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The purpose of this study was to examine the test-retest reliability, and convergent and
discriminative validity of a new taekwondo-specific change-of-direction (COD) speed test
with striking techniques (TST) in elite tackwondo athletes. Twenty (10 males and 10
females) elite (athletes who compete at national level) and top-elite (athletes who compete
at national and international level) tackwondo athletes with an average training background
of 8.9 = 1.3 years of systematic tackwondo training participated in this study. During the
two-week test-retest period, various generic performance tests measuring COD speed,
balance, speed, and jump performance were carried out during the first week and as a
retest during the second week. Three TST trials were conducted with each athlete and the
best trial was used for further analyses. The relevant performance measure derived from
the TST was the time with striking penalty (TST-TSP). TST-TSP performances amounted
to 10.57 + 1.08 s for males and 11.74 + 1.34 s for females. The reliability analysis of the
TST performance was conducted after logarithmic transformation, in order to address the
problem of heteroscedasticity. In both groups, the TST demonstrated a high relative test-
retest reliability (intraclass correlation coefficients and 90% compatibility limits were 0.80
and 0.47 to 0.93, respectively). For absolute reliability, the TST’s typical error of
measurement (TEM), 90% compatibility limits, and magnitudes were 4.6%, 3.4 to 7.7,
for males, and 5.4%, 3.9 to 9.0, for females. The homogeneous sample of tackwondo
athletes meant that the TST’s TEM exceeded the usual smallest important change (SIC)
with 0.2 effect size in the two groups. The new test showed mostly very large correlations
with linear sprint speed (= 0.71 to0 0.85) and dynamic balance (r=-0.71 and —0.74), large
correlations with COD speed (r = 0.57 to 0.60) and vertical jump performance (r = -0.50 to
—0.65), and moderate correlations with horizontal jump performance (r = —0.34 to —0.45)
and static balance (- = -0.39 to -0.44). Top-elite athletes showed better TST
performances than elite counterparts. Receiver operating characteristic analysis
indicated that the TST effectively discriminated between top-elite and elite tackwondo
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athletes. In conclusion, the TST is a valid, and sensitive test to evaluate the COD speed with
taekwondo specific skills, and reliable when considering ICC and TEM. Although the
usefulness of the TST is questioned to detect small performance changes in the present
population, the TST can detect moderate changes in taekwondo-specific COD speed.

Keywords: taekwondo-specific testing, sport-specific performance, striking combat sports, sensitivity, taeckwondo

electronic scoring system

1 INTRODUCTION

Taekwondo is a combat sport classified as an activity of an
intermittent nature, of high physiological intensity, with motor
actions executed at high speed, mainly of the lower limbs (Bridge
et al., 2014; Gaamouri et al,, 2019; da Silva Santos et al., 2020;
Ojeda-Aravena et al, 2021). The physical and physiological
demands and specificity of taekwondo competition require
athletes to be efficient in different aspects of physical fitness,
including aerobic and anaerobic power, muscular strength and
power, flexibility, speed, and agility. (Markovi¢ et al., 2005;
Bouhlel et al, 2006; Bridge et al, 2014). This sport has
undergone many regulatory changes over the preceding
decades, and, as a consequence of this dynamism, the
inclusion of new electronic scoring systems (electronic body
protector and headgear) is now ubiquitous. During tackwondo
matches, over an area of 16 m? fighters use quick displacement
chained by various types of dodges with change-of-direction
(COD), powerful movements for  attacking and
counterattacking the opponent’s his/her torso and head,
including punching, complex unipedal standing and jumping
kicks, and defensive actions with hands and feet (cuts, blocks)
(Singh et al., 2017; Menescardi et al., 2019; da Silva Santos et al.,
2020; Janowski et al., 2020).

The ability to quickly change directions, also known as COD
speed, is a fundamental physical attribute in striking combat
sports (Brughelli et al., 2008; Young et al., 2015; Chaabene et al.,
2018a, 2020). In taekwondo, throughout the combat, fighters
need the ability to accelerate, decelerate, and quickly change
direction for attacking or reposting, and place themselves in a
good position with respect to the opponent to execute various
strikes (punches and kicks) with the required speed and accuracy
using both sides of their body (Singh et al., 2017; Ojeda-Aravena
et al,, 2020). Therefore, COD speed is an essential motor ability
for successful performance in tackwondo (Markovic et al., 2005).

Sports performance studies have more often assessed COD
ability through measurements of total time to complete a variety
of COD tests (Nimphius et al., 2018). Each COD speed test varies
in length, number and angle of direction changes, and travel
patterns (Brughelli et al., 2008; Nimphius et al., 2018). Recently,
many sport-specific COD speed tests with specific tasks have been
developed to evaluate the ability to quickly COD in conjunction
with specific motor actions and skills (Chaabene et al., 2018a;
Chtara et al., 2020; Makhlouf et al., 2022). Relatively few studies
have examined the COD speed capability of tackwondo athletes
using field-based general testing methods, including side step and
50-m (10-m X 5-m) shuttle run sprint tests, T-test, modified
T-Test, etc. (Bridge et al., 2014). The field-based tests used to

assess COD speed in the literature may be challenged on the
grounds that they lack mechanical specificity to many of the
technical and tactical actions performed in the sport. To this end,
only one study has attempted to incorporate COD speed (planned
agility) assessment that is more specific to the technical actions
performed in taekwondo (Chaabene et al, 2018a). Recently,
Chaabene et al. (2018a) examined the specific COD speed
capability of tackwondo athletes using a new planned agility
test, known as “tackwondo-specific agility test”. The authors
reported that the taekwondo-specific agility test is a valid test
with high relative and absolute reliability [intraclass correlation
coefficient (ICC) = 0.97, typical error of measurement expressed
as a coefficient of variation (TEM %) < 5%], as well as a very good
ability to detect small and meaningful performance changes
[TEM < smallest important change (SIC)]. Moreover, this tool
was able to discriminate taekwondo athletes of different
competitive level (top-elite vs. elite). Despite this, the
Taekwondo-specific agility test has some limitations, such as
the examination of only one parameter (ie, time
performance). There may also be limitations in evaluating the
skills associated with the combat, which include focusing only on
one skill (i.e., roundhouse kick). Indeed, before the changes in the
rules, the roundhouse kick “Bandal-Chagi” was the most
frequently applied technique; however, after the rule’s
modification, its usage decreased by 43% while the quantity of
different striking techniques used increased (da Silva Santos et al.,
2020). It is generally accepted that taekwondo became, and is,
famous for the great variety in striking techniques (Kwok and
Cheung, 2021). Although the use of wearable protection devices
for the head, body, hands and feet, which reliably measure the
power of striking by means of sensors and electronic chips, has
changed the paradigm of tackwondo from a game to an objective,
qualitative, and scientific sport (Seving, 2017; Seving and Colak,
2019; Cho et al., 2020; Janowski et al., 2020; Park et al., 2021),
Chaabene et al. (2018a) did not use this electronic scoring system
to reliably count kicks scored during Taekwondo-specific agility
test performance. During the Taekwondo-specific agility test, the
roundhouse kicks were only projected on kick-targets held by
partners, at the torso height of the tested athlete.

It has been reported that the electronic body protector and
scoring system (PSS) not only protects tackwondo players against
injury, but also results in more reliable and accurate scoring (Del
Vecchio et al., 2011; Park et al., 2021). On the other hand, it has
been well-documented that high-performance tackwondo
athletes have high strength and/or power output in short
dynamic multi-joint actions during competition, such as
displacements in any directions, kicks and punches (da Silva
Santos et al., 2020). Moreover, during international taekwondo
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competitions (matches organized in three rounds of 2 minutes
each), ~80% of the attacks were reportedly applied to the trunk
and ~19% were applied to the head (da Silva Santos et al., 2020;
Kwok and Cheung, 2021). Kwok and Cheung (2021) noted that
elite athletes executed the highest number of attacks in each
match, compared to the sub-elite athletes (41.5 + 9.7 vs. 34.4 + 8.2
attacks (mean + SD), respectively). The results of the above study
suggest that ~52% of attacks are performed by the front leg and
~47% by the rear leg.

As shown in various sport disciplines, rule changes affect
exercise response to competition tasks, and, consequently, the
discipline-specific tests (Janowski et al., 2020). Thereby, the
choice of an appropriate field-based test for a sport or other
physical activity must be centered on the specificity principle and
the requirements of the sport or activity to be assessed (Pauole
etal., 2000; Chaabene et al., 2018b). Therefore, the purpose of this
study was to: 1) examine the reliability and validity of a new
tackwondo-specific COD speed test with striking techniques
(TST); 2) establish its relationship with linear sprint, muscle
power and balance capabilities; and 3) assess whether this
tackwondo-specific COD speed test is sensitive and can
discriminate between taekwondo athletes of different
competitive levels (i.e., top-elite and elite). With reference to
the relevant literature (Arabaci et al., 2010; Chaabene et al., 2018a,
2020), we hypothesize that the TST will yield high test-retest
reliability, sensitivity, and validity, as well as a meaningful
association with sports performance indicators.

2 MATERIALS AND METHODS

2.1 Experimental Approach to the Problem
The relative and absolute reliability and the validity of the TST
were evaluated using elite taekwondo athletes. The reliability of
the TST was verified by means of test-retest trials separated by
7 days. As established by Chaabene et al. (2018a, 2018b), the
ecological validity of the TST was based on the specialized
scientific literature and considered the displacement and the
most-frequently executed striking techniques performed during
tackwondo competitions (Moenig, 2017; Seving, 2017; Seving and
Colak, 2019; Cho et al., 2020; World Taekwondo, 2020), as well as
the new PSS (Moenig, 2017; Seving, 2017; Cho et al., 2020; World
Taekwondo, 2020) planned to be used during the postponed 2021
Olympics. Convergent validity was assessed by comparing TST
performance with performance in a COD speed test
(i.e., modified COD T-test). The modified COD T-test is a
widely applied test in taekwondo (Markovi¢ et al, 2005;
Monks et al., 2017; Chaabene et al., 2018a, 2020; Taskin and
Akkoyunlu, 2020). In addition, the modified COD T-test has
frequently been used in studies which aim to assess the validity of
a novel COD speed test in many sports such as handball, soccer,
basketball, tackwondo, fencing. It has previously been reported
that the modified COD T-test is feasible, valid, and reliable (Sassi
et al., 2009; Chaabene et al., 2018a; Chtara et al., 2020). To test the
relationship of the TST performances with proxies of athletic
performance of tackwondo athletes, linear sprint (5, 10, 20, and
30-m), muscular power (squat and countermovement jumps,
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single-leg hop, single-leg triple hop, and 5-jump), and balance
(standing stork balance and Y-balance) tests were selected. The
discriminatory ability of the TST was examined based on results
from national and international (top-elite) and national (elite)
taekwondo championships.

2.2 Participants

Chaabene et al. (2018a) reported a correlation of 0.71 between a
taeckwondo-specific agility test and the T-Test. Thus, in this study,
to be conservative, a very large correlation coefficient (r = 0.71)
was used for the a priori sample size calculation. In order for this
study to meet the ethical standards of the journal and based on
data from Chaabene et al. (2018a), an a priori power analysis,
using G*Power version 3.1.9.7, revealed a required sample size of
18 subjects for our study (correlation: bivariate normal model,
pHI1 = 0.71, alpha = 1%, power = 80%). Therefore, to meet this
requirement, accounting for potential loss to attrition, twenty
elite tackwondo athletes including 10 males (age, 17.9 + 2.4 years;
height, 178.3 + 5.1 cm; body mass, 64.4 + 5.8 kg; %body fat: 13.7 £
2.2%; training background, 9.5 + 1.2 years; mean + SD) and 10
females (age, 15.6 + 0.8 years; height, 167.5 + 5.9 cm; body mass,
55.0 + 8.3 kg; %body fat: 23.5 + 1.8%; training background, 8.3 +
1.3 years; mean + SD) belonging to the Tunisian tackwondo
national team voluntarily participated in this study. They were
regularly competing at a national, for >6 years, and international
level, for >3 years. The weekly training program during the
competitive period included nine training sessions in 7 days,
and a free day on Sunday. Each training session lasts about
2 hours. All participants were free of injuries and neuromuscular
problems in the last 10 weeks prior to the start of the study, and
were not in a period of body mass reduction (Ojeda-Aravena
et al,, 2021). Since championships participation is a criterion for
the classification of athletes (Chaabene et al., 2018a; Tayech et al.,
2020, 2022; Makhlouf et al., 2022), based on their international
and national taekwondo championships participation, 10 athletes
(compete at national and international level) were included in the
top-elite (five males and five females: age, 16.4 + 0.8 years; height,
173.8 £ 7.9 cm; body mass, 59.6 + 9.7 kg; %body fat: 18.5 £ 5.9%;
training background, 8.4 + 1.3 years; mean + SD) and 10 athletes
(compete at national level) in the elite (five males and five females:
age, 18.1 + 2.3 years; height, 172 + 7.8 cm; body mass, 60.2 +
7.5kg; %body fat: 18.1 + 2.3%; training background, 9.4 *
1.3 years; mean *= SD) subgroups. After receiving a thorough
explanation of the protocol, athletes/legal representatives gave
written consent to participate in this study. The study was
conducted in accordance with the declaration of Helsinki
(World Medical Association, 2013) and the protocol was fully
approved by the ethics committee of the National Center of
Medicine and Sciences in Sport of Tunis, Tunisia before the
commencement of the assessments.

2.3 Experimental Design

At the competitive phase of the tackwondo season, and during 2-
week preceding the experiment, participants were familiarized
(two sessions/week) with the general environment, equipment,
form and technique of each fitness test to minimize learning
effects during the course of the experiment. During this time,

Frontiers in Physiology | www.frontiersin.org

April 2022 | Volume 13 | Article 774546


https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Aloui et al.

Testing in Taekwondo

d

A

}'\A

@@

FIGURE 1 | Taekwondo specific change-of-direction speed test with striking techniques (TST).
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assessors demonstrated the proper form and mechanics of
movement for the execution of all tests and explained the key
technical features. Anthropometrical measurements were also
determined for each participant 2 days before the start of the
experiment, in the fasting state. Body mass was measured to the
nearest 0.1 kg using an electronic scale (LifeSource Model UC-
321P; A&D Company, Tokyo, Japan). Height was measured to
the nearest 0.1 cm using a wall-mounted stadiometer (Easy Glide
Stadiometer; Perspective Enterprises, Portage, MI, United States).
Participants performed tests during first week and retests during
second week in order to examine its reliabilities. Participants’
performance was assessed using log transformed data of
reliability statistics of generic performance tests assessing COD
speed (i.e., modified COD T-test), balance, speed, and jump
performance, for males and females, separately. Data are
presented in the Supplementary Material. The same test
battery was applied in test and retest. During each week, the

tests were conducted on 3 days with a recovery period of 48 h in
between. Testing was always conducted indoors, on the
tackwondo mat, at the same time-of-day (between 4 p.m. and
6 p.m.) and with the same test sequence, by the same assessors
and with similar environmental conditions (temperature ~18°C
and ~48% humidity). On the first day, participants completed the
standing stork balance test, squat jump, countermovement jump,
single-leg hop tests, and modified COD T-test. On the second
day, each athlete completed the Y-balance test, single-leg triple
hop test, and 5-jump test. The remaining tests [linear sprint tests
(5, 10, 20, and 30-m), and TST] were conducted on the third day.
The rest intervals between each test and within each test session
were at least 5 min to allow adequate recovery. Prior to all tests, a
15-min standardized general warm-up (jogging, squatting,
jumping, and static and ballistic stretching) was conducted
(Tayech et al., 2019, 2020). Prior to the TST, the standardized
general warm-up was completed with a specific warm-up (Tayech
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et al., 2019). Participants performed a set of two sub-maximal
repetitions of each test to get prepared for the test. During all tests,
instructor-to-participant ratio was 1:1 (Makhlouf et al., 2022).
Participants were previously instructed to give their maximum
effort during the assessments. Standard verbal encouragement
was consistently given for all participants throughout the tests by
the same assessors. Before the experiment, all participants were
instructed to sleep for 7-8 h before each assessment session
(Mejri et al., 2015, 2016) and not to modify their usual diet
and hydration habits during the days prior to the assessments, as
well as to avoid eating at least 3 hours before each testing session
(Ojeda-Aravena et al., 2021).

2.4 Testing Procedures
2.4.1 Taeckwondo Specific Change-of-Direction Speed
Test With Striking Techniques
The TST course is similar to the modified COD T-test, except that
front and back sprints during the modified COD T-test were
replaced by front and back lateral shifts during the TST
(Figure 1). From a regulatory fight guard position (i.e., feet
apart at an anteroposterior distance equivalent to the width of
the shoulders and with the right leg positioned behind), with both
feet behind the start/finish line (A), the participant is expected to:
1) move forward (left leg forward) towards the dummy (B), in
guard position, with chasing steps and without crossing feet as
fast as possible, and finish with a right direct-punch projected on
the center of an electronic body protector (TK-Strike protector,
daedo, Barcelona, Spain) carried by a dummy; 2) turn and move
towards the dummy (C) with a lateral shift with chasing steps (left
leg forward) and perform a left front-leg side kick (ie., in
tackwondo terminology referred to “Yop-Chagi”) projected on
the center of the dummy trunk, followed by a second roundhouse
kick with the right leg (in taeckwondo terminology referred to
“Bandal-Chagi”) projected on the right side of the dummy trunk;
3) change direction, turn and move towards the dummy (D) by
adopting also a lateral shift with chasing steps (right leg forward)
and perform also a right front-leg side kick (i.e., in tackwondo
terminology referred to “Yop-Chagi”) projected on the center of
the dummy trunk, followed by a second roundhouse kick with the
left leg (in taekwondo terminology referred to “Bandal-Chagi”)
projected on the left side of the dummy trunk; 4) change
direction, turn and return to the center, moving towards the
dummy (B) by adopting also a lateral shift with chasing steps (left
leg forward) and perform roundhouse kick (in taeckwondo
terminology referred to “Bandal-Chagi”) with a leg of the
participant’s choice (right or left) projected on an electronic
headgear (Gen-2 E-Headgear, TK-Strike-Protector, Daedo,
Barcelone, Espagne) worn by the dummy, at the same level of
the participant’s head followed by a second back kick with the
other leg (in taekwondo terminology referred to “Dwit-Chagi”
(Guimaraes et al., 2020) projected on the center of the dummy
trunk; 5) move back to the start/finish line (A) in a guard position,
by adopting also a lateral shift with chasing steps and without
crossing feet.

If the participant crosses his or her feet during the lateral shift
with chasing steps or falls to the ground during the execution of
the different kicks, the trial was instantly stopped and restarted
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after a 3-min recovery period. The height of the dummy was
adjusted at the same height of the participant. The use of
electronic scoring equipment (electronic body protector and
headgear) during the TST was intended to rationally and
objectively count the valid strikes (Moenig, 2017; Seving and
Colak, 2019; Tayech et al., 2019, 2020; Cho et al., 2020; Janowski
et al., 2020; World Taekwondo, 2020). This generation-2 of the
PSS (PSS-G2) only detects strikes to valid scoring areas of the
body protector and headgear, and eliminates the “questionable”
techniques, providing more valid scores (Moenig, 2017; Seving
and Colak, 2019; Cho et al., 2020; Janowski et al., 2020; World
Taekwondo, 2020). The sensors in the body protector and
headgear and all-around of the foot sensor socks worn by the
participants automatically transmit the score (i.e., the number of
validated kicks) to the computer screen when they receive
sufficiently strong pressure together with correct technique
(i.e., according to the sex, category and body mass of the
athletes). Participants are familiar with the PSS-G2, because
this system is commonly used during training, as well as at
local, state, national, and international tackwondo
championships. In research and applied work, the use of total
time as an indicator of COD performance has been widely
considered a valid measure of performance (Nimphius et al,
2018). Therefore, according to the specific performance
quantification method used by Farhani et al. (2019), the TST
performances are: 1) the time needed to complete the test (TST-
TO) (s) [assessed with an electronic timing system (Brower
Timing Systems, Salt Lake City, UT, United States)], and 2)
the time needed with striking penalty (TST-TSP) (s) (the sum of
the TST-TO and the number of non-scored strikes multiplied by
0.5 s). This time-penalty for missed kicks was utilized, given that
the mean time of a kick execution is ~0.5 s among experienced
taekwondo athletes (Guimaries et al., 2020). The total number of
strikes that should be scored during the TST is seven strikes.
Participants were asked to wear their official protectors
(i.e, headgear, body protector, groin guard, gloves, teeth
protector, shin and forearm guards, and sensing socks) during
the test, as in official tackwondo competition (Tayech et al., 2019,
2020). Three trials were recorded for each athlete with the best
trial included in the statistical analysis. The TECHN-INDEX
refers to the time required to complete striking techniques. It was
calculated by deducing the modified COD T-test score from the
TST-TO score (Fiorilli et al., 2017; Conte et al., 2020).

2.5 Modified Change of Direction T-Test
The modified COD T-test has been described as a measure of
planned four-directional agility and body control that
evaluates the ability to quickly change directions while
maintaining balance without a loss in speed (Pauole et al,
2000; Chaabene et al., 2018a). The modified COD T-test was
performed as previously described by Mhenni et al. (2017,
2021).

2.6 Linear Sprint Tests

Athletes’ linear sprint-time was assessed over 5-, 10-, 20- and 30-
m intervals as previously described by Chaabene et al. (2018a)
and Makhlouf et al. (2022).
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2.7 Muscular Power Tests
Proxies of muscular power were assessed using vertical jump tests

without arm swing (squat and countermovement jumps) and
horizontal jump tests to reach the maximal horizontal distance
(single-leg hop, single-leg triple hop and 5-jump tests).

The squat and countermovement jumps were assessed with an
infrared jump system (Optojump Next instrument, Version
1.3.20.0, Microgate, Bolzano, Italy) according to the
procedures described by Tayech et al. (2020).

For the single-leg hop test, participants were instructed to
stand on the dominant leg (the kicking leg was identified as the
dominant leg) with the toes positioned right behind a mark on the
floor. The subjects were then instructed to hop forward as far as
possible and to land on the same leg. Participants were allowed to
swing the arms freely as they jumped. The horizontal distance was
measured from the toe at starting position to the heel where the
participant landed. A hop was only regarded as successful if
participants were able to keep the foot in place while balancing on
one leg until an assessor had marked the landing position
(Augustsson et al., 2006; Souissi et al., 2020).

The single-leg triple hop test was performed in the same way as
the single-leg hop test with the only difference being that the
participant performed three consecutive maximal hops forward
on the same leg (dominant leg) to reach the maximal horizontal
distance (Makhlouf et al., 2018).

The 5-jump test consists of five consecutive strides in bipedal
stance at the start and end of the jumps. At the starting line,
participants were not allowed to perform any back step. The
athletes were asked to directly jump to the front with the leg of
their choice. After the first four strides (i.e., alternating left and
right feet for two times each), the athletes had to perform the last
stride and end the test again in bipedal stance. If the athletes fell
back after completion of the last stride, the test had to be repeated
(only two cases of this happened in this study). The 5-jump test
was measured from the front edge of the athlete’s feet at the
starting position to the heel position after landing. The assessors
had to focus on the last stride of the participant in order to exactly
determine the last foot print on the mat (Chamari et al., 2008).

The covered distance of the horizontal jump test was recorded
by means of a measuring tape to the nearest 1 cm. For each
muscular power test, three trials were performed with
approximately 2-min passive recovery and the best result was
used for further analysis.

2.8 Balance Tests

Static balance was assessed utilizing the standing stork balance
test and dynamic balance was tested using the Y-balance test
(composite score) as described by Chaabene et al. (2018a) and
Makhlouf et al. (2022). For each balance test, participants stood
on the dominant leg. The best measure was taken from three trials
with a 3-min rest in-between.

2.9 Statistical Analyses

Two statistical software packages, SPSS 20 (for Windows, Inc.,
Chicago, IL, United States) and MedCalc (Version 14.8-1993-
2014 MedCalc Software) were used for data analyses. Data were
presented as means and standard deviations (mean + SD). The
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normality of the data distribution was checked using the Shapiro-
Wilk test, while homogeneity of variance was assessed by Levene’s
test. An independent Student t-test was used to compare
performances of top-elite versus elite subgroups, by using the
spreadsheet of Hopkins (2007). Given the small sample size (10
males and 10 females) and in order to address the
heteroscedasticity problem, the analyses of the performance
measures reliability, in the two groups (male and female)
separately, were conducted after log transformation (Hopkins,
2000; Hopkins and Gale, 2020), by using the spreadsheet of
Hopkins (2015). To determine the relative reliability between
the test and retest, the ICC was used. Thresholds for interpreting
magnitudes of ICCs as being extremely high, very high, high,
moderate, and low were, respectively, 0.99, 0.90, 0.75, 0.50, and
0.20 (Smith and Hopkins, 2011; Hopkins, 2015). Absolute
reliability was analyzed by calculating the typical error of
measurement (TEM) which was expressed as percentage of the
coefficient of variation (CV) (Hopkins, 2000; Chaabene et al.,
2018a). The SIC was assumed by multiplying the between-subject
SD by 0.2 (SIC, ,) which is the typical small effect (Hopkins et al.,
2009). The usefulness of each test was assessed by comparing the
SIC score with the TEM (Hopkins, 2000). The ability of the test to
detect a change was rated as good, ok, or marginal when the TEM
was below, similar, or higher than the SIC, respectively.
Convergent validity of the TST was established by assessing
the relation between TST and other generic performance tests
(modified COD T-test, 5-, 10-, 20-, and 30-m linear sprint tests,
squat and countermovement jump tests, single-leg hop, single-leg
triple hop, and 5-jump tests, standing stork balance and
Y-balance tests) using Pearson’s product moment correlation
coefficient (r) for males and females, separately. The following
criteria were adopted to interpret the magnitude of the
correlation: trivial (r < 0.1), small (0.1 < r < 0.3), moderate
(0.3 <r<0.5),large (0.5 < r < 0.7), very large (0.7 < r < 0.9), and
nearly perfect (0.9 < r < 1) (Hopkins, 2016). Discriminant validity
of the TST was analyzed using the receiver operator
characteristics (ROC) curve by analyzing the area under the
curve (AUC) (Tayech et al., 2020; Makhlouf et al., 2022). The
retest outcomes were used to assess the discriminant validity. The
ROC curve analysis determined the sensitivity and specificity of a
tool to evaluate the ability of the different tests that can
discriminate between athletes of different competitive levels
(i.e., top-elite vs. elite). The cut-off value for a good
discriminative ability was 0.70. Additionally, magnitude-based
effect sizes with 90% confidence intervals (CI) were calculated to
establish differences between the groups (i.e., top-elite vs. elite), as
well as between test and retest (i.e., relative reliability) using the
following criteria: <0.2 = trivial, >0.2 to 0.6 = small, >0.6 to 1.2 =
moderate, >1.2 to 2.0 = large, >2.0 to 4.0 = very large, and >4.0
nearly perfect (Hopkins, 2016).

3 RESULTS

The relative and absolute reliability analyses of the
TST performance for males and females are displayed in
Table 1.
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TABLE 1 | Sex-specific data of taekwondo athletes (means + standard deviations) computed with log transformed data of reliability statistics for the taekwondo specific
change-of-direction speed test with striking (TST) performance.

TST (s) Percent Change Effect size ICC TEM SIC0.2
Mean + SD in Mean Magnitude Magnitude (90% CL) (%) (90% CL) (%)
and 90% CL (90% CI) (90% CL)
TST-TO Male 8.92 + 0.97 14 (2.4 10 4.7) 0.10 0.86 4.4 (32107.3) 19 (05102.6)
Trivial (~0.94 to 1.14) High (0.62 to 0.95)
Female 10.09 + 0.85 ~0.7 (3010 1.7) ~0.07 0.92 29 (2.1 t0 4.9) 1.7 (061023
Trivial (~1.11 to 0.97) Very high (0.76 to 0.97)
TST-TSP Male 10.57 £ 1.08 -0.4 (-4.0 t0 3.3) -0.06 0.80 46841077 1.6 (-0.1t02.2)
Trivial (~1.10 to 0.98) High (0.47 to 0.93)
Female 11.74 = 1.34 1.2 (-5.3 t0 3.1) ~0.13 0.80 5.4 (3.9 10 9.0) 1.8 (0.0 to 2.6)

Trivial (=1.17 to 0.91) High (0.47 to 0.93)

TST: Taekwondo Specific Change-of-Direction Speed Test with Striking Techniques; TST-TO: TST-time-only; TST-TSP: TST-time with striking penalty; SD: standard deviation; 90% Cl:
90% compatibility interval; 90% CL: 90% compatibility limits; ICC: intraclass correlation coefficient; TEM: Typical error of measurement as a CV (%); SICo 2: Smallest important change
based on 0.2 of the between-athlete SD; times/divide factor: x/+1.1.

TABLE 2 | Correlation of log transformed performance variables between TST and generic performance tests measuring COD speed, balance, speed and jump performance

in males and females.

TST performance

TST-TO (s) TST-TSP (s)
r Magnitude 90% CL r Magnitude 90% CL
Modified COD T-test Male 0.57 Large (0.03 to 0.86) 0.72 Very large (0.27 to 0.91)
Female 0.60 Large (0.06 to 0.86) 0.59 Large (0.05 to 0.86)
5-m sprint Male 0.19 Small (-0.40 to 0.67) 0.27 Small (-0.33 t0 0.72)
Female 0.85 Very large (0.56 to 0.95) 0.74 Very large (0.32 to 0.92)
10-m sprint Male 0.23 Small (-0.37 to 0.69) 0.33 Moderate (-0.27 to 0.75)
Female 0.54 Large (-0.02 to 0.84) 0.62 Large (0.10 t0 0.87)
20-m sprint Male 0.17 Small (-0.42 to 0.66) 0.37 Moderate (-0.23 to 0.76)
Female 0.71 Very large (0.26 to 0.91) 0.77 Very large (0.38 to 0.93)
30-m sprint Male 0.34 Moderate (-0.26 to 0.75) 0.51 Large (-0.05 to 0.83)
Female 0.77 Very large (0.38 to 0.93) 0.81 Very large (0.46 to 0.94)
Squat jump test Male -0.47 Moderate (-0.83 to 0.16) -0.61 Large (-0.88 to —0.04)
Female -0.35 Moderate (-0.76 to 0.25) -0.53 Large (-0.84 to 0.03)
Countermovement jump test Male -0.40 Moderate (-0.80 to 0.25) -0.65 Large (-0.89 to -0.10)
Female -0.21 Small (-0.68 to 0.39) -0.50 Large (-0.82 to 0.08)
Single-leg hop test Male -0.53 Large (-0.84 to 0.03) -0.65 Large (-0.89 to -0.16)
Female -0.92 Nearly perfect (-0.98 to -0.75) -0.87 Very large (-0.96 to -0.61)
Single-leg triple hop test Male -0.37 Moderate (-0.76 to 0.23) -0.55 Large (-0.84 to 0.01)
Female 0.19 Small (-0.41 to 0.67) 0.25 Small (-0.35 to 0.70)
5-jump test Male -0.34 Moderate (-0.75 to 0.26) -0.45 Moderate (-0.80 to 0.14)
Female 0.42 Moderate (-0.17 to0 0.79) 0.31 Moderate (-0.29 to 0.74)
Standing stork balance test Male -0.52 Large (-0.83 to 0.04) -0.42 Moderate (-0.79 to 0.17)
Female -0.44 Moderate (-0.80 to 0.14) -0.39 Moderate (-0.77 t0 0.21)
Y-balance test composite score Male -0.64 Large (-0.88 to -0.14) -0.74 Very large (-0.92 to 0.31)
Female -0.71 Very large (-0.91 to -0.25) -0.55 Large (-0.84 to 0.01)

TST: Taekwondo Specific Change-of-Direction Speed Test with Striking Techniques; TST-TO: TST-time-only; TST-TSP: TST-time with striking penalty; r: Pearson correlation coefficient;

90% CL: 90% compatibility limits.

TST outcomes were not different between test and retest, and
the estimated effect sizes were trivial in the two groups (Table 1).
The results suggest that high relative reliabilities were observed
for the TST performances, among males. Whereas for females,
high to very high relative reliabilities were observed.

For the absolute reliability, the TEM as a CV (%) for the TST
outcomes were relatively low (<5%) in the two groups, except
TST -TSP among females, which is slightly higher than 5%. The
TEMs exceeded the SICsg, in the two groups (Table 1).

The correlation coefficient, magnitude, and 90% compatibility
limits between athletes’ performance recorded during the TST
and their performance during other generic performance tests
measuring COD speed, balance, speed and jump performance are
summarized in Table 2.

For males, moderate-to-large correlations were found between
the TST-TO and the modified COD T-test, 30-m sprint test, jump
and balance tests. Small correlations were found between the
TST-TO and the 5, 10, and 20-m linear sprint tests. Moderate to
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TABLE 3 | Comparison of TST performance and TECHN-INDEX between top-elite and elite taekwondo athletes.

Top-elite (n = 10)
Mean = SD (s)

TST-TO 8.89 + 0.72 10.15 + 0.86
TST-TSP 10.29 + 0.63 11.80 + 0.88
TECHN-INDEX 214 +0.44 2.92 +0.78

Elite (n = 10)
Mean = SD (s)

Mean difference (90% CL) Effect size
(s) Magnitude (90% CI)
—-1.26 (0.65 to 1.88) 1.60
Large (0.75 to 2.43)
-1.51 (0.92 to 2.11) 1.97
Large (1.08 to 2.87)
-0.78 (0.28 to 1.28) 1.23

Large (0.43 to 2.03)

TST: Taekwondo Specific Change-of-Direction Speed Test with Striking Techniques; TST-TO: TST-time-only; TST-TSP: TST-time with striking penalty; TECHN-INDEX: Technical index
(TST-TO minus modified COD T-test); SD: standard deviation; 90% Cl: 90% compatibility interval; 90% CL: 90% compatibility limits.

very large correlations were found between the TST-TSP and the
modified COD T-test, and 10, 20, 30-m linear sprint as well as,
jump and balance tests. A small correlation was found between
the TST-TSP and the 5-m linear sprint test. The highest
correlations were observed between the TST outcomes and the
Y-balance test (r = —0.74), modified COD T-test (r = 0.72), and
the single-leg hop test (r = —0.65).

For females, large to nearly perfect correlations were observed
between the TST-TO and the modified COD T-test, linear sprint
tests, single-leg hop test, and Y-balance test. Moderate
correlations were found between the TST-TO and the squat
jump test, 5-jump test, and the stork balance test. Small
correlations were observed between the TST-TO and the
countermovement jump test, and the single-leg triple hop test.
Moderate to very large correlations were found between the TST-
TSP and generic performance tests measuring COD speed,
balance, speed, and jump performance, except for the single-
leg triple hop test, which showed a small correlation with TST-
TSP. The highest correlations were found between the TST test
and the single-leg hop test (r = —0.92), 5-m (r = 0.85), 30-m sprint
test (r = 0.81), and the Y-balance test (r = —0.71).

Group-specific data (top-elite vs. elite tackwondo athletes)
regarding the TST and TECHN-INDEX are displayed in Table 3.
Regardless of sex, top-elite compared with elite athletes showed
better performances in TST together with a lower TECHN-
INDEX.

For male athletes, TST and TECHN-INDEX performance
were better in top-elite (n = 5) versus elite athletes (n = 5)
[for TST-TO: 8.43 £ 0.72s vs. 9.58 + 0.38 s, respectively, with a
large effect size (=2.0); for TST-TSP: 9.93 £ 0.68 s vs. 11.08 +
0.10s, respectively, with a very large effect size (= 2.4); for
TECHN-INDEX: 1.94 + 0.58s vs. 2.92 + 0.47s, respectively,
with a large effect size (=1.9)]. For female athletes, TST and
TECHN-INDEX performance were better in top-elite (n = 5)
compared with elite athletes (n = 5) [for TST-TO: 9.34 + 0.36 s vs.
10.72 + 0.83 s, respectively, with a very large effect size (=2.2); for
TST-TSP: 10.64 £+ 0.32s vs. 12.52 + 0.65 s, respectively, with a
very large effect size (=3.7); for TECHN-INDEX: 2.34 + 0.06 s vs.
2.92 +1.07 s, respectively, with a small effect size (=0.8)]. Notably,
top-elite female athletes outperformed male elite athletes in TST
and TECHN-INDEX performance [for TST-TO: 9.34 + 0.36 s vs.
9.58 + 0.38 s, respectively, with a small effect size (=0.6); for TST-
TSP: 10.64 + 0.32s vs. 11.08 + 0.10 s, respectively, with a large
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FIGURE 2 | ROC curves for the TST performance for top-elite and elite
taekwondo athletes. (A): TST-TO (s); (B): TST-TSP (s); TST: Taekwondo
specific change-of-direction speed test with striking techniques; TST-TO:
TST-time-only; TST-TSP: TST-time with striking penalty; ROC: Receiver
operating characteristics.

effect size (=1.9); for TECHN-INDEX: 2.34 + 0.06s vs. 2.92 +
0.47 s, respectively, with a large effect size (=1.7)].

The TST was considered to have very good discriminant
validity. The area under the ROC curve (AUC) was 0.88
(standard error = 0.075; 95% CI: 0.66-0.98) for TST-TO
(Figure 2A), 0.99 (standard error = 0.014; 95% CI: 0.81-1.00)
for TST-TSP (s) (Figure 2B). The cut-off performances for
discriminating between the top-elite and elite athletes were
<9.54s [sensitivity of 80% (95% CI = 44.4 to 97.5) and
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specificity of 80% (95% CI = 44.4 to 97.5)] for TST-TO (s)
(Figure 2A), <10.78 s [sensitivity of 90% (95% CI = 55.5 to 99.7)
and specificity of 100% (95% CI = 69.2 to 100)] for TST-TSP (s)
(Figure 2B).

4 DISCUSSION

The main findings of this study demonstrated 1) high relative and
acceptable absolute reliability in TST performances in both, males
and females; 2) high associations of the TST with the modified
COD T-test, the Y-balance test, and the single-leg hop test in
males; 3) high associations of the TST with the 5-, 20- and 30-m
linear sprint tests, single-leg hop test, and Y-balance test in
females; and 4) very good discriminatory capability between
top-elite and elite athletes, regardless of sex.

Previous studies conducted with combat sports COD speed
tests have found an ICC of 0.97, among fencing athletes, when
performing a new specific fencing COD test (Chtara et al., 2020),
and an ICC of 0.97, among taekwondo athletes, when performing
the Taekwondo-specific agility test (Chaabene et al., 2018a). Our
results showed that ICC values ranged from 0.80 to 0.92, thus
indicating high to very high relative reliability. Brughelli et al.
(2008) reported that all the tests that have been used to measure
COD ability show similar reliability (ICC ranged from 0.80 to
0.96), regardless of the duration of the test, the number of CODs,
or the direction in which most of the forces were applied.

In summary, this study revealed that the TEMs (expressed as
CV) relating to TST performances were equal to or less than the
5% limit and exceeded the SIC,, in both groups. Comparable
results were reported by Chaabene et al. (2018a) and Chtara et al.
(2020). Thereby, TST presented high relative and acceptable
absolute reliability, with a more precise measure. In view of
the above results, we suggest that this tool, that needs specific
equipment [electronic protection devices (i.e., body, headgear
protectors and hand-foot protectors)] available to many coaches
and athletes, presents good specificity and feasibility, which
represent an important aspect in performance testing for
striking combat sports (Chaabene et al., 2018b; Tayech et al.,
2019, 2020, 2022; Ribeiro et al., 2020).

The test-retest reliability depends on a number of factors such
as the number of participants, number of performed trials,
participant’s  skill level, homogeneity of the sample,
environmental conditions, time of the day of the test’s
administration (Chaabene et al., 2018b; Kerdaoui et al., 2021;
Makhlouf et al, 2022), and most importantly the adequate
precision of estimates of change in the variable of the
experimental study (Hopkins, 2000). About this, Hopkins
(2000) explained that the paramount concern in the design of
any study is adequate precision for the estimates of the outcome
measures. The author goes on to say that in a reliability study, the
most important outcome measures are the TEM and the change
in the mean between trials. The present study included twenty
elite tackwondo athletes including 10 males and 10 females.
Although this number is less than the participants (n ranged
from 27 to 39) in previous similar combat sports studies, we
observed high relative and acceptable absolute reliability
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(Chaabene et al., 2018a; Chtara et al., 2020), which can be
explained by the participants’ test familiarization, and the
number of trials (i.e., three trials) performed during each
session (ie., test and retest). Moreover, the participants
belonged to a homogeneous group, were highly motivated, had
the same training schedules, and trained together under the same
coaches. Finally, the experiments were carried out in almost the
same environmental conditions, and at the same time of the day.

The COD T-test and/or modified COD T-test have been used
in previous studies to determine the criterion and/or convergent
validity of other generic COD speed tests (Pauole et al., 2000; Sassi
etal., 2009; Chaabene et al., 2018a; Chtara et al., 2020). Nimphius
et al. (2018) have reported that T-test could allow for more
complex skills valid assessment of COD speed (e.g., due to modes
and number of changes in direction). In addition, Sassi et al.
(2009) indicated that the modified COD T-test, as well as the
COD T-test, could be used to assess COD speed, and hence
planned agility. In the current study, the modified COD T-test
was selected as the convergent measure for TST validation,
because it purportedly measures quickness when changing
direction over a relatively short distance (Pauole et al., 2000;
Sassi et al., 2009; Chaabene et al., 2018a, 2020), and represents the
most used COD speed test in taekwondo (Markovi¢ et al., 2005;
Monks et al., 2017; Chaabene et al., 2018a, 2020; Taskin and
Akkoyunlu, 2020). Additionally, consistent with the analysis
described by Nimphius et al. (2018) regarding the relevant
techniques of COD speed tests, the TST included different
trunk position and control, orientation of the hips relative to
the intended direction of shifts and striking techniques, rear or
front foot-strike during the stance phase, knee flexion during
braking, and arm actions and visual focus especially during the
COD and striking techniques on the dummy. In view of the above
considerations, and in accordance with the results of Sassi et al.
(2009), we observed large to very large correlations between TST
performances with the modified COD T-test in both, males (r =
0.57 for TST-TO, and r = 0.72 for TST-TSP) and females (r = 0.60
and 0.37 for TST-TO, and r = 0.59 for TST-TSP). When
combining all participants (males and females), Pearson’s
correlation coefficients revealed very large associations between
TST outcomes and performance in the modified COD T-test (r =
0.69 for TST-TO, and r = 0.71 for TST-TSP); corroborating the
findings of Chaabene et al. (2108a), who demonstrated that a
tackwondo-specific agility test highly correlated (very large
magnitude) with the T-test in male and female elite
tackwondo athletes (r = 0.71). Recently, similar results were
reported by Chtara et al. (2020) who found large to very large
correlations between a specific fencing COD test and the T-test,
regardless of sex (males: r = 0.75; females: r = 0.79; combined: r =
0.87), in fencing athletes. More recently, Makhlouf et al. (2022)
reported that a new soccer-specific COD speed test (Illinois COD
test with ball dribbling speed) correlated with a large magnitude
with the Illinois COD test without the ball in young soccer players
of different biological maturity and playing levels (r = 0.65). These
findings support the convergent validity of the TST among young
taeckwondo athletes.

Our results showed a moderate relation (r = 0.34) between the
TST-TO and the 30-m linear sprint test in males. Associations
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between TST-TO and the 5-, 10-, and 20-m linear sprint tests
were small (r = 0.17 to 0.23). In females, the correlations between
TST-TO and the linear sprint tests were mostly very large (r =
0.71 to 0.85). Regarding TST performance with penalty for
striking techniques, the correlations between TST-TSP and
linear sprint tests, were moderate with 10-m and 20-m tests
(r = 0.33 and 0.37, respectively), and large with 30-m linear
sprints (r = 0.51), in males. However, the correlation was small
with the 5-m linear sprint test (r = 0.27). In females, correlations
between the TST-TSP and linear sprint tests were mostly very
large (r = 0.74 to 0.81). Concordant with our results, Sassi et al.
(2009) found that performance in the 10-m linear sprint test did
not correlate with the modified COD T-test in male physical
education students. However, in females, the authors found a
moderate association (r = 0.34) between the two tests. Compared
to the findings of Sassi et al. (2009), large (r = 0.62) and moderate
(r = 0.33) correlations were found in our study for females and
males, respectively. This can be explained by the participants’ skill
level, and homogeneity of the sample in our study (Makhlouf
et al,, 2022). It has previously been reported that correlations
between tests are highly influenced by participants’” heterogeneity
(Sassi et al., 2009; Chtara et al., 2020). Accordingly, the pooling of
all participants in one group increased heterogeneity and
concomitantly the respective correlation coefficients (Sassi
et al., 2009; Chaabene et al., 2018a; Chtara et al., 2020). These
findings concur well with those of Chaabene et al. (2018a), who
reported large associations (5-m: r = 0.52 and 20-m: r = 0.58)
between a tackwondo-specific agility test and linear sprint tests in
elite taekwondo athletes. Likewise, Arabaci et al. (2010) found
large to very large positive relations between a COD speed test
(20-m zigzag) and 20- and 30-m linear speed performance in
taekwondo athletes (r = 0.83 and r = 0.61, respectively). This
meaningful relation between these two tests has also been found
in athletes from different sports. Recently, Makhlouf et al. (2022)
found a large correlation between 10- and 30-m linear sprint
speed tests and the Illinois COD test with ball dribbling speed in
young soccer players of different biological maturity and playing
levels (r = 0.52 and r = 0.59, respectively). Numerous studies have
supported the relation between measures of linear sprint speed
and COD speed. However, it seems that the magnitude of
correlations depends on the distance of the sprint, the type of
the COD speed test (Hornikova and Zemkovd, 2021), and the sex
(Sassi et al., 2009; Delextrat et al., 2015). Hornikovd and
Zemkova, (2021) reported that the type of COD speed test
could potentially affect the relationship between COD speed
and linear sprint speed; therefore, the strength of correlation
may also be dependent on the similarity and/or some degree of
compliance between the COD speed test and the specific distance
of the linear sprint. On the other hand, several studies have
examined the speed characteristics of tackwondo athletes using
conventional field-based testing methods, including sprint tests
ranging from 5-m to 30-m (Bridge et al., 2014). The 5-m linear
sprint test has often been used to assess quickness performance in
tackwondo athletes (Chaabene et al., 2018a; Taskin and
Akkoyunlu, 2020). The very large association between the TST
and the 5-m linear sprint test in female taeckwondo athletes
revealed that the relative speed of the first acceleration steps
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appears to be an important component in determining COD
speed over short distances (Sayers, 2015). This is in accordance
with previous studies that reported acceleration as an important
aspect in COD movements (Young et al., 2002; Sheppard and
Young, 2006; Zemkova and Hamar, 2017; Chaabene et al., 2018a;
Chtara et al., 2020). However, the ability to decelerate rapidly
during the TST is also a key component of COD ability (Sayers,
2015). It has been reported that when undertaking a 180° COD
speed test, deceleration movement times are extremely variable
within and between individuals, particularly when compared with
acceleration movement times (Sayers, 2015). Accordingly,
Zemkova and Hamar (2017) reported that the COD speed
tests evaluate an athlete’s ability to rapidly decelerate and
reaccelerate in the new direction. Mostly, the 5-m linear sprint
correlated only with the short COD speed tests, while higher
distance in linear speed results showed a stronger correlation with
the many type of COD speed tests (Hornikova and Zemkova,
2021). In this sense, a large positive correlation (r = 0.65) was
found between the best trial in the modified COD T-test and the
10-m sprint test in elite female soccer players (Lockie et al., 2018).
Other studies reported moderate-to-large correlations (r = 0.39 to
0.65) between the COD speed test and a 10-m linear sprint test in
team sport players. This result is remarkable because the test
design is considerably different between the two tests (Lockie
et al., 2018; Mackala et al., 2020; Hornikové and Zemkov4d, 2021).
Beyond a distance of 10-m linear sprint, it has been found that
COD speed performance correlated with acceleration speed for
longer distances (from 18.3-m to 40-m) in handball and soccer
players (r = 0.25 to 0.84) (Hornikova and Zemkova, 2021).
Concordantly, our results indicate that TST performances
correlate more strongly with maximum running speed than
with acceleration speed, mainly in male taekwondo athletes. It
has been reported that the correlation coefficients between either
maximal sprinting time over distances up to 40-m and the
performance of various COD speed tests ranged from large to
very large (Salaj and Markovic, 2011).

This study revealed moderate to large negative correlations
(r = —0.34 to —0.65) between TST outcomes and measures of
jump performance in males. In females, the relation between tests
were mostly in the range of moderate to large. The highest
correlations were found in females between the TST test and
the single-leg hop test (nearly perfect for TST-TO and very large
for TST-TSP). However, the correlations were small between the
TST-TO and the countermovement jump as well as the single-leg
triple hop test, and between the TST-TSP and the single-leg triple
hop test in females. Previous studies have examined the relation
between COD speed tests and the countermovement jump test
and have reported controversial results (Peterson et al., 2006;
Sassi et al., 2009). Sassi et al. (2009) showed that the modified
COD T-test did not correlate with performance in the
countermovement jump test in male physical education
students. However, the same test correlated moderately with
the countermovement jump test in females (r = —-0.47).
Moreover, Peterson et al. (2006) reported a very large
correlation between the COD T-test and the countermovement
jump test for young female (r = —0.71), but not for young male
collegiate athletes. These differences between the outcomes of this
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study and the literature can most likely be explained by several
moderating factors such as sex, age, and level of fitness and
expertise, the distances and constraints in the tests, and the type
of directional change in different COD speed tests. Moreover, the
small sample size (i.e, 10 males and 10 females), and
heterogeneity of participants in both groups (combining top-
and elite athletes) might have affected the association between the
TST and the respective jump tests.

Regardless of sex, this study revealed large to very large
negative relations between TST outcomes and jump tests.
These findings are concordant and/or even better than the
findings of the previous scientific literature in taekwondo
highlighting moderate to large correlations between the
taekwondo specific COD speed test (i.e., Taekwondo-
specific agility test) and vertical (i.e, squat and
countermovement jumps) and horizontal (i.e., standing long
jump and single-leg triple hop) jumping tests in elite
taekwondo athletes (Chaabene et al., 2018a). The literature
showed a strong association between COD speed and vertical
(r = —0.68 to —0.77) and horizontal (r = —0.56 to —0.65) jump
performances (McFarland et al., 2016; Hornikova and
Zemkovd, 2021; Makhlouf et al., 2022). Moreover, Young
et al. (2002) reported that leg muscle power is important
determinant of COD ability. In accordance with our results,
McFarland et al. (2016) found that squat and
countermovement jumps were correlated to the T-test for
elite women soccer players (r = —0.68 and r = -0.76,
respectively). In addition, it has been documented that the
countermovement jump height correlated with the COD speed
tests in almost all studies in female (r = —=0.39 to —0.79) or
mixed group of male and female players (r = 0.56 and r = 0.84,
respectively) (Hornikova and Zemkova, 2021). Peterson et al.
(2006) reported greater correlations for horizontal compared
with vertical jump tests and COD speed tests. In addition,
different studies revealed that performance in unipedal
compared with bipedal jumps might be closer related with
participants’ COD speed (Young et al., 2002; Delextrat et al.,
2015). In this regard, different studies confirmed the strong
relation between the single-leg hop test and COD speed tests
with lateral running or turning 180°, like the COD T-test
(Hornikova and Zemkova, 2021). In agreement with our
results, Negrete and Brophy (2000) found a large negative
correlation (r = —0.65) between the single-leg hop test and a
diamond-shaped agility test. In view of the above
considerations, it has been reported that if the jump test
closely mimics the respective sport-specific movement, the
relation with COD speed performance is higher (Hornikova
and Zemkova, 2021). Concordantly, this study showed that
TST performance strongly correlates with the single-leg hop
test but to a lesser degree with the squat jump,
countermovement jump, single-leg triple hop, and the 5-
jump test, primarily in female taekwondo athletes. This
might be explained by the fact that during taekwondo
combat, the exchanges of kicks between the opponents are
done unilaterally and mostly following a unipedal horizontal
jump, especially when executing the block technique (in
taekwondo terminology referred to “Yop-chagi”) with the
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front leg. It has been reported that COD tests require a
braking force followed by a propulsive force, which in turn
may increase the importance of eccentric-concentric force
capability of leg muscles as during horizontal jumps
(Brughelli et al., 2008). This is how Brughelli et al. (2008)
claimed that jumps that involve the combination of both
horizontal and vertical ground reaction forces may better
predict COD ability. Based on the current study’s results
and consistent with the findings of Pauole et al. (2000),
although the TST is a reliable and valid test to measure the
taekwondo specific COD speed combined to striking
techniques, it is not surprising that leg speed and power
contributes substantially to the variability in TST
performance. Against this background, it has been well
documented that speed and power are essential elements in
successful scoring in taekwondo sparring. Most importantly,
with the introduction of the PSS, displacement and attack
speeds became extremely important in the combat as without a
high speed, an opponent could block the attack or dodge away
from the attack easily. In addition, failing to touch the
opponent’s body sensor with the athlete’s own foot sensor
and with an optimal power would result in zero score (Kwok
and Cheung, 2021). Therefore, since TST
decelerations, re-accelerations and constant adjustments of
steps and body posture mainly during the COD actions and
unilateral kicking actions, the potential to improve COD speed
and striking power by linear sprint and jump training (mainly
unipedal horizontal jump) is recommended. In view of the
above considerations, future research should examine the
relationship of TST performance to various taekwondo-
specific performance measures.

There were moderate to very large associations between
measures of TST and variables of static and dynamic balance in
both groups. The highest correlations (r = —0.55 to —0.74) were
found between TST outcomes and measures of dynamic
balance in both groups. This result is in agreement with
findings from Chaabene et al. (2018a), who observed a large
negative relation (r = —0.59) between the tackwondo-specific
agility test and the Y-balance test in elite tackwondo athletes.
Taekwondo performance appears to be related with measures
of COD speed, muscular power, as well as static and dynamic
balance, because during a combat, athletes require rapid and
powerful defense and attack from all directions using both
sides of his/her body (Fong et al., 2012; Negahban et al., 2013).
It has been reported that during taekwondo fights elite athletes
could turn and kick at high speeds (5.2 to 16.26 m-s”') and
generate huge amount of striking forces (390.7 to 661.9 N)
without losing balance (Fong et al., 2012). In addition to these
turning and kicking abilities, tackwondo fighters adjust their
body position and distance to the opponent frequently by
stepping to different directions (i.e., COD) in order to score
points. As in TST, commonly used unipedal standing and
jumping kick techniques in taekwondo combat include
roundhouse kick, side kick and back kick. Indeed, rotation
of the body’s fighter and pivoting on one leg is an essential
component in all of these kicking skills (Fong et al., 2012).
Besides, tackwondo athlete requires good static and dynamic
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balance not only to optimize their kicks, but also to prevent
falls and to prevent a penalty from the referee (in tackwondo
terminology referred to “Gam-Jeom”), as well as avoid the
dangerous situation of being re-attacked by his or her
opponent (Menescardi et al., 2019). Therefore, postural
control is crucial for tackwondo athletes due to its dynamic
kicking nature and the requirements of the game rules during
combats (Fong et al., 2012).

In this study, correlations between TST and proxies of athletic
performance (i.e, modified COD T-test, linear sprint and
muscular power) were higher when striking techniques were
counted as a performance score in TST (i.e., TST-TSP), in
both groups. This might be explained by the fact that, as
during tackwondo matches, in TST, the implementation of the
PSS ensure that athletes would receive a score only if they could
kick the body sensor of the opponent (i.e., dummy) with the foot
sensor of their own with sufficient level of impact (i.e., power).
These taekwondo electronic protection devices (i.e., body,
headgear and hand-foot protectors) have a technical feature
that automatically recognizes the effective attack power by
means of a sensor equipped with an advanced electronic chip
attached to the protector, which automatically transmits it to the
score monitor through a wireless transmission device (Seving,
2017; World Taekwondo, 2020; Park et al., 2021, Tayech et al,,
2019, 2020, 2022). Therefore, the use of PSS in TST was a
measurement to ensure a reliable and accurate score
identification during the test. On the other hand, and based
on the current study’s findings, we can suggest that during the
TST, the fighter adopts both offensive and defensive combat styles
as described by Menescardi et al. (2019). The offensive style
implies that the fighter quickly moves forward, invading the space
of the attacker, and competing over a shorter distance by
responding to attacks with counterattacks (ie., punch as
during TST). While the defensive style implies that the fighter
makes dodges and speedy COD while employing striking
defensive technics (i.e, blocks and kicks as during TST)
(Menescardi et al, 2019; Kwok and Cheung, 2021). Hence,
instead of limiting on one kicking technique (i.e., roundhouse
kick) as in Taekwondo-specific agility test (Chaabene et al,
2018a), coaches should include different types of kicking and
punch techniques in the training, so athletes would utilize these
skills as in TST (Kwok and Cheung, 2021).

One of the most pertinent aims of this study was to assess TST
performance with the goal to discriminate between tackwondo
athletes of different expertise levels (top-elite vs. elite athletes).
We found better TST performance in top-elite compared to elite
taekwondo athletes. Another noteworthy result of this study was
that mean TST performance was better in top-elite female versus
male elite athletes. It has been well-documented that a ROC
analysis is an appropriate statistical approach to examine the
discriminative power and the responsiveness of performance tests
(Impellizzeri and Marcora, 2009; Chaabene et al., 2018b). In view
of the above consideration, we applied a ROC analysis and the
findings showed a very good discriminative ability of the TST,
irrespective of sex (de Vet et al., 2001; Mannion et al., 2005;
Chaabene et al., 2018a, 2018b; Tayech et al., 2020, 2022; Makhlouf
et al., 2022). However, a single cut-off score to discriminate top-
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elite from elite athletes without taking sex into consideration
appears not to be adequate (Chaabene et al., 2018a; Chtara et al.,
2020; Tayech et al,, 2020, 2022). Therefore, these TST scores
could penalize female athletes. Larger sample sizes including
males and females would most likely reveal sex-specific
discrimination cut-offs for the TST scores (Evans et al., 2021).
COD speed tests have been used in several sports to discriminate
top-elite from elite tackwondo athletes (Chaabene et al., 2018a),
high- from low-ranked fencer athletes (Chtara et al., 2020), as well
as young soccer players of different biological maturity and
playing levels (Makhlouf et al, 2022), thus representing a
practically relevant tool for talent identification and selection
(Chaabene et al., 2020). The findings of this study are similar to
those of Chaabene et al. (2018a), where top-elite athletes
outperformed elite tackwondo athletes in specific COD speed
measures. Of interest, in the present study, when the different
striking techniques were counted in the test performance, the
discriminative ability of TST became more important. This may
also be justified by the better TECHN-INDEX scores (Hachana
et al., 2014; Fiorilli et al., 2017; Conte et al., 2020) in top-elite
compared to elite tackwondo athletes. This last finding could
highlight that better technical skills may also be determinants of
success (Makhlouf et al., 2022) among top-elite compared to elite
tackwondo athletes. Based on the above results, coaches could use
the TST as an appropriate tool to distinguish between taekwondo
athletes of various competitive levels.

4.1 Strengths and Limitations

As with any scientific study, the current study includes some
limitations that must be acknowledged. First, the sample size is
small and included two levels of competitive athletes only.
Therefore, further investigations should check the reliability
and validity of the TST in larger number of taekwondo
athletes of different ages, sex, and athletic levels. Second, the
ability to COD in response to a stimulus that cannot be
preplanned was not assessed in this study. Given that
tackwondo is an open skill sport, athletes need to adjust their
movements quickly in response to the dynamic situation
(i.e., opponent’s actions) during combats. Accordingly, the use
of specific reactive agility tests that combine COD and/or speed
with cognitive measures is needed in future investigations
(Sheppard and Young, 2006; Zemkovd and Hamar, 2013,
2014, 2017). Despite these limitations, the present findings
provide a valuable opportunity for the assessment of specific
COD speed combined to striking techniques counted through the
tackwondo electronic scoring system. Further research is needed
to discern the sensitivity of this new test throughout different
phases of the competitive season to detect small changes in
performance among taekwondo athletes.

5 CONCLUSION

The TST has shown good validity in elite tackwondo athletes, and
can effectively discriminate tackwondo athletes of different
expertise level. Although the usefulness of the TST is
questioned to detect small performance changes in the present
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population, the TST can detect moderate changes in tackwondo-
specific COD speed. Moreover, as measures of COD speed, linear
sprint time, muscle power, and static and dynamic balance are
highly associated with TST, it is recommended that all-out
exercises and static-dynamic balance exercises should be
included to develop COD speed together with tackwondo
specific skills in taekwondo athletes. Therefore, our results
support the use of the TST to assess tackwondo athletes’ COD
speed with striking ability. The TST test is a simple and practical
tool for coaches, and does not require invasive equipment.
Moreover, the current test is appropriate to investigate the
differences between performance according to the expertise
level (top-elite versus elite). In addition, this test has potential
training applications, because the test can be used as a practical
COD and power-training exercise using widely applied striking
techniques during taekwondo combat.
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