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ABSTRACT

While there exists a significant body of research dedicated
to performance tests specific to combat sports, the current
literature lacks valid and functional methodologies for
assessing kickboxing-specific tasks. The present study
endeavored to establish the test-retest reliability, standard
error of measurement (SEM), minimal detectable change
(MDC), smallest worthwhile change (SWC), and typical
error (TE) values of the Frequency Speed of Kicks Test
(FSKT). Furthermore, this study sought to compare the
reliability values of the FSKT with those of the
countermovement jump test (CMJ). The study cohort
consisted of twenty-eight junior male kickboxers.
Participants performed the CMJ and FSKT twice across
test and retest sessions. Pearson correlation analysis
identified a significant correlation (r=0.717) between the
CMJ and FSKT. Paired t-tests revealed no significant
disparities between the test and retest values for both the
CMJ and FSKT. However, the difference between the test
and retest in the CMJ demonstrated a small effect size,
while the FSKT showed a trivial effect size. Intraclass
correlation coefficient (ICC) values for the CMJ and FSKT
were deemed "good" (r=0.855) and "excellent" (r=0.963)
respectively, in terms of reliability. The FSKT displayed
superior absolute agreement between test and retest scores
due to its lower SEM values when compared to the CMJ.
The TE, used to estimate trial-to-trial variation, was lower
in the FSKT than in the CMIJ. Moreover, the results
indicated a lower MDC value in the FSKT than the CMJ,
suggesting that the FSKT could be more effective at
detecting smaller performance changes compared to the
CMJ. In conclusion, this study posits that the FSKT could
be considered a reliable method, demonstrating
reproducible results in the performance evaluation of
kickboxing athletes, pending the development of a
functional kickboxing-specific field test.
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TEST-RETEST RELIABILITY, SMALLEST
WORTHWHILE CHANGE, AND MINIMAL
DETECTABLE CHANGE SCORES FOR FREQUENCY
SPEED OF KICK TEST IN JUNIOR KICKBOXING
ATHLETES

TESTNO-RETESTNA ZANESLJIVOST, NAJMANJSA
VREDNA SPREMEMBA IN MINIMALNA ZAZNAVNA
SPREMEMBA PRI TESTU HITROSTI UDARCA PRI
MLAJSIH SPORTNIKIH V KICKBOXINGU

IZVLECEK

Medtem ko obstaja precej raziskav, posveCenih testom
zmogljivosti, znadilnim za borilne Sporte, v trenutni
literaturi ni veljavnih in funkcionalnih metodologij za
ocenjevanje nalog, znacilnih za kickboxing. Namen
Studije je bil ugotoviti zanesljivost testiranja, standardno
napako merjenja (SEM), najmanjSo zaznavno spremembo
(MDC), najmanjSo vredno spremembo (SWC) in tipi¢no
napako (TE) testa hitrosti udarcev (FSKT). Poleg tega je
bil cilj te Studije primerjava vrednosti zanesljivosti testa
FSKT z vrednostmi zanesljivosti skoka z nasprotnim
gibanjem (CMJ). Studijsko skupino je sestavljalo
osemindvajset mlajSih kickboxerjev. Udelezenci so
dvakrat izvedli test CMJ in FSKT s tremi dnevi pocitka
med testiranjem in ponovnim testiranjem. Pearsonov
koeficient korelacije je pokazal pomembno povezanost
(r=0.717) med CMJ in FSKT. Parni t-testi niso pokazali
bistvenih razlik med testnim in ponovnim testiranjem za
CM]J in FSKT. Vendar je razlika med testom in ponovnim
testom pri CMJ pokazala majhno velikost u€inka, medtem
ko je FSKT pokazala trivialno velikost u¢inka. Vrednosti
koeficienta interklasne korelacije (ICC) za CMJ in FSKT
so bile v smislu zanesljivosti ocenjene kot "dobre"
(r=0.855) oziroma "odli¢ne" (r=0.963). FSKT je pokazal
boljse absolutno soglasje med rezultati testa in ponovnega
testa zaradi nizjih vrednosti SEM v primerjavi s CMJ. TE,
ki se uporablja za oceno variacije med posameznimi
poskusi, je bila pri FSKT nizja kot pri CMJ. Poleg tega so
rezultati pokazali nizjo vrednost MDC pri FSKT kot pri
CMJ, kar kaze na to, da bi bil FSKT lahko ucinkovitejsi
pri odkrivanju man;jsih sprememb uspe$nosti v primerjavi
s CMJ. Ta $tudija torej kaze, da bi lahko FSKT veljal za
zanesljivo metodo, ki kaze ponovljive rezultate pri
ocenjevanju zmogljivosti Sportnikov v kickboxingu,
dokler ne bo razvit funkcionalni terenski test, specifi¢en za
kickboxing.

Kljucne besede: $portno specifi¢ni, terenski testi, borilni
$port, borilne vescine, prakti¢ni pomen
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INTRODUCTION

Kickboxing is a full-contact combat sport including both an athlete’s efforts of punching and
kicking against an opponent and avoiding the punches and kicks of the opponent (Slimani,
Chaabene, Miarka, & Chamari, 2017). However, studies investigating the performance of
kickboxing athletes have widely used non-specific tests such as isokinetic strength, vertical
jumps, cycle ergometer, treadmill or field running (Haugen, Breitschéddel, Wiig, & Seiler, 2020;
Machado et al., 2009; Ouergui et al., 2014; Salci, 2015). It is crucial to note that tests with non-
specific tasks may decrease ecological validity since the nature of a kickboxing match requires
intermittent or repeated actions with short rest periods (Salci, 2015; Slimani et al., 2017).
However, in novel studies, a sport-specific test involving the maximum number of kicks for 10
s, which is called the frequency speed of the kick test (FSKT), has been used in tackwondo
athletes (Santos & Franchini, 2016; Santos, Valenzuela, & Franchini, 2015; Santos, Lopes-
Silva, Loturco, & Franchini, 2020). Although the FSKT also appears to be an appropriate test

to measure kickboxing performance, no studies have used this test in kickboxing athletes.

The countermovement jump (CMJ) test has been one of the most popular and commonly
reported methods to measure athletic performance such as muscular power, neuromuscular
adaptation, and reactive strength in sports sciences over the last two-three decades (Barker,
Harry, & Mercer, 2018; Haugen et al., 2020; Mirzaei, Norasteh, & Asadi, 2013; Ozbay &
Ulupnar, 2020). However, although vertical jump ability is directly related to competitive
performance in some sports such as volleyball, basketball, football, and high jump, this
movement pattern may not be crucial to evaluate performance in many sports. In addition, CMJ
contains some difficulties in practice due to differences in instruments, testing procedures,
calculation methods, and software, therefore, it may not be possible to conclude that the
measurement results are free from many possible errors (Haugen et al., 2020; Street, McMillan,

Board, Rasmussen, & Heneghan, 2001).

Reliability refers to the consistency of or the reproducibility of values of measurement in
repeated trials on the same participants (Hopkins, 2000). Reliability analysis presents crucial
information indicating the degree to which scores of a test or a method are free of measurement
errors (Wilkinson et al., 2019). Thus, a reliable test allows us to reach a better precision of
measurements and to detect the changes in test scores in research and practical settings
(Hopkins, 2000; Zeljko, Gilic, & Sekulic, 2020). Reliability basically consists of both absolute
and relative reliability (Bruton, Conway, & Holgate, 2000; Haley & Fragala-Pinkham, 2006;
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Weir, 2005). Absolute reliability refers to the consistency of scores of individuals, whereas
relative reliability refers to the consistency of the position or rank of individuals in the group
relative to others (Weir, 2005). The main reliability values in investigations of sports sciences
usually include within-subject random variation, systematic change in the mean, and retest

correlation (Hopkins, 2000; Suker, Grgantov, & Mili¢, 2015).

Paired t-test and Bland-Altman plot methods only refer to the absolute agreement while the
Pearson correlation coefficient only refers to the measure of correlation (Koo & Li, 2016;
Ozbay, Ulupinar, Cinar, & Akbulut, 2019; Wilkinson et al., 2019). Therefore, these analyzes
are considered less-ideal methods for deciding the precision of a test (Bruton et al., 2000; Koo
& Li, 2016; Portney & Watkins, 2009). On the contrary, intra-class correlation coefficients
(ICC), which is an index reflecting a more reasonable measure of reliability, refers to both
degrees of correlation and agreement between measurements (Haley & Fragala-Pinkham, 2006;
Hopkins, 2000; Koo & Li, 2016). ICC is the common metric in test-retest, intra-rater, and inter-
rater reliability analyses (Koo & Li, 2016). ICC reflects not only the degree of correlation but
also agreement between measurements unlike the Pearson product-moment correlation
coefficient (Bruton et al.,, 2000). However, ICC may not be enough to interpret that
measurement scores are reliable due to hypersensitive to the heterogeneity of the research
sample, therefore, this value needs to be supported by other reliability analyses (Hopkins, 2000;
Weir, 2005).

Absolute reliability provides information for differentiating a real change in performance from
a change due to individual variation and measurement error and is mostly quantified as standard
error of measurement (SEM) (Segura-Orti & Martinez-Olmos, 2011). SEM, which is used as
an indicator of agreement between measurements, is calculated from the ICC and standard
deviation values (Weir, 2005). SEM is also used to calculate minimal detectable change (MDC),
which is a more clinically useful value for interpreting reliability (Haley & Fragala-Pinkham,
2006). MDC refers to the smallest amount of reliable change in the scores to conclude that the
difference is not attributable to measurement errors (Segura-Orti & Martinez-Olmos, 2011).
Thus a change amount exceeding the MDC is used to define a real (or true) change that is free

from measurement errors (Haley & Fragala-Pinkham, 2006).

A measurement error indicates the observed value of a measure differs from its real value
(Hopkins, 2000). In sports sciences, experimental research designs using test-retest analyses to

determine the reliability of a method generally consist of the measurements that the same
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investigator performed using the same equipment. The effects of learning, motivation, and
fatigue are considered the possible reasons for systematic changes in the mean of a measure
between successive trials, and their effects need to be eliminated from estimates of within-
subject variation (Hopkins, 2000). Typical error refers to the standard deviation of a
participant’s repeated measurements and it is another practical indicator used to estimate trial-
to-trial variation (Weir, 2005). It is stated that studies designed to determine the reliability of a
test or method should be supported by calculations such as SEM, MDC, and TE together with
ICC. The aim of the present study was to determine the test—retest reliability, estimated SEM,
MDC, SWC, and TE of FSKT, and compare the reliability values of FSKT with CMJ.

METHODS
Participants

Twenty-eight junior male kickboxing athletes (mean and standard deviation; age: 16.4 + 1.2
years; body mass: 67.7 + 7.1 kg; height: 175.6 £ 7. cm; training experience: 5.0 + 1.2 years)
participated in this study. Athletes were competing at national level and training at least three
sessions weekly. All athletes were free from any lower-body injury or neuromuscular disorder.
Participants were instructed not to exercise strenuously or not to use any supplement during the
research period. All participants provided written consent after being informed about the
purpose, procedures, and possible risks. Parental written consent has been obtained for
participants under 18 years. The research was approved by the Ethics Committee of the Institute

of Winter Sports, Atatiirk University, Erzurum, Turkey (SBFEK190066441-42).
Procedures

Participants performed the CMJ and FSKT with three days of rest between the test and retest
sessions. In addition, participants performed these tests twice times with five min-breaks during
the same session, however, the best score was considered valid for that session. In other words,
the best scores collected from the test and retest sessions were used to evaluate test-retest
analyses. Actually, the common method for determining the valid score of a participant in
research designs measuring athletic performance is to choose the highest score in several
attempts in a session and assume that this score is the best for the participant. However, we
aimed to evaluate the reliability of the tests using the variation between two trials with a few

days of rest, not within-session variation.
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The purpose of FSKT was to perform the maximal quantity of kicks during the 10-second test.
FSKT tests were recorded using an ultra-slow motion video camera (Sony PXW-FX9 6K Full-
Frame, Japan). A kicking was considered a valid score when a participant hit the target area on
the sandbag with the appropriate kicking technique. CMJ height was measured with the My
Jump 2 mobile application and its validity and reliability were tested by previous studies
(Balsalobre-Fernandez, Glaister, & Lockey, 2015; Haynes, Bishop, Antrobus, & Brazier,
2019). To measure the CMJ height via a smartphone (iPhone 7) using this app, the same
investigator manually selected the initial contact frame, the take-off frame from the floor, and
the final landing frame and results were automatically presented by the app. Athletes were asked
to rest their hands on the sides of their waist, keep their knees in full extension, and then flex
their knees and jump vertically at the fastest possible speed during the CM1J test. Both tests were

applied in the same period of the day to minimize circadian variation influence on performance.
Statistical Analysis

The SPSS package version 21.0 (IBM SPSS Statistics for Windows, Armonk, NY) was used
for data management and analysis. The level of significance was predetermined to be p < 0.05
for all statistical analyses. Data are reported as mean + standard deviation. Paired t-test was
used to compare the mean values between the test and retest. To evaluate the magnitude of
difference, Cohen’s d effect size was calculated and d values were classified to Hopkins scale.
Pearson product-moment correlation coefficients were calculated to determine the strength of

the relationship between the best scores of CMJ and FSKT.

Intra-class correlation coefficient (ICCszy), based on a two-way mixed model (the rater was
considered a fixed effect and the participants were considered a random effect) with a
consistency definition, was used to measure the test—retest relative reliability. An ICC above
0.750 was considered to demonstrate good reliability while ICC above 0.900 was considered to
indicate excellent reliability (Portney & Watkins, 2009). Typical error of measurement was
computed to estimate trial-to-trial variation (do Nascimento et al., 2017; Weir, 2005). Minimal
detectable change (MDC) basically defines the smallest change that is not within the expected
range of error, therefore, it was used to identify the required amount of change in a measurement
to ensure that the difference was not attributable to error (Charter, 1996; Wilkinson et al., 2019).
The smallest worthwhile change (SWC) was used to define the smallest meaningful change or

smallest clinically important difference (Duthie, Pyne, Ross, Livingstone, & Hooper, 2006;
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Ozbay & Ulupinar, 2019; Ozbay et al., 2019). The formulas used to support ICC in the

reliability analysis are presented below.
Formula 1: TE = SDgifferences / V2
Formula 2: MDC = SEM x 1.96 x 2
Formula 3: SEM = SDuean X V1 — 1
Formula 4: CVspm= SEM / Mean x 100
Formula 5: SWCsman = 0.2 x between-subject SDpest
Formula 6: SWChoderate = 0.6 X between-subject SDpest

where SDuifferences = the standard deviation of the difference between successive two trials;
SDmean = the average of the standard deviations for the participants in two trial; SDpest = the
standard deviation of best scores; r = the intra-class correlation coefficient; CVsgm = the SEM
as the coefficient of variation. The 1.96 value represents the z-score at the 95% confidence

interval. SEM is the standard error of measurement.

RESULTS

Paired t-test demonstrated that there was no significant difference between test and retest mean
values for both CMJ and FSKT (Table 1). However, difference between test and retest in CMJ
had a small effect size. Reliability analysis results of the test-retest for [CC, TE, SWC, CVsgm,
and MDC are presented in Table 2. Results of the test-retest for ICC, TE, SWC, CVsgm, and
MDC are presented in Table 2. ICC values for CMJ and FSKT were considered to have good
and excellent reliability, respectively. SEM was classified as “good” when lower than SWC.
Figure 1 indicated that CMJ and FSKT had a significant Pearson product-moment correlation

coefficient (r=0.717).
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Table 1. Performance results during the CMJ and FSKT (n = 28).

Trial 1 Trial 2 Paired t-test Cohen’s d
p-value .
(mean + SD) (mean + SD) value (effect size)
CMJ (cm) 33.57+3.83 34.51£4.97 1.617 0.118 0.21, small effect
FSKT (kicks) 20.64 +£2.56 20.82 +2.64 0.961 0.345 0.07, trivial effect

CMJ= countermovement jump; FSKT= frequency speed of kick test

Table 2. Test-retest reliability analyses of the CMJ and FSKT (n = 28).

ICC (95% CI) TE CVrte (%) SWCsmal SWCrnoderate SEM CVsem (%) MDC
CMJ 0.855 (0.69-0.93) 1,14 3,40 0,76 2,28 0,62 1,82 1,73
FSKT  0.963 (0.92-0.98) 0,51 2,47 0,50 1,50 0,10 0,48 0,27

CMIJ= countermovement jump; FSKT= frequency speed of kick test; ICC= intra-class correlation coefficient; Cl=
confidence interval; TE= typical error; CVrg= the TE as coefficient of variation; SWCsman= smallest worthwhile change for
small effect size; SWChoderate= smallest worthwhile change for moderate effect size; SEM= standard error of measurement;

the SEM as coefticient of variation; MDC= minimal detectable change.

Figure 1. Relationship between the best scores of CMJ and FSKT (n=28).
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DISCUSSION AND CONCLUSION

To our knowledge, this is the first study to investigate the reliability of FSKT in kickboxing
athletes. In this study, the reliability of FSKT for junior kickboxers was evaluated using
complementary statistical procedures consisting of relative and absolute reliability analyses.
The ICC criterion adopted in this study resulted in good (r = 0.855) and excellent (0.963)
reliability classification for CMJ and FSKT, respectively (Portney & Watkins, 2009). However,
if the lower limits of the confidence interval were considered, it could be made inference that
the relative reliability of FSKT (95% CI = 0.92-0.98) is higher than that of CMJ (95% CI =
0.69—0.93). Current studies reported that ICC values of FSKT were 0.95 for tackwondo athletes
with different competition levels (Santos et al., 2020), 1.00 for black-belt tackwondo athletes
(Silva Santos & Franchini, 2016), and 0.95 for women tackwondo athletes (Santos & Franchini,
2018). Thus, the present study in addition to various studies proven that the relative reliability

of FSKT is excellent.

FSKT had a greater absolute agreement between test and retest scores due to having lower SEM
and CVsgm values compared with CMJ. In addition, the effect size calculated from paired t-test
analysis supported SEM and CVsgwm results since the differences between test and retest showed
that CMJ had a small effect size while FSKT had a trivial effect size. Similarly, TE and CVrE,
which were used to estimate trial-to-trial variation, were lower in the FSKT than CMJ. A study
reported that SEM, CVsem, and MDC values were 0.60, 2.85, and 1.67, respectively (Santos et
al., 2020). These results are quite similar to the findings of our study. Hence, the various
findings demonstrated that FSKT could present highly precise results and error-free. The MDC
is the smallest change that falls outside the expected range of error and a difference amount
exceeding the MDC threshold can be considered a “true” change (Haley & Fragala-Pinkham,
2006; Segura-Orti & Martinez-Olmos, 2011). The current findings indicated that MDC value
was lower in the FSKT than CMJ thus FSKT could allow to determine lower performance

changes compared with CMJ.

Pearson product-moment correlation coefficient revealed a significant relationship between
CMJ and FSK. Although this result suggested to be a relationship between the skills measured
by these two tests, other analyzes indicated that FSKT can be a more reasonable test for
kickboxing athletes. For example, SWC refers to the smallest value considered important in
practice and the findings showed that FSKT represented a higher sensitivity for detecting an
important change in practice, as SWC was lower in the FSKT than CMJ (Bernards, Sato, Haff,
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& Bazyler, 2017; Duthie et al., 2006; Santos et al., 2020). TE and SEM values should be lower
than SWC values for proper use of SWC (Bernards et al., 2017; do Nascimento et al., 2017;
Santos et al., 2020). SEM values were lower than SWCsman (threshold value emphasizing the
importance of a small effect in practice) for both tests. But TE value for CMJ was greater than
SWC while TE value for FSKT was similar to SWC. Thus, SWCmoderate (threshold value
emphasizing the importance of a moderate effect in practice) values may be more appropriate

to conclude that the results were completely outside the limits of error.

CMJ has been commonly used to assess athletic performances such as muscular power (Ince &
Sentiirk, 2019; Ince & Ulupnar, 2020), neuromuscular adaptation (Claudino et al., 2017;
Mirzaei et al., 2013), and reactive strength (Barker et al., 2018) in a wide variety population for
decades. However, using the biomechanical movement pattern required for CMJ as a test
method may not be a valid approach to assess the performance of kickboxing athletes (Haugen
et al., 2020; Slimani et al., 2017). Moreover, considering the difficulties in the CMJ
measurements that can be caused by instruments, testing procedures, calculation methods, and
software, using a sport-specific test seems a more appropriate method (Street et al., 2001). This
study showed that relative and absolute reliability results were lower in the CMJ than in FSKT
and the indicators of measurement error such as SEM indicating the absolute agreement and
TE indicating the variation of trial-to-trial were higher in the CMJ. In addition, the CMJ results
less allow monitoring of smaller changes because the results indicating that a change in
performance can be considered error-free and practically important are higher in the CMJ than

FSKT.

A comprehensive study investigating sport-specific performance tests in Olympic sports such
as amateur boxing, fencing, judo, karate, tackwondo, and wrestling revealed to be more than
40 different tests in total (Chaabene et al., 2018). However, to our knowledge, unlike other
combat sports, kickboxers do not have a valid and functional choice in terms of kickboxing-
specific tests. Since FSKT only measures kicking ability, its use as a performance test for
kickboxers cause a limitation, but it appears to be the most appropriate for kickboxers among
valid and reliable tests described in the literature. Based on the many similarities of Kickboxing
with combat sports such as karate, tackwondo, boxing, and muay thai (Salci, 2015; Slimani et
al.,2017; Taskin & Akkoyunlu, 2020; Vertonghen & Theeboom, 2008), we aimed to investigate
the extent to the reliability of a test developed for these sports can be when used in kickboxers.
For example, FSKT was originally developed to measure a skill based on kicking as fast as

possible in 10 seconds for tackwondo athletes (Santos & Franchini, 2016, 2018; Santos et al.,
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2020). Therefore, our hypothesis was that FSKT could present reliable results in kickboxers
since it appears to be an appropriate test to measure kickboxing performance compared with
CMJ. Our findings confirmed the initial hypothesis and presented evidence that FSKT can
provide reliable results until a specific test for kickboxers is designed. In conclusion, this study
suggested that FSKT could be considered a reliable method and presented reproducible results
in evaluating the performance of kickboxing athletes until a functional kickboxing-specific field

test is developed.
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