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ABSTRACT 

 

 

The purpose of this study was to identify the determinants of expertise and the 
contributory effect of domains to the Olympic style Taekwondo performance. 
Eighty-seven Taekwondo athletes with different levels of expertise, namely elite, 
sub-elite and practitioner were recruited. Subjects’ performance in attributes within 
the physical domain was assessed by Queens College Step Test, running-based 
anaerobic sprint test, vertical jump test, side-stepping test, and sit-and-reach test. 
Subjects were also be surveyed with the Athletic Coping Skills Inventory-28 (ACSI-
28) (Chinese version) to obtain a profile of their psychological and emotional 
attributes. Perceptual attributes of subjects was assessed by Stork balance test, Start 
Excursion Balance Test and Ruler Drop Reaction Time Test. Notational analysis of 
subjects’ performance in the competition was conducted for determining their 
technical and tactical domain. Descriptive statistics were used to create a profile of 
attributes of Taekwondo athletes. Two-way ANOVA were used to identify the 
difference between female and male athletes, and athletes with different levels of 
expertise in different domains. Discriminant function analysis was used to determine 
the contributory effect of each domain to the expertise of Olympic style Taekwondo. 
Elite athletes obtained a significantly higher mean value than the sub-elite athletes 
and practitioners in the length of upper limbs (F=6.15, p=.00), the length of lower 
limbs (F=10.21, p=.00), and lateral agility (F=15.71, p=.00). Discriminant function 
analysis revealed that the contributory effect of physical domain was the highest 
among the five domains for determining the expertise in Olympic style Taekwondo 
with Wilk’s Lambda as .70 (p<.05).  

 

Keywords: Determinants, Expertise, Olympic style Taekwondo  
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CHAPTER 1 

INTRODUCTION 

Background of the Study  

 Taekwondo is a traditional Korean martial arts form with a history over 2,000 

years and it can be explained literally as Tae means system of foot technique; Kwon 

means system of hand technique and Do means experiencing ultimate being through 

physical and metaphysical enlightenment (Kim, 1999). There are four different 

forms of Taekwondo practice, namely poomsae, breaking, arranged sparring and free 

sparring. Poomsae is a combination of basic movements such as blocking, punching 

and kicking (Yong, 2006). Breaking refers to the attempt to break pine boards or 

concrete blocks (Lawler, 1999) whereas arranged sparring is the midpoint between 

poomsae and free sparring. Arranged sparring is a set of attack and counter attack 

that the practitioners know in advance. Free sparring is the alternative to arranged 

sparring. In free sparring, practitioners using Taekwondo techniques to attack and 

defend as if they were in actual confrontation and this is the most common form of 

Taekwondo that is used in modern day competitions (Lawler, 1999).  

 Free sparring is the Taekwondo form with the earliest appearance in the 

formal competition setting. The first Men’s World Taekwondo Championship was 

held in 1973 in South Korea and with the efforts contributed by different parties, 

Taekwondo became the official or compulsory sports events in many competitions 

including the Asian Games, Universiade, East Asian Games, World Master Games 

and Olympic Games (FISU, 2017; World Taekwondo Federation, 2017). Ever since 
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becoming one of the official events in the 2000 Sydney Olympic Games, the 

popularity of Taekwondo grew dramatically. To date there are over 208 nations 

participating in the sport (World Taekwondo Federation, 2017). Paralleling the 

popularity of the sport, the number of Taekwondo related research is also picking up. 

Areas of research interest included notation analysis of Taekwondo fighting tactics 

(Kazemi et al, 2006; Kazemi et al., 2009; Kwok, 2012), biomechanics of kicking 

(Falco et al., 2009; Machado et al., 2010; Zahran et al., 2010), nutrition and weight 

management (Fleming & Costarelli, 2007; Fleming & Costarelli, 2009; Pettersson et 

al., 2013; Rossi et al., 2009), anthropometric characteristics of athletes (Fritzsche et 

al., 2008; Pieter, 2008), perceptual motor skills of athletes (Fisekcioglu, 2011; 

Sadowski et al., 2012; Satilmis et al., 2010), psychological skills of athletes (Azizi et 

al., 2015; Parnabas et al., 2015a), and physical profile of athletes (Ball et al., 2011; 

Wheeler et al., 2012; Zahran, 2010). Despite variation in foci, the major purpose of 

most researches is either to find means to increase the winning edge of individuals or 

the number of top rankers harbored by a nation.  

For a sport like Taekwondo where there are many weight categories, 

competing nations are no longer satisfied with having one or two super athletes, their 

goal was focus more on producing a large number of medalists across categories. 

Coaches and Taekwondo specialists believe that superiority of training methods and 

coaching excellence can be better demonstrated by winning a large amount of 

medals. Hence, sport scientists have been urged to identify the physical and 

psychological profiles of elite athletes and to tease out those characteristics that are 

more conductive to high level performances so that the information can be used as a 
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map for talent detection (Tsai, 2007; Zar et al., 2008). To date, some conclusive 

findings were obtained among different kinds of studies. For example, it has been 

found that the types of physical and motor fitness necessary for high level 

Taekwondo performances included reaction time, muscular strength, explosive 

power, agility and coordinator (Lam, 2001; Zar et al., 2008). Lam (2001) also stated 

that in order to have good performances, Taekwondo athletes should also have good 

adenosine-triphosphate-phosphocreatine system (ATP-PC) to ensure that they can 

maintain an optimal level of energy system throughout the competition. Other than 

physical attributes, other factors such as general Taekwondo experience, the number 

of years spent in training and competition specific experience have also been 

suggested as important factors that can influence an athlete’s performance (Pieter, 

Mateo & Bercades, 2002). Apart from physical characteristics and experience, the 

psychological make-up of elite athletes was also studied. It has been proved that the 

use of mental imagery correlated to the enhancement of Taekwondo performance 

among athletes (Parnabas et al., 2015b). Chapman and associates (1997) also 

suggested that winners of Taekwondo competition were reported to have lower 

cognitive and somatic anxiety and higher self-confidence than losers. Thus, a better 

management for the pre-competition anxiety allowed athletes to perform at optimal 

level.  

 As a result of much research efforts, our understanding of the personal 

attributes such as the physical and psychological characteristics of Taekwondo 

athletes is beginning to be clearer. However, one major flaw of prior studies, namely, 

profiling an individual’s personal attributes and other characteristics in synchrony. 
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As a result, coaches can only integrate piece-meal information gathered from 

different individuals to fabricate a desirable athlete’s profile and estimate their 

importance in inducing excellent performances. This approach leaves one to question 

the accuracy of the projection. Sheldon and Eccles (2005) pointed out that by merely 

focusing on an athlete’s physical competencies while ignoring the psychological 

capabilities, or vice versa, the contributors to an athlete’s successful performance 

cannot be truly identified. This notion was also supported by Van Gent and Spamer 

(2009) who suggested that to understand the “make-up” of an elite athlete, there is a 

need to study them from multiple dimensions.  

 Janelle and Hillman (2003) proposed a multi-dimensional approach with 

interactive determinants to study the exceptional performers. With this approach, six 

domains were included, namely, physical, technical, tactical, perceptual, emotional 

and psychological. This study aims to use this approach as a framework to study 

expertise in the sport of Taekwondo. Other than the multi-dimensional approach with 

six domains as suggested by Janelle and Hillman (2003), the domain related to 

Taekwondo experience and training will also be added in the multi-dimensional 

approach for determining the exceptional performance in Taekwondo in this study. 

Since the contribution of experience and training in the excellence performance of 

sports was proved by researchers (Ericsson, 2006; Ericsson et al., 1993; Horn and 

Masunaga, 2006), therefore it is unquestionable to take this domain into account 

when studying the interactive determinants of Taekwondo performance. It is hoped 

that by taking a more multi-dimensional and interactive approach, a more accurate 

profile on expert Taekwondo performers can be generated for use as a reference by 
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coaches, talent hunters, and Taekwondo practitioners themselves. In additional, the 

information complied can add evidence to the area of expertise studies. 

 

Statement of the Problem 

 Coaches and sport scientists believe that athletes with outstanding 

performances possess unique characteristics which differentiate them from less 

successful athletes. However, most studies on Taekwondo athletes have been uni-

dimensional in nature, focusing on the physical, anthropometrical, perceptual, 

psychological, technical and tactical aspects and rarely on all domains 

simultaneously. Hence, the need to take a multi-dimensional approach to understand 

the make-up of outstanding Taekwondo performer is much needed. This study will 

attempt to fill this void by using a multi-dimensional approach to identify those 

domains that are more contributive to high performing black belt Taekwondo 

athletes. 

 

Theoretical Basis of the Study  

 The study of expertise has been well developed in many areas such as music 

(Sloboda, 1991) and chess (Charness et al., 2005). It has also been one of the most 

rapidly expanding research areas in sports (Lyons et al., 2006; Philips et al., 2010; 

Williams & Elliott, 1999). According to Ericsson and Smith (1991), the study of 

expertise strives to understand and account for what distinguishes outstanding 
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individuals in a domain from those less outstanding individuals in that domain, as 

well as from people in general. There are several approaches in studying expertise in 

different domains, such as identifying the inherited traits or acquired traits of experts 

(Ericsson & Smith, 1991). Identifying the inherited traits of elite sport performers, 

such as the anthropometrical profile (Carter et al., 2005) is a common approach to 

determine expertise in sports. However, such approach rules out the important role of 

those modifiable attributes contributing to high level sport performances such as 

training and opportunities to perform in challenging situations. Moreover, ample 

evidence also suggested that some components related to anthropometrical aspects 

which people usually regarded as inherited traits for example, body morphology and 

muscle fiber type are malleable through extended practice and systematic training 

(Wilmore & Costill, 1999). Hence, some researchers began to shift their study focus 

to identify the acquired traits of elite performers (Arvinen-Barrow, et al., 2007; Chen, 

2006; Hong & Tong, 2000). Researchers following this trend used a uni-dimensional 

approach or an approach of combining anthropometric, physical and physiological 

measurements in their studies (Franchini et al., 2007; Fung & Fu, 1995; Van Gent & 

Spamer, 2005; Williams et al., 1994). However, the predictive values of using these 

two approaches have been questioned as these approaches only focus on certain 

domains and neglect the importance of “compensation phenomenon” (Vaeyens et al., 

2008). The ‘compensation phenomenon” suggests that deficiencies in one area of 

performance may be compensated by strengths in others (Williams & Ericsson, 

2005); hence, a more holistic approach which contains various domains should be 

adopted when studying sport expertise.  
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 Janelle and Hillman (2003) introduced a holistic approach for determining 

sport experts. To obtain the status of an expert, the performer must excel in the 

following domains: physical, technical, tactical, perceptual, emotional and 

psychological. Physical domain is unique to sport which includes attributes such as 

somatotype, aerobic capacity, anaerobic capacity, power, agility, and flexibility. 

Janelle and Hillman (2003) stated that “Technical domain refers to the degree of 

sensorimotor coordination from which refined, efficient, and effective movement 

patterns emerge.” (p.22). Tactical domain is related to the cognitive aspect of the 

performer that involves one’s ability to determine appropriate strategy that should be 

utilized in the competition setting or a given situation (Janelle and Hillman, 2003). 

Janelle and Hillman (2003) also stated that a perceptual domain includes attributes 

such as the use and extractions of anticipatory cues, visual search strategies, and 

signal detection. Emotional domain involves the performer’s ability to monitor and 

control over his/her emotion. In a typical competitive environment, a performer may 

experience different levels of cognitive and somatic anxiety. Appropriate level of 

cognitive and somatic anxiety can be beneficial to the performer while excessive 

level of cognitive and somatic can be detrimental to the performer’s performance 

(Jones & Cale, 1989). Psychological domain refers to performance-related 

determinants of expertise that include attributes such as motivation and goal-setting 

strategies; confidence building; imagery and mental training; and coachability 

considerations (Janelle & Hillman, 2003). 

 This study aims to adopt the holistic approach suggested by Janelle and 

Hillman (2003) to determine the relative strength of different contributors to 
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expertise in Taekwondo sparring performance. Emphasis of this study would be 

placed on investigating those six domains of attribute suggested by Janelle and 

Hillman (2003) and their power in determining expertise in Taekwondo sparring 

performance. Due to the nature of Taekwondo and its measurement methodology, 

the six domains would be combined as five domains with technical domain and 

tactical domain combined as one. As Taekwondo is sport by nature, subsequent 

references to the more generic term typically used in expert and novice studies will 

be replaced by the word “athletes”.  

 

Purpose of the Study 

 The purpose of this study was to identify the domains that could better 

contribute to expertise in Taekwondo sparring performance. 

 

Significance of the Study  

 Traditionally, coaches believe that athletes with long extremities have greater 

potential to do well in Taekwondo competition and this belief has been supported by 

scientific study (Tsai, 2007). Thus, many coaches select athletes for the competition 

based on this characteristic. Other studies also revealed that experience, physical 

fitness, anxiety management, concentration skills and motivation, personality 

hardiness are crucial factors that differentiate outstanding athletes from those non-

outstanding athletes (Lam, 2001; Mahoney et al., 1987; Pieter et al., 2002; Sheard & 
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Golby, 2010).  This differentiation between outstanding and non-outstanding athletes 

would provide useful information for coaches to develop suitable and effective 

physical, psychological and tactical training programmes to enhance the performance 

of their athletes which consequently enhance athletes’ chance for winning in the 

competition.  

 Although much is known about the physical and psychological characteristics 

of outstanding athletes participating in different sports, there is inadequate study and 

knowledge of the unique scoring system of Taekwondo as a competitive sport which 

imposes additional demands on athletes. This study attempts to add meaning to the 

literature by examining the attributes of highly skilled Taekwondo athletes along the 

domains (physical, technical, tactical, perceptual, emotional and psychological) 

suggested by Janelle and Hillman (2003). By taking this pioneering approach, a more 

complete profile of factors contributing to excellent performances in Taekwondo can 

be understood. Other than adopting the approach suggested by Janelle and Hillman 

(2003) as the framework for determining the expertise in Taekwondo, the 

contribution of experience and training to outstanding performance in Taekwondo 

will also be investigated. The effectiveness of determining expertise in Taekwondo 

by the multi-dimensional approach suggested by Janelle and Hillman (2003) and the 

modified one as suggested in this study will be compared. This finding would be 

profitably used by coaches as a reference in developing training programmes or in 

identifying potential athletes to receive further training. 

 Moreover, this study also attempts to compare the capabilities of athletes 

with three different levels of expertise, namely elite, sub-elite and practitioner. This 
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classification is different from the usual practice adopted by other researchers (Kwok, 

2012; Lorenz, et la., 2013; Lyons et al., 2006; Tsolakis & Vagenas, 2010) whom 

attempt to find out the determinants of outstanding sports performance by making 

comparison on elite athletes with sub-elite athletes or elite athletes with novice 

players. By taking this approach, Taekwondo athletes or practitioners at all levels of 

expertise can be included in the investigation. Hence, a clearer and holistic profile of 

attributes with athletes from different levels of expertise can be generated with sound 

comparison. This finding would be beneficially used by coaches as a reference in 

classifying the athletes into different levels of expertise and prescribing specific 

training programs which can promote athletes to next levels of achievement. 
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Research Questions 

The main purpose of this study is to identify the domains that could better 

contribute to expertise in Taekwondo sparring performance. Associated with this 

study are the following six research questions: 

1. What would be the attribute profiles of Taekwondo athletes with different 

gender (male and female) be like? 

2. What would be the attribute profiles of Taekwondo athletes with different levels 

of expertise (elite level, sub-elite level and practitioner level) be like? 

3. Would the attribute profiles of black belt Taekwondo athletes be the same 

across gender (male and female)? 

4. Would the attribute profiles of black belt Taekwondo athletes be the same 

across level of expertise (elite level, sub-elite level and practitioner level)? 

5. What would be the relative contribution of different domains to the performance 

of black belt Taekwondo athletes? 

6. Would the effectiveness of the multi-dimensional approach in determining the 

expertise in Taekwondo as suggested by Janelle and Hillman (2003) be the 

same as the modified approach as suggested in this study? 
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Research Hypotheses 

 To answer the above research questions, appropriate statistical null 

hypotheses would be formulated and tested at .05 level of significance.  

1. There would be no significant mean difference between male and female 

athletes in the measure of the following domains: physical, perceptual, 

psychological, emotional, and technical and tactical. 

2. There would be no significant mean difference among elite athletes, sub-elite 

athletes and practitioners in the measure of the following domains: physical, 

perceptual, psychological, emotional, and technical and tactical. 

3. There would be no significant interaction effect between gender and level of 

expertise in the measure of the following domains: physical, perceptual, 

psychological, emotional, and technical and tactical. 

4. All measured domains (physical, perceptual, psychological, emotional, and 

technical and tactical) would not have a higher contributory effect than the 

other domains (physical, perceptual, psychological, emotional, and technical 

and tactical) in the search of level of expertise. 

5. The modified approach suggested in this study would not have a higher 

predictive accuracy than the approach suggested by Janelle and Hillman 

(2003).  

 

 

 



13 

 

Definition of Terms 

 To clarify the characteristics of the variables for the present study, the 

following operational definitions are used: 

 

Taekwondo.  Taekwondo is traditional Korean martial arts with over 2,000 

years history and it can be explained literally as Tae means system of foot 

technique; Kwon means system of hand technique and Do means 

experiencing ultimate being through physical and metaphysical enlightenment 

(Kim et al., 1999). 

 

Olympic style Taekwondo.  Free sparring style of Taekwondo that follows the 

rules and regulations developed by the World Taekwondo Federation (Kim et 

al., 1999). 

 

Elite athletes.  For this study, elite athletes refer to those black belt athletes 

represented their country or national team and competed at international level 

tournament. They were the medalists in major international tournaments such 

as the Olympic Games, World Championships, Universiade and Asian 

Champions (Swann et al., 2015; Tsolakis & Vagenas, 2010). 
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Sub-elite athletes.  Sub-elite athletes refer to those black belt athletes with 

experience in participating the international tournaments representing their 

country or national team (Tsolakis & Vagenas, 2010). 

 

Practitioners.  For this study, athletes at practitioner level are those black belt 

athletes who engaged in Taekwondo training provided by local Taekwondo 

academies without the experience in training or representing the national team. 

 

Physical Domain.  For this study, physical domain includes the following 

attributes: a) aerobic capacity (as estimated by the Queens College Step Test); 

b) anaerobic capacity (as estimated by the Running-based Anaerobic Sprint 

Test); c) power of lower limbs (as estimated by the Vertical jump test); d) 

lateral agility (as estimated by the Side-stepping Test); e) flexibility (as 

estimated by the Sit-and-reach Test); f) length of upper limbs (as measured by  

tape measure); g) length of lower limbs (as measured by tape measure); h) 

percentage of body fat (as measured by bioelectrical impedance analysis). 

 

Technical and Tactical Domain.  For this study, technical and tactical domain 

includes those preferred skills and mode of utilization of attacks by the 

individual in the context of competition. These attributes include: a) the total 

number of attacks in the competition; b) the number of types of attack used, c) 
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the percentage of turning attack, d) the percentage of attack to the head. All 

attributes in this domain were measured by notational analysis (Hughes, 2004). 

 

Perceptual Domain.  For this study, perceptual domain includes the following 

attributes: a) visual search ability (as estimated by Trail Making Test); b) 

static balance (as estimated by Stork Balance Test); c) dynamic balance (as 

estimated by Star Excursion Balance Test); d) simple reaction time (as 

assessed by the Ruler Drop Reaction Time Test). 

 

Emotional Domain.  This domain is an athletes’ ability to monitor and exert 

some control over emotion (Janelle & Hillman, 2003). Attributes of this 

domain include coping with adversity, freedom from worry, and peaking 

under pressure. These attributes are estimated by twelve items (Item number: 

5, 6, 7, 12, 17, 18, 19, 21, 22, 23, 24, 28) of the Athletic Coping Skills 

Inventory 28 (Smith et al., 1995). 

 

Psychological Domain.  It refers to performance-related determinants of 

expertise that includes attributes such as goal setting and mental preparation, 

confidence and achievement motivation, coachability, and concentration. 

These attributes will be reflected by items (Item numbers: 1, 2, 3, 4, 8, 9, 10, 
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11, 13, 14, 15, 16, 20, 25, 26, 27) of the Athletic Coping Skills Inventory 28 

(Smith et al., 1995). 

 

Experience and Training Domain. For this study, this domain refers to the 

general Taekwondo experience (years of practice) of the subject and the time 

(training frequency and duration) of specific Taekwondo skills training of the 

subject.  

 

Delimitations 

The delimitations for the study are as follow: 

1. All invited participants were delimited to those who took part in the Hong Kong 

Open Black Belt Competition 2012, the Hong Kong Ladies Taekwondo 

Competition 2012, and the Taiwan National University Competition 2013. 

Participants were invited to be a subject of either the group of elite level, sub-

elite level or the group of practitioner level. 

2. Only those black belt athletes from the Chinese Taipei national team or Hong 

Kong national squad team with record of winning medals in major Taekwondo 

tournament were categorized as elite athletes in the study. 

3. Only those black belt athletes from the Chinese Taipei national team or Hong 

Kong national squad team with experience in representing the team for 

international tournament were categorized as sub-elite athletes in the study. 
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4. Only those black belt athletes from local Taekwondo academy in either Chinese 

Taipei of Hong Kong China and have never been trained in the national team 

were categorized as practitioners in the study. 

 

Limitations 

1. The results of the study were limited to the validity and reliability of the 

questionnaire and tests used in the study. 

2. The study assumes the participants completed the questionnaire honestly and 

correctly. 

3. The selection of tests for measuring attributes within the physical and 

perceptual domains was confined by the availability of equipments, suitability 

of venue for conducting the tests and the duration for administering the tests.  
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CHAPTER 2 

LITERATURE REVIEW 

For this study, several areas of literature were reviewed. They included: (1) 

the search of expertise in sports, (2) development of Taekwondo, (3) Taekwondo 

studies, and (4) summary of literature review. A summary of more pertinent findings 

from the literature that are related to the study is presented below.  

 

The Search of Expertise in Sports 

  The study on expertise is one of the popular research topics in different 

disciplines such as music, science and sports (Anzai, 1991; Chaabène et al., 2012; 

Franchini et al., 2011; Geeves et al., 2013; Williams and Ford, 2008). Research on 

expert performance in sports is relatively new as compared with the study on expert 

performance in other domains (Hodges et al., 2006). It is an expanding research area 

where researchers seek to understand and identify those attributes that distinguishes 

outstanding individuals in the domain from those less outstanding counterparts 

(Ericsson et al., 1991). According to Starkes (1993), expert performance in sport can 

be defined as the consistent superior athletic performance over an extended period of 

time. Thus, athletes obtaining a single outstanding achievement in sports event 

would not be considered as expertise in the field because true expertise is 

demonstrated by measurable and consistent superior performance (Ericsson & Smith, 

1991).  
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Defining Expert Athletes in Sports 

In the search of expertise in sports, related parties including coaches and 

researchers examined and identified the characteristics of those expert athletes who 

were usually named as elite athletes in the field. However, various definitions of elite 

athletes were adopted among different studies (Polman, 2012). The inconsistency in 

defining elite athletes threatened the validity of research on expertise in sports 

(Polman, 2012; Swann et al., 2015). 

In order to have a clearer picture about the definition of elite and expert in 

recent researches, Swann and associates (2015) reviewed 91 papers that consisted of 

a total population of 8572 subjects being classified as elite athletes or experts. They 

found that with 61 papers included in this study (67 % of the total number of 

subjects), researchers defined elite athletes or experts as those competing at 

international or national competition. The second most common way to categorize 

the athletes into elite or non-elite level is based on their experience. However, the 

experience-based definition of expertise is considered as problematic as it is hard to 

observe the details of performance standard obtained in the experience (Ericsson & 

Towne, 2013).  

According to Swann and associates (2015), there were various themes in 

defining elite athletes such as international and/or national competitive level, 

experience, and professionalism. The international and/or national competitive level 

of athletes was reported as the most often adopted theme for defining elite athletes in 

the studies (Swann et al., 2015). Although it is an objective way to define elite 
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athletes based on their competitive level, the level of the competition can be ranged 

from major international competitions such as the Olympic Games or the World 

Championships to those national competitions. With the wide range of definitions 

identified for elite athletes, researchers suggested to adopt an unquestionably 

definition of elite athletes in the study (Chi, 2006). Success at the athlete’s highest 

level of competition performance was suggested to be a valid indicator of athletes’ 

expertise (Swann et al., 2015). Athletes with titles or medals in major international 

competitions such as the Olympic Games and the World Championships were 

unquestionably elite (Swann et al., 2015). 

While it is no doubt that medalist in major international competitions is 

classified as elite athlete, there are different voices in classifying those 

representatives of national team without gaining medals in major international 

competitions into the category of elite athletes or non-elite athletes. Some 

researchers classified representatives of national team as elite athletes because their 

identities implied that this group of athletes was at least the best in their country at 

that sport (Swann et al., 2015). However, some researchers defined those 

representatives of national team without gaining medals in major international 

competitions as sub-elite or non-elite group as they failed to reach the highest level 

of sports achievement in the field (Kwok, 2012; Markovic et al., 2005; Tsolakis & 

Vagenas, 2010). According to Tsolakis et al. (2010), sub-elite athletes were those 

national team members in the sport with experience in international competition. 

Sub-elite athletes were athletes with superior performance than novice but their 

sports achievement is less outstanding as compared with those elite counterparts.  
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Approaches for Accounting Expert Performance 

 Researchers believe that there must be some reasons for experts to stand out 

from the majority (Ericsson et al., 1991).  In order to identity these reasons, 

researchers adopted different approaches to account for the outstanding performance. 

Making comparison between the skilled athletes with those less skilled athletes is 

one of the approaches that commonly used by researchers for determining the 

attributes for outstanding performance (Dieu, et al., 2014; Ghorbanzadeh et al., 2011; 

Kwok, 2012; Tsolakis and Vagenas, 2010). According to Chi (2006), the expert-

novice approach which is also known as the ‘relative approach’ facilitates 

researchers to gain a deeper understanding of learning by highlighting how those 

experts advanced on the skill continuum have reached that level. Another advantage 

of this approach is that an abundant supply of subjects can be guaranteed as the 

researchers have more freedom in defining the groups. However, without a thorough 

thought in classifying the groups, the relative approach can also lead to disadvantage 

as the range of expert and novice is large. For novice, subjects can be ranged from 

national level to complete novices (Williams and Ford, 2008).  

Other than the ‘relative approach’, the search of expertise can be determined 

by studying the performance or profiles of those elite or outstanding athletes 

(Chaabène et al., 2012; Chi, 2006; Franchini et al., 2011). Chi (2006) termed this 

approach as the ‘absolute approach’. The difficulty of this approach is that by 

definition, only very few of these individuals exist and according to Ericsson and 

Smith (1991), single achievement in a unique situation does not infer that 

performance is solely due to the particular individual’s characteristics. Thus, in the 
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recruitment of subject that is being classified as elite or outstanding, one should be 

required to obtain a series of outstanding achievements under different circumstances. 

Consequently, this constraint may necessitate the use of single-subject case study 

(Williams and Ford, 2008).  

Other than using different approaches for choosing the methodology of the 

study, researchers also investigate the attributes of outstanding performance in 

different dimensions. Some researchers (Claessens et al., 1999; Tsolakis & Vagenas, 

2010; Wheeler et al., 2012) focused on investigating those attributes that are 

inherited while some researchers (Lim & O’Sullivan, 2016; Van Gent & Spamer, 

2005) focused on attributes that are acquired. Some researchers tried to account the 

outstanding performance in sports in terms of general inherited characteristics such 

as the overall physique and body morphology of athletes (Andreato, et al., 2016; 

López-Plaza et al., 2017; Nikookheslat et al., 2016). Inherited physical 

characteristics are the components that researchers commonly investigated for 

determining the expertise in sport fields. According to Janelle and Hillman (2003), 

the impact of inherited characteristics of physical aspect on expertise performance is 

quite unique to sport while they play very limited role in the search of expertise in 

other domains such as music, chess, and mathematics. It is obvious that some 

inherited physical components such as height and physique impose important 

constraints in some sports performance, for example basketball, high jump and 

professional riding (Ericsson & Smith, 1991). However, with the advancement of 

knowledge in the study of sports, inherited characteristics seem inadequate to 

account for the superior performance as these characteristics have been largely 
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failing in identifying strong and replicable relations (Ericsson & Smith, 1991). 

Moreover, the linkage between specific inherited abilities and superior performance 

is inconclusive. Although it is arguable to adopt inherited approach in the search of 

expertise in sports, many researchers agree that hereditary predispositions to physical 

characteristics appear to be significant limiting factors to the overall level of 

expertise that may be acquired in sport (Klissouras, 1997; Swallow et al., 1998).  

 As inherited characteristics unable to account for outstanding and superior 

performance in sports thoroughly, some researchers tried to determine the expertise 

in sports by the acquired approach. With the acquired approach, researchers 

supported the argument that superior performance is the result of extensive and 

systemic training (Ericsson & Smith, 1991). The notion of deliberate practice is 

supported by Ericsson and associates (1993) that expertise in the field can be attained 

by individual who engaged in particular area for either 10 years or 10,000 hours.  

Ericsson and associates (1993) took expert musicians as an example for illustrating 

the relationship between the number of hours of deliberate practice and the level of 

performance. By comparing the number of hours of practice between successful 

musicians and those less successful musicians, results revealed that successful 

musicians devoted over twenty-five hours per week in practicing while those less 

successful counterparts only spent around two hours in practicing per week (Ericsson 

et al., 1993). This result was in line with the power law of practice as suggested by 

Newell and Rosenbloom (1981). According to the power law of practice, a direct 

relationship exists between the number of hours of practice performed and the 

performance level achieved.  
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 Though researchers adopting acquired approach in the search of expertise 

valued the impact of deliberate practice on outstanding performance, but researchers 

also agree that innate hereditary factors impose influence on and limits to the level of 

acquirable expertise (Janelle and Hillman, 2003). Thus, some researchers adopt the 

interactionist approach which determines the expertise in the domain by identifying 

the hereditary predispositions of the individual and the acquirement of the 

performance with years of dedicated practice. 

 With either studying the profile of skilled athletes alone or making 

comparison between the skilled athletes with their less-skilled counterparts in 

different domains, researchers attempt to obtain the determinants of expert 

performance as the information enhance advancement in training program 

prescription and talent identification which facilitate athletes to obtain better result in 

the international events (Philips et al., 2010).  In the search of determinants of 

expertise in sports, researchers investigate the characteristics of athletes in different 

domains, such as physical domain, psychological domain, tactical domain, and 

perceptual domain (Kim et al., 2015; Kwok, 2012; Parnabas, 2015; Williams & 

Ward, 2003).  Most of the studies on determining expertise in sports identify the 

determinants of outstanding performance in a single domain. However, according to 

Janelle and Hillman (2003), there is an interactive nature among the domains of 

expertise. The psychological skills of the athlete affect one’s capability in 

performing the components of each domain. Any weakness in one of the domains 

may significantly impede the athletes’ performance at the highest level. Thus, an 

interactive and multi-dimensional approach should be adopted when determining 
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sports expertise. This notion was supported by Helsen and associates (1998) whom 

stated that to capture the essence of expertise successfully, a multi-disciplinary 

approach rather than an uni-disciplinary approach was required.  

 Weissensteiner and associates (2009) developed a conceptual model of 

expertise in cricket batting by grounded theory approach. To generate this conceptual 

model, Weissenteiner and associates (2009) conducted semi-structured interviews 

with fourteen male expert cricket batsmen, coaches, and administrators. Results 

obtained suggested that a favorable socio-developmental environment, positive 

psychological attributes, mastery of technical skills and superior visual-perceptual 

skill facilitates the development of expert in cricket batting.  

The concept of searching expertise in sports by multi-dimensional approach 

was also supported by Janelle and Hillman (2003). Based on previous studies, 

Janelle and Hillman (2003) suggested that to obtain an expert status in sports, 

athletes must be excel in several domains including physical, psychological, 

emotional, perceptual, technical and tactical. Janelle and Hillman (2003) emphasized 

that the interactive properties of these domains in the building up of an expert in 

sport must be understood. Weakness in one domain might impede the athletes’ 

capability to achieve good performance in sports. Besides, athletes’ performance in 

one domain might facilitate or hinder athletes’ performance in other domains. Hence, 

Janelle and Hillman (2003) suggested that to study the expertise in sports, 

researchers should pay attention to the athletes’ performance within each domain, as 

well as the interactive effects among those domains.  
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The domains included in the multi-dimensional approach suggested by 

Janelle and Hillman (2003) was consistent with other researchers who intended to 

search the expertise in sports by single dimensional approach. Physical domain was 

the common area that researchers focused on in the search of expertise in sports 

(Carter et al., 2005; Kudo et al., 2006; Tsolaskis & Vagenas, 2010) while other 

researchers focused on the traits and capabilities of athletes in psychological, 

perceptual, and technical and tactical domains (Gould et al., 2002; Kwok, 2012; 

Panchal & Jaggi, 2016; Savelsbergh et al., 2002; Torkfar et al., 2011; Williams & 

Elliott, 1999). Except the emphasis on interactive properties among those domains in 

the search of expertise in sports, Janelle and Hillman (2003) hold similar perspective 

as other researchers in the field towards the inclusion of particular domains for the 

study of expertise in sports. 

 

Talent Identification and Expert Performance 

 To ensure athletes from their own countries can achieve the highest 

attainment in sports by gaining medals in important internal tournaments, many 

national governing bodies have visions in developing an effective talent 

identification program (Martindale et al., 2012). Talent identification is known as the 

process that recognizing current participants with the potential to excel in a particular 

sport (Russell, 1989). The usefulness of talent identification programs was being 

questioned by researchers due to its low predictive value and validity in producing 

elite athletes within the sports (Durand-Bush & Salmela, 2001; Régnier et al., 1993). 
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Despite the fact that the effectiveness of current talent identification programs is not 

guarantee, considerable large amount of money and manpower were invested by 

some sports-leading countries such as Australia and United Kingdom in conducting 

their own talent identification program (Rees et al., 2016). 

 Different models, theoretical frameworks and approaches were adopted in the 

design of talent identification program. Even though it is hard to ensure that junior 

athletes can retain all required characteristics that possessed by elite athletes 

throughout maturation, and some traits would not appear until late adolescence, but 

some traits and capabilities such as anthropometric measurements, physical attributes, 

emotional attributes and sports skills are commonly included in the talent 

identification program (Ackland & Bloomfield, 1996; Carter & Health, 1990; Keogh 

et al., 2003). It is no doubt to include sports skills test in the talent identification 

program. However, researchers emphasized that it was problematic to take sports 

skills into consideration alone as this approach ignored the effect of ‘compensation 

phenomenon’ which suggested that deficiencies in one area of performance might be 

compensated by the strengths of the athletes in other areas (Bartmus et al., 1987; 

Williams and Ericsson, 2005). Philips and associates (2010) also voiced out that it 

might not be appropriate to assess closed-skill drill tasks for talent identification in 

open-skilled sports such as basketball and volleyball because for most of the time, 

these skills were performed under a dynamic situation which characterized by 

marked temporal and spatial variability depending on the preceding play. 
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Characteristics of High Performers in Sports  

 In the search of expertise in sports, researchers aimed to identify those 

attributes that made experts stand out from those non-experts and exhibit superior 

performances. Physical, psychological and perceptual attributes are the common 

attributes that researchers tried to identify.  

 

Studies on physical characteristics of high performers. 

 Carter and associates (2005) supported the argument that elite athletes in a 

particular sport fit a certain somatotype which enabled them to achieve outstanding 

performance. Pion and associates (2014) stated that identifying the proper 

anthropometric characteristics of athletes in a sport facilitated talent transfer and 

talent identification. Franchini and associates (2007) found out that the skinfold 

thickness and percent body fat of Brazilian male Judo team members were low 

which indicated that the elite male Judo athletes were very lean. This result is similar 

to the study conducted by Kubo and associates (2006) which suggested that as a 

weight-classed sport, high percent body fat is negatively correlated with performance 

in activities with body mass locomotion. Other than weight-classed sport, a 

discrepancy in anthropometric characteristics between elite and non-elite athletes had 

been found in handball, fencing, and volleyball (Gabet & Georgieff, 2007; Tsolakis 

& Vagenas, 2010; Zapartidis et al., 2009). In the study conducted by Tsolaskis and 

Vagenas (2010), elite fencers tended to be taller than those non-elite fencers with 

lower body fat percentage. It is worth to pay attention that though elite athletes 
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tended to have a lower body fat percentage, but the body mass index of elite fencers 

is higher than that of non-elite counterparts. This result indicated that elite fencers 

got a higher percentage of lean muscle mass than those non-elite fencers. Other than 

anthropometric characteristics, elite athletes also possessed higher ability in various 

physical attributes than their non-elite counterparts. However, the physical attributes 

that can differentiate athletes according to their skill levels are quite sport-specific. 

Thus, researchers conducted studies for identifying a physical and physiological 

profile of athletes in both team and individual sports (Kalinski et al., 2002; Tsolaskis 

& Vagenas, 2010).  

 

Studies on psychological characteristics of high performers. 

 In the past, sport studies have been focused on studying the physical and 

physiological impact on athletes’ sport performance. However, with the increased 

understanding of psychology, people began to investigate the possibility of utilising 

psychology in sports field (Gould et al., 2002; Panchal & Jaggi, 2016; Torkfar et al., 

2011). At the beginning, researchers investigated the relationship between traits and 

personality and sports performance. Since not many changes can be made on traits 

and personality, researchers began to study the impact of other modifiable variables 

on sports performance. Researchers devoted efforts in finding the relationship 

between the utilization of psychological skills in athletes and sports performance 

(Mahoney et al., 1987; Sotoodeh et al., 2012). Concentrations, anxiety management, 
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self-confidence, mental preparation and motivation are the common themes of the 

studies (Lin & Chou, 2014; Gould et al., 2002; Mahoney et al., 1987).  

 

Concentration.  

 Athletes had to compete in the sporting area with millions information, such 

as the instructions from coaches, and the hurrahs of the audiences flashing into their 

brains. Some information is useful for the athlete in maximising their performance 

while most of them are distractions. The ability of athlete to focus on the task at hand 

and avoid distraction is crucial to the success of athlete’s performance (Abernethy, 

2001; Perry, 2005). Mahoney and associates (1987) have recruited seven hundred 

and thirteen athletes in their study for assessing the psychological skills relevant to 

exceptional athletic performance. Subjects comprised one hundred and twenty-six 

elite athletes, one hundred and forty-one pre-elite athletes and four hundred forty-six 

non-elite athletes who participated in different sports. All subjects were asked to 

answer the Psychological Skills Inventory for Sports (PSIS) and the results indicated 

that elite athletes were more successful at deploying their concentration during the 

competition that their non-elite counterparts (Mahoney et al., 1987). This result was 

similar to the study conducted by Gould and associates (2002) which studied the 

psychological characteristics of Olympic Games champion in the United States. Ten 

Olympic champions from the United States were recruited in this study completed 

the Athletic Coping Skill Inventory-28 (ACSI-28) for measuring seven classes of 

sport-specific psychological skills, such as coping with adversity, concentration, and 
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coachability. Subjects in this study obtained significantly higher score in 

concentration as compared with the results obtained in similar study conducted on a 

group of professional baseball athletes (Smith & Christensen, 1994). This result 

indicated that highly-skilled athletes had better performance in concentration than 

their less skilled counterparts. Hayslip and associates (2010) had conducted similar 

study on a group of golfers with different skill levels. However, no significant mean 

difference was found in concentration disruption between the most skilled golfers 

and the least skilled golfers (Hayslip et al., 2010). Hayslip and associates (2010) 

further explored the extent to which the use of psychological skills, competitive trait 

anxiety and golf-specific psychomotor skills contributed to the prediction of 

subsequent performance in the competition. Surprisingly, greater concentration 

disruptions positively correlated to better performance in the golf tournament. 

Hayslip and associates (2010) explained this phenomenon by pointing out that it was 

beneficial for golfers to get disrupted in their concentration between shoots because 

this would enable golfers to focus on the task at hand only when necessary. Rotella 

(2008) also suggested that allowing individuals’ mind to wander between shots was 

adaptive as it enabled golfers to experience anxiety or got aroused only when they 

actually made a shot. Hatzigeorgiadis and Biddle (2001) studied athletes’ perceptions 

of the relationship between cognitive interference and its effect on concentration. 

Cognitive interference refers to those thoughts that individuals experience when they 

perform the task. However, these thoughts are not related to the execution of the task 

at hand. ‘Performance worries’, ‘situation-irrelevant thoughts’, and ‘thoughts of 

escape’ were being investigated in Hatzigeorgiadis and Biddle’s a study (2001). 
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Result indicated that all three kinds of thoughts were detrimental to concentration 

and ‘performance worries’ was the kind of thoughts that most of the athletes reported 

to have. ‘Performance worries’ was also the kind of thoughts that appeared most 

frequently in athletes’ mind (Hatzigerogiadis & Biddle, 2001).  

 

Use of imagery.  

 In order to have good performance in the competition, athletes adapted to 

different physical and physiological trainings. Imagery was recognized as one of the 

effective psychological training methods for improving athletes’ performance (Hall, 

2001). According to Vealey and Walter (1993, p.201), imagery is defined as “using 

all senses to recreate or create an experience in the mind.”. Hall and associates (1998) 

examined the functions of imagery and conduced that the five main functions of 

imagery are cognitive specific, cognitive general, motivational specific, motivational 

general-arousal and motivational general-mastery. Cognitive specific imagery 

represents imagery rehearsal of specific sport skill and cognitive general imagery 

refers to specific goals and goal-oriented behaviour. Motivational general-mastery 

imagery is related to self-confidence and mental toughness while motivational 

general-arousal imagery is related to anxiety and arousal. Imagery has been widely 

used by athletes for different purposes such as skill acquisitions, injury rehabilitation, 

arousal and anxiety regulations (Murphy & Martin, 2002). Arvinen-Barrow and 

associates (2007) investigated the discrepancy between elites and novice athletes in 
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the use of imagery and results suggested that a greater imagery used by elite athletes 

than novice athletes.  

 

Anxiety. 

 Many athletes have experienced anxiety prior to or during the competition. 

Anxiety has been viewed as negative and detrimental to sports performance by 

coaches and researchers (Parnabas et al., 2015a; Weinberg & Gould, 2011)). In order 

to facilitate athletes to achieve their best performance in the competition, sports 

professional have put a lot of efforts on studying the impact of anxiety on athletes 

(Anshel & Sutarso, 2007; Fletcher & Hanton, 2001). According to Jones and Swain 

(1995), both elite and non-elite athletes experienced similar intensity of cognitive 

and somatic anxiety symptoms prior to competition. In the study conducted by Jones 

and Swain (1995), a group of elite and non-elite cricket athletes have been selected 

to be subjects. All of them were asked to respond to the modified Competitive State 

Anxiety Inventory-2 (CSAI-2) by indicating the thoughts and feelings they usually 

experienced just before the competition. Findings of the study suggested that 

although elite and non-elite groups experienced similar intensity of both cognitive 

and somatic anxiety states, elite group tended to interpret somatic and cognitive 

anxiety as facilitate while non-elite group tended to interpret these anxiety states as 

deliberative. Results suggested by Jones and Swain (1995) were slightly different 

from the one conducted by Parnabas and associates (2015a) whom studied the levels 

of cognitive anxiety on a group of Taekwondo athletes with various levels of 
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expertise. Subjects in this study were classified into four different skill levels, 

namely university, district, state and national levels. Subjects from the national level 

were found to exhibit the lowest anxiety level when compared with the other three 

groups of athletes. Parnabas and associates (2015a) explained that athletes with 

higher skill level tended to have better anxiety coping skills which enabled them to 

maintain a high level performance in sports.  In fact, the result obtained by Parnabas 

and associates (2015a) is consistent with the expectation of other sport psychologists. 

Sport psychologists were recruited by Mahoney and associates (1987) for reviewing 

their expectation on the psychological performances of elite and non-elite athletes.  

Sport psychologists were being asked to fill out the PSIS as they thought the elite 

athletes would respond. According to the results, the sport psychologists depicted 

that elite athletes would have less worry and performance anxiety than their non-elite 

counterparts (Mahoney et al., 1987). 

 

Goal setting. 

 Goal setting is one of the psychological attributes that researchers interested 

in studying its application to sports (Weinberg et al., 2000; Gould et al., 2002). 

According to Locke and Latham (1985), coaches and athletes agreed that the skill 

level and motivation of athletes played a crucial role in the success of competitive 

sports. It is believed that goal setting is a useful technique to increase the skill and 

motivation of athletes in competitive sports. In order to obtain a clearer picture on 

the use of goal setting in sports, Weinberg and associates (2000) have conducted a 
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research on a group of Olympic athletes. Over three hundred Olympic athletes from 

various sports were asked to complete a questionnaire detailing their perceptions, use 

and goal setting strategies in the study, Results obtained revealed that all subjects 

practiced some types of goal setting to enhance their sports performance. A fairly 

frequent use of goal setting has been found among the subjects. Most of the subjects 

set weekly goals to improve their sport performance while other subjects set daily or 

monthly goals to improve their performance. Subjects preferred to set difficult goal 

that would be somewhat about the level at which they performed. The difficult goal 

acted as a motivator for them to strive for better achievement in the competition. 

These findings were similar to the one obtained by Gould and associates (2002). 

Gould and associates (2002) asked ten Olympic Winners to fill the Athletic Coping 

Skills Inventory 28 (ACSI-28) for collecting some quantitative results about the 

psychological characteristics of these elite athletes. The ACSI-28 results revealed 

that this group of higher performers had high scores in goal setting which showed 

that goal setting is one of the critical components of the psychology of athletic 

excellence (Gould et al., 2002). 

 

 

Studies on perceptual characteristics of high performers. 

Visual search.  

 Visual search strategy which refers to the way that eyes move around the 

display in an attempt to direct visual attention towards relevant sources of 
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information is one of the research focuses in sport studies (Williams et al., 1994; 

Savelsbergh et al., 2002). Most of the researchers (Williams et al., 1994; Williams & 

Elliott, 1999; Savelsbergh et al., 2002) supported the argument that elite athletes 

display more appropriate and efficient visual search than their non-elite counterparts. 

Savelsberg and associates (2002) conducted a study on assessing the visual search 

ability of expert and novice soccer goalkeepers. They found that expert goalkeepers 

utilized more efficient searching strategy that involving fewer fixation locations with 

longer duration on each location than novice goalkeepers. This finding is similar to 

the one obtained in the study of Mann and associates (2007). Mann and associates 

(2007) have conducted a meta-analytic review focusing on perceptual-cognitive skill 

in sport. Elite athletes were characterised with fewer fixation locations with longer 

duration while non-elite athletes required more fixations of shorter duration. These 

findings support the interpretation that elite athletes were more capable in extracting 

task-relevant information from each fixation than non-elite athletes (Mann et al., 

2007). Williams and associates (1994) suggested that strategy involving more 

fixations of shorter duration may lead to oversights and incorrect decisions marking 

which were detrimental to sports performance. Different searching patterns have also 

been found between elite and non-elite athletes (Savelsbergh et al., 2002; Williams 

& Elliott, 1999). In general, elite athletes have been found to have better visual 

searching performance that their non-elite counterparts as they were able to collect 

sufficient information for further actions with fewer fixations on the same display 

(Murray & Hunfalvay, 2017). Williams and Elliott (1999) have also studied the 

impact of anxiety on visual search ability among elite and non-elite Karate athletes. 
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According to the results of this study, anxiety had a significant impact on the search 

strategy of athletes which was indicated by changes in mean fixation duration, an 

increase in number of fixations and total number of fixation locations per trial. When 

comparing the increased search activity of elite and non-elite athletes, a more 

pronounced result was observed in non-elite athletes with fixations moving from 

central to peripheral body locations. 

  

Balance. 

 Lots of studies have been conducted on investigating the relationship 

between balance and athletic performance recently (Bressel et al., 2007; Davlin, 

2004; Hrysomallis, 2011). Both field tests and laboratory tests are available for 

assessing the balance of athletes. Stork balance test is a common field test being used 

for assessing static balance of athletes (Hatzitaki et al., 2002; McCurdy & Langford, 

2006) while Start Excursion Balance Test (SEBT) is a common field test used for 

assessing dynamic balance performance (Bressel et al., 2007; Thorpe & Ebersole., 

2008). In the study conducted by Bressel and associates (2007), a group of collegiate 

athletes participating in soccer, basketball and gymnastics took part in the Balance 

Error Scoring System and the Star Excursion Balance Test for assessing their static 

and dynamic balance performance respectively. Results obtained in this study 

indicated that athletes competing in different sports performed differently in static 

balance and dynamic balance. Gymnasts and soccer athletes obtained similar results 

in static and dynamic balance. However, basketball athletes displayed and inferior 
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static balance when compared with gymnasts and an inferior dynamic balance when 

compared with soccer athletes. 

 When comparing the balance performance of athletes at different levels of 

competition, highly-skilled athletes had shown superior performance than their less-

skilled counterparts (Paillard et al., 2006). According to the study conducted by 

Paillard and associates (2006), a group of soccer players have been recruited for the 

study and have been classified into three groups, namely national, regional and 

recreational players. Force platform and tilt board on force platform have been used 

for assessing the static and dynamic balance of the subjects. The obtained result 

indicated that national level players had superior static and dynamic balance that the 

regional and recreational groups. Bressel and associates (2007) suggested that 

superior balance performance of highly-skilled athletes may be the result of 

repetitive practice which positively affected their motor responses and the athlete’s 

ability to attend to relevant proprioceptive and visual cues.  

  

Development of Taekwondo 

History of Taekwondo  

 Taekwondo is one of the popular martial arts in the world which is originated 

from Korea with over 2000 years’ history (Goldblatt and Acton., 2011; Kim et al., 

1999). The philosophy and techniques of Taekwondo was derived from Taekkyon, 

an ancient martial arts form founded in Korea as early as 37 BC in the Koguryo 

dynasty (Lawler, 1999; Kim, 1989). With the changes of different dynasties in Korea, 
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Taekkyon kept evolving and finally becoming Taekwondo. The martial arts came 

into its existing form with the name “Tae Soo Do” on 11 April 1955 and the name 

was changed to “Taekwondo” for fostering a sense of continuity with Taekkyon 

(Goldblatt and Acton, 2011).  

 The development of Taekwondo was slowed down at the time when Korea 

was occupied by Japan. The Japan government prohibited Koreans from engaging in 

Taekwondo practice as a suppression policy (Kim, 1989). Upon the liberation of 

Korea from Japanese reign, the emergence of Taekwondo began to appear publicly 

which speeded up the development of Taekwondo.  

 During the Korean War, service men from other countries stationed in Korea 

and began to practice Taekwondo (Kim, 1989). This helped to enhance the 

popularity of Taekwondo in worldwide. In order to promote Taekwondo, 

Taekwondo masters were sent to various countries by Korean government for 

teaching and preserving the martial art of their home country (Kim, 1989).  

 

The Development of Olympic Style Taekwondo  

 There are two different styles of Taekwondo nowadays which are known as 

the International Taekwondo Federation style (ITF) and the World Taekwondo 

Federation style (WT) (Goldblatt and Acton, 2011). The ITF style was developed by 

General Choi Hong Hi who is known as the major figurehead in Taekwondo whom 

sought to maintain the tradition of this Korean martial art (Choi, 1972). Due to 

political reason, General Choi chose to leave South Korea in 1972 (Goldblatt and 



40 

 

Acton., 2011). After General Choi left his home country, the South Korean 

government promptly set up a rival body which is known as the World Taekwondo 

Federation. The World Taekwondo Federation is the official international governing 

body for Taekwondo with over 160 countries registered as its member (Kim et al., 

1999). Dr Kim Un Young, a junior of General Choi, played an important role in the 

development of WT style Taekwondo. He believed that in order to maximize the 

potential of Taekwondo internationally, it should be promoted through sport and he 

noticed that the Olympic Games is the spotlight of people all over the world. Thus, 

gaining acceptance of Taekwondo as an official event in the Olympic Games helped 

to enhance the status and popularity of Taekwondo globally (Kim, 1989). He started 

to conduct studies on evolving traditional Taekwondo into sport by modifying the 

rules and regulations of traditional Taekwondo. As the popularity of WT style 

Taekwondo increased, the South Korean government nominated Taekwondo as the 

national martial arts of Korea in 1971 (Kim, 1989).  

 With the effort of Dr Kim in modifying the traditional Taekwondo into WT 

style Taekwondo, Taekwondo was chosen as a demonstration event at the Olympic 

Games in 1988 and accepted as the official event in the Olympic Games in 2000 (Kil, 

2006). Unlike the usual practice of the eight weight divisions system in other 

international Taekwondo competitions such as the World Taekwondo 

Championships, Asian Games and Summer Universiades, the four weight divisions 

system is adopted in the Olympic Games in 2000 (Goldblatt and Acton, 2011). 

 For formal Taekwondo practice, there are three important elements, namely 

the poomsae, sparring (Kyorugi) and breaking (Yong, 2006). As explained by Yong 
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(2006), poomsae is the combination of basic movements such as blocking, punching, 

and kicking. Athletes are requested to demonstrate the skills by quickly evading 

attacks from left and right sides, following the imaginary poomsae lines with speed, 

accuracy, rhythm, balance, and concentration when performing poomsae. Although 

many Taekwondo practitioners agree that poomsae practice provides a strong 

foundation in Taekwondo learning, it is less popular as compared with sparring, the 

only form of Taekwondo that appears in the Olympic Games. The possible reason of 

the rapid development of sparring than other forms of Taekwondo is its advanced 

appearance in the competition setting. According to Kim et al. (1999), and Kang et al. 

(2007), the first World Taekwondo Championship of sparring was held in 1973 

while the first World Poomsae Championship was held in 2006. With almost thirty 

years advanced development, sparring competition developed a set of mature and 

measurable criteria of success, as well as certain measures that helped to prevent the 

occurrence of serious injury. Thus, the Olympic style Taekwondo is confined to 

sparring, a form of combat in which points are awarded to athletes for attacking the 

legal areas of opponent’s body (Goldblatt & Acton, 2011). 

 

Rules and Regulations of Olympic Style Taekwondo Competition 

 Similar to other sports or martial arts competitions, the Olympic style 

Taekwondo competition is governed by a set of rules which helps to ensure that the 

competitions are conducted in a fair and orderly manner (World Taekwondo 

Federation, 2015). The rules were enacted and amended by the World Taekwondo 
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Federation for ensuring the standardization of all Taekwondo competitions 

worldwide. According to World Taekwondo Federation (2015), any competition 

failing to follow the fundamental principles of these rules cannot be recognized as 

Taekwondo competition.   

 For the purpose of enhancing the attractiveness of the competition to the 

spectators, providing transparency in the decision making of the match officials, and 

reducing the injury rate of the competitors, the rules of competition have been 

amended by the World Taekwondo Federation (Lee et al., 2013; Leveaux, 2012). 

The changes in rules ranged from the duration of each round, the use of instant video 

replay system, the scoring criteria and the numbers of referees in each match 

(Leveaux, 2012).  

 According to the World Taekwondo Federation (2015), Taekwondo 

tournament is a competition that involves direct physical contact and forceful 

physical collisions between the contestants. Hence, for the purpose of reducing the 

inequality in relative factors between the contestants and creating an equal condition 

for the exchange of techniques, the weight division system was established. The 

eight weight divisions system was introduced for most of the Taekwondo 

tournaments while the four weight divisions system was used specifically in the 

Olympic Games or relevant competitions such as the World Taekwondo Grand Prix. 

Contestant exceeding the upper limit or going under the lower limit of the weight 

category will be disqualified. In the Olympic style Taekwondo competition, 

contestants are requested to compete in the contest area which is in square-shape 

with eight meters long in each edge or in octagonal-shape with eight meters in the 
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diameter (World Taekwondo Federation, 2015). According to the World Taekwondo 

Federation (2015), the duration of the competition shall be three rounds of two 

minutes each, with a one-minute rest period between rounds. If the scores of both 

contestants are at level after the completion of the third round, the contestant will 

then enter the fourth round which is also known as the golden point round after a 

one-minute rest period. The first contestant who scores a point or whose opponent 

receives an accumulated one point deduction in the fourth round will be declared as 

the winner of the match. If no winner has emerged after the fourth round, the referees 

should choose a winner on the basis of aggression shown in the sudden death round 

(Goldblatt & Acton, 2011). For some cases, the referee may stop the match before 

the completion of the third round and declare the winner of the match. These cases 

occur when one of the contestants has been knocked down by the opponent’s 

legitimate technique with valid point(s); or one of the contestants withdraws from the 

match due to injury or other reasons; or a twelve points difference between the two 

athletes occurs at the time of the completion of the second round and/or at any time 

during the third round (World Taekwondo Federation, 2015).  

 According to the rules set up by the World Taekwondo Federation (2015), 

only fist technique and the foot technique can be used in Taekwondo competition. 

Fist technique refers to a powerful fist strike to opponent’s permitted trunk area 

while foot technique refers to any striking technique using the part of the foot below 

the ankle bone to opponent’s permitted trunk and head areas. Points will be awarded 

to the contestant when permitted techniques are delivered accurately and powerfully 

to the legal scoring areas of either the body or the head. In order to increase the 
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excitement of the competitions, extra points will be given to valid attack to the head 

or foot technique with turning motion. Several prohibited acts and penalties were 

established for protecting the contestants, ensuring the fairness of the competition 

and encouraging appropriate or ideal techniques in the competitions.  

 

Taekwondo Studies 

 High speed and diversified kickings are the characteristics of Taekwondo. Its 

acceptance as an official event in the Olympic Games induced great interest among 

researchers and Taekwondo experts to search for the contributors to the outstanding 

performances in sparring competitions. Researchers and other relevant parties such 

as coaches always wish to have a clearer picture about the biomechanics of 

Taekwondo kicking techniques, anthropometric characteristics of Taekwondo 

athletes, physiological and psychological contributors to outstanding sparring 

performances, perceptual attributes of Taekwondo athletes and the fighting strategies 

of Taekwondo athletes as this information provide a strong foundation for talent 

identification and training program prescription.  

 

Classification and Features of Kicking Techniques 

Taekwondo is a sport well-noted for its speed and power. Although, both 

kicking and punching are the fundamental and legitimate techniques in Taekwondo, 

kicking is more frequently used in the sparring competition as it has a higher scoring 
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ability than punching (Kazemi et al., 2006).  Hence, the research focus of 

biomechanical study of Taekwondo have been put on the kinematical analysis of 

different kicking forms (Falco et al., 2011; Gu, 2002; Ha et al., 2009; Hong et al., 

2003; Mailapalli et al., 2015), and those factors affecting the impact force of kicking 

(Estevan et al., 2011; Estevan et al., 2013). 

There are different types of kicking in Taekwondo which could be mainly 

classified into two kicking patterns, the swing kicking pattern and thrust kicking 

pattern (Virdi et al., 2009). According to Falco and associates (2011), the swing 

kicks are kicks performed with body rotation directed to the side of the opponent 

while the thrust kicks are those attacks that attempt to hit the front of the opponent in 

a straight movement. According to Pieter and Pieter (1995), swing kicks usually 

generate greater foot velocity as compared with thrust kick because the swing kicks 

involve circular trajectories and the high speed of the attack is due to the rotational 

participation of segments in different planes. Roundhouse kick which has been 

classified as the swing kicking pattern is the most frequently used attack in the 

competition (Kwok, 2012; Luk et al., 2001; Koh & Watkinson, 2002). According to 

the frame-by-frame video analysis on fighting strategy conducted by Luk and 

associates (2001), roundhouse kick accounts for 72.7% of the total attacks and this 

result is consistent with the findings revealed by Kwok (2012) whom conducted a 

notational analysis of fighting strategy of Taekwondo athletes in the 16th Asian 

Games. Roundhouse kick is being frequently used as it is the fastest kicking with 

highest peak kicking velocity and ranked second in the force output among all 

techniques (Kim et al., 2011; Pieter and Pieter, 1995). Other than roundhouse kick, 
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back kick, side kick, cut down kick and reverse kick are those techniques that 

commonly used by athletes. In sparring competition back kick ranked the highest 

force output of all kickings (Pieter and Pieter, 1995). According to Yong (2006), 

scores earned in the competition are based on accuracy, power, and displacement. 

Score will only be awarded to athlete when he or she executed an attack accurately 

and forcefully towards the opponent’s frontal upper trunk or head (Vieten et al., 

2007). Thus, kicking that can be performed in high speed with strong power is a 

credit in the competition. 

Researchers also revealed that there are other factors affecting the quality of 

kicking and its scoring ability. Execution distance plays a crucial effect on the 

impact force and execution time of the attack (Falco et al., 2009). Kicking can be 

executed in different distances which are known as long kick, normal kick and short 

kick. According to Kim and associates (2008), long kick is the most useful kicking 

for scoring among the three kicking distances as it is useful for generating an 

unexpected attack. In order to find out the influence of kicking distance on execution 

time and impact force in roundhouse kick, Falco and associates (2009) have 

conducted a biomechanical study by recruiting thirty-one Taekwondo players in 

Spain to join the test. The subjects were classified into two groups according to their 

competitive experience. Subjects who have won at least one medal in a Spanish 

University Taekwondo Championship or in a Spanish Taekwondo Championship 

were considered as expert athletes while the remaining subjects were classified as 

novice athletes. Results obtained in this study showed a higher maximum impact 

forces for expert athletes than for novice athletes. As far as the execution distance is 
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concerned, no differences were found in the impact force of expert athletes. However, 

significant differences were found in the impact force of novice athletes when they 

executed kickings in different distance (Falco et al., 2009). Hence, these results 

suggested that execution distance does not have influence on impact force as 

competition level increases. Estevan and associates (2012) also stated that the height 

of target affects the impact force in general. Kicking to the chest achieved higher 

impact force than kicking to the head level. However, for skilled athletes, the height 

of target does not influence the impact force. Other than the power of kicking, speed 

of kicking is also one of the crucial factors for wining in Taekwondo. Study (Falco et 

al., 2009) revealed that expert athletes generated faster attack than novice athletes in 

all distances. Experts kick with higher impact force and less execution time than 

novice athletes. Thus, the efficiency of attack generated by expert athletes is higher 

than the one by novice athletes. 

Fighting stance also exerts its influence on the kicking performance. Estevan 

and associates (2013) studied the effect of stance position on roundhouse kick by 

recruiting nine experienced Taekwondo players to perform the kick with three 

different stance positions. The three positions are where athletes stand with feet 

approximately in an orthogonal direction (90°) with respect to the target; where 

athletes stand with feet approximately in a diagonal direction (45°) with respect to 

the target; and where athletes stand with their feet oriented toward the target (0°). 

According to Estevan and associates (2013), athletes perform best with the adoption 

of 0° stance position and 45° stance position. Since the efficiency of roundhouse 

decrease when the athletes initiate the attack with the 90° stance position, therefore, 
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athletes should avoid the adoption of 90° stance position throughout the sparring 

competition.  

 

Anthropometric Characteristics of Taekwondo Athletes 

 It is believed that elite athletes in a particular sport fit a certain somatotype 

which enabled them to achieve outstanding performance (Carter et al., 2005). 

Identification of “proper anthropometry” for different sport has been the interest of 

coaches and researchers (Carter et al., 2005; Kazemi et al., 2006; Tsai, 2007). As a 

weight-classified sport, the anthropology of athletes is one of the major studies in 

Taekwondo as researchers believed that elite athletes fit a certain anthropometric 

profile which facilitated them to be excel in their own sports (Chaabène et al., 2012; 

Franchini et al., 2011; Fritzche & Raschka, 2008; Kazemi et al., 2006; Kazemi et al., 

2009). The height, weight, body fat percentage and Body Mass Index (BMI) are the 

common variables in the anthropometrical measurements on Taekwondo athletes 

(Ball et al., 2011; Fritzsche & Raschka, 2008; Kazemi et al., 2006; Kazemi et al., 

2009; Kazemi at al., 2010; Tsai, 2007; Wheeler et al., 2012).  

 

Height and length of limbs 

Kazemi and associates conducted two studies separately for reviewing the 

anthropometric characteristic of Taekwondo Olympic competitors (Kazemi et al., 

2006; Kazemi et al., 2010). Kazemi and associates (2006) obtained the 
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anthropometric information of each athlete from the official website of the Sydney 

2000 Olympic Games and identified that those winners of the Olympic Games in 

Taekwondo tended to be taller than those non-winners in the same weight category. 

Kazemi and associates (2010) collected the anthropometric information of 

Taekwondo athletes who participated in the 2008 Beijing Olympic Games from the 

official website of the Beijing 2008 Olympic Games for studying the characteristics 

of those winners and non-winners of the games.  Besides, Kazemi and associates 

(2010) also compared their findings in this study to the one they conducted on 

athletes in the Athens Olympic Games (Kazemi et al., 2009) and the one in the 

Sydney Olympic Games (Kazemi et al., 2006). They concluded that both male and 

female medalists in Sydney and Athens Olympic Games in Taekwondo were taller 

than those non-winners, though the results were not statistically significant. Similar 

results were obtained in other Taekwondo studies that making comparison on the 

anthropology between outstanding athletes with those less outstanding counterparts 

(Markovic et al., 2005; Tsai, 2007). Athletes who obtained better result in the 

competition tend to be tall with long limbs. Kazemi and associates (2006) concluded 

that winners in the 2000 Sydney Olympic Games tended to be taller than those non-

winners. 

The findings from Kazemi and associates (Kazemi et al., 2006; Kazemi et al., 

2009; Kazemi et al., 2010) were in line with the results obtained in other studies that 

conducted among athletes in different regions. National team athletes from the 

Philippines and Chinese Taipei had a taller height compared to those non-national 

team athletes (Pieter et al., 2002; Tsai, 2007).  Kazemi and associates (2009) 
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suggested that taller athletes with longer upper and lower limbs can have the 

biomechanical advantage over those shorter counterparts. It enables those taller 

athletes with long limbs to translate into a longer lever providing them with greater 

ability to cover a larger area with less energy. It is also believed that taller athletes 

tend to be more successful as they can cover longer competitive distance which 

enables them to reach their opponents more easily (Markovic et al., 2005).  

Although many researchers suggested that outstanding athletes in Taekwondo 

tended to be taller with longer limbs which gave them biomechanical advantages in 

the match (Markovic et al., 2005; Peiter et al., 2002; Tsai, 2007), some current 

studies revealed that a slightly different trend on the height of Taekwondo athletes 

has been observed. When comparing the data of Olympic Taekwondo competitors of 

2008 Beijing Olympic Games to those of 2004 Athens Olympic Games and 2000 

Sydney Olympic Games, a similar trend on the height of male athletes has been 

observed as male winners tended to be taller than non-winners, though no 

statistically significant difference was found (Kazemi et al., 2006; Kazemi et al., 

2009; Kazemi et al., 2010). However, a different trend was observed among female 

athletes. According to Kazemi and associates (Kazemi et al., 2006; Kazemi et al., 

2009; Kazemi et al., 2010), female winners tended to be taller than non-winners in 

the Sydney and Athens Olympic Games but the situation was changed in the Beijing 

Olympic Games. On average, female winners in the Beijing Olympic Games were 

two centimetres shorter than those non-winners. Although there was no significant 

difference between the height of female winners and non-winners in the Beijing 

Olympic Games, the result indicated that a taller height may no longer give 
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superiority to athletes over their shorter counterparts. Sadowski and associates (2012) 

found that medalists in the Polish Junior Championships were shorter in average than 

those non-medalists. Sixty-three junior male Taekwondo athletes participated in the 

study and classified into medalists and non-medalists group. On average, the height 

of medalists group was shorter than the non-medalists group, though no significant 

difference was found. 

 

Weight and body mass index 

 Kazemi and associates (2009) found that the average weight of male and 

female medalists in the Olympic Games was higher than that of those non-medalists, 

though there were no statistical significant results. Cular and associates (2011) 

explained that it is logical that there were no significant differences in the weight 

between medalists and non-medalists as all athletes tried to maintain their body 

weight in the upper limit of their weight category as it is believed that there is a 

positive correlation between the muscle mass and the power of the attack (Fritzsche 

& Raschka, 2008).  

Although medalists in the Olympic Games tended to be heavier than those 

non-medalists, Kazemi and associates (2009) found that the average Body Mass 

Index (BMI) of winners of the Olympic Games in Taekwondo was lower than those 

non-winners. Body Mass Index is a frequently used standard to estimate obesity 

(Wilmore & Costill, 1999) which is determined by dividing body weight in 

kilograms by the square of body height in meters. It is frequently used in sports 
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science study for estimating the total body fat percentage of athletes because it is 

easy operate and has high correlation with other accurate body fatness estimation 

methods such as dual-energy X-ray absorptiometry (DXA) (Steinberger et al., 2005).   

Cular and associates (2011) also studied the BMI values of those athletes 

participating in the 2008 Beijing Olympic Games. The result indicated that the BMI 

values of these top-level athletes were in the normal range, though most of the data 

were in the lower part of the normal range. This may due to the fact that this group of 

top-level athletes has a higher muscle mass when compared with the general 

population (Cular et al., 2011).  

 

Percentage of body fat 

Other than body mass index, researchers (Fritzsche & Raschka, 2008; Kim et 

al., 2015; Pion et al., 2014; Sadowski et al., 2012; Wheeler et al., 2012) also studied 

the anthropometry of Taekwondo athletes by estimating the level of adiposity 

through skinfold measurement or bioelectric impedance analysis (BIA). Some 

studies suggested that the percentage of body fat in elite Taekwondo athletes was 

relatively low as compared with those non-elite athletes (Ghorbanzadeh et al., 2011; 

Kazemi et al., 2006; Kazemi et al., 2009; Sadowski, et al., 2012). In fact, it is a 

common practice for combat sports athletes to strive for maximizing their muscle 

mass and reduce their body fat percentage so that they could maximize their “power 

to weight” ratio within the given weight category (Burke & Cox, 2009).  
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Fritzsche and Raschka (2008) studied the body composition and somatotype 

of a group of top level Taekwondo practitioners in Germany. Significant mean 

difference in body fat percentage was found when making comparison between the 

elite group, the non-professional Taekwondo practitioners and non-Taekwondo 

sportsmen from local fitness centre. Both male and female subjects in the elite group 

demonstrated 2-3% less body fat than those non-professional counterparts. 

According to Fritzsche & Raschka (2008), elite Taekwondo athletes in Germany had 

lower body fat percentage than non-elite Taekwondo athletes and it is important for 

athletes to achieve an optimal relationship between performance and strength. Thus, 

athletes should minimize the portion of subcutaneous fatty tissue. Markovic and 

associates (2005) also obtained similar result by studying the body composition of 

Croatian female Taekwondo athletes. Elite Croatian female athletes were reported to 

have less body fat and more lean body mass than those non-elite counterparts. Heller 

and associates (1998) revealed that elite male and female Taekwondo athletes 

demonstrated extremely low estimated body fat percentages and increased amounts 

of lean body mass. In fact, it is a common phenomenon for combat sports athletes 

having a below average body fat percentage. Studies revealed that combat sports 

athletes usually compete in the weight categories which is 5% to 10% below their 

normal body weight (Artioli, et al., 2010; Pettersson et al., 2013).  

Zahran (2010) suggested that the increase in skinfold is a burden on the 

body’s vital organs. Hence, athletes with a high level of adiposity may require extra 

effort carry on their duties, where a lower fat amount is evidence to the high physical 

fitness. The suggestion given by Zahran (2010) is consistent with Imamura and 
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associates (1998) whom also stated that the body fat portion correlates to the 

efficiency of sports performance negatively. As Taekwondo is characterized by high 

speed of attack, a low level of body fat percentage would be beneficial to 

Taekwondo athletes for achieving better performance.  

Although a number of studies supported the argument that successful athletes 

tend to have lower body fat percentage which facilitates them to perform better in 

Taekwondo (Fritzsche & Raschka, 2008; Kazemi et al., 2006; Kazemi et al., 2009; 

Markovic et al., 2005), the study conducted by Wheeler and associates (2012) 

obtained a different result. Wheeler and associates (2012) examined the 

anthropometric and physiological characteristics of athletes who participated in the 

selection of Olympic Games in Australia. The result in this study revealed that the 

body mass of standing height values of selected and non-selected athletes was 

similar. Olympic selected athletes also displayed a higher percentage of skinfold 

thickness in the lower extremity. It is believed that a higher adiposity in the lower 

extremity helps to provide a greater capability to absorb the forces related to body 

contact including kicking. This phenomenon is supported by Reilly and Gilbourne 

(2003) who stated that athlete anthropometry may change depending on whether the 

sport involved body impacts such as contact or collision between athletes.  

 As mentioned above, most of the studies revealed that elite or skilled 

Taekwondo athletes tend to be taller with longer limbs, and lower level of body fat 

percentage than their non-elite or less skilled counterparts (Fritzsche & Raschka, 

2008; Kazemi et al., 2006; Kazemi et al., 2009;) but different results were obtained 

in other studies (Kazemi at al., 2010; Sadowski et al, 2012; Wheeler et al., 2012). 
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Although no concrete conclusion about the proper anthropology of Taekwondo 

athletes could be drawn based on the recent findings, coaches and athletes believed 

that maintaining a low level of subcutaneous fatty tissue is good for Taekwondo 

athletes (Fritzsche & Raschka, 2008; Tsai, 2007).  

In order to achieve a low level of body fat percentage, body weight and BMI, 

Taekwondo athletes practiced various weight loss strategies including dieting, 

fasting, fluid restriction, passive or active dehydration (Fleming & Costarelli, 2009). 

Many Taekwondo athletes adopted rapid weight lose techniques in making weight 

such as greatly reduced the overall food intake and increased the amount of exercise 

four or five days before the exercise. Some of them even refused to eat or drink 

anything in the 24–hour period before the official weight-in (Pettersson et al., 2013). 

Although evidences were provided on the negative effect of extreme and rapid 

weight loss strategies on athletes’ physical and cognitive performance, Taekwondo 

athletes including those at elite level still practiced rapid weight reduction (Fleming 

& Costarelli, 2007; Fleming & Costarelli, 2009). Pettersson and associates (2013) 

suggested that apart from the negative effect of extreme weight loss strategies, 

precompetitive weight loss practice do provide athletes with positive psychological 

benefit as it helps to enhance athletes’ sense of readiness for the competition and 

positive athletic identity.  
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Physical Characteristics of Taekwondo Athletes  

According to Zar et al. (2008), understanding the physical characteristics of 

athletes and those influential factors contributing to the successful performances of 

athletes were important as this enabled related parties to find out the weaknesses of 

athletes. Professionals could utilize the results obtained in the study to prescribe an 

appropriate training programme which suited the needs of the athletes. In order to 

have a clearer picture on the physical profile of Taekwondo athletes and practitioners, 

researchers recruited relevant parties from different teams or Taekwondo clubs for 

conducting different physical tests (Campos et al., 2012; Heller et al., 1998; 

Matsushigue et al., 2009; Zahran, 2010; Zar et al., 2008).  In the search for those 

physical attributes to the Taekwondo performance, flexibility, anaerobic capacity, 

aerobic capacity, power and agility are those parameters being investigated 

frequently (Arazi et al., 2016; Ball et al., 2011; Butios et al., 2007; Ghorbanzadeh et 

al., 2011; Heller et al., 1998; Herrera-Valenzuela, et al., 2016; Santos et a., 2011) 

 

Aerobic and anaerobic capacity 

Taekwondo sparring is famous for its intermittent nature for the two minutes 

three rounds competition time which athletes perform high intensity attack and low 

intensity stepping alternatively throughout the match (Santos et al., 2011).  With this 

intermittent characteristic of fighting pattern in Taekwondo, a relevant contribution 

of both the aerobic system and anaerobic system in the competition had been 

observed (Bridge et al., 2014). Heller and associates (1998) conducted a study to 
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review the physiological profiles of Taekwondo athletes from Czech national team. 

Eleven male and twelve female elite athletes with outstanding performance in 

international events participated in several tests which assessed their pulmonary 

function, flexibility, strength, anaerobic capacity and power, maximum oxygen 

consumption and the ventilatory threshold. Results obtained indicated that successful 

Taekwondo athletes tended to have better anaerobic abilities and elevated aerobic 

fitness. Erie and associates (2007) also obtained similar results as Heller and 

associates (1998) that Taekwondo athletes have good aerobic fitness. Erie and 

associates (2007) recruited recreational adolescent Taekwondo practitioner to 

participate in the study and the results obtained suggested that male practitioners had 

better aerobic endurance than female practitioners.  

In fact, it is a controversial issue for the discussion of aerobic and anaerobic 

responses to the practice of Taekwondo. Many researchers (Erie at al., 2007; Heller 

et al.,1998; Zar et al., 2008) included aerobic capacity assessment in studying the 

physiological profiles of Taekwondo athletes as they hypothesised that aerobic 

capacity had positive correlation with Taekwondo performance. Satilmis and 

associates (2010) also suggested that regular Taekwondo practice is beneficial to the 

development of aerobic capacity in adolescent. Bridge and associates (2007) 

conducted a study to evaluate the heart rate responses of specific Taekwondo 

training activities. In the study, Taekwondo training activities were separated into 

basic technique and forms, technical combinations, forms, step sparring, elastic 

straining, pad work training, sparring drills and free sparring. The heart rate 

responses of a group of experienced male Taekwondo practitioners during 
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Taekwondo training were measured using the Polar Team System. The finding of 

this study showed that Taekwondo training elicited heart rates into 64.7% to 81.4% 

of maximum heart rate which was sufficient for developing and maintaining 

cardiovascular fitness in healthy adults (55% to 90% maximum heart rate) as 

suggested by the American College of Sports Medicine (Pollock et al, 1998). The 

practice of sparring drills (80.8% of maximum heart rate) and free sparring (81.4% 

of maximum heart rate) elicited the greatest demands on aerobic capacity (Bridge et 

al., 2007). Hence, the exercise intensity of Taekwondo training was sufficient for 

improving or maintaining cardiovascular health of adults given that the duration of 

the training sessions were more than twenty minutes.  

Although many researchers (Bridge et al., 2007; Satilmis et al., 2010) 

supported that aerobic capacity of practitioners can be enhanced through Taekwondo 

practice, Melhim (2001) had a different idea with them. Melhim (2001) suggested no 

improvement in aerobic capacity of practitioner had been observed from Taekwondo 

training. Nineteen male adolescents were recruited in the study of Melhim (2001) 

and all of them were practitioners at intermediate level who had practiced 

Taekwondo for about a year. All subjects engaged in Taekwondo training three times 

per week for a total of eight weeks. Subjects were asked to perform the graded 

continuous maximal exercise test for determining the aerobic capacity and Wingate 

aerobic test for determining their anaerobic power and capacity. According to the 

results, the absolute anaerobic capacity of the subjects has been increased by 61.5%. 

However, no significant effect of maximal oxygen consumption had been found 

which indicated that there was no concomitant improvement in aerobic capacity after 
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eight weeks of Taekwondo training (Melhim, 2001). Although no absolute 

conclusion can be drawn of the training effect of Taekwondo on aerobic capacity, it 

is unquestionable that aerobic capacity is needed for Taekwondo performance 

(Bouhlel et al., 2006; Bridge et al., 2014).  

Researchers also suggested that Taekwondo athletes possess moderate to high 

levels of aerobic fitness and high level of anaerobic capacity (Bouhlel et al., 2006; 

Brideg et al., 2014; Hammami et al., 2014; Heller et al., 1998). According to Heller 

and associates (1998), a good performance in anaerobic capacity allows athletes to 

be capable for generating energy at a high rate which delays the muscle onset fatigue. 

Hence, athletes can continuously to perform at high intensity and execute explosive 

attack. Researchers found that Taekwondo athletes performed intermittently by 

performing the attack with pause of non-attacking period had an average fighting and 

non-fighting ratio ranged from 1:2 to 1:7 (Bridge et al., 2011; Campos et al., 2012; 

Matsushigue, et al., 2009; Santos et al., 2011). These ratios impose a high demand 

upon anaerobic metabolic pathways which is known as phosphocreatine degradation 

and moderate anaerobic glycolysis activation (Bridge et al., 2009; Bridge et al., 2011; 

Campos et al., 2012). Thus, Taekwondo is dominant by the anaerobic metabolism 

and Taekwondo athletes required to have good anaerobic capacity for performing in 

the competition (Yen, 2012).  

Some researchers identified the important role of anaerobic capacity in 

Taekwondo by making comparison on this parameter between successful and less 

successful Taekwondo athletes (Matsushigue et al., 2009; Obmiński et al., 2010; 

Sadowski et al., 2012). Successful Taekwondo athletes had been identified with 
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higher level of anaerobic capacity than their non-successful counterpart which 

provided a strong evidence that anaerobic capacity is essential for superior 

performance in Taekwondo. Matsushigue and associates (2009) conducted a study 

on analysing the physiological response of national athletes from Brazil Taekwondo 

team. Blood samples were collected from subjects for analysing the blood lactate 

concentration during the match. The match analysis was conducted as to collect 

information about the technique being used, the determination of effort period, time 

interval between high-intensity movements and ratio between the duration of effort 

and rest. The result obtained in this study suggested that the anaerobic metabolism is 

important during the attack while aerobic metabolism predominates during the 

intervals between the attacks (Matsushigue et al., 2009). 

It had been proved that anaerobic power is correlated with the quickness of 

kicking in Taekwondo. Taskin and associates (2016) examination the effect of 

anaerobic power on quickness in elite female athletes from Turkey national team. 

Subjects were asked to perform the Wingate test and five meters sprint test for 

determining the anaerobic power and quickness respectively. A high correlation was 

found between the two parameters and researchers concluded that anaerobic peak 

power and anaerobic mean power are significant predictors of quickness in 

Taekwondo athletes (Taskin et al., 2016).  
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Power 

Zahran (2010) indicated that muscular power of the lowerlimbs with speed 

attributed to chance of scoring to the attack. According to Yong (2006), scores 

earned in the competition are based on accuracy, power, and displacement. Score 

will only be awarded to athlete when he or she executed the attack accurately and 

forcefully towards the opponent’s frontal upper trunk or head (Vieten et al., 2007). 

Thus, there is a need to investigate the power profile of Taekwondo athletes.  

Forty athletes from the Egyptian junior national team were recruited by 

Zahran (2010) to study the biological characteristics for Taekwondo performance. 

Subjects were asked to perform the vertical jump for assessing the power of the legs. 

Significant difference was observed in the muscular power when comparison was 

made between female and male athletes. Male athletes demonstrated a higher mean 

value of muscular power than the female athletes.  The same protocol for assessing 

power of lowerlimbs was used by Satilmis and associates (2010) on a group of 

adolescence Taekwondo athletes. The result obtained found that the linear increment 

of power of lowerlimbs is the result of the development of rapid growth and the 

intense use of lowerlimbs in Taekwondo training.  

Several researchers tried to find out the discrepancy between outstanding 

Taekwondo athletes with less outstanding counterparts in the aspect of power of 

lowerlimbs (Heller et al., 1998; Markovic et al., 2005; Sadowski et al., 2012; 

Wheeler et al., 2012). Vertical jump, standing long jump, and one repetition counter 

movement jump test are the protocols that frequently being used for assessing the 
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power of lowerlimbs among Taekwondo athletes. In the study conducted by Wheeler 

and associates (2012), significant difference had been found when comparing the 

performance of power between those athletes who were being selected for joining 

the Olympics Games with those who failed in the selection. Selected athletes 

possessed a higher level of power in the lowerlimbs than those non-selected 

counterparts and this result is in line with the results obtained in other studies 

(Ghorbanzadeh et al., 2011; Heller et al., 1998). However, exceptional result was 

obtained in the study conducted by Sadowski and associates (2012). Sadowski and 

associates (2012) stated that the mean power of the lowerlimbs of non-medalists in 

the championship was slightly higher than the medalists group, though no 

statistically significant result was observed.  

 

Flexibility 

Flexibility is another component that frequently assessed in studying the 

physical profiles of Taekwondo athletes (Ghorbanzadeh et al., 2011; Heller et al., 

1998; Sadowski et al., 2012; Suzana and Pieter, 2009). In fact, it is believed that with 

the success in Taekwondo, athletes must possess an adequate range of motion for 

executing the attack while high strength and power have to be maintained at the 

same time (Behm and Haddad, 2015). Sit and reach test is the most commonly used 

measurement method among Taekwondo studies which provide valid data on 

assessing the hamstring flexibility (Bridge et al., 2014).  Though the flexibility of 

Taekwondo athletes is higher than the norm of general population (Heller et la., 
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1998), there is no significant difference being observed when making comparison 

between the outstanding and less outstanding athletes (Markovic et al., 2005; 

Sadowski et al., 2012). When comparing the flexibility of junior Taekwondo athletes 

with senior Taekwondo athletes at recreation level, no significant difference had 

been obtained (Suzana and Pieter, 2009). Pion and associates (2014) studied the non-

sport specific characteristics of Judo, Karate and Taekwondo athletes, Taekwondo 

athletes obtained the highest score in flexibility than athletes in the other martial arts.  

Though male Taekwondo practitioners performed better than female 

practitioners in some physical parameters, such as power of lowerlimbs and 

anaerobic capacity, but female practitioners also had advantage in practicing 

Taekwondo. Erie and associates (2007) suggested that female Taekwondo 

practitioners had better performance in flexibility than male practitioners and this 

result is similar to the one obtained by Bercades and associates (1994). Bercades and 

associates (1994) recruited members from the Philippine national Taekwondo team 

to take part in flexibility test. Female athletes from the team had scored 124.6 

degrees for hip flexion with a straight leg while male athletes had scored 123.9 

degrees. In fact, having good lowerlimbs flexibility is beneficial to Taekwondo 

athletes as this allows athlete to kick higher which may result in higher scoring, as 

kickings to the head worth more points compared to kickings to the trunk (Erie et al., 

2007).  
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Agility 

Agility was identified as the physical characteristic that had significant 

relationship with the success of Taekwondo performance (Arazi et al., 2016). 

According to Sheppard and Young (2006), agility defined as a rapid whole-body 

movement with the change of velocity or direction response to a given stimulus that 

incorporates with both deceleration and acceleration phases. Taekwondo is known as 

an open skill which requires athletes to perform in an unpredictable environment. 

According to Kwok (2012), medalists tended to include more variation in the attack 

which upset the opponent’s time in responding to the attack. A good agility 

facilitated athletes to have better response to the stimuli by altering the body 

movement to a direction that can execute appropriate responses. Markovic and 

associates (2005) conducted a study in comparing the agility of successful and less 

successful female Taekwondo athletes by asking them to perform the side stepping 

test which could assess the lateral agility of the athletes. Result obtained in the study 

found that successful athletes performed faster in the lateral agility than the less 

successful counterparts. Markovic and associates (2005) suggested that agility may 

be viewed as a prerequisite for success in international conception. 

 

Psychological Studies of Taekwondo 

 The makeup of successful athletes is complicated and most of the coaches 

and researchers agreed that physical attributes, skill based components and mental 

issues are the three factors that affect the achievement in sports field (Janelle and 
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Hillman, 2003; Parnabas, 2015; Salehian et al., 2014). Janelle and Hillman (2003) 

believed that the development of psychological skills is critical to superior 

performance in sports as psychological skills affect athletes’ capability in performing 

other components within the domains of expertise such as physical, tactical and 

perceptual. Lim and O’Sullivan (2016) had similar perspectives towards the 

influence of psychological skills on physical domains for sports performance. Lim 

and O’Sullivan (2016) suggested that the maintenance of peak physical condition 

during the competition correlated to athletes’ capability to cope with the stress 

during the competition. A case study of mental skills training for a Taekwondo 

Olympic gold medalist had been conducted by Lim and O’Sullivan (2016). An eight-

sessions mental skill training program was given to the athlete over a two-months 

period of four months prior to the London Olympic Games. The measurement of the 

athlete’s psychological and mental state before and after the intervention was 

collected by the Test of Performance Strategies (TOPS) which was developed by 

Thomas et al. (1999). Although previous studies found that elite athletes were 

superior in mental skills and success in Taekwondo must go with the obtainment of 

positive thoughts, self-talk, imagery and routine (Lim, 2007; Vealey, 2007), the 

athlete was reported for failing to control her negative thoughts in the study (Lim et 

al., 2016). It was reported that self-talk, imagery and anxiety management were the 

strengths of the gold medalist but the medalist did not know how to utilize these 

strengths efficiently (Lim et al., 2016). The study provided evidence that the 

frequency of practicing mental skill training correlated to the increment of 
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confidence of an athlete positively which facilitated the athlete to achieve good 

performance in the competition (Lim et al., 2016).  

 

Anxiety management 

 Anxiety is one of the psychological factors that have been proved to 

negatively correlate with sports performance (Parnabas, 2015). Competitive state 

anxiety consists of two components which are cognitive and somatic anxiety and if 

athletes failed to manage them, a deterioration of sports performance will occur 

(Jarvis, 2002). It is reported that female Taekwondo athletes have higher level of 

competitive state anxiety than males (Parnabas, 2015). Thus, Parnabas (2015) 

suggested that the high levels of competitive state anxiety may serve as one of the 

main barriers that inhibited Taekwondo athletes, especially female Taekwondo 

athletes from gaining higher achievements in sports. Lim and associates (2016) 

suggested that mental skill training helped to prepare athletes to create a positive 

psychological state to cope with anxiety during the competition, and imagery was 

suggested as one of the efficient mental skills that Taekwondo athletes should 

practice during training period.  

 

Mental preparation 

In order to have an efficient management of anxiety, imagery was suggested 

to use as a mental preparation skill for Taekwondo athletes which facilitated the 
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athletes to cope with anxiety before and during the competition (Lim et al., 2016). A 

study was conducted for investigating the effect of utilization of internal imagery and 

progressive muscle relaxation in coping with negative mood and anxieties among 

Taekwondo athletes (Bagherpour et al., 2012). The result in the study suggested that 

including imagery practice, progressive muscle relaxation practice or the 

combination of both techniques in the Taekwondo training session provided positive 

effect on mood management and anxiety management in the competition. When 

making comparison between the result of the four study groups (combined, imagery, 

progressive muscle relaxation group and control group), the combined and imagery 

group are significantly better than the control group. Thus, imagery has been proved 

as a psychological technique that Taekwondo athletes should equip. The positive 

effect of imagery on enhancing sports performance in Taekwondo has also been 

supported by Parnabas and associates (2015b). According to Cox (2011), imagery is 

defined as the use of all senses to re-create or create an experience in the mind. 

Imagery is further classified into internal imagery and external imagery, while the 

former refers to athletes visualizing themselves as doing the task and the latter refers 

to athletes visualizing them from a third-person’s perspective (Ampofo-Boateng, 

2009). Parnabas and associates (2015b) recruited seventy-eight Taekwondo athletes 

with different rank to conduct the research. Participants were asked to fill in the 25-

item Imagery Questionnaire and Sport Performance Scale. The results obtained 

indicated that Taekwondo athletes tend to use internal imagery more frequently than 

the external imagery, though both kinds of imagery have shown positive correlations 

with sports performance among Taekwondo athletes. Significant difference was also 
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revealed when comparison was made between athletes with different ranks namely, 

national, state, district and university on the use of imagery (Parnabas et al., 2015b). 

National and state Taekwondo athletes exhibited higher level of imagery usage than 

those athletes at district and university levels. 

 

Superior performance of Taekwondo athletes in psychological attributes 

 Other than studying the psychological profiles of outstanding athletes, 

conducting the study with mixed samples of skilled and less skilled athletes is 

common in the psychological research in martial arts (Kavoura et al., 2012). Skilled 

Taekwondo athletes developed better mental skills to cope with the high-pressure 

situation in Taekwondo sparring by showing a higher level of confidence, better 

coping skills in managing competitive state anxiety, higher self-esteem, better 

stability and concentration and higher level of mental toughness (Biglari et al., 2015; 

Parnabas, 2015a; Salehian et al., 2014; Zandi and Mohbi, 2016). It is obvious that 

elite or outstanding Taekwondo athletes perform better in several psychological 

characteristics than those non-elite or less outstanding counterparts.  

 

Perceptual Studies of Taekwondo 

 Taekwondo sparring is classified as an open skill because it involves athletes 

to perform in an environment that is unpredictable and requires athletes to adapt their 

movements in response to the dynamic properties of the environment (Schmidt & Wrisberg, 
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2004). For performing in such environment, athletes must be able to extract relevant cues in 

the environment and exclude those distractions (Janelle & Hillman, 2003). The elite 

performance in combat sports associated with athletes’ performance in the perceptual aspect. 

For studying the perceptual aspects of Taekwondo, balance and reaction time are the 

components being investigated.  

 

Reaction time 

Fong and associates (2013) examined the training effect of Taekwondo 

among adolescents in reaction time. Twenty Taekwondo practitioners were recruited 

by convenience sampling for the study and subjects’ results in ruler-drop reaction 

time test was compared with the control. Statistical significant difference has been 

obtained when comparison of simple reaction time was made between Taekwondo 

practitioners group and the control group which suggested that reaction time of 

Taekwondo practitioner is shorter than those non-practitioners (Fong et al., 2013). In 

fact, previous study conducted by Vieten and associates (2007) stated that reaction 

time plays an important role in the victory of Taekwondo competition. Ninety-nine 

subjects with different skill levels were recruited in Germany for investigating their 

reaction time. Fifty-two of the subjects were recruited from the German Taekwondo 

national squad while the rest of the subjects were active Taekwondo players at 

regional level or sports students who had taken Taekwondo class in the first semester 

of their university study. Results obtained revealed that significant difference in 

reaction had been found with athletes from national squad achieving the shortest 

reaction time on average as compared with the other groups. The finding (Vieten et 
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al., 2007) provided clear information that success in Taekwondo correlated with a 

distinctly shorter-than-average reaction time. This finding is also in line with similar 

studies which studied the reaction time of elite and sub-elite Taekwondo athletes in 

Turkey (Fisekcioglu, 2011; Ghorbanzadeh et al., 2011). In view to the suggestion 

given by previous studies (Fisekcioglu, 2011; Ghorbanzadeh et al., 2011; Vieten et 

al., 2007) stating that reaction time is the key to success in Taekwondo competition. 

 It is vital that a good performance in reaction time gives credit to the sports 

performance in Taekwondo. However, related parties such as researchers and 

coaches questioned about the impact of training on reaction time. Hermann and 

associates (2008) studied the reaction time (the time beginning at the instant of an 

external signal and ending with the start of the shoulder, hip and ankle movement) 

and performance time (time from the first goal-oriented action till hitting the target) 

of roundhouse kick among national team members in Germany. According to the 

result obtained in this study, small variation has been found in the performance time 

which indicted the skill levels among these athletes were similar. However, reaction 

time had displayed a significant bigger variance than performance time which 

suggested that no training effect on reaction time and this finding is similar to the 

research studying the reaction time and anticipatory skills in Karate athletes (Mori et 

al., 2002). Mori and associates (2002) investigated the simple reaction times and 

choice reaction times of Karate athletes and the control group who have no 

experience in Karate training). Significant difference has been found in choice 

reaction times between athletes and the control group. However, no statistical 

difference has been found in the simple reaction times between the two groups which 
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indicated that there was no training effect on simple reaction times whereas athletes 

had better performance in choice reaction time than their counterparts (Mori et al., 

2002). 

 

Balance 

Other than reaction time, researchers also studied the balance ability in 

Taekwondo practitioners as rotation of the body with pivoting on one leg is essential 

for executing all Taekwondo kicking techniques (Fong et al., 2012). Fong and 

associates (2012) recruited thirty-eight subjects to participate in the study with 

nineteen of them were recreational Taekwondo practitioners and the rest of them 

were non-practitioners. Results obtained indicated that there was significant 

difference in functional balance ability between the two groups with Taekwondo 

practitioners got better performance. The good result of balance performed by the 

Taekwondo practitioners may result from the effect of Taekwondo training on the 

improvement of neurophysiological aspect of the subjects (Fong et al., 2012). Thus, 

it is suggested that Taekwondo training facilitates the improvement in the dynamic 

balance of the individual. This result was in line with the one conducted by Leong 

and associates (2011). Leong and associates (2011) recruited eleven subjects with 

low level of Taekwondo training and eleven sedentary healthy subjects to participate 

in drop test which measured subject’s ability in stabilization. Based on the results 

obtained, Taekwondo training was found to be beneficial for people with balancing 

problems.  
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Although the benefit of Taekwondo training on improving the static and 

dynamic balance is vital (Fong et al., 2012; Leong et al., 2011), not much research 

had been done on comparing the ability of balance in highly-skilled and less skilled 

Taekwondo athletes.   

 

Technical and Tactical Attributes of Taekwondo   

 Olympic style Taekwondo is a typical example of an open skill which refers 

to a skill that performed under an unpredictable environment or in motion that 

requires performs to adapt their movements in response to the dynamic properties of 

the situation (Schmidt & Wrisberg, 2004). Hence, a high level performance in 

physical, physiological and psychological aspects cannot guarantee the success in the 

competition, unless proper techniques and tactics have been utilized. In view of the 

important role of techniques and tactics in sparring, researchers (Casolino et al., 2012; 

Falco et al., 2012; Luk et al., 2001; Matsushigue et al., 2009; Santos et al., 2011) 

conducted systematic study on match analysis by notational analysis.  

 

Notational analysis of Taekwondo 

Notational analysis is a non-invasive performance analysis technique that 

helps to a broader insight into the time structure and the technical and tactical 

demands of real and official combat sports’ competition (Ouergui et al., 2015). The 

results obtained in the notational analysis helps to quantify the attack and indicate 
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where technique fails or excels in practical situation. It is a common method adopted 

by researchers in studying the technical and tactical attributes of Taekwondo 

(Casolino et al., 2012; Falco et al., 2014; Kwok, 2012; Suppiah et al., 2017). Based 

on the guidelines as suggested by Hughes (2004), the process of notational analysis 

involved defining performance indicators, and establishing the reliability of the data 

collected. In the notational analysis of Taekwondo technical and tactical attributes, 

the type of attacks (Falco et al., 2012; Kwok, 2012; Luk et al., 2001; Suppiah et al., 

2017), the site of attack (Falco et al., 2012; Kwok, 2012), the mode of attack 

(Casolino et al., 2012; Kazemi et al., 2006; Kazemi et al., 2009; Kazemi et al., 2010; 

Kwok, 2012) are the common performance indicators being coded and analyzed by 

researchers.  

According to Hughes (2004), it is important to ensure the reliability of the 

analysis. However, among seventy-two research papers published with the title of 

notational analysis, only 30% of them reported the reliability of the study (Hughes et 

al., 2002). To enhance the reliability of the data collected, training should be 

provided to observers who are going to code the video. During the training session, 

all parameters for coding should be clearly defined and explained by the researchers. 

The observers would conduct the practice trial of coding under the supervision of the 

researchers. Problems in coding should be detected in this phase and consensus on 

coding should be met between observers and researchers (Falco et al., 2014; 

Hernández & Anguera, 2002). Overall performance of the observers should be 

controlled through the checking by inter-observer reliability (Falco et al., 2014). 
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Type and mode of attack 

 Falco and associates (2012) analyzed matches from the Spanish University 

Championship that included thirty male and thirty-one female athletes. In this study, 

the performance of athletes was evaluated based on four areas including the total 

number of attack, the attacking and counterattacking nature of the attack, the site of 

attack, the type of attack, and the scoring profiles of the attack. For the type of attack, 

Falco and associates (2012) grouped all attacks into three categories namely, circular, 

linear and spinning attack. The results in this study revealed a greater number of 

circular attacks were being used in the competition by both male and female athletes. 

Athletes exhibited a higher tendency in performing attacking rather than 

counterattacking and this result is in line with the study conducted by Kwok (2012). 

According to Kwok (2012), both medalists and non-medalists in the 16th Asian 

Games relied heavily on an aggressive mode of attack as this mode of attack is easier 

to execute as compared with the passive attack. The explanation of this phenomenon 

is that passive attack is a more complicated technique which required athletes to 

anticipate the situation and be able to execute the attack earlier within a combat 

sequence (Hermann et al., 2008). Other than the mode of attack, Kwok (2012) also 

adopted a different approach in analyzing the type of attack as compared with the 

one of Falco and associates (2012). Instead of classifying the attack into circular, 

linear and spinning attack, Kwok (2012) noted ten types of attack in her study which 

included roundhouse kick, side kick, push kick, cut down kick, back kick, double 

roundhouse kick, triple roundhouse kick, 360° roundhouse kick, reverse kick and 

punch. This classification of type of attack is similar to those classification used by 
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other researchers (Bridge et al., 2009; Casolino et al., 2009; Luk et al., 2001; Tsai et 

al., 2009) in the notational analysis of Taekwondo techniques and tactics. According 

to results obtained in previous studies, roundhouse kick is the most frequently used 

attack in Taekwondo competition (Matsushigue et al., 2009; Kwok, 2012). Pieter and 

associates (1995) pointed out that roundhouse kick is the fastest form of attack 

among all Taekwondo techniques and ranked second in the force output. Since speed 

and force are the keys for scoring in Taekwondo competition, therefore, these 

biomechanical advantages make roundhouse kick become the most frequently used 

attack in the competition (Kwok, 2012). 

 Other than analyzing the mode of attack and the type of attack as the 

technical and tactical attributes, notating the use of front and rear leg is also a 

common practice in the study of Olympic style Taekwondo competition. In the study 

conducted by Tsai and associates (2009), athletes relied on the rear leg for executing 

the attack as over 70% of attacks were performed by rear leg. Similar result was 

obtained in the study conducted by Casolino and associates (2012) for evaluating the 

competition performance of a group of young athletes. Casolino and associates (2012) 

found that athletes seldom executed the attack by the front leg. Although attack 

executed by the front leg appeared to be significantly faster than that performed by 

the rear leg, the low percentage in executing the attack by the front leg was attributed 

to the high level of coordination required in performing the action (Luk & Hong, 

2000; Casolino et al., 2012).  
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Discrepancy in fighting strategies  

 Although researchers (Falco et al., 2012; Matsushigue et al., 2009; Tornello 

et al., 2013; Tsai et al., 2009) conducted several studies on the technical and tactical 

aspects of the Olympic style Taekwondo competition in general, there were voices in 

determining the winning strategies of Taekwondo athletes (Casolino et al., 2012; 

Kazemi et la., 2006; Kwok, 2012). Kazemi and associates (2006) compared those 

techniques used for scoring between winners and losers in the Sydney Olympic 

Games. For male athletes, losers of the game tended to get the score by aggressive 

attack more often than that by defensive attack while winners of the games achieved 

a balance in using both the aggressive and defensive attack to get the point. For both 

female winners and losers, around 53% and 47% of the score was obtained through 

aggressive attack and defensive attack respectively.  

Kwok (2012) revealed the discrepancies in fighting strategies between the 

medalists and non-medalists in the 16th Asian Games. Similar to the result obtained 

in previous studies (Matsushigue et al. 2009; Tsai et al., 2009), roundhouse kick was 

the most frequently used attack in the competition by both medalists and non-

medalists. However, medalists had a higher tendency in using back kick, push kick, 

reverse kick and punch than those non-medalists as significant differences were 

found when comparing the prevalence of attack of the two groups of subjects (Kwok, 

2012). Other than the prevalence of attack, significant differences were found 

between medalists and non-medalists with respect to the percentage of aggressive 

attack, the use of turning attack, and the number of types of attack being used. 

According to Kwok (2012), over 60% of the attacks were executed under the 
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aggressive mode of attack for both medalists and non-medalists. However, the 

Mann-Whitney U test revealed a higher mean rank (69.31) in non-medalists in the 

use of aggressive mode of attack which indicated that non-medalists tended to 

initiate an attack more frequently than those medalists. Since a higher score will be 

awarded to valid turning attacks as compared with those non-turning attacks (WTF, 

2015), therefore, focus of study was put on investigating the use of turning attack 

when making comparison between medalists and non-medalists. According to Serina 

and Lieu (1991), turning attack is a rotational attack which is performed with a 

previous spinning action. Kwok (2012) found that the frequent use of turning attack 

was only observed among medalists and the possible reason for this phenomenon is 

that the spinning action of turning attack requires contestants to have good 

equilibrium after the execution of the attack. If contestant loses their balance after 

the attack, they may subject to warning penalty. Thus, less-skilled athletes tended not 

to use turning attack. 

 There are different types of attacks in Taekwondo competition and not all of 

them would be used by athletes in a single match as most of the athletes had their 

own preferences in the choice of attack (Kwok, 2012). Based on the research 

conducted by Kwok (2012), medalists had more diversified attack strategy in the 

competition than those non-medalists. This strategy upset the opponent’s reaction 

time when choosing appropriate response to the attack. According to Hick’s law 

(1952), the greater number of the stimulus-response (variations) is, the longer 

reaction time that athletes need to take for producing the response. Thus, increasing 

the variation of attacks in the fighting is one of the possible strategies being notated 
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in the study and on average, the number of types of attack being utilized by medalists 

is 6.95 while the one of non-medalists is 5.20 (Kwok, 2012). Significant difference 

in the number of types of attacks used by medalists and non-medalists across gender 

was observed. The means of the number of types of attack used by the male 

medalists and male non-medalists are 7.91 and 6.16 respectively while the one of 

female medalists and non-medalists are 6.00 and 4.07. The result suggested that male 

athletes tended to be more all-rounded in utilizing the Taekwondo techniques in the 

competition than female athletes.  

 

Summary of Literature Review 

 The foregoing literature review led to the following important points of 

interest which are important for developing this study: 

1. Expertise studies concurred that there were discrepancies between high 

performers and their less skilled counterparts in a variety of attributes including 

anthropometrical, physical, perceptual, psychological, and technical and tactical 

attributes. 

2. The use of extreme group comparison, such as comparing between expert and 

novice performers or between elite and sub-elite athletes, is a common research 

design employed by researchers aiming to identify contributors to the making of 

top level performer. 
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3. High level performance in Taekwondo is contingent on several main variables. 

These variables can be grouped as those that are: physical, psychological, 

technical and tactical, and perceptual.  

4. Although research on the determinants of superior performance in Taekwondo 

is accumulating, most of the studies had only focused a single aspect of 

Taekwondo and neglected the interaction of these attributes and the effect of 

this interactive property can play in Taekwondo performance.  

 

To conclude, the literature review points to the need to employ a more multi-

dimensional approach to study Taekwondo expertise. To address this research gap, 

the extreme groups comparative method is a viable methodology. By using this 

design, those attributes of Taekwondo athletes with different levels of expertise can 

be identified. In addition, the contributory role of different attributes to Taekwondo 

performance expertise can also be understood. This type of knowledge can aid the 

improvement of Taekwondo practice at individual level and, on a macro level, the 

development of sport. 
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Chapter 3 

METHODOLOGY 

 

This chapter describes the design, methods and procedures used in this study. 

It is presented in four separate sections: (1) design of the study, (2) subjects, (3) 

instruments and (4) procedures. 

 

Design of the Study  

The aim of the present study was to identify the attributes more contributable 

to expert performances of Taekwondo athletes in five domains, namely, physical, 

perceptual, emotional, psychological, and technical and tactical. The physical, 

perceptual, emotional and psychological attribute data were collected prior to the 

target competitive events (Hong Kong Open Black Belt Competition 2012, the Hong 

Kong Ladies Taekwondo Competition 2012, and the Taiwan National University 

Competition 2013) whereas the technical and tactical attribute data were collected 

during the target competitive events. 

 

Subjects 

Eighty-seven athletes were recruited to be the subjects of this study. Fourteen 

athletes were from the Hong Kong national squad team, nineteen athletes were from 
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the Hong Kong local Taekwondo academies and fifty-four athletes were from the 

Taiwan university Taekwondo teams. Athletes were classified into three groups 

based on their sports achievement namely, elite, sub-elite and practitioner. Subjects 

who were from either the Chinese Taipei national team or Hong Kong national squad 

team with record of winning medals in major Taekwondo tournament will be 

categorized as elite athletes. Subjects who were from either the Chinese Taipei 

national team or Hong Kong national squad team with experience in representing the 

team for international tournament will be categorized as sub-elite athletes.  Athletes 

from local Taekwondo academy in Hong Kong China or Taiwan university 

Taekwondo teams without any experience in training in the national team will be 

categorized as practitioners. All subjects were certified black belt with qualification 

obtained from the Taekwondo associations in their own area.  

 

Instruments 

 Anthropometric, physical, psychological, perceptual and other measurement 

tools were used to obtain data on the attributes of participants of the study. A 

description of them is presented below.  

 

Criteria for Measurement Tools Selection 

 To select appropriate measurement tools for assessing the attributes in this 

study, there are several criteria that have been taken into consideration. As suggested 
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by researchers (Kimberlin & Winterstein, 2008; Lacy, 2011), the validity and 

reliability of the test or measurement tool are important criteria that researchers have 

to consider in the test selection. Validity is defined as the extent to which the tool 

measures what it purports to measure (Kimberlin & Winterstein, 2008). It reflects the 

degree of truthfulness of a test score and it is the most important criterion of 

measurement tool (Lacy, 2011; Morrow et al., 2005). However, validity requires that 

a tool is reliable (Kimberlin & Winerstein, 2008). Thus, the reliability of the 

measurement tool is also an important criterion to consider in test selection. 

There were eighty-seven subjects from either Hong Kong China or Taiwan 

participated in this study. For collecting the data from subjects of Chinese Taipei, 

testers needed to travel to four universities located in Taipei and Tai Chung within 

five days and time allowed to complete all data collection procedures within one 

university was three hours. To administer all tests to all subjects within such a 

limited time, field tests with satisfactory validity and reliability were selected. The 

availability of equipments and facilities in Hong Kong and Taiwan were factors 

being taken into consideration in the test selection process. 

 Those field tests being selected in measuring the physical and perceptual 

attributes in this study were reported with satisfactory validity and reliability. Some 

attributes such as flexibility and aerobic capacity were being commonly measured by 

more than one field test. Hence, other criteria such as the popularity of adopting the 

test in Taekwondo studies and the availability of equation that could transfer 

collected data into those well-known indexes were considered. Flexibility is one of 

the common attributes being frequently measured in Taekwondo studies for 
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assessing the physical performance of athletes and sit-and-reach test is the most 

commonly used method adopted by Taekwondo researchers (Heller et al., 1998; Kim 

et al., 2011; Markovic et al., 2005; Suzana & Pieter, 2009). Hence, sit-and-reach test 

was selected as the measurement tool for assessing flexibility in this study. For 

assessing the aerobic capacity of an individual, maximal oxygen consumption is a 

well-known and valid index that reflects one’s condition in aerobic capacity. Among 

those field tests for assessing aerobic capacity, Queens College Step Test is the only 

step test that allows testers to estimate subjects’ maximal oxygen consumption by 

performing this test. Besides, only a small space is required for conducting the test 

which tackled the problem of availability of space in this study. Thus, the Queens 

College Step Test was selected.  

 

Measurement of Anthropometric Attributes 

Height. 

Height of the subject was measured by a stadiometer with subject was 

instructed to stand at an erect position, shoes should be off, feet together, and arms 

by the sides. The heels, buttocks and upper back of the subject should be in contact 

with the wall when the measurement was taken. The standing height of the subject 

was the distance from the floor to the highest point on the head (Jackson and Pollock, 

1985). 
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Weight and body fat percentage. 

Weight and body fat percentage of the subject were measured by a Tanita 

body composition analyzer (model TBF-300, Tanita Corporation of American, Inc. 

Arlington Heights, IL). Subject was instructed to remove his or her shoes and stand 

in the centre of the platform of the scale with weight evenly distributed on both feet 

(Jackson and Pollock, 1985). 

 

Length of upper limbs. 

 The length of upper limbs of the subject was measured by the tape measure. 

The subject was instructed to stand at an erect position with arms hanging relaxed at 

the side of the subject. The measurement of the length of upper limbs was made from 

the acromiale to the most distal point on the middle finger, excluding the nail. The 

measurement was taken on the right side. (Martin et al., 1988).  

 

Length of lower limbs. 

 The length of lower limbs of the subject was measured by the tape measure 

with measurement taken on the right side. The subject was instructed to stand at an 

erect position. The measure distance was from the anterior superior iliac spines to the 

medial malleolus (Sabharwal and Kumar, 2008). 
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Measurement of Physical Attributes 

Aerobic capacity. 

The aerobic capacity of the subject was estimated by the Queens College Step 

Test (QCT) developed by McArdle et al. (1972). The test re-test reliability of QCT is 

0.92 with validity reported as .071 (McArdle, 1972; Zar & Safari, 2013). The 

procedures of the test are as follows: 

1. Subject was asked to perform the QCT on a bench with 16.25 inches (41.3 

cm) height for a total duration of three minutes. The rate for female subject 

was 22 steps per minute while the one for male subject was 24 steps per 

minute. 

2. Subject was asked to remain standing after the exercise and a 15 seconds 

pulse rate was measured. 

3. The 15 seconds pulse rate was converted into beats per minute by multiplying 

it by four. VO2 max in ml/kg/min were estimated using the following 

equations: 

Women: VO2 max = 65.81 – (0.1847 x pulse rate in beats per minute) 

Men: VO2 max = 111.33 – (0.42 x pulse rate in beats per minute) 

 

Anaerobic capacity. 

The anaerobic capacity of the subject was measured by the Running-based 

Anaerobic Sprint Test developed by Draper and associates (1997) with test re-test 
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reliability reported as 0.90 (Balciunas et al., 2006). The procedures of the test of the 

test are as follows: 

1. Subject was asked to position directly behind the starting line. 

2. Subject was required to perform six 35 meters discontinuous sprints with 

maximal effort. 

3. 10 seconds rest was given to subjects at the turnaround between each sprint.  

4. Time for each sprint was measured by stopwatch.  

5. Power output and fatigue index of the subjects were estimated by the 

following equations: 

Power output: Weight of subject (kg) x Distance2 (m) / Time3 (s) 

Fatigue index: (Maximum power – Minimum power) / Total time for six 

sprints (s) 

 

Power of lowerlimbs. 

 The power of the lower limbs of the subject was measured by the Vertical 

Jump Test developed by Sargent (1921) with test re-test reliability reported as 0.93 

and validity reported as 0.78 (Considine & Sullivan, 1973; Johnson, 1986). The 

procedures of the test are as follows: 

1. Subject was asked to stand beside the Vertec (equipment for measuring 

vertical jump ability) with heels flat on the floor and extended one arm 

upward to reach the highest vane. The point of the fingertip would be marked 
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as the standing reach height. Subject then jumped as high as possible by 

projecting the body upwards and touched the highest vane.  

2. Subject performed three attempts and the difference in distance between the 

standing reach height and the jump height were recorded.  

3. The best result in the three attempts was recorded as the final score.  

 

Lateral agility. 

 The lateral agility of the subject was measured by the Side-stepping test 

developed by State of North Carolina (1977). The procedures of the test are as 

follows: 

1. Two parallel lines were marked on the floor with 12 feet apart. Subject 

assumed a standing position with one foot touching one of the lines. On 

the signal “Go”, subjects moved sideward with a side-step (sliding) 

toward the other line. Once the lead feet crossed the other line, subject 

would repeat the move and go back to the starting line. 

2. The duration of the test would be 30 seconds and subject would continue 

the back and forth until time was called.  

3. Throughout the test, subject was asked to face the same direction and the 

feet must not cross. 

4. The total number of lines touched within 30 seconds was recorded as the 

final score.  
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Flexibility. 

 The flexibility of the subject was measured by the Sit-and-Reach test 

developed by Wells and Dillon (1952) with test re-test reliability reported as 0.92 

(Ayala et al., 2012). The procedures of the test are as follows: 

1. Subject was asked to sit on the floor with legs together, knee extended, 

and soles of the feet placed against the edge of the sit and reach box. 

2. With palms facing downwards, and their hands on top of each other, the 

subject would reach forward along the measuring line as far as possible. 

Both hands should remain at the same level and the subject should hold 

that position for two seconds. Ensure that the knees of the subject did not 

flex and the subject should avoid leading with one hand.  

3. The score of the test would be the most distant point on the sit and reach 

box contacted by the fingertips. Three trials would be given to the subject 

and the highest score would be recorded as the final score. 

 

Measurement of Emotional and Psychological Attributes 

 Emotional and Psychological Attributes were estimated by the Chinese 

version of the Athletic Coping Skills Inventory 28 (ACSI-28) (Huang, 2000). The 

original version of the inventory was developed by Smith and associates (1995). The 

ACSI-28 is a 28-item inventory which aims to measure individual differences in 

psychological skills within a sport context. The ACSI-28 contains seven sport-

specific attributes which further classified under the psychological and emotional 
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domains. For emotional domain, attributes includes coping with adversity, freedom 

from worry, and peaking under pressure. For psychological domain, attributes 

include goal setting and mental preparation, confidence and achievement motivation, 

coachability, and concentration. According to Smith and associates (1995), the test-

retest reliability of the ACSI-28 ranged from 0.47 (for coachability) to 0.87 (for 

peaking under pressure). Alpha coefficients (internal consistency) for the seven 

attributes ranged from 0.62 (for concentration) to 0.78 (for peaking under pressure) 

and the overall alpha coefficient for all attributes is 0.86. A slight difference between 

the alpha coefficients for the seven attributes has been found between women and 

men. The procedures of the test were as follows: 

1. Subject was given the Athletic Coping Skills Inventory 28 (Chinese version) 

with 28 statements. Each statement described the experience that subject 

gained during Taekwondo training or competition. 

2. Subject was instructed to read each statement carefully and then recall as 

accurately as possible how often they experience the same situation during 

training or competing.  

3. Seven psychological skills were assessed by the Athletic Coping Skills 

Inventory-28 (Chinese version) (Appendix A) and each of these skills has 

four statements associated with it on the questionnaire. Scores in those 

statements associated with the same skills would be added up. Hypothetical 

set of responses (question numbers 3, 7, 10, 12, 19 & 23) should be scored in 

opposite manner.  
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Measurement of Perceptual Attributes 

Visual search. 

 The visual search ability of subject was measured by the Trail Making Test 

developed by Partington & Leiter (1949). The test aims to measure the visual 

processing and visuomotor tracking of subject (Lezak, 1995). The procedures of the 

test are as follows: 

1. The test consisted of 25 circles would be distributed over a sheet of paper. 

Those circles were numbered from 1 to 25 and subject was asked to draw 

lines to connect the numbers in ascending order. 

2. Subject would be instructed to connect the circles as quickly as possible, 

without lifting the pen or pencil from the paper. If the subject made an error, 

the test administrator would point out the mistake immediately and allowed 

the subject to correct it. 

3. Result for Trail Making Test would be recorded as the time (seconds) the 

subject completed the task.  

 

Static balance. 

 The static balance of the subject was measured by the Stork balance test 

developed by Safrit and Wood (1995) with reported test re-test reliability ranged 

from 0.85 to 0.87 (Lacy, 2011). The procedures of the test are as follows: 

1. Subject conducted the test on bare foot. 
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2. Subject stood erect on supporting foot and placed the opposite foot flat on 

the medial part of the supporting knee, with the hands on hips. On the 

signal “Go”, the subject raised the heel of the supporting foot off the floor 

and maintained this position as long as possible. 

3. The test ended when any of the following occurred: subject’s hands come 

off the hip, the supporting foot of the subject swivels or moves (hops) in 

any direction, non-supporting leg loses contact with the knee, or the heel 

of the supporting foot touches the floor.  

4. The test procedures would be repeated on the dominant and non-

dominant foot. The score of the test would be the time that the subject 

remained balance in the testing posture. Three trials would be given to the 

subject and the highest score would be recorded as the final score. 

 

Dynamic balance. 

 The dynamic balance of the subject was measured by the Star Excursion 

Balance Test (SEBT) described by Reiman & Manske (2009) with test re-test 

reliability reported as 0.96 (Austin & Scibek, 2002). The procedures of the test were 

as follows: 

1. A functional testing grid with eight arrows was placed on the floor. The 

eight different directions of the arrows are at 45° increments from the 

centre of the grid. 
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2. Subject was instructed to stand erect at the centre of the grid. On the 

signal “Go”, subject maintained a single-leg stance with testing leg 

reached for maximal distance in each of the eight directions. Subject was 

asked to execute the touchdown without using the testing leg for support. 

A five seconds rest with two-footed stance between reached attempts was 

allowed.  

3. The testing procedures were repeated on the dominant and non-dominant 

foot. The score of the test would be the sum of normalized distances 

(reach distance / leg length x 100) of the eight directions reached by the 

testing leg. Three trials would be given to the subject and the highest 

score would be recorded as the final score.  

 

Simple reaction time. 

The simple reaction of the subject was measured by the Ruler Drop Test as 

described by Lacy (2011) with test re-test reliability reported as 0.89. The procedures 

of the test were as follows: 

1. Subject sat on the chair with dominant hand kept in the mid-prone 

position, elbow flexed 90°, and forearm supported on the table. 

2. The assessor held the ruler vertically, with its lower end placed 

between the subject’s thumb and index finger.  

3. Subject was instructed to catch the ruler as quickly as possible when 

the assessor released it without giving prior notice. 
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4. The reaction time (in seconds) of the subject was calculated with the 

following suggestion as suggested by Carmeli and associates (2008) 

whereas distance (m) was calculated by the difference between the 

initial and final grasping height of the ruler, 9.81 (m/s²). 

Reaction time = �2	�	����	
��/9.18 

5. Three trials were performed by the subject with the average of 

reaction time calculated as the final score. 

 

Measurement of Technical and Tactical Attributes 

 Data on technical and tactical attributes were obtained via the method of 

Notational Analysis. Notational analysis is defined as ‘an objective way of recording 

performance so that key elements of performance can be quantified in a valid and 

consistent manner’ (Hughes, 2004). The procedures involved were as follows: 

1. Before the start of collecting data, researcher had to define all 

performance indicators that could assess the performance of the subject. 

Defining performance indicators was based on prior knowledge and 

research of the effect of relevant factors on relevant dependent variables. 

2. Performance of the participants would be video-taped by a hand-held 

video camera.  

3. Footage of each match of each participant would be coded by the 

researchers on the record sheet (Appendix B) while watching the tapes. 
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Performance indicators such as type of attack, mode of attack, and site of 

attack would be recorded. 

4. Two observers would be involved in the coding procedures for ensuring 

the reliability of this process. Training was provided for observers to 

ensure that they were familiarized with the coding procedure and that a 

high inter-rater reliability was achieved before proceeding further. 

 

Procedures 

 The procedures described below were steps taken in the preparation for the 

main study and during the main study. The steps include: (1) Measuring tools used to 

obtain, physical, emotional and psychological attributes were pilot tested to estimate 

clarity of procedures, (2) Conducting a small-scale pilot study to estimate the 

feasibility for administering the selected testing protocols, (3) Data collection 

procedures in the main study, (4) Statistical data analysis for the main study.  

 

Pilot Testing for Procedural Clarity and Reliability of Tools 

Physical attributes. 

All testing protocols for measuring physical attributes were tested on a group 

of five volunteering university students. Comments on the clarity of instruction were 

solicited from the participants and the time taken to complete each test was noted. 
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Feedback obtained was positive and there was no need to change the verbal and 

demonstration instruction given for each test.  

 

Emotional and psychological attributes. 

In order to determine the validity of the Chinese version of the Athletic 

Coping Skills-28 (Huang, 2000), the English version and Chinese version of the 

Athletic Coping Skills-28 have been administered in a group of university students. 

Those sixty students who volunteered for this task were year one students majoring 

in sport studies. The two questionnaires were administrated to them with a 7-days 

interval with the English version preceded by the Chinese version for a group of 30 

students and the reverse sequence for the other group of thirty students. The 

correlation between the two sets of data was determined by using the Predictive 

Analysis Software (PASW) 18. The Pearson product-moment correlations of the two 

sets of data are 0.974 (coping with adversity), 0.991 (coachability), 0.986 

(concentration), 0.980 (confidence and motivation), 0.974 (goal setting and mental 

preparation), 0.978 (peaking under pressure) and 0.975 (freedom from worry) which 

are interpreted as high according to Safrit and Wood (1995). 

 

Pilot Testing for Procedural Feasibility 

 A pilot test was carried out in the Inter-university Taekwondo competition 

2011 in March 2011 with athletes who volunteered to take part in this pilot study. 
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The testing was conducted on the male and female competitors in the black belt 

group before the competition. Video shooting was completed on the event day for 

determining the technical and tactical attribute by notational analysis.  

 After the pilot test, the testing sequence of physical tests was confirmed to 

adopt the guidelines suggested by the American College of Sports Medicine (ACSM), 

namely the ACSM’s guidelines for exercise testing and prescription (2000). 

According to ACSM (2000), if a single session was arranged for all physical 

components, resting measurements should be followed by test of cardiorespiratory 

endurance, muscular fitness and flexibility. Testing cardiorespiratory endurance 

might result in inaccurate measurement as muscular fitness measurement would 

elevate the heart rate of the subjects (ACSM, 2000). According to ACSM (2000), 

anthropometric measurement such as body fat percentage measured by bioelectrical 

impedance analysis might be influenced by the dehydration resulted from 

cardiorespiratory endurance test. Thus, anthropometric measurement should be 

conducted before the measurement of physical attributes.  

 

Data Collection Procedures in the Main Study 

 Inform consents were collected from all subjects before the start of the test. 

Subjects were asked to fill in the personal information with information about their 

Taekwondo learning experience and sports achievement in a form (Appendix C). 

Anthropometric measurements and resting measurements were taken before the 

measurement of physical attributes. The testing sequence of the physical attributes 
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was in the order of Queen College Step Test for assessing the aerobic capacity, 

Vertical Jump Test for assessing the power of the lower limbs, Side-stepping Test for 

assessing the lateral agility, Running-based Anaerobic Sprint Test for assessing 

anaerobic capacity, Sit and Reach Test for assessing the flexibility. Tests for 

perceptual attributes measurements including Stork Balance Test, Star Excursion 

Balance Test, Trail Making Test and Ruler Drop Reaction Time Test were conducted 

after those tests for assessing the physical attribute.  

 

Statistical Data Analysis 

 To provide answers to the research questions and hypotheses developed for 

this study, different types of analyses were used. Data were analyzed by IBM 

Statistics Package for Social Science 24. Tests were conducted at the .05 level of 

significance. 

 To understand the attribute profiles of athletes with different levels of 

expertise and gender, descriptive statistic such as means and standard deviations 

were collected. Two-way ANOVA was conducted to determine the gender 

differences in the major attributes of each domain and the differences of athletes with 

different levels of expertise in the major attributes within the domain. 

 To study the relationships between the major attributes of the five domains, 

Pearson’s product-moment correlations were conducted to obtain the correlation 

matrices for determining the strength and direction of the relationship between the 

attributes.  
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To determine the contributory effects of different domains on the level of 

expertise, discriminant function analysis was conducted. The value of attributes of 

each domain was standardized by the calculation of T-score and the sum of T-score 

of all attributes of the same domain would be treated as the total T-score of that 

domain. The total T-score of the domain could be used for further analysis by the 

discriminant function analysis. Since some performance indicators collected in the 

notational analysis was for understanding the preference of skills utilized by athletes 

without any indicating information for the determinants of high level of expertise, 

therefore, these performance indicators (attributes) would not be calculated in the T-

score of the technical and tactical domain. With reference to the previous studies 

(Falco et al., 2012; Kim et al., 2008; Kwok, 2012) and rules of the Olympic style 

Taekwondo (World Taekwondo Federation, 2015), total numbers of attack, number 

of types of attack, percentage of attack to the head and percentage of turning attack 

were the performance indicators (attributes) that would be taken into account for the 

calculation of T-score of technical and tactical domain.  

The percentage of correctness in classifying subjects into groups of different 

levels of expertise based on the approach suggested by Janelle and Hillman (2003) 

was also analyzed by the discriminant function analysis.  

Discriminant function analysis was also conducted for evaluating the 

contribution of the newly added domain, namely experience and training domain, to 

a set of prior domains as suggested by Janelle and Hillman (2003). 
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CHAPTER 4 

RESULT 

 

 This study examined the Taekwondo athletes’ performance on five domains, 

namely, physical, perceptual, emotional, psychological, and technical and tactical. 

The main purpose of this study was to determine the predictive power of these 

domains to the excel performance in the Olympic style Taekwondo. Results from 

this study were presented in this chapter in the following sequence: (1) treatment of 

data, (2) demographic information of subjects, (3) attribute profiles of Taekwondo 

athletes, (4) correlation between attributes and tactics, (5) hypotheses testing, and (6) 

summary of results. 

 

Treatment of Data 

 A total of eighty-seven athletes were recruited to take part in this study by 

participating in various physical, perceptual, emotional and psychological tests. 

Subjects’ performances in the local Taekwondo competitions were video-taped and 

analyzed by notational analysis (Hughes, 2004) for determining their performances 

in the technical and tactical domain. Before conducting the statistical analysis, all 

collected data were screened and checked for the accuracy of data entry and the 

occurrence of missing data. No missing data was identified. After the checking of 

data entry, statistical analysis of collected data was conducted by the IBM Statistical 

Package for Social Science 24.  
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 To ensure appropriate statistical techniques were selected for analyzing the 

data, the examination of data for normality, outliers, homogeneity of variances, and 

non-multicollinearity were conducted as suggested by Ntoumanis (2001) and Pallant 

(2010). No outlier was identified and all assumptions for using parametric statistical 

analysis techniques including Pearson’s product-moment correlation, 2 (gender) X 3 

(level of expertise) ANOVA and discriminant function analysis were met.  

 With the utilization of discriminant function analysis in determining the 

contributory effect of each domain to the expertise in Taekwondo, the scores of those 

attributes of the same domain would be standardized by transforming the raw data 

into T-score. By adding the T-score of all attributes of the same domain, the total T-

score of each domain could be calculated. 

 

Inter-rater Reliability of Notational Analysis 

Notation analysis was adopted in this study for collecting data about the 

technical and tactical attributes of subjects. Two hundred and thirty-nine matches 

were video-taped in this study. With the deletion of those matches competing for less 

than three rounds of the competition due to the reasons of knock out, point gap, 

withdrawal of athletes, and disqualified by referee, two hundred and twenty-one 

matches were coded for conducting notational analysis. Two observers were 

recruited for coding the footages of the competition videos of subjects with hand 

notation. To determine the consistency of all technical and tactical attributes analysis, 

the Kappa Measurement of Agreement was employed for determining the Cohen’s 
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kappa coefficient (k). In this study, the Kappa Measurement of Agreement value 

is .90 with p < .00. Hence, the value represented a very good level of agreement in 

the coding of national analysis of technical and tactical attributes between the two 

observers.  

 

Demographic Information 

There were eighty-seven subjects being recruited in this study. All subjects 

were classified into three groups based on their level of expertise namely, elite, sub-

elite and practitioner. There were nineteen male subjects and thirteen female subjects 

in each group. The nationality of subjects with level of expertise is presented in 

Table 1. 

Table 1. 

Background information of Subjects (N=87) 

 Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Chinese Taipei 26 18 10 

Hong Kong China 3 11 19 

 

 Demographic information of participants including age, years of practicing 

Taekwondo, training time, height, weight, and body mass index were collected in the 

study.  
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The subjects aged from seventeen to thirty-three (M = 21.53, SD = 3.37) with 

an average of 10.82 (SD = 2.96) years in practicing Taekwondo. Subjects from the 

elite group got a slightly higher number of years of practice (M = 11.66, SD = 3.54) 

than the sub-elite group and practitioner group with an average of 10.74 (SD = 2.68) 

and 10.03 (SD = 2.40) respectively.   

A longer training time had also been observed in the elite group when 

comparison was made among the three groups. On average, subjects from the elite 

group engaged in Taekwondo skill training for 15.19 (SD = 4.36) hours per week 

while the one for sub-elite group and practitioner group were 11.81 (SD = 4.15) and 

9.10 (SD = 4.22) respectively. Although the highest total training time and the 

highest Taekwondo training time were found in the elite group, the highest fitness 

training time (M = 7.53, SD = 4.66) was found in the sub-elite group. When taken 

into account the impact of gender on the training time, similar pattern had been 

observed. Female athletes tended to engage in a longer total training time per week 

(M = 19.33, SD = 7.31) than the male counterparts (M = 17.17, SD = 8.37). Female 

athletes devoted a higher percentage of training time (38.93%) in fitness training 

than male athletes (28.82%) while male athletes spent 71.18% of the total training 

time in Taekwondo skill training. When comparison was made between the three 

groups of different levels of expertise, both male and female subjects in the elite 

group devoted the longest training time in Taekwondo skill training than the sub-

elite and practitioner counterparts. Male athletes in the elite group devoted the 

longest time in fitness training (M = 6.41, SD = 2.48) than the other two groups, 

while for female athletes, subjects from the sub-elite group achieved the longest 
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training time in fitness training (M = 9.04, SD = 4.45) than the other two groups (See 

Table 2). 

 

Table 2. 

Descriptive Statistics of Age, Practice Year and Training Time of the Subjects (N=87) 

  
 

Variable 

Elite Sub-Elite Practitioner 
Overall Male Female Overall Male Female Overall Male  Female  
(n=29) (n=16) (n=13) (n=29) (n=16) (n=13) (n=29) (n=16) (n=13) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

M  
(SD) 

Age 21.24 
(2.47) 

21.38 
(2.88) 

21.08 
(1.98) 

21.69 
(3.70) 

23.19 
(4.39) 

19.85 
(1.14) 

21.66 
(3.86) 

21.50 
(4.38) 

21.85 
(3.26) 

Practice 
Year 

11.66 
(3.54) 

11.81 
(3.76) 

11.46 
(3.38) 

10.76 
(2.68) 

11.56 
(3.25) 

9.77 
(1.30) 

10.03 
(2.40) 

9.75 
(2.05) 

10.38 
(2.82) 

Total 
Training 
Time 
(hrs/week) 

22.00 
(3.81) 

22.86 
(4.44) 

20.92 
(2.63) 

19.34 
(7.59) 

17.94 
(8.64) 

21.08 
(5.95) 

13.07 
(8.82) 

10.69 
(6.70) 

16.00 
(10.42) 

Taekwondo 
Skill 
Training 
Time 
(hrs/week) 

15.19 
(4.36) 

16.47 
(4.94) 

13.62 
(3.01) 

11.81 
(4.15) 

11.63 
(5.29) 

12.04 
(2.28) 

9.10 
(4.22) 

8.56 
(3.97) 

9.77 
(4.59) 

Fitness 
Training 
Time 
(hrs/week) 

6.81 
(2.53) 

6.41 
(2.48) 

7.31 
(2.59) 

7.53 
(4.66) 

6.31 
(4.60) 

9.04 
(4.45) 

3.97 
(5.21) 

2.13 
(3.13) 

6.23 
(4.59) 

 

 To obtain a clearer picture about the difference between those variables 

including age, the number of years in practicing Taekwondo, total training time, 

Taekwondo skill training time and fitness training time among all athletes with 

different levels of expertise, the two-way ANOVA with post hoc tests were used for 

analysis. No significant mean difference was found in the age of subjects and the 

number of years in practicing Taekwondo.  
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 The two-way ANOVA was conducted to explore the impact of level of 

expertise on total training time. There was a statistically significant mean difference 

at the p < .05 level in total training time for the three groups of level of expertise: F 

(2, 84) = 12.20, p = .00. The effect size, calculated using eta squared, was .23. Post-

hoc comparisons using the Tukey HSD test indicated that the mean score for the 

practitioner group (M = 13.07, SD = 8.82) was significantly different from the elite 

group (M = 22.00, SD = 3.81) and sub-elite group (M = 19.34, SD = 7.60). There was 

no significant mean difference between the elite group and the sub-elite group. 

The two-way ANOVA was also conducted to explore the impact of level of 

expertise on Taekwondo skill training time. There was a statistically significant 

mean difference at the p < .05 level in Taekwondo skill training time for the three 

groups of level of expertise: F (2, 84) = 14.95, p = .00. The effect size, calculated 

using eta squared, was .26. Post-hoc comparisons using the Tukey HSD test 

indicated that the mean scores of the three groups, namely the elite group (M = 15.19, 

SD = 4.36), the sub-elite group (M = 11.81, SD = 4.15) and the practitioner group (M 

= 9.10, SD = 4.15) revealed statistically significant mean difference between the 

three groups.  

To explore the impact of level of expertise on fitness training time, the two-

way ANOVA was conducted. There was a statistically significant mean difference at 

the p < .05 level in fitness time for the three groups of level of expertise: F (2, 84) = 

5.60, p = .01. The effect size, calculated using eta squared, was .12. Post-hoc 

comparisons using the Tukey HSD test indicated that the mean score for the 

practitioner group (M = 3.97, SD = 5.21) was significantly different from the elite 
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group (M = 6.81, SD = 2.52) and sub-elite group (M = 7.54, SD = 4.66). There was 

no significant mean difference between the elite group and the sub-elite group on the 

time devoted on fitness training. 

 Anthropometric measures including the height, weight, and body mass index 

of each athlete were collected. The two-way ANOVA with post hoc tests were used 

for comparing these anthropometric measures of athletes in the elite group, sub-elite 

group and practitioner group. There was no statistically significantly mean difference 

at the p < .05 level in weight for the three groups: F (2, 84) = .81, p = .45. For the 

impact of level of expertise on body mass index, no statistically significantly mean 

difference at the p < .05 level was revealed for the three groups: F (2, 84) = .53, p 

= .59. For the impact of level of expertise on height, statistically significant mean 

difference at p < .05 level was revealed: F (2, 84) = 7.18, p = .00. The effect size, 

calculated using eta squared, was .14. Post-hoc comparisons using the Tukey HSD 

test indicated that the mean score for elite group (M = 176.26, SD = 7.46) was 

significantly different from sub-elite group (M = 170.19, SD = 5.60) and practitioner 

group (M = 170.28, SD = 7.73). The sub-elite group did not significantly different 

from the practitioner group.  
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Attribute Profiles of Taekwondo Athletes  

 

Physical Domain 

 The length of the upper limbs, the length of the lower limbs, body fat 

percentage, anaerobic capacity, aerobic capacity, flexibility, power of lower limbs 

and lateral agility were those attributes being investigated in this study for analyzing 

the physical domain of athletes at different levels of expertise. Descriptive data with 

mean and stand deviation of each attribute is summarized in Table 3. Overall 

speaking, male subjects obtained a higher mean value in all physical attributes than 

their female counterparts. However, the maximum value of anaerobic capacity and 

flexibility were obtained in the female subjects group. The maximum value of lateral 

agility for both male and female subjects was the same.  
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Table 3. 

Descriptive Statistics of Physical Attributes of the Subjects (N=87) 

 
 

Attributes 

Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Length of 
Upper 
limbs 
(cm) 
 

68.00 88.50 76.99 
(4.03) 

71.50 88.50 78.85 
(3.85) 

68.00 80.00 74.69 
(2.93) 

Length of 
Lower 
limbs 
(cm) 
 

83.50 114.00 100.01 
(5.27) 

92.00 114.00 101.99 
(4.57) 

83.50 110.00 97.56 
(5.09) 

Body Fat 
(%) 
 

6.90 36.60 18.85 
(6.67) 

6.90 29.00 14.02 
(4.01) 

17.10 36.60 24.81 
(3.84) 

Anaerobic 
capacity 

1.15 5.79 3.00 
(1.24) 

1.47 6.72 3.77  
(1.69) 

1.54 6.83 3.61 
(1.34) 

 
Aerobic 
capacity 
(ml/kg/min) 
 

36.26 69.33 49.91  
(9.96) 

37.73 77.73 50.54 
(9.70) 

32.56 62.61 46.71 
(8.00) 

Flexibility 
(cm) 

22.00 56.00 39.12 
(8.45) 

29.50 51.00 40.05 
(5.71) 

20.00 56.00 37.93 
(9.39) 

Power of 
lower limbs 
(watts) 
 

246.23 590.72 392.78 
(105.91) 

206.30 624.29 354.38 
(109.25) 

177.04 540.80 332.91 
(103.16) 

Lateral 
agility 

20.00 29.00 24.21 
(2.85) 

19.00 27.00 23.00 
(2.35) 

16.00 27.00 20.41 
(2.68) 

 

To have a clearer picture about the physical domain of subjects with different 

levels of expertise, descriptive data of each physical domain were collected and 

summarized in Table 4. On average, athletes from elite group tended to have a longer 

upper limbs and lower limbs than those sub-elite and practitioner counterparts. Elite 

athletes were also exceled in the anaerobic capacity, power of lower limbs and lateral 
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agility when comparison was made on the mean value of those attributes among the 

three groups. For aerobic capacity and flexibility, athletes from sub-elite group 

ranked the first among the three groups.  

 

Table 4. 

Descriptive Statistics of Physical Attributes of the Subjects with Level of Expertise (N=87) 

 
 

Attributes 

Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Length of 
Upper limbs 
(cm)  
 

71.50 88.50 78.97 
(3.70) 

72.00 84.00 76.36 
(3.34) 

68.00 86.00 75.63 
(4.32) 

Length of 
Lower limbs 
(cm) 
 

92.00 114.00 103.19 
(5.15) 

92.50 107.00 99.09 
(3.48) 

83.50 106.00 97.74 
(5.48) 

Body Fat (%) 
 

6.90 35.10 18.54 
(7.20) 

9.70 36.60 19.56 
(6.86) 

9.50 29.20 18.46 
(6.07) 

Anaerobic 
capacity 

1.15 5.79 3.00 
(1.24) 

1.47 6.72 3.77  
(1.69) 

1.54 6.83 3.61 
(1.34) 

 

Aerobic 
capacity 
(mil/kg/min) 
 

36.26 69.33 49.91  
(9.96) 

37.73 77.73 50.54 
(9.70) 

32.56 62.61 46.71 
(8.00) 

Flexibility  
(cm) 

22.00 56.00 39.12 
(8.45) 

29.50 51.00 40.05 
(5.71) 

20.00 56.00 37.93 
(9.39) 

Power of 
lower limbs 
(watts)  
 

246.23 590.72 392.78 
(105.91) 

206.30 624.29 354.38 
(109.25) 

177.04 540.80 332.91 
(103.16) 

Lateral agility 20.00 29.00 24.21 
(2.85) 

19.00 27.00 23.00 
(2.35) 

16.00 27.00 20.41 
(2.68) 
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Perceptual Domain 

 Static balance, dynamic balance, visual search and simple reaction time were 

collected for investigating the perceptual domain in this study and descriptive data of 

these attributes are listed in Table 5. For all attributes in perceptual domain, a higher 

mean value was obtained among the male subjects. 

 

Table 5. 

Descriptive Statistics of Perceptual Attributes of the Subjects (N=87) 

 
 

Attributes 

Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max M 
(SD) 

Min Max M (SD) Min Max M (SD) 

Static balance 
(Dominant) 
(sec) 
 

2.45 56.33 12.44 
(9.93) 

3.02 56.33 14.14 
(10.90) 

2.45 38.89 10.34 
(8.25) 

Static balance 
(Non-
dominant)  
(sec) 
 

2.04 40.61 11.23 
(8.86) 

2.22 40.61 11.24 
(9.03) 

2.04 38.84 11.22 
(8.76) 

Dynamic 
balance 
(Dominant) 
(cm) 
 

496.12 963.21 704.17 
(91.28) 

496.12 963.21 719.26 
(94.59) 

498.95 865.56 685.61 
(84.57) 

Dynamic 
balance 
(Non-
dominant) 
(cm) 
 

438.39 993.03 711.71 
(96.67) 

438.39 993.03 724.31 
(106.87) 

538.78 839.81 696.20 
(81.08) 

Visual Search 
(sec) 

11.05 65.34 20.81 
(7.55) 

11.05 65.34 21.85 
(9.06) 

12.34 32.75 19.52 
(4.93) 

Simple 
Reaction 
Time (sec) 
 

.04 .16 .10 
(.02) 

.04 .16 .10 
(.03) 

.05 .15 .96 (.22) 
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 The subjects’ performances in the perceptual domain were stratified 

according to their levels of expertise and are listed in Table 6. The elite athlete group 

obtained the highest mean value in the static balance of dominant leg and non-

dominant among the three groups.  

 

Table 6.  

Descriptive Statistics of Perceptual Attributes of the Subjects with Level of Expertise (N=87) 

 
 

Attributes 

Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Static balance 
(Dominant) 
(sec) 
 

2.65 38.89 13.75 
(9.43) 

3.27 56.23 12.82 
(11.00) 

2.45 36.33 10.74 
(9.39) 

Static balance 
(Non-
dominant) 
(sec) 
 

3.12 38.84 14.26 
(10.04) 

2.54 25.45 9.18 
(6.03) 

2.04 40.61 10.24 
(9.44) 

Dynamic 
balance 
(Dominant) 
(cm) 
 

498.95 872.64 696.59 
(103.48) 

496.12 944.28 697.41 
(84.66) 

595.60 963.21 718.52 
(86.01) 

Dynamic 
balance 
(Non-
dominant) 
(cm) 
 

438.39 915.09 710.02 
(116.29) 

558.25 993.03 713.63 
(86.46) 

607.04 951.89 711.48 
(87.73) 

Visual Search 
(sec) 

12.81 32.75 20.44 
(4.92) 

11.05 32.75 20.54 
(6.21) 

12.93 65.34 21.45 
(10.56) 

Simple  
Reaction 
Time (sec) 

.06 .16 .10 
(.02) 

.05 .15 .09 
(.02) 

.04 .15 .10 
(.03) 
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Psychological Domain 

To explore the impact of level of expertise on the psychological domain, the 

Athletic Coping Skills Inventory-28 was used in this study. There were four 

attributes being investigated under the psychological domain, namely coachability, 

concentration, confidence and achievement motivation, and goal setting and mental 

preparation. Descriptive data of these attributes with respect to gender and level of 

expertise are summarized in Table 7 and Table 8 respectively.  

 

Table 7. 

Descriptive Statistics of Psychological Attributes of the Subjects (N=87) 

 
Attributes 

Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Coachability 7.00 16.00 12.21 
(1.64) 

9.00 16.00 12.54 
(1.58) 

7.00 15.00 11.79 
(1.63) 

Concentration 7.00 15.00 10.43 
(1.88) 

7.00 15.00 10.79 
(2.04) 

7.00 14.00 9.97 
(1.56) 

Confidence 
and 
achievement 
motivation 
 

5.00 16.00 11.09 
(2.19) 

7.00 16.00 11.50 
(2.24) 

5.00 15.00 10.59 
(2.05) 

Goal setting 
and  
Mental 
preparation 
 

6.00 16.00 10.92 
(2.28) 

6.00 16.00 11.46 
(2.26) 

7.00 15.00 10.26 
(2.15) 
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Table 8. 

Descriptive Statistics of Psychological Attributes of the Subjects with Level of Expertise 
(N=87) 

 
 

Attributes 

Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Coachability 8.00 16.00 12.03 
(1.86) 

10.00 15.00 12.48 
(1.38) 

7.00 15.00 12.10 
(1.65) 

Concentration 8.00 15.00 10.76 
(1.60) 

8.00 15.00 11.03 
(2.08) 

7.00 13.00 9.48 
(1.60) 

Confidence 
and 
achievement 
motivation 
 

7.00 16.00 11.76 
(2.08) 

8.00 15.00 11.55 
(2.16) 

5.00 13.00 9.97 
(1.94) 

Goal setting 
and  
Mental 
preparation 
 

6.00 16.00 12.10 
(2.09) 

8.00 16.00 10.93 
(2.17) 

7.00 14.00 9.72 
(1.98) 

 

Emotional Domain 

To explore the impact of level of expertise on the emotional domain, the 

Athletic Coping Skills Inventory-28 was used in this study. There were three 

attributes being investigated under the emotional domain, namely coping with 

adversity, peaking under pressure, and freedom from worry. Descriptive data of 

these attributes with respect to gender and level of expertise are summarized in Table 

9 and Table 10 respectively.  
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Table 9. 

Descriptive Statistics of Emotional Attributes of the Subjects (N=87) 

 
Attributes 

Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Coping with 
adversity 

5.00 14.00 10.44 
(1.71) 

5.00 14.00 10.67 
(1.88) 

8.00 14.00 10.15 
(1.44) 

Peaking 
under 
pressure 
 

6.00 16.00 10.13 
(2.26) 

6.00 16.00 10.58 
(2.30) 

6.00 14.00 9.56 
(2.11) 

Freedom 
from worry  

4.00 16.00 9.69 
(2.50) 

4.00 16.00 9.69 
(2.74) 

5.00 14.00 9.69 
(2.21) 

 

 

 

Table 10. 

Descriptive Statistics of Emotional Attributes of the Subjects with Level of Expertise (N=87) 

 
 

Attributes 

Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max M (SD) Min Max M (SD) Min Max M (SD) 

Coping with 
adversity 

8.00 14.00 10.93 
(1.51) 

8.00 14.00 10.76 
(1.86) 

5.00 12.00 9.62 
(1.47) 

Peaking 
under 
pressure 
 

7.00 15.00 10.90 
(2.23) 

7.00 16.00 10.45 
(2.41) 

6.00 12.00 9.03 
(1.72) 

Freedom 
from worry  

6.00 13.00 10.07 
(2.37) 

5.00 16.00 9.62 
(2.62) 

4.00 15.00 9.38 
(2.54) 
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Technical and Tactical Domain 

The technical and tactical attributes of subjects in this study were obtained 

via the method of Notational Analysis. Subjects’ performance in the local 

competitions were videotaped and coded. Information about technical skills and 

tactics including total number of attacks, number of types of attacks being used, 

prevalence of attack, site of attack and mode of attack were collected for 

understanding the fighting patterns and preferences of the subjects. The descriptive 

statistics of technical and tactical attributes is listed in Table 11. Descriptive statistics 

of the site of attack is presented in Table 12. 

 

Table 11. 

Descriptive statistics of Technical and Tactical Attributes of the Subjects (N=87) 

Attributes Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

No. of attacks 15.00 66.00 37.33 

(10.79) 

 

18.00 66.00 35.84 

(10.85) 

15.00 58.00 39.16 

(10.58) 

No. of  types of 

attack being used  

1.00 9.00 5.56 

(1.76) 

2.00 9.00 5.90 

(1.60) 

1.00 8.50 5.13 

(1.88) 

          

Turning attack 

(%) 

.00 33.33 6.62 

(5.87) 

.00 33.33 8.54 

(6.55) 

.00 12.50 4.27 

(3.82) 
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Table 12. 

Descriptive statistics of Site of Attack of the Subjects (N=87) 

Attributes Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Attack to trunk  

(%) 

64.00 100.00 85.63 

(8.85) 

64.00 100.00 84.32 

(8.72) 

72.55 100.00 87.24 

(8.86) 

          

Attack to head 

(%) 

.00 36.00 14.40 

(8.89) 

.00 36.00 15.75 

(8.78) 

.00 27.45 12.75 

(8.86) 

 

On average, athletes executed 37.33 (SD = 10.79) attacks within the six 

minutes competition time with around 5.56 number of types of attack being utilized 

in one match. In general, athletes had a higher tendency to execute the attack to the 

trunk (M = 85.63%, SD = 8.85) than to the head (M = 14.40%, SD = 8.89). 

Among the different types of attack being used by athletes, roundhouse kick 

was the most frequently used attack (M = 67.26%, SD = 16.08) among the eleven 

types of attack while side kick (M = 9.24%, SD = 11.36) and cut down kick (M = 

7.37%, SD = 6.28) ranked second and third respectively. Descriptive statistics of 

prevalence of attack is presented in Table 13. 
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Table 13. 

Descriptive statistics of Prevalence of Attack of the Subjects (N=87) 

Attributes Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Roundhouse kick  

(%) 

26.00 100.00 67.26 

(16.08) 

26.00 88.89 63.52 

(14.00) 

50.00 100.00 71.87 

(17.40) 

Side kick (%) .00 59.00 9.24 

(11.36) 

.00 28.95 5.54 

(5.87) 

.00 59.00 13.80 

(14.52) 

Back kick (%) .00 25.00 4.64 

(4.92) 

.00 25.00 5.81 

(5.55) 

.00 12.00 3.19 

(3.59) 

Reverse kick (%) .00 9.09 1.69 

(1.94) 

.00 9.09 2.08 

(2.07) 

.00 5.26 1.20 

(1.66) 

Double 

Roundhouse kick 

(%) 

.00 25.93 3.12 

(5.39) 

.00 25.93 4.82 

(6.46) 

.00 13.51 1.02 

(2.45) 

Triple 

Roundhouse kick 

(%) 

00 6.38 .41 

(1.13) 

.00 6.38 .62 

(1.42) 

.00 2.40 .14 

(.52) 

Push kick (%) 00 30.43 3.19 

(4.40) 

.00 30.43 3.39 

(5.30) 

.00 12.50 2.95 

(2.98) 

Cut down kick 

(%) 

00 23.68 7.37 

(6.28) 

.00 22.45 8.19 

(6.04) 

.00 23.68 6.37 

(6.50) 
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Table 13. 
 
Descriptive statistics of Prevalence of Attack of the Subjects (N=87)(Con’t) 
 

Attributes Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

 Min Max  M 

(SD) 

Min Max M 

(SD) 

Min Max  M 

(SD) 

360° attack (%) 00 20.00 .78 

(2.56) 

.00 20.00 1.18 

(3.33) 

.00 4.17 .28 

(.85) 

Hook kick (%) 00 6.00 .40 

(.97) 

.00 2.70 .26 

(.67) 

.00 6.00 .57 

(1.24) 

Punch (%) 00 21.74 2.96 

(4.51) 

.00 21.74 3.70 

(5.12) 

.00 16.98 2.05 

(3.47) 

 

For the mode of attack, athletes tended to perform more aggressive attack (M 

= 67.40%, SD = 15.02) than passive attack (M = 32.60%, SD = 15.73). According to 

the descriptive analysis of the data, a higher percentage of scoring rate was revealed 

in the attack to the trunk (M = 73.78%, SD = 35.96) than that of the attack to the 

head (M = 19.32%, SD = 30.22). The descriptive statistics of mode of attack of 

athletes and the scoring profile of athletes are presented in Table 14 and Table 15 

respectively.  
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Table 14. 

Descriptive statistics of Mode of Attack of the Subjects (N=87) 

Attributes Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Aggressive 

attack (%) 

16.67 100.00 67.40 

(15.02) 

16.67 90.32 67.43 

(14.40) 

26.32 100.00 67.36 

(15.95) 

 

Passive attack 

(%) 

.00 83.33 32.60 

(15.73) 

9.68 83.33 33.19 

(15.13) 

.00 73.68 31.87 

(16.62) 

 

Attack by front 

leg (%) 

.00 92.50 40.48 

(19.82) 

8.33 68.09 36.40 

(16.53) 

.00 92.50 45.51 

(22.46) 

          

Attack by rear 

leg (%) 

7.50 100.00 59.54 

(19.93) 

29.79 91.67 63.56 

(16.67) 

7.50 100.00 54.59 

(22.58) 

          

Direct attack (%) 25.58 100.00 75.27 

(13.68) 

25.58 95.83 74.60 

(14.91) 

41.67 100.00 76.09 

(12.12) 

          

Indirect attack 

(%) 

.00 74.42 24.80 

(14.13) 

4.17 74.42 25.29 

(14.93) 

.00 58.33 24.20 

(13.26) 

 

 The percentages of male and female athletes in conducting the aggressive 

attack, passive attack, direct attack, indirect attack were similar. However, female 

athletes had a higher tendency in executing the attack by the front leg than male 
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athletes whereas male athletes tended to execute attack more frequently by the rear 

leg. 

 

Table 15. 

Descriptive statistics of Scoring Profile of the Subjects (N=87) 

Attributes Overall 

(n=87) 

Male 

(n=48) 

Female 

(n=39) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Scoring rate (%) .00 34.19 9.24 

(7.46) 

.00 34.19 11.19 

(8.57) 

.00 17.33 6.84 

(4.94) 

          

Losing score 

when attacking 

(%) 

.00 94.74 4.70 

(10.87) 

.00 94.74 6.91 

(14.14) 

.00 7.89 1.99 

(2.52) 

          

Scoring rate of 

attack to trunk 

(%) 

.00 100.00 73.78 

(35.96) 

.00 100.00 78.18 

(34.33) 

.00 100.00 68.37 

(37.60) 

          

Scoring rate of 

attack to head (%) 

.00 100.00 19.32 

(30.22) 

.00 100.00 13.49 

(25.06) 

.00 100.00 26.51 

(34.55) 

          

Scoring rate of 

turning attack (%) 

.00 100.00 7.47 

(18.25) 

.00 50.00 4.25 

(9.97) 

.00 100.00 11.43 

(24.53) 
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To understand the profile of elite athletes, sub-elite athletes and practitioners 

in the Technical and Tactical domain, descriptive statistics of attributes were 

collected. Descriptive statistics of the total numbers of attack, number of types of 

attack utilized and the percentage of turning attack are listed in Table 16.  

 

Table 16. 

Descriptive statistics of Technical and Tactical Attributes of the Subjects with Level of  

Expertise (N=87) 

Attributes Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

No. of attacks 24.00 66.00 41.53 

(9.66) 

20.00 51.00 34.44 

(8.20) 

15.00 60.00 36.03 

(12.99) 

 

No. of  types of 

attack being used  

4.00 9.00 6.55 

(1.44) 

1.00 8.00 5.59 

(1.73) 

1.00 8.00 4.52  

(1.54) 

          

Turning attack (%) .00 33.33 7.31 

(6.36) 

.00 20.41 7.83 

(5.48) 

.00 20.00 4.72 

(5.44) 

 

For athletes among all three levels of expertise, a higher tendency was 

observed in the percentage of executing attack to the trunk than attacking to the head. 

Some athletes only executed attack to the trunk as the highest value of the percentage 
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of attack to the trunk was 100% for the three groups of subjects. Descriptive statistics 

of site of attack of athletes with different levels of expertise is presented in Table 17. 

 

Table 17. 

Descriptive statistics of Site of Attack of the Subjects with Level of Expertise (N=87) 

Attributes Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Attack to trunk (%)  69.64 100.00 84.23 

(7.83) 

69.23 100.00 83.65 

(8.84) 

64.00 100.00 89.00 

(9.13) 

 

Attack to head (%) .00 30.36 15.94 

(7.85) 

.00 30.77 16.31 

(8.79) 

.00 36.00 10.96 

(9.24) 

 

 For the prevalence of attack, roundhouse kick was the most frequently used 

attack in the competition by athletes with different levels of expertise. Descriptive 

data of prevalence of attack of athletes with different levels of expertise is 

summarized in Table 18. 
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Table 18. 

Descriptive statistics of Prevalence of Attack of the Subjects with Level of Expertise (N=87) 

Attributes Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Roundhouse kick 

(%)  

35.14 100.00 65.08 

(17.06) 

50.00 100.00 66.14 

(12.90) 

.00 100.00 70.57 

(17.85) 

 

Side kick (%) .00 59.00 13.30 

(12.70) 

.00 42.11 8.65 

(10.02) 

.00 37.21 5.77 

(10.23) 

Back kick (%) .00 25.00 4.84 

(5.28) 

.00 18.37 5.66 

(4.39) 

.00 16.67 3.42 

(4.97) 

Reverse kick (%) .00 5.26 2.01 

(1.85) 

.00 9.09 1.82 

(2.14) 

.00 5.36 1.22 

(1.79) 

Double 

Roundhouse kick 

(%) 

.00 24.00 3.89 

(5.57) 

.00 11.81 2.72 

(3.96) 

.00 25.93 2.74 

(6.46) 

Triple 

Roundhouse kick 

(%) 

.00 5.41 .50 

(1.26) 

.00 2.94 .42 

(.90) 

.00 6.38 .29 

(1.23) 

Push kick (%) .00 13.85 4.40 

(3.78) 

.00 7.50 2.09 

(2.39) 

.00 30.43 3.09 

(6.05) 

Cut down kick 

(%) 

.00 21.62 6.95 

(5.78) 

.00 23.68 9.38 

(6.91) 

.00 22.45 5.79 

(5.74) 
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Table 18. 
 
Descriptive statistics of Prevalence of Attack of the Subjects with Level of Expertise (N=87) 
(Con’t) 
 

Variables Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

360° attack (%) .00 8.33 .85 

(1.90) 

.00 7.00 .63 

(1.61) 

.00 20.00 .85 

(3.73) 

Hook kick (%) .00 6.00 .87 

(1.38) 

.00 2.04 .11 

(.43) 

.00 2.78 .21 

(.68) 

Punch (%) .00 10.53 1.94 

(2.84) 

.00 18.18 2.78 

(4.30) 

.00 21.74 4.17 

(5.77) 

 

Descriptive data of the mode of attack performed by athletes with different 

levels of expertise is presented in Table 19. Across the athletes in the three levels of 

expertise, all of them adopted aggressive attack more frequently than passive attack. 

Other than elite athletes group, a higher percentage of using the rear leg for 

executing an attack was observed in sub-elite athletes and practitioner group. 

However, an opposite result was obtained in the elite athletes group as elite athletes 

had a higher tendency in executing the attack by the front leg rather than the rear leg.  
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Table 19. 

Descriptive statistics of Mode of Attack of the Subjects with Level of Expertise (N=87) 

Attributes Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Aggressive 

attack (%) 

26.32 89.58 66.38 

(13.61) 

51.32 100.00 67.63 

(11.10)  

16.67 95.35 68.18 

(19.56) 

 

Passive attack 

(%) 

 

3.26 73.68 32.62 

(14.74) 

.00 48.68 32.32 

(11.08) 

4.65 83.33 32.86 

(20.50) 

Attack by front 

leg (%) 

 

16.09 92.50 52.65 

(18.77) 

8.33 73.91 37.41 

(15.88) 

.00 68.09 31.38 

(18.80) 

Attack by rear 

leg (%) 

 

7.50 83.91 

 

47.45 

(18.97) 

26.09 91.67 62.54 

(15.90) 

29.79 100.00 68.63 

(19.00) 

Direct attack (%) 54.43 97.62 78.66 

(11.19) 

63.16 92.31 77.53 

(7.99) 

25.58 100.00 69.63 

(18.32) 

 

Indirect attack 

(%) 

2.38 44.30 20.89 

(11.32) 

7.69 36.84 22.43 

(7.91) 

.00 74.42 31.07 

(18.99) 

 

Scoring is important for winning the competition. Other than studying the 

actual score that athletes gained in the competition, the scoring profile of athletes 
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with different levels of expertise was investigated in this study. On average, a higher 

percentage of scoring was achieved by the sub-elite athletes group while elite 

athletes group and practitioner group ranked second and third respectively. 

Descriptive data of scoring tendency of athletes with different levels of expertise is 

listed in Table 20. 

Table 20. 

Descriptive statistics of Scoring Tendency of the Subjects with Level of Expertise (N=87) 

Attributes Elite 

(n=29) 

Sub-elite 

(n=29) 

Practitioner 

(n=29) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Min Max  M 

(SD) 

Scoring rate (%) 1.72 25.00 7.89 

(6.04) 

.00 34.19 12.51 

(8.77) 

 

.00 24.00 7.32 

(6.37) 

Losing score when 

attacking (%) 

 

.00 12.50 1.41 

(2.69) 

.00 94.74 7.52 

(17.33) 

.00 18.52 5.17 

(5.97) 

Scoring rate of 

attack to head (%) 

 

.00 100.00 69.04  

(34.15) 

.00 100.00 74.46 

(36.31) 

.00 100.00 77.83 

(38.03) 

Scoring rate of 

attack to head (%) 

 

.00 100.00 30.96 

(34.15) 

.00 100.00 22.09 

(33.63) 

.00 42.86 4.93 

(12.03) 

Scoring rate of 

turning attack (%) 

.00 100.00 9.99 

(22.00) 

.00 100.00 10.24 

(21.47) 

.00 25.00 2.17 

(5.89) 
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Correlation between Attributes and Tactics 

In order to understand the relationship between technical and tactical 

attributes with attributes in other domains including demographic, physical, 

perceptual, psychological, and emotional, Pearson product-moment correlation was 

used for analysis. 

Nine technical and tactical attributes including the average of total number of 

attack in each match, the average of total number of types of attack being utilized in 

each match, and mode of attack were correlated with the demographic attributes 

which is listed in Table 21. The relationship between the number of types of attack 

and the Taekwondo training time was investigated using Pearson product-moment 

correlation coefficient. There was a moderate and positive correlation between the 

two attributes, r = .41, n = 87, p < .000, with high level of Taekwondo training time 

associated with a higher number of types of attack. There was a moderate and 

positive correlation between the percentage of attack by front leg and the fitness 

training time, r = .46, n = 87, p < .000, with high level of fitness training time 

associated with a higher percentage of attack by front leg.  

 

 

 

 

 

 

 

 



127 

 

Table 21. 

Pearson Product-moment Correlation Between Technical and Tactical Attributes and 
Demographic Variables (N=87) 

Attributes Year of 
Practice 

Training 
Time 

Taekwondo 
Training 

Time 

Fitness 
Training 

Time 

Height  Weight  BMI 

No. of 
attack 

-.07 .26 .25 .18 .06 -.14 -.24 

No. of  type 
of attack 
 

.06 .37** .41** .20 .31** .16 -.02 

Aggressive 
attack (%) 
 

.13 -.02 -.03 -.00 .08 .03 -.01 

Passive 
attack (%) 
 

-.13 .04 .05 .02 -.04 .03 .06 

Attack by 
front leg 
(%) 
 

.01 .50** .39** .46** .21 .07 -.06 

Attack by 
rear leg (%) 

-.02 -.50** -.39** -.46** -.21 -.07 .06 

        
Attack to  
trunk (%) 
 
 

.11 -.13 -.10 -.11 -.24 -.04 .13 

Attack to  
head (%) 
 

-.11 .13 .10 .12 .24 .04 -.13 

Turning 
attack (%) 

.13 .08 .13 .01 .15 .22 .18 

**  Correlation is significant at the .01 level (2-tailed). 

 

The relationship between technical and tactical attributes, and physical 

attributes was investigated using Pearson product-moment correlation coefficient and 

is listed in Table 22. There was a moderate and positive correlation between the 

percentage of attack to the head and flexibility, r = .37, n = 87, p < .000, with high 

level of flexibility associated with higher percentage of attack to the head. Lateral 
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agility had also been found to have a moderate and positive correlation with the 

percentage of attack to the head, r = .34, n = 87, p < .001. There was a moderate and 

positive correlation between the power of lowerlimbs and the percentage of attack 

with turning action, r = .36, n = 87, p < .001.  

 

Table 22.  

Pearson Product-moment Correlation Between Technical and Tactical Attributes and 
Physical Attributes (N=87) 

Attributes Length of 
Upper 
 limbs 

Length of 
Lower 
limbs 

Body fat  
(%) 

Anaerobic Aerobic Flexibility Power  Lateral 
Agility  

No. of 
attack 

.06 .07 .03 -.08 -.10 .21 -.07 .02 

No. of type 
of attack 
 

.36** .26 -.20 .01 .27 .18 .39** .54** 

Aggressive 
attack (%) 
 

.04 .11 -.07 .02 -.01 .18 -.03 -.01 

Passive 
attack (%) 
 

.01 -.06 .05 .02 .06 -.15 .06 -.01 

Attack by 
front leg 
(%) 
 

.26 .31** .25 -.14 -.14 .16 .05 .25 

Attack by 
rear leg (%) 
 

-.26 -.31** -.24 .14 .13 -.16 -.05 -.25 

Attack to 
the trunk 
(%) 
 

-.28** -.27 .21 .02 -.23 -.37** -.14 -.34** 

Attack to 
the head 
(%) 
 

.28** .27 -.22 -.02 .23 .37** .15 .34** 

Turning 
attack (%) 
 

.16 .13 -.22 .15 .28** -.06 .36** .26 

**  Correlation is significant at the .01 level (2-tailed). 
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Technical and Tactical attributes were correlated with the perceptual 

attributes by Pearson product-moment correlation coefficient and listed in Table 23. 

There was a moderate and positive correlation between the dynamic balance of the 

dominant leg and the percentage of attack by the rear leg, r = .31, n = 87, p < .001, 

with high level of dynamic balance of the dominant leg associated with a higher 

percentage of attack by the rear leg. 

Table 23. 

Pearson Product-moment Correlation Between Technical and Tactical Attributes and 
Perceptual Attributes (N=87) 

Attributes Static 
Balance of 
Dominant 

Leg 

Static 
Balance of 

Non-
Dominant 

Leg 

Dynamic  
Balance of 
Dominant 

Leg 

Dynamic 
Balance of 

Non-
Dominant 

Leg 

Simple  
Reaction 

Time 

Visual 
Search  

No. of attack .09 .21 .02 -.01 -.09 -.13 

No. of type of 
attack 
 

.20 .11 .03 .04 -.09 .02 

Aggressive 
attack (%) 
 

-.15 -.08 .01 -.07 -.10 .03 

Passive 
attack (%) 
 

.13 .09 .03 .10 .10 .05 

Attack by 
front leg (%) 
 

.04 .05 -.30** -.27 .10 .05 

Attack by 
rear  leg (%) 
 

-.04 -.05 .31** .28** -.10 -.06 

Attack to the 
trunk (%) 
 

-.20 .07 -.04 -.04 .06 .11 

Attack to the 
head (%) 
 

.21 -.07 .04 .04 -.06 -.11 

Turning 
attack (%) 
 

.09 .02 .12 .06 -.11 -.03 

**  Correlation is significant at the .01 level (2-tailed). 
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 The technical and tactical attributes were correlated with the psychological 

attributes using the Pearson product-moment correlation coefficient which is 

presented in Table 24.  

 

Table 24. 

Pearson Product-moment Correlation Between Tactical Attributes and Psychological 
Attributes (N=87) 

Attributes Coachability Concentration Confidence and 
achievement 
motivation 

Goal Setting 
and mental 
preparation 

No. of attack -.08 .05 .11 .17 

No. of type of attack -.02 .13 .19 .21 

Aggressive attack (%) .09 .12 .16 .13 

Passive attack (%) -.10 -.07 -.12 -.11 

Attack by front leg (%) 
 

-.16 .00 .07 .04 

Attack by back leg (%) 
 

.15 .00 -.08 -.04 

Attack to the trunk (%) 
 

-.17 -.11 -.09 -.19 
 

Attack to the head (%) 
 

.15 .11 .09 .19 

Turning attack (%) .02 .20 .11 .04 

**  Correlation is significant at the .01 level (2-tailed). 

 

The technical and tactical attributes were correlated with the emotional attributes 

using the Pearson product-moment correlation coefficient which is presented in 

Table 25. A moderate and positive correlation was revealed between the percentage 



131 

 

of attack to the head and the score of peaking under pressure, r = .33, n = 87, p 

< .002, with a high level of score of peaking under  pressure associated with a higher 

percentage of attack to the head. 

 

Table 25. 

Pearson Product-moment Correlation Between Tactical Attributes and Emotional 
Attributes (N=87) 

Attributes Coping with 
Adversity 

Peaking under  
Pressure 

Freedom from Worry 

No. of attack .01 .06 .00 

No. of type of attack .26 .25 .04 

Aggressive attack (%) .02 .12 -.08 

Passive attack (%) -.06 -.09 .06 

Attack by front leg (%) 
 

.07 .09 .08 

Attack by back leg (%) 
 

-.07 -.09 -.08 

Attack to the trunk (%) 
 

-.25 -.33** -.01 

Attack to the head (%) 
 

.24 .33** .00 

Turning attack (%) .01 .12 .20 

**   Correlation is significant at the .01 level (2-tailed). 

 

 

 

 



132 

 

Hypotheses Testing 

  

This study examined the contributory domains to the expert performance in 

the Olympic style Taekwondo. This section describes the statistical procedures 

adopted for testing each hypothesis, and highlights the relevant results. 

 

Null Hypotheses 1: There would be no significant mean difference between male and 

female athletes in the measure of the following domains: physical, perceptual, 

psychological, emotional, and technical and tactical. 

  

2 (gender) X 3 (level of expertise) ANOVA was conducted to compare the 

measure of domains for male and female athletes.  

 

Physical Domain  

There was a statistically significant main effect for gender, F (1, 81) = 131.21, 

p = .00, with a large effect size (partial eta squared = .62). Male athletes obtained a 

higher mean value on physical domain (M = 427.73, SD = 34.59) than female 

athletes (M = 365.97, SD = 26.07). 
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Physical attributes. 

Among the eight physical attributes being analyzed by 2 (gender) X 3 

(level of expertise) ANOVA, flexibility was the only attribute that did not 

reveal statistically significant mean difference. The results on the comparison 

between male and female athletes on physical attributes are listed in Table 26. 

 

Table 26. 

Comparison of Male Athletes (n =48) and Female Athletes (n=39) on Physical Attributes 

Attributes M (SD) df F p ES 

Male  Female 

Length of Upper limbs (cm) 

 

78.85 (3.85) 74.69 (2.93) 1 36.10* .00 .31 

Length of Lower limbs (cm) 

 

101.99 (4.57) 97.56 (5.09) 1 23.17* .00 .22 

Body fat (%) 

 

14.02 (4.01) 24.81 (3.84) 1 159.17* .00 .66 

Anaerobic capacity 

 

4.13 (1.49) 2.62 (.88) 1 32.33* .00 .29 

Aerobic capacity (ml/kg/min) 

 

55.19 (8.01) 41.50 (3.24) 1 109.47* .00 .58 

Flexibility (cm) 38.03 (8.06) 40.27 (7.76) 1 1.70 .20 .02 

       

Power of Lower limbs (watts) 

 

434.66 

(84.69) 

268.16 

(41.69) 

1 139.25* .00 .63 

Lateral agility 23.89 (3.14) 20.87 (1.91) 1 43.27* .00 .35 

 *Statistically significant difference, p<0.05 
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Perceptual Domain 

There was no significant mean difference in the measure of perceptual 

domain for male athletes (M = 201.67, SD = 21.26) and female athletes (M = 199.83, 

SD = 21.40), F (1, 81) = .16, p = .69, with a small effect size (partial eta squared 

= .00). 

 

Perceptual attributes. 

Static balance, dynamic balance, visual search and simple reaction 

time were those attributes being investigated. No statistically significant 

difference was revealed. The results on the comparison between male and 

female athletes on perceptual attributes are listed in Table 27. 
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Table 27. 

Comparison of Male Athletes (n =48) and Female Athletes (n=39) on Perceptual Attributes 

Attributes M (SD) df F p ES 

Male  Female 

Static balance (Dominant) (sec) 14.14 

(10.90) 

10.34 

(8.24) 

1 3.14 .08 .04 

Static balance (Non-dominant) (sec) 
 

11.24  

(9.03) 

11.22 

(8.76) 

1 .00 .99 .00 

Dynamic balance (Dominant) (cm) 719.26 

(94.59) 

685.61 

(84.57) 

1 3.06 .08 .04 

Dynamic balance (Non-dominant) 

(cm) 

724.31 

(106.87) 

696.20 

(81.08) 

1 1.85 .18 .02 

Simple Reaction Time(sec) 

 

.10  

(.03) 

.09  

(.02) 

1 .45 .50 .01 

Visual search (sec) 21.85  

(9.06) 

19.52 

(4.93) 

1 2.08 .15 .03 

 

Psychological Domain 

There was statistically significant mean difference in the scores of the 

Athletic Coping Skills Inventory 28 (Smith et al., 1995) between male athletes (M = 

46.31, SD = 6.66) and female athletes (M = 42.61, SD = 5.65), F (1, 81) = 8.71, p 

= .00, with a medium effect size (partial eta squared = .10). 
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 Psychological attributes. 

2 (gender) X 3 (level of expertise) ANOVA was conducted for 

analyzing the impact of gender on the measure of attributes within the 

psychological domain. Results on the comparison between male and female 

athletes on psychological attributes are listed in Table 28. 

 

Table 28. 

Comparison of Male Athletes (n =48) and Female Athletes (n=39) on Psychological 
Attributes 

       Attributes M (SD) df F p ES 

Male  Female 

Coachability  

 

12.54 (1.58) 11.79 (1.63) 1 4.55* .04 .05 

Concentration 

 

10.79 (2.04) 9.97 (1.56) 1 4.75* .03 .06 

Goal setting and mental 

preparation 

 

11.46 (2.26) 10.26 (2.15) 1 7.76* .01 .09 

Confidence and achievement 

motivation 

11.50 (2.24) 10.59 (2.05) 1 4.44* .04 .05 

*Statistically significant difference, p<0.05 

 

Emotional Domain 

 There was no statistically significant mean difference revealed in the 

score of emotional domain for male athletes (M = 31.10, SD = 4.48) and female 
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athletes (M = 29.41, SD = 4.06), F (1, 81) = 3.62, p = .06, with a small effect size 

(partial eta squared = .04). 

 

Emotional attributes. 

Among all attributes within the emotional domain, no statistically 

significant results were revealed when comparison was made between male 

and female athletes. The results are listed in Table 29.  

 

Table 29. 

Comparison of Male Athletes (n =48) and Female Athletes (n=39) on Emotional Attributes 

       Attributes M (SD) df F p ES 

Male  Female 

Coping with adversity 10.67 (1.88) 10.15 (1.44) 1 2.16 .15 .03 

 

Freedom from worry 

 

 

9.69 (2.74) 

 

9.69 (2.21) 

 

1 

 

.00 

 

.99 

 

.00 

Peaking under  pressure 10.58 (2.30) 9.56 (2.11) 1 5.10* .03 .06 

*Statistically significant difference, p<0.05 

 

Technical and Tactical Domain 

There was significant mean difference in the measure of technical and tactical 

domain for male athletes (M = 202.62, SD = 18.72) and female athletes (M = 194.16, 
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SD = 22.48, F (1, 81) = 4.11, p = .04, with a small effect size (partial eta squared 

= .05). 

 

Technical and tactical domain. 

To study the technical and tactical attributes of athletes, notation 

analysis on athlete’s fighting performance in the competition was conducted. 

Total number of attack in the competition, number of types of attack executed 

in the competition, percentage of attack to the head and percentage of turning 

attack were the attributes being counted for calculating the score of the 

technical and tactical domain. T-score of each attribute was calculated for 

determining the score of the technical and tactical domain.  

Statistically significant mean differences were revealed in the number 

of types of attack executed in the competition and the percentage of attack 

with turning action. The results on the comparisons between male and female 

athletes on technical and tactical attributes are listed in Table 30. 
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Table 30. 

Comparisons of Male Athletes (n =48) and Female Athletes (n=39) on Technical and 
Tactical attributes 

Attributes M (SD) df F p ES 

Male  Female 

No. of attack 

 

35.84 

(10.85) 

39.16 

(10.58) 

1 2.15 .15 .03 

No. of type of attack 

 

5.90 

(1.60) 

5.13 

(1.88) 

1 5.41* .02 .06 

Attack to the head (%) 

 

15.75 

(8.78) 

12.75 

(8.86) 

1 2.65 .11 .03 

Turning attack (%) 8.54 

(6.55) 

4.27 

(3.82) 

1 13.22* .00 .14 

*Statistically significant difference, p<0.05 

 

Other than those technical and tactical attributes that were classified 

as contributors to the excel performance in Taekwondo sparring, data about 

the fighting pattern and prevalence of attacks were also collected by the 

notational analysis for enriching the understanding of fighting pattern of 

Taekwondo athletes or practitioners. To reveal the discrepancy in fighting 

pattern and prevalence of attack between male and female athletes, 2 (gender) 

X 3 (level of expertise) ANOVA was conducted.  

Statistically significant results were revealed in the use of side kick, 

back kick, reverse kick, and double roundhouse kick when comparison of 

fighting pattern and prevalence of attack was made between male and female 
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athletes.  A higher mean value of the percentage of side kick was observed in 

the female athletes group while higher mean values of the percentage of back 

kick, reverse kick and double roundhouse kick were observed in male 

athletes. The results on the comparison between male and female athletes on 

the prevalence of attack are presented in Table 31. 

 

Table 31. 

Comparisons of Male Athletes (n =48) and Female Athletes (n=39) on the Prevalence of 
Attack 

       Attributes M (SD) df F p ES 

Male  Female 

Side kick (%) 

 

5.54 

(5.87) 

13.80 

(14.52) 

1 14.13* .00 .15 

Back kick (%) 

 

5.81 

(5.55) 

3.19 

(3.59) 

1 6.46* .01 .07 

Reverse kick (%) 

 

2.08 

(2.07) 

1.20 

(1.66) 

1 4.49* .04 .05 

Double Roundhouse kick (%) 4.82 

(6.46) 

1.01 

(2.45) 

1 11.70* .00 .13 

*Statistically significant difference, p<0.05 

 

Other than prevalence of attack, discrepancies in fighting pattern 

between male and female athletes were also been found in the use of front leg 

and rear leg, the scoring rate and the percentage of losing scoring during the 

execution of attack . Female athletes had a higher tendency in using the front 
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leg to attack (M = 45.51, SD = 22.46) while male athletes (M = 36.40, SD = 

16.53) tended to use rear leg for executing attack more frequently. Male 

athletes had a higher scoring rate by the attack (M = 11.19, SD = 8.57) than 

female athletes (M = 6.84 , SD = 4.94). However, male athletes also had a 

higher rate in losing score when they executed the attack (M = 6.91, SD = 

14.14) than female athletes (M = 1.99, SD = 2.52). Results on comparison 

between male and female athletes on fighting pattern are presented in Table 

32. 

 

Table 32. 

Comparisons of Male Athletes (n =48) and Female Athletes (n=39) on Fighting Pattern 

Attributes M (SD) df F p ES 

Male  Female 

Front Leg (%) 

 

36.40 

(16.53) 

45.51 

(22.46) 

1 6.50* .01 .07 

Back Leg (%) 

 

63.56 

(16.67) 

54.59 

(22.58) 

1 6.12* .02 .07 

Scoring rate (%) 

 

11.19 

(8.57) 

6.84  

(4.94) 

1 8.44* .01 .09 

Losing Score when attacking (%) 6.91 

(14.14) 

1.99 

 (2.52) 

1 4.74* .03 .06 

*Statistically significant difference, p<0.05 
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Null Hypotheses 2: There would be no significant mean difference among elite 

athletes, sub-elite athletes and practitioners in the measure of the following domains: 

physical, perceptual, psychological, emotional, and technical and tactical.  

 

 2 (gender) X 3 (level of expertise) was conducted to explore the impact of 

level of expertise on the measure of various domains.  

 

Physical Domain 

There was a statistically significant mean difference at p<.05 level in the T-

score of the physical domain for the three groups with different levels of expertise: F 

(2, 81) = 23.29, p = .00. The effect size, calculated using partial eta squared, was .62. 

Post-hoc comparisons using the Tukey HSD test indicated that the mean score of 

elite athletes group (M = 424.13, SD = 41.83) was significantly different from sub-

elite athletes group (M = 397.39, SD = 35.93) and practitioner group (M = 378.48, 

SD = 41.72). The sub-elite athletes group did not differ from the practitioner group. 

 

 Physical attribute.  

Among the eight attributes being measured, statistically significant 

mean difference could only be found in the length of upper limbs, the length 

of lower limbs, lateral agility and power when comparison was made among 

all athletes with three levels of expertise.  
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 Length of upper limbs.  

There was a statistically significant mean difference at p <.05 level in 

the length of upper limbs for the three groups: F (2, 81) = 8.45, p = .00. The 

effect size, calculated using partial eta squared, was .17. Post-hoc 

comparisons using the Tukey HSD test indicated that the mean score for elite 

group (M = 78.97, SD = 3.70) was significantly different from sub-elite group 

(M = 76.36, SD = 3.34) and practitioner group (M = 75.63, SD = 4.32). There 

was no statistical significant mean difference between sub-elite group and 

practitioner group in the measure of the length of upper limbs. 

 

Length of lower limbs. 

Statistically significant difference at p <.05 level in the length of 

lower limbs for the three groups was revealed: F (2, 81) = 12.83, p = .00. The 

effect size, calculated using partial eta squared, was .24. Post-hoc 

comparisons using the Tukey HSD test indicated that the mean score for elite 

group (M = 103.19, SD = 5.15) was significantly different from sub-elite 

group (M = 99.09, SD = 3.48) and practitioner group (M = 97.74, SD = 5.48). 

There was no statistical significant difference between sub-elite group and 

practitioner group in the measure of the length of lower limbs. 
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Lateral agility. 

 There was a statistically significant mean difference at p < .05 level 

in the lateral agility for the three levels of expertise: F (2, 81) = 22.35, p = .00. 

The effect size, calculated using partial eta squared, was .36. Post-hoc 

comparisons using the Tukey HSD test indicated that the mean score for 

practitioner group (M = 20.41, SD = 2.68) was significantly different from 

elite group (M = 24.21, SD = 2.85) and sub-elite group (M = 23.00, SD = 

2.35). The elite group did not differ significantly from the sub-elite group in 

the performance of lateral agility. 

 

Power. 

There was a statistically significant mean difference at p < .05 level in 

the power for the three levels of expertise: F (2, 81) = 5.87, p = .00. The 

effect size, calculated using partial eta squared, was .13. Post-hoc 

comparisons using the Tukey HSD test indicated that the mean score for elite 

group (M = 392.78, SD =105.91) was significantly different from practitioner 

group (M = 332.91, SD = 103.16). The sub-elite group  (M = 354.38, SD = 

103.16) did not differ significantly from either the elite group or the 

practitioner group in power.  
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Although no significant mean difference was found in most of the 

physical attributes when comparison was made among the three groups by 2 

(gender) X 3 (level of expertise) ANOVA, descriptive data revealed that the 

elite group achieved the highest performance in most of the physical 

attributes among the three groups. For anaerobic capacity, the lower the value 

the better the performance those athletes had achieved. The athletes in the 

elite group had obtained the lowest value in anaerobic capacity among the 

three groups (M = 3.00, SD = 1.24) while practitioner group (M = 3.61, SD = 

1.34) and sub-elite group (M = 3.77, SD = 1.69) came second and third 

respectively.  Elite group also ranked first in the power of lower limbs (M = 

392.78, SD = 105.91) and lateral agility (M = 24.20, SD = 2.85).  Sub-elite 

group ranked first in aerobic capacity (M = 50.54, SD = 9.70) and flexibility 

(M = 40.05, SD = 5.71) while elite group and practitioner group ranked 

second and third in these two attributes respectively. Descriptive statistics of 

physical domain of athletes with different levels of expertise is presented in 

Table 4. 

  

Perceptual Domain 

 No statistical significant mean difference was revealed at p <.05 level in the 

score of perceptual domain for the three groups: F (2, 81) = .05, p = .95. When 

revealing the impact of level of expertise on each attribute within the perceptual 

domain, no statistical significant mean difference was revealed. 
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Psychological Domain 

Statistically significant mean difference was revealed at p <.05 level in the 

score of psychological domain for the three groups: F (2, 81) = 7.46, p = .00. The 

effect size, calculated using partial eta squared, was .16. Post-hoc comparisons using 

the Tukey HSD test indicated that the mean score of practitioner group (M = 41.28, 

SD = 5.44) was significantly different from elite group (M = 46.66, SD = 6.30) and 

sub-elite group (M = 46.03, SD = 6.40). There was no statistically significant 

difference obtained between the comparison of elite and sub-elite athletes groups in 

the measure of psychological domain. 

 

Psychological attribute. 

Other than coachability, statistically significant mean differences 

were obtained in the comparison of level of expertise of athletes on the 

attributes of psychological domain.   

 

Concentration. 

Statistically significant mean difference at p < .05 level for the three 

levels of expertise: F (2, 81) = 6.47, p = .00. The effect size, calculated using 

partial eta squared, was .14. Post-hoc comparisons using the Tukey HSD test 

indicated that the mean score for practitioner group (M = 9.48, SD = 1.60) 

was significantly different from elite athletes group (M = 10.76, SD = 1.60) 
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and sub-elite athletes group (M = 11.03, SD = 2.08). Athletes from the elite 

group did not differ significantly from those athletes in the sub-elite group.  

 

Confidence and achievement motivation. 

 There was a statistically significant mean difference at p < .05 level 

for the three levels of expertise: F (2, 81) = 6.89, p = .00. The effect size, 

calculated using partial eta squared, was .15. Post-hoc comparisons using the 

Tukey HSD test indicated that the mean score for practitioner group (M = 

9.97, SD = 1.94) was significantly different from elite athletes group (M = 

11.76, SD = 2.08) and sub-elite athletes group (M = 11.55, SD = 2.16). 

Athletes from the elite group did not differ significantly from those athletes 

in the sub-elite group.  

 

Goal setting and mental preparation. 

 There was a statistically significant mean difference at p < .05 level 

for the three levels of expertise: F (2, 81) = 10.64, p = .00. The effect size, 

calculated using partial eta squared, was .21. Post-hoc comparisons using the 

Tukey HSD test indicated that the mean score for elite athletes group (M = 

12.10, SD = 2.09) was significantly different from practitioner group (M = 

9.72, SD = 1.98). The athletes from sub-elite group (M = 10.93, SD = 2.17) 
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did not differ significantly from either the elite group or the practitioner 

group. 

 

Emotional Domain 

Statistical significant mean difference was revealed at p <.05 level in the 

score of emotional domain for the three groups: F (2, 81) = 5.33, p = .01. The effect 

size, calculated using partial eta squared, was .12. Post-hoc comparisons using the 

Tukey HSD test indicated that the mean score of elite group (M = 31.90, SD = 4.31) 

was significantly different from practitioner group (M = 28.38, SD = 3.40). Sub-elite 

group (M = 30.76, SD = 4.64) did not differ significantly from either elite athlete 

group or practitioner group in the measure of emotional domain. 

 

Emotional attribute. 

The impact of level of expertise on the measure of attributes within 

the emotional domain were analyzed 2 (gender) X 3 (level of expertise) 

ANOVA.  

 

Coping with adversity. 

Statistically significant mean difference at p < .05 level for the three 

levels of expertise was revealed: F (2, 81) = 5.12, p = .01. The effect size, 
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calculated using partial eta squared, was .11. Post-hoc comparisons using the 

Tukey HSD test indicated that the mean score for elite athletes group (M = 

10.93, SD = 1.51) was significantly different from practitioner group (M = 

9.62, SD = 1.47). The athletes from sub-elite group (M = 10.76, SD = 1.86) 

did not differ from either the elite group or the practitioner group.  

   

 Peaking under pressure. 

There was a statistically significant mean difference at p < .05 level 

for the three levels of expertise: F (2, 81) = 5.88, p = .00. The effect size, 

calculated using partial eta squared, was .13. Post-hoc comparisons using the 

Tukey HSD test indicated that the mean score for practitioner group (M = 

9.03, SD = 1.72) was significantly different from elite athletes group (M = 

10.90, SD = 2.23) and sub-elite athletes group (M = 10.45, SD = 2.41). 

Athletes from the elite group did not differ significantly from those athletes 

in the sub-elite group.  

 

Technical and Tactical Domain 

There was a statistical significant mean difference revealed at p <.05 level in 

the T-score of technical and tactical domain for the three groups: F (2, 81) = 6.64, p 

= .00. The effect size, calculated using partial eta squared, was .14. Post-hoc 

comparisons using the Tukey HSD test indicated that the mean score of elite group 
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(M = 206.81, SD = 18.72) was significantly different from practitioner group (M = 

189.11, SD = 21.21). Sub-elite group (M = 200.56, SD = 19.02) did not differ 

significantly from either elite athlete group or practitioner group in the measure of 

technical and tactical domain. 

 

Technical and tactical attribute. 

Statistically significant mean differences were revealed in the total 

number of attack in the competition, and the number of types of attack used 

in the competition.  

 

Total number of attack in the competition. 

Statistical significant mean difference was revealed at p <.05 level for 

the three groups: F (2, 81) = 3.71, p = .03. The effect size, calculated using 

partial eta squared, was .08. Post-hoc comparisons using the Tukey HSD test 

indicated that the mean score of elite group (M = 41.53, SD = 9.66) was 

significantly different from sub-elite group (M = 34.43, SD = 8.20). 

Practitioner group (M = 36.03, SD = 12.99) did not differ significantly from 

either elite athlete group or practitioner group in the measure of total number 

of attack.  
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Number of types of attack used in the competition. 

Statistical significant difference was revealed at p <.05 level for the 

three groups: F (2, 81) = 12.50, p = .00. The effect size, calculated using 

partial eta squared, was .24. Post-hoc comparisons using the Tukey HSD test 

indicated that the mean score of practitioner group (M = 4.52, SD = 1.54) was 

significantly different from elite group (M = 6.55, SD = 1.44) and sub-elite 

group (M = 5.59, SD = 1.73). There was no statistically significant mean 

difference between elite and sub-elite group.  

 

Other than those technical and tactical attributes mentioned above, 

there were several attributes being coded in the notational analysis for 

understanding the fighting pattern and scoring profile of the athletes. 

Statistical significant results were observed in the prevalence of attack, the 

mode of attack and scoring rate which is listed in Table 33. 
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Table 33 

Comparisons of Elite Athletes (n =29), Sub-elite Athletes (n=29) and Practitioners (n=29) 
on Fighting Pattern and Scoring Profile 

 
Attributes 

M (SD)  
F 

 
p 

 
ES Elite  

(n=29) 
Sub-elite 
(n = 29) 

Practitioner 
(n = 29) 

Side kick (%) 
 
 

13.31 
(12.70) 

8.65 
(10.03) 

5.77 
(10.23) 

4.51* .01 .10 

Roundhouse kick (%) 
 

61.63 
(12.57) 

 

66.14 
(12.90) 

70.57 
(12.85) 

3.36* .04 .08 

Hook kick (%) 
 
 

.87  
(1.38) 

.11   
(.43) 

.21  
(.68) 

6.73* .00 .14 

Attack by right leg (%) 
 
 

52.10 
(20.06) 

56.54 
(14.96) 

64.12 
(18.06) 

4.05* .02 .09 

Attack by front leg 
(%) 
 
 

52.65 
(18.77) 

37.42 
(15.88) 

31.38 
(18.80) 

6.49* .01 .07 

Attack by rear leg  
(%) 
 
 

47.45 
(18.97) 

62.54 
(15.90) 

68.63 
(19.00) 

13.53* .00 .25 

Direct attack (%) 
 
 

78.66 
(11.19) 

77.53 
(7.99) 

69.64 
(18.32) 

4.01* .02 .09 

Indirect attack (%) 
 
 

20.89 
(11.32) 

22.43 
(7.91) 

31.07 
(18.99) 

4.84* .01 .11 

Scoring rate (%) 
 
 

7.89 
(6.05) 

12.52 
(8.77) 

7.32 
 (6.37) 

4.92* .01 .11 

Scoring rate to the 
head (%)  
 

30.96 
(34.15) 

22.09 
(33.63) 

4.93 
(12.03) 

7.75* .00 .16 

*Statistically significant difference, p<0.05 
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The Post-hoc comparisons using the Tukey HSD test indicated that 

elite group was significantly different from practitioner group in the 

percentage of side kick, the percentage of roundhouse kick, the percentage of 

using right leg to execute the attack, and the percentage of direct attack. The 

sub-elite group did not differ from either elite group or practitioner group on 

these attributes.  

The Post-hoc comparisons using the Tukey HSD test indicated that 

elite group was significantly different from sub-elite group and practitioner 

group in the percentage of hook kick, the percentage of using front leg to 

execute the attack and the percentage of using rear leg to execute the attack. 

There were no significant difference observed between the sub-elite group 

and practitioner group on these attributes. 

The Post-hoc comparisons using the Tukey HSD test indicated that 

sub-elite group was significantly different from elite group and practitioner 

group in the percentage of scoring. There were no significant difference 

observed between the elite group and practitioner group in the percentage of 

scoring in the competition. 

For the percentage of indirect attack and the percentage of scoring by 

the attack to the head, the Post-hoc comparisons using the Tukey HSD test 

indicated that athletes from practitioner group differed significantly from 

those athletes from the elite and sub-elite group. There were no significant 
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difference observed between the elite group and sub-elite group in the 

percentage of scoring by the attack to the head. 

 

Null Hypotheses 3: There would be no interaction effect between gender and level of 

expertise in the measure of the following domains: physical, perceptual, 

psychological, emotional, and technical and tactical. 

 

Physical Domain 

 The interaction effect between gender and level of expertise on physical 

domain and all attributes within the domain were not significant (Table 34). 

 

Table 34. 

The Interaction Effect Between Gender and Level of Expertise on Physical Attributes  

                   Attributes df F p ES 

Length of Upper limbs (cm) 
 

2 .27 .76 .01 

Length of Lower limbs (cm) 
 

2 .73 .48 .02 

Body Fat (%) 
 

2 .61 .55 .02 

Anaerobic capacity 
 

2 .64 .53 .02 

Aerobic capacity (ml/kg/min) 
 

2 2.60 .08 .06 

Flexibility (cm) 
 

2 1.06 .35 .03 

Power of lower limbs (watts) 
 

2 .33 .72 .01 

Lateral agility 2 1.84 .17 .04 
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Perceptual Domain 

The interaction effect between gender and level of expertise on perceptual 

domain and all attributes within the domain were not significant (Table 35). 

Table 35. 

The Interaction Effect Between Gender and Level of Expertise on Perceptual Attributes  

Attributes df F p ES 

Static balance (Dominant) (sec) 2 .17 .85 .00 

Static balance (Non-dominant) (sec) 
 

2 .54 .59 .01 

Dynamic balance (Dominant) (cm) 

 

2 2.39 .10 .06 

Dynamic balance (Non-dominant) (cm) 

 

2 2.28 .11 .05 

Simple Reaction Time  (sec) 2 .13 .88 .00 

Visual search (sec) 2 1.84 .17 .04 

 

Psychological Domain 

The interaction effect between gender and level of expertise on psychological 

domain and all attributes within the domain were not significant (Table 36). 
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Table 36. 

The Interaction Effect between Gender and Level of Expertise on Psychological Attributes  

Attributes df F p ES 

Coachability  

 

2 .23 .80 .01 

Concentration 

 

2 .67 .52 .02 

Goal setting and mental preparation 

 

2 1.09 .34 .03 

Confidence and achievement motivation 2 1.80 .17 .04 

 

Emotional Domain 

The interaction effect between gender and level of expertise on emotional 

domain and all attributes within the domain were not significant (Table 37). 

 

Table 37. 

The Interaction Effect Between Gender and Level of Expertise on Emotional Attributes  

        Attributes df F p ES 

Coping with adversity 2 .85 .43 .02 

 

Freedom from worry 

 

 

2 

 

.14 

 

.87 

 

 

.00 

Peaking under  pressure 2 .87 .42 .02 
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Technical and Tactical Domain 

The interaction effect between gender and level of expertise on technical and 

tactical domain was not significant. Other than the percentage of attacking by front 

leg and the percentage of attacking by rear leg, all attributes within the domain were 

not significant (Table 38). 

 

Table 38. 

The Interaction Effect Between Gender and Level of Expertise on Technical and Tactical 
Attributes  

     Attributes df F p ES 

No. of attack 

 

2 .20 .82 .01 

No. of type of attack 

 

2 .19 .83 .01 

Attack to the head (%) 

 

2 1.26 .29 .03 

Turning attack (%) 2 .17 .85 .00 

 

Attack by the front leg. 

When exploring the impact of gender and level of expertise on the 

percentage of executing the attack by the front leg, the interaction effect 

between gender and level of expertise was statistically significant, F(2, 81) = 

5.02 , p = .00 , with a medium effect size (partial eta squared = .11). There 

was no statistically significant difference between male athletes with different 
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level of expertise on the percentage of executing attack by the front leg. 

However, female elite athletes were found to be significantly different from 

sub-elite female athletes and female athletes from practitioner group in the 

utilization of front leg for attack. There was no statistically significant 

different between the female sub-elite group and the female practitioner 

group. 

 

 Attack by the rear leg. 

When exploring the impact of gender and level of expertise on the 

percentage of executing the attack by the rear leg, the interaction effect 

between gender and level of expertise was statistically significant, F(2, 81) = 

4.74 , p = .01 , with a medium effect size (partial eta squared = .11). There 

was no statistically significant difference between male athletes with different 

level of expertise on the percentage of executing attack by the rear leg. 

However, female elite athletes were found to be significantly different from 

sub-elite female athletes and female athletes from practitioner group in the 

utilization of rear leg for attack. There was no statistically significant 

different between the female sub-elite group and the female practitioner 

group. 
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Null Hypotheses 4: All measured domains would not have a higher contributory 

effect than the other domains in the search of level of expertise. 

 

As suggested by Janelle and Hillman (2003), physical, psychological, 

emotional, perceptual, technical and tactical domains play an important role in 

determining the expert performance in sports. Though it is no doubt that all these 

domains make contribution to athletes’ performance, but it is worth to examine 

whether these domains can distinguish athletes with different levels of expertise 

effectively. Hence, discriminant function analysis was used in this study for 

exploring the predictive ability of the five domains on the levels of expertise in 

Taekwondo athletes. 

In order to use the discriminant function analysis for analyzing the data, there 

are a number of assumptions that should be satisfied by the collected data (Brown & 

Wicker, 2000). Firstly, the domains used to predict the categorical dependent 

measure should be normally distributed and the within-group covariance matrices 

should be similar for all groups (Manly, 2005). Secondly, no outlier should appear in 

the predictor values (Tabachnick & Fidell, 2007). Lastly, absence of 

multicollinearity or functionally dependent should be guaranteed. To ensure these 

assumptions had been reached by the dataset in this study, preliminary analyses were 

conducted and none of the assumptions was violated.  

According to the results of the discriminant function analysis, the Wilk’s 

Lambda of the discriminant function is .70 (p < .05) with canonical correlation as .52. 
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Since the function is significant (p <. 05), therefore, the model is a good fit for the 

data. The canonical discriminant function coefficients and structure matrix which 

was interpreted as the discriminant loading are reported in Table 39. According to 

the discriminant loading of the discriminant function, the physical domain got a good 

predictive power for distinguishing the level of Taekwondo expertise as its value is 

the highest among all domains while psychological domain, and technical and 

tactical domain came the second and third respectively. The perceptual domain had 

the least predictive power for distinguishing the levels of Taekwondo expertise 

among the five domains. 

 

Table 39. 

 Interpretive Measures for Discriminant Analysis with Five Domains 

Domain Standardized  
Canonical 

Discriminant 
Function 

Coefficients 

Unstandardized 
Canonical 

Discriminant 
Function 

Coefficients 

Discriminant 
loading (rank) 

 
Physical (Phy) 
 

 
.441 

 
.011 

 
.765 (1) 

Psychological (Psy) 
 

.328 .054 .634 (2) 

Technical and Tactical (T) 
 

.466 .024 .622 (3) 

Emotional (E) 
 

.293 .071 .589 (4) 

Perceptual (Per) 
 

.175 .008 .044 (5) 
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Based on the Standardized Canonical Discriminant Function Coefficients 

obtained by the discriminant function analysis, the equation for the discriminant 

function is as follow: 

DF= .441*Phy + .328*Psy + .466*T + .293*E + .175*Per 

 

Table 40. 

 Functions at Group Centroids based on the Discriminant Analysis with Five Domains 

Level of Expertise  Function 
Elite 

 
.674 

Sub-Elite 
 

.105 

Practitioner 
 

-.779 

 

According to the group centroids as listed in Table 40, if subject’s score on 

the discriminant function is closer to .674, then he or she was probably the elite 

athletes. Based on the result obtained by the discriminant function analysis, the 

percentage of correct classifications which is also known as the predictive accuracy 

of the function is 51.7%. 

 According to the results of discriminant loading obtained by discriminant 

function analysis in this study, the loading of each domain is different. Hence, the 

contributory effects of all measured domains would not be the same for athletes with 

different levels of expertise. 
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Null Hypotheses 5: The modified approach suggested in this study would not have a 

higher predictive accuracy than the approach suggested by Janelle and Hillman 

(2003) 

 

Based on the multi-dimension approach as suggested by Janelle and Hillman 

(2003), the determinants of expertise of Olympic style Taekwondo was investigated 

with the contributory effect of each domain being identified. However, the approach 

suggested by Janelle and Hillman (2003) failing to take into account the impact of 

experience and practice, which are also an important component in the development 

of expertise in the domain (Horn and Masunaga, 2006) in the process for 

determining the expertise in sports. Hence, a statistical analysis was conducted by 

adding the domain of experience and training which included the number of years in 

practicing Taekwondo and the time spent on a structured Taekwondo training per 

week for the last three months into the analysis.  

Discriminant function analysis was applied in finding the predictive accuracy 

of Taekwondo athletes with different levels of expertise by the six domains, namely 

physical, perceptual, psychological, emotional, technical and tactical, and experience 

and training. Based on the result obtained in the statistical analysis, the Wilk’s 

Lambda of the discriminant function is .59 (p < .00). Since the function is significant 

(p <. 05), therefore, the model is a good fit for the data. The standardized canonical 

discriminant function coefficients, the unstandardized canonical discriminant 

function coefficients, and the discriminant loading of the function are reported in 
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Table 41. According to the results, the experience and training domain got a good 

predictive power for distinguishing the levels of Taekwondo expertise and its value 

is the highest among all domains while physical domain, and technical and tactical 

domain came the second and third respectively. The perceptual domain got the least 

predictive power for distinguishing the levels of Taekwondo expertise among all 

domains. 

 

Table 41. 

 Interpretive Measures for Discriminant Analysis with Six Domains 

Domain Standardized  
Canonical 

Discriminant Function 
Coefficients 

Unstandardized 
Canonical 

Discriminant 
Function 

Coefficients 

Discriminant 
loading 
(rank) 

Experience and Training 
(ET) 
 

.663 .052 .734 (1) 

Physical (Phy) 
 

.179 .004 .598 (2) 

Psychological (Psy) 
 

.316 .052 .480 (3) 

Technical and Tactical (T) 
 

.419 
 

.021 .478 (4) 

Emotional (E) 
 

.129 .031 .451 (5) 

Perceptual (Per) 
 

.105 .001 .031 (6) 

 

Based on the Standardized Canonical Discriminant Function Coefficients 

obtained by the discriminant function analysis, the equation for the discriminant 

function is as follow: 

DF= .663*ET + .179*Phy + .316*Psy + .419*T + .129*E + .105*Per 
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Table 42. 

 Functions at Group Centroids based on the Discriminant Analysis with Six Domains 

Level of Expertise  Function 
Elite 

 
.913 

Sub-Elite 
 

.068 

Practitioner 
 

-.981 

 

According to the group centroids as listed in Table 42, if subject’s score on 

the discriminant function is closer to .913, then he or she was probably the elite 

athletes. Based on the result obtained by the discriminant function analysis, the 

percentage of correct classifications which is also known as the predictive accuracy 

of the function is 64.4%. 

When comparing the predictive accuracy of the function determined by the 

approach suggested by Janelle and Hillman (2003) with the one suggested in this 

study, the predictive accuracy of the function determined by the suggested approach 

of this study is higher than that of the approach suggested by Janelle and Hillman. 

Thus, the result suggested that including the experience and training domain as the 

predictor in determining the expertise in Olympic style Taekwondo is more effective 

than determining the expertise by the physical, perceptual, psychological, emotional, 

and technical and tactical domains alone.  
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Summary of Results 

The purpose of this study was to examine the relative contribution of physical 

domain, perceptual domain, psychological domain, emotional domain, and technical 

and tactical domain to the expertise of Olympic style Taekwondo. It also aimed to 

assess the impact of gender on these domains and the fighting pattern of Taekwondo 

athletes. The impact of level of expertise on the fighting pattern was also examined 

in this study. Results from the various statistical analyses successfully answered the 

major research questions of this study. Some important findings are presented as 

follows: 

1. Athletes from elite group engaged significantly the longest time in 

Taekwondo skills training than the sub-elite and practitioner group. 

2. Athletes from elite group tended to be taller with longer upper limbs and 

lower limbs among the three groups of athletes with different level of 

expertise. 

3. Athletes from elite group achieved the best results among the three groups of 

athletes in all attributes of physical domain except the aerobic capacity.  

4. The mean value of the attack executed by athletes within the six minutes 

competition was 37.33 (SD = 10.79) and elite athletes executed a higher 

number of attack than the sub-elite athletes. 

5. The mean value of types of attack utilized by athletes in the match was 5.56 

(SD = 1.76) and athletes from elite and sub-elite groups tended to adopt more 

different types of attack in the competition than the practitioner. The high 
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number of types of attack utilized was found to be correlated with 

Taekwondo skill training time. 

6. The prevalence of attack for the top three most frequently used attack, 

namely roundhouse kick, side kick and cut down kick were the same for 

athletes with different genders or levels of expertise but in different order. 

7. The percentage of attack to the head was found to be correlated with 

flexibility, lateral agility and peaking under pressure. 

8. Elite athletes had a higher tendency in executing attack by the front leg than 

the sub-elite athletes and practitioner. The percentage of executing attack by 

the front leg was found to be correlated with the length of lowerlimbs of 

athletes. 

9. According to the multi-dimensional approach suggested by Janelle and 

Hillman (2003) in determining the expertise performance of Taekwondo, 

physical domain was found to be the most important contributor to the 

outstanding performance of Taekwondo athletes. 

10. Taken the impact of experience and training into account for determining the 

expertise of Taekwondo performance, the newly generated discriminant 

function based on the six domains has a higher percentage of correctness in 

classifying subjects into different levels of expertise than the discriminant 

function based on the five domains as suggested by Janelle and Hillman 

(2003). 
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Chapter 5 

DISCUSSION 

  

 The main purpose of this study was to identify the determinants of expertise 

in Olympic Taekwondo style performance. Some significant results were obtained 

from the data collected. In this chapter, these results were discussed by exploring the 

contributory effect of these determinants to the outstanding performance in 

Taekwondo with the support of other literatures discussing on similar topics. This 

chapter contained the following sections: (1) fighting pattern and preference of 

Taekwondo athletes; (2) determinants of the expertise in Taekwondo; (3) multi-

dimensional approach in studying the expertise in sports; (4) summary and 

recommendations for future studies.  

 

Fighting Pattern and Preference of Taekwondo Athletes 

 To study the fighting pattern or preference by conducting technical and 

tactical analysis is a popular research topic in Taekwondo (Bridge et al., 2011; Falco 

et al., 2012; Falco, et al., 2014, Koh et al., 2002; Kwok, 2012; Torenllo et al., 2013). 

Researchers (Casolino et al., 2012; Kwok, 2012; Menescardi et al, 2012; Menescardi 

& Estevan, 2017) studied the fighting patterns in relation to gender, level of expertise, 

and match outcome (winner or non-winner). Similar research directions had been 

adopted in this study and results generated helped in developing the fighting profiles 

of Taekwondo athletes.  



168 

 

Prevalence of Attack 

 Roundhouse kick was the most frequently used attack in Taekwondo 

competition in this study by athletes with different genders or levels of expertise. 

This finding was in line with those results obtained in previous studies (Kwok, 2012; 

Pieter and Pieter, 1995; Suppiah et al., 2017). It was vital that speed and power were 

crucial to the success in Taekwondo competitions. Hence, utilization of attack with 

high speed and power increased the chance of winning. According to previous 

studies (Pieter & Pieter, 1995; Serina & Lieu, 1991), roundhouse kick was the fastest 

form of attack among all legal attacking techniques in Taekwondo. Although 

roundhouse kick only ranked second in the force output among all types of attack as 

back kick was the most powerful Taekwondo kicking technique, the biomechanical 

advantage as being fast and powerful allowed roundhouse kick to become the most 

frequently used attack by athletes, regardless to gender or level of expertise (Pieter & 

Pieter, 1995). According to Kwok (2012), attack with turning action, such as back 

kick, was a more advance technique as compared with those non-turning attack. This 

was because attack with turning action required athlete to have good equilibrium 

after the execution of the attack. If athlete failed to maintain the balance after 

executing the attack, he or she might risk losing a score from receiving a warming 

from the judge as declared in the case of intentional falling down (Kwok, 2012; 

World Taekwondo Federation, 2015). Due to this reason, athletes might not adopt 

the back kick as frequent as roundhouse kick in the competition, even though its 

force output was the strongest among all techniques.  
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 Overall speaking, side kick and cut down kick ranked second and third in the 

prevalence of attack respectively. However, gender difference had been observed as 

male athletes tended to use cut down kick more than side kick whereas female 

athletes tended to use side kick more frequently in the competition than using cut 

down kick. Statistically significant mean differences were revealed in the use of side 

kick, back side kick, reverse kick, double roundhouse kick and triple roundhouse 

kick between male and female athletes which suggested that their fighting 

preferences were different. This finding was consistent with the previous research 

conducted by researchers (Falco et al., 2012; Kwok, 2012) whom voiced out the 

needs for prescribing different training programs for male and female athletes as 

their kick preferences were different.  

 Statistically significant mean differences were revealed in the use of side kick 

and hook kick between athletes with different levels of expertise. Similar result was 

obtained in the study conducted by Suppiah and associates (2017) as they revealed 

that medalists who were regarded as skilled athletes utilized hook kick more than 

those non-medalists who were regarded as less skilled athletes with significant 

statistical mean difference. Before the implementation of electronic protector, the 

utilization rate of side kick (0.8%) and hook kick (0.2%) were relatively low as 

compared with other attacking techniques (Luk et al., 2001). Besides, no statistically 

significant mean difference was revealed in the use of both attacks between 

medalists and non-medalists. The increment of the use of side kick and hook kick 

may due to the utilization of electronic protector in Taekwondo competitions. The 

implementation of electronic protector was to ensure a reliable and accurate score 
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identification in the competition (Tasika, 2013). Score for kicking attack would be 

given to those athletes who could contact the body sensor of the opponent by foot 

sensor of their own with sufficient power. However, if the attack was being blocked 

and no contact between the two sensors was made, no score would be given. Hence, 

athletes tried to execute fast and unexpected attack in order to minimize the chance 

of being blocked. As mentioned above, side kick and hook kick were seldom used in 

the competition. Thus, athletes might not be acquainted with blocking or avoiding 

these two attacks. As a result, the chance of gaining a score successfully could be 

enhanced. 

 

Site of attack. 

 Over 85% of the attack was executed to the trunk and this result was 

consistent with previous findings (Falco et al., 2012; Kwok, 2012). Although a 

higher mean value was found in female athletes than their male counterparts on the 

percentage of attack to the head, no statistically significant mean difference was 

revealed. Similar results were obtained as no significant mean difference was 

observed in the percentage of attack to the head when comparison was made between 

athletes with different levels of expertise.  

 With the implementation of new competition rules since 2003, attack to the 

head was encouraged by coaches as higher score would be awarded to successful 

high section attack (World Taekwondo Federation, 2015). However, majority of 

attacks were to the trunk rather than to the head as a longer execution time was 
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correlated to the height of attack (Hong et al., 2000; Pedzich et al., 2006). Kim and 

associates (2010) suggested that the execution time was considered as a main factor 

for gaining a score. Thus, a perceived longer execution time might lower the rate of 

attack to the head, even though a higher score would be awarded to successful attack 

to the head. Although previous study (Estevan et al., 2011) suggested that highly 

skilled athletes executed attack to the head with a higher level of impact force and 

shorter executive time, this superior performance did not result in a significantly 

higher percentage of attack to the head by elite athletes than those athletes in the sub-

elite and practitioner groups.  

In fact, the percentage of attack to the head was found to be moderately and 

positively correlated with three attributes, namely flexibility, lateral agility and 

peaking under pressure in this study. There was strong evidence (Erie et al., 2007) 

that a good flexibility of lower limbs was crucial to execute attack to the head. 

Practicing Taekwondo was proved to have positive effect on enhancing the 

flexibility among adolescents (Fong et al., 2013), and Taekwondo athletes were 

found to be more flexible than the general population (Heller et al., 1998). However, 

recent researches (Markovic et al., 2005; Sadowski et al., 2012) observed that no 

statistical significant mean difference was found when comparison was made 

between outstanding Taekwondo athletes with their less outstanding counterparts on 

flexibility which was in line with the finding in this study.  

Other than flexibility, lateral agility was also found to be correlated with the 

percentage of attack to the head. A high level of balance that facilitated a postural 

regulation and a suitable distance were found to be needed in the execution of high 
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section attack (Falco et al., 2009; Paillard et al., 2006). Arazil and associates (2016) 

identified that agility was the crucial element determining the success in Taekwondo 

performance. As the Olympic style Taekwondo was classified as open-skilled sport, 

athletes had to observe and react to opponent’s action. A good agility allowed 

athletes to have a faster reaction time towards the stimuli by altering the body to a 

position that the athlete could execute appropriate response or attack. Thus, a good 

lateral agility facilitated athletes to have room for moving to a right position and time 

for postural control in order to execute attack to the head. 

Peaking under pressure was the only emotional attribute that found to be 

correlated with the percentage of execution to attack to the head in this study. When 

studying the underlying factors affecting tactical performance in sports, researchers 

tended to correlate the tactical performance with either anthropometrical attributes or 

physical attributes (Santos et al., 2014; Tsai, 2007). It is no doubt that psychological 

and emotional attributes played an important role in the success of sports 

performance (Lim, 2007). If athletes failed to manage the stressful situation during 

competition, they would have difficulty in managing their body movement (Lim, 

2007). According to the catastrophe theory as suggested by Fazey and Hardy (1988), 

there is a close relationship between cognitive anxiety, arousal level and 

performance. When the level of cognitive anxiety is low, there is an inverted U-

shaped relationship between arousal level and performance. However, when 

cognitive anxiety level is high, an increased arousal level will lead to a catastrophic 

drop in sports performance. Once this catastrophic drop in performance occurred, a 

large reduction in arousal level is needed in order to bring performance back to 



173 

 

satisfactory level. Hence, being able to manage the arousal level and cognitive 

anxiety level are important psychological skills that athletes should equip in order to 

perform or even reach the peak performance under pressure. Based on the study 

conducted by Parnabas and associates (2015), elite Taekwondo athletes exhibited a 

lower level of cognitive anxiety than those non-elite Taekwondo athletes. A negative 

correlation was observed between cognitive anxiety and sports performance among 

Taekwondo athletes. As mentioned above, attack to the head was a more skillful 

technique that required athletes to have better postural regulation as well as control 

of distance as compared with the attack to the trunk. Therefore, athletes who could 

manage their body well under stressful situation would have a higher chance to 

execute attack to the head successfully. 

In fact, being able to manage the arousal level and perform under stressful 

situation are important for Taekwondo athletes. Taekwondo is an open skill that 

requires athletes to adapt their movements to the dynamic properties of the 

unpredictable environment (Schmidt and Wrisberg, 2004). Athletes pick up cues 

from the environment continuously for collecting information about the surrounding 

which facilitate them to make sound decisions in response to the opponent’s action. 

It is important for Taekwondo athletes to select the relevant cues within a short 

period of time as Taekwondo is a sport that characterized with its speed. However, 

according to the cue-utilization hypothesis, a low or high arousal level could be 

detrimental to sports performance (Easterbrook, 1959). If the arousal level of a 

Taekwondo athlete is low, the athlete may select greater proportion of irrelevant cues 

from the environment which leads to impairment for choosing the correct response in 
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the sport context. A high arousal level may also suppress athletes’ performance as 

this will lead to perceptual narrowing (Easterbrook, 1959). Perceptual narrowing 

causes athletes to select fewer cues from the surrounding which obstructs them from 

collecting relevant and useful information for the competition. Failing to collect 

useful and relevant information during the competition might restrict athletes from 

making correct tactical decisions within a short period of time. As a result, the 

performances’ of athletes would be adversely affected.   

 

Mode of attack and use of leg.  

 The variation of tactics in Taekwondo was not only limited to the choice of 

attacking techniques but also included the choice of using front or rear leg, right or 

left leg, active or passive attack, and direct or indirect attack. Generally, athletes had 

a slightly higher tendency to execute the attack with the right leg (M = 57.59%, SD = 

18.30) than left leg (M = 42.26%, SD = 18.54). Similar results were obtained in the 

data collected from athletes with different genders and levels of expertise. 

 For the percentage of using the front leg or rear leg to execute the attack, 

statistically significant mean differences were obtained in the comparison between 

male and female athletes, and athletes with different levels of expertise. Female 

athletes tended to use front leg for executing attack more frequently than male 

athletes, whereas elite athletes had a significantly higher percentage in using the 

front leg to attack the opponent than the sub-elite or practitioner counterparts. It was 

worth to pay attention to the high percentage (M = 52.65%, SD = 18.77) of elite 
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athletes in using front leg for attack as compared with the percentage achieved by 

sub-elite athletes (M = 37.41%, SD = 15.88) and practitioner group (M = 31.38%, SD 

= 18.80). According to Lee and associates (2005), the back leg (rear leg) roundhouse 

kick had stronger relative force while the tangential velocity in front leg roundhouse 

kick was faster. Due to the fact that the pattern of the two forms of attack was 

different, the attack distance of front leg attack action was shorter than that of the 

rear leg. Hence, the velocity of the front leg attack was faster whereas with a bigger 

rotating arc, the rear leg attacking action would be more powerful. Both power and 

speed were crucial elements in determining the winning in Taekwondo competition. 

However, with the adoption of electronic protector, speed of attack was extremely 

important in the competition as any kicking being blocked would be resulted in zero 

score no matter how powerful the kicking was. Those attacks that could in contact 

with the sensors on the chest protector with sufficient power would be awarded for 

score and no extra score would be given to the attack with extra power. Thus, speed 

of attack was the prerequisite for a gaining the score successfully. However, a fast 

attack without a high level of force output could not score a point. Thus, those 

athletes intended to score a point by using the front leg attack must be equipped with 

strong explosive power and muscular strength. In fact, a strong front leg attack was a 

skillful technique that took time to develop (Casolino et al., 2012). It involved the 

adjustment of fighting stance for transferring the body weight on the rear leg before 

the execution of the attack and a high level of coordination is needed. As a result, the 

front leg was comparatively less adopted by sub-elite athletes and practitioners.  
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 Data collected in this study revealed that a higher percentage of using direct 

attack than indirect attack by the athletes. This result was in line with previous 

finding (Menescardi & Estevan, 2017). No statistically significant mean difference 

was revealed in the comparison of use of direct and indirect attack between male and 

female athletes in this study. However, elite athletes demonstrated a higher rate of 

utilization of direct attack than sub-elite athletes and practitioners and this was 

consistent with the results of study conducted by Falco and associates (2014) whom 

also identified that winner tended to perform more direct attack. Falco and associates 

(2014) explained that direct attack was the most appropriate tactics for the sport liked 

Taekwondo as it emphasized on speed and power. Due to the nature of Taekwondo, 

athletes required to perform explosive attack and at the same time, be able to respond 

to those explosive attacks within a short period of time (Estevan et al., 2012; Falco et 

al., 2013). This made direct attack as a good choice of strategies in Taekwondo 

competitions as no extra action would be performed before the attack, as a result, the 

overall speed of the attack could be shorten. 

 Kickings with aggressive and passive attack were coded and analyzed in this 

study. Unlike the results obtained in the study conducted by Kwok (2012), no 

statistical significant mean difference was revealed when comparison was made 

between athletes with different levels of expertise. Although no statistical significant 

mean difference was revealed in this area, descriptive data indicated that athletes 

from all groups had a higher tendency in executing aggressive attack than that of 

passive attack. This finding was similar to those results obtained in analyzing the 

athletes’ performance in the university Taekwondo competition (Falco et al., 2012). 
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In fact, aggressive attack was easier to execute as compared with passive attack 

(Kwok, 2012). According to Hermann and associates (2008), passive attack was a 

more complicated and advanced skill that required athletes to have good anticipation 

capability and be able to execute the attack earlier within the combat sequence. 

Hence, those athletes who were not equipped with good anticipation and reaction 

time might reduce the use of passive attack in the competition.  

 

Scoring profile. 

  The scoring profile of athletes was studied in this research. The overall 

scoring rate for all athletes was 9.24% (SD = 7.46%). The scoring rate of male 

athletes (M = 11.19%, SD = 8.57) was higher than that of female athletes (M = 

6.84%, SD = 4.94) and statistical significant mean difference was observed when 

comparing these two groups of athletes. Although male athletes were found to have a 

higher rate in gaining a score by the attack, their defensive skills were not as good as 

female athletes as a higher percentage of losing score when executing an attack was 

identified in the male athletes. Statistical significant mean difference was revealed in 

the investigation of losing score when executing attack with respect to gender.  

 Overall speaking, most of the scores were obtained by the attack to the trunk 

(M = 73.78%, SD = 35.96). Although no statistical significant mean difference was 

identified in the study on the percentage of gaining a score by the attack to the head 

with respect to gender, female athletes got a higher percentage in gaining a score by 

the  attack to the head than their male counterparts (M = 26.51%, SD = 34.55).  
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 When comparing the scoring profile of athletes with respect to level of 

expertise, statistical significant mean differences were revealed in the scoring rate 

and the percentage of gaining score by attack to the head. According to Shen (2008), 

winners in the competition tended to kick less frequently than those non-winners. 

However, winner got a higher level of scoring rate which was almost double of the 

non-winners. The results obtained in the study conducted by Shen (2008) were 

opposite to the finding in this study. Athletes from the elite group were found to 

execute more attacks than the sub-elite athletes and practitioners. Statistical 

significant results were observed by studying the percentage of gaining score and the 

percentage of scoring by the attack to the head when comparison was made between 

the three groups of athletes. The sub-elite group obtained the highest percentages in 

these two aspects. Although athletes from sub-elite group had a higher accuracy in 

scoring, they also had the highest percentage in losing scoring when executing the 

attack. For the Olympic style Taekwondo, the outcome of the competition was based 

on the ability in scoring and the ability of avoiding losing the score. Hence, the 

defensive skills were also an important technique that athletes should equip.   

  

Determinants of Expertise in Taekwondo  

 Searching the determinants of the expertise performance in sports was the 

interest of many researchers (Arvinen-Barrow et al., 2007; Ball et al., 2011; Casolino 

et al., 2012; Chaabène et al., 2012). In this study, athletes’ performance in physical 

domain, perceptual domain, psychological domain, emotional domain, and technical 
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and tactical domain were studied and compared to find out the determinants of 

expertise in Taekwondo.  

 

Physical Domain 

 It was believed a long upper limbs and lower limbs were beneficial to 

Taekwondo performances (Kazemi et al., 2006; Markovic et al., 2005). Researchers 

(Kazemi et al, 2006; Kazemi et al., 2008; Pieter et al., 2002; Tsai, 2007) identified 

that medalists at different competition levels or representatives of national teams 

tended to be taller with longer limbs than athletes or practitioners with lower skill 

level. These results were consistent with the findings in this study. In this study, 

statistical significant mean difference was observed and it was identified that athletes 

in the elite group tended to have longer upper limbs and lower limbs than sub-elite 

athletes and practitioners. As suggested by researchers (Kazemi et al., 2009), longer 

upper limbs and lower limbs allowed athletes to have biomechanical advantage, over 

their shorter counterparts by translating into a longer lever. With this biomechanical 

advantage, athletes would be able to cover a longer area with less energy. The long 

limbs also allowed athletes to reach their opponents more easily (Markovic et al., 

2005).  

 Other than longer upper limbs and lower limbs, statistical significant mean 

difference was also identified in lateral agility in this study. Athletes from elite group 

obtained superior performance in lateral agility over the athletes in the other two 

groups. In fact, agility was an important determinant in sports which researcher 
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suggested having direct linkage with Taekwondo (Singh et al., 2017). As an open-

skilled sport, athletes were required to maintain an appropriate stance position and 

fighting distance as these two elements exerted effects on kicking performance 

(Estevan et al, 2011; Estevan et al., 2013; Falco et al., 2009; Kim et al., 2008). 

Athletes were also required to take immediate action in responding to opponent’s 

explosive attack by blocking, dodging or passive attack (Menescardi and Estevan, 

2017). In view of this, Taekwondo athletes should possess a high level of agility 

which allowed athletes to move the whole-body rapidly with change of velocity or 

direction in response to the stimulus (Sheppard & Young, 2006). As revealed in this 

study that lateral agility was an important determinant of the Olympic style 

Taekwondo, it was suggested that coach should assess the lateral agility of the 

athletes and prescribed appropriate training for the athletes.  

 Although no significant results were revealed on anaerobic, aerobic, power of 

lower limbs, and flexibility, when comparisons were made between the athletes with 

different levels of expertise, elite and sub-elite athletes had shown superior 

performance on these physical attributes over the practitioner. In fact, this result was 

similar to the finding revealed by Matsushigue and Hartmann (2009) that no 

statistical significant results were obtained in physiological attributes on the 

comparison between winners of the competition and their non-winner counterparts.  

 Due to the intermittent fighting nature of Taekwondo sparring, the physical 

demand for performing the sports was quite high according to the results obtained in 

previous studies (Bridge et al., 2011; Santos et al., 2014; Tornelio, et al., 2013). 

Although athletes from the elite group in this study did not discriminate significantly 
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from the other two groups of athletes, their outstanding performance in these 

physical attributes were vital. Among the three testing groups, athletes from elite 

group ranked the first in anaerobic capacity and power of lower limbs. The elite 

athletes group also ranked second in the aerobic capacity and flexibility. The six-

minutes competition duration of Taekwondo sparring was occupied by the period of 

fighting interposed with period of pause with an average ratio between 1:2 and 1:7 

(Bridge et al., 2011; Bridge et al., 2014; Campos et al., 2012; Matsushigue et al., 

2009; Santos et al., 2011) which led to a high demand in anaerobic capacity on 

Taekwondo athletes (Bridge et al., 2009; Campos et al., 2012; Matsushigue et al., 

2009). Power of lower limbs was one of the important elements for gaining a score 

successfully in Taekwondo sparring (Yong, 2006). Most of the researchers 

(Ghorbanzadeh et al., 2011; Wheeler et al., 2012; Zahran, 2010) identified that elite 

or skilled Taekwondo athletes possessed a higher level in the power of lower limbs 

than the non-elite or less skilled counterparts, though exceptional result which 

revealed that non-medalists in the championship got a higher level of power of lower 

limbs than the medalists was observed (Sadowski et al., 2012). Result obtained in 

this study also in line with most of the researchers (Ghorbanzadeh et al., 2011; 

Wheeler et al., 2012; Zahran, 2010) as elite athletes possessed higher level of power 

of lower limbs than the other two groups.  

 When studying the energy system of Taekwondo sparring, most of the 

researchers suggested that the intermittent fighting pattern in Taekwondo sparring 

imposed a high demand on the anaerobic metabolic pathways which were known as 

the phosphocreatine degradation, and moderate anaerobic glycolysis (Bridge et al., 
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2009; Campos et al., 2012; Matsushigue et al., 2009). However, the importance of 

aerobic capacity on Taekwondo performance should not be neglected as previous 

studies identified that aerobic metabolism provided strong support to Taekwondo 

performance by facilitating the recovery between successive bouts in the 

championship (Bridge et al., 2009; Capranica et al., 2012; Chiodo et al., 2012). The 

elite athletes (M = 49.91, SD = 9.96) and sub-elite athletes (M = 50.54; SD = 9.70) 

achieved similar result in the aerobic capacity in this study which distinguished them 

from the practitioner group (M = 46.71, SD = 8.00).  

 For assessing the flexibility of subjects in the study, sit-and-reach test was 

adopted as this was a common test being utilized by other researchers on Taekwondo 

athletes (Heller et al., 1998; Markovic et al., 2005; Toskovic et al., 2004; Suzana and 

Pieter, 2009). Similar results on flexibility were achieved by the athletes of three 

different levels of expertise in this study and no significant result was revealed in this 

aspect. This result was in line with the one obtained in the study conducted on a 

group of elite and non-elite athletes as classified by their competition outcome in 

Croatia (Markovic et al., 2005). In fact, other studies assessing flexibility on 

Taekwondo athletes with different levels of expertise or experience in doing the 

sports resulted in no significant mean difference between the group of subjects 

(Markovic et al, 2005; Toskovic et al., 2004). However, flexibility was still an 

essential physical component determining the Taekwondo performance as it was 

correlated with the performance of attack to the head which consequently affected 

the chance of winning in the competition (Erie et al., 2007). It was obvious that 

Taekwondo training improved flexibility of practitioner (Fong et al., 2013) and 
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statistical significant mean difference was observed in the study assessing subjects’ 

flexibility before and after taking part in the Taekwondo training (Kim et al., 2011). 

 

Perceptual Domain 

 Although no significant result was revealed in this study when exploring the 

impact of level of expertise on perceptual domain, the mean value of static balance 

achieved by the elite athletes was the highest among the three groups. Balance was 

considered as the essential components of kicking by researchers as most of the 

attacks performed in Taekwondo were with pivoting on one leg (Fong et al., 2012; 

Rabello et al., 2014; Yoon et al., 2015). Throughout the journey of practicing 

Taekwondo from white belt to black belt, balance was the component that being 

extensively trained through various practices of kicking techniques. Leong and 

associates (2011) revealed the benefits of Taekwondo training on the effect for 

enhancing balance by comparing the low-level Taekwondo practitioner who 

practiced Taekwondo for one to three years with sedentary people. Statistical 

significant result was obtained in the comparison on balance between the two groups 

of subjects which supported the argument that Taekwondo training is beneficial for 

enhancing balance of people. 

 It was vital that Taekwondo training facilitated the enhancement of balance in 

various populations (Leong et al., 2011; Yoon et al., 2015), but its contributory effect 

on the elite sport performance of Olympic style Taekwondo was not well developed. 

Most of the researches (Fong et al., 2012; Leong et al., 2011) designed for studying 
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the effect of Taekwondo training were done by comparing Taekwondo practitioners 

at various levels of expertise to a group of subjects without Taekwondo experience. 

Thus, little information could be generated from the recent findings on studying or 

explaining the impact of level of expertise on balance among Taekwondo athletes.  

 It was worth to note that there was an inverse correlation between height and 

static balance (Sepahi, 2016; Tsai et al., 2016). As revealed in this study, athletes 

from elite group were significantly taller than those sub-elite athletes and 

practitioners with longer upper limbs and lower limbs. Based on the findings of 

previous studies (Sepahi, 2016; Tsai et al., 2016), due to the characteristics of being 

significantly taller than the sub-elite and practitioner groups, athletes from elite 

group might have the disadvantage in performing the balancing tasks as the others.  

 

Psychological and Emotional Domain 

 Elite and sub-elite athletes obtained a higher level of psychological and 

emotional attributes than the practitioner in this study. However, no statistical 

significant results were revealed in the comparison between elite and sub-elite 

athletes on psychological attributes. The finding of elite athletes demonstrated 

superior performance in psychological skills than those practitioners was in line with 

previous studies conducted on either Taekwondo athletes or athletes from other 

sports (Gould et al., 2002; Maleki et al., 2014; Zandi and Mohbi, 2016). Similar 

result was obtained in the investigation on impact of level of expertise on emotional 

domain. Statistical significant mean difference was revealed between elite athletes 



185 

 

and practitioner while sub-elite athletes did not differ from the other two groups on 

this aspect.  

 Findings from previous studies demonstrated the importance contribution of 

psychological and emotional domain to the superior performance in sports 

(Finkenberg et al., 1992; Torkfar et al., 2011). Williams and Krane (2001) suggested 

that psychological characteristics associated with peak performance of athletes while 

Leffingwell and associates (2005) concluded that the psychological skills of elite 

athletes determined their success in the competition, especially when they met 

opponents at similar skill level. Hence, it was no doubt that the importance of 

psychological and emotional domain of athletes should not be ignored.    

 Athletic Coping Skills Inventory 28 was adopted in this study for analyzing 

the psychological and emotional domains of athletes. Based on the design of this 

questionnaire, athletes’ levels of the seven attributes of psychological and emotional 

domain, namely coping with adversity, peaking under pressure, goal setting and 

mental preparation, concentration, freedom from worry, confidence and achievement 

motivation, coachability could be analyzed separately. In line with most of studies 

conducted previously on comparing the psychological and emotional levels of 

athletes with different levels of expertise, practitioner possessed a lower level of 

most the attributes including coping with adversity, concentration, confidence and 

achievement motivation, and peaking under pressure than elite and sub-elite athletes. 

For goal setting, practitioner possessed a significantly lower level than elite athletes 

whereas no statistical significant result was obtained when comparison was made 

between sub-elite athletes and practitioner on this aspect.  
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 As an open-skilled sport, the Olympic style Taekwondo (sparring) required 

athletes to develop movement patterns that matched with stimuli encountered during 

the execution of the skill (Finkenberg et al., 1992). During the competition, athletes 

constantly exposed to fast changing situation with numerous expected and 

unexpected variables. These situations might upset the level of anxiety of athletes. 

According to Parnabas and associates (2015a), anxiety was regarded as a negative 

emotion that affected the perceptions in sport competitions. A high level of anxiety 

was considered as harmful to sports performance. Thus, controlling the anxiety level 

was vital to the success of competition. According to the results obtained in this 

study, elite athletes demonstrated a high level of concentration, confidence and 

achievement motivation, coping with adversity, and peaking under pressure which 

facilitated them in having appropriate responses to the uprising anxiety that they 

might experience during the competition. 

 It was worth to note that there was no significant mean difference on freedom 

from worry among the three groups of athletes. Freedom from worry which was 

defined as less likely to put pressure on oneself by worrying about performance, 

making mistakes and what others think about your performance (Panchal and Jaggi, 

2016).  This result was in line with the research conducted by Panchal and Jaggi 

(2016) on a group of female boxers with different levels of expertise. The level of 

freedom from worry of the fifty boxers was measured by the Athletic Coping Skills 

Inventory 28 and no statistically significant result was revealed with respect to the 

level of expertise of the boxers. The result obtained in this study revealed important 
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information that athletes did care about their own performance and others’ 

perception on their performances regardless to the level of expertise.  

 

Technical and Tactical Domain 

 Based on the previous researches (Falco et al., 2014; Kwok, 2012; Suppiah et 

al., 2017) and the rules and regulation of the Olympic style Taekwondo (World 

Taekwondo, 2015), total number of attacks, number of types of attack, percentage of 

attack to the head, and percentage of turning attack were chosen to be the attributes 

of the technical and tactical domain as clear explanation had been given by 

researchers (Kwok et al., 2012; Suppiah et al., 2017) for the reasons of these 

attributes being able to exert positive effects on the Olympic style Taekwondo 

performance and the outcome.  

 T-scores of all four attributes were calculated and summed up as the total 

score of technical and tactical domain for further calculation and analyzes. When 

comparison was made on the total score of technical and tactical domain among the 

three groups of athletes with different levels of expertise, statistical significant result 

revealed. According to the result obtained in the pos-hoc test, athletes from the elite 

group obtained a higher mean value of the total score of technical and tactical 

domain than the practitioner group which indicated that elite group possessed a 

higher level in the technical and tactical domain than the practitioner group. 

Although the score of sub-elite group did not differ significantly from the other two 

groups, discrepancies in the mean value between elite group and sub-elite group, and 
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sub-elite group and practitioner group were observed. Athletes from the elite group 

ranked the first in the mean value of the score of this domain, while sub-elite group 

and practitioner group ranked second and third respectively.  

 When exploring the impact of level of expertise on each attributes of the 

technical and tactical domain, significant mean differences were revealed in the total 

number of attack. Elite athletes obtained a significantly higher mean value of the 

total number of attack than the sub-elite group. This was in line with the result 

obtained in the current study conducted by Ougergui and associates (2016) that 

winners tended to perform more attack than the losers. Ougergui and associates 

(2016) conducted a study for investigating the hormonal, physiological, and physical 

performance of athletes on kickboxing which got similar intermittent nature as 

Taekwondo. Falco and associates (2014) also suggested that a higher number of 

attacks was observed in high level international competitions, such as the Olympic 

Game and World Champions than the other competitions that was comparatively 

lower level than these international events.  

 Athletes from elite and sub-elite group differed significantly from the 

practitioner group in the number of types of attack utilized in the match. This result 

was in line with the results obtained in previous studies which identified that 

medalists adopted more variations in the attacks than those non-medalists in 

Taekwondo competition. (Kwok, 2012; Suppiah et al., 2017). In fact, the 

phenomenon of utilizing a higher number types of attack in the competition by the 

skilled athletes than those non-skilled athletes not only happened in Taekwondo but 

other martial arts such as kickboxing (Ouergui et al., 2016) and Judo (Franchini and 
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Sterkowicz, 2008). As suggested by Kwok (2012), having a diversify attacking 

strategy in an open-skilled sport like Taekwondo was an advantage and helped to 

increase the chance for gaining a score because it upset the opponent’s reaction time 

when responding to the attack. Based on the Hick’s law (1952), longer reaction time 

results from a greater number of stimulus-response (variations). Hence, athletes 

needed to take a longer time to anticipate an opponent’s action or reaction if the 

variation in the tactics of the opponent was high. Apparently, it would be beneficial 

to the athlete to adopt more different techniques in the match so as to increase the 

chance of winning. However, athletes would not utilize the attack in the match unless 

they felt competent in using (Kwok, 2012). Thus, in order to increase the variability 

of the techniques used, coach should increase the practice of different types of attack 

in training and encourage athletes to use different techniques in the sparring setting. 

 

Contributory Effect of Domains to Taekwondo Performance 

Most of the researchers determined attributes affecting superior performance 

in the Olympic style Taekwondo were conducted on a single domain (Chen, 2006; 

Kwok, 2012; Parnabas et al., 2015a; Parnabas et al., 2015b). Although useful 

information was generated in these studies for talent identification program and 

prescription for training content, the contributory effect of each domain as compared 

with other related domains to the expertise of Taekwondo performance was not 

revealed. The holistic approach as suggested by Janelle and Hillman (2003) in 

determining the expert performance in sports was taken as the theoretical framework 
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of this study. With the adoption of this approach, the contribution of each domain to 

the expert performance of the Olympic style Taekwondo was identified.  

The physical domain was found to exert the largest contribution to the expert 

performance in Taekwondo whereas the contribution of perceptual domain was the 

smallest among all domains. With the intermittent nature of the fighting temporal of 

the Olympic style Taekwondo, Taekwondo was recognized as a sport with high 

demand on physical load (Chiodo et al., 2012). Taekwondo athletes with outstanding 

performance were found to obtain a high level of performance in anaerobic capacity, 

aerobic capacity, flexibility, agility, and power than those less outstanding 

counterparts (Bridge et al., 2014). Athletes failed to possess a good level of physical 

attributes might result in failing to attack or gain a score within the six minutes 

competition time. Standing for six minutes in the competition arena would not 

guarantee the success in Taekwondo competition as score would only be awarded to 

powerful attack that could in touch with the legal scoring areas with legal techniques 

(World Taekwondo Federation, 2015). As a result, winner in the competition must be 

capable to maintain their fitness level throughout the six minutes competition time.  

Moreover, recent finding (Wojciechowska-Maszkowska et al., 2012) identified that 

anaerobic fatigue had an adverse effect on dynamics controlling and balancing of 

body. Hence, this finding suggested that failing to have good attributes within the 

physical domain may affect other Taekwondo performance-related attributes, such as 

the perceptual attributes. Other than physical domain, psychological, emotional, 

technical and tactical domains also played an important role in the contribution of 

expert performance in Taekwondo with similar weighting. 
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Multi-dimensional Approach in Determining the Expertise in Sports 

 

 The search of expertise in sports was the interest of many researchers over 

the past few decades (Kwok, 2012; Pieter, 2008; Salehian et al., 2012, Tsai, 2007). 

Uni-dimensional approach was mostly adopted whereas the call for multi-

dimensional approach in investigating the expertise in sports kept increasing 

(Buekers et al., 2017). Buekers and associates (2017) clearly stated that different 

sports science domains made contribution to the explanation on how elite 

performance developed. In fact, all observed actions performed by athletes involved 

a complicated interaction between different sports sub-disciplines including but not 

limited to sports psychology, sports biomechanics, motor learning and sports 

physiology. To gain an accurate and concrete knowledge about the expertise 

performance in sports, a holistic and multi-dimensional approach should be adopted.  

 Adopting the holistic approach as suggested by Janelle and Hillman (2003) in 

this study allowed related parties to have a clearer picture about the importance and 

weighting of each domain on the expert performance of Taekwondo. Results 

obtained in this study could provide a more comprehensive profile and information 

to coaches or researchers for planning the training program or talent identification of 

athletes. This approach would be a better choice in searching the expertise than using 

the uni-dimensional approach as the “make-up” of elite athlete was taken into 

consideration (Van Gent and Spamer, 2009). Thus, the accuracy of information 

projected would be enhanced. The search of expertise in sports goes hands in hands 
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with the development of talent identification program. This study identified the need 

for adopting a multi-dimensional approach in the search of expertise in sports and 

this notion is in line with the suggestion given by researchers who voiced out that 

there is a need to employ a multi-dimensional design to increase the efficacy of 

talent identification (Philips et al., 2010; Vaeyens et al., 2008). This study stated that 

each domain carried different weighting in its determining power in Taekwondo 

performance. Hence, information gained in this study can be used as a reference in 

the program design for talent identification in Taekwondo by allocating different 

weighting on each domain or attribute in selecting potential athletes for further 

nurturance.  

 Although the multi-dimensional approach suggested by Janelle and Hillman 

(2003) was a better option than the uni-dimensional approach, it failed to take the 

importance of experience and training into account in determining the expertise of 

sports as suggested by other researchers (Buekers et al., 2017; Ericsson, 2006; 

Rosalie & Müller, 2012). As suggested by Ericsson (2006), without years of 

dedicated practice, high level skills would not be acquired by an individual, no 

matter how talented he or she was. The study conducted by Charness and associates 

(2005) revealed that experts with superior performance in the domain achieved a 

higher accumulated hours of practice than those non-experts. In attempting to fill this 

gap by taking the contribution of experience and training on expert Taekwondo 

performance into account, the experience and training domain was constructed in 

this study.  
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By including the experience and training domain in the statistical analysis of 

finding the determinants of expertise in Taekwondo, another discriminant function 

was generated. Comparison was made on the percentage of correctness in classifying 

subjects into different levels of expertise by the discriminant function generated by 

the multi-dimensional approach as suggested by Janelle and Hillman (2003), and the 

discriminant function generated by the approach suggested in this study with 

experience and training domain included. Higher percentage of correctness was 

obtained in the modified approach (64.4%) than that suggested by Janelle and 

Hillman (51.7%) which suggested that the experience and training domain should be 

included in the search of expertise in sports. In fact, with the adoption of the 

modified approach, experience and training domain was found to have the highest 

discriminant loading among all domains.  

 Previous studies revealed the importance of experience and training to the 

elite performance (Helsen et al., 1998; Simon & Chase, 1973; Smith, 2003). The 10-

year rule was firstly introduced by Simon and Chase (1973) who suggested that the 

development of expert performance and be able to perform at an international level  

required individual to engage in the domain for around ten years of practice. The 

direct relationship between experience and performance level achieved was assumed 

by researcher (Helsen et al., 1998). Other than experience, training frequency and 

duration was found to be correlated with expert performance.  According to Smith 

(2003), the performance in the competition was developed through training process 

as training process induced automation of motor skills, and enhanced structural and 

metabolic functions. Hence, experience and training were important determinants for 
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expert performance and should not be neglected in the search of expertise in the 

domain.  

 

Summary and Recommendation for Future Studies 

 

 Achieving outstanding result in the competition is the goal of many athletes. 

For reaching this goal, understanding the make-up of those outstanding athletes is 

essential for coaches and athletes. The search of expertise in sports is the interest of 

many researchers (Kazemi et al., 2006; Kazemi et al., 2010; Kwok, 2012; Ouergui et 

al., 2015; Pieter, 2008). By making comparison on attributes of various domains 

among athletes with different levels of expertise, information generated could be 

used for talent identification and training programme prescription.  

 According to previous studies, outstanding Taekwondo athletes were exceled 

in certain inherited and acquired characteristics which could be categorized as 

physical, psychological, emotional, perceptual, and technical and tactical domains 

(Erie et al., 2007; Fisekciolu, 2011; Kazemi et al., 2010; Sadowski et al., 2012). In 

general, the findings of this study supported the argument that elite athletes were 

superior in certain characteristics as significant differences in attributes, such as 

flexibility, lateral agility, length of limbs, and the adoption of technical skills and 

tactics between elite athletes, sub-elite athletes and practitioners were revealed. 

Although statistical significant mean difference was not revealed in most of the 
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attributes of each domain, athletes from elite group obtained the highest mean score 

or mean values in most of the characteristics. 

  Unlike other researchers who determined the expert performance in 

Taekwondo by comparing those elite athletes who were the medalists in important 

international competitions with those novices who might have less experience in 

Taekwondo (Fong et al., 2013; Vieten et al., 2007), this study attempted to find out 

the discrepancy between elite athletes and sub-elite athletes who were also the 

representatives of the nations. These two groups of athletes were grouped in the 

same category based on the research design of some researchers (Fritzsche et al., 

2008; Pieter et al., 2002; Sadowski et al., 2012). However, there is a need to find out 

the discrepancy between these two groups of athletes in order to provide important 

information for coaches of the national team to facilitate the national team athletes 

for striking a medal in important international events. Based on the results of this 

study, the athletes from the elite group and sub-elite group performed similarly in 

many attributes under different domains. However, statistically significant mean 

difference was revealed in lateral agility, the length of upper limbs and the length of 

lower limbs, which suggested that the exercise for enhancing the lateral agility 

should be emphasized in the training. Besides, the anthropometrical characteristics of 

athletes should be taken into consideration for the talent identification programme of 

Taekwondo as these characteristics distinguished elite athletes from the sub-elite 

athletes.  

 Multi-dimensional approach was adopted in this study for understanding the 

contribution of each attribute to the make-up of expertise in Taekwondo. Among the 
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five domains as suggested by Janelle and Hillman (2003), physical domain 

contributed the most while psychological domain came second. Psychological 

domain got a similar discriminant loading as the technical and tactical domain which 

indicated that both domains got similar contribution to the expertise of Taekwondo.  

 The experience and training domain was added into the multi-dimensional 

approach suggested by Janelle and Hillman (2003) to form a modified approach for 

studying the expertise in Taekwondo. Results in this study revealed that the modified 

approach served as a better option than the one suggested by Janelle and Hillman 

(2003) in determining the expertise of Taekwondo as the predictive accuracy of the 

function generated by this modified approach was higher than the one suggested by 

Janelle and Hillman (2003). Hence, the finding suggested that the experience of 

athletes engaged in the sports and the sports skill related training frequency and 

duration played significant contribution to the make-up of elite athletes. Other than 

the content of the training session, coaches should also ensure that athletes engaged 

in sufficient training time in order to get medal in important international events.  

 This study aimed to understand the determinants of expertise of Olympic 

style Taekwondo by the multi-dimensional approach suggested by Janelle and 

Hillman (2003). Although some significant findings were revealed, some suggestions 

were made for future studies in order to gain more knowledge in this area: 

1. Due to the small samples size of this study, the impact of gender and weight 

category on the determinants of expertise in Olympic style Taekwondo could 

not be revealed. It would be suggested that by conducting a large-scale research 
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with more subjects recruited, the impact of gender and weight category could be 

added into the analysis so that a more complete attribute profile of Taekwondo 

athletes with respect to gender and weight category could be generated.  

2. The technical and tactical attributes of athletes in this study was collected by 

notational analysis with the coding items being utilized in previous studies.  

Additional coding items, such as the adoption of continuous attack, and the 

sequence of the attacking pattern can be added in the notational analysis, so that 

a more complete profile of technical and tactical attributes of athletes can be 

generated for further analysis.  

3. The adoption of multi-dimensional approach in the search of expertise can be 

expanded to Taekwondo poomsae, other martial arts or sports, so that the 

contribution of domains to different Taekwondo forms or sports can be 

developed. 
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Appendix A 

姓名﹕_________________________ 編號﹕______________ 

 
運動員因應技能量表 

 
以下是一些和運動有關的描述，請仔細閱讀每一個題目的描述，想想自己的真實情

形，然後在右邊的號碼中圈出一個數字代表你同意這個描述的程度。 

 

  幾乎

沒有 

偶爾 常常 幾乎

都是 

1. 在每一天或每一週的練習，我都會設立一個特別

的目標來引導自己練習。 

1 2 3 4 

2. 我會把自己最大的天份及技能表現出來。 1 2 3 4 

3. 當教練告訴我如何改正錯誤時，我傾向於獨自承

受且感到煩惱。 

1 2 3 4 

4. 當我在從事運動時，我能夠集中注意力而不會分

心。 

1 2 3 4 

5. 在比賽時無論情況如何糟糕，我會保持積極及熱

忱的態度。 

1 2 3 4 

6. 在有壓力下我傾向於會表現更好，因為腦筋會更

清楚。 

1 2 3 4 

7. 我相當擔心別人對我的表現的看法。 1 2 3 4 

8. 為了達到自己的目標，我會傾向於做一些計劃。 1 2 3 4 

9. 我對於自己即將會表現得很好相當有信心。 1 2 3 4 

10. 當教練批評我時，我會感到煩惱而不是得到幫

助。 

1 2 3 4 

11. 當我在聽或看甚麼時候，並不會受其他事情或思

想干擾，這對我來說是很容易的。 

1 2 3 4 
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12. 我會擔心自己的表現，因此給自己很多壓力。 1 2 3 4 

13. 在每一次的練習中，我會設定自己的表現目標。 1 2 3 4 

14. 我不必別人催我努力練習，也會 100% 的付出。 1 2 3 4 

15. 假如教練對我有所批評或大聲叫喊時，我會改正

錯誤而不會覺得很難過。 

1 2 3 4 

16. 在我的運動領域中，對於一些突發狀況我能夠處

理得很好。 

1 2 3 4 

17. 當事情變糟時，我通常會告訴自己冷靜下來，而

且非常有效。 

1 2 3 4 

18. 比賽中的壓力愈大時，我愈能夠享受它。 1 2 3 4 

19. 在比賽時，我會害怕犯錯或無法成功。 1 2 3 4 

20. 在比賽開始之前，在我的腦海中已經蘊釀了一套

自己的比賽計劃。 

1 2 3 4 

21. 當我覺得自己太緊張時，我能夠很快的放鬆身體

並且鎮定下來。 

1 2 3 4 

22. 有壓力的情境對我而言是一種挑戰，我樂於接

受。 

1 2 3 4 

23. 我會想像如果自己失敗或放棄了會發生甚麼事。 1 2 3 4 

24. 無論發生甚麼事情，我都能控制自己的情緒。 1 2 3 4 

25. 我能夠很容易引導自己的注意力焦點在單一的人

或物體上。 

1 2 3 4 

26. 當我沒有達到目標時，會激勵我更加的努力。 1 2 3 4 

27. 我會仔細的聆聽教練的指示及建議，並以此來改

善自己的技術。 

1 2 3 4 

28. 當壓力來臨時，我很少犯錯，因為我會更專注。 1 2 3 4 
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Name:_________________________ 

 
No.:______________ 
 

 
Athletic Coping Skills Inventory 28 

 
The following are statements that athletes have used to describe their experiences. Please 
read each statement carefully, and then recall as accurately as possible how often you 
experience the same thing.  Please circle how often you have these experiences when playing 
sports.  
 

  Almost 
never 

Sometimes Often Almost 
always 

1. On a daily or weekly basis, I set very 
specific goals for myself that guide what I 
do. 

1 2 3 4 

2. I get the most out of my talent and skill. 1 2 3 4 

3. When a coach or manager tells me how to 
correct a mistake I’ve made, I tend to take it 
personally and feel upset. 

1 2 3 4 

4. When I’m playing sports, I can focus my 
attention and block out distractions. 

1 2 3 4 

5. I remain positive and enthusiastic during 
competition, no matter how badly things are 
going. 

1 2 3 4 

6. I tend to play better under pressure because I 
think more clearly. 

1 2 3 4 

7. I worry quite a bit about what others think of 
my performance. 

1 2 3 4 

8. I tend to do planning about how to reach my 
goals. 

1 2 3 4 

9. I feel confident that I will play well. 1 2 3 4 

10. When a coach or manager criticizes me, I 
become upset rather than feel helped. 

1 2 3 4 
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11. It is easy for me to keep distracting thoughts 
from interfering with something I am 
watching or listening to. 

1 2 3 4 

12. I put a lot of pressure on myself by worrying 
about how I will perform. 

1 2 3 4 

13. I set my own performance goals for each 
practice. 

1 2 3 4 

14. I don't have to be pushed to practice or play 
hard. I give 100%.  

1 2 3 4 

15. If a coach criticizes or yells at me, I correct 
the mistake without getting upset about it. 

1 2 3 4 

16. I handle unexpected situations in my sport 
very well. 

1 2 3 4 

17. When things are going badly, I tell myself to 
keep calm, and this works for me. 

1 2 3 4 

18. The more pressure there is during a game, 
the more I enjoy it. 

1 2 3 4 

19. While competing, I worry about making 
mistakes or failing to come through. 

1 2 3 4 

20. I have my own game plan worked out in my 
head long before the game begins. 

1 2 3 4 

21. When I feel myself getting too tense, I can 
quickly relax my body and calm myself. 

1 2 3 4 

22. To me, pressure situations are challenges that 
I welcome. 

1 2 3 4 

23. I think about and imagine what will happen 
if I fail or screw up. 

1 2 3 4 

24. I maintain emotional control regardless of 
how things are going for me. 

1 2 3 4 

25. It is easy for me to direct my attention and 
focus on a single object or person. 

1 2 3 4 
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26. When I fail to reach my goals, it makes me 
try even harder. 

1 2 3 4 

27. I improve my skills by listening carefully to 
advice and instructions from coaches and 
managers.  

1 2 3 4 

28. I make fewer mistakes when the pressure is 
on because I concentrate better. 

1 2 3 4 
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A
ppendix B

  

Record Sheet – Notational analysis form

Name of competition: 
Weight categories: 
Gender: 
Fraction of finals: Quarter-finals / Semi-finals / Finals/ Others: 
Match no.: 
Round no.:
School/Club :                             (Blue) VS                           (Red)
Name of athlete:                             (Blue) VS                                        (Red)
Score:          (Blue) VS           (Red)
Winner:  

Player Attack Aggressive Passive Front Back Direct Indirect Trunk Head Turning Score No 
score

Lose pt KO



236 

 

 Appendix C 

受測試者個人資料 

編號﹕________________ 

(由測試員填寫)   

受測試者基本資料﹕ 

 
姓名﹕______________________ 

 
性別﹕_______________ 

 
年齡﹕______________________ 

 
慣用手﹕_____________ 

 
跆拳道學習年資﹕____________ 

 
參賽量級﹕___________ 

 

 

其他資料﹕(*請刪除適用者) 

1. 現役 / 曾任香港或中華台北跆拳道代表隊成員。      是/ 否*  

如是，請填上年份﹕________________ 

 

2. 練習時數 (最近三個月) 

 

總練習時數(包括跆拳道及其他相關訓練) 

 

每星期 ____________小時 

 
跆拳道技術練習時數 

 
每星期 ____________小時 

 

體能訓練時數(包括重量訓練、跑步、跳繩等

跆拳道體能相關的訓練) 

 

每星期 ____________小時 
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3. 最近三年(2010-2012)曾参加之比賽及成績(包括本土及海外比賽) 

年份 比賽名稱 成績 

例子﹕ 
 

2010 

 
 
世界大學生運動員 

 
 

第三名 
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Information of Subject 

No.:________________ 

(To be filled in by official)   

Basic information of subject: 

 
Name: ______________________ 

 
Gender: _______________ 

 
Age:    ______________________ 

 
Dominant hand:_________ 

 
Years of practicing Taekwondo:____________ 

 
Weight category: ________ 

 

 

Other information (*Please delete as appropriate) 

1. Current / Past Hong Kong China or Chinese Taipei Taekwondo Team 

representative.    Yes/ No*  

If yes，please fill in the year of representing the team: ______________ 

 

2. Training time (latest three months) 

 

Total training time (including Taekwondo and 

other related training) 

 

___________hours per week 

 
Taekwondo skills training time 

 
___________hours per week 

 

Fitness training time (including weight training, 

running, skipping and others Taekwondo fitness 

related training) 

 

___________hours per week 
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3. The latest participations and results (2010-2012) of local and overseas 

Taekwondo competitions. 

Year Name of Competition Result 

Example:  
 

2010 

 
 
Universiade  

 
 

Second 
runner up  
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