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Abstract

Background. Selection processes in youth sports often appear to be stressful and unfair to many athletes. One of the reasons also lies
in the Relative Age Effect (RAE). This study delves into the phenomenon of RAE in sport, particularly focusing on its potential impli-
cations within the realm of kickboxing by exploring its possible occurrence within the Youth Croatian national kickboxing team.
Problem and aim. The research aims to shed light on any age-related biases that may exist and their impact on the success and per-
formance of the Croatian national team at the last WAKO World Championships 2022.

Material and methods. The research involved 72 youth Croatian kickboxing national team members who were categorized by age
and competitive success, with data collected from official sources and analyzed using the Chi-square test.

Results. The Croatian youth national kickboxing team does not exhibit RAE based on the obtained results. Despite some uneven
quartile distribution, this difference diminishes when considering disciplines and success levels, and the team achieved notable
success at the World Championships without the “assistance” of RAE.

Conclusion. This article is the first to examine the Relative Age Effect (RAE) in kickboxing. The study found a significant RAE
presence in the Croatian national youth team, particularly in the first two quartiles, but further analysis showed no significance
in the Semester division. The Croatian kickboxing organisation appears to be aware of RAE and employs fair selection processes,
contributing to the team’s success, prompting the need for future investigations into RAE at the national and international levels.
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Background

Relative Age Effect (RAE) is already a well-inspected topic
across the various sports communities, in team sports
like football [Yague et al. 2018], futsal [Rodrigues et al.
2023], volleyball [De Oliveira Castro et al. 2022], rugby
[Kelly et al. 2021] and basketball [Arrieta et al. 2016],
as well as in individual sports like swimming [Lorenzo-
Calvo et al. 2021] and combat sports [Albuquerque et al.
2016]. Competition systems were not spared from RAE
either. Analysis of the Olympics [O’Neill et al. 2016]
Youth Olympics [Muller et al. 2016] and various national
and international championships suggest partial or evi-
dent RAE existence and its effect on final results. RAE is
in fact a phenomenon in which biologically older indi-
viduals within the same (chronological) age group tend
to be more awarded by coaches, through processes of
initiation, detection, and selection. Further, RAE often
occurs in absolute bodyweight and individual sports, with
greater incidence in pre-pubertal and pubertal maturity
stages, while more frequently found in male than female
teams and competition systems [Babic et al. 2022]. Such
specific incidence is surely significant in the context of
amateur kickboxing, where the vast majority of compet-
itors belong to the mentioned “RAE-occurring clusters”

Kickboxing is a relatively young, but famous com-
bat sport practiced worldwide, especially in Eurasia and
the Americas. Its popularity is such that in November
2018 the World Association of Kickboxing Organization
(WAKO) was recognized by the International Olympic
Committee [Dugonjic, Krstulovic, Kuvacic, 2019], and
even became a full member in June 2021. It is charac-
terized as an individual sport in which punches, kicks,
and knees are allowed [Ambrozy et al. 2020]. There
can be competitions from amateur to professional level
[Ambrozy et al. 2020]. Kickboxing is divided into ring
modalities (low kick, full contact, and K1) and tatami
(point fight, light contact, and kick light) [Duarte et
al. 2021; Hoelbling et al. 2023]. The main difference
between the disciplines is that in the ring, strong blows
are allowed with the intention of knocking out, and in
the tatami, blows without force are allowed with the
intention of scoring [Ouergui et al. 2021]. In WAKO
kickboxing, the majority of competitors are underaged,
and they compete in the mentioned tatami disciplines.
However, continued fighting bouts (light contact and
kick light) become available from cadet age, which is
also the most numerous age category. As cadets belong to
the prepubertal and pubertal age, RAE existence within
them seems to be a logical assumption.

Combat sports in their nature favor the stronger and/
or tactically superior competitors, dependable on specific
sport and discipline within. Skeletal and muscle constitu-
tion, as well as psychological maturity levels, may play a
decisive role in amateur kickboxing bouts. These problems
have already been addressed in the majority of modern

combat sports, such as judo [Fukuda, 2015], taekwondo
[Jeon et al. 2021], and wrestling [Latyshev et al. 2022].
Indeed, the rapid growth of kickboxing through the last
decades is recorded, which implies the growth of organized
events, championships, numbers of competitors...There-
fore, the growth of kickboxing should be accompanied by
scientific findings, because there are still many unobserved
fields in kickboxing, especially in terms of its impact on
health, elite performance, injury rehabilitation, etc. [Babic,
Pobric, Cular, 2023]. However, there is no evidence about
inspecting the RAE within kickboxing at all. As amateur
kickboxing has many technical and tactical similarities
with striking combat sports like karate and tackwondo,
authors suspect that similar RAE evidence could be found
in kickboxing. With a reduction of this problem, we would
prevent talented, biologically stagnant children from giving
up sports and competitions [Babic, Cular, Jelaska, 2021].

Problem & Aim

Therefore, the aim of this research is to investigate the
possible RAE existence within the Croatian national
kickboxing team. The hypothesis is that cadet athletes
born earlier in the year will be more represented in the
national team and achieve better results in the World
Championships.

Material and methods

Sample and experimental approach

The sample of participants for this research consisted
of n=72 youth (Y) Croatian kickboxing national team
members, both male and female, who participated in the
World (WC) WAKO kickboxing championships in 2022.
The youth national team consisted of four age categories,
as follows: children (CH)= 2; younger cadets (YC)= 6;
older cadets (OC)= 26; juniors (J)= 38. For the purpose of
research, participants were divided into three sub-divisions:
a) champions/non-champions (n= 11/n= 61); b) medal
winners/non-winners (n= 28/n= 44); and c) ring/tatami
competitors (n= 20/ n= 52). The athletes were separated
into four quarters of the year according to their month of
birth (1* from January to March, 2" from April to June, 3%
from July to September and 4™ from October to December).
Initial comparison analyzed the whole national team distri-
bution within quarters. Second, sub-samples inside every
sub-division were compared according to the distribution
of the following (birth month) quarters. Such comparisons
were targeted to clarify potential RAE existence within a
Croatian youth kickboxing team.

The vast majority of participants were a priori
national champions within a discipline, weight & age cat-
egory they competed at EC and WC. Data were accessed
through official e-mail communication with the Croatian
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Kickboxing Federation (Croat. HKBS), and through the
WAKO open-access database of finished championship
events (wako.sport). Ethical approval for this research
is obtained in advance through the scientific project
IP-2020- 02- 3366 of the Croatian Science Foundation,
approved by the Ethics Committee and following the Eth-
ical codex of the Croatian Science Foundation. Research
has been conducted in accordance with the principles
expressed in the Declaration of Helsinki.

Statistical analysis

All statistical analyses were done using Chi-square tests
under the null hypothesis that all observed frequencies
are equal (i.e. uniform distribution). Microsoft Excel for
Mac Os Version 16.43. and statistical analysis data system
Statistica 14, TIBCO Software Inc. was used for calcu-
lation and graphical representation of obtained results.
Type I error was set at 5%.

Results

As Table 1 presents, a certain RAE is occurring within
the whole sample, as the first (Q1) and second quartiles
(Q2) have a significantly greater number of national team
members in regards to the second two quartiles (Q3 &
Q4) (p<0,05). However, that difference appears to dis-
appear when the whole sample divides into Semesters
(Sem 1 & Sem 2). Such obtained difference regarding
quartiles is not too significant in practice, because the
difference between the obtained and theoretical-expected
frequencies appears to be light, apropos the quartile dis-
tribution seems to be relatively equal.

Table 1. Results of the Chi-square testing, differences between
the expected and obtained frequencies regarding the whole
Croatian national youth team (n= 72).

F, F, df X2 p
Q1 18 20 71 100,250 0,013*
Q2 18 21
Q3 18 15
Q4 18 14
Sem 1 36 41 71 28,00 0,999
Sem 2 36 31

Legend: Fe = expected frequencies, Fo = observed frequencies,
df = degrees of freedom, X? = Chi-square test results, Sem =
semesters, p = significance level, * = significant value p<0,05.

Speaking of subgroups within the Croatian national
youth team, both Ring and Tatami athletes were relatively
equally distributed following their quartile, as no sig-
nificant differences were found (Table 2). Interestingly,
looking at Table 2, there is also no significant difference
among the Medalists and among the Champions within
the team, while the rest of the team somehow had an
unequal quartile distribution (p=0,000; p=0,003).

Table 2. Results of Chi-square testing on different subgroups
within a total sample.

X? df P
Tatami 61,25 50 0,132
Ring 18,58 20 0,549
Medalists 29,08 28 0,408
Non-medalists 81,50 43 0,000%
World Champions 2022 7,08 10 0,717

Other national team members 91,83 59 0,003*
Legend: X? = Chi-square test results, df = degrees of freedom,

p = significance level, * = significant value p<0,05.

From the results presented in Tables 1 and 2, it can
be concluded that the Croatian youth national kickboxing
team does not have a problem with RAE. Regardless of
the unequal quartile distribution found in the whole sam-
ple, it is a small difference in practice which disappears
if subjects are separated into disciplines and success-de-
pendent classes. Still, the following team managed to be
pretty successful in the 2022 WAKO World Champion-
ships, with 10" place in overall order, 7" place in Tatami,
and 11" place in Ring (wako.sport).

Discussion

Since there are unfortunately no articles regarding RAE
in amateur kickboxing to this day, it is impossible to com-
pare obtained results. Several studies, however, analyzed
RAE in taekwondo, which besides the karate may be the
closest relative to amateur kickboxing disciplines. Earlier
studies conducted on Croatian taekwondo competitors
revealed a significant presence of RAE within a Croatian
cadet Championship [Babic et al. 2021], while there
was absence of RAE within a Croatian junior national
team [Kezic, Babic, Cular, 2021]. It seems that Croatian
kickboxing and taekwondo both do have equally distrib-
uted junior national team members according to their
quartile, which is surely significant and commendable.
Youth World Champions and medalists in kickboxing
from Croatia do not exploit the RAE advantages they
might have, which gives a certain weight to their vic-
tories. Coaches need to be aware of this phenomenon,
because it may occur in their clubs even before national
selection, and can vary from generation to generation.
Head coaches of other national teams can use this study
to improve or control their teams in terms of RAE. On the
other hand, club coaches have this study as evidence that
fair success comes from the “work’- training, rather than
biological age acceleration. To test the impact on sen-
ior career, the senior national team should be analyzed.

In a study of the Spanish Championships, a similar
distribution was observed between the fourth quartiles
of the year [Lorenzo-Couso et al. 2016]. This result is at
odds with our findings, in which there were more players
in the first two quartiles of the year. Perhaps one possi-
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ble explanation for this is the larger sample size in this
study [Lorenzo-Couso et al. 2016]. This highlights the
need for more studies of RAE in kickboxing. Moving
on to grappling combat sports, a study of Greco-Roman
and freestyle wrestling at the World Championships and
Olympic Games found that more athletes were selected
in the first half of the year [Latyshev et al. 2022]. These
results differ from our findings in that there was no differ-
ence between the semesters of the year. In judo, a similar
number of athletes born in the first and second semes-
ters of the year were selected for the Olympic Games
[Albuquerque et al. 2015], which is similar to our find-
ings. Such different results show a possible difference in
the effect of relative age in different combat sports [De
Almeida-Neto et al. 2023], which may be related to the
different specific goals within sports. However, we rec-
ognize potential limitations, such as the fact thatitisa
relatively small sample. Small samples may distort the
whole picture, due to the specific and intentional distri-
bution. For the Croatian case, this is the whole sample but
to get a wider and broader insight, larger national teams
should be analyzed accordingly. To gain a full insight,
all international competitions, such as this one should
be analyzed, per age and weight categories, as well as
disciplines. In the end, they are all Croatian caucasian
kickboxing national team members. We recommend
future studies with teams from other countries and with
national and world championships, analyzing the rela-
tionship between winners and birth months (quartiles).

Conclusions

This is the first article to analyze the RAE in amateur
(WAKO) kickboxing. First of all, the Croatian national
youth team has a significant RAE presence because of the
reinforced presence in the first two quartiles. However,
that presence was barely significant, while there was no
significance within the same sample in the Semester
division. Further analysis revealed normal- theoretical
distribution within the subgroups, among Tatami and
Ring athletes, World Champions, and medalists. It can
therefore be concluded that the Croatian kickboxing
association (Croat. HKBS) and its selectors are aware
of RAE and are doing relatively good and fair selection
processes, which does not prevent a team from success.
This is a good trace, which has its own logic. Kickboxing
athletes may be “saved” from RAE because of weight divi-
sions, which segregate biologically older ones into upper
weight classes. However, this is just beginning of RAE
research within kickboxing, but also a valuable insight
into one of the top 15 youth kickboxing teams in World.
Further investigations should explore the possible pres-
ence of RAE in the other youth national teams, senior
teams and the constituent year effect within a Croatian
kickboxing team.
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Czestotliwo$¢ wystepowania efektu wzglednego
wieku w chorwackiej mlodziezowej druzynie
kickboxingu

Stowa kluczowe: RAE, rywalizacja, sportowcy, sporty walki,
WAKO

Streszczenie.

Tlo. Procesy selekcji w sporcie mlodziezowym czgsto wydaja
sie by¢ stresujace i niesprawiedliwe dla wielu sportowcéw. Jed-
nym z powodow jest rowniez efekt wieku wzglednego (RAE).
W niniejszym badaniu zglebiono zjawisko RAE w sporcie,
ze szczegblnym uwzglednieniem jego potencjalnych implik-
acji w kontekscie kickboxingu, poprzez zbadanie mozliwoséci
wystepowania tego zjawiska w mlodziezowej reprezentacji
Chorwacji w kickboxingu.

Problem i cel. Badanie ma na celu rzucenie $wiatla na wsze-
Ikie uprzedzenia zwigzane z wiekiem, ktore moga istnie¢ iich
wplyw na sukces i wyniki reprezentacji Chorwacji na ostat-
nich Mistrzostwach Swiata WAKO 2022.

Material i metody. W badaniu wzieto udzial 72 mtodych
cztonkéw chorwackiej kadry narodowej w kickboxingu, ktérzy
zostali podzieleni na kategorie wedlug wieku i sukceséw w
zawodach, z danymi zebranymi z oficjalnych Zrddet i przea-
nalizowanymi za pomocg testu Chi-kwadrat.
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Wryniki. Na podstawie uzyskanych wynikéw, chorwacka
mlodziezowa kadra narodowa w kickboxingu nie wykazuje
efekt wieku wzglednego (RAE). Pomimo nieréwnomiernego
rozkladu kwartylowego, réznica ta zmniejsza si¢, gdy wezmie si¢
pod uwage dyscypliny i poziomy sukcesow; a druzyna osiagnela
znaczacy sukces na Mistrzostwach Swiata bez ,pomocy” RAE.
Whioski. Niniejszy artykul jest pierwszym, w ktorym zbadano
efekt wieku wzglednego (RAE) w kickboxingu. Badanie wyka-
zalo znaczaca obecno$¢ RAE w chorwackiej mlodziezowej

druzynie narodowej, szczegolnie w pierwszych dwéch kwarty-
lach, ale dalsza analiza nie wykazala znaczenia w dywizji
semestralnej. Chorwacki kickboxing zdaje si¢ by¢ §wiadomy
istnienia RAE i stosuje uczciwe procesy selekcji, co przyczynia
sie do sukcesu druzyny. Stad potrzeba przeprowadzenia w
przyszlosci badan w sprawie RAE na szczeblu krajowym i
miedzynarodowym.




