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ABSTRACT

Aim: There is a need to comprehensively evaluate the high-intensity, kick-focused physiological and
kinematic demands of taekwondo competitions using a sport-specific laboratory test. The study aimed to
compare performance-related (number of kicks, kick fatigue index [KFI], and protector and scoring system—
based impact values [PSSimpaci]) and physiological (heart rate [HR] and rating of perceived exertion [RPE])
responses during the multiple frequency speed of kick test (FSKTsx10) between athletes of different competitive
levels, and to derive composite performance and internal load scores from these variables.

Material and Method: This comparative study included national-level (NLT; n=8) and international-level
(ILT; n=8) male taekwondo athletes (aged 18-25; weight 63-68 kg; black-belt). All measurements were
conducted in a single preparatory-period session. During the FSKTsyo protocol, kick counts and KFI were
recorded; striking force (Daedo-Gen2 electronic protector), HR (Polar-H10) and RPE (Borg CR-10) were
assessed. Composite performance and internal load scores were calculated from kinematic and physiological
variables using min—max normalisation. Intergroup differences were compared using the Mann-Whitney U
test (p<0.05).

Results: ILT significantly outperformed NLT in FSKT1, FSKT2, FSKTsx0, FSKTimpact™™, and FSKT impact™?"
(p<0.05), with high effect sizes across outcomes (ES=0.67-1); however, KFI, HR, RPE, and internal load
scores did not differ between groups (p>0.05). During the FSKT sy, ILT exhibited marked superiority in both
kick count and PSS;mpact compared with NLT.

Conclusion: The similarity in physiological responses indicates that these performance differences likely stem
from technical and mechanical efficiency rather than differences in physical load. Based on these findings, the
use of FSKT-derived indicators in conjunction with internal and external load measures is recommended as an
effective approach for comprehensively evaluating taekwondo-specific performance profiles.

Keywords: Frequency Speed of Kick Test, Heart Rate, Protector and Scoring System, Rating of Perceived
Exertion, Taekwondo

OZET

Amag: Taekwondo miisabakalarinin yiiksek yogunluklu, tekme agirliklt fizyolojik ve kinematik taleplerinin
laboratuvar kosullarinda spora 6zgii bir testle biitlinciil bigimde degerlendirilmesine ihtiyag duyulmaktadir. Bu
aragtirmanin amaci, farkli rekabet diizeylerindeki sporcularin ¢oklu tekme frekans hiz testi (TFHTsy0)
sirasindaki performansla iliskili (tekme sayisi, tekme yorgunluk indeksi [TYI] ve koruyucu ve puanlama
sistemi temelli darbe degeri [KPSewi]) ve fizyolojik (kalp atim hizt [KAH] ve algilanan efor derecesi [AED])
yanitlarini karsilagtirmak ve bu degiskenlerden bilesik performans ile i¢ yiik skorlar tiretmektir.

Materyal ve Metod: Karsilagtirmali desenle yiiriitiilen ¢alismaya ulusal diizey (UDT; n=8) ve uluslararasi
diizey (UADT; n=8) erkek tackwondo sporculari (toplam n=16; 18-25 yas; 63—68 kg siklet; siyah kugak) dahil
edildi. Tim 6lgtimler hazirlik doneminde tek bir oturumda gergeklestirildi. TFHT 5410 protokolii sirasinda tekme
sayilar ve TYI degerleri kaydedildi; KPSgy; (Daedo-Gen2 elektronik koruyucu), KAH (Polar-H10) ve AED
(Borg CR-10) dlgiildii. Kinematik ve fizyolojik degiskenlerden min—maks normalizasyon yontemiyle bilesik
performans ve igsel yiik skorlar1 hesaplandi. Gruplar arasi farkliliklar Mann—Whitney U testi ile analiz edildi
(p<0,05).

Bulgular: UADT grubu; TFHT;, TFHT, TFHTsx0, TFHTeuit* ve TFHTe®t degiskenlerinde UDT grubuna
kiyasla anlamli ve yiiksek etki biiyiikliikleriyle desteklenen iistiin performans ¢iktilart gosterdigi saptand:
(p<0,05; EB=0,67—1,00). Buna karsm TYI, KAH, AED ve igsel yiik skorlar1 agisindan gruplar arasinda anlamh
fark gozlenmedi (p>0,05). TFHTsy0 boyunca UADT grubu, UDT grubuna gére hem tekme sayisi hem de
KPSewi bakimindan belirgin iistiinliik sergiledikleri saptandi.

Sonug: Fizyolojik yanitlarin benzer olmasi, performans farkliliklarinin fiziksel yiiklenmeden ziyade teknik
uygulama ve mekanik verimlilik diizeyindeki farkliliklardan kaynaklandigini diigiindiirmektedir. Bu bulgular
dogrultusunda, TFHT den tiiretilen gostergelerin i¢ ve dis yiik dlgiitleriyle birlikte kullanilmasi, tackwondoya
0zgli performans profillerinin kapsamli bicimde degerlendirilmesi icin etkili bir yaklasim olarak
onerilmektedir.

Anahtar Kelimeler: Algilanan Efor Derecesi, Kalp Atim Hizi, Koruyucu ve Puanlama Sistemi, Tackwondo,
Tekme Frekans Hiz Testi
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INTRODUCTION

Taekwondo is an Olympic combat sport characterized by the predominance of high-intensity
intermittent efforts, requiring athletes to integrate explosive power, speed, technical skill, and tactical
intelligence (Bridge et al., 2014). In competitions (kyorugi), the primary objective of athletes is to score
points by applying kicking and punching techniques. Points are awarded for various techniques,
including kicks and punches to the trunk and kicking techniques directed to the head region (Agopyan
et al., 2022). Depending on the characteristics of the techniques performed, points range from 1 to 5
(WT, 2024). Athletes combine techniques such as dollyo chagi, yop chagi, and naeryo chagi with rapid
footwork and defensive blocks, executing sudden changes of direction at intervals of 1-3 seconds
(Bridge et al., 2014). Time—motion analysis results from the Tokyo 2020 Olympic Games indicate that
the attack-to-rest ratio is approximately 1:1.5, and that competitions require repeated high-intensity
efforts (Apollaro et al., 2023). These physiological demands render anaerobic capacity and kicking
speed fundamental determinants of taekwondo performance (Apollaro et al., 2024a). Therefore, the use
of sport-specific tests is considered a methodological necessity for evaluating athletes’ skills under
competitive conditions (Apollaro et al., 2024a).

The Frequency Speed of Kick Test (FSKT) is frequently used to assess anaerobic performance in
tackwondo and is considered a reliable test for measuring athletes’ technical execution speed, high-
intensity effort capacity, and anaerobic endurance (Santos et al., 2015). The test demonstrates high
intraclass correlation coefficients (ICC) and can be administered in both short-duration (10 s) (ICC =
0.95) and multiple-set versions (FSKTsx10: 5 x 10 s effort / 10 s rest) (ICC = 0.85) (Santos & Franchini,
2018). The multiple-set protocol is intended to reflect the repeated high-intensity effort demands of
taekwondo competition, involving successive maximal bouts with brief recovery intervals, which
require predominant anaerobic contribution alongside aerobic involvement during recovery (Apollaro
et al., 2025). The validity of the test is supported by the observation that international-level athletes
demonstrate higher performance compared with regional-level athletes (Santos & Franchini, 2018). In
addition, the FSKT is used not only to assess athlete performance but also to monitor training
effectiveness (Santos & Franchini, 2016). In this respect, the FSKT represents a sport-specific, practical,
and safe assessment tool for coaches and researchers (Apollaro et al., 2024a).

Taekwondo competitions are characterized by short-duration maximal efforts interspersed with
brief recovery intervals (Bridge et al., 2014). These characteristics contribute to heart rate (HR) reaching
high levels (up to 90% of maximal heart rate) and render recovery capacity a key determinant of
performance (Campos et al., 2012). Bridge et al. (2009) also reported that, in elite athletes, HR reached
187 = 8 bpm during the third round and showed a strong relationship with blood lactate concentration.

Athletes’ responses to these physiological loads are evaluated not only through objective measures
such as HR but also through subjective assessments such as the Rating of Perceived Exertion (RPE) CR-
10 scale. RPE is a widely used method for assessing subjective fatigue perception and has been shown
to exhibit strong correlations with objective physiological measures. This scale is used as an indirect
indicator of low (0—4 points), moderate (5-6 points), and high-intensity (7—10 points) fatigue (Borg,
1998). Bridge et al. (2009) reported that RPE increased alongside HR and lactate concentration as rounds
progressed in taekwondo athletes. Haddad et al. (2011) indicated that RPE is a valid and reliable tool
for load monitoring, particularly during periods of intensive training. In sports dominated by repeated
kicking efforts, inter-set changes in RPE reflect fatigue accumulation, and higher values have been
associated with performance decrements (Slimani et al., 2017; Ouergui et al., 2023). From this
perspective, the simultaneous examination of both objective (HR) and subjective (RPE) responses
during the FSKT may enable a more comprehensive and holistic evaluation of athletes’ internal load
dynamics.
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In addition to internal load indicators such as HR and RPE, performance-related measures linked
to scoring actions are also essential in taeckwondo. The Protector and Scoring System (PSS) is used in
taekwondo competitions to enhance objectivity in scoring by registering sensor-based kick impact
values expressed as scoring levels across sex and weight classes (Choi et al., 2021). Electronic protectors
were first introduced in international taekwondo competitions in 2007 and were subsequently adopted
at major events, including the Beijing Olympic Games (2008) and the Taekwondo World
Championships (2009). By the London Olympic Games in 2012, electronic protectors were fully
implemented, with their use reported to improve objectivity and reduce referee subjectivity in scoring
(Choetal., 2020). However, changes in PSS impact values during repeated high-intensity efforts remain
unclear. In repeated maximal taeckwondo actions, such variations may indicate technical effectiveness
and performance continuity. Furthermore, the total number of kicks performed during the FSKTsxi0 has
been shown to be positively associated with muscle mass and vertical jump performance (Apollaro et
al., 2024b), indicating that this parameter is closely linked to physical capacity.

In the literature, FSKT performance is generally evaluated using the number of kicks and the kick
fatigue index (KFI) (Santos et al., 2021; Santos & Franchini, 2018). A limited study conducted in
Tirkiye emphasized that the FSKT is effective in distinguishing between experienced and inexperienced
athletes (Ulupinar et al., 2021). Accordingly, the evaluation of tackwondo performance requires sport-
specific tests capable of simultaneously capturing both physiological load and performance-related
outcomes. The multiple-set version of the test (FSKTsx0) provides a more comprehensive reflection of
repeated high-intensity effort capacity. In the literature, FSKT performance is generally evaluated using
the number of kicks and the kick fatigue index (KFI) (Santos et al., 2021; Santos & Franchini, 2018). A
limited study conducted in Tirkiye emphasized that the FSKT is effective in distinguishing between
experienced and inexperienced athletes (Ulupmar et al., 2021). Accordingly, the evaluation of
taekwondo performance requires sport-specific tests capable of simultaneously capturing both
physiological load and performance-related outcomes. The multiple-set version of the test (FSKTsxio)
provides a more comprehensive reflection of repeated high-intensity effort capacity. The repeated-effort
structure of the FSKTsxo reflects the intermittent high-intensity nature of taekwondo competition,
characterized by brief explosive exchanges followed by short recovery periods and an attack-to-rest ratio
approximating 1:1.5 (Apollaro et al., 2023), thereby providing a relevant framework for assessing sport-
specific repeated kicking performance. Despite this sport-specific structure Although a recent review by
Apollaro et al. (2024a) addressed the development of taekwondo-specific anaerobic tests, while
cardiovascular responses during these tests have received limited attention. Therefore, a more
comprehensive examination of the physiological loading characteristics of the FSKT is warranted.

Competitive success in taekwondo depends on the ability to sustain rapid and powerful kicking
actions under increasing physiological and perceptual loads (Bridge et al., 2009; 2014). Evaluating
performance based on a single variable may lead to the interaction between key determinants being
overlooked. To the best of our knowledge, no study has simultaneously examined performance-related
mechanical (PSS impact) and physiological (HR and RPE) components within the same protocol in
tackwondo athletes. This limitation restricts the test’s ability to fully reflect sport-specific fatigue
dynamics and performance loading. Accordingly, the present study aims to address this gap by
conducting a multidimensional analysis of the physiological loading characteristics of the FSKT. In line
with the limitations of the existing literature, the purpose of this study is to systematically examine
between-group performance differences in physiological (HR and RPE) and performance-related
mechanical (number of kicks, KFI, and PSS impact) variables observed during the FSKT in male
taekwondo athletes with different levels of competitive success. This study is novel in its ability to
evaluate internal (HR and RPE) and external mechanical (PSS impact) load indicators within a
multicomponent framework. It is anticipated that this approach will contribute to training planning by
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providing coaches, athletes, and field experts with a comprehensive understanding of the physiological
and mechanical characteristics of taekwondo performance.

MATERIAL AND METHOD
Data Collection / Procedures

All measurements were conducted in September 2025 during the athletes’ preparatory period at a
sports training center. Prior to the study, participants were provided with detailed information about the
procedures, and both written and verbal informed consent were obtained. On the days of testing, athletes
were instructed to refrain from any exercise, to be fully rested, and to have consumed their last meal at
least 2-3 hours before testing. All measurements were completed on a single day and conducted at the
same time of day (16:00-19:00). The 2-3 hour pre-test fasting period was adopted in accordance with
established guidelines to minimize gastrointestinal discomfort and ensure metabolic stability during
high-intensity exercise (ACSM, 2021), while the late afternoon testing window (16:00-19:00) was
selected to coincide with the circadian peak in anaerobic performance (Chtourou & Souissi, 2012) and
to reflect the typical competition schedule in taekwondo.

Participants performed all tests wearing a dobok (tackwondo uniform) and barefoot. Before testing,
personal information (age, training background, training duration, competitive experience, and belt
rank) was recorded using a questionnaire prepared by the researchers. In addition, anthropometric
measurements (body height and body mass) were obtained, and resting heart rate was recorded.
Subsequently, a standardized warm-up protocol of approximately 11 minutes was applied. The warm-
up consisted of 5 minutes of low-intensity jogging, followed by static stretching exercises (quadriceps,
hamstrings, adductors, and abductors), with four movements performed for 15 seconds each while
remaining below the pain threshold. Athletes then completed four bouts of low-intensity kicking lasting
10 seconds each, with 90-second intervals between bouts (Ferreira da Silva Santos et al., 2019).
Following the warm-up, a 5-minute passive recovery period was provided (Apollaro et al., 20244a), after
which the Frequency Speed of Kick Test (FSKT) was administered. During the test, the number of kicks,
PSS impact, RPE, and HR values were recorded (Figure 1).

Personal Informarim Form

Anthropometric Measurements

Resting Heant Rate Measurement

11 Minute Warm-Up

4 Minute Rest

Frequency Speed of Kick Test

1. Tur 1. Tur 3. Tur 4. Tur 5. Tur
Mumber of Kicks, | Number of Kicks, | Numberof Kicks, | Number of Kicks, | Number of Kicks,
PSS impact, P&S impact, PSS impact, PSS impact, PSS impact,

Rating of Perecived | Rating of Perceived | Rating of Perceived | Rating of Perceived | Rating of Perceived
Exertion and Heart | Exertion and Heart | Exertion and Heart | Exertion and Heart | Exertion and Heart
Rate Rate Rate Rate Rate

Figure 1. Study Design
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Study Group (Population—-Sample)

This study was conducted using a comparative research model, one of the quantitative research
methods. This model provides a comparative approach that enables the identification of differences in
dependent variables between pre-existing groups in situations where there is no direct intervention on
the independent variable (Buyukoztlrk et al., 2024). Within this framework, the independent variable
was competitive experience level (national and international), while the dependent variables were FSKT
performance parameters (number of kicks, KFI, and PSS impact) and physiological responses (HR and
RPE).

A total of 16 male tackwondo athletes aged between 18 and 25 years, all holding black belt rank,
voluntarily participated in the study. The study group consisted of athletes who trained at least 3 days
per week for a minimum of 1.5 hours per day and who regularly participated in competitions. Inclusion
criteria for participation were as follows: (a) competition weight category of 63-68 kg, (b) absence of
any chronic disease or cardiovascular disorder, (¢) completion of valid health examinations at the
beginning of the season, and (d) possession of a valid competition license for the past year.

The sample size was determined using power analysis conducted with the G*Power software
(version 3.1.9.7 for Windows; Heinrich Heine University Dusseldorf) (Faul et al., 2009). Based on the
effect size reported by Ulupinar et al. (2021) for the total number of kicks in the FSKT (Cohen’s d =
1.49), a power analysis was performed with an alpha level of o = 0.05 and statistical power (1—3) of
0.80. According to this analysis, the minimum required sample size for the non-parametric independent
samples Mann-Whitney U test was determined to be six participants per group, resulting in a total of 12
athletes. However, considering potential data loss and the structural characteristics of the sport of
taekwondo, the study was conducted with a total of 16 athletes, comprising eight participants in each
group.

Group allocation was based on athletes' competitive experience. Athletes who had participated in
at least one World Taekwondo—recognized international competition within the last three years (n = 8)
were classified as the ILT, while athletes who had participated exclusively in national-level competitions
sanctioned by the Turkish Taekwondo Federation (n = 8) were classified as the NLT group. This
approach reflects differences in competitive exposure and performance level and is consistent with
previous studies using competitive experience as an effective discriminator of sport-specific
performance (Santos & Franchini, 2018). This study was conducted in accordance with the Declaration
of Helsinki of the World Medical Association and received ethical approval from the Marmara
University Faculty of Medicine Non-Drug and Non-Medical Device Research Ethics Committee, with
approval date 15.11.2024 and protocol code 09.2024.1293.

Data Collection Instruments

Anthropometric Measurements: All anthropometric measurements were conducted in accordance
with the Anthropometric Standardization Reference Manual (Lohman et al., 1988). Anthropometric
measurements of the participants were obtained while they were wearing shorts and a T-shirt and were
barefoot. Height measurements (cm) were performed with participants standing upright, with their head,
back, hips, and heels in contact with the wall and their head positioned upright. The head was aligned
in the Frankfurt plane, with the participants’ eyes looking straight ahead. The distance between the
vertex of the head and the soles of the feet was measured using a fixed-base stadiometer (Seca, Germany)
and recorded in centimeters (Ozer, 2009). Measurement results were recorded with a precision of 0.1
cm.

Body weight (kg) was measured using a bioelectrical impedance analysis (BIA) device (Tanita BC-

730, Tokyo, Japan). Participants were instructed to place both feet evenly on the scale, maintain an
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upright posture, and remain still until the measurement was completed. The obtained body weight values
were recorded in kilograms (Ozer, 2009). Body mass index (BMI) was calculated by dividing body
weight by the square of height (in meters) (kg/m2) (Ozer, 2009).

Heart Rate (HR): Heart rate measurement is a safe, non-invasive, and accurate method for
objectively monitoring training intensity and physiological demands, as well as for the early detection
of fatigue and overtraining symptoms (Fisher et al., 2022). Participants’ heart rate data were collected
via Bluetooth using a high-accuracy chest-strap—based sensor (Polar H10; Polar Electro, Finland). The
chest strap was positioned below the sternum, and data were recorded using the Elite HRV mobile
application (ICC = 0.99-1.00) in continuous recording mode (Himariotis et al., 2022).

Prior to resting heart rate measurement, participants were seated with their feet flat on the floor and
their hands resting on their thighs. Participants remained in this position for 5 minutes, and the average
of the final 1-minute recording was used for analysis (Moya-Ramon et al., 2022). In addition, heart rate
values (bpm) were recorded immediately after the completion of each FSKT set and across all five sets
(FSKTys).

Rating of Perceived Exertion (RPE): RPE is a subjective indicator of exercise intensity and is highly
correlated with physiological variables such as heart rate (r = 0.88-0.92). Therefore, it is widely used for
monitoring training load, fatigue, and recovery levels (Foster et al., 2001). In this study, RPE was
assessed using the Borg CR-10 scale, with scores ranging from 0 (no exertion at all) to 10 (maximal
exertion). Scores of 0-4 were classified as low intensity, 5-6 as moderate intensity, and 7-10 as high-
intensity fatigue (Borg, 1998). At the end of each set during the FSKT, participants were asked to
indicate their RPE by pointing to the Borg scale with their fingers, and these values were recorded.

Protector and Scoring System-based impact values (PSS Impact) : The measurement of impact
magnitude is a critical parameter for evaluating technical effectiveness, impact efficacy on the opponent,
and overall performance level in combat sports. PSS-derived impact values are considered one of the
fundamental determinants of athletic success and is widely used as a performance indicator (Akbas et
al., 2021). To assess athletes’ impact force during the FSKT, a standard size-3 electronic body protector
system (Daedo-Gen2, Daedo International, Spain), which is approved and used in official competitions
by World Taekwondo (WT, 2024), was employed.

The electronic body protector was fitted to the torso of an inanimate dummy (height: 170 cm;
weight: 35 kg; Hasado 4, Istanbul, Turkey) used during the test. It was adjusted to suit each athlete's
torso height. Data obtained from the electronic protector were transmitted wirelessly to a computer, and
the impact force of each kick was recorded in bar units via the system software.

To standardize data recording and allow for subsequent analysis, a smartphone mounted on a tripod
(iPhone 16 Pro, Apple Inc., Cupertino, CA, USA) was positioned in the testing area to simultaneously
capture both the electronic protector’s scoring display and the athlete’s kicking area within the same
frame. In addition, the device software and calibration were performed in accordance with the
manufacturer’s instructions, ensuring standardized data acquisition and reliable post-test analysis.

The recording device was positioned to capture both the kicking technique and the PSS impact
values displayed on the screen; however, the scoring display was placed outside the athlete’s direct field
of view. Thus, athletes did not receive real-time impact feedback during the test and were unable to
adjust their performance accordingly. Impact values were monitored in real time solely by the
researcher.
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Frequency Speed of Kick Test (FSKT): In this study, the Frequency Speed of Kick Test (FSKT), a
valid and reliable test, was used to evaluate tackwondo athletes’ capacity to perform repeated high-
intensity kicking actions (Santos & Franchini, 2018). Specifically, the multiple FSKT version
(FSKTsx10) Was applied, consisting of a protocol of five sets of 10 s maximal effort followed by 10 s of
passive recovery (Intraclass Correlation Coefficient; ICC = 0.85). The FSKTsx1o protocol was selected
due to its ability to reflect the repeated high-intensity and intermittent demands of taekwondo
competition, enabling the assessment of both performance output and fatigue-related responses across
successive bouts (Santos & Franchini, 2018; Apollaro et al., 2023). PSS-based impact values recorded
during each FSKT set (FSKTimpact1*®), as well as the mean impact value across all sets (FSKT impact™'®"),
were analyzed.

During the test, the bandal chagi technique, one of the most frequently used kicking techniques in
official taekwondo competitions was, employed (da Silva Santos et al., 2020). The number of kicks
performed in each set was recorded separately as FSKT1, FSKT,, FSKTs;, FSKT4, and FSKTs, as well
as the total number of Kicks across all sets (FSKTsxio).

Performance decrement between sets was evaluated using the Kick Fatigue Index (KFI, %), which
reflects the decline in kicking performance across repeated bouts, and was calculated using the following
formula (Santos & Franchini, 2018):

FSKT.+ FSKT,+ FSKT3+ FSKT4+ FSKTs

0, =] -
KFI % [1 highest number of kicks in a single set x number of sets

] x 100 Equation (1)

In this formula, the denominator represents the theoretical maximum performance, based on the
assumption that the athlete is able to repeat the highest number of kicks achieved in a single set across
all sets. Accordingly, lower KFI values (e.g., <3.3%; Table 1) indicate that the athlete is largely able to
maintain the number of kicks throughout the sets and demonstrates relatively good resistance to fatigue.
In contrast, higher KFI values (e.g., >20%; Table 1) indicate a marked decrease in the number of kicks
as the sets progress and reflect a greater effect of fatigue. Therefore, the KFI is used as an important
fatigue indicator for the FSKTsxi0 protocol, as it reflects not only the total number of kicks but also the
extent to which performance can be sustained across sets. In the evaluation of FSKT performance, the
classification table developed for male tackwondo athletes by Ferreira da Silva Santos et al. (2019) was
taken as the reference (Table 1).

Table 1. FSKT Performance Classification Table (Ferreira da Silva Santos et al., 2019)

Classification FSKT: FSKT: FSKTz FSKTs4 FSKTs FSKTsx10 KFI
Excellent >24 >23 >22 >20 >20 > 108 <33
Good 22-23 21-22 20-21 19 19 97 - 107 34-59
Moderate 19-21  18-20 17-19 16-18 16-18 85-96 6.0-114
Poor 18 17 16 15 15 80 -84 11.5-19.9
Very poor <17 <16 <15 <14 <14 <79 >20.0

Note: FSKTi_s: number of kicks performed in the 1st, 2nd, 3rd, 4th, and 5th sets; FSKTsx10: total number
of kicks; KFI: kick fatigue index.

Performance Score Calculation: To generate a comparable performance score based on the number
of kicks in the FSKT sets, total number of kicks, KFI, PSS impact values obtained from each FSKT set,
and mean PSS impact, the min—max normalization method was applied (Falces-Prieto et al., 2021). For
each parameter, normalized values were calculated using the following formula:

, X —X min

X = e 5 Equation (2)
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For the normalization process:

X' represents the normalized value,

x represents the athlete’s raw value,

X_min represents the minimum value of the variable, and
X_max represents the maximum value of the variable.

AN NI NI

Because lower values indicate better performance for the KFI variable, this parameter was reverse
coded after normalization. The overall performance score was calculated by averaging the normalized
values of all parameters. Reverse coding was performed using the following formula:

X’ =1-X" Equation (3)
v' X" represents the reverse-normalized value.
Thus, higher values were scaled in the same direction for all variables.

Internal Load Score Calculation: To generate a comparable internal load score based on resting HR,
mean HR, mean RPE, and the HR and RPE values obtained at the end of each FSKT set, the procedures
described above were applied using Equations [2—3] (Falces-Prieto et al., 2021). After normalization,
because higher HR and RPE values represent greater internal load, all variables were reverse-coded.

Percentage Difference Calculation: In the evaluation of differences between the ILT and NLT
groups, not only statistical significance but also the relative magnitude of the difference was considered.
For this purpose, the percentage difference (PD) was calculated to demonstrate the practical significance
of between-group differences (Merino-Mufioz et al., 2020).

(mean__—mean__ )/ (mean__+ mean__ ) )
ITH} INTHI] 5 L NS X 100 Equation (4)

This formula expresses the magnitude of the difference between the two groups as a percentage
relative to the average of both groups. Positive values indicate that the international group’s mean is

PD (%) =

higher, while negative values indicate that the national group’s mean is higher.
Statistical Analysis

Within the scope of descriptive statistics, the minimum, maximum, median, mean, and standard
deviation values were calculated. The normality of the data distribution was examined using the Shapiro-
Wilk test. Since some variables did not show a normal distribution (p < 0.05) and the sample size was
smaller than 30 (Conover, 1999), non-parametric tests were used. The Mann-Whitney U test, a non-
parametric method, was applied to determine differences between the two groups. To assess the
magnitude of between-group differences, effect size (r) was calculated. According to the classification
suggested by Cohen (1988), values were reported as follows: r < 0.3 = small, 0.3 <r < 0.5 = medium,
and r > 0.5 = large effect (Fritz et al., 2012). The level of significance was accepted as p < 0.05. Data
analysis was performed using JAMOVI software, version 2.3.21 (The Jamovi project, Sydney,
Australia).
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Table 2. Comparison of Demographic and Training Characteristics of National and International Level
Taekwondo Athletes

ILT (n=8) NLT (n=8) oD

Variables : Mean + Min - Mean + o p ES

Min - Max Med sD Max Med sD %0
Age (years) 18-22 20 199+15 18-25 20  208+29 -43 0748 -0.11
(Bk‘;‘;y Weight 61.1-725 665 67.1+46 673-73 71  705+22 -49 0156 -0.44
Height (cm) 170-1885 1765 177.3%6.9 167-188 1805 1791463 -11 0562  -0.19
Body Mass Index 159045 216 21418 224 216 221+20 30 0562 -0.9
(kg/m?) 26.2
VLRI A2 8-14 10 105+19  4-8 6 60+16 546 000" 097
(years)
(Trfgb’:'sr)‘g DU 7-18 12 116+37 6-12 75  83+26 340 0054 058

Note: n = sample size, ILT = international level tackwondo athletes, NLT = national level tackwondo
athletes, PD = percentage difference, ES = effect size, *p < 0.001, Min = minimum, Max = maximum,
Med = median, Mean = average, SD = standard deviation.

The results of the comparison of demographic and anthropometric characteristics of taeckwondo
athletes with different competition experience levels are presented in Table 2. No statistically significant
differences were observed between the NLT and ILT groups in terms of age, body weight, height, or
body mass index (p>0.05). However, the median training age of the ILT group was found to be
significantly higher than that of the NLT group (p =0.001), with a large effect size (ES=0.97). Although
no statistically significant difference was detected in weekly training duration between the groups (p
=0.054), the effect size was evaluated as moderate (ES=0.58).

Table 3. Comparison of FSKT Kick Count Variables of National and International Level Taekwondo

Athletes
ILT (n=8) NLT (n=8)
1 0,
e Min-Max Med MeanxzSD Min-Max Med Mgg * D0 p =
FSKT; 17 -24 20.0 201+24 14 -21 16.5 16.6 £2.4 19.1 0.026*  0.67
FSKT; 15 -22 18.0 17.6 £2.6 12-17 14.0 143 +1.9 21.2 0.02* 0.7
FSKT; 13 -20 16.5 16.5+£2.8 10-15 14.5 13.6+£1.9 19.1 0.108 0.48
FSKT, 13-21 15.0 159+2.8 10-16 14.5 13.9+22 13.5 0.363 0.28
FSKTs 11-17 14.5 144 +£23 11-17 14.0 13.8 £2.0 4.4 0595 -0.17

FSKTsx10 72 -101 80.5 84.5+10.2 62 - 80 783 721+6.8 15.8 0.01™  0.78
FSKTxr 8.2-238 15.6 159+5.1 6.3 -257 13.6 148 £6.8 7.5 0.834  0.08

Note: n: sample size, ILT: international level taekwondo athletes, NLT: national level taekwondo
athletes, PD%: percentage difference, ES: effect size, *: p < 0.05, **: p < 0.01, Min: minimum, Max:
maximum, Med: median, SD: standard deviation, FSKT1.s: number of kicks in the 1st, 2nd, 3rd, 4th,
and 5th sets of FSKT, FSKTsxio: total FSKT kick count, FSKTkg: FSKT Kick Fatigue Index.

Descriptive statistics and group comparisons for FSKT performance of NLT and ILT are presented
in Table 3. The results showed that in FSKT; (PD =19.1%; p =0.026; ES =0.67), FSKT; (PD =21.2%;
p =0.02; ES =0.7), and the overall performance variable FSKTsx10 (PD =15.8%; p =0.01; ES =0.78), the
ILT performed a significantly higher number of kicks than the NLT, with large effect sizes. No
significant differences were observed between groups in the other sets (FSKTs, FSKTa, FSKTs) or in
the test’s fatigue indicator, FSKTkr (p> 0.05).
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Table 4. Comparison of PSS-Based Impact Values During the FSKT Between National and
International Level Taekwondo Athletes
ILT (n=8) NLT (n=8) o5
Variables Min - Mean + 3 Mean + % p ES
Max Med sD Min - Max Med sD %
FSKTimpact! 376-51.6 39.0 427+6.0 243-324 296 29.0+31 383 <0.001™ 1
FSKT impact® 349-481 415 408+47 270-357 323 31.9+3.0 245  0.004"  0.88
FSKTimpact® 336-466 430 416+51 219-380 335 31.8+50 26.6 0.013"  0.76
FSKTimpact* 36.2-451 418 40.8+3.8 239-375 295 296+46 319  0.003" 0091
FSKTimpact® 304-486 348 364+59 236-380 345 328+49 104 0.4 0.27
FSKTimpact™  36.5-44.0 407 40429 272-337 313 310+21 264 <0.001™ 1
Note: n: sample size, ILT: international level tackwondo athletes, NLT: national level taekwondo
athletes, PD%: percentage difference, ES: effect size, *: p<0.05, **: p<0.01, ***: p<0.001; Min:
minimum, Max: maximum, Med: median, SD: standard deviation; FSKTmpaci' °: PSS-based impact
values recorded during sets 1 to 5 of the FSKT; FSKTimpact™": mean PSS-based impact value across all

sets.

Descriptive statistics and comparison results of PSS-Based impact values for each FSKT set in
NLT and ILT are presented in Table 4. Accordingly, significant differences between groups were
observed in FSKT mpactt (PD =38.3%; p <0.001; ES =1.0), FSK T mpact® (PD =24.5%; p =0.004; ES =0.88),
FSKTimpact® (PD =26.6%; p = 0.013; ES =0.76), FSKTmpact* (PD =31.9%; p =0.003; ES =0.91), and in
the mean strike force reflecting overall performance (FSKTimpact™") (PD =26.4%); p <0.001; ES =1.0).
These results indicate that the ILT exhibited statistically significantly higher strike force compared to
the NLT, with large effect sizes. No significant difference was found between groups in the FSKT impact’
set (p>0.05).

Table 5. Comparison of FSKT Heart Rate (HR) Variables Between National and International Level
Taekwondo Athletes

ILT (n=8) NLT (n=8) PD
Variables l\agx- Med Mg?an + Min - Max Med Mgeg + % p ES
HRrest 72 -82 76.5 76.6 £3.1 67 - 80 72 73.0+£5.1 4.9 0.155 0.44
FSKTHr! 148-163 1515 153.4+5.2 142 — 180 1705 163.8+14.9 -6.5 0.293 -0.33
FSKTHRr? 153-179 163 165.3+9.2 152 — 185 179 175.3+10.7 -5.9 0.065 -0.57
FSKTHR? 160-194 174 176.4+£10.9 161 - 187 1835 180.4+8.4 -2.2 0.317 -0.31
FSKTHr* 171-194 1835 183.6+6.7 167 — 191 1865 1845+7.8 -0.5 0.494 -0.22
FSKTHR® 185- 195 191 191.3+34 175-192 1885 186.1+6.3 2.7 0.101 0.5

FSKThrR™®  164-185 1729 174.0+6.0 159-185 180.7 1780+88 -23 0195 -0.41
Note: n: sample size, ILT: international level tackwondo athletes, NLT: national level tackwondo
athletes, PD%: percentage difference, ES: effect size, Min: minimum, Max: maximum, Med: median,
SD: standard deviation; HRs: resting heart rate; FSKTug*®: HR values at the end of FSKT sets 1-5;
FSKTyxr™2": mean HR across all FSKT sets.

Descriptive statistics and comparison results for HR values across FSKT sets in national and
international level groups are presented in Table 5. According to the results, no statistically significant
differences were found between the groups in resting HR or HR values measured at the end of any FSKT
set (p>0.05). Although the difference in FSKTur? was not statistically significant (p =0.065), the effect
size was considered high (ES = -0.57).
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Table 6. Comparison of FSKT RPE Variables Between National and International Level Taekwondo

Athletes
. ILT (n=8) NLT (n=8)

Viateloles Min-Max Med MeanzSD Min-Max Med Mean*SD AR P =
FSKTree! 1-4 2 23+1.0 1-4 2 23+0.9 0 1 0
FSKTree? 2-6 4 41+1.1 2-6 4 35+0.8 16.4 0.164  0.38
FSKTree® 4-7 5.5 54+1.1 4-6 4 5.1+0.6 4.8 0.615 0.16
FSKTrpe? 5-8 6.5 65+1.2 6-8 7 6.8+0.7 -3.8 0.7 -0.13
FSKTree® 7-9 8 8.0+0.9 7-9 8 8.0+0.8 0 1 0
FSKTrpgMean 3.8-6.4 5.2 5.3+0.9 4-58 5.2 5.1+05 2.4 0.916 0.05

Note: n: sample size, ILT: international level tackwondo athletes, NLT: national level taekwondo
athletes, PD%: percentage difference, ES: effect size, Min: minimum, Max: maximum, Med: median,
SD: standard deviation; FSKTree!>: RPE values at the end of the 1st, 2nd, 3rd, 4th, and 5th FSKT sets;
FSKTree™2": average RPE value for the FSKT.

The descriptive statistics and comparison results of RPE values by FSKT sets for national and
international groups are presented in Table 6. Accordingly, no statistically significant differences were
found between the groups for all sets (FSKTree!, FSKTree?, FSKTree®, FSKTree?, FSKTree®) and the
mean RPE value (FSKTgree™?") (p>0.05). In both groups, RPE values were observed to increase as the
sets progressed.

Table 7. Comparison of Performance and Internal Load Scores of National and International Level
Taekwondo Athletes

ILT (n=8) NLT (n=8)

. - = PD
Variables Min - Mean * Min - Mean + 5 p ES
Max 429 SD Max e SD /o
Performance 0.495 — 0.632 £ 0.228 - 0.319+ 2
Score 0.794 Lt 0.100 0.396 Ui 0.070 85 <t 1
Internal Load 0.268 — 0.479 £ 0.310 - 0.466
Score 0.860 Lats 0.189 0.704 Yz 0.148 e e 0.0

Note: n: sample size, ILT: international level taekwondo athletes, NLT: national level taekwondo
athletes, PD: percent difference, ES: effect size, *: p<0.001, Min: minimum, Max: maximum, Med:
median, SD: standard deviation.

Descriptive statistics and comparison results for performance and internal load scores of national
and international groups are presented in Table 7. The findings indicate that the performance score of
the ILT group (0.632 + 0.100) was statistically significantly higher than that of the NLT group (0.319 £
0.070), with a large effect size (PD =65.9%; p <0.001; ES =1). No statistically significant difference
was found between the groups in internal load scores (p>0.05).

DISCUSSION AND CONCLUSION

The main finding of this study is that ILT demonstrated clear superiority in performance-related
FSKT parameters (kick frequency, KFI, PSS-based impact values, and performance score) compared to
NLT, while exhibiting similar physiological load responses (HR, RPE, and internal load score). This
finding suggests that performance differences are primarily driven by technical effectiveness and the
ability to sustain performance output, rather than by physiological stress. To the best of our knowledge,
this study is the first to simultaneously examine performance-related and physiological
components during the FSKT and to integrate performance and internal load scores within the same
protocol. Although this design may limit direct comparisons with previous studies, it provides a novel
contribution by enabling a multidimensional evaluation of FSKT performance in taekwondo athletes.
Such an integrated approach is essential for determining whether performance differences between
competitive levels originate from physiological capacity or from technical and neuromuscular factors,
thereby informing more targeted and individualized training strategies.
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In the present study, the ILT group demonstrated large between-group effects compared with the
NLT group in FSKT1 (PD=19.1%), FSKT2 (PD=21.2%), and total FSKT5x10 performance
(PD=15.8%). Accordingly, the ILT group demonstrated significantly higher kick counts in FSKT1 and
FSKT2 compared to NLT, indicating superior initial performance capacity. The observed percentage
differences and large effect sizes indicate that the differences between groups are practically significant,
not just statistically significant (Cohen, 1988; Fritz et al., 2012). However, no significant differences
were observed between groups in FSKT3, FSKT4, and FSKT5. This attenuation of between-group
differences in the later sets may reflect the cumulative effects of fatigue, which progressively constrain
kicking frequency and reduce performance variability between competitive levels.

These findings are consistent with previous studies reporting that the FSKT is an effective tool for
distinguishing tackwondo athletes with different experience levels (Santos & Franchini, 2018; Ulupinar
et al., 2021). Specifically, Santos & Franchini (2018) highlighted that elite female taeckwondo athletes
achieved significantly higher total kick counts than regional-level athletes during the FSKT. Similarly,
Ulupinar et al. (2021) demonstrated that athletes with longer training histories (>6 years) produced
higher kick counts in both single-and multiple-set FSKT protocols.

The findings suggest that training age may be a key factor in discriminating FSKT performance.
While no significant differences were observed between groups in age, height, body weight, or BMI,
training age was significantly greater in ILT (10.5 £ 1.9 years) than to NLT (6.0 + 1.6 years). This result
is consistent with Ulupinar et al. (2021) and indicates that longer training histories achieve significantly
higher kick counts in both single and multiple-set FSKT protocols. Accordingly, the superior FSKT
performance observed in the ILT group likely reflects not only acute test performance but also
the cumulative effects of prolonged training exposure and multidimensional sport-specific
adaptations to repeated high-intensity efforts.

According to the FSKT classification table developed by Ferreira da Silva Santos et al. (2019), total
kick counts of 85-96 represent “average,” 80-84 “poor,” and <79 “very poor” performance for male
taekwondo athletes. In this context, the ILT group in the 63-68 kg weight category achieved a mean
FSKT5x10 total kick count of 84.5 £ 10.2, corresponding to the upper limit of the poor category and
close to the lower threshold of the average range, while NLT averaged 72.1 + 6.8, corresponding to the
very poor category. These results indicate a clear performance advantage for the ILT group compared
with the NLT group. Nevertheless, the fact that both groups performed below the higher reference values
reported in the literature (Ferreira da Silva Santos et al., 2019) suggests that both groups may benefit
from targeted, sport-specific training interventions aimed at improving repeated high-intensity kicking
capacity and performance sustainability.

No significant difference was observed between groups in the KFI (ILT: 15.9 £ 5.1%; NLT: 14.8
* 6.8%), indicating that both groups experienced comparable performance declines during repeated
high-intensity kicking efforts. Santos & Franchini (2018) reported that the KFI during FSKT reflects
athletes’ capacity to sustain kicking performance across sets and responds sensitively to training
interventions. The average fatigue indices in this study correspond to the “poor” category in the
classification by Ferreira da Silva Santos et al. (2019). Taken together, these findings suggest that in the
FSKT5x10 protocol, performance declines across sets is pronounced and that athletes’ capacity to
maintain kick frequency may be limited

Using the multiple-set version of the FSKT allows examination of changes in PSS—based impact
values and the ability to sustain performance under fatigue (Apollaro et al., 2024a). Accordingly, this
study assessed PSS-based impact values during the bandal-chagi technique. The ILT group
demonstrated significantly higher impact values in the first four sets (FSKTImpact1-4) and in the mean
impact value (FSKTImpactmean) compared with the NLT group. The observed differences ranged from

52



%ﬂ‘“""“ﬂg Anatolia Sport Research 7(1), 2026, 41-57 Comparison of Physiological and Kinematic Responses to Frequency Speed of Kick Test in Taekwondo Athletes

Gy

24.5% to 38.3% and were accompanied by large effect sizes (ES = 0.76-1.00), indicating that this
advantage was both statistically and practically meaningful. These results highlight the value of
including PSS-based impact measures in  FSKT assessments to more accurately characterize
performance profiles.

Previous studies have emphasized that impact-related performance indicators play an important
role in tackwondo success, as they reflect the effectiveness of scoring-related kicking actions (Falco et
al., 2009; Akbas et al., 2021). In the bandal-chagi technique, the ability to deliver high-impact kicks
within a short time frameis considered a critical performance requirement (Falco et al.,
2009). Therefore, impact-related output represents a meaningful indicator of performance quality under
competitive conditions. Akbas et al. (2021) reported that impact-related measures effectively
differentiate performance levels among elite tackwondo athletes. In addition, Apollaro et al. (2024b)
demonstrated positive associations between total kick counts and muscle mass, negative associations
with body fat percentage, and positive associations with vertical jump performance, suggesting that
impact-related performance is closely linked to muscle mass and explosive power. In this context, the
absence of a significant between-group difference in impact values during the fifth set indicates
comparable fatigue-related responses. However, the ILT group exhibited greater initial impact capacity
and superior inter-set consistency, which may reflect more advanced technical control and experience
under repeated high-intensity conditions. Accordingly, these findings are consistent with biomechanical
evidence indicating that taekwondo kicking actions impose substantial mechanical demands, with
impact characteristics varying according to execution conditions and measurement approaches
(Ramazanoglu, 2013).

Another important finding was the absence of significant between-group differences in resting and
exercise HR. Both groups exhibited progressively increasing HR responses across sets (ILT, FSKTHRS5:
191.3 + 3.4 bpm; NLT, FSKTHR5: 186.1 £+ 6.3 bpm), confirming the high cardiovascular demand
imposed by the FSKT. These results are consistent with previous studies reporting tackwondo matches
and sport-specific tests elicit near-maximal HR responses, typically exceeding 90% HRpeak (Bridge et
al., 2009, 2014; Campos et al., 2012; Sant’Ana et al., 2019). Accordingly, the FSKT can be considered
a protocol that challenges athletes close to their estimated maximal HR.

Bridge et al. (2009) reported that HR increases across rounds in international level matches,
reaching 187 + 8 bpm by the third round, and showing a strong association with blood lactate
concentration. Similarly, Bridge et al. (2014) and Campos et al. (2012) demonstrated that international-
level taekwondo competitions consistently elicit HR responses greater than 90% of HRpeak,
accompanied by high lactate levels.

No significant differences were observed between groups in RPE, indicating similar subjective
internal load responses. This is notable given the ILT group achieved higher external load performance
(kick count and PSS-based impact values), suggesting more consistent technical and mechanical output
and greater movement efficiency (Bridge et al., 2014; Apollaro et al., 2024a; Sant’Ana et al., 2019).
This dissociation between similar internal loads and divergent performance outputs may suggest
potential differences in neuromuscular efficiency and movement economy; however, these mechanisms
were not directly examined in the present study. This interpretation is consistent with previous research
highlighting the importance of the interaction between anaerobic and aerobic systems in sustaining
repeated high-intensity actions in taekwondo (Apollaro et al., 2025). In addition, this pattern may reflect
superior movement economy, enabling athletes to sustain higher technical output despite similar internal
load responses. RPE increased progressively across sets in both groups, confirming that the FSKT is a
RPE increased progressively across sets in both groups, confirming that the FSKT is a high perceived-
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effort protocol. Previous studies also support RPE as a valid measure of exercise intensity and load
monitoring (Foster et al., 2001; Haddad et al., 2011; Slimani et al., 2017).

Evaluating internal and external load together is a cornerstone of modern sports science for
performance monitoring and periodization (Achten & Jeukendrup, 2003; Bourdon et al., 2017). In this
study, the composite performance score, derived from kick count, KFI, and PSS-based impact values,
was 65.9% higher in the ILT group compared with the NLT group This finding highlights the
discriminative capacity of the FSKT when multiple performance indicators are considered
simultaneously. Using min—max normalization (Falces-Prieto et al., 2021), this composite score
provides a holistic representation of overall FSKT performance. Falces-Prieto et al. (2021) similarly
combined multiple performance parameters into a single composite score in small-sided football games,
facilitating comparative analyses and decision-making. The absence of between-group differences in
internal load scores indicates that both groups experienced comparable physiological stress, whereas the
internationally experienced athletes were able to translate this stress into superior performance-related
outcomes. This underscores the importance of systematically monitoring not only physiological load
but also performance-related technical output in training and competition planning (Bourdon et al.,
2017; Fisher et al., 2022).

The study has some limitations. The relatively small sample size may reduce statistical power to
detect moderate between-group differences. The cross-sectional design precludes the examination of
longitudinal training adaptations. In addition, the sample consisted exclusively of male athletes, which
limits the generalizability of the findings to female athletes and other age groups. Finally, the absence
of advanced physiological and neuromuscular measurements (e.g., blood lactate, VO2, muscle oxygen
saturation, and EMG) restricts insight into the underlying mechanisms of the observed performance
differences.

Despite these limitations, the findings support the use of the FSKT as a practical tool for training
and performance monitoring beyond total kick count, by incorporating PSS-based impact values, KFlI,
HR, and RPE. This multidimensional approach may help coaches identify athletes who are able to
maintain higher performance output under similar internal load conditions. The composite performance
score derived using min—-max normalization provides a practical and interpretable indicator for athlete
profiling and development. Accordingly, the combined assessment of performance-related and
physiological responses during the FSKT may offer a useful framework for monitoring performance
efficiency and fatigue-related changes in taekwondo athletes.

The findings of this study indicate that, based on kinematic and physiological parameters obtained
during the FSKT, the ILT group demonstrated clear superiority over the NLT group in terms of kick
count, PSS-based impact values, and composite performance score, while HR, RPE, and internal load
scores were similar between groups. This suggests that performance differences among elite tackwondo
athletes are largely related to technical execution and performance-related efficiency, allowing higher
external performance outputs to be produced under comparable internal load conditions. This is
particularly relevant for distinguishing performance efficiency between athletes at similar physiological
load levels. In practical terms, this finding highlights that similar physiological responses (e.g., HR and
RPE) do not necessarily reflect equivalent performance capacity. The observation that KFI values were
below desirable levels in both groups further emphasizes the need for targeted training strategies aimed
at improving the ability to sustain repeated high-intensity kicking actions. The composite score derived
from the FSKT’s multidimensional assessment approach may serve as a useful tool for the
comprehensive evaluation and ranking of tackwondo athletes’ performance.

From a practical perspective, coaches are encouraged to complement high-intensity interval kicking
protocols with training interventions that emphasize technical quality, force application, and movement
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consistency under fatigue. In addition, coaches should interpret HR and RPE values together with
performance outputs, rather than in isolation, when monitoring athlete development and training
responses. Future research should focus on examining the longitudinal effects of different training
interventions on FSKT performance and composite scores, as well as establishing normative reference
values based on larger and more diverse samples, including female athletes and different age groups.
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