal 
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3.2.1 Phase 1: Information Gathering 

 

The first phase of this study began with information gathering about the object and 

environment involved. This phase started with gathering of information pertaining to 

the conventional method of Taekwondo training among the trainees in order to 

identify any issues or problems that arise during the training. This information was 

needed to identify the problems faced by the trainees. Other than that, information 

gathering also involved identifying the existing supplementary training materials that 

were used by the trainees for their self-directed training and the limitations of the 

supplementary materials. In this phase, preliminary study and literature review were 

conducted to determine and identifying the issues in this study. 

 

3.2.1.1 Preliminary Study  

 

In identifying the issues and limitations of the current Taekwondo training method 

including self-directed training, a preliminary study was conducted among 52 

Taekwondo trainees in Kota Bharu, Kelantan. The preliminary study was also 

conducted to provide support to the statements obtained from the literature review. 

The preliminary study questionnaires were distributed among WTF Taekwondo 

trainees. In this study, the researcher had to identify the problems faced by the 

trainees while doing self-directed Taekwondo training. Based on the identified 

problems, the VT
2
E prototype has been develop as a supplementary training material 

for self-directed Taekwondo training in achieving the first research objective as stated 

in Chapter 1. 

 

By referring to the statement of the problem and the preliminary study results from 

chapter 1, the research aims to propose the VT
2
E prototype as a supplementary 
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material for self-directed Taekwondo training which incorporates VR and MoCap 

technologies. The VT
2
E prototype can provide the 3D navigation practice for 

Taekwondo trainees while doing self-directed taekwondo training. Furthermore, the 

prototype will provide trainees a new computer based-training medium to practice 

about the taekwondo training outside of the classroom while doing self-directed 

training concept. The aim of the prototype is to achieve trainees‘ satisfaction in self-

directed training which can help them due to the limitations in the existing 

supplementary Taekwondo training. The detail explanations and results related to the 

preliminary study were described in Chapter 1. 

 

3.2.1.2 Literature Review 

 

Literature review is an important approach to indentify the current issues pertaining to 

self-directed taekwondo training. In addition, literature review is about knowledge of 

study based on previous researches that have been successfully conducted. In this 

study, the researcher needs to identify the current needs related to the problems faced 

by the trainees while doing self-directed Taekwondo training and the limitation of the 

existing supplementary material. Based on the literature review, the researcher was 

able to identify the problems faced by Taekwondo trainees. Besides that, the literature 

review also focus on identifying the related theories for this study. 

  
 

3.2.2 Phase 2: Prototype Design and Development 
 
  

The second phase of the methodology is the prototype design and development of the 

VT
2
E prototype which is targeted as a supplementary material while doing self-

directed Taekwondo training. This phase is important in finding answers to the first 

research question. McGriff (2000) suggested that the development phase covers all 

media that include the instruction development and any supporting documentations. 
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This media is made up of both hardware and software. The design and development 

phase of the VT
2
E prototype involves several processes that include modelling, 

MoCap, animation and VE. In this phase, the VT
2
E prototype was produced as an 

output. The following section describes the processes that were involved in the 

prototype design and development of the VT
2
E prototype. 

 

3.2.2.1MoCap 
 

In developing the VT
2
E prototype, the Qualisys MoCap system was used to capture 

the 3D motion of the Taekwondo movements. The system utilized five high-speed 

Oqus cameras, a set of passive markers, Qualisys Track Manager (QTM) for the 

tracking software and other integration peripheral hardware. The MoCap phases are 

explained in detail in Chapter 4. 

 

3.2.2.2 Modelling 

 

The object modelling is taken as one of the basic aspects that need to be implemented. 

There are two processes involved object modelling. The first is the geometric 

modelling and the second is behaviour modelling. Geometric modelling is a 

combination of polygonal shapes and may vary according to the needs of the 

environment. Object modelling behaviour refers to the reactions and movements of 

objects (Kalawsky, 2000). The modeling process is explained in detail in Chapter 4. 

 

The purpose of object modelling is to produce a model that appears realistic which 

requires additional texturing elements. Object modelling was done using 3DS Max. In 

the VT
2
E prototype, object modelling is all about creating 3D character of 

Taekwondo trainer and the 3D environment. Then, texture was added to the character 

and also the environment so that they look more realistic. 
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3.2.2.3 Animation 

 

The animation is the process to animate the 3D character. The animation phase for the 

VT
2
E prototype involved the use of the 3DS Max software. The female Taekwondo 

character animation performed the walking stance, punch, kick and block movements. 

The animation phases are explained in detail in Chapter 4. 

 

3.2.2.4 VE 

 

The VE process comes after the animation process. This process combines the 3D 

models that include 3D character of the trainer and the environment into the VE. The 

3D character was assigned the appropriate behaviour such as collision detection. Then 

the environment was integrated with additional effects such as audio and lighting to 

make it more realistic. All these processes were done in Quest3D, an authoring tool 

for the creation of a virtual environment. In this phase also, information about 

Taekwondo background as well as Taekwondo pattern movements were also 

incorporated. The VE phase is explained in detail in Chapter 4. 

 

 

3.2.2.4.1 Constructivist Approach for VE 
 

The constructivist theory was applied for designing and developing the VT
2
E 

prototype as an interactive prototype for self-directed Taekwondo training. For this 

study, the constructivist approach focuses on users‘ satisfaction while using the 

VT
2
E prototype as a supplementary material for self-directed Taekwondo training. 

According to the constructivist theory, the users construct their knowledge based on 

prior experiences. The VE increases an active learning or training process. Thus, 

based on the constructivist concept, VE produces new technologies that enable users 

to interact in a realistic environment in real time, providing multiple perspectives 
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and creating presence. Besides that, constructivist concept also proves how the new 

technology can support learning and training process. 

 

3.2.2.4.2 Flow 
 

The flow theory was used in many studies including computer-mediated 

environments and human experiences (Shin, 2006; Skadberg & Kimmel, 2004). The 

flow theory was applied in designing and developing the VT
2
E prototype as a 

supplementary material while doing self-directed Taekwondo training. Table 3.1 

shows the nine elements of flow and manifestation in VE training. 

 

Table 3.1 

  Nine Elements of Flow and Manifestation in VE 

 

  

i

n

  

 

 

 

3

.

2

.

3

  

 

 

 

 

 

 

 

 

 

No.  Element of Flow Manifestation in VE Training 

1. Clear goal Clearly defined what he/she is going to do. 

2. Immediate feedback The users receiving the immediate and 

clear feedback from the system. 

3. A match between personal skills 

and challenges 

The users engaged by the challenge and 

personal skills. 

4. Merger of action and awareness The users are concentrated on what they are 

doing. 

5. Concentration on the task Feel really focused in VE. 

6. Sense of control Allowing users to choose and control the 

VE using a mouse movement by rotate, 

zoom in and zoom out. 

7. Loss of self-consciousness In VE, the users feel like they are in real 

world. 

8. Altered sense of time Allowing users to use the system anytime. 

9. Autotelic experience Really enjoy the experience in VE.  
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3.2.3 Phase 3: Evaluation 

 

The evaluation process is a critical element in determining the success of a developed 

product in achieving its goal and provides valuable data in guiding for future 

development efforts. The purpose of the evaluation is to assess the potential of the 

VT
2
E prototype, a supplementary Taekwondo training prototype based on the 

integration of VR and MoCap technologies. The evaluation was conducted among 

experts and users.  

 

3.2.3.1 The Expert Evaluation and Procedures in this Study 

 
 

The heuristic or expert evaluation is important to ensure that the contents and user 

interfaces of a system are easily understood by the users. For the heuristic or expert 

evaluation, two categories of experts were involved namely; content and interface. 

The content experts were responsible in ensuring the consistency of the information in 

the VT
2
E prototype by evaluating the prototype thoroughly and making suggestions 

for any inconsistencies detected in the prototype. In this study, an experienced and 

qualified Taekwondo trainer from the Co-curriculum Centre of UUM and WTF 

trainer from Kota Bharu were involved which have more than five years of 

experience. Besides that, the content expert ensures that the prototype is useful to the 

user. Correction will be made if faults and errors are found in the content of the 

prototype. Meanwhile, for the user interface evaluation, two lecturers from the 

Institute of Creative Humanities, Multimedia and Innovation, UUM were involved. 

They were selected based on their knowledge and experience in teaching and 

conducting research related to VR and they have more than five years of experience 

in their respective fields. The interface experts were responsible in ensuring the 
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functionality of all the interfaces of the prototype. Twelve VE heuristics by Sutcliffe 

and Gault (2004) was adopted for the VE heuristics evaluation as shown in Table 3.2. 

Prior to the expert evaluation, all the expert were introduced to VT
2
E Prototype and 

they were briefly explained about the VT
2
E prototype evaluation. The expert was 

allocated ample time to use and explore the VT
2
E Prototype. After that, the experts 

were required to use the prototype and identify any faults in the prototype and later 

come up with suggestions on improving the prototype. The information collected 

will then be used to improve the prototype before introducing it to the users.  

 
 

Table 3.2 
 

VE Heuristics Evaluation (Sutcliffe & Gault, 2004) 

 

No. Explanations 

1. Natural engagement.  

 

Interaction should approach the user‘s expectation of interaction in the real 

world as far as possible. Ideally, the user should be unaware that the reality is 

virtual. Interpreting this heuristic will depend on the naturalness requirement 

and the user‘s sense of presence and engagement. 

2. Compatibility with the user’s task and domain. 

  

The VE and behaviour of objects should correspond as closely as possible to 

the user‘s expectation of real world objects; their behaviour; and affordances 

for task action. 

3. Natural expression of action. 

  

The representation of the self/presence in the VE should allow the user to act 

and explore in a natural manner and not restrict normal physical actions. This 

design quality may be limited by the available devices. If haptic feedback is an 

absent, natural expression inevitably suffers. 

4. Close coordination of action and representation.  

 

The representation of the self/presence and behaviour manifest in the VE 

should be faithful to the user‘s actions. Response time between user movement 

and update of the VE display should be less than 200 ms to avoid motion 

sickness problems. 

5. Realistic feedback.  

 

The effect of the user‘s actions on virtual world objects should be immediately 

visible and conform to the laws of physics and the user‘s perceptual 

expectations. 
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6. Faithful viewpoints. 

 

The visual representation of the virtual world should map to the user‘s normal 

perception, and the viewpoint change by head movement should be rendered 

without delay. 

7. Navigation and orientation support.  

 

The users should always be able to find where they are in the VE and return to 

known, preset positions. Unnatural actions such as fly-through surfaces may 

help but these have to be judged in a trade-off with naturalness (see heuristics 

1 and 2). 

8. Clear entry and exit points.  

 

The means of entering and exiting from a virtual world should be clearly 

communicated. 

9. Consistent departures.  

 

When design compromises are used they should be consistent and clearly 

marked, e.g. cross-modal substitution and power actions for navigation. 

10. Support for learning.  

 

Active objects should be cued and if necessary explain them to promote 

learning of VEs. 

11. Clear turn-taking.  

 

Where system initiative is used it should be clearly signalled and conventions 

established for turn-taking. 

12. Sense of presence.  

 

The user‘s perception of engagement and being in a ‗real‘ world should be as 

natural as possible. 

 

 

3.2.3.2 The User Evaluation and Procedures in this Study 

 

After the expert evaluation, all the faults and errors that have been identified by the 

experts in the VT
2
E prototype were corrected. User evaluation was then conducted to 

assess the users‘ perceptions towards the use of the prototype.  The user evaluation 

was conducted to ensure that the prototype has achieved its objectives, and training 

outcomes. The user evaluation involves perception study, correlation and regression 

analyses. The user evaluation was conducted among 46 respondents of both genders 

whereby 17 of the respondents were male (37%) and 29 were female (63%). The 

range of the respondents‘ ages was 18 to 39 years old and they were among the WTF 
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Taekwondo trainees of UUM. The age range of respondents between preliminary 

study and user evaluation is different because in user evaluation it is definitely 

insufficient to study the users‘ satisfaction between the age range of 10 to 20 years 

old. Anyway the purpose of the preliminary study was to provide support in 

strengthening the problem statement.  In the user evaluation, it is more specific when 

involving the users with the age range of 18-39 years. This is because at this age 

range, they are more matured and knowledgeable in using computer based software 

such as the VT
2
E prototype. The sample was selected using the purposive sampling 

technique whereby the selection was based on the characteristics of the population 

and the objective of the study. The sample involved must be the specific type of 

people to ensure the objective of the study can be achieved (Sekaran, 2003). 

 

In evaluating the trainees‘ satisfaction on using the VT
2
E prototype, the trainees were 

gathered in one place for a brief explanation and demonstration on how to use the 

VT
2
E prototype. The explanation and demonstration briefing was conducted using a 

projection system. Prior to the evaluation, they were given approximately 45 minutes 

to use the VT
2
E prototype on their own. After the trainees have finished in using the 

prototype, the user evaluation was conducted through the use of questionnaire (see 

Appendix B). The questionnaire was developed from previously validated instruments 

and modified based on the VR training approach. The questionnaire utilizes a 5-point 

Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The 

questionnaire consists of two sections namely; demographic data and trainees‘ 

perceptions towards the use of the VT
2
E prototype. The questionnaire consists of 

items for all the measurement which include engaging, presence, usefulness, ease of 

use and satisfaction. The items for engaging were adapted from Webster et al., (1993) 
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and the items for presence were adapted from Witmer and Singer (1998). The items 

for usefulness and ease of use were adapted from Davis (1993) and lastly, the items 

for satisfaction items were adapted from Chou and Liu (2005). Table 3.3 shows the 

measurements and items used for VT
2
E prototype evaluation. The main purpose of 

conducting the evaluation using the questionnaire was to collect the data related to the 

use of VT
2
E prototype as a supplementary material for self-directed Taekwondo 

training. 

 

Table 3.3 
 

Measurements and Items Used For VT
2
E Prototype User Evaluation 

  

Measurements Items 

Engaging    VT
2
E keeps me totally absorbed in the self-directed 

Taekwondo training. 

VT
2
E hold my attention. 

VT
2
E excites my curiosity. 

VT
2
E arouses my imagination. 

VT
2
E is fun. 

VT
2
E is intrinsically interesting. 

Presence I got a sense of presence (i.e. being there). 

The quality of the image increases my feeling of presence. 

I thought that the field of view enhanced my sense of 

presence. 

I felt being there and part of the virtual environment 

I had a good sense of scale in the virtual environment. 

I often know where I was in the virtual environment. 

Perceived 

usefulness   

Using VT
2
E in my training would enable me to accomplish 

tasks more quickly. 

Using VT
2
E would improve my training performance. 

Using VT
2
E in my training would increase my productivity. 

Using VT
2
E would enhance my effectiveness on the training. 

Using VT
2
E would make it easier to do my training. 

I would find VT
2
E useful in my training. 

Perceived ease 

of use 

Learning to operate VT
2
E would be easy for me 

I would find it easy to get VT
2
E to do what I want it to do. 

My interaction with VT
2
E would be clear and 

understandable. 

I would find VT
2
E to be flexible to interact with 

It would be easy for me to become skilful at using VT
2
E. 

I would find VT
2
E easy to use. 

Satisfaction     I was satisfied with this type of computer-based training 
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experience. 

I was satisfied with the overall training effectiveness. 

I was satisfied with the training methods in this type of 

computer-based training environment. 

I was satisfied with this type of computer-based training 

environment. 

I found the VT
2
E contents meet my needs. 

 

 

3.3 Summary of the Methodology 

 

This chapter discusses the overall processes involved in this study. The research 

methodology consists of three phases which include; information gathering 

(preliminary study and literature review), prototype design and development (MoCap, 

modelling, animation and VE), and evaluation (expert and user). The constructivist 

and flow theory are applied in the VE phase and the VE heuristic evaluations are 

incorporated in order to achieve an effective outcome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 

 

CHAPTER FOUR 
 

DESIGN AND DEVELOPMENT 
 

 

 

4.1 Overview 

 

This chapter discusses the activities that have been conducted in designing and 

developing the VT
2
E prototype as a supplementary training material for self-directed 

Taekwondo training. The design and development phases for the VT
2
E prototype 

have been discussed in detail in chapter 3. The design and development of the VT
2
E 

prototype consist of four phases namely; MoCap, Modelling, Animation and VE. 

Figure 4.1 shows the flowchart of design and development process of the VT
2
E 

prototype that was employed in this study. The details of the design and development 

process of the VT
2
E prototype will be explained in the following sub-sections. 

 

4.2 Motion Capture Phase 
 

MoCap is a technology that can capture and record certain motion. According to 

Kitagawa and Windsor (2012), MoCap is the phase of recording the motion of 

objects, humans and animals to produce 3D data. In developing the VT
2
E prototype, a 

professional MoCap system Qualisys was used to capture the 3D motion of the 

Taekwondo movements of a female subject. The MoCap phase has been conducted at 

a MoCap studio with the equipment as depicted in Figure 4.2. 

 

Besides that, the MoCap studio utilized five high-speed Oqus cameras, a set of 

passive markers, tracking software known as QTM and other integration peripheral 

hardware. Figure 4.3 shows the MoCap facilities with 5 Oqus cameras. The MoCap 

phase was divided into five sub-phases namely; system preparation, subject 

preparation, calibration, capture session and cleaning and editing data. The sub-

phases of the MoCap are discussed as follows. 
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Figure 4.2. MoCap studio  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3. MoCap environment with 5 oqus cameras 

 

 



70 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.1. Design and development process 
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4.2.1 System Preparation 
  

Before capturing the real movement of the subject, the first thing was to ensure that 

the system has been setup correctly and this include; hardware requirements, plugin 

requirements, hardware installation and software installation. Figure 4.4 shows the 

system preparation in the MoCap phase. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.4. System preparation 
 

 

 

4.2.2.1 Hardware Requirements 

 

The MoCap studio must be properly setup in order to ensure that the MoCap process 

runs smoothly. In the VT
2
E prototype, five Oqus cameras were used to capture the 

actual motion of the real female Taekwondo trainer. Figure 4.5 shows the high-speed 

Oqus camera that was used in the MoCap phase. The Oqus camera has an advantage 

in capturing every movement and it is designed to capture the three dimensional 

movement with accuracy. 
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The five Oqus cameras have to be arranged around the subject to ensure that all the 

cameras were able to capture the subject‘s movements from any angle by detecting 

the markers that have been placed on the subject‘s body suit. The MoCap phase 

requires at least 4 and not more than 32 cameras to capture between 30 and 1000 

samples per second of movements data (Parent, Ebert, Gould, Gross, Kazmier, 

Lumsden, Keiser, Menache, Müller, Musgrave, & Pauly, 2009). The combination of 

all the cameras enables fast and accurate data to be captured. Besides that, computers 

with Windows 7 (64-bit and 32-bit) and XP Professional (32-bit) operating systems 

were also need as part of the hardware requirement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5. High-speed Oqus camera 
 

 

 

4.2.1.2 Software Installation 
 

The QTM software was installed on the computer before starting to capture the 

movements of the female subject. QTM is Window-based MoCap software that was 

used to capture and collect 2D and 3D MoCap data. It can generate data in the form of 

2D, 3D and 6 Degree of freedom (DOF) in real time with minimal latency. Through 

the use of the Oqus cameras combined with the QTM software enabled the capturing 

of fast and accurate MoCap data. Then, the captured 
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data was analysed and exported into several other formats. Figure 4.6 shows a 

snapshot of the QTM Software that was used in the MoCap phase. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.6. Qualisys track manager software 

 

 

4.2.2 Subject Preparation 

 

In the subject preparation, there are two important things that need to be carefully 

prepared which namely; MoCap suit and markers. The next sub-sections describe the 

phases in detail. 

 

4.2.2.1 MoCap Suit 

 

In preparing the subject, it is important to ensure that the subject has worn the proper 

MoCap suit. This is to ensure that the markers can be placed properly on the MoCap 

suit. The subject is recommended to wear a tight suit instead of a loose suit to avoid 

overlapping marker (Waltemate, Hülsmann, Pfeiffer, Kopp, & Botsch, 2015). The 

headbands and wristbands can also be included in the MoCap suit since the marker 
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need to be attached to them. Figure 4.7 shows the headband and wristband that have 

been placed on the subject. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.7. Headband and wristband 
 
 

 

4.2.2.2 Putting Markers on a Real Person 

 

The placement of the markers are important in capturing the movements and they are 

required to be attached correctly to the body suit relative to the bones of the subject in 

order to capture a much better motion data. The markers come in various shapes and 

sizes (4mm, 20mm, 25mm and 50mm). Figure 4.8 shows a set of passive markers that 

were used to attach to the body of the subject. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.8. A set of passive markers 
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For the VT
2
E prototype, 20 mm and 25 mm diameter markers were used for capturing 

full body Taekwondo movements. For human body movements, it is not 

recommended to use large diameter marker (50 mm) because the marker might hinder 

the subject, or prevent her from moving naturally. Figure 4.9 shows the subject 

preparation phase where the markers were attached to the MoCap suit. According to 

Haugen (2014), while capturing the motion data, it is important for each marker to be 

captured by at least three cameras simultaneously in order to ensure that the object to 

be produced in the form of a 3D representation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.9. Subject with attached markers 
 

 

In capturing the MoCap data to be used for the VT
2
E prototype, 43 markers were 

placed on the subject as shown in Figure 4.10 following the recommended guideline 

for marker placement. Before capturing the motion, it is important to understand 

where to place the markers on the MoCap suit in relation to the bones of the subject in 

order to get a much accurate MoCap data. 
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Figure 4.10. Front and back view of marker placement 
 
 
 

4.2.3 Calibration 

 

The calibration of the MoCap system involves system calibration and subject 

calibration. In order to get a cleaner data, the calibration must be conducted properly. 

 

4.2.3.1 System Calibration 

 

System calibration is about the calibration of the MoCap devices. When the markers 

have already been attached to the subject‘s body, the role of the cameras is to detect 
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the markers. All the cameras have to be properly setup to ensure that all the markers 

on the subject‘s body could be detected and the QTM software could detect the 

markers in all the cameras. The camera position could not be changed once it has 

been setup. This is because it would interfere with the data unless the MoCap phase is 

stopped and the MoCap system is recalibrated. Besides that, the walking sticks also 

important in system calibration for pre-defined markers. Figure 4.11shows the 

adjustment that has to be made to a camera during the system calibration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.11. System calibration 

 

4.2.3.2 Subject Calibration 

In ensuring that the subject‘s movements were to be completely captured, another 

calibration phase is required. The subject is required to do the "T" position, scaling 

position, and range of motion. Figure 4.12 shows the calibration phase for the ―T" 

position of the subject. In this case, the subject has to do a simple movement like 

walking to ensure the MoCap system could track the markers on the subject. If there 

were some missing and uncompleted data, the MoCap phase must restart with the 

capturing of the "T" position, scaling position, and range of motion again all over 

again. In this stage, all the markers were identified and labeled. 
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Figure 4.12. Subject in―T‖ position 
 
 
 
 

4.2.4 Capture Session 

 

The MoCap phase was started once the system preparation, subject preparation, and 

calibration were completed. For the VT
2
E prototype, the capture session started with 

the WTF Taekwondo form 1 (Taegeuk II Jang). Taegeuk II Jang is the most basic 

form of Taekwondo movement. The movements of Taegeuk II Jang consist of 

walking stance, front stance, front kick, low block, high block, inside the block, and 

middle punch. 

 

The time taken to carry out the capture session was approximately thirty minutes for 

the Taekwondo form 1 movement. Figure 4.13 shows the subject performing the 

Taekwondo form 1 movement while the MoCap system capturing the motion data. 

Figure 4.14 shows snapshots of Camera 2D and 3D view of grid. 
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Figure 4.13. Capture session  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.14. Screenshots of camera 2D and 3D view of grid 
 
 
 

4.2.5 Cleaning and Edit Data 
 

Cleaning and edit data is compulsory in MoCap phase. The MoCap data from the 

capture session needs to be cleaned and edited in order to produce good motion data. 

In this case, the bad data will be removed and replaced with better data (Kitagawa & 

Windsor, 2012). 

 

 
Cleaning and editing of the data have to be done due to several factors which include; 

environment, subject‘s physical abilities and limitations of the hardware and software 
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in the MoCap system (Midori & Brian, 2008). This could cause the markers not to be 

seen (detected) by the cameras and produced gaps in the data. Figure 4.15 shows 

subject in the MoCap studio, while Figure 4.16 shows the real time representation in 

MotionBuilder. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 4.15. Subject in studio 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 4.16. Real-time representation in   

MotionBuilder 
 
 

 

Sometimes, the overlaying of the marker‘s data occurs when one of the markers exists 

in two different parts at the same time and labeled with the same marker label. In this 

situation, the proper identification of markers is important in detecting the correct 

markers. Here, the missing markers of the subject were defined and undefined 

markers were detected. Figures 4.17 show the screenshots of cleaning and editing of 

the motion data. 

 

 
 
 
 
 
 
 
 
 

Figure 4.17. Cleaning and edit data
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4.2.5.1 Data Section 

 

Once the MoCap phase has been completed, the most fundamental phase is data 

section which is to provide the output of the data and analysis. Normally, the format 

for MoCap data include; C3D, BVH, ASF/AMC and FBX (Midori & Brian, 2008). 

For the VT
2
E prototype, the MoCap data was produced as C3D format. The C3D 

format is not a typical format used in most animation software such 3DS Max. Thus, 

the data has to be converted to the FBX format using the MotionBuilder software. 

The FBX format supports most 3D animation software. Meanwhile, MotionBuilder is 

a 3D animation software that supports varieties of formats that include; C3D, BVH or 

ASF/AMC. Figure 4.18 shows a flow chart of the data section of the Taekwondo 

movement. 

 

4.2.5.2 Character Setup 

 

In this section, 3DS Max was used to setup the character and it was produced in FBX 

file format. The character which was a skeleton (biped) was created and export as 

FBX file. Figure 4.19 shows the skeleton in T-pose. 

 

 

 

 

 

 
 
 
 
 
 

 

Figure 4.18. Data section 
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Figure 4.19. Skeleton in T-pose 
 

 

4.2.5.3 Actor and Character Setup 

 

The actor and character setup were conducted in Autodesk MotionBuilder 2013. In 

this section, the first thing was to import the motion data with markers in a T-pose 

position into the MotionBuilder as shown in Figure 4.20. After that, the actor from the 

MotionBuilder was selected and then moved the actor nearby the marker data until 

both of them fitted each other. Figure 4.21 shows the position of the actor on the 

markers so that it fits between the actor and the marker data. It is important to ensure 

that the markers were placed in the right position. Once the markers and actor were 

ready, the next phase was to merge the actor (C3D) and character (FBX). Then, 

skeletal editing was done by scaling the skeleton. After that, the motion data that has 

already been cleaned was attached to the skeleton as shown in Figure 4.22. Figure 

4.23 shows the character with attached motion data. 
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Figure 4.20. Markers in T-pose 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

Figure 4.21. Matching actor to markers 
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Figure 4.22. Skeleton in T-pose 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 4.23. Activated character in MotionBuilder 
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4.2.5.4 Rendering 

 

Initially it involved the process of editing the motion of the character. This has to be 

done by inspecting the motion step-by-step to ensure that the motion is the same as 

the actual Taekwondo movement. Once the motion editing process was completed, 

the following process was to render the skeleton character with the motion data. After 

that, the FBX file format from the MotionBuilder was exported into the Autodesk 

3DS Max for producing the animation. The movement consists of the walking stance, 

punch, kick and block. Once again the movement of the character has to be properly 

analysed to ensure that the movement is the same as the actual Taekwondo 

movement. The motion data has to be saved as BIP file in 3DS Max since 3DS Max 

supports BIP and BVH file formats for motion data. Figure 4.24 shows the animated 

character in 3DS Max. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 4.24. Animated character in 3DS Max 
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4.3 Modelling 

 

In the design and development of the VT
2
E prototype, the modelling phase of the 3D 

character and the environment is the most fundamental phase. All these tasks were 

developed using the Autodesk 3DS Max. In this phase, the 3D character of a female 

Taekwondo trainer has been developed. While the 3D environment such as the area of 

a Taekwondo hall was developed for making the environment looks realistic. The 

sub-phases of the modelling phase are discussed as follows. 

 

4.3.1 3D Character 
 

For the VT
2
E prototype, a female human character was developed as shown in Figure 

4.25. The character wears the V-neck uniform with a blue belt. The modelling of the 

character involves several phases namely; head, torso, leg, arm, hand and clothes 

modeling. The phases are explained in detail in the following sub-sections. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.25. 3D character modeling to be used for animation
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4.3.1.1 Head Modelling 
 

The modelling phase of the VT
2
E prototype started with the head modelling of the 

Taekwondo character. The head modelling includes ear and face (eye, nose, mouth, 

chin, cheek, and forehead). The head modelling was creating using a polygon. The 

polygon count must be as low as possible to avoid lack of clarity and overlapping 

faces. Figure 4.26 shows a screenshot of the head modelling model in 3DS Max. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4.26. Screenshot of head modelling 

 

 

4.3.1.2 Torso and Clothes Modelling 

 

The next phase was torso and clothes modelling. The modelling of the torso involved 

the creation of clothes between the stomach and the neck. Figure 4.27 shows a 

screenshot of the torso and clothes model in 3DS Max. 
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Figure 4.27. Screenshot of torso and clothes modelling 
 

 
 

4.3.1.3 Leg Modelling 

 

The modelling of the legs was also done using polygon whereby it was edited to take 

the shape of the leg. In this phase, only the right leg was modelled, while the left leg 

was created using the mirror command. Figure 4.28 shows a screenshot of the leg 

model in 3DS Max. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.28. Screenshot of leg modelling 
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4.3.1.4 Hand Modelling 

 

The hand was also modelled from a polygon whereby several editing tools were 

utilized to shape the polygon into the hand. Once the hand was completed, it was 

attached to the torso. Once again, the mirror command was used to produce the other 

side of the hand. Figure 4.29 shows a screenshot of the hand model in 3DS Max. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.29. Screenshot of hand modelling 

 

 

4.3.2 Modelling of VT
2
E Environment 

 

In developing the VT
2
E prototype, it requires a suitable environment such as a room 

or hall to represent a training room for Taekwondo. For the VT
2
E prototype, a 

Taekwondo training environment has been designed. The environment was designed 

so that it is as simple as possible so that it has as low polygon count. It only consists 

of walls and floor to represent a Taekwondo training hall. Figure 4.30 depicts a 

screenshot of the VT
2
E environment model in 3DS Max. 
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Figure 4.30. Screenshot of the Taekwondo training hall in 3DS Max 
 

 

 

4.4 Animation Phase 
 

The animation phase for the VT
2
E prototype was also done in the 3DS Max. The 

animation phase was divided into three sub-phases namely; insert the 3D character, 

applying motion data to the 3D character and animating the 3D character. The female 

Taekwondo character was attached with the BIP file motion data containing 

movements that include; the walking stance, punch, kick and block. Once the motion 

data has been attached, the female Taekwondo character was able to execute the 

movements in the form of animation. The sub-phases of the animation phase are 

discussed as follows. 

 

4.4.1 Insert the 3D Character 

 

After creating the 3D environment that is the Taekwondo training environment, the 

next phase was to insert the female 3D character into the environment. Figure 4.31 

shows the character in rendered mode while Figure 4.32 shows the character in 

wireframe mode. 
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Figure 4.31. 3D character in rendered mode  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.32. 3D character in wireframe mode 
 
 

 

4.4.2 Applying Motion data to the 3D Character 
 

Before applying the MoCap data to the 3D character, the character has to be rigged 

that is inserting the biped (skeleton) to the character and using the Physique modifier 

to attach the skin of the character to the biped. These will ensure that the character 
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moves according to the biped. Once ready, the MoCap data in the form of a BIP file 

was applied to the 3D character. 

 

4.4.3 Animating the 3D Character 
 

After the MoCap data has been applied, the 3D character is able to move according to 

the motion data. Figure 4.33 shows various stages of the Taekwondo movements 

performed by the Taekwondo character. The animated character was saved as MAX 

file for the purpose of storage. The file also need to be saved as FBX file to export the 

animation file to the virtual reality software. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 4.33. Various stages of the Taekwondo movements 
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4.5 VE Phase 
 

The animated character was then transferred to the Quest3D, a Virtual Reality 

application to create the VE. For the VE phase, Quest3D version 4.2.2 was used. 

Quest3D utilizes connection of channels in order to generate interactions (Yusoff, 

Zulkifli, & Mohamed, 2016) as shown in Figure 4.34. VE allows the user to act and 

apply it in the 3D world (Yusoff, Zulkifli, & Mohamed, 2010). Besides that, VE has 

the potential to provide animation effects in order to ensure realism and the loyalty 

levels can be enhanced (Duarte, Rebelo, Teles & Wogalter, 2014). The VE phase was 

further divided into five sub-phases namely; insert 3D Environment, placing of a 3D 

object in the environment, scene lighting, camera and save as an Exe file. The sub-

phases of the VE are discussed as follows. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.34. Channels in Quest3D 
 

 

 

4.5.1 Insert 3D Environment 

 

The first phase in the VE is to insert the 3D environment. The 3D environment for 

Taekwondo training was a hall with walls and floor as shown in Figure 4.35. The hall 
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was design to be as simple as possible to reduce the polygon count and enable the VE 

to run smoothly without any interruption. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.35. The virtual Taekwondo training hall 
 

 

 

4.5.2 Placing of 3D Object in the Environment 
 

Once the virtual Taekwondo training hall was ready, the 3D animated Taekwondo 

character was inserted into the environment as shown in Figure 4.36. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.36. The virtual Taekwondo character inside the training hall 
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4.5.3 Scene Lighting 
 

The next phase in the VE phases is lighting. Lighting is one of the most important 

aspects in VE because it can produce a more attractive environment and able to attract 

the users (Perdananugraha & Rusydi, 2016). Thus, good lighting technique is 

important in order to create quality environment. For this VE, a single light was used 

to light-up the environment as well as to provide shadow so that the environment 

looks more realistic as shown in Figure 4.37. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.37.The virtual Taekwondo character inside the training hall 

 

 

4.5.4 Camera 
 

The camera setup is important to ensure that the camera has been placed in the right 

position and angle. In the VT
2
E prototype, the camera can be setup either as a third 

person view or orbital view. The third person view enables the user to view the 

Taekwondo character movements from a distance. The user can freely move around 

in the VE and able to zoom in and out in order to view the character movements in 

more detail as shown in Figure 4.38. Meanwhile, the orbital view enables the user to 
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view the 3D character in 360 degrees by rotating the view around the character as 

shown in Figure 4.39. The user can also zoom in and out in order to view the 

character movements in more detail. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.38. Zoom in and out in third person view  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.39. Various viewing angles in the orbital view 
 
 

 

4.5.5 Save as an Exe File 
 

The final phase was the output. The output must be produced and save as an EXE file 

format for VE. Since it was an EXE file, the file can be run without having to install 

the Quest3D software in the PC or laptop. 
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4.6 Embedding Engaging, Presence, Usefulness, Ease of Use and Satisfaction in 

the VT
2
E Prototype 

In the implementation phase, all the measurements that include; engaging, presence, 

usefulness, ease of use and satisfaction have been embedded in the design and 

development of the VT
2
E prototype. The prototype comprises of contents in the form 

of a 3D virtual character performing Taekwondo movements so that the users can 

view the 3D contents whenever they want to conduct the self-directed training. The 

following sub-sections provide some insights about the VT
2
E prototype 

measurements. 

 

4.6.1 Engaging 

Engaging means the user is not easily distracted and he/she can fully focus on an 

activity (Arnone, Small, Chauncey & McKenna, 2011). In this case, the Taekwondo 

trainees have to fully focus on their self-directed training by viewing the movements 

performed by the virtual Taekwondo character.  This enables the trainees to focus and 

concentrate on their self-directed training process. Focusing is a good quality of the 

trainees, thus they can concentrate on the training in any situation. It has been proven 

that VE is able to tie up the users with the training process with its extraordinary 

potential compared to normal method of training. Through engaging, the training 

process can be carried out better and successful (Phon & Ali, 2014). 

 

4.6.2 Presence 

Presence refers to the subjective experience of ―being there‖ in one environment or 

place, even though in the real world they are not situated there (Witmer & Singer, 

1998; Bulu, 2012). The level of presence will be different between each people 
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depending on how they focus and involve in the VE (Bowman & McMahan, 2007). In 

the situation of performing self-directed training, the trainees are able to achieve high 

level of presence when they are able to be totally involved in the VE. The trainees can 

achieve the higher sense of being in a place in this case the Taekwondo training 

gymnasium whenever they can interact with the objects through the immersive and 

vivid environment (Schifter, Ketelhut, & Nelson, 2012). Besides that, the 3D features 

which are representational fidelity, realistic environment, and immediacy of control 

and view (Dalgarno & Lee, 2010) that are available in the VT
2
E prototype enable 

presence to be achieved. These 3D features can help the trainees to improve the self-

directed training outcomes (Lee, Wong, & Fung, 2010). 

 

4.6.3 Usefulness 

Perceived usefulness means the ability of the system to help the users to improve their 

performance (Davis, 1989; Efferson, Lalive, Richerson, Mcelreath, & Lubell, 2006). 

It is also the degree of usability when the system can help the users to achieve what 

they want and indirectly they will continuously use the system when the system is 

effective, efficient and easy to learn (Rubin & Chisnell, 2008).  In the case of the 

VT
2
E prototype, it is designed for the purpose of self-directed Taekwondo training 

whereby it utilizes VE compared to the conventional training approach. VE inherits 

several advanced 3D features that include; representational fidelity, realistic 

environment, and immediacy of control and view (Dalgarno & Lee, 2010). These 

features will enable the trainees to feel that the VT
2
E prototype can help to enhance 

their performance, which eventually make them to use the prototype. In the case of 

the VT
2
E prototype, it has been developed for the purpose of enhancing the trainees‘ 

performance as well as their Taekwondo skills.  
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4.6.4 Ease of Use 

Ease of use refers to the ability of the users to adopt a system by using the system 

easily without any bits of help from others (Davis, 1989).  In the case of the VT
2
E 

prototype, it has been designed so that it is easy to use whereby the trainees do not 

require any specialized equipment except for a PC or laptop and mouse. The trainees 

can use the projector to display on big screen whereby more than one trainee can 

participate in the self-directed training.  Hence, due to the basic requirement of the 

hardware to run the prototype, there is a higher probability that the trainees to accept 

and use the VT
2
E prototype for their self-directed training. This has been taken into 

consideration while developing the VT
2
E prototype so that it is comprehensive and 

suitable to the Taekwondo trainees. Thus, the prototype should not be complicated 

and easy to navigate by the trainees without any guidance. 

 

4.6.5 Satisfaction 

Satisfaction refers to the response or reaction of the users after their experience of 

using a system that brings the users into positive feelings (Oh & Lee, 2015). It also 

refers to how users are pleased with the system (Myhre, 2015). In the case of the 

VT
2
E prototype, it has been developed for the purpose of providing a state-of-the-art 

solution through the use of VE for self-directed Taekwondo training among the 

trainees.  Thus, its main objective basically is to satisfy the trainees by fulfilling their 

goals, needs and desires. In this case, the prototype has been designed to fulfill the 

trainees‘ expectations through the features that are available in the VT
2
E prototype.  

The successful implementation of VE in the VT
2
E prototype will be able to produce 

trainees‘ satisfaction (Mujber et al., 2004). In the context of this study, Taekwondo 

trainees‘ satisfaction in using the VT
2
E prototype is important in self-directed 
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training.  The trainees will be satisfied with the prototype whenever they fulfill their 

expectations and willing to use it in the future (Oh & Lee, 2015; Myhre, 2015).  

 

4.7 Summary of the Prototype Design and Development 

As a conclusion, this chapter discussed in detail the whole phase in the design and 

development of the VT
2
E prototype that was implemented. Apart from that, the 

design and development process was explained step-by-step in producing a successful 

prototype. The design and development of the VT
2
E prototype involved four phases 

that include; MoCap (System Preparation, Subject Preparation, Calibration, Capture 

Session, Cleaning and Edit Data), Modeling (3D Character and 3D Environment), 

Animation (Insert 3D Character, Applying Motion to a 3D Character and Animated 

3D Character) and VE (Insert 3D Environment, Placing of 3D Animated Objects in 

the Environment, Scene Lighting, Camera and Save as EXE File). Finally, this 

chapter also explained on embedding engaging, presence, usefulness, ease of use and 

satisfaction in the VT
2
E prototype. Thus, the combination of the design and 

development proses and theories can produce the VT
2
E prototype as a supplementary 

material in doing self-directed Taekwondo training. 
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CHAPTER FIVE 
 

DATA ANALYSIS AND RESULTS 
 
 

 

5.1 Overview 
 

 

Chapter 5 discusses the results of the evaluations that have been conducted in this 

study. Basically the evaluation phase can be categorized as expert evaluation and user 

evaluation. Expert evaluation was conducted among content and interface experts. 

While user evaluation involved 46 Taekwondo trainees and this evaluation included 

the perception study, correlation and regression analyses. The collected data was used 

to determine the perception of the trainees towards the use of the VT
2
E prototype as a 

supplementary Taekwondo training material. Besides that, the data was also used to 

determine the correlation between the independent variables (Engaging, Presence, 

Ease of Use and Usefulness) and the dependent variable (Satisfaction). Finally, the 

regression analysis was used for hypotheses testing. All the analyses were carried out 

using SPSS version 21.0. Finally, the overall results are presented at the end of the 

chapter. Figure 5.1 shows the evaluation process for this study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.1. Evaluation design for this study 
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5.2 Expert Evaluation 

 

The expert evaluation is important to ensure that the contents and user interfaces of a 

system are easily understood by the users. For the expert evaluation, two categories of 

experts were involved namely; content and user interface. The content expert was 

responsible in ensuring the consistency of the information in the VT
2
E prototype by 

evaluating the prototype thoroughly and making suggestions for any inconsistencies 

detected in the prototype. In this study, an experienced and qualified Taekwondo 

trainer from the Co-curriculum Centre of UUM and WTF trainer from Kota Bharu 

were involved. Meanwhile, for the user interface evaluation, two lecturers from the 

Institute of Creative Humanities, Multimedia and Innovation, UUM were involved. 

They were selected based on their knowledge and experience in teaching and 

conducting research related to VR and they have more than five years of experience 

in their respective fields. The user interface experts were responsible in ensuring the 

functionality of all the interfaces of the prototype. 

 

5.2.1 Content Expert Evaluation 

 

A Taekwondo trainer from the Co-curriculum Centre of UUM was involved in this 

evaluation. Based on the use of the VT
2
E prototype, the expert concluded that the 

virtual trainer‘s movements in the prototype were in accordance to the WTF 

requirements. The expert was satisfied with the content of the prototype and agreed 

that the content was suitable to be used for self-directed Taekwondo training. 

 

5.2.2 Interface Expert Evaluation 
  

Table 5.1 presents the problems and suggestions provided by the two interface experts 

based on the guidelines proposed by Nielsen‘s (1994) and extended by Sutcliffe and 

Kaur (2000) for VE.  
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Table 5.1 

 

Problems and Suggestions for Heuristics Evaluation of the VT
2
E Prototype 

 

Heuristic Description 

1. Natural engagement 

Problem: No problem 
Suggestion: No problem. 

 
2. Compatibility with the 

user‘s task and domain 

Problem: No problem. 
Suggestion: 

3. Natural expression of action Problem: No problem. 
Suggestion:  

4. Close coordination of action  
and representation 

Problem: No problem. 
Suggestion: 

5. Realistic feedback 

Problem: No problem. 
Suggestion: 

6. Faithful viewpoints 

Problem: Looking at the button, it would be 
helpful to have video or animated character to 
investigate the position or steps made by the 
trainer. 
Suggestion: 

7. Navigation and orientation 
support 

Problem: Icon for button need to have tooltip to 
inform users their functions. 

Suggestion: Design icon which is familiar to the 

user. 

8. Clear entry and exit points 

Problem: No problem. 
Suggestion: Layout is nicely positioned and 

clearly shows the purpose the development of 

the prototype. 

9. Consistent departures 

Problem: Fonts used to provide information are            

small.  

Suggestion: Increase font size. The bright colors 

used are appropriate and the buttons are in a 

fixed position that facilitates the user 

10. Support for learning Problem: No problem. 
Suggestion: 

11. Clear turn-taking Problem: Not applicable 
Suggestion: 

12. Sense of presence Problem: No problem. 
Suggestion: 

 
 
 

From the twelve heuristic guidelines (see Table 5.1), the experts have identified some 

problems and then they have provided suggestions to the problems. They include; i) 

Faithful viewpoints, and ii) Navigation and orientation support, and iii) Consistent 
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departures. The suggestions by the experts have been taken into account and the VT
2
E 

prototype has been modified prior to the user evaluation. 

 

5.3 User Evaluation 
 

The second phase of the evaluation process was the user evaluation. The user 

evaluation was divided into three parts, namely; perception study, correlation study 

and hypotheses testing. The user evaluation was conducted by using a set of 

questionnaire. The user evaluation has been conducted among the WTF Taekwondo 

trainees. 

 

5.3.1 Sample 

 

The sample for this study consists of 46 WTF Taekwondo trainees of UUM. The 

sample was selected using the purposive sampling technique whereby the selection 

was based on the characteristics of the population and the objective of the study. The 

sample involved must be the specific type of people to ensure the objective of the 

study can be achieved (Sekaran, 2003). The evaluation was conducted at the 

Muadzam Shah Hall, Universiti Utara Malaysia. Table 5.2 shows the Demographic 

data of the 46 respondents. 17 of the respondents were male (37%) and 29 were 

female (63%). The range of the respondents‘ ages was 18 to 39 years old. The 

respondents consist of 30 (65.2%) Malay, 13 (28.3%) Chinese, and 3 (6.5%) Indian. 

45 (97.8%) have computer facilities at home while only 1 (2.2%) did not has 

computer facilities at home. In term of frequency of computer usage, the results 

indicated that 45 (97.8%) used daily, and 1 (2.2%) used weekly. In terms of VR 

knowledge, 21 (45.7%) have VR knowledge and 14 (30.4%) did not know about VR. 

In terms of other supplementary Taekwondo training materials that have been used, 

44 (95.7%) used YouTube, 4 (8.7%) used CD/DVD/Video, 8 (17.4%) used books, 

and 3 (6.5%) used others.  
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Table 5.2 

 

Summary of Respondents Demographic Data 
 

Demographic Data Frequency Percentage (%) 

     

Gender   

1.  Male 17 37.0 

2.  Female 29 63.0 
Ag
e    

1.  18-39 46 100.0 

Race   

1.  Malay 30 65.2 

2.  Chinese 13 28.3 

3.  Indian 3 6.5 

4.  Others 0 0 

Computer Facilities At Home  

1.  Yes 45 97.8 

2.  No 1 2.2 

Frequency of Computer Usage  

1.  Daily 45 97.8 

2.  Weekly 1 2.2 

3.  Monthly 0 0 

Knowledge of Virtual Reality  

1.  Yes 21 45.7 

2.  No 25 54.3 

The Use of Supplementary Material  

1.  Yes 32 69.6 

2.  No 14 30.4 

Others Supplementary Material  

1.  YouTube 44 95.7 

2.  CD/DVD/Video 4 8.7 

3.  Books 8 17.4 

4.  Others 3 6.5 
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5.3.2 Validity and Reliability of the Questionnaire 

 

Validity refers to how well a test measures what it is supposed to measure (Pallant, 

2013). While, reliability refers to the degree to which an assessment tool produces 

stable and consistent results (American Educational Research Association, American 

Psychological Association & National Council on Measurement in Education, 1999). 

 
A five-point Likert scale anchored with 1-strongly disagree, 2-disagree, 3-somewhat 

agree, 4-agree and 5-strongly agree was used. Reliability was examined using 

Cronbach alpha (α) for all the measurements that include; Engaging, Presence, 

Usefulness, Ease of Use and Satisfaction. The Cronbach alphas were calculated using 

SPSS version 21.0. Table 5.3 presents the rule of Cronbach alpha scale. The internal 

consistency of > 0.9 indicates excellent, 0.9 > α > 0.8 indicates Good, 0.8 > α > 0.7 

indicates Acceptable, 0.7 > α > 0.6 indicates Questionable, 0.6 > α > 0.5 indicates 

Poor, and 0.5 > α indicates Unacceptable. 

 

Table 5.3 
 

 

A Rule of Cronbach Alpha Scale (Li, 2015) 
 

 

Cronbach alpha Internal Consistency 
α > 0.9 Excellent 

0.9 > α > 0.8 Good 
0.8 > α > 0.7 Acceptable 
0.7 > α > 0.6 Questionable 
0.6 > α > 0.5 Poor 

0.5 > α Unacceptable 
 

 

Table 5.4 shows the number of items and the Cronbach alpha values for all the 

measurements. The results indicated that Engaging has a Cronbach alpha of 0.874, 

Presence has a Cronbach alpha of 0.817, Usefulness has a Cronbach alpha of 0.853, 

Ease of Use has a Cronbach alpha of 0.816, and Satisfaction has a Cronbach alpha of 
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0.746. Van Raaij and Schepers (2008) stated that if the Cronbach alpha value is 

greater than 0.7, than it is reliable. Meanwhile, Table 5.5 shows that all the 

measurements that were used to evaluate the VT
2
E prototype are highly interrelated 

and reliable. 

Table 5.4 

 

Cronbach Alpha Values for All Measurements 
 

Measurement Number of Item Cronbach Alpha 

Engaging 6 0.874 

Presence  6 0.817 

Usefulness 6 0.853 

Ease of use 6 0.816 

Satisfaction 5 0.746 
 

 

Table 5.5 

 

Cronbach Alpha Scale for Each Measurement 

 

 

 

 

Measurement 

Scale 
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> .9 > .8 > .7 > .6 > .5 < 5 

Engaging       

Presence       

Usefulness       

Ease of use       

Satisfaction       
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5.3.3 User Evaluation for each Measurement 

 

User evaluation for each measurement; Engaging, Presence, Usefulness, Ease of Use 

and Satisfaction was conducted to specify the mean score and standard deviation. The 

user evaluation was important in measuring the capability of the VT
2
E prototype as a 

supplementary Taekwondo training material for self-directed training. The following 

sub-sections discuss each of the measurements in detail. 

 

5.3.3.1 Engaging of using the VT
2
E Prototype 

 

Figure 5.2 shows the mean and standard deviation for Engaging. The mean is 4.18 and 

the standard deviation is 0.51. The mean value indicates that the respondents agree in 

term of Engaging of using the VT
2
E prototype as supplementary training materials 

while doing self-directed training. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 5.2. Engaging of the VT
2
E prototype 

 
 

 

Table 5.6 shows all the six items which were included for Engaging. The second item 

―VT
2
E holds my attention‖ has the highest mean (4.28). This shows that the VT

2
E 

prototype was able to attract their attention so that they were better focussed in the 

self-directed training. Meanwhile, the items with the lowest mean (4.02) was the first 

item ―VT
2
E keeps me totally absorbed in the self-directed Taekwondo training‖ 

which indicates that trainees agreed that the prototype made them totally absorbed 

with their self-directed Taekwondo training. 
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Table 5.6 

 

Items for Engaging 

 

Engaging Mean 

VT
2
E keeps me totally absorbed in the self-directed taekwondo 

training 

4.02 

VT
2
E holds my attention 4.28 

VT
2
E excites my curiosity 4.26 

VT
2
E arouses my imagination 4.22 

VT
2
E is fun 4.26 

VT
2
E is intrinsically interesting 4.04 

 

 

 

5.3.3.2 Presence of using the VT
2
E Prototype 

 

Figure 5.3 shows the mean and standard deviation for Presence. The mean is 3.90 and 

the standard deviation is 0.50. The mean value indicates that the respondents 

somewhat agree in term of Presence of using the VT
2
E prototype as a supplementary 

Taekwondo training material while doing self-directed training. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 5.3. Presence of the VT
2
E prototype 

 
 
 

Table 5.7 shows all the six items which were included for Presence. The fifth item ―I 

had a good sense of scale in the virtual environment‖ has the highest mean (3.98). 

This shows that the trainees somewhat agree that they have a good sense of scale 

while they were using the VT
2
E Prototype. Meanwhile, the item with the lowest mean 

(3.87) was the first item ―I got a sense of presence (i.e. being there)‖ which indicated 

that trainees were somewhat agree of the feeling of being there inside the virtual 

environment while using the VT
2
E prototype. 
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Table 5.7 

 

Items for Presence 

 

 

Presence Mean 

I got a sense of presence (i.e. being there) 3.87 

The quality of the image increases my feeling of presence 3.93 

I thought that the field of view enhanced my sense of presence 3.93 

I felt being there and part of the virtual environment 3.89 

I had a good sense of scale in the virtual environment 3.98 

I often know where I was in the virtual environment 3.85 

 
 
 

5.3.3.3 Usefulness of using the VT
2
E Prototype 

 

Figure 5.4 presents the mean and standard deviation for Usefulness. The mean is 4.22 

and the standard deviation is 0.47. The mean value indicates that the respondents 

agreed in term of Usefulness of using the VT
2
E prototype as a supplementary training 

material for self-directed training. 

 
 
 
 
 
 
 
 
 
 

 

Figure 5.4. Usefulness of the VT
2
E prototype 

 
 
 

Table 5.8 shows all the six items which were included for Usefulness. The item 

having the highest mean (4.41) was the sixth item ―I would find VT
2
E useful in my 

training‖. This indicated that the trainees agreed that the VT
2
E prototype was useful 

as a supplementary training material for self-directed training. Meanwhile, the item 

with the lowest mean (4.15) was the first item ―Using VT
2
E in my training would 

enable me to accomplish tasks more quickly‖. This result indicated that the trainees 

also agreed that the VT
2
E prototype can help them to complete their training quickly. 
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Table 5.8 

 

Items for Usefulness 
 

 
 
 
 

 

 

 

 

 

 

 

5.3.3.4 Ease of Use Using the VT
2
E Prototype 

 

Figure 5.5 shows the mean and standard deviation for Ease of Use. The mean is 4.08 

and the standard deviation is 0.47. The mean value indicates that the respondents 

agree in term of Ease of Use of using the VT
2
E prototype as supplementary training 

material for self-directed training. 

 
 
 
 
 
 
 
 
 

 

Figure 5.5. Ease of Use of the VT
2
E prototype 

 

 

Table 5.9 shows all the six items which were included for Ease of use. The item 

having the highest mean (4.15) was the sixth item ―I would find VT
2
E easy to use‖. 

This result indicated that VT
2
E prototype was easy to use as a supplementary 

training material for self-directed training. Meanwhile, the item with the lowest mean 

(4.04) was the first item ―Learning to operate VT
2
E would be easy for me‖. This 

result indicated that the trainees agreed that it was easy to use the VT
2
E prototype as 

a supplementary training material for self-directed training. 

Usefulness Mean 

  

Using VT
2
E in my training would enable me to accomplish tasks 

more quickly 

4.15 

 

Using VT
2
E would improve my training performance 4.20 

Using VT
2
E in my training would increase my productivity 4.02 

Using VT
2
E would enhance my effectiveness on the training 4.20 

Using VT
2
E would make it easier to do my training 4.35 

I would find VT
2
E useful in my training 4.41 
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Table 5.9 
 

 

Items for Ease of Use 
 

Ease of use Mean 

  
Learning to operate VT

2
E would be easy for me 4.04 

I would find it easy to get VT
2
E to do what I want it to do 4.07 

My interaction with VT
2
E would be clear and understandable 4.11 

I would find VT
2
E to be flexible to interact with 4.02 

It would be easy for me to become skilful at using VT
2
E 4.09 

I would find VT
2
E easy to use 4.15 

 
 

 

5.3.3.6 Satisfaction of using the VT
2
E Prototype 

 
 

Figure 5.6 presents the mean and standard deviation for Satisfaction. The mean is 4.14 

and the standard deviation is 0.44. The mean value indicates that the respondents 

agreed in term of Satisfaction in using the VT
2
E prototype as a supplementary 

training material for self-directed training. 

 
 
 
 
 
 
 
 
 
 

 

Figure 5.6. Satisfaction of the VT
2
E prototype 

 
 
 
 

Table 5.10 depicts all the five items which were included for Satisfaction. The item 

having the highest mean (4.33) was the fifth item ―I found the VT
2
E contents meet my 

needs‖. This result indicated that the trainees agreed that the VT
2
E prototype contents 

meet their needs as a supplementary training material for self-directed training. 

Meanwhile, the item with the lowest mean (4.07) was ―I was satisfied with this type of 

computer-based training experience‖. This result indicated that the trainees agreed that 

they were satisfied with the prototype for self-directed training. 
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Table 5.10 

 

Items for Satisfaction 
 

Satisfaction Mean 

  
I was satisfied with this type of computer-based training experience 4.07 
I was satisfied with the overall training effectiveness 4.11 

I was satisfied with the training methods in this type of computer-
based training environment 

4.09 
 

I was satisfied with this type of computer-based training 
environment. 4.11 
I found the VT

2
E contents meet my needs 4.33 

 

 

Table 5.11 shows the descriptive statistics for all the measurements and items used 

in the user evaluation of the VT
2
E prototype. 

 

Table 5.11 
 

Descriptive Statistics for the User Evaluation of the VT
2
E Prototype 

 

Measurements and Items Mean SD 

Engaging      4.18  

1. VT
2
E keeps me totally absorbed in the self-directed 

Taekwondo training. 
4.02 .577 

2. VT
2
E hold my attention. 4.28 .584 

3. VT
2
E excites my curiosity. 4.26 .743 

4. VT
2
E arouses my imagination. 4.22 .696 

5. VT
2
E is fun. 4.26 .612 

6. VT
2
E is intrinsically interesting. 4.04 .698 

Presence 3.90  

1. I got a sense of presence (i.e. being there). 3.87 .718 

2. The quality of the image increases my feeling of presence. 3.93 .772 

3. I thought that the field of view enhanced my sense of 

presence. 
3.93 .611 

4. I felt being there and part of the virtual environment 3.89 .605 

5. I had a good sense of scale in the virtual environment. 3.98 .683 

6. I often know where I was in the virtual environment. 3.85 .729 

Usefulness   4.22  

1. Using VT
2
E in my training would enable me to accomplish 

tasks more quickly. 
4.15 .631 

2. Using VT
2
E would improve my training performance. 4.20 .582 

3. Using VT
2
E in my training would increase my productivity. 4.02 .715 

4. Using VT
2
E would enhance my effectiveness on the 

training. 
4.20 .542 

5. Using VT
2
E would make it easier to do my training. 4.35 .604 

6. I would find VT
2
E useful in my training. 4.41 .617 
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Ease of Use 4.08  

1. Learning to operate VT
2
E would be easy for me 4.04 .665 

2. I would find it easy to get VT
2
E to do what I want it to do. 4.07 .680 

3. My interaction with VT
2
E would be clear and 

understandable. 
4.11 .605 

4. I would find VT
2
E to be flexible to interact with 4.02 .577 

5. It would be easy for me to become skillful at using VT
2
E. 4.09 .694 

6. I would find VT
2
E easy to use. 4.15 .666 

Satisfaction     4.14  

1. I was satisfied with this type of computer-based training 

experience. 
4.07 .574 

2. I was satisfied with the overall training effectiveness. 4.11 .605 

3. I was satisfied with the training methods in this type of 

computer-based training environment. 
4.09 .725 

4. I was satisfied with this type of computer-based training 

environment. 
4.11 .567 

5. I found the VT
2
E contents meet my needs. 4.33 .668 

 

 

From the results of the reliability analysis, the Cronbach alpha values for Engaging, 

Presence, Usefulness, Ease of Use and Satisfaction are 0.874, 0.817, 0.853, 0.816, and 

0.746 respectively. Since all the Cronbach alpha values are greater than 0.7, the 

measurements and items are interrelated and reliable. Meanwhile, the mean scores for 

Engaging, Presence, Usefulness, Ease of Use and Satisfaction are 4.18, 3.90, 4.22, 

4.25 and 4.14 respectively.  

 

5.4 Correlation Study 

 

Correlation is a statistical technique that can be used to measure and describe the 

relationship between the independent variables and the dependent variable. In this 

study, Satisfaction is the dependent variable and Engaging, Presence, Usefulness and 

Ease of Use are the independent variables. In this study, Pearson correlation was 

used to determine the relationship and strength of the variables (Pallant, 2013). The 

value for the Pearson correlation is between -1 and +1 ((Pallant, 2013) and Table 

5.12 shows the correlation coefficient with the strength of the linear relationship. 
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Table 5.12 

 

Correlation Coefficient (Davis, 1971) 
 

Correlation Coefficient  Strength of Linear Relationship 

0.70 and above Very Strong 

0.50-0.69 Strong 

0.30-0.49 Medium 

0.10-0.29 Weak 

0.01-0.09 Not Exist 
 
 
 

Table 5.13 depicts the Pearson correlation coefficient (r) between the dependent 

variable (Satisfaction) and the independent variables (Engaging, Presence, 

Usefulness and Ease of use). The results show that all the independent variable; 

(Engaging, Presence, Usefulness and Ease of Use are positively and significantly 

correlated to the dependent variable (Satisfaction). The correlation coefficient for 

Engaging is .41, Presence is .38, Usefulness is .57 and Ease of use is .54. The 

correlation coefficients for Engaging and Presence indicated that the strength of 

linear relationship is medium. Meanwhile, for Usefulness and Ease of Use, the 

strength of linear relationship is strongly correlated to Satisfaction and all the 

independent variables are significant at the 0.01 level. Then, Presence, Usefulness 

and Ease of Use are positively and significantly correlated with the Engaging where 

the correlation values are .64, .67 and .42 respectively. Presence and Ease of Use are 

positively correlated with Presence where the correlation values are .59 and .44 

respectively and significant at the 0.01 level. Followed by Usefulness which 

positively correlated to Ease of Use with the correlation value of .54 and significant 

at the 0.01 level. Figure 5.7 below shows a snapshot from SPSS pertaining to the 

Pearson correlation analysis. 
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Table 5.13 

 

Pearson Correlation Coefficient Analysis 

 

Measurement Satisfaction     Engaging     Presence      Usefulness    Ease of use        

Satisfaction  

Engaging  

Presence  

Usefulness 

Ease of use 

1 

.408**               1 

.380**               .637**           1 

.568**               .672**           .585**             1 

.537**               .422**           .442**             .536**            1    

 
Note: Correlation is significant at the 0.01 level (1-tailed) ** 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5.7. Snapshot from SPSS of the Pearson correlation analysis 

 

 

The results show that Engaging, Presence, Usefulness and Ease of use are positively 

and significantly correlated to Satisfaction. The correlation value for Engaging is .41, 

Presence is .38, Usefulness is .57 and Ease of use is .54. The correlation coefficients 

for Engaging and Presence indicated that the strength of linear relationship is medium. 

Meanwhile, for Usefulness and Ease of Use, the strength of linear relationship is 

strongly correlated to Satisfaction and all the independent variables are significant at 

the 0.01 level. 
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5.5 Regression Analysis 

 

The regression analysis is the most widely used statistical tool for estimating the 

relationships among variables (Draper & Smith, 2014). In this study the regression 

analysis was used to estimate the relationships between the independent and the 

dependent variables as well as to test the hypotheses. Table 5.14 shows the results of 

the regression analysis. The R
2
 value is 0.398 which shows the changes in trainees‘ 

satisfaction regarding self-directed training through use of the VT
2
E prototype. The 

predictors in the analysis are the independent variables namely; Engaging, Presence, 

Usefulness and Ease of Use. In addition, the one-tailed test was used to measure the 

relationships between the variables in order to test the hypotheses as stated in Chapter 

One. According to Cohen (2008), the acceptable significant p-value should be less 

than 0.05 while the t value should be more than 1.645. Figure 5.8 shows that the 

independent variables statistically significantly predicted the dependent variable, F 

(4.41) = 6.783 and the regression model is fit for the data. Figure 5.8 below shows 

some snapshots from SPSS pertaining to the regression analysis. 

 

Table 5.14 

 

Regression Analysis 
 

Measurement Beta Std. Error t-value Sig (p-value) 
Engaging 0.00 0.16 0.045 0.96 
Presence 0.00 0.15 0.040 0.97 
Usefulness 0.36 0.17 2.133 0.04* 
Ease of use 0.31 0.14 2.217 0.03* 

 

**Significant level; p<0.01 

*Significant level; p<0.05 

Dependent Variable: Satisfaction 

N=46; R Square, 0.398; Adjusted R Square, 0.340; F = (4, 41) 6.783 
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Figure 5.8 Snapshot from SPSS of regression result 

 

 

 

 

5.6 Testing of Hypotheses 

 

In order to study the trainees‘ satisfaction of using the VT
2
E prototype as a 

supplementary Taekwondo training for self-directed training, 4 hypotheses are tested 

as stated in Table 5.15.  The null hypotheses in this study are as follows; 

 

Hypothesis 1: There is no significant relationship between Engaging and Satisfaction  

in using the VT
2
E prototype.      

 

Hypothesis 2: There is no significant relationship between Presence and Satisfaction in   

using the VT
2
E prototype. 

 

Hypothesis 3: There is no significant relationship between Usefulness and Satisfaction  
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in using the VT
2
E prototype. 

 

Hypothesis 4: There is no significant relationship between Ease of use and Satisfaction  

in using the VT
2
E prototype. 

 

5.6.1 Testing Hypothesis 1 

 

Hypothesis 1: There is no significant relationship between Engaging and Satisfaction  

in using the VT
2
E prototype.      

 

 

Based on Table 5.14, since the significance value is 0.96 which is greater than 0.05, 

the null hypothesis is accepted. Therefore, there is no significant relationship between 

Engaging and Satisfaction in the VT
2
E prototype. 

 

 

5.6.2 Testing Hypothesis 2 

 

 

Hypothesis 2: There is no significant relationship between Presence and Satisfaction in   

using the VT
2
E prototype. 

 

Based on Table 5.14, since the significance value is 0.97 which is greater than 0.05, 

the null hypothesis is accepted. Therefore, there is no significant relationship between 

Presence and Satisfaction in the VT
2
E prototype. 

 

5.6.3 Testing Hypothesis 3 

 

Hypothesis 3: There is no significant relationship between Usefulness and Satisfaction  

in using the VT
2
E prototype. 
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Based on Table 5.14, since the significance value is 0.04, the null hypothesis is 

rejected. Therefore, there is significant relationship between Usefulness and 

Satisfaction in the VT
2
E prototype. 

 

5.6.4 Testing Hypothesis 4 

 

Hypothesis 4: There is no significant relationship between Ease of use and Satisfaction  

in using the VT
2
E prototype. 

 

Based on Table 5.14, since the significance value is 0.03, the null hypothesis is 

rejected. Therefore, there is significant relationship between Ease of Use and 

Satisfaction in the VT
2
E prototype.  

 

Table 5.15 presents the summary of the hypotheses testing results. 

 
 

Table 5.15 
 

Summary of the Hypotheses Testing Results 

 

Hypotheses Variable Results 

H1 

There is positive and no significant relationship between 
Engaging and Satisfaction in the VT

2
E prototype. 

Null hypothesis 
is supported 

H2 

There is a positive and no significant relationship 
between Presence and Satisfaction in the VT

2
E 

prototype. 

Null hypothesis 
is supported 

H3 

There is a positive and no significant relationship 
between Usefulness and Satisfaction in the VT

2
E 

prototype. 

Null hypothesis 
is not supported 

H4 

There is a positive and no significant relationship 
between Ease of use and Satisfaction in the VT

2
E 

prototype. 

Null hypothesis 
is not supported 

 

 

From the results of the analysis, as hypothesized in H01, there is no significant 

relationship between Engaging and Satisfaction in the VT
2
E prototype. Based on the 

results of the regression analysis as in Table 5.14, Engaging has no significant 

relationship with Satisfaction with Beta = 0.00, t = .045 and p = 0.96. Thus, the null 
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hypothesis is supported. As hypothesized in H02, there is no significant relationship 

between Presence and Satisfaction in the VT
2
E prototype. Based on the results of the 

regression analysis as in Table 5.14, Presence has no significant relationship with 

Satisfaction with Beta = 0.00, t = .040 and p = 0.97. Thus, the null hypothesis is 

supported. As hypothesized in H03, there is no significant relationship between 

Usefulness and Satisfaction in the VT
2
E prototype. Based on the results of the 

regression analysis as in Table 5.14, Usefulness has significant relationship with 

Satisfaction with Beta = 0.36, t = 2.13 and p = 0.04. Thus, the null hypothesis is not 

supported. As hypothesized in H04, there is no significant relationship between Ease of 

Use and Satisfaction in the VT
2
E prototype. Based on the results of the regression 

analysis as in Table 5.14, Ease of Use has significant relationship with Satisfaction 

with Beta = 0.31, t = 2.22 and p = 0.03. Thus, the null hypothesis is not supported. 

Generally, the results from this study conclude that, Usefulness and Ease of use are 

significantly related to Satisfaction. However, Engaging and Presence are not 

significantly related to Satisfaction. Thus, it can be concluded that the VT
2
E prototype 

with the integration of VR and MoCap technologies can support and achieve the 

trainees‘ satisfaction in self-directed Taekwondo training. 

  

 

5.7 Comparison between Previous Findings and Findings of This Study 

 

This study has four measurements (Engaging, Presence, Usefulness and Ease of use) 

that were used to measure Satisfaction in the use of the VT
2
E prototype as a 

supplementary Taekwondo material for self-directed training.  

 

The results have proven that there are significant relationships between Ease of Use 

and Usefulness with trainees‘ Satisfaction in using the VT
2
E prototype as a 
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supplementary training material for self-directed training. This result is consistent 

with previous studies by Blackledge and Barrett (2012); Sun, Tsai, Finger, Chen, and 

Yeh (2008); Lee, Wong and Fung (2010); Arbaugh (2000) that indicated both 

Usefulness and Ease of Use have significant relationships with Satisfaction. 

However, Engaging and Presence are not significantly related to Satisfaction. In this 

regard, the result is in line with the study of Merchant, Goetz, Keeney-Kennicutt, 

Kwok, Cifuentes, and Davis (2012); Mania and Chalmers (2001); Moreno and 

Mayer (2002) where Presence does not have a significant relationship with learning 

outcomes. 

 

Apparently, it is relevance with Engaging, which proves that high level of presence 

will affect Engaging in the VE (Cho, Yim & Paik, 2015). Besides that, Vaughan, 

Gabrys and Dubey (2016) stated that the use of a projection system lacks in terms of 

VR realism and they suggested using HMD which will improve the realism. In 

addition, the findings of Hou, Nam, Peng and Lee (2012) showed that the use of larger 

screens will enhance the higher levels of presence. 

 

5.8 Summary 
 

The main purpose of the evaluation on the use of the VT
2
E prototype was to obtain 

the results whether the use of the prototype as a supplementary Taekwondo training 

material for self-directed training has achieved the objectives or not. In order to prove 

it statistically, this study has conducted the perception study, pearson correlation 

analysis and regression analysis. From the results of the statistical analyses, it can be 

concluded that the VT
2
E prototype is able to provide satisfaction to the trainees as a 

supplementary Taekwondo training material for self-directed training. Besides that, 

based on the results, it can be concluded that the use of VR and MoCap technologies 

can facilitate the Taekwondo trainees in conducting their self-directed training. 
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Although the conventional Taekwondo training method is important, it is undeniable 

that the use of the VT
2
E prototype can help the trainees in improving their skills and 

performance in Taekwondo training. Overall, based on the findings, the main goal of 

this study has been achieved. 
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CHAPTER SIX 
 

DISCUSSION AND CONCLUSION 

 

 
6.1 Overview 

 

This chapter is the last chapter in concluding the findings obtained in this study. The 

purpose of this study is to design and develop the VT
2
E prototype and to evaluate the 

trainees‘ satisfaction on the using the VT
2
E prototype as a supplementary training 

material while doing self-directed training. The VT
2
E prototype was develop based on 

VR technology. This chapter describes the objectives achieved, contributions to the 

body of knowledge, research limitations and recommendations for future research. 

 
 

 

6.2 Research Discussion 

 

From this study there are three key words in the research objectives which are design 

and develop the VT
2
E prototype, investigate the users' perceptions and determine the 

relationships between independent and dependent variables. As mentioned in Chapter 

1, this research intended to: 

 

i. To design and develop the VT
2
E prototype using VR technology. 

 

ii. To investigate the users' perceptions towards the use of the VT
2
E prototype 

as a supplementary Taekwondo training material. 

iii. To determine the relationships between Engaging, Presence, Ease of use 

 

and Usefulness (independent variables) and Satisfaction (dependent 

variable) in using the VT
2
E prototype. 

In achieving the stated research objectives, three research questions were developed. 
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i. How should VR be applied in developing the VT
2
E prototype? 

 

ii. What are the perceptions of users towards the use of VT
2
E prototype as a 

supplementary Taekwondo training material? 

 
iii. What are the relationships between Engaging, Presence, Ease of use and 

Usefulness (independent variables) and Satisfaction (dependent variable) in 

using the VT
2
E prototype? 

 

 

6.2.1 Designing and Developing the VT
2
E Prototype 

 

The research proposed the VT
2
E prototype as a supplementary material for self-

directed Taekwondo training which incorporates VR and MoCap technologies.  Based 

on the findings from the preliminary study, the proper supplementary material is 

important in conducting the self-directed training. In the design and development of 

the VT
2
E prototype, VR and MoCap technologies have been used in providing 

strength to guide the trainees while doing their self-directed training in order to solve 

the limitations of the existing supplementary Taekwondo training materials. Besides 

that, the constructivist theory and flow theory were applied in the design and 

development of the VT
2
E prototype. Besides that, twelve VE heuristic evaluation by 

Sutcliffe and Gault (2004) was adopted for the evaluation of the VT
2
E prototype. This 

study comprised of three phases namely; information gathering (preliminary study and 

literature review), prototype design and development (MoCap, modelling, animation 

and VE) and evaluation (expert and user). The prototype design and development 

process can be referred in Chapter 4. 

 

 

6.2.2 The VT
2
E Prototype Evaluation 

In order to accomplish the second objective which is the perceptions of users towards 

the use of the VT
2
E prototype as a supplementary Taekwondo training material, the 



126 

 

expert and user evaluations were conducted. The experts can be categorised as; 

content expert and interface expert. The content experts were responsible to ensure the 

consistency of the content of the VT
2
E prototype. In this study, an experienced and 

qualified Taekwondo trainer from UUM and WTF Taekwondo trainer from Kota 

Bharu were involved to provide proper guidance and advice in developing the VT
2
E 

prototype. The functionality and interface experts involved in the VT
2
E prototype 

evaluation consist of two lecturers from the Institute of Creative Humanities, 

Multimedia and Innovation, UUM. They were selected based on their knowledge and 

experience in teaching and conducting research related to VR and they have more than 

five years of experience in their respective fields.  The VE heuristic evaluation was 

conducted using twelve VE heuristics (Sutcliffe & Gault, 2004). The experts were 

responsible to identify the usability related problems and validate the prototype before 

introducing to the users. It was the responsibility of the experts to ensure that the 

VT
2
E prototype interface works as intended. All the feedbacks from the experts such 

as comment and suggestion were taken into consideration. This is very important to 

make sure that the prototype achieved its objective. All the comments with suggested 

solutions to the problems were compiled and later used to improve the usability of the 

VT
2
E prototype. 

 

 

Meanwhile, the user evaluation was conducted among 46 World Taekwondo WTF 

trainees of UUM. The age of the participants ranged from 18 to 39 years old. The 

selection of the samples was based on the purposive sampling technique. The user 

evaluation has been conducted by using a set of questionnaire which was developed 

from previously validated instruments and modified based on the VR training 

approach. The questionnaire consists of items for all the measurement which include 

Engaging, Presence, Usefulness, Ease of Use and Satisfaction. The items for Engaging 
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were adapted from Webster et al., (1993) and the items for Presence were adapted 

from Witmer and Singer (1998). The items for Usefulness and Ease of Use were 

adapted from Davis (1993) and lastly, the items for Satisfaction items were adapted 

from Chou and Liu (2005). 

 

In achieving the second objective of this study that is to investigate the users' 

perceptions towards the use of the VT
2
E prototype, a descriptive statistics analysis 

was conducted. The purpose was to determine the mean score and the standard 

deviation of each item using the SPSS version 21. For the descriptive statistics, the 

Cronbach alpha values for Engaging, Presence, Usefulness, Ease of Use and 

Satisfaction were 0.874, 0.817, 0.853, 0.816, and 0.746 respectively. The results 

indicated that Usefulness has the highest mean score of 4.22 while presence has the 

lowest mean score of 3.90. Meanwhile the mean score for Engaging was 4.18, Ease of 

Use was 4.08 and Satisfaction was 4.14. The results indicated that the users agreed on 

all the measurements. 

 

In order to achieve the last objective of this study that is to determine the relationships 

between Engaging, Presence, Ease of use and Usefulness (independent variables) and 

Satisfaction (dependent variable), Pearson correlation and regression analyses using 

the SPSS version 21 were conducted. The correlation coefficient for Engaging is .41, 

Presence is .38, Usefulness is .57 and Ease of use is .54. The correlation coefficients 

for Engaging and Presence indicated that the strength of linear relationship is medium. 

Meanwhile, for Usefulness and Ease of Use, the strength of linear relationship is 

strongly correlated to Satisfaction and all the independent variables are significant at 

the 0.01 level. 
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The regression analysis was to test the hypothesis whether to accept or reject the null 

hypothesis. Table 6.1 shows the results of the null hypothesis whether it is rejected or 

accepted. The findings from the evaluations proved that two of the null hypotheses 

were rejected. Besides that, the findings of the regression analysis showed that 

Engaging, Presence, Usefulness and Ease of Use are positively correlated to 

satisfaction with a significance level of (p < 0.01 and p < 0.05) as shown in Table 6.2. 

Engaging and Presence were positively correlated to Satisfaction but they were not 

significant and the null hypothesis was accepted as shown in Table 6.1. The results 

have proven that there were significant relationships between Ease of Use and 

Usefulness with Satisfaction on using the VT
2
E prototype as a supplementary training 

material for self-directed Taekwondo training. This result is consistent with previous 

studies by Blackledge and Barrett (2012); Sun et al., (2008), Lee et al., (2010); 

Arbaugh (2000) that indicated both Usefulness and Ease of Use have significant 

relationships with Satisfaction. However, Engaging and Presence were not 

significantly related to Satisfaction. In this regard, the result is in line with the study of 

Merchant et al., (2012), Mania and Chalmers (2001), Moreno and Mayer (2002) 

where Presence does not have a significant relationship with learning outcomes. 

Apparently, it is relevance with Engaging, which proves that high level of presence 

will affect Engaging in the virtual environment (Cho et al., 2015). 
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Table 6.1 

 

The Hypotheses of Perception Evaluations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6.2 

 

The Pearson Correlation Coefficient Analysis 
 

Relationship between Variables Results 

Relationship between Engaging and Satisfaction. Variables are positively 

correlated 

Relationship between Presence and Satisfaction. Variables are positively 

correlated 

Relationship between Usefulness and Satisfaction. Variables are positively 

correlated 

Relationship between Ease of use and Satisfaction. Variables are positively 

correlated 

 

 

Hypotheses Findings 

There is no significant relationship between Engaging and 

Satisfaction in using the VT
2
E prototype. 

Null 

hypothesis is 

supported 

There is no significant relationship between Presence and 

Satisfaction in using the VT
2
E prototype. 

Null 

hypothesis is 

supported 

There is no significant relationship between Usefulness and 

Satisfaction in using the VT
2
E prototype. 

Null 

hypothesis is 

not supported 

There is no significant relationship between Ease of use and 

Satisfaction in using the VT
2
E prototype. 

Null 

hypothesis is 

not supported 
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6.3 Research Contributions 
 

This study also provided several contributions to the body of knowledge. All the 

contributions will be explained in the following sections. 

 

i. Virtual Taekwondo Training Environment (VT
2
E) Prototype 

The VT
2
E prototype is the main contribution of this study. The VT

2
E prototype 

will ensure the trainee's satisfaction on using the VT
2
E prototype. Besides that, 

it will help trainees to achieve good performance in Taekwondo training. The 

VT
2
E prototype was developed using the VR and MoCap technologies to get 

the attention of the trainees in using the VT
2
E prototype as a supplementary 

training material for self-directed training. As already mentioned, the purpose 

of the VT
2
E prototype is to achieve the trainees‘ satisfaction since the 

supplementary training material in Taekwondo training is lacking in terms of 

satisfaction. Based on the results from the evaluation, the VT
2
E prototype has 

the ability to attain the trainees‘ satisfaction on using the VT
2
E prototype in 

doing self-directed training. Appendix H can be referred for VT
2
E prototype 

screenshots. 

 

ii. Result from Trainees Satisfaction on using the VT
2
E Prototype 

 

The results from trainees satisfaction on using the VT
2
E prototype is the second 

contribution to the body of knowledge. The aim of the evaluation is to 

investigate the users' perceptions towards the use of the VT
2
E prototype as a 

supplementary Taekwondo training material. Overall, the results have proven 
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that there are significant relationships between Ease of Use and Usefulness with 

trainees‘ satisfaction on using the VT
2
E prototype as a supplementary training 

material for self-directed Taekwondo training. This result is consistent with 

previous studies by Blackledge and Barrett (2012), Sun, Tsai, Finger, Chen, 

and Yeh (2008), Lee, Wong and Fung (2010), Arbaugh (2000) that indicated 

both Usefulness and Ease of Use have a significant relationship with 

Satisfaction. However, Engaging and Presence are not significantly related to 

Satisfaction. In this regard, the result is in line with the study of Merchant, et 

al., (2012), Mania and Chalmers (2001), Moreno and Mayer (2002) where 

Presence does not have a significant relationship with learning outcomes. 

Apparently, it has relevance with Engaging, which proves that high level of 

presence will affect Engaging in the virtual environment (Cho et al., 2015). 

 

iii.        Encouraging Self-Directed Training. 

 

The use of existing supplementary material such as DVD/CD (video), 

YouTube, Website and books for self-directed training has its own limitations. 

Therefore, with the use of the VT
2
E prototype as a new supplementary 

Taekwondo training material   can help trainees in improving their skills as well 

as performance. The integration between VR and MoCap technologies in the 

VT
2
E prototype allows the users to use this prototype anytime and anywhere. In 

addition, users can use this prototype anytime until they are satisfied with their 

self-directed training. 
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6.4 Research Limitations 

In executing this research, there are some problems and constraints throughout the 

research process that will be briefly explained in the following sections. 

i. It was hard to get information about Taekwondo training since 

Taekwondo have several different taekwondo styles and associations 

(ATA, ITF, GTF, WTF, etc.), history, features, equipment and facilities, 

Forms (patterns), ranks, belts and promotion, historical influences, 

philosophy and competition with the use of different Taekwondo forms. 

For this study, the WTF was used and the information was gathered 

from the internet, books and also from the expert trainers. 

ii. Using MoCap technology and Analysis Track Manager was very 

challenging and difficult. The MoCap process is very complicated since 

there are lot of steps which must be followed in order to get quality 

output that is motion data with minimum noise. Thus, numerous 

references were used to explore the MoCap process. In addition, there is 

no MoCap equipment in UUM causing the researcher to travel back and 

forth to UNIMAP to use the MoCap facility, thus the development time 

has to be extended in obtaining the motion data. 

iii. During the evaluation process, the main problem encountered was the 

difficulty in determining the appropriate time and place to gather all the 

Taekwondo trainees at one time.  Thus, the evaluation has to be 

conducted after their regular Taekwondo training session. Another 

obstacle faced by the researcher was that the evaluation has to be done 

outside the hall since the researcher was not allowed to use the hall at 
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that time.  Since the evaluation involved the use of a projector to display 

the VT
2
E prototype, it has impacted the evaluation process as the 

respondents faced some problems in evaluating the VT
2
E prototype due 

to the outdoor lighting factor which caused the display quality to be 

quite unsatisfactory. 

 

      6.5 Future Recommendations 

In this study, several suggestions and recommendations were identified for future 

development. As mentioned earlier, the VT
2
E prototype is limited to only one colour 

belts form out of six colour belts. Thus the suggestions for future works include; 

extending the contents of VT
2
E prototype to cover all the six Taekwondo colour belts. 

Besides that, prior to the perception study, the respondents should be given more time 

such as three to four weeks to use and be familiar with the prototype. These can help 

users to adapt to the new supplementary training material by giving them more time in 

using the VT
2
E prototype. Future research can also consider other platforms for the 

VT
2
E prototype such as mobile devices since Taekwondo trainees are of all ages and 

they are very familiar with the mobile gadgets. Furthermore, future research needs to 

also explore the use of head mounted display such as Oculus Rift and VR headset in 

order to fully immerse inside the virtual environment. Besides that, in conducting the 

user evaluation, a conducive, suitable and comfortable place is also important in order 

to achieve a much better result. 

 

6.6 Summary of the Discussion and Conclusion 

This research was conducted to achieve the objectives that have been mentioned in 

Chapter 1.  The VT
2
E prototype was designed and developed as a supplementary 

material for self-directed Taekwondo training. Besides that, the VT
2
E prototype can 
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help trainees‘ in achieving satisfaction in using the supplementary training material in 

order to improve their training performance. Through this research, the VT
2
E prototype 

was developed using theories and guidelines related to VR. Overall, the results of the 

user evaluation indicated that the users agreed with all the measurements that include; 

Satisfaction, Engaging, Presence, Usefulness and Ease of use. Based on the findings, 

there are significant relationships between Ease of Use and Usefulness with trainees‘ 

satisfaction in using the VT
2
E prototype as a supplementary training material for self-

directed taekwondo training. Meanwhile Presence and Engaging do not have 

significant relationships with trainees‘ satisfaction. Although the conventional method 

is important, it is undeniable that the use of the VT
2
E prototype can help trainees in 

improving their skills and performances in the Taekwondo training. 
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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 taekwondo.  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  

    Lelaki                Perempuan 

 

        2. Umur ______tahun 

 

        3. Tahap pendidikan 

      

                     Sekolah Rendah                          Kolej/Universiti  

   Sekolah Menengah      Lain-lain  

 

 

BAHAGIAN B: MAKLUMAT BERKAITAN LATIHAN TAEKWONDO 

Jawab soalan berikut dengan menandakan ( ) 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 ( ) 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 [ ] pada kotak yang berkenaan dengan sumber lain 

yang dirujuk untuk latihan taekwondo sendiri.  

 DVD/CD/Video 

 Youtube 

 Internet 

 Buku 

 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 ( ) didalam kotak yang disediakan. 

No. Soalan Ya Tidak 

1.  Latihan secara beramai-ramai  oleh jurulatih sudah mencukupi 

untuk persediaan bagi saya menduduki ujian taekwondo 

  

2.  Latihan dengan merujuk kepada alat bantuan latihan seperti 

DVD/CD/video, youtube, online, buku, dan lain-lain 

mencukupi untuk persediaan saya menduduki ujian taekwondo 

  

3.  Saya memerlukan latihan tambahan untuk persediaan saya 

menduduki ujian taekwondo  

  

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 

 

VT
2
E 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
2
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)     

 

   



153 

 

 

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 [√] 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. 

 

                                                               

 

 

  

 

 

 

 

 

 

 

 

 

 

 

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 VT
2
E membuatkan saya memberi tumpuan 

sepenuhnya dalam latihan Taekwondo secara 

sendiri. 

1 2 3 4 5 

2 VT
2
E

 
menarik perhatian saya. 1 2 3 4 5 

3 VT
2
E

 
merangsang rasa ingin tahu saya. 1 2 3 4 5 

4 VT
2
E

 
membangkitkan daya imaginasi saya. 1 2 3 4 5 

5 VT
2
E menyeronokkan. 1 2 3 4 5 

6 VT
2
E menarik secara intrinsik. 1 2 3 4 5 

 

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 

menggunakan VT
2
E.  

1 2 3 4 5 

2 Kualiti imej dalam VT
2
E meningkatkan 

perasaan hadir.  

1 2 3 4 5 

S
an

g
at

 T
id

ak
 S

et
u
ju

 

T
id

ak
 S

et
u
ju

 

T
id

ak
 P

as
ti

 

S
et

u
ju

 

S
an

g
at

 S
et

u
ju

 

1 2 3 4 5 

Skala: 
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3 Saya berpendapat bahawa ruang pandangan 

dalam VT
2
E dapat meningkatkan rasa hadir. 

1 2 3 4 5 

4 Saya merasakan berada di sana dan sebahagian 

daripada persekitaran maya. 

1 2 3 4 5 

5 Saya dapat menghayati skala dengan baik di 

dalam persekitaran maya. 

1 2 3 4 5 

6 Saya sering tahu di mana saya berada di dalam 

persekitaran maya. 

1 2 3 4 5 

 

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
2
E dalam latihan 

membolehkan saya menyelesaikan latihan 

dengan lebih cepat. 

1 2 3 4 5 

2 Menggunakan VT
2
E dapat memperbaiki prestasi 

latihan saya. 

1 2 3 4 5 

3 Menggunakan VT
2
E dalam latihan dapat 

meningkatkan produktiviti saya. 

1 2 3 4 5 

4 Menggunakan VT
2
E dapat meningkatkan 

keberkesanan latihan saya. 

1 2 3 4 5 

5 Menggunakan VT
2
E dapat memudahkan latihan 

saya. 

1 2 3 4 5 

6 Saya dapati VT
2
E berguna dalam latihan saya. 1 2 3 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
2
E adalah 

mudah bagi saya. 

1 2 3 4 5 

2 Saya dapati VT
2
E mudah untuk melakukan apa 

yang saya mahu ia lakukan. 

1 2 3 4 5 

3 Interaksi saya dengan VT
2
E adalah jelas dan 

mudah difahami. 

1 2 3 4 5 

4 Saya dapati VT
2
E fleksibel untuk berinteraksi. 1 2 3 4 5 

5 Adalah mudah bagi saya untuk mahir 

menggunakan VT
2
E. 

1 2 3 4 5 

6 Saya dapati VT
2
E mudah digunakan. 1 2 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 

menggunakan VT
2
E.  

1 2 3 4 5 

2 Saya berpuas hati dengan keberkesanan latihan 

keseluruhannya. 

1 2 3 4 5 

3 Saya berpuas hati dengan kaedah latihan 

menggunakan persekitaran latihan berasaskan 

komputer. 

1 2 3 4 5 

4 Saya berpuas hati dengan jenis persekitaran 

latihan berasaskan komputer. 

1 2 3 4 5 

5 Saya mendapati kandungan VT
2
E memenuhi 

keperluan saya dalam latihan Taekwondo. 

1 2 3 4 5 
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Expert Review 1 
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Appendix D 

 

Expert Review 2 
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Appendix E 

 

 

Expert Review 3 

 

 
 



160 

 

Appendix F 

 

Expert Review 4 
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Appendix G 

 

Expert Profile 
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Appendix H 

 

Snapshots of VT
2
E Prototype 
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Appendix I 

 

Snapshots of User Evaluation 
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