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Dragi citaoci,

U novom decembarskom izdanju naseg Casopisa
ponovo imamo rekordan broj radova, Urednistvo je uvr-
stilo dvadeset radova, autora iz Alzira, Albanije, Indone-
zije, Turske, Grcke, Srbije, Slovacke, Hrvatske i Bosne i
Hercegovine.

U ovom broju cete procitati ¢lanke koji se odnose na
uticaj unutrasnje i spoljasnje motivacije i amotivacije na
ucesce u fizickoj aktivnosti, efekti latencije loT uredaja za
mjerenje sportskih aktivnosti, povecanje brzine plivanja
na 100m slobodnim stilom kroz trening zamisljanja i rutine
prije nastupa, tradicionalne igre i motoricke sposobnosti:
njihova interakcija u poboljsanju skoka u dalj kod ucenika
osnovne Skole, efekti 6 nedjelja kompleksnog treninga na
brzinu i agilnost indonezanskih sportista borilacke klase
Pencak Silat, poboljsanja preciznosti slobodnih udaraca
kroz trening zamisljanja i koncentraciju fudbalera, efekti
Gamparan treninga na sposobnost dugih udaraca ucenica
koje ucestvuju u vannastavnom fudbalu, veza izmedu fizic-
kih aktivnosti i uspjeha ucenika, afektivna stanja mladih
atleticara prije i poslije organizovanih kolektivnih pripre-
ma, kako intervalni trening oblikuje fizicke performanse u
borilackim vjestinama, najbolja identifikacija talenata na
osnovu vjestina iznad prosjeka i kreativnosti mladih fud-
balera, odnosi izmedu fizicke aktivnosti i simptoma stresa,
anksioznosti i depresije, vjiezbanje i emocionalno blago-
stanje Sta fizicka aktivnost donosi nasoj sreci, kompara-
tivni uticaj metoda komandnog i istraZivackog treninga
na vjestine suncanih smeceva u sepaktakrou, utemeljena
teorija psiholoskih osnova fudbalskog ucinka, validnost i
pouzdanost medija znakovnog jezika za motoricke vjesti-
ne gluve djece, odnos izmedu fizickog stanja i mentalnog
stanja fudbalera, sastav tijela i aktivnost kao odrednice
kabadi performansi.

Zahvaljujemo svim autorima, recenzentima i clano-
vima urednistva na ulozenom trudu i ovom prilikom pozi-
vamo nase dosadasnje saradnike, a posebno nove, mlade
koleginice i kolege, da svojim radovima daju doprinos
nastojanju da sportske nauke budu sve znacajniji faktor
dobrog zdravstvenog stanja ljudi. Nadamo se da ce i ovaj
broj ispuniti ocekivanja Sire citalacke populacije. Zelimo
svima srecnu i uspjesnu novu 2026. godinu!

UREDNISTVO CASOPISA

Dear readers,

In the new December issue of our Journal, we again
have a record number of papers, the Editorial Board in-
cluded twenty papers by authors from Algeria, Albania,
Indonesia, Turkey, Greece, Serbia, Slovakia, Croatia and
Bosnia and Herzegovina.

In this issue, you will read articles related to the in-
fluence of internal and external motivation and amotiva-
tion on participation in physical activity, latency effects
of 10T devices for measuring sports activities, increas-
ing swimming speed in 100m freestyle through imagina-
tion training and pre-performance routines, traditional
games and motor skills: their interaction in improving
the long jump in elementary school students, the effects
of 6 weeks of complex training on the speed and agility of
Indonesian Penchak Silat martial arts athletes, improv-
ing the accuracy of freestyle kicks through imagination
training and soccer players’ concentration, the effects of
playing Gamparan training on the long kicking ability
of schoolgirls participating in extracurricular soccer, the
connection between physical activity and student suc-
cess, affective states of young athletes before and after
organized collective preparations, how interval training
shapes physical performance in martial arts, the best
identification of talents based on above-average skills
and creativity of young soccer players, relationships
between physical activity and symptoms of stress, anxi-
ety and depression, exercise and emotional well-being,
what is physical activity brings our happiness, com-
parative influence the method of command and research
training on the skills of sun smacking in Sepaktakro, the
grounded theory of the psychological basis of football
performance, the validity and reliability of sign language
media for the motor skills of deaf children, the relation-
ship between the physical state and the mental state of
football players, body composition and activity as deter-
minants of kabaddi performance.

We would like to thank all the authors, reviewers and
members of the editorial board for their eff orts, and on
this occasion we invite our previous collaborators, espe-
cially new, young colleagues, to contribute their works to
the effort to make sports science an increasingly important
factor in people s good health. We hope that this issue will
meet the expectations of the wider readership. We wish ev-
eryone a happy and successful New Year 2026!

EDITORIAL BOARD OF THE JOURNAL
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AFFECTIVE CONDITIONS OF YOUNG
ATHLETES BEFORE AND AFTER
ORGANIZED TRAINING CAMP

AFEKTIVNA STANJA MLADIH
ATLETICARA PRE I POSLE
ORGANIZOVANIH KOLEKTIVNIH
PRIPREMA

KATARINA GACEVIC

Academy of Vocational Studies, Sabac, Serbia

Correspondence:

Katarina Gacevié

Academy of Vocational Studies, Sabac, Serbia,
katarina.gacevic03@gmail.com

Abstract: The aim of this study was to examine the im-
pact of a seven-day athletic training camp on the emotion-
al state of young athletes. Changes in affective states were
assessed using the PANAS instrument at the beginning and
end of the training period. The sample included 84 ath-
letes (25 boys and 59 girls), aged 8 to 18 years (M=11.89;
SD=2.36), divided into three age groups: younger school
age (10 years and younger), older school age (11-15
years), and high school age (16 years and older). All par-
ticipants were members of the “Partizan” Athletic Club
and with at least one year of training experience. Although
descriptive indicators suggested slight changes in affective
states, the combined analysis of variance (Mixed between-
within subjects ANOVA) did not confirm the presence of
statistically significant differences either between pre-test
and post-test measures or across the age groups. The re-
sults, although statistically nonsignificant, indicate emo-
tional stability among the athletes during the camp, likely
due to their previous experience with similar programs,
good organization, and social support. The findings high-
light the importance of continuous monitoring of athletes’
emotional states, particularly among younger age groups.
For future studies, it is suggested to implement an extend-
ed experimental duration, a larger participant group, and
to factor in additional psychological variables.
Keywords: PANAS, positive affect, negative affect,
children

INTRODUCTION

Athletics is a fundamental sport that encompasses
basic basic human movements (Cuk & Rakié¢, 2019). It is
recommended for the healthy and well-balanced devel-
opment of children and youth. In addition to physical de-
velopment, participation in sports activities contributes
to improved mental health and emotional well-being by
enhancing resilience to stress and everyday challenges
(Malagodi et al., 2024; Catalino & Fredrickson, 2011).
Namely affective states are most commonly measured
through two basic dimensions - positive affect (PA) and

Akademija strukovnih studija, Sabac, Srbija

Korespondencija:

Katarina Gacevi¢

Akademija strukovnih studija, Sabac, Srbija
katarina.gacevic03@gmail.com

SaZetak: Cilj ovog istrazivanja je bio da se ispita uticaj
sedmodnevnih atletskih priprema na emocionalno stanje
mladih sportista. Promene u afektivnim stanjima analizi-
rane su primenom PANAS instrumenta na pocetku i kraju
priprema. Uzorak je cinilo 84 atleticara, 25 decaka i 59
devojcica, uzrasta 8-18 godina (M=11.89; SD=2.36),
podeljenih u tri grupe: mladi skolski uzrast (ispitanici od
10 godina i mladi), stariji Skolski uzrast (11-15 godine) i
srednjoskolski uzrast (16 godina i stariji). Svi ispitanici
su clanovi atletskog kluba ,, Partizan* i imaju najmanje
godinu dana trenaznog iskustva. lako su deskriptivni po-
kazatelji ukazivali na blage promene u afektivnim sta-
njima atleticara, kombinovana analiza varijanse, (Mixed
between-within subjects ANOVA) nije potvrdila posto-
Jjanje statisticki znacajnih razlika ni izmedu pocetnog i
zavrsnog merenja, niti izmedu starosnih grupa. Rezultati,
iako statisticki neznacajni, sugerisu emocionalnu stabil-
nost sportista tokom priprema, verovatno zahvaljujuci
prethodnom iskustvu sa slicnim programima, dobroj or-
ganizaciji, kao i socijalnoj podrsci. Nalaz istice vaznost
kontinuiranog pracenja emocionalnog stanja, posebno
mladih uzrasta. Za buduca istrazivanja preporucuje se
duzi eksperimentalni period, veci uzorak i pracenje dru-
gih psiholoskih faktora.

Kljucne reci: PANAS, pozitivni afekt, negativni afekt,
deca

Uvobp

Atletika je baziCan sport, koja obuhvata osnovne
oblike kretanja (Cuk & Rakié¢, 2019). Preporucuje se za
zdrav i uravnotezen razvoj dece i mladih. Pored fizickog
razvoja, ucesce u sportskim aktivnostima doprinosi po-
boljsanju mentalnog zdravlja i emocionalnog blagosta-
nja, povecavajuci otpor na stres i svakodnevne izazove
(Malagodi, et al., 2024; Catalino & Fredrickson, 2011).

Afektivna stanja se najces¢e mere kroz dve osnovne
dimenzije — pozitivan (PA) i negativan afekt (NA). Ne-
gativan afekt obuhvata neprijatna osecanja poput zlobe,

Decembar/December, 2025
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negative affect (NA). Negative affect includes unpleasant
emotions such as hostility, anger, sadness, fear, and wor-
ry (Diener et al., 2010). It impacts children’s physical,
psychological, and social health, lowering self-esteem,
reducing the quality of relationships, and increasing
anxiety and depression, which in turn narrows attention-
al focus (Basso et al., 1996). In contrast, positive affect
reflects pleasant emotional experiences (Diener, 1984).
It encompasses positive emotions and consists of feel-
ings or experiences that are pleasant, satisfying, happy,
and fulfilling. Low levels of positive affect are associated
with lower life satisfaction (Bishop et al., 2011). Recent
studies confirm that even short-term physical activity
programs can produce immediate changes in the affec-
tive states of children and adolescents by increasing posi-
tive and reducing negative affect (Xin et al., 2025).

To assess these dimensions, the PANAS scale (Posi-
tive and Negative Affect Schedule) is frequently used due
to its high reliability and sensitivity to short-term chang-
es in emotional states (Watson et al., 1988; Crawford &
Henry, 2004). This characteristic makes it suitable for
evaluating the effects of seven-day training camps and
other short-term sports activities (Laborde et al., 2016).
Contemporary research indicates that the PANAS scale,
in addition to measuring short-term mood changes, can
serve as a useful tool for monitoring the effects of brief
sports camps among youth (Liu et al., 2025).

An enthusiastic and supportive coach not only
satisfies the need for relatedness but also promotes au-
tonomous motivation in students, thereby increasing
participation in physical education (White et al., 2021).
Training fosters communication, cooperation, and the
development of individual social skills beneficial for per-
sonal growth. Training camps, as an integral part of the
training process, offer opportunities for both physical and
psychological development, as well as social interaction.
They also contribute to the development of work hab-
its and team spirit. The relationship between the training
process - specifically, sports camps - and athletes’ emo-
tional states remains underexplored. Therefore, the aim
of this study was to examine the effects of a seven-day
athletics training camp on athletes’ emotional states by
analyzing changes in the perception of positive and nega-
tive affect at the beginning and end of the camp. It was
expected that the results would show an increase in posi-
tive affect and a decrease in negative affect, thus confirm-
ing the importance of training camp for the physical and
psychosocial development of children and adolescents.

besa, tuge, straha i zabrinutosti (Diener, et al., 2010). Uti-
¢e na fizicko, psiholosko, socijalno zdravlje dece. Sniza-
va samopostovanje, smanjuje kvalitet odnosa sa drugima
i dovodi do anksioznosti i depresije koja suzava paznju
(Basso, et al., 1996). Nasuprot tome, pozitivan afekt od-
nosi se na prijatna emocionalna iskustva (Diener, 1984).
Ukljucuje pozitivne emocije i sastoji se od pozitivnih,
dobrih, prijatnih, sre¢nih i zadovoljavajucih osecanja ili
iskustava. Nizak pozitivan afekt je povezana sa niskim
nivoom zadovoljstva zivotom (Bishop, et al., 2011).
Novija istrazivanja potvrduju da i kratkoro¢ni programi
fizicke aktivnosti mogu izazvati neposredne promene u
afektivnim stanjima dece i adolescenata, povecavajuci
pozitivan i smanjujuci negativan afekt (Xin et al., 2025).

Za procenu ovih dimenzija ¢esto se koristi PANAS
skala (Positive and Negative Affect Schedule), zbog njene
visoke pouzdanosti i osetljivosti na kratkoro¢ne promene
u emocionalnim stanjima (Watson, et al., 1988; Crawford
& Henry, 2004). Ova karakteristika ¢ini je pogodnom za
procenu efekata sedmodnevnih priprema i kratkotrajnih
sportskih aktivnosti (Laborde, et al., 2016). Savremeni
radovi ukazuju da PANAS skala, osim $to meri kratko-
ro¢ne promene u raspolozenju, moze biti koristan alat za
pracenje efekata kracih sportskih kampova kod mladih
(Liu et al., 2025).

EntuzijastiCan i pozitivan trener ne samo da po-
boljsava osnovnu potrebu za povezanos$cu, vec utice i
na autonomnu motivaciju uc¢enika i stoga moze povecati
ucesce u fiziCkom vaspitanju (White, at el., 2021). Tre-
ning podsti¢e komunikaciju, saradnju, razvijanje indivi-
dualnih socijalnih vestina pogodnih za razvoj li¢nosti.
Sportske pripreme kao integralni deo trenaznog procesa
pruzaju mogucnost kako za fizicko tako i za psiholosko i
socijalno usavrsavanje. Takode, doprinose i jacanju tim-
skog duha, sticanju radnih navika.

Nedovoljno je istrazena veza izmedu trenaznog
procesa, odnosno sportskih priprema i emocionalnog sta-
nja sportista. Stoga ovaj rad ima za cilj da ispita dejstvo
sedmodnevnih atletskih priprema na emocionalno stanje
sportista pri ¢emu je bilo potrebno analizirati promene
u dozivljaju pozitivnog i negativnog afekta na pocetku i
kraju priprema. Ocekivalo se da ¢e rezultati pokazati po-
rast pozitivnih i smanjenje negativnih emocija kod spor-
tista, kao 1 da ¢e promene u afektivnim stanjima biti ra-
zli¢ite u zavisnosti od grupe ispitanika, ¢cime se potvrduje
znacaj sportskih priprema u fizickom, kao 1 psiho-socijal-
nom razvoju dece i mladih.
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METHODS

Study Design

Each year, the “Partizan” Athletics Club organizes
a seven-day training camp for its members. The camp is
held in Trebinje, at the “City of the Sun” resort, which of-
fers optimal conditions for training and accommodation.
Participants follow a structured training program that
includes morning jogging and two training sessions per
day. Trainings are adapted to the athletes’ age and abili-
ties. They are designed to be interesting, with different
content, because it is primarily about all-round develop-
ment, improving existing and acquiring new skills and
abilities.

Accommodation is provided in a modern hotel
complex with facilities such as swimming pools, sports
fields, and parks, contributing to children’s relaxation af-
ter training. In addition to the athletic component, edu-
cational and creative activities were organized (e.g., art
workshops, educational videos, reading), as well as ex-
cursions to local landmarks. Evening programs included
themed events, with a costume party being particularly
popular.

The study was conducted during the April 2025
camp. Questionnaires were administered on the first
(baseline measurement) and last day of the camp (post
- intervention measurement). Participants were informed
about the purpose of the study and the procedure. Ques-
tionnaires were filled out without revealing identities, in
a regulated setting, and with coaches present to offer ex-
planations, particularly for younger respondents. Parents
were made aware of the study objectives, data gathering,
and data handling, and they gave informed consent for
their children to take part.

Participants

The sample consisted of 84 athletes (25 boys and
59 girls), members of the “Partizan” Athletics Club from
Belgrade, aged 8 to 18 years (M=11.89; SD=2.36). All
participants had been actively training in athletics for at
least one year. They were divided into three groups: early
school age (10 years and younger, N=38), older school
age (11-15 years, N=39), and high school age (16 years
and older, N=7).

The limited sample size and uneven age-group dis-
tribution, especially the small number of high school ath-
letes, constitute a methodological limitation that could
reduce the statistical power of the analyses and limit the
generalizability of the findings.

METODE

Dizajn studije

Tradicionalno, svake godine atletski klub ,,Parti-
zan“ organizuje za svoje ¢lanove sedmodnevne pripre-
me. Odrzavaju se u Trebinju u ,,Gradu Sunca‘“ koji svo-
jim bogatim sadrzajem i infrastrukturom pruza optimalne
uslove za rad i boravak sportista. Tokom boravka ucesni-
ci su izloZeni trenaznom programu koji obuhvata jutar-
nji futing 1 dva treniga dnevno. Treninzi su prilagodeni
uzrastu i sposobnostima atleticara. Osmisljeni su tako da
budu zanimljivi, razli¢itog sadrzaja jer se pre svega radi
0 svestranom razvoju, usavrSavanju postojecih i sticanju
novih vestina i sposobnosti.

Smestaj je organizovan u modernom hotelskom
kompleksu koji nudi bogate sadrzaje bazene, sportske
terene, parkove koji doprinose relaksaciji dece nakon
treninga. Pored sportskog dela organizovane su eduka-
tivne i kreativne aktivnosti (likovne radionice, Citanje i
gledanje edukativnog sadrzaja), upoznavanje i obilazenje
znamenitosti grada i okoline. Vecernji program je podra-
zumevao razlicite tematske aktivnosti, medu kojima je
posebno popularan maskenbal.

Istrazivanje je realizovano tokom priprema u apri-
lu 2025. godine. Upitnici su distribuirani prvog (kako bi
se utvrdilo inicijalno emocionalno stanje) i poslednjeg
dana priprema (kako bi se utvrdile eventualne promene
i dejstvo priprema). Ispitanicima je detaljno objasnjena
svrha istrazivanja, kao i postupak izvodenja. Popunjava-
nje upitnika je bilo anonimno, u kontrolisanim uslovima
uz prisustvo trenera, koji su bili dostupni za pojasnjenja,
posebno kod dece mladeg skolskog uzrasta. Roditelji su
obavesteni o cilju, nacinu prikupljanja 1 obradi podataka
i dali su saglasnost za ucesce svoje dece u istrazivanju.

Ispitanici

Uzorak je obuhvatio 84 atleti¢ara (25 decaka i 59
devojcica), ¢lanova atletskog kluba ,,Partizan iz Beogra-
da, starosti 8-18 godina (M=11.89; SD=2.36). Ispitanici
aktivno treniraju atletiku najmanje godinu dana. Bili su
podeljeni u tri grupe: mladi Skolski uzrast (10 godina i
mladi, N=38), stariji Skolski uzrast (11-15 godina, N=39)
i srednjoskolci (16 godina i stariji, N=7).

Veli¢ina i neravnomerna raspodela uzorka, posebno
manji broj srednjoskolaca, predstavljaju metodolosko
ogranic¢enje koje moze uticati na statisticku snagu testova
i generalizaciju rezultata.
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Instrument

To assess affective states, the PANAS scale (Posi-
tive and Negative Affect Schedule; Watson et al., 1988)
was used. [t measures two dimensions of emotional func-
tioning - positive affect (PA) and negative affect (NA)
and consists of 20 items, with 10 items assessing PA
(e.g., excited, inspired, interested, strong) and 10 items
assessing NA (e.g., distressed, angry, afraid). Each item
is rated on a 5 - point Likert scale (1= very slightly or
not at all; 5 = extremely), with participants indicating the
extent to which they currently feel each emotion. Total
PA and NA scores were calculated for each participant
prior to statistical analysis. Scores range from 10 (low-
est) to 50 (highest), and were used as dependent variables
in subsequent analysis.

The PANAS scale has been shown to be reliable,
concise, and easy to administer. It is suitable for mea-
suring high-arousal emotional states (Ekkekakis, 2012).
PA reflects the degree to which a person feels positively,
while NA reflects negative mood (Pfeifer-Seib et al.,
2017). In addition to the PANAS, participants provided
demographic information, including gender, age, and
training experience.

Statistical Analysis

Basic descriptive statistics were calculated for all
variables, including mean values (Mean), standard devia-
tions (SD) and the 95% confidence interval (CI).

Prior to interpreting the results, the assumption of
homogeneity of variances was tested using Levene’s test
(Pallant, 2020). The normality of data distribution was ex-
amined with the Shapiro—Wilk test, while the reliability
of the scale was verified before the main analysis using
Cronbach’s alpha coefficient (Cronbach o).

To assess the effects of the intervention and differ-
ences between groups, a mixed between-within subjects
ANOVA was used (Tabachnick & Fidell, 2013). Two fac-
tors were included: time (within-subjects variable) and age
group (between-subjects variable). A 2 x 3 mixed factorial
design was employed to compare the affective states of
three age groups (younger school age, older school age,
and high school students) at two time points (pre-test and
post-test). The actual impact of the independent variables
(training camp and group), both jointly (interaction effect)
and separately, was evaluated using partial eta squared
(n?), according to Cohen’s (1988) guidelines. This analysis
was applied to mean scores for PA and NA obtained before
and after the camp.

All statistical analyses were performed using IBM
SPSS Statistics v.24, and all inferences were drawn at

Instrument

Za procenu afektivnog stanja koris¢ena je PANAS
skala (Positive and Negative Affect Schedule; Watson, et
al., 1988) koja meri dve dimenzije emocionalnog funkcioni-
sanja pozitivan afekt (PA) i negativn afekt (NA). Sadrzi 20
stavki, 10 koje mere pozitivan afekt (npr. odusevljeno, na-
dahnuto, zainteresovano, jako,...) i 10 koje mere negativan
afekt (npr. nesre¢no, gnevno, uplaseno,...). Svaka stavka je
pracena petostepenom skalom Likertovog tipa (1 - veoma
malo ili nimalo, a 5 - izuzetno, jako), a zadatak ispitanika
je bio da izrazi svoj stepen trenutnog raspoloZenja ili emo-
cionalnog stanja. Pre statisticke analize izracunati su ukupni
skorovi za pozitivan i negativan afekt za svakog ucesnika.
Skorovi se kre¢u od 10 (najnizi) do 50 (najvisi) i koris¢eni
su kao zavisne varijable u daljoj statistickoj obradi.

Dokazano je da je ovaj upitnik pouzdan, kratak i jed-
nostavan za primenu; moze se Koristiti za merenje stanja
visokog uzbudenja (Ekkekakis, 2012). PA odrazava stepen
u kojem neko dozivljava pozitivno, a NA negativno raspo-
lozenje (Pfeifer-Seib, et al., 2017). Pored PANAS skale, is-
pitanicima su bila postavljena pitanja o polu, uzrastu i sport-
skom stazu.

Statisticka analiza

Za svaku varijablu izra¢unati su osnovni deskrip-
tivni parametri - aritmeticka sredina (Mean), standardna
devijacija (SD) i 95% interval poverenja (CI).

Pre tumacenja rezultata, primenom Levinovog testa
(Levene's test), proverena je pretpostavka o homogenosti
varijansi (Pallant, 2020). Normalnost distribucije podata-
ka proverena je pomoc¢u Shapiro—Wilk testa, a pre glavne
analize proverena je pouzdanost skale pomocu Kronba-
hovog alfa koeficijenta (Cronbach o).

Za procenu efekata eksperimentalnog tretmana i
proveru razlika izmedu grupa koriS¢ena je kombino-
vana analiza varijanse koja se u literaturi naziva Mixed
between-within subjects ANOVA (Tabachnick & Fidell,
2013). Kombinovana su dva faktora (dve nezavisne vari-
jable): vreme (unutargrupni varijabilitet) 1 specifi¢nost tri
starosne grupe (medugrupni varijabilitet). Primenjen je
2 x 3 kombinovani nacrt za poredenje podataka tri grupe
ispitanika (mladi i stariji Skolski uzrast, te srednjoskol-
ski) u dve razli¢ite vremenske tacke (pre-test i post-test).
Stvarni uticaj nezavisnih varijabli (pripreme i grupa),
kako zajednicki (interakcija faktora) tako i separatni,
procenjen je pomocu parcijalnog eta kvadrata (n?), na
osnovu kriterijuma koje je predlozio Cohen (1988). Ovaj
postupak primenjen je na prosecne skalarne vrednosti PA
i NA dobijene pre i nakon priprema.
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the 0.05 significance level (p < 0.05).

RESuULTS

The normality of the data distribution was tested us-
ing the Shapiro—Wilk test, and the results showed that the
data for all variables (PA and NA) did not significantly de-
viate from normal distribution (p > 0.05). Reliability coef-
ficients (Cronbach’s o)) exceeded 0.60, indicating satisfac-
tory reliability of the PANAS scale (PA pre-test =0.73, PA
post-test = 0.79; NA pre-test = 0.79, NA post-test = 0.75).

Descriptive statistics for pre-test and post-test scores
on positive and negative affect across all three age groups
are presented in Table 1, and illustrated in Figure 1. The re-
sults indicate a slight decrease in positive affect in the early
school age group (ESA), while there is an increase among
the older (OSA) and high school (HSA) age groups. Re-
garding negative affect, an increase was observed in the ear-
ly school age group (ESA), whereas a decrease was found in
both the older (OSA) and high school (HSA) groups.

Results from the mixed-design ANOVA for positive
affect (Table 2) revealed that the interaction between the
training intervention and age group was not statistically
significant, although the effect size was moderate, with a
moderate level of statistical power. The primary impact of
the training intervention was not statistically significant.
Nevertheless, the primary effect of age group came close
to reaching statistical significance, displaying relatively
good statistical power, which indicates a possible differ-
ence between groups. For negative affect, the interaction
between the training intervention and age group, as well
as the main effects of both intervention and age group,
were not statistically significant. All observed effects were
of low magnitude, accompanied by low statistical power,
indicating a lack of measurable impact of the intervention.

Table 1. Descriptive Statistics for Pre-Test and Post-Test
Scores on Positive and Negative Affect

Kompletna statisticka analiza sprovedena je pomocu
aplikacionog statistiCkog programa IBM SPSS v.24. Svi za-
kljucci su izvedeni na nivou znacajnosti od 0,05 (p < 0.05).

REZULTATI

Normalnost distribucije je proverena primenom
Shapiro—Wilk testa i rezultati su pokazali da podaci za sve
varijable (PA i NA) nisu znacajno odstupali od normalne
distribucije (p > 0,05). Koeficijenti pouzdanosti (Cronba-
ch a) su preko 0.60, sto ukazuje na dobru pouzdanost
PANAS skale (PA pre-test=0.73, PA post-test=0.79; NA
pre-test=0.79, NA post-test=0.75).

Deskriptivni podaci pre-testa i post-testa, pozitiv-
nog i negativnog afekta za sve tri grupe prikazani su u
Tabeli 1 i ilustrovani Slikom 1. Nalazi pokazuju da je
doslo do blagog smanjenja pozitivnog afekta kod mladeg
(MSU) i poveéanja kod starijeg (SSU) i srednjoskolskog
uzrasta (SRU). Sto se ti¢e negativnog afekta, uo¢eno je
povecanje kod mladeg (MSU), kao i smanjenje kod stari-
jeg (SSU) i srednjoskolskog uzrasta (SRU).

Rezultati kombinovane analize varijanse za pozi-
tivan afekat (Tabela 2) pokazuju da interakcija izmedu
faktora pripreme i grupa nije statistici znacajna, iako je
efekat srednje jacine sa umerenom snagom testa. Efekat
pripreme takode nije statisticki znacajan, dok je efekat
faktora grupa sa relativno dobrom snagom testa Sto uka-
zuje na moguci efekat razlika izmedu grupa. Za nega-
tivan afekt, interakcija izmedu efekta priprema i grupe,
kao ni priprema, a ni grupe nisu statisticki znacajne. Svi
efekti su slabog intenziteta, sa niskom snagom testa, §to
ukazuje na odsustvo uticaja sprovedene intervencije.

Tabela 1. Deskriptivni pokazatelji pre-testa i post-testa za
pozitivan i negativan afekt

Pre-test Post-test
Group / Grupa N Mean SD 95% CI Mean SD 95% CI

PA ESA /MSU 38 42.87 4.78 Lﬁsﬁ 42.24 6.52 40.09-44.38
. 37.39-

OSA / SSU 39 39.33 5.98 4127 40.51 491 38.92-42.10
30.32-

HSA / SRU 7 38.00 8.31 4568 41.71 5.41 36.71-46.72
. 11.86-

NA ESA / MSU 38 12.89 3.14 13.93 14.03 3.64 12.83-15.22
. 13.47-

OSA /SSU 39 15.36 5.95 1729 15.10 4.30 13.71-16.50
10.43-

HSA / SRU 7 15.86 5.87 21.29 14.57 6.68 8.39-20.75
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Table 2. Mixed Between-Within Subjects ANOVA for Positive

Tabela 2. Kombinovana analiza varijanse za pozitivan i

and Negative Affect negativan afekt
Impact Wilks’ Lambda F p n? Oz(s;::fd
PA
Training camp*group / Pripreme*grupa 0.94 2.35 0.10 0.06 0.46
Training camp / Pripreme 0.96 3.16 0.08 0.04 0.42
Group / Grupa / 2.87 0.06 0.07 0.55
NA
Training camp*group / Pripreme*grupa 0.98 0.82 0.44 0.02 0.19
Training camp / Pripreme 1.00 0.03 0.87 0.00 0.05
Group / Grupa / 2.65 0.08 0.06 0.51
\
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Figure 1. Mean pre-test and post-test values for positive and
negative affect across all three groups

Slika 1. Prosecne vrednosti pre-testa i post-testa za pozitivan

i negativan afekt za sve tri grupe

154

www.Siz-au.com



KATARINA GACEVIC
AFEKTIVNA STANJA MLADIH ATLETICARA PRE | POSLE ORGANIZOVANIH KOLEKTIVNIH PRIPREMA

SPORTS SCIENCE AND HEALTH 15(2):149-158

DiscussioN

The purpose of this study was to investigate how
a seven-day athletic training camp affects the emotional
states of young athletes by assessing changes in their expe-
riences of positive and negative feelings, measured at the
start and finish of the camp using the PANAS tool. It was
assumed that the training program, various activities, stay-
ing in a stimulating environment would contribute to an
increase in positive affect and a decrease in negative affect.
Although descriptive statistics indicated some changes in
mean values, the results of the mixed-design ANOVA did
not reveal statistically significant differences.

Positive affect slightly increased in the older and
high school groups, while remaining stable in the young-
er group, which may suggest that prior sports experience,
social support, and well-designed activities contribute
to emotional stability. Similar findings were reported by
Pasquerella and associates, indicating that short train-
ing camps can maintain elevated positive affect up to 24
hours post-activity (Pasquerella et al., 2025).

The obtained partial eta squared values for positive af-
fect suggest the presence of a small to moderate effect size,
particularly for the group factor, which may indicate differ-
ences in emotional responses depending on age. However,
these differences were not statistically significant. The emo-
tional experiences of children and teenagers are not stable
or constant as they grow (Li et al., 2022). One study found
that in late adolescence, the stability of positive emotions
tends to decrease (Reitsema et al., 2022), and that adoles-
cents frequently experience rapid mood shifts and tend to
conceal their emotions (Ziropada & Mio&inovié, 2012). Re-
sults from a six-week high- and moderate-intensity exercise
program have demonstrated a significant positive impact on
mood improvement (Balchin et al., 2016). Bandura (1977)
emphasized long ago that regular physical activity can aid
in improving emotional control and enhancing self-confi-
dence, while also reducing negative emotions and increas-
ing self-efficacy (Tikac et al., 2021).

A slight increase in negative affect (NA) was ob-
served among children in the early school-age group. This
may be attributed to initial enthusiasm gradually diminish-
ing as the camp progressed - reflecting a decline in positive
emotions due to fatigue, stress, social conflicts, or separa-
tion from family. The rise in negative affect is likely the
result of accumulated physical and psychological strain, as
well as insufficient sleep and rest (Clemente et al., 2019;
Selmi et al., 2022). Decreased physical performance may
also be associated with fatigue accumulation (Coutts &
Reaburn, 2008; Selmi et al., 2020). Training camps may
induce significant mood disturbances (Selmi et al., 2022).

Diskus1ia

Cilj ovog istrazivanja bio je da se ispita dejstvo
sedmodnevnih atletskih priprema na emocionalno stanje
sportista pri ¢emu je bilo potrebno analizirati promene
u dozivljaju pozitivnih i negativnih afekata na pocetku
i kraju priprema, popunjavanjem PANAS instrumenta.
Pretpostavljeno je da ¢e trenazni program, raznovrsne
aktivnosti, boravak u stimulativnom okruZenju doprineti
porastu pozitivnih i smanjenju negativnih afekata. Iako
su deskriptivni pokazatelji pokazali izvesne promene u
prose¢nim vrednostima, rezultati kombinovane analize
varijanse nisu pokazali statistiCki znacajne razlike.

Pozitivan afekt je blago porastao kod starijeg i sred-
njoskolskog uzrasta, dok je kod mladeg uzrasta bio stabi-
lan, Sto moze ukazivati da prethodno sportsko iskustvo,
socijalna podrska i dobro osmisljene aktivnosti doprino-
se emocionalnoj stabilnosti. Sli¢ne rezultate iznose Pa-
squerella i saradnici, koji su pokazali da kratki trenazni
kampovi mogu odrzati poviSen pozitivan afekt i do 24
sata nakon zavrsetka aktivnosti (Pasquerella et al., 2025).

Dobijene vrednosti parcijalnog eta kvadrata za po-
zitivan afekt sugerisu postojanje efekta male do srednje
jacine, narocito u faktoru grupa i moze ukazivati na ra-
zlike u emocionalnom odgovoru zavisno od uzrasta. Me-
dutim, ove razlike nisu statisticki znacajne. Emocije dece
i adolescenata nisu stabilne ili konstantne tokom razvoja
(Li, et al. 2022). Jedna studija je pokazala da je poseb-
no u kasnoj adolescenciji stabilnost pozitivnih emocija
smanjena (Reitsema, et al., 2022), kao i da adolescenti
naglo menjaju raspolozenja i prikrivaju svoja osecanja
(Ziropada i Mioginovié, 2012). Rezultati $estonedeljnog
vezbanja visokog i umerenog intenziteta imaju znacajan
pozitivan uticaj na poboljsanje raspolozenja (Balchin, et
al., 2016). Bandura je jos davno rekao da redovna fizicka
aktivnost moze pomoc¢i u poboljSanju kontrole emocija i
povecanju samopouzdanja (Bandura, 1977), kao i sma-
njenju negativnih emocija i povecanju samoefikasnosti
(Tikac, et al., 2021).

Kod dece mladeg skolskog uzrasta uoceno je blago
povecéanje NA. Ovo moze biti rezultat pocetnog entuzi-
jazma koji polako slabi kako pripreme odmicu, tj. doziv-
ljaj odredenog pada u pozitivnim emocijama zbog umo-
ra, stresa, drustvenih konflikata, razdvojenosti od poro-
dice. Porast negativnog afekta je posledica akumulacije
fizickog 1 psiholoskog napora, nedostatka sna i odmora
(Clemente, et al., 2019; Selmi, et al., 2022). Smanjenje
fizickih performansi moze biti povezano sa akumulaci-
jom umora (Coutts & Reaburn, 2008; Selmi, et al., 2020).
Sportske pripreme mogu dovesti do znacajnih poremeca-
ja raspolozenja (Selmi, et al., 2022). Kod dece starijeg
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In contrast, a reduction in negative affect was noted among
older school and high school students, suggesting better
adaptation to environmental changes and more effective
emotional regulation. Children and adolescents over the
age of 12 gradually develop more advanced emotional
regulation strategies (Zimmermann & Iwanski, 2014).
These findings are supported by research from Li et al.
(2022), which indicates that the impact of physical activity
on positive emotions is more pronounced in groups older
than 12 years compared to younger age groups.

In the case of negative affect, the results indicated
extremely low effect sizes and very low statistical pow-
er, confirming the absence of a significant impact of the
training camp on negative affect. An effective training
program requires a balance between load and recovery,
along with individualization and progression (Kasper,
2019). In addition to the lack of statistically significant
results, emotional stability observed during the training
camp represents a positive finding. The consistency of
emotional states across all three age groups may suggest
that the camp was well-designed and effectively imple-
mented, allowing for the maintenance of emotional bal-
ance in children (Skinner Zimmer-Gembeck, 2007).

This stability may also be the result of social sup-
port, team cohesion, a structured daily schedule, and the
presence of coaches - all of which contribute to a sense of
psychological safety. It is important to note that a low level
of statistical power was recorded (power < 0.60), which
increases the risk of failing to detect actual effects due to
insufficient sample size. The small sample, the short inter-
vention period (only seven days), as well as the nature of
the instrument used (the PANAS scale measures momen-
tary affective states, which can fluctuate from minute to
minute), represent the main limitations of this study.

CONCLUSION

It was expected that the track and field training
camp, featuring an engaging and diverse training pro-
gram alongside educational, creative, and social activi-
ties, would contribute to emotional improvement in the
athletes. However, the results suggest that the seven-day
camp did not lead to significant changes in the partici-
pants’ emotional states. Preliminary findings suggest a
slight decrease in positive affect and an increase in nega-
tive affect among the younger school-age group, whereas
the older and high school groups exhibited the opposite
trends, with a modest increase in positive affect and a de-
crease in negative affect. Although the observed changes
were in the expected direction, the Mixed between-with-
in subjects ANOVA did not reveal statistically significant

Skolskog uzrasta i srednjoskolaca dolazi do smanjenja
NA, sto ukazuje da se bolje prilagodavaju promenama
uslova sredine i bolje upravljaju svojim emocijama. Deca
i adolescenti stariji od 12 godina postepeno razvijaju efi-
kasniju emocionalnu regulaciju (Zimmermann & Iwan-
ski, 2014). To podrzavaju rezultati istrazivanja Lija i sa-
radnika (Li, et al., 2022) koji pokazuju da je uticaj fizicke
aktivnosti na pozitivne emocije veci u grupi starijoj od 12
godina nego u mladim grupama.

U slucaju negativnog afekta, rezultati su bili izuzet-
no niskog intenziteta, uz vrlo nisku snagu testa, $to potvr-
duje odsustvo znacajnog uticaja priprema na negativan
afekt. Efikasan trenazni program zahteva balans izmedu
opterecenja i oporavka, uz individualizaciju i progresiju
(Kasper, 2019). Pored statisticke neznacajnosti rezultata,
emocionalna stabilnost tokom priprema predstavlja pozi-
tivan nalaz. Stabilnost emocija u sve tri grupe moze uka-
zivati da su pripreme bile dobro osmisljene i realizovane,
$to je omogucilo odrzavanje emocionalne ravnoteze kod
dece (Skinner & Zimmer-Gembeck, 2007).

Vazno je napomenuti da je zabeleZena niska vred-
nost statistiCke snage (power<0.60), Sto povecava rizik
da se realni rezultati ne prikazuju zbog nedovoljne veli-
¢ine uzorka. Mala i neravnomerno rasporedena veliCina
uzorka, posebno kod srednjoskolaca, kratak vremenski
period (samo 7 dana delovanja intervencije), kao i pri-
roda instrumenta (PANAS skala meri trenutno stanje i
moze varirati iz minuta u minut) su glavna ogranicenja
ove studije. Uticaj pola nije analiziran u ovoj studiji, $to
predstavlja potencijalnu varijablu koja moze uticati na
afektivna stanja i trebalo bi je ukljuciti u budu¢im istra-
zivanjima.

ZAKLIUCAK

Ocekivalo se da ¢e atletske pripreme uz zani-
mljiv 1 raznovrstan trenazni program, edukativne,
kreativne i1 druStvene aktivnosti doprineti emocio-
nalnom poboljsanju kod atleticara. Medutim, rezul-
tati pokazuju da sedmodnevni boravak dece nije iza-
zvao velike promene u afektivnom stanju ucesnika.

Preliminarni nalazi ukazuju da je kod mladeg
Skolskog uzrasta doslo do blagog smanjenja pozi-
tivnog 1 povecanja negativnog afekta, dok su kod
starijeg 1 srednjoskolskog uzrasta zabelezeni su-
protni trendovi, blagi porast pozitivnog i smanjenje
negativnog afekta. lako su promene iSle u ocekiva-
nom smeru, kombinovana analiza varijanse (Mixed
between-within subjects ANOVA) nije pokazala sta-
tisticki znacajne razlike ni izmedu pocetnog i zavrs-
nog merenja (p>0.05), niti izmedu starosnih grupa.
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differences between pre- and post-test measurements (p
> 0.05) or between age groups. The reliability of the PA-
NAS scale was satisfactory (Cronbach’s a ranging from
0.73 to 0.79), confirming the adequacy of the instrument
used. These results suggest a certain degree of emotional
stability among participants during the camp, which may
be attributed to prior training experience, well-organized
activities, and social support. Nevertheless, the small
number of participants in the older groups and the short
duration of the camp likely contributed to the absence of
statistically significant effects.

A practical implication of these findings is the need
for continuous monitoring of athletes’ emotional states,
particularly among younger age groups, as well as the
implementation of appropriate psychological support
during training, camps, and competitions. Coaches and
parents should pay attention to potential signs of emo-
tional stress, such as sudden mood changes, withdrawal,
fatigue, or loss of motivation, and provide timely sup-
port through conversation, encouragement of rest, and
balancing physical load with psychological well-being.
Psychological stability and emotional regulation are
important factors for long-term athletic development
and mental health preservation. For future research, it
is recommended to include a larger sample, additional
psychological variables (e.g., stress, motivation), and a
longer experimental period to gain a better understand-
ing of athletes’ emotional states. Additionally, combin-
ing qualitative and quantitative methods would provide
a more comprehensive insight into athletes’ emotional
experiences during training camps.
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Abstract: This study employed a Grounded Theory approach to synthesize the existing literature on the psychological
factors that influence soccer players’ performance and career development. A total of 22 review articles were considered
suitable for the creation of this theory. Atlas.ti.24 software was used for qualitative analysis. A total of 146 codes were
encoded and grouped into six key categories: Psychological Traits and States, Cognitive and Perceptual Skills, Emotional
and Stress Management, Social and Environmental Influences, Health, Wellness, and Lifestyle, and Performance and
Skill Development. The resulting Grounded Theory explains the complex interplay between these psychological dimen-
sions and their impact on soccer performance. This study emphasizes the importance of holistic athlete development by
integrating psychological skills training with physical and technical preparation. This comprehensive framework offers
valuable insights for coaches, sports psychologists, and researchers by suggesting targeted interventions to optimize player
performance and support long-term career success. This theory underscores the need for individualized approaches to
psychological training and the integration of mental health considerations in soccer development programs. While limited
by its focus on review articles and the exclusion of primary studies, this research provides a foundation for future empirical
investigations and practical applications in soccer psychology. The study concluded that psychological factors are integral
to soccer performance, are equal in importance to physical and tactical elements, and should be systematically incorpo-
rated into training and development strategies.

Keywords: football, psychological factors, sports psychology, athletes’ development, review, qualitative research

INTRODUCTION

The prediction or explanation of performance in soccer is a complex, multifactorial question, influenced by the
interaction of technical, tactical, physical, and psychological dimensions (Forsman et al., 2016; Kusuma et al., 2024;
Plakias & Karakitsiou, 2024). While traditional models of performance optimization have heavily emphasized physi-
cal and technical-tactical factors, recent research increasingly recognizes the foundational role of psychological fac-
tors in shaping both immediate performance outcomes and long-term career trajectories (Plakias, 2023). Understand-
ing and integrating psychological processes, ranging from emotional regulation to cognitive flexibility, has emerged
as a critical frontier in both sports science and applied practice (Ivarsson et al., 2020; Plakias & Karakitsiou, 2024).

The exploration of psychological determinants in soccer remains a persistent challenge for researchers and practitio-
ners alike. A growing body of evidence suggests that factors such as mental toughness, emotional stability, stress manage-
ment, and self-confidence are not just peripheral elements but essential components of elite-level performance (Golding et
al., 2020; McAuley et al., 2021). Furthermore, psychological stressors, including injury-related trauma, effective athlete re-
covery, social pressure, fear of failure, and performance anxiety, have been shown to significantly impair athletic outcomes
and hinder recovery processes (Haller et al., 2022; Marqués Jiménez et al., 2017; Van Eetvelde et al., 2021).

Within this context, psychological readiness for return-to-play (Van Der Horst et al., 2017), the prevalence of
mental health concerns such as depression and burnout (Golding et al., 2020), and the influence of social dynamics
within teams (Hills et al., 2018) all contribute to the broader psychological ecology of soccer performance. More-
over, literature underscores the importance of embedding psychological skills training, such as goal setting, imagery,
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and self-talk, within the operational frameworks of professional academies and teams (Ivarsson et al., 2020; Raya-
Castellano & Uriondo, 2015).

Despite the increasing evidence and applied emphasis, most existing reviews treat psychological factors in
isolation, failing to provide a comprehensive, integrative model that reflects the dynamic, interrelated nature of these
variables within a competitive soccer environment. For this reason, we chose to conduct a review of existing review
articles using the Grounded Theory methodology, based on the model of Onions (2006) and Wolfswinkel et al. (2013)
(i.e. using already published studies as data. Regarding the combination of psychology and performance, only Holt
and Dunn (2004) adopted Grounded Theory, and using interviews, presented a theory of psychosocial skills and en-
vironmental conditions related to how an adolescent can become a professional soccer player. What is absent from
the existing literature is a comprehensive Grounded Theory that synthesizes a vast array of psychological factors that
affect soccer players’ performance and career longevity.

In response to these gaps, the purpose of this study is to construct a data-driven, integrative theory that ex-
plains the psychological foundations of soccer performance and career development. This is accomplished through
a Grounded Theory analysis of international literature, aiming to explore not only what psychological factors are
important but also how they interact and co-construct performance outcomes. The study addresses the following
research questions: (a) What are the core psychological dimensions that influence soccer performance and career
trajectories? (b) How do these dimensions interrelate to form a holistic framework of psychological readiness and
resilience? (c) What implications does this framework have for athlete development, training design, and applied
psychological support in soccer? In offering this theory, the study contributes a structured yet flexible model that
can guide future research, inform applied practices, and support the holistic development of soccer players within
increasingly demanding and psychologically complex environments.

MATERIAL & METHODS

Methodology

We utilized a qualitative research design employing a Grounded Theory approach to conduct the present litera-
ture review, wherein the researcher initiated exploration within a specific domain and developed theories based on
the collected data (Urquhart, 2022). The Grounded Theory methodology was selected because of its intrinsic ability
to provide insights, understanding, and a valuable framework for practical implications (Groom et al., 2011). The
execution of this study adhered to a) the recommendations of Strauss and Corbin (1998) for Grounded Theory, and b)
the proposition by Onions (2006) and Wolfswinkel et al. (2013) utilizing Grounded Theory as a method for review-
ing literature”. It is worth noting that the authors have experience constructing Grounded Theory using published
scientific articles as data (Karakitsiou et al., 2024; Kasioura et al., 2025; Plakias et al., 2024).

Inclusion-exclusion criteria

Only review articles written in English, for which the authors could access the full text, were included. Articles
related to sports other than soccer, articles related to the female sex, or soccer players who had retired from active
action were not included.

Search

The search for documents to be used as data was conducted on May 15, 2024, using the Scopus and Web of Sci-
ence search engines. In the first stage, the BOOLEAN expression “(psychological OR psychology) AND (soccer OR
football) AND player AND performance” was used in the titles, abstracts, and keywords of the articles. The initial
search yielded 1049 articles on Scopus and 249 on Web of Science. Limiting the findings to only review articles, the
numbers from the two databases were 69 and 22, respectively. After removing duplicates, 69 articles remained. Nine
articles were excluded because they focused on another sport, three because they were in German, four because they
were in Spanish, four because they concerned female individuals, three because they concerned players who had re-
tired, one because it was retracted, six because, although given as reviews by the search engines, they were actually
research articles, and 25 because their purpose was different from the subject of our research. Therefore, 14 articles
were selected in the first stage. In the second stage, which was carried out gradually, the BOOLEAN expression
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(sport OR athlete OR soccer OR soccer) AND (SECTION B) was used. For SECTION B, various expressions were
used (psychological factors, mental health, mental toughness, stress, anxiety, mood, etc.). Eight of the articles that
met the inclusion criteria were ultimately necessary until theoretical saturation occurred. The search for the articles
was conducted by the first and the last author, while in cases where there were disagreements, these were resolved in
a meeting in which all the authors participated. Finally, 22 review articles were selected as data to build the theory.

Building the Grounded Theory

The 22 articles were imported into the Atlas.ti.24 software, where an independent comprehensive study of the
articles and content analysis were conducted by the first two authors. The two authors separately performed initial
coding (open coding) and constructed conditional and consequential matrices. The results from the previous stage
were discussed in a joint meeting of all four authors, where the final extraction of key concepts, categories, subcat-
egories, and their connections was made (open coding and axial coding). In the same session, the final conclusions
for the theory construction were drawn (selective coding).

RESULTS
The authors, year of publication, and titles of the 22 review articles that were used as data for the extraction of

the theory are included in Table 1. The articles were arranged in chronological order from oldest to newest.

Table 1. The articles that were used as data

Authors (Year)

Title

Raglin (2001)

Psychological Factors in Sport Performance

Nippert and Smith (2008)

Psychologic Stress Related to Injury and Impact on Sport Performance

(Slimani et al., 2016)

Do cognitive training strategies improve motor and positive psychological skills
development in soccer players? Insights from a systematic review

Gledhill et al. (2017)

Psychosocial factors associated with talent development in soccer: A systematic review

Slimani et al. (2017)

Steroid hormones and psychological responses to soccer matches: Insights from a
systematic review and meta-analysis

Rocha and Osério (2018)

Associations between competitive anxiety, athlete characteristics and sport context:
evidence from a systematic review and meta-analysis

Heidari et al. (2019)

A practitioner’s perspective on psychological issues in soccer

Kalinowski et al. (2019)

Motor and psychological predispositions for playing soccer

Liew et al. (2019)

Mental toughness in sport: Systematic review and future

Golding et al. (2020)

The prevalence of depressive symptoms in high-performance athletes: a systematic
review

Ivarsson et al. (2020)

Psychological factors and future performance of soccer players: A systematic review with
meta-analysis

Beauchamp et al. (2021)

Achieving Mental Health and Peak Performance in Elite Athletes

Groenewal et al. (2021)

Burnout and Motivation in Sport

Ong and Chua (2021)

Effects of psychological interventions on competitive anxiety in sport: A meta-analysis

Gonzalez-Villora et al. (2022)

The role of mental fatigue in soccer: a systematic review

James et al. (2022)

The use of self-compassion techniques in elite footballers: mistakes as opportunities to
learn

van lerssel et al. (2022)

Which psychosocial factors are associated with return to sport following concussion? A
systematic review

Cook and Charest (2023)

Sleep and Performance in Professional Athletes

James et al. (2023)

Treating mental stress in elite footballers using a stigma-free psychological approach: The
Power Threat Meaning Framework

Layton et al. (2023)

The measurement, tracking and development practices of English professional soccer
academies

Selmi et al. (2023)

Monitoring mood state to improve performance in soccer players: A brief review

Andrade et al. (2024)

Impact of the COVID-19 pandemic on the psychological aspects and mental health of elite
soccer athletes: a systematic review
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Of the 22 articles, 146 codes were encoded and grouped into six categories: 1) Psychological Traits and States;
2) Cognitive and Perceptual Skills; 3) Emotional and Stress Management; 4) Social and Environmental Influences; 5)
Health, Wellness, and Lifestyle; and 6) Performance and Skill Development. The first category was divided into three
subcategories (emotional and psychological states, self-rated traits and dispositions, and motivational and resilience
factors). All codes, along with the categories and subcategories to which they belong, are listed in Table 2.

Table 2. Codes, along with categories and subcategories

Categories Codes

Emotional and Psychological States: Adaptive perfectionism, Anger, Anxiety, Competitive anxiety,
Confidence, Confusion, Depressive symptoms, Emotional exhaustion, Emotional resilience,
Emotional stability, Fear of deselection, Fear of failure, Fear, Mental fatigue, Mood disturbances,
Perceived stress, Psychological distress, Psychological disturbance, Stress, Tension, Vigor

1. Psychological Traits  self-Related Traits and Dispositions: Self-acceptance, Self-awareness, Self-compassion, Self-
and States confidence, Self-control, Self-criticism, Self-efficacy, Self-esteem, Self-motivation, Self-regulation,
Low levels of neuroticism, Low trait anxiety, High psychic vigor

Motivational and Resilience Factors: Ability to quickly adapt, Attention, Autonomy, Focus, Grit,
Mental toughness, Motivation, Pain tolerance, Perceived competence, Psychological resilience,
Psychological strength, Psychological wellbeing

Anticipatory skills, Cognitive demands, Cognitive effort, Cognitive load, Cognitive restructuring,
2. Cognitive and Cognitive standpoint, Cognitive strategies, Decision-making skills, Developing self-control, Mental
Perceptual Skills challenges , Mental imagery, Mindfulness, Mindset, Non-verbal intelligence, Perceptual abilities,
Perceptual-cognitive functions, Reflective skills

Coping skills, Coping strategies, Coping with anxiety, Enhancing coping skills, Goal orientation,
3. Emotional and Stress Goal setting, Imagery, Maintaining focus, Maximization of action, Mindfulness techniques, Positive
Management self-talk, Pre-competition anxiety, Pre-competition stress, Pre-performance routines, Relaxation,
Relaxation techniques, Task-oriented coping strategies

Accessibility to rehabilitation, Coach influence, Competitive environments, Complex social
environments, Criticism from fans, Criticism from social media, Demographic Sport ethic/

4. Social and philosophy, Environmental factors, Family dynamics , Financial troubles, Organizational
Environmental environments, Organizational issues, Parents, Peers, Player-coach-parent triads, Rehabilitation
Influences environment, Relatedness, Relationship, Social aspects, Social parameters, Social perception, Social

support, Sports medicine team influence, Stakeholders, Team dynamics, Teammate influence,
Psychosocial wellbeing

Disordered eating, Healthy sleep habits, Injury concerns, Psychological interventions, Psychological
preparation , Psychological readiness, Quality of life, Rehabilitation environment, Sleep
disturbances, Stressful situations

5. Health, Wellness,
and Lifestyle

Attribution theory, Burnout, Choking under pressure, Commitment therapy, Competence,
Competitiveness, Concentration, Control under pressure, Delaying gratification, Development/
training of psychological skills, Discipline, Enjoyment, Fostering gratitude, Individual Differences,

6. Performance and Intrinsic motivation, Motor activity, Motivation strategies for prevention and treatment,

Skill Development Motivational orientation, Personal issues, Personality traits, Pressure, Psychological barriers,
Psychological characteristics, Psychological development, Psychological impacts of the COVID-19,
Psychological interventions, Psychological Skill Training (PST) programs, Psychological skills,
Reducing perfectionism, Resilience to the rigors of long-term

DicussioN

Psychological Traits and States

As illuminated by various studies, the complex combination of Emotional and Psychological States, such as
adaptive perfectionism, emotional resilience, and stress management; self-rated traits such as self-control, self-effica-
cy, and self-regulation; and Motivational and Resilience Factors including focus, grit, and psychological well-being,
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merge to define the psychological basis of elite athletes (Andrade et al., 2024; Heidari et al., 2019; Slimani et al.,
2016).

An athlete’s ability to quickly adapt, coupled with high psychological vigor and mental toughness, is considered
essential for sporting excellence. Players who can endure through the emotional upheaval of competitive anxiety and
depressive symptoms with confidence and concentration are often the ones who achieve the best performances (Ka-
linowski et al., 2019; Selmi et al., 2023). However, the interplay of mental fatigue, mood disturbances, and perceived
stress determines the boundaries between success and burnout (Gledhill et al., 2017; Ivarsson et al., 2020).

The science of sports psychology has evolved to help a better understanding of these psychological domains,
acknowledging their role in not only strengthening athletes’ intrinsic motivation and attention but also in managing
pain tolerance and perceived competence (Cook & Charest, 2023; Slimani et al., 2017). As such, the development of
psychological skills is now seen as an indispensable part of an athlete’s training process, shaping their response to
the rigorous demands of professional sports and decreasing the impact of the fear of failure or deselection (Golding
et al., 2020; Layton et al., 2023).

Integrating these psychological aspects into coaching and training practices demands joint effort, aligning with
contemporary research that underscores the significance of psychological readiness, emotional stability, and auton-
omy in optimizing athletic performance (Gonzalez-Villora et al., 2022; James et al., 2022). The constant search for
balance in a soccer player’s psychological profile suggests a shift towards employing psychological resilience and
well-being as key drivers of career longevity and success (Beauchamp et al., 2021; Rocha & Osorio, 2018).

In sum, the profound influence of “Psychological Traits and States” on a soccer player’s performance trajec-
tory is evident, as it combines with their skill development, reflecting a complex interplay of internal fortitude and
external prowess that move them towards achieving their professional zenith (Bédard Thom et al., 2021; Groenewal
et al., 2021; Ong & Chua, 2021).

Cognitive and Perceptual Skills

Cognitive and perceptual skills play a critical role in the demanding game of soccer, where split-second deci-
sions can determine the outcome of a match. Players’ cognitive load and perceptual abilities are as essential as their
physical properties. Anticipatory skills, decision-making abilities, and perceptual-cognitive functions enable play-
ers to succeed in the complex and dynamic environment of the field, where rapid information processing and swift
responses are required (Heidari et al., 2019; Slimani et al., 2016). Such cognitive demands necessitate robust mental
imagery and cognitive strategies that align with the game’s unpredictability. Reflective skills, alongside a mindset
achieved through cognitive restructuring and mindfulness, reinforce players’ capacity to adapt and excel (Andrade
etal., 2024).

Moreover, cognitive effort is not just about in-the-moment reactions, but also involves the development of self-
control and a disciplined approach to the mental challenges of the sport. Mental fatigue can decrease attention and
general performance; hence, there is a need for interventions that enhance mental resilience (Gonzalez-Villora et al.,
2022). Soccer players benefit from training that incorporates psychological interventions adapted to cognitive and
perceptual demands, thus optimizing their competitive performance and laying the basis for prolonged career success
(James et al., 2022). Nonverbal intelligence, another crucial cognitive aspect, equips players with the ability to read
the game and their opponents, further influencing their on-field efficacy (Gledhill et al., 2017). Thus, the intersection
of cognitive and perceptual skills with athletic performance underscores the importance of an integrated training ap-
proach that combines the physical, technical, and cognitive dimensions of player development (Ivarsson et al., 2020;
Kalinowski et al., 2019).

Emotional and Stress Management

Emotional regulation and stress management are pivotal for soccer players’ performance, as they affect their
ability to engage in games with focus and determination. The capacity to employ coping strategies such as goal set-
ting and positive self-talk significantly enhances players’ ability to handle pre-competition stress and anxiety, leading
to better performance under pressure (Heidari et al., 2019; Rocha & Osorio, 2018). Furthermore, incorporating relax-
ation techniques and imagery can facilitate players to achieve a state of mindfulness, enabling them to maintain focus
and maximize their actions in the field (Slimani et al., 2016). A soccer player’s skill in managing pre-performance
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routines and utilizing task-oriented coping strategies often differentiates those who can consistently perform at their
peak from those who are beaten by the pressure (Gledhill et al., 2017).

Effective stress management not only prepares players for the psychological demands of competition, but also
supports their long-term well-being and career development. Goal orientation and consistent application of mental
toughness strategies ensure that players approach each game with resilience and a mindset equipped to handle the dif-
ficulties of professional sports. Additionally, emotional stability contributes to an athlete’s success, highlighting the
importance of psychological well-being in sustained high-level performance (Raglin, 2001). In essence, the ability
to cope with anxiety and manage stress through well-established psychological interventions plays a crucial role in
the overall athletic performance, recovery from difficulties, and long-term success of soccer players (Bédard Thom
etal., 2021; van Ierssel et al., 2022).

Social and Environmental Influences

The social and environmental contexts within which soccer players operate influence their performance and
career trajectory. The complex social environments of clubs, characterized by player-coach-parent triads, can create
an environment of stress that must be managed to protect players’ performance capabilities (Heidari et al., 2019). Ad-
ditionally, the role of coaches, as indicated by Ivarsson et al. (2020), extends beyond technical and tactical guidance
because their influence can shape an athlete’s resilience and adaptation to competitive environments. Furthermore,
the dynamics within the team and the support or criticism from fans and social media can shape a player’s social
perception, impacting their mental health, and consequently, their performance in the field (James et al., 2022).

Moreover, accessibility to a supportive rehabilitation environment, inclusive of a sports medicine team adapted
to the athlete’s psychosocial well-being, significantly affects recovery outcomes and return-to-sport success (van
lerssel et al., 2022). The support felt by an athlete within their team, combined with social support from family and
peers, creates a protective mechanism against competition pressure, fostering a psychological state that is helpful for
optimal performance. This relationship between environmental factors and performance underscores the importance
of holistic sports medicine approaches that integrate social support structures to address and enhance athletic well-
being (Nippert & Smith, 2008; Raglin, 2001). Essentially, the interaction of social parameters, team dynamics, and
organizational issues forms a combination of factors that can lead to the maximization of a soccer player’s potential
and career longevity.

Health, Wellness, and Lifestyle

The concepts of health, wellness, and lifestyle encompass many factors that significantly influence soccer play-
ers’ performance. The psychological preparation of athletes, which includes the management of stress and estab-
lishment of healthy sleep habits, is crucial for maintaining a high level of performance and ensuring psychological
readiness for the demands of competition (Cook & Charest, 2023). Injuries are a significant threat not only to physical
capabilities, but also to psychological well-being, with concerns such as disordered eating and sleep disturbances that
often arise during the rehabilitation process. Thus, the role of a rehabilitation environment is key to supporting an
athlete’s return to sports (van lerssel et al., 2022).

Moreover, the quality of life outside the field directly affects on-field performance. Psychological interventions
aimed at promoting a balanced lifestyle can help players manage stressful situations, such as criticism from fans or
social media, and maintain their focus on games. The implementation of specific psychological strategies, such as
goal setting and positive self-talk, can help manage pre-competition anxiety and ensure that athletes are mentally
and physically prepared for their performance (Heidari et al., 2019; Ong & Chua, 2021). Overall, health, wellness,
and lifestyle are linked to the holistic development of soccer players, which demands a comprehensive approach to
optimize performance and career longevity.

Performance and Skill Development

In the search for exceptional soccer performance, more than just physical training is required. This is a result of
psychological skills and development. Effective psychological interventions, based on attribution theory and com-
mitment therapy, play a pivotal role in the athlete’s journey, enhancing intrinsic motivation and helping overcome
psychological barriers that can lead to phenomena such as “choking under pressure” (Heidari et al., 2019). As players
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try for competence and success in their sport, commitment to discipline, enjoyment of the process, and the charac-
teristic of not being easily satisfied become integral elements of their psychological profile. The implementation of
Psychological Skill Training programs is recommended to improve focus, manage pressure, and foster resilience to
the demands of long-term training, which are essential for both emerging talents and seasoned professionals (Beau-
champ et al., 2021).

Moreover, individual differences in psychological characteristics, such as motivation strategies for the preven-
tion and treatment of burnout, can influence the development and improvement of motor skills and competitive per-
formance (Gledhill et al., 2017; Groenewal et al., 2021). Personal issues, including the psychological impacts of situ-
ations such as the COVID-19 pandemic, have shown the necessity of comprehensive support systems that address not
only the physical but also the psychological aspects of recovery and well-being (Andrade et al., 2024). Techniques for
reducing perfectionism, fostering gratitude, and nurturing psychological development are part of a holistic approach
that aligns an athlete’s lifestyle with their professional ambitions, ensuring a balance between mental health and peak
performance (James et al., 2022; James et al., 2023).

GROUNDED THEORY

These six concepts are interconnected through a dynamic network of interdependencies (Figure 1). For example,
physical health (5) affects cognitive and perceptual skills (2), which, in turn, influences performance and skill devel-
opment (6). This sequence is supported by Kalinowski et al. (2019), who discussed the importance of physical and
mental preparation in soccer, and Slimani et al. (2016), who emphasized the benefits of cognitive training strategies.
Emotional management (3) can improve the handling of social and environmental influences (4), helping the soccer
player remain focused and effective on the field, a point that Cook and Charest (2023) also emphasized regarding
sleep’s role in mental health and performance. In turn, a positive social environment can improve the psychological
state (1), enhancing self-confidence and resilience, as Gledhill et al. (2017) showed in the context of psychosocial
factors in talent development.

The interconnection of these six concepts can form the basis for a Grounded Theory explaining how psychol-
ogy affects performance and a soccer player’s career. For example, soccer players with excellent cognitive skills (2)
can improve their performance (6) through enhancing psychological characteristics (1), such as self-confidence and
concentration, while simultaneously managing anxiety (3) in a way that allows them to remain effective under pres-
sure (Andrade et al., 2024). Further, Rocha and Osério (2018) explored how competitive anxiety varies and impacts
athletes’ performance, emphasizing the importance of interventions tailored to manage such anxiety.

Additionally, the goal of continuous development and improvement (6) presupposes a balanced approach to
health and well-being (5), as well as a positive environment that encourages development (4). The studies of Kalin-
owski et al. (2019) and Cook and Charest (2023) provide insights into how physical fitness, mental preparation, and
sleep health are crucial for maintaining performance at the highest level. Awareness of how external and internal in-
fluences interact and contribute to performance can help soccer players identify strategies and techniques that lead to
improved performance and success. For example, incorporating pre-game routines that include relaxation or concen-
tration techniques can help manage anxiety (3) and enhance performance under pressure, reinforcing the findings of
Slimani et al. (2017) on the effects of steroid hormones and psychological responses on soccer players’ performance.

By developing a strategy for self-improvement that includes continuous evaluation and improvement of cogni-
tive and perceptual skills (2), soccer players can develop their ability to make quick and effective decisions on the
field. Empathy and communication skills, developed through engaging with social and environmental influences (4),
can improve team collaboration and social support. The research by Gledhill et al. (2017) underlines the importance
of psychosocial factors in talent development and the significant role of social support in fostering psychological
characteristics like resilience and commitment.

An approach to health and well-being (5) means that caring for physical health, a balanced diet, adequate sleep,
and stress management are fundamental for maintaining performance at the highest possible level. This holistic care
contributes to injury prevention and accelerates recovery, allowing greater consistency in performance and skill
development (6). Golding et al. (2020) discussed the prevalence of depressive symptoms among high-performance
athletes, emphasizing the need for tailored interventions to support mental well-being.

Continuous improvement and skill development require soccer players to be open to new training methods, seek
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regular feedback from their coaches, and be willing to experiment with new tactics and strategies during the game.
Development is not limited to physical or technical skills but also extends to understanding the significance of psy-
chological readiness and a growth mindset. Ivarsson et al. (2020) highlights the association between psychological
factors and future soccer performance, emphasizing the importance of psychological preparation and resilience in
athlete development.

This theory of soccer player development, which combines the six basic concepts (psychological characteristics
and states, cognitive and perceptual skills, emotional management and anxiety, social and environmental influences,
health, well-being, and lifestyle, performance, and skill development), offers a dynamic framework for optimizing
performance and professional development in sports. Through the application of this theory, soccer players can rec-
ognize and utilize available resources, skills, and opportunities for development to achieve the highest possible per-
formance and advance their professional careers. Continuous self-discovery, self-assessment, and the development
of personal goals in combination with strategic training and support from coaches and team, make the realization of
these goals possible.

Therefore, this holistic perception of soccer player development underscores the critical balance between physi-
cal and mental health, ongoing personal and professional growth, and the resilience needed to overcome challenges.
Through understanding and applying the principles contained in the six basic concepts, soccer players can form a
stable foundation for achieving success, both on and off the field.
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Figure 1. Grounded Theory on the impact of psychological factors on the performance and career of a soccer player

LIMITATIONS

The exclusive use of review articles as primary data sources means that the conclusions drawn depend on the
quality and focus of the included reviews. Moreover, in the present research, only articles written in the English
language were used that were found in only two searching engines. The exclusion of studies on female athletes and
retired soccer players indicates a gap in the representation that future research could aim to fill. Finally, the Grounded
Theory approach, while insightful, includes the subjective judgment of the researcher as opposed to the objectivity
of quantitative research. Future research is suggested to incorporate a greater variety of sources, including primary
research articles, articles written in languages other than English, more search engines as well as interviews with cur-
rent professional players, which could provide direct insights into the psychological aspects of soccer performance.
An expansion of the study to include female athletes and athletes from varying levels of play would offer a broader
understanding of the psychological factors at play.
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CONCLUSIONS

This study synthesized 22 studies to construct a Grounded Theory elucidating the impact of psychological
factors on soccer players’ performance and career development. Central to this framework is the recognition of psy-
chology as an integral component of soccer, combined with physical, technical, and tactical elements. The findings
highlighted the role of cognitive and perceptual skills in decision-making, the importance of emotional and stress
management in resilience, and the influence of social and environmental factors on athletes’ mental health and perfor-
mance. This study’s contribution to the international literature lies in its comprehensive integration of psychological
factors into a holistic framework. A simple listing of the factors was not done, but the connections between them and
the way they interact with the final result of improving the performance of soccer players were detected.

For coaching staff and sports psychologists, the practical applications of this study lie in the development of
specific psychological skill training programs that consider individual athlete’s needs. Implementing strategies to
manage stress, build resilience, and enhance cognitive and perceptual skills should be integrated into routine train-
ing sessions. The advancement of psychological knowledge within the soccer context can potentially revolutionize
training methodologies, enhance athlete care, and improve performance outcomes. Therefore, the incorporation of
psychological factors into training and rehabilitation programs could be decisive in establishing psychology as a basis
for athlete development equivalent to physical conditioning and technical-tactical training.
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Abstract: Kabaddi is a team sport that requires physical strength, agility, endurance, and offensive and defensive skills.
Body composition, such as muscle mass, fat-free mass, and fat mass, is believed to influence performance. This study
analyzes the relationship between body composition, agility, and the performance of kabaddi athletes, as well as the con-
tribution of each variable to the performance of kabaddi athletes. This correlational study with a cross-sectional approach
involved 32 active kabaddi athletes from East Java. Data collection was carried out by measuring waist circumference with
a measuring tape, while muscle mass, fat-free mass (FFM), and fat mass were measured using bioelectrical impedance
analysis (BIA) with the InBody 270, agility was assessed with the T-agility test, and kabaddi performance was evaluated
by experts based on raiding, catching, and teamwork skills. The results showed that muscle mass had the strongest correla-
tion with kabaddi performance (r=0.957, p=0.001), followed by fat-free mass (r=0.937, p=0.001) and waist circumference
(r=0.749, p=0.001), while fat mass showed a lower significant correlation (r=0.512, p=0.010). Agility showed a signifi-
cant negative correlation (r=-0.775, p=0.001), where faster agility test times were associated with better performance. The
regression model explained 95.3% of the variability in kabaddi performance. In conclusion, muscle mass, fat-free mass,
and agility are the main predictors of kabaddi athlete performance, while fat mass and waist circumference had minimal
impact.

Keyword: Kabaddi, Body composition, Agility, Physical strength, Endurance

INTRODUCTION

Kabaddi is a martial art that lasts 40 minutes, interspersed with a 5-minute break (20-5-20). The game aims to
touch as many defenders as possible without running out of breath while charging into the opponent’s area to score
points (Singh, 2023). Therefore, one can gauge a player’s Kabaddi performance by the number of points they score
in a 40-minute period. Kabaddi is a team contact sport that requires high endurance, explosive power, strength, agil-
ity, response time, spatial awareness, and speed (Anita et al., 2020). Players must move quickly and think quickly,
requiring quick reflexes and decision-making abilities even outside the game (Singh, 2023). The combination of
movements in this sport, such as jumping, dodging, turning, pushing, and falling, increases the risk of injury for each
athlete (Dahiya and Kumar, 2023). Therefore, we can conclude that agility plays a crucial role in kabaddi perfor-
mance. Consequently, Kabaddi players focus their training regimens on agility (Prakash et al., 2021).

The literature well documents the importance of agility in kabaddi. According to Muthukumar and Kumaresan
(2019), the most important motor skill in Kabaddi is agility. Majlesi et al. (2012) state that in order to evade adversary
grappling, each player must have a high level of speed, particularly while changing directions, in order to catch their
opponents successfully (Mamgain, 2021; Patel Ankur Chaturbhai and Dr. Gagan Vyas, 2023). An athlete’s agility
directly impacts the fast-paced game of Kabaddi, which involves sprinting, dodging, and quick reflexes (De et al.,
1982). An athlete’s agility directly influences the need for “both aerobic and anaerobic endurance with a well-built
physique,” according to another study on Indian national kabaddi players (Dey, Khanna, and Batra, 1993). Yallap and
Munireddy (2019) found that training with shuttle runs to increase speed did not significantly affect the performance
of kabaddi athletes (Utama et al., 2022).

Kabaddi differs from other sports in that it involves direct physical contact with the opponent, necessitating a
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good body composition and agility to avoid or attack the opponent for optimal performance (Kumar, Nara, and Dhull,
2023). Therefore, we anticipate that body composition, including aspects like muscle mass, body fat percentage, and
lean body mass, will significantly influence a Kabaddi player’s level of success (Kumar Kaushik et al., 2018). It is
possible that athletes with varied body compositions would experience a variety of benefits and drawbacks when par-
ticipating in this activity. In order to improve player growth and overall success, it is essential for players, coaches,
and sports scientists to have a solid understanding of the link between body composition and Kabaddi performance
(Johnson and Ivarsson, 2017).

Kabaddi is a sport that emphasizes physical strength, agility, endurance, and defensive and attacking abilities,
so optimal body parameters are key to athlete success (Aggarwala et al., 2019). High muscle mass and low fat mass
contribute to increased strength and agility (Dharmajayanti, Negara, and Artini, 2023), while proportional waist cir-
cumference correlates with better movement ability and endurance (Devaraju & Kalidasan, 2012). Fat-free mass, as
a primary indicator of muscle strength, plays a major role in intense physical activities such as attacking and defend-
ing in kabaddi (Portella et al. 2014; Roy and Sarkar, 2022). However, despite evidence supporting the importance of
body composition in other sports such as football and wrestling, specific research examining the direct relationship
between these body components and specific performance in kabaddi is limited. Most studies focus more on the
general benefits of physical fitness without taking into account the unique physiological and biomechanical needs
of kabaddi. Furthermore, the majority of studies have focused on general athlete populations, neglecting contextual
factors like player positions (raider or defender) or variations in competition levels. This study intends to bridge this
gap by thoroughly examining the impact of waist circumference, muscle mass, fat-free mass, and fat mass on kabaddi
performance, thereby offering more precise guidance for kabaddi athlete training and evaluation programs.

Kabaddi is a sport that emphasizes physical strength, agility, endurance, and defensive and attacking abilities,
so optimal body parameters are key to athlete success (Aggarwala et al., 2019). High muscle mass and low fat mass
contribute to increased strength and agility (Dharmajayanti et al., 2023), while proportional waist circumference cor-
relates with better movement ability and endurance (Devaraju and Kalidasan, 2012). Fat-free mass, as a primary indi-
cator of muscle strength, plays a major role in intense physical activities such as attacking and defending in kabaddi
(Portella et al. 2014; Roy and Sarkar, 2022). However, despite evidence supporting the importance of body composi-
tion in other sports such as football and wrestling, specific research examining the direct relationship between these
body components and specific performance in kabaddi is limited. Most studies focus more on the general benefits of
physical fitness without taking into account the unique physiological and biomechanical needs of kabaddi. Further-
more, most studies have focused on general athlete populations, neglecting contextual factors like player positions
(raider or defender) or variations in competition levels. This study intends to bridge this gap by thoroughly examining
the impact of waist circumference, muscle mass, fat-free mass, and fat mass on kabaddi performance, thereby offer-
ing more precise guidance for kabaddi athlete training and evaluation programs.

METHOD

Study design and participants

This type of research is a correlational study that uses a cross-sectional approach to identify the relationship
between body composition, agility, and performance of Kabaddi athletes. All 34 East Java kabaddi athletes, who were
still actively competing in official national tournaments and had no history of serious injuries or medical conditions
that affected performance, comprised the population. The determination of the number of samples was calculated
using the Slovin formula with a margin of error of 5%, and a value of 31.336 was obtained and rounded up to 32
(Adhikari, 2021). All participants were male and ranged in age from 19 to 24 years (M =21.28 + 1.75). None had a
history of significant injuries or illnesses that could impact their performance. Participants must actively compete in
recognized tournaments and follow consistent training routines to qualify. As is common in regional Kabaddi training
environments, all had experience in both offensive and defensive roles. However, specific positions like raider (at-
tacker) or defender were not distinguished during data collection. Future research should consider grouping players
by their role to better understand position-specific physical and performance demands.
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Data collection

Data collection was carried out by measuring waist circumference with a measuring tape. In contrast, muscle
mass, fat-free mass (FFM), and fat mass were measured using bioelectrical impedance analysis (BIA) with the In-
Body 270 brand made by InBody Co., Ltd., South Korea (Duren et al., 2008). The T agility test was used in this study
to measure agility (Subramani, Perumal, and Velu, 2019; Labib Siena Ar Rasyid et al., 2023). Researchers sought the
help of kabaddi experts to conduct a kabaddi performance assessment. Kabaddi experts evaluate the Kabaddi players’
playing performance by assigning points based on three factors, including their raiding ability. The evaluation also
accounted for the following factors: We evaluated the athletes’ catching ability and teamwork skills. Kabaddi experts
rate each criterion on a scale of 1-10, with 10 representing the best performance (Singh, 2023).

Data analysis

Descriptive statistics used the mean, standard deviation, minimum, and maximum values of the research vari-
ables to describe the characteristics of the data. These variables included body composition (waist circumference,
muscle mass, fat-free mass, and fat mass), agility, and Kabaddi performance. Furthermore, Pearson correlation analy-
sis was used to identify the relationship between the independent variables, namely body composition and agility,
with the dependent variable, Kabaddi performance. Then, multiple linear regression analysis was conducted to test
the contribution of each independent variable to Kabaddi performance simultaneously. The results of linear regres-
sion were evaluated through the coefficient of determination (R-squared) value to determine how much the indepen-
dent variables could explain the variance in the dependent variable. The ANOVA test was used to test the signifi-
cance of the overall regression model by examining the F value and significance level (p-value). Finally, regression
coefficient analysis was conducted to determine the specific contribution of each independent variable to Kabaddi
performance. Variables with a p-value of less than 0.05 were considered to have a significant effect, with the direction
and strength of the effect expressed through the regression coefficient value (B) and standard error. This approach
provides a comprehensive understanding of the relationship between body composition, agility, and the performance
of Kabaddi athletes.

RESULTS
Table 1-3 will present the mean data, standard deviation, and minimum and maximum values of the variables
in this study.

Table 1. Descriptive Statistics of Anthropometric Parameters

Variable Mean+SD Min  Max
Age (years) 21.28+1.75 19 24
Body weight (kg) 67.95+7.68 58 87
Body height (cm) 170+0.07 158 186

The 32 male Kabaddi athletes ranged in age from 19 to 24, with an average age of 21.28 = 1.75 years. The aver-
age height was 170 c¢m, ranging from 158 to 186 cm, and the average weight was 67.95 + 7.68 kg. These numbers
show that young adult athletes in the competitive age range for high-performance Kabaddi comprised most of the
sample.

Table 2. Descriptive Statistics of Body Composition Data

Variable Mean+SD Min  Max
Waist Circumference (cm) 0.83+0.06 0.72 0.93
Muscle Mass (kg) 21.77+2.32 16.4  26.3
Fat-Free Mass (kg) 45.28+3.49 40.2 53.7
Fat Mas (kg) 17.31+1.38 152 19.7
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Table 2 shows the waist circumference, which ranged from 0.72 to 0.93 meters with a mean of 0.83 + 0.06
meters. Muscle mass varied from 16.4 kg to 26.3 kg, averaging 21.77 + 2.32 kg. Fat-free mass (FFM) had a mean of
45.28 £+ 3.49 kg, indicating a consistent level of lean tissue among participants. Fat mass averaged 17.31 = 1.38 kg
and had a smaller range, suggesting that the athletes’ fat tissue varied relatively little.

Table 3. Descriptive Statistics of Agility and Kabaddi Performance Data

Variable Mean+SD Min Max
Waist Circumference (cm) 0.83%0.06 0.72 0.93
Muscle Mass (kg) 21.77+2.32 16.4 26.3
Fat-Free Mass (kg) 45.28+3.49 40.2 53.7
Fat Mas (kg) 17.31#1.38 152  19.7
Agility (s) 10.39+0.82  9.21  12.32
Kabaddi performance (raiding skills, catching skills, teamwork skills) 21.78+2.38 18 26

Table 3 presents the descriptive data on performance and agility. The fastest and slowest T-agility test times were
9.21 and 12.32 seconds, respectively, with an average of 10.39 + 0.82 seconds. This range suggests there is room for per-
formance improvement through targeted training, as it shows a moderate variation in agility levels among participants.
Expert evaluators assessed the players’ raiding, catching, and teamwork skills to determine their kabaddi performance,
which resulted in a mean score of 21.78 + 2.38, with scores ranging from 18 to 26. These scores indicate moderate-to-
high proficiency across key kabaddi performance areas, reflecting relatively high consistency within the sample.

Table 4. Pearson correlation of body composition and agility with kabaddi performance

Variabel Subvariabel p (sig.) R R R Square GEllsEEE s e el

Square the Estimate
Waist
Bod Circumference 0.001* 0.749
szyposiﬁon Muscle Mass 0001* 0957 .. o 0044 056053
Fat-Free Mass 0.001* 0.937 ' ’ ’ ’
Fat Mas 0.010* 0.512
Agility 0.001*  -0.775
*significant at p<0.05

Table 4 uses Pearson correlation analysis to describe the correlation between body components, agility, and Kabad-
di performance. Muscle mass showed the strongest correlation with Kabaddi performance (r=0.957, p=0.001), followed
by fat-free mass (r=0.937, p=0.001) and waist circumference (r=0.749, p=0.001). Fat mass had a lower but significant
correlation (r=0.512, p=0.010). In contrast, agility showed a significant negative correlation (r=-0.775, p=0.001), indi-
cating that the faster the agility time, the better the Kabaddi performance of the players. Overall, the model’s R-value of
0.953 suggests that combining these variables can explain 95.3% of the variance in Kabaddi performance.

Table 5. Anova test result

Dependent Variable Sum of Squares df Mean Square F Sig.
Kabaddi performance 167.300 5 33.460 106.494 0.000°
b. Predictors: (Constant), waist circumference, muscle mass, fat-free mass, fat mas, agility

The ANOVA test in Table 5 supports the overall significance of the model, with an F value of 106.494 and p =
0.000. These results indicate that the combination of the variables waist circumference, muscle mass, fat-free mass,
fat mass, and agility contributes significantly to Kabaddi players’ performance. This analysis confirms that body fac-
tors and agility are the main determinants of athlete success in this sport.
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Table 6. Coefficients of Kabaddi Performance

Model B Std. Error B t Sig.

(Constant) 4.701 3.628 1.296 0.206
Waist Circumference 1.822 2.341 0.050 0.778 0.443
Muscle Mass 0.571 0.121 0.544 4.723 0.000
Fat-Free Mass 0.191 0.079 0.281 2.408 0.023
Fat Mas -0.005 0.104 -0.003 -0.045 0.964
Agility -0.501 0.204 -0.173 -2.463 0.021

Dependent Variable: Kabaddi Performance

The coefficient analysis in Table 6 explains the individual contribution of each variable to Kabaddi performance.
Increasing muscle mass directly improves kabaddi performance (B=0.571, p=0.000). Fat-free mass also has a signifi-
cant positive contribution (B=0.191, p=0.023). In contrast, fat mass (B=-0.005, p=0.964) and waist circumference
(B=1.822, p=0.443) have no significant effect on performance. The study reveals a significant negative contribution
from agility (B=-0.501, p=0.021), suggesting a correlation between improved performance and excellent agility
times. This study shows that muscle mass, fat-free mass, and agility are the main predictors of Kabaddi athlete per-
formance, with muscle mass being the most influential variable.

DiscussioN

This study shows that muscle mass is a significant factor in Kabaddi players’ performance. The relevance of
substantial muscle mass (f = 0.544, p < 0.001) can be explained by the fact that this sport needs quick reactions for
moves like jumping, pushing, and catching (Pramanick et al., 2022). Higher muscle mass allows athletes to produce
greater power quickly, as noted by Kumar et al. (2023). In the context of Kabaddi, explosive power becomes espe-
cially important during the attacking phase, where players must quickly counter physical pressure from defenders
(Sathshivam et al., 2023). Power, which is a combination of muscular strength and speed, allows athletes to produce
force in a short period of time (Rusdiawan et al., 2024; Wismanadi et al., 2020).

In terms of raiding, strong power provides significant advantages (Dharod et al., 2020). Athletes possess the ability
to swiftly engage with opponents and swiftly retreat to the safe zone prior to capture. In addition, explosive strength al-
lows athletes to penetrate defenses and escape defenders’ grips. This ability relies heavily on the core muscles, arms, and
legs, which play a role in supporting rapid and dynamic movements (Singh, 2016). In terms of defense, power also plays
an important role, especially when doing takedowns or stopping the opponent’s movement (Pramanick et al., 2022).
Athletes with explosive strength can provide enough force to stop the raider effectively, even when in a difficult position.
High power also supports the ability to maintain body stability and utilize momentum, enabling athletes to maintain a
solid defensive position (Ahmed, Saraswat, and Esht, 2022). Training that focuses on increasing muscle hypertrophy
through methods such as resistance training and plyometrics is a highly recommended strategy to support this perfor-
mance (Fatouros et al. 2000; Grgic, Schoenfeld, and Mikulic, 2021; Gunasekar and Balamurugan, 2021).

The significant correlation between fat-free mass (FFM) and Kabaddi performance (r = 0.937, p = 0.001) supports
the argument that this component is not only relevant for power production but also metabolic efficiency. FFM reflects
aerobic and anaerobic work capacity, which is essential for maintaining high intensity during 40 minutes of play. Addition-
ally, increasing FFM may reduce the risk of premature fatigue, which is an important factor in long-duration competitions
(Johnson and Ivarsson, 2017). Research has shown that protein-rich diets and creatine supplementation effectively increase
FFM, and athlete development programs may prioritize these strategies (Hecht et al., 2023; Wax et al., 2021).

The study found a lower positive relationship (r=0.512, p = 0.010) for fat mass, while waist circumference did
not show a significant effect. This is consistent with previous studies, which stated that a high proportion of body fat
can reduce movement efficiency due to excessive load (Damayanti & Adriani, 2021; Mohajan and Mohajan, 2023).
Waist circumference as a proxy for abdominal fat distribution may be less relevant in determining direct Kabaddi
performance. Therefore, coaches need to ensure that athlete training programs focus on increasing muscle mass and
reducing body fat to improve the optimal muscle-fat ratio (Kurinami et al., 2021; Nishikori and Fujita, 2024).

Agility showed a significant negative correlation (r = -0.775, p = 0.001), indicating that the faster the time
achieved in the T-agility agility test, the better the Kabaddi performance. In the game, the ability to move quickly
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and precisely in a narrow space is crucial for avoiding defenders and catching opponents. Tamilselvan Scholar et al.,
(2022) conveyed in their study that SAQ training, which focuses on improving agility, can also enhance the quality
of kabaddi players. Agility training combining quick reactions and sudden direction changes is highly recommended.
For instance, training methods such as ladder drills, zig-zag patterns, and SAQ training can enhance neuromuscular
responses and quick reflexes, thereby supporting situational needs in the game of Kabaddi (Chandrakumar & Ra-
mesh, 2015; Kurinami et al., 2021; Ravi and Divya, 2024; Tamilselvan Scholar et al., 2022). Compared to studies on
other sports with similar characteristics, such as wrestling or rugby, the role of agility in Kabaddi is unique. For ex-
ample, muscle mass has a more dominant influence in rugby than agility due to the greater need for physical contact
(Dahiya & Kumar, 2023). This difference can be explored in understanding how each physical element has different
significance based on the dynamics of a particular sport.

The results of this study highlight that not all components of body composition contribute significantly to
performance. For example, fat mass and waist circumference showed minimal impact, possibly due to the complex
interaction between body fat distribution and the specific demands of Kabaddi. Further in-depth research could
identify whether there is an optimal threshold for a particular fat mass to support strength and endurance without
compromising agility.

CONCLUSION

Agility and body composition significantly influence kabaddi performance, especially muscle mass and fat-free
mass. Muscle mass supports explosive power, fat-free mass increases metabolic efficiency and work capacity, while
agility allows for quick and precise movements in defense and attack. In contrast, fat mass and waist circumference
have a lower or insignificant impact on performance. These findings emphasize the significance of enhancing muscle
mass through resistance and plyometric training and enhancing agility through ladder drills. A protein-rich nutritional
program and creatine supplementation also support fat-free mass increases. To optimize data-driven kabaddi training
programs and support maximum performance at the international level, further research is necessary to understand
the influence of player position and competition level.
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Abstract: This study investigates the comparative impact of command and exploratory training methods on the effective-
ness of sunback spike skills in sepaktakraw athletes at the PPLP West Sumatra. Using an experimental design, 30 male
athletes were selected and homogeneously grouped based on a pre-test of their sunback spike skills. The athletes were
divided into two groups using matched subject ordinal pairing, where Group 1 (K1) received command-based training,
and Group 2 (K2) received exploratory-based training. Both methods were found to improve the athletes’ sunback spike
performance significantly. Statistical analysis revealed that the command training method had a more substantial effect,
with a t-value of 7.56, compared to the exploratory method's t-value of 5.03, both exceeding the critical value (1.76). Ad-
ditionally, command training demonstrated superior efficacy in enhancing sunback spike ability, as indicated by a t-value
of 8.92, which surpassed the threshold value (1.734). The findings recommend that coaches integrate both methods into
training programs, emphasizing the command approach for optimal skill development. Future research should address
limitations such as sample size to validate these findings further and expand their applicability.

Keywords: Sepaktakraw, Sunback Spike, Command Training, Exploratory Training, Athlete Development

INTRODUCTION

Exercise improves a person’s spirit, physical ability, and fitness (Afrizal et al., 2024; Pagliaro et al., 2024; Pail-
lard, 2023). In the era of globalization, sports have become a vital social interaction platform, including the sport of
sepaktakraw, which has social value and can encourage community involvement as one of the traditional cultural
identities. A study shows that participation in sports such as sepaktakraw improves physical health, psychological
well-being, and social relationshipsb(Crevenna, 2020; Tokarski et al., 2023). In addition, the accessibility and popu-
larity of the sport of sepaktakraw highlight its significance as a means of social integration, transcending economic
barriers, and promoting inclusivity (Guspita & Febrina Harahap, 2022; Opstoel et al., 2020).

Sepaktakraw is a popular sport in ASEAN countries, including Malaysia, Thailand and Indonesia (Hassan et
al., 2023). In Indonesia, particularly in West Sumatra, the sport is also known as Sepak Rago, a traditional game part
of the rich Malay culture. Sepak Rago is similar to modern Sepaktakraw but is more straightforward and relaxed,
focusing on togetherness and entertainment. Nonetheless, Sepaktakraw has now evolved into an achievement sport
that competes nationally and internationally (Muazu Musa et al., 2020). Sepaktakraw has experienced tremendous
progress in West Sumatra, as evidenced by athletes’ success in various competitions, especially for young athletes.
Long-term coaching strategies are very effective in improving athlete performance, thus acquiring significant region-
al, national and international achievements (Granacher et al., 2016; Lloyd et al., 2015; Myers et al., 2017; Suchomel
etal., 2016).

The development of the ability of Sepaktakraw athletes as an achievement sport depends on several important
factors, including physical condition (strength, endurance, flexibility), technique (smash, serve, pass), match tactics,
and mental (confidence, focus, and emotional control) (Issurin, 2017; Kovacs & Szakal, 2024; Sarkar et al., 2014).
These factors are the basis for creating athletes who excel physically and have strong mental and social readiness.
Sepaktakraw athletes must master basic techniques such as serving, spike (smash), and heading, as well as special
skills such as feints and blocking.

Smash or spike is a vital technique that requires acrobatic skills, strategic placement, and consistent execution
(Bais et al., 2023). There are three main types of spike techniques: roll spike (RS), sunback spike (SS), and half-roll
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spike (HRS). Sunback spike is a vital attack technique in sepaktakraw that involves a hard kick using the foot from
the back of the body to place the ball in an area complex for the opponent to reach. The success of this technique
depends on timing, team coordination, and player strength, agility, and flexibility, which require high skill and rea-
sonable body control to execute effectively in competition.

Sunback spike is a challenging technique that involves acrobatic movements in sepaktakraw. Teams that master
this technique tend to have higher win rates and emphasise the importance of strategy in competitive play. Failure
in its execution can provide opportunities for the opponent to score points, which can change the momentum of the
game (Afonso et al., 2021; Oliveira et al., 2020). However, the complexity of this movement requires extensive prac-
tice and skill development, which can be an obstacle for less experienced players.

PPLP West Sumatra players’ explosiveness has not produced maximum results, as reported by the team coach.
In addition to failing to execute substantial and precise sunback spikes, players often make mistakes in attempts
to perform sunback spikes. This is due to several factors that affect sunback spike ability, including coordination,
strength, speed, flexibility, explosivity, training programs, and training methods that do not run as they should. In
addition, research (Etxebarria & Mujika, 2019) highlighted that the lack of an appropriate training program can ex-
acerbate this problem, resulting in suboptimal results in a competitive environment.

Various training styles have been implemented, such as the reciprocal method, which encourages interaction and
feedback between coaches and athletes, and the coach-centered command training method, where players follow and
imitate the coach’s instructions (Ginciene et al., 2023). In this method, the coach gives clear and specific directions
on what to do and the athlete is expected to follow the orders, as well as exploratory methods that provide space for
athletes to explore and find solutions to challenges in training. The exploratory training method is an approach that
focuses more on engaging athletes in the learning process through self-discovery and problem-solving (Chalmers et
al., 2014; Moullin et al., 2019). In this method, the coach provides a specific challenge or situation and lets the athlete
figure out the solution or the best way to deal with it rather than giving direct instructions.

In this study, researchers focused on problems related to sunback spike ability in sepaktakraw athletes at the
West Sumatra Student Sports Education and Training Center (PPLP) to support the development of athletes’ skills
and improve their achievements. In coaching this sport, it is necessary to emphasize scientifically and ensure that
training methodologies are based on evidence-based practices. They can contribute by using command training meth-
ods and exploratory methods in the training process to see which is better for achieving training goals.

MATERIALS AND METHODS

Research Participants

The method used in this study is experimental and focuses on the command training method (X1) and the explo-
ration training method (X2) as independent variables. The ability to sunback spike (Y) is a dependent variable. The
sample for this study comprised 30 homogeneous male athletes. The training was conducted over 6 weeks with 16
sessions, beginning with an initial test to assess lending smash ability.

Research Variable

The sample underwent a pretest of sunback spike ability before treatment, and the test results were sorted from
highest to lowest score. Subsequently, the sample was divided into two groups (K1 and K2) using the matching sub-
ject ordinal pairing method (Chang & Little, 2018; Subiza-pérez et al., 2018). After forming the two groups, Group 1
was assigned to the command training method. In contrast, Group 2 was assigned to the exploratory training method
to determine the effect on sunback spike ability.

Table 1. Research design

Pre-Test Treatment (Exercise) Post-Test

T Command Method T
! Exploration Method

2
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Table 2. Commando Training Programme

Aerobics
Number of Meetings 16 Sessions
Duration of each meeting 60-90 Minutes
Training Intensity 60-80%
Recovery 1-2 minutes

Table 3. Exploratory Exercise Programme

Aerobics
Number of Meetings 16 Meetings
Duration of each meeting 60-90 Minutes
Training Intensity 60-80%
Recovery 1-2 minutes

Research Methods

The instrument used to measure the sunback spike in this study is the test of the results of the sunback spike,
which has a validity of 0.99 and a reliability of 0.78. The purpose of the test is to measure smash skills. The data
analysis focused on testing whether the training method (command vs exploration) significantly influenced the ath-
lete’s smash ability, considering the normality test as the initial step of the analysis. This study conducted a normality
test using Liliefors test statistics with a significance level (a) set at 0.05 using SPPS software. This threshold is the
basis for determining whether the data is usually distributed.

REsuLTS
Following data collection, the writers processed and evaluated the information before displaying the findings

in a table.

Table 2. Normality Test

Data n L Lmbel Description
Command Practice Method (Pre test) 15 0.1832 0.22 Normal
Exploratory Exercise Method (Pre test) 15 0.1881 0.22 Normal
Command Practice Method (Post test) 15 0.1667 0.22 Normal
Practice method Exploration (Post test) 15 0.1224  0.22 Normal

The result of the pre-test data of the command training method group was 0.1832, which was smaller than the
value (L table) of 0.22 at the significance level of o = 0.05. The results of the pre-test data of the exploratory exercise
method group were 0.1881, also smaller than the value (L table) of 0.22 at the significance level of a. = 0.05.

The result of the post-test data of the command training method group was 0.1667, smaller than the value (L
table) of 0.22 at the significance level of o= 0.05. The results of the post-test data of the exploratory exercise method
group were 0.1224, smaller than the value (L table) of 0.22 at the significance level of a = 0.05. From the above result
data, it can be concluded that the data is usually distributed.

The t-test results with a significance level of 0.05 above were used to test the effect in the same group. In the
group with the command training method consisting of 15 samples, the maximum score was 12, and the minimum
score was 5, with an average of 8.47 and a standard deviation (SD) of 2.20. Meanwhile, in the post-test, they got
a maximum score of 16 and a minimum score of 12, with an average of 14.00 and a standard deviation of 1.41 for
Kedeng’s smash ability. The results of the hypothesis test are presented in Table 5.
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Figure 1. The Data normality test for each group (cell) was analyzed using Kolmogorov-Smirnov with SPSS

Table 3. Command Training Method

Mean SD t-count a t-tabel Test results
Pre Test 853 210 L
7.56 0.05 1.76 Significant
Post Test 14.00 1.41

From the table, it can be seen that the t-count is (7.56) > t-table (1.76), which means that the research hypothesis
is accepted. Therefore, it can be concluded that the command training approach significantly influences Kedeng’s
smash ability. The average score of the sunback spike ability increased from 8.47 at the time of the pre-test to 14.00
at the time of the post-test, indicating a significant improvement in skill.

The results of the pre-test of smash ability in the exploration exercise method group with a sample of 15 people
showed that the maximum score was 12, the minimum was 6, the average was 8.53, and the standard deviation (SD)
was 1.92. Meanwhile, the post-test results showed that the sunback spike ability ranged from a score of 9 to 15, with
an average of 12.00 and a standard deviation (SD) of 1.69. Table 6 presents the findings from the hypothesis test.

Table 4. Exploratory Exercise Method

Mean SD t-count a t-tabel Test results
Pre Test 853 192 o
5.03 0.05 1.76 Significant
Post Test 12.00 1.69

From the table, it can be seen that the t-count value (5.03) > t-table (1.76) shows that the research hypothesis is
acceptable. It can be concluded that the exploration training method influences Kedeng’s smash ability. The average
score of the sunback spike ability increased from 8.53 in the pre-test to 12.00 in the post-test, indicating a significant
improvement in the ability.

With a sample of 15 athletes, the final test results (post-test) for the command training method group had a maxi-
mum score of 16, a minimum score of 12, an average of 14.00, and a standard deviation (SD) of 1.41 in the ability
to sunback spike. Meanwhile, the results of the exploratory training method group’s final test (post-test) showed a
maximum score of 15, a minimum score of 9, an average of 12.00, and a standard deviation (SD) of 1.69 in the ability
to sunback spike. The results of the hypothesis testing of this study can be seen in Table 7.
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Table 5. Hypothesis Testing of Effectiveness Between Command Training Method and Exploratory Training Method

Mean SD t-count a t-tabel Test results
Command 5.47 2.79 o
- 2.00 0.05 1.77 Significant
Exploration 3.47 2.66

From the table, it can be seen that t-count (2.00) > t-table (1.77). This indicates that the research hypothesis is
acceptable. Therefore, it can be concluded that the command training approach has a more significant impact on the
sunback spike ability than the exploration training approach.

DIScuUsSION

The problem that often occurs is that the training technique does not change or is not in harmony with the infor-
mation provided, making it difficult to achieve the training goals and making it difficult for athletes to understand the
training concept (Bahtra et al., 2020; Deal et al., 2018; Jia et al., 2021; Kannan et al., 2021). Studies on training plans
and methods to improve players’ skills have been carried out by experts in the field of sepaktakraw (Tewari et al.,
2023; Wang et al., 2024). The command training method is characterized by a top-down approach, where the coach
maintains complete control over the training process, directing athletes to follow specific instructions with limited
autonomy (Rababa & Mahyar, 2023). This method can result in efficient skill acquisition, but it can limit the athlete’s
ability to think critically and adapt to dynamic situations.

In contrast, exploratory techniques foster a more autonomous learning environment, encouraging athletes to
engage in problem-solving activities and collaborate with their peers. This approach promotes critical thinking and
encourages a sense of belonging to the learning process as athletes share findings and insights (Marsuki, 2023). Re-
search shows that although command exercises are more effective for developing basic skills, exploratory techniques
are more beneficial for developing adaptability and decision-making skills in competitive scenarios (Hirwana et al.,
2023).

The smash skills of athletes from the command training method group at the Student Sports Education and
Training Center (PPLP) sepaktakraw West Sumatra increased from an average score of 8.47 in the initial test (pre-
test) to 14.00 in the final test (post-test). This supports the research hypothesis that the command training approach
significantly impacts the smash ability of athletes in the Sports Education and Training Center Pelajar (PPLP) West
Sumatra. Command techniques are effective for mastering simple tasks that do not require quick decision-making, as
they provide clear and structured guidance for athletes. However, this approach has limitations, especially in develop-
ing the various movements necessary to execute complex playing skills.

Command techniques facilitate rapid skill acquisition. They often limit learners to a narrow set of movements
and are defined by task structure, potentially inhibiting their ability to adapt to varied situations in the future. In addi-
tion, the study also shows that dependence on coaches can lead to a lack of creativity and flexibility in applying skills.
Therefore, while command techniques benefit early learning, it is important to incorporate methods that encourage
adaptability and broader skill mastery for the long-term development of play skills.

The results of the post-test from the exploratory training method group showed that the average score of athletes’
ability to perform sunback spike at the Student Sports Education and Training Center (PPLP) of Sepaktakraw West
Sumatra increased from 8.53 in the preliminary test (pretest) to 12.00 in the final test (post-test). This indicates that the
research hypothesis that the exploratory training approach significantly positively impacts the ability of PPLP West
Sumatra sepaktakraw athletes to perform sunback spike is acceptable. This increase is likely due to athletes adopting
strategies from an exploratory training approach, where they take the initiative and find solutions independently.

Exploration exercises aim to explore athletes’ ideas, arguments, and methods through open-ended questions and
directions, facilitating their understanding of concepts and problem-solving (Newell & Rovegno, 2021). All training
decisions are made by the athletes themselves, who provide feedback in the post-session meeting. The coach’s goal
is to give the athlete enough time to carry out the movement tasks and play skills as instructed so that they can make
decisions based on their understanding of the training results (Bennie & O’Connor, 2012; MacLellan et al., 2018;
Selimi et al., 2023; Trnini¢ et al., 2009). These strategies have advantages and disadvantages, which theoretically
depend on the context. With this method, the coach acts as a guide and facilitator for the athlete, while the athlete acts
as an active explorer.
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A solution will emerge when the problem reaches a saturation point due to this activity, providing helpful infor-
mation regarding the next steps needed to resolve the issue. This process shows how athletes improve their character
values as they face challenges. The average score of 14.00 in the command training method and 12.00 in the explo-
ration training method, as well as the results of the hypothesis calculation that showed the t-count value (2.021) >
t-table (1.771), indicate that the hypothesis is accepted. Thus, the command training method group outperformed the
exploratory training method group in the final test results (post-test). The athletes were judged based on their ability
to do sunback spike at the Student Sports Education and Training Center (PPLP) sepaktakraw West Sumatra. There-
fore, the research hypothesis that the command training approach is superior to the exploratory training approach is
correct and significantly influences West Sumatra students’ smash ability of sepaktakraw athletes (PPLP).

Overall, the command training approach yielded a higher value than the exploratory training strategy, as evi-
denced by the hypothesis test results. Compared with the exploration training method, the command training method
performs better. The statistical analysis results confirm this. The average difference between the exploratory training
method, which is 12.00, and the command training method, which is 14.00, indicates that the command training
method has a more significant exercise effect than the exploratory training method.

The study results identified that the command training method outperformed the exploration training method.
In the command training method, the trainer determines all the training content. Athletes only imitate and follow
the coach’s orders and instructions. Every aspect, from planning to execution, depends on the direction of the coach
(Cushion et al., 2012; Isoard-Gautheur et al., 2016; Jackson et al., 2009; Jowett, 2017; Smith et al., 2023). This means
that the athletes imitate the coach’s actions and only listen to the explanations. Therefore, the coach’s role includes
making all decisions from beginning to end each exercise. The role of athletes is to implement, obey, and obey these
instructions. The trainer demonstrates each movement, making decisions about location, posture, start time, cadence,
shape, stop time, duration, and intervals (Cranmer et al., 2017; Davis & Jowett, 2014; Erickson et al., 2011; Fouraki et
al., 2020; Jones & Turner, 2006). Using the command training method is a strategy to improve sunback spike ability.
It is highly recommended that athletes develop their smash skills through this type of training to become as proficient
as possible.

CONCLUSION

Based on the research results, both the exploration exercise approach and the command training method are
equally beneficial when used with players. However, the command exercise approach outperforms the exploratory
exercise method regarding sunback surge capability.

Based on the study’s findings, the recommendation is that coaches should use command and exploration training
methods to improve sunback spike ability because both methods have proven to be effective. Given that the command
training method improves the smash ability, coaches and players should prioritize using this method in training ses-
sions. Researchers interested in further exploring this topic should consider addressing research limitations, such as
sample size limitations, to improve the findings’ applicability.
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Abstract: This study aims to 1) analyze the difference in the effect between internal imagery training and external
imagery on the accuracy of free kicks of soccer players in terms of concentration, 2) analyze the difference in the effect
between athletes who have high and low concentration on improving free kick accuracy, 3) analyze the interaction between
internal imagery training and external imagery on free kick accuracy in terms of concentration. This type of research is
an experiment with a 2 x 2 factorial design. The instrument used to measure concentration is the Grid Concentration Test,
while free kick accuracy uses the free kick accuracy test. The data analysis technique used was two-way Anova. The results
showed that: 1) There is a difference between internal imagery and external imagery training (p = 0.045 <0.05), then the
internal imagery training method is better than external imagery on the accuracy of free kicks of soccer players. 2) There
is a difference between players with high concentration and low concentration (p = 0.018 < 0.05), and players with high
concentration are better than players with low concentration on the accuracy of free kicks of soccer players. 3) There is
an interaction between internal and external imaging with high and low concentration (p = 0.000 < 0.05). The group of
players who have high concentration is more appropriate if trained with internal imagery. In contrast, the players in the
low concentration group were better if trained with external imagery.

Keywords: Imagery, Concentration, Accuracy, Free Kick

INTRODUCTION

Success in football matches is influenced by physical, technical, strategic, and mental factors. Football players
must be continuously trained to achieve the highest achievements (Butler et al., 2021; Jonker et al., 2019). One aspect
that supports soccer athletes’ success is optimal mental toughness. The mental aspect is very important in the sport
of football because mental toughness plays a crucial role in the success of a soccer athlete, especially considering the
competitive dynamics and pressures in this sport (Murray et al., 2021). Accuracy techniques in free kicks in football
are important because they can immediately score goals without passing (Wunderlich et al., 2021). Success utilizing
high-accuracy free kicks can quickly change a match’s outcome and create a tactical advantage. Critical situations
near the penalty box often provide golden opportunities, and the ability to execute precision techniques can be deci-
sive. Players who master this technique, such as Beckham or Ronaldo, are often the main weapons for the team. In
addition to the immediate impact, success in a free kick can also have a huge psychological effect on one’s team and
opponents. Therefore, investment to maximize the technique of free kick accuracy is considered crucial in achieving
victory in football matches (Browne et al., 2019; van Biemen et al., 2022).

Concentration focuses on something exclusive and undisturbed by irrelevant internal and external stimuli. Li
et al. (2022) and Zhao & Dong (2022) state that internal stimuli are sensory and thought disorders such as fatigue,
anxiety, and so on. External stimuli are distractions from the outside, such as cheers from the audience, boos from
the audience, referee decision errors, and others. In global sports, concentration means the ability of athletes to focus
on the competition for better performance. In the world of sports, concentration is the ability of athletes to focus
on the competition for better performance, as stated by Oguntuase & Sun (2022); Chamorro et al. (2020) state that
concentration is needed to achieve optimal performance, not only in shooting, archery, golf, tennis, and swimming
but almost in all sports, including football. Based on the statement above, every sport requires good concentration
for sports skills. Concentration skills implicitly lead to a specific task or action and are an indicator of proficiency
in the achievement of the purpose of using held before and after treatment (Child & Shaw, 2020; Tienza-Valverde et
al., 2023). Results of previous research (Fawver et al., 2020; Siekanska et al., 2021) show that the portion of training
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between technical and mental training is still not balanced. Trainers who emphasize training more on the physical as-
pect and technique only but on the mental aspect are not given good training. As revealed (Dohme et al., 2019; Robin
et al., 2019), mentally trained players will certainly be more skilled in overcoming emotional and mental dilemmas
that come to them because the atmosphere and requirements of players when competing on the field can change at
any time.

Based on observations in the field in July 2023 and information submitted by the Indonesian football coach, the
level of accuracy of athletes’ free kicks still needs to be higher. This is evidenced by the accuracy of the instrument
of shooting the ball into the goal target in getting an average free kick result of 1; this value, when viewed in norma-
tive data, is the accuracy of the free kick included in the category of less. Even though the need for mental abilities
plays a crucial role in achieving football achievements, football athletes with a good mentality can improve game
performance on the field. One visualization exercise to improve the accuracy of a soccer player’s free kick is mental
imagery. Imagery practice is derived from experiences gained from seeing, feeling, and listening, but holistically,
the experience occurs in the brain. Make it more obvious and related to the expression. Franklin (2022) and Pearson
(2019) state that imagery happens to the brain. When doing imagery exercises, players must be able to concentrate so
that the training goals are achieved optimally.

Mental imagery training is a form of exercise that can enhance the player’s technique. Similar to what was
expressed (Clark et al., 2022; Lin et al., 2021), mental imagery training is a technique instructors and sports psy-
chologists often use to help improve athlete performance. The existing imagery perspective is based on the player’s
ability to imagine himself and others when performing a technique. In other words, in mental imagery exercises used
according to one’s original ability, the player presents a shadow of a free-kick technique in mind visualization. Im-
agery mental training in football can be done by presenting a shadow of himself doing a movement technique in his
brain. For example, when using a free kick technique in football, the players can imagine themselves doing a free kick
movement using their minds. As a result, the ball enters the goal net past the goalkeeper (Alkhawaldeh, 2023; Aziz
& Bylbyl, 2019). This can prove the imagery exercise itself because, when doing a free kick with imagery, a player
must imagine himself (visualization) in his mind (Schaper et al., 2020).

A soccer player doing a free kick can use it to see the post, goal net, and goalkeeper position and build human
fort versus hearing and feeling. As a result, the ball goes into the opponent’s goal. This goes hand in hand with us-
ing (Edensor et al., 2023; Gervis & Goldman, 2020), which confirms a simulation in the brain that can reinforce or
describe free-kick movements. So far, fellow scouts only look at the player’s technical and skill factors but never
mental and psychological factors such as concentration, visualization and imagery skills, and attitude control. There-
fore, the talent guide team or coach also needs to start looking at the mental factors of young players. Free kicks are
crucial in a soccer match, especially if the team has a precise and lethal free-kick executioner. This situation means
an opportunity to create a goal that can be utilized as much as possible, something that might happen so that the team
will win the game. Based on the problems that have been described, this study aims to analyze the difference in the
influence between internal imagery and external imagery training on the accuracy of free kicks of soccer players in
terms of concentration.

MATERIALS AND METHODS

Research Design

This research method was a quantitative approach. It was an experiment using a 2 x 2 factorial design. The
design considers the possibility of moderator variables affecting the outcome’s treatment (independent variable) (de-
pendent variable). This experimental study used two groups that received different treatments, namely the provision
of training.

Research Procedure

Data collection techniques in this study were tests and measurements. Before pretest and post-test measure-
ments, the sample was measured in concentration to determine high and low concentrations. Trpkovici et al. (2023)
measured concentration in this study using the Grid Concentration test with a validity value of 0.89 and a reliability
value of 0.80. The instrument used to measure the accuracy of free kicks is a free kick test with a validity value of
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0.89 and a reliability of 0.80. Treatment was carried out in six meetings, and three meetings were held in one week.
This is based on the theory of Slimani et al. (2016) that image training aims to improve athletes’ psychological ability,
which is carried out in as many as six meetings and ends by taking a final test or post-test to measure the accuracy
of free kicks using soccer to recognize the comparison of kick accuracy scores to recognize the comparison of free
throw accuracy scores after treatment/treatment.

Research Participants

The population in this study was all young Indonesian soccer players, totaling 38 athletes, and the sample in
this study amounted to 20 people. Purposive sampling was used in this study. The criteria in determining this sample
include (1) specific 13-year-old Indonesian youth soccer players, (2) athletes who actively attend football schools,
(3) players who are not sick, (4) willing to follow the imagery training process, (5) Able to follow all training model
programs that have been prepared. The sample grouping was taken from players with a high concentration of 27%
and players with a low concentration of 27% from the data that had been ranked. Based on this, a sample of 10 play-
ers with high and 10 with low concentrations was obtained, so the total sample was 20. This research has received
approval from all samples who have filled out a statement of ability to become a research sample and have met the
research code of ethics requirements.

Data Analysis

The data analysis method used in this study used the Two Anova test with the help of the SPSS 24 application
at the significance level = 0.05. Next, the average treatment companion was compared using the Tukey test (Ferreira,
2020). Before using the Two Anova test, it is necessary to try prerequisite tests, including (1) normality test and (2)
variant homogeneity test and hypothesis test.

RESULTS

In this chapter, the results of the research and discussion will be discussed sequentially, including (1) research
data, (2) analysis prerequisite tests, and (3) hypothesis tests. The hypothesis test will be presented sequentially, in-
cluding (a) the disparity in the effect of internal imagery training methods and external imagery training methods on
the accuracy of Free Kick in soccer athletes; (b) the difference in the effect of high concentration and low concen-
tration on the accuracy of the free kick in soccer athletes (c) the interaction between the two training methods and
concentration on the accuracy of the free kick of soccer players. The complete will be presented as follows:

Result of Free Kick Accuracy
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Figure 1. Free Kick pretest and post-test histogram accuracy results
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Information:

AIBI: A highly concentrated group of players trained with internal imagery training methods
A2BI: A highly concentrated group of players trained with external imagery training methods
AIB2: The low-concentration group of players was trained with internal imagery training methods

A2B2: The low-concentration group of players was trained with external imagery training methods

Based on the bar chart image above, it shows that the accuracy of the free kick A1B1 group averaged pretest by
11.8 and faced an increase in post-test at 17.8, A2B1 group had an average pretest of 8.2 and faced an increase during
the post-test of 11.4, group A1B2 averaged pretest of 7.6 and faced an increase in post-test by 11, The A2B2 group
averaged a pretest of 9.6 and faced an increase in post-test of 13.6.

1. Prerequisite Test Results

a. Normality Test

The results of the data normality test conducted in each analysis group were carried out with the SPSS software
program version 24.0 for Windows with a significance level of 5% or 0.05. More results are in the appendix. The
summary of the data in Table 1 is as follows:

Table 1. Normality Test

Group P Significance Information
Pretest A1BI 0.747 Usual
Post-test A1B1 0.086 Usual
Pretest A2B1 0.421 Usual
Post-test A2B1 0.814 Usual
Pretest A1B2 0.814 0.05 Usual
Posttest A1B2 0.967 Usual
PretestA2B2 0.492 Usual
Posttest A2B2 0.086 Usual

Based on statistical analysis, the normality test carried out on all pretest and post-test data on the accuracy of
the free kick is obtained from the normality test data of the significance value of p> 0.05, which means that the data
is normally distributed.

b. Homogeneity Test

The homogeneity test is carried out to test the equation of several samples, namely homogeneous or not. The
homogeneity test tests the variance similarity between the pretest and post-test. The homogeneity test results are in
Table 2 as follows:

Table 2. Homogeneity Test

F df1 df2 sig.
4.784 3 16 0.014

Based on statistical analysis of homogeneity tests carried out using the Levene Test, the calculation results ob-
tained a significance value of 0.014 > 0.05. This means that a data group has a homogeneous variance. Thus, popula-
tions have variance or homogeny in common.

c. Hypothesis Testing
Hypothesis testing in this study can be done based on the data analysis results and two-way ANOVA analysis
interpretation. The sequence of the results of hypothesis testing is adjusted to the hypothesis formulated as follows.
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1. This is a hypothesis about the difference in the effect of internal imagery and external imagery training
methods on the accuracy of the free kick.

The first hypothesis states, “There is a significant difference in the effect between internal imagery training
methods and external imagery training methods on the accuracy of free kicks in football players.” The obtained data
are in Table 3.

Table 3. Test Results between Internal and External Imagery Training Methods on Increasing Free Kick

Type lll sum of

Source Df Mean square F Sig
squares

Method 18.050 1 18.050 4.719 0.045

Exercise

From the results of the Two Anova Table 3 test above, it can be seen that the significance value of p is 0.045. Ho
is rejected since the significance value of p is 0.045 < 0.05. Thus, there is a significant difference in the influence of
the internal and external imagery training methods on the accuracy of the free kick in soccer players. Based on the
analysis results, the internal imagery training method is higher (good) with a post-test average of 16.00 compared to
the external imagery exercise method with a post-test average of 14.00. This means that the research hypothesis that
states a significant difference in the effect of internal and external imagery training methods on the accuracy of free
kicks in soccer players has been proven.

2. The difference in the effect of high concentration and low concentration on the accuracy of the free kick.
The second hypothesis reads, «There is a significant difference in the effect of high and low-concentration

players on the accuracy of free kicks in football players. The calculation results are presented in Table 4 as follows.

Table 4.Test Results Difference in high and low concentration on free kick accuracy

Type lll sum of
squares

Concentration 26.450 1 26.450 6.915 0.018

Source Df Mean square F Sig

From the results of the ANOVA test in Table 4 above, it can be seen that the significance value of p is 0.018.
Ho is rejected since the significance value of p is 0.018 > 0.05. Based on this, there is a significant difference in the
influence of players with high and low concentrations on the accuracy of free kicks in football players. Based on the
analysis results, players with high concentration are higher (good) with an average post-test value of 20.00 compared
to players with low concentration with an average post-test value of 14.00. This means that the research hypothesis
has been proven that there is a significant difference in the effect of players with high and low concentrations on the
accuracy of free kicks in football players.

3. Interaction between imagery practice methods and concentration on the accuracy of the free kick

The third hypothesis reads, “There is a significant interaction between imagery training methods (internal imag-
ery and external imagery training methods) and concentration (high and low) on the accuracy of free kicks in football
players. The results of the calculation are in Table 5 as follows.

Table 5. Anova Test results in the interaction between imagery training methods (internal and external) with concentration

(high and low)
Source Type lll Df Mean square F Sig
sum of squares
Exercise
methods and 101.250 1 101.250 26.471 0.000
Concentration
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From the results of the ANOVA test in Table 5 above, it can be seen that there is a significance value of p of
0.000. Therefore, the significance value of p is 0.000 < 0.05, meaning Ho is rejected. Based on this, the hypothesis that
states a significant interaction between imagery training methods (internal and external imagery training methods)
and concentration (high and low) on the accuracy of free kicks in soccer players has been proven.

After being tested, there is an interaction between imagery training methods (internal imagery and external
imagery training methods) and concentration (high and low) on the accuracy of free kicks in football players.
Therefore, further tests should be conducted using the Tukey test. Further test results can be seen in Table 6 below:

Table 6. Summary of Post-Hock Test Results

Group Interaction Std, Error Sig,
A1B2 1.25985 .002
AlB1 A2B1 1.25985 .001
A2B2 1.25985 .071
Al1B1 1.25985 .002
Al1B2 Al1B2 1.25985 .978
A2B2 1.25985 .490
Al1B1 1.25985 .001
A2B1 Al1B2 1.25985 .978
A2B2 1.25985 278
Al1B1 1.25985 .071
A2B2 A2B1 1.25985 490
A1B2 1.25985 .278

Indicates that the pairs of partners who have significantly different interactions or partners are: (1) A1B1-
AlB2, (2) A1B1- A2B1, (3) A1B1-A2B2, (4) A2B1-A1B1, (5) A2B1-A2B2, (6) A1B2-A1BI, (7) A1B2-A2B2, (8)
A2B2A1BI1, (9) A2B2-A2B1, and (10) A2B2-A1B2.

DiscussioN

The review of the results of this study shares further understanding, overriding the results of the analysis of the
information that has been submitted. Sourced from hypothesis testing creates three groups of analytical discussions:
1) There is a significant difference in influence between the main factors of the study; 2) The difference in influence
between football players who have high concentration and low concentration on the accuracy of free kicks of foot-
ball players; 3) There is a meaningful interaction between the main factors in the form of 2 aspects of interaction. A
review of the results of the analysis can be further described as follows:

The difference in the effect of internal imagery and external imagery training methods on free Kicks is
accuracy

From testing the first hypothesis, it is known that the internal imagery mental training method and the external
imagery method have significant differences in enhancing the accuracy of the free kick. This study found that the
mental imagery training method positively impacted the accuracy of the free kick. It is reinforced by the results of the
study by Shafie et al. (2023), which state that there is a significant difference in imagery method training on gymnas-
tics skills. This is in line with the theory of Martin et al. (2022), which states that imagery training can enhance the
performance of athletes or players.

In this study, it is known that the internal imagery mental training method has a better impact on increasing the
accuracy of the free kick. It goes hand in hand with the opinions of Dekkers et al. (2022), which state that internal im-
agery mental exercises are more beneficial than external imagery mental exercises. According to Blair et al. (2018),
internal mental imagery exercises higher on shaping psychological responses. This psychological response can form
higher endorphin hormones, resulting in a calmer and more comfortable impact on athletes or players in carrying
out their duties. According to some theories above, internal imagery mental exercises have many advantages over
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external imagery exercises. The internal imagery method exercise has an advantage, which is higher in increasing
the player’s psychological response; besides that, the internal imagery mental exercise is simpler and maximizes the
player’s movement experience (Ramadhan et al., 2024). With several advantages, internal imagery mental training is
more influential in enhancing player performance.

The effect of high concentration and low concentration on free kick accuracy

The analysis results show that players use high concentration ability more (good) than players with low concen-
tration ability on the accuracy of free kicks in soccer players. Concentration on this has a crucial role in influencing
a technique performed or the result of the origin of a sports match (Farina & Cei, 2019). Attention and concentra-
tion are often interpreted the same, even though they have different definitions. Halkiopoulos et al. (2022) state that
concentration is the process of personal awareness of an issue (stimulus) received to decide an action (response).
Concentration is a person’s ability to focus on a selected stimulus (one object) in an exclusive moment. Accord-
ing to Pappalardo et al. (2019), concentration means that a player must display performance on the field. The main
component of concentration is the ability to focus attention on something exclusive and not be distracted by internal
or irrelevant external stimuli. This is by research conducted by Lirio-Pinar et al. (2023), which states a significant
difference between the concentration level and the accuracy of shooting petanque sports.

Interaction between Training Method (Internal imagery and External Imagery) and Concentration (High
and Low)

Imagery ability is the ability to conceptualize motor performance (Fortes et al., 2019; Kim et al., 2017). Imagery
states are more effective. Suppose the individual has higher imagery ability. Individuals with high concentration skills
provide higher motor performance improvements than those with low concentration skills using imagery exercises
Navarro et al., (2018). Based on what will happen as a result of this study, there is a significant disparity between
training methods (internal imagery and external imagery training methods) and concentration (high and low) on the
accuracy of free kicks in soccer players. The form of the relationship appears that the primary factors of the study
in the form of 2 factors show a significant interaction. As a result of this study, internal and external methods have
significant differences. Soccer players with high and low concentrations will get better results than players trained
with external imagery training methods.

Based on the theory of its implementation, internal imagery training will increase the concentration of players.
As aresult, it will be more effective if applied to players with high concentration. Players with high concentration will
be more effective using the internal imagery training method because it will be simpler to focus on the target aimed
at when doing a free kick. The statement’s origin can be concluded that the high and low concentration of the player
determines the effectiveness applied to increase the accuracy of the free kick. Thus, the exercise must be adapted to
the player’s ability to achieve the optimal result.

CONCLUSION

Based on the results of the research and the results of data analysis that has been carried out, the following con-
clusions were obtained: 1) There is a significant difference in influence between the internal image training method
and the external image training method on the accuracy of free kicks in soccer players. The internal image training
method is better than the external image training on free throw accuracy in basketball players. 2) There is a significant
difference in the effect of high and low concentrations on the accuracy of free kicks in soccer players. Players with
high concentration are better than those with low concentration on free throw accuracy in soccer players. 3) There
is a significant interaction between satellite imagery training methods (internal imagery and external imagery) and
concentration (high and low) on free throw accuracy in soccer players.
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Abstract: This study aims to determine: (1) the difference in the effect of imagery training and pre-performance routines
on increasing 100-meter freestyle swimming speed. (2) The difference in the effect between high and low concentrations
on increasing the 100-meter freestyle swimming speed. (3) The interaction between imagery training and pre-performance
routines in terms of concentration on increasing 100-meter freestyle swimming speed. This research method is quantitative
with an experimental method using a factorial design 2 x 2. The results showed that: (1) There is a difference in the effect
of imagery training and pre-performance routines on increasing 100-meter freestyle swimming speed with a sig value of
0.002 <0.05, athletes who are given mental imagery training are better than pre-performance routines with an average
difference in post test of 1.77 seconds (2) There is a difference in the effect between high and low concentration on increas-
ing the ability of 100-meter freestyle swimming speed, proven by the F value of 5.447 and a significance value of p 0.006
<0.05, Swimming athletes who have high concentration are better than those who have low concentration, with an average
posttest difference of 0.59. (3) There is an interaction between imagery training and pre-performance routines in terms
of concentration aspects (high and low) on increasing 100-meter freestyle swimming speed, with an F value of 39.87 and
a significance value of p 0.000 <0.05. The conclusion is that the imagery training model is a more effective method for
athletes who have high concentration, and the pre-performance routines training model is more effective for athletes who
have low concentration.

Keywords: imagery, pre-performance routines,; concentration, swimming

INTRODUCTION

Swimming is one of the aquatic sports that has a significant contribution to the development and development of
sports achievements at the national or international level. In obtaining optimal performance, swimming sports require
systematic efforts to achieve maximum results in various competition numbers, whether free style, breast style, back
style, or butterfly style, at various distances (Ivanenko et al., 2020). Of the various events, the free style is the most
common event in formal swimming competitions, both at national and international levels, including the Olympic
Games and FINA World Championships (Beganovi¢, 2019). The free style has a complete range of distances from
50m, 100m, 200m, 400m, 800m (girls), to 1500m (boys). Not only that, the free style is also used in relay events
such as 4x100m and 4x200m. This makes the free style the style with the most medal donations in one championship
(Makar et al., 2022).

Swimming freestyle occupies a strategic and fundamental position in the world of performance swimming.
Not only is the number of competition numbers dominant, but free style reflects the efficiency of the method, physi-
cal capacity, and is a universal benchmark of achievement. Therefore, in the coaching and development of athletes,
the ability of free style is often the priority before athletes are shown other styles that are more environmental or
specialized. As one of the Olympic sports, swimming not only requires good method skills, but also the integration
of various components of physical conditions such as strength, endurance, flexibility, speed, and coordination of
movements (Lahart & Metsios, 2018; Ockta & Sabillah, 2025). Psychological factors such as concentration, mental
preparedness, and stress management also play a crucial role in determining athlete performance (Ben-Zaken et al.,
2022). At medium to long distances, swimming speed is greatly influenced by the athlete’s mental skills to withstand
fatigue, muscle soreness, and willingness to give up. Athletes with great mentality are more able to maintain speed
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in the final session of the race and increase the pace when the opponent begins to slow down (Overbury et al., 2023).
This suggests that mental aspects have a direct contribution to swimming speed.

Mental training is very important for speed of swimming athletes because it can help athletes to build confi-
dence, correct mental methods, and prepare for maximum response to the pressure of competition. Saint-Martin
et al., (2020) asserted that visualization of the right method increases the efficiency of movement and compresses
neuromuscular responses, thus indirectly increasing the speed of performance. Mental aspects such as concentration,
anxiety management, mental toughness, visualization, and emotion regulation contribute significantly to swimming
speed. Not only that, but concentration is a fundamental component of sports performance. Athletes with high levels
of concentration are able to selectively focus their attention on relevant data and ignore distractions (Zhan & Xue,
2022).

The interaction between psychological training methods and concentration levels can have different effects on
athlete performance outcomes, making it meaningful to evaluate their efficacy in a more structured context. Con-
centration is a crucial psychological component in sport, affecting athletes’ ability to stay focused on task-relevant
cues while ignoring distractions from the immediate area (Sametko et al., 2018). Athletes with great concentration
tend to be able to show a more normal and precise method of performance, especially under great pressure. In short
events such as the 50m and 100m freestyle, the response time to the start signal and the precision of the method
when the swimmer enters the water largely ensure the final result. Athletes who have great concentration and control
over distractions tend to have faster and more effective start times (Olanescu-Vaida-Voevod et al., 2022). Moreover,
a split-second lapse in focus can have a huge impact on total travel time. In training and coaching athletes, the sport
psychology approach should not be ignored and must be integrated with the method and exercise program so that
swimming speed can reach peak performance.

But based on the results of field observations in April 2025 with Yogyakarta swimming coaches, it was found
that the speed skills of free-style swimming athletes were still low and not optimal. This matter is evidenced by the
information obtained during the early test found that the average score of swimmer speed was recorded at 180 sec-
onds; the matter is listed in the type of lack. This matter is due to the training procedures that are running only focus
on training methods and bodies, so that mental training is neglected. Meanwhile, the mental aspect in this matter
also means paying attention to. If this matter continues to be left until it will affect the increase in the performance
of swimming athletes.

One method that is thought to be able as a solution to improve the speed skills of free-style swimming athletes
is by sharing imagery exercises and pre-performance routines (PPR). In this context, psychological methods such as
imagery and pre-performance routines (PPR) have been widely researched to improve athlete performance. Imagery
is a mental method that involves creating sensory images in the mind to represent certain experiences or movements.
Previous research has shown that imagery can improve athletes’ methods, confidence, and mental readiness (Duarte-
Mendes et al., 2019). On the other hand, pre-performance routines are a series of systematic actions that are attempted
in the time before competition to condition mental focus and reduce anxiety (Richard et al., 2021; Rupprecht et al.,
2024). The implementation of pre-performance routines has invariably been associated with improved performance
in various sports, although research in the context of swimming is limited.

Although some research has confirmed that imagery and pre-performance routines can individually improve
sports performance, research that directly equates the two in the context of aquatic sports such as swimming is still
very scarce (Orbach & Blumenstein, 2022). Not only that, but not many studies have explored how the effectiveness
of both procedures can be affected by people’s concentration levels. Most research first considers only the direct ef-
fects without considering the interactions between psychological variables, while in the context of real performance,
such interactions are very likely to occur and ensure the outcome of mental training (Hufton et al., 2024).

Recent research shows that imagery and pre-performance routines can improve swimming performance. For
example, one study found that imagery can improve swimmers’ 1000-yard training times (Yadolahzadeh, 2021). Not
only that, another study showed that PPR can improve swimming performance by producing psychological stability
and focus (Yao et al., 2020). However, there is limited research that directly equates these two methods in the context
of swimming. Not only that, but recent research has shown that concentration levels can moderate the influence of
psychological methods on performance. One study found that good concentration allows athletes to stay focused on
their movements, strategies, and competition conditions without being distracted by external or internal aspects (Oli-
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ver et al., 2021). The interaction between psychological training methods and concentration levels can have different
effects on athlete performance outcomes, making it meaningful to evaluate their efficacy in a more structured context.

This study aimed to identify whether the implementation of imagery or pre-performance routines can signifi-
cantly improve free-style swimming skills, and to what extent these effects are influenced by athletes’ concentration
levels. The results of this research are expected to contribute empirically to the development of fact-based psycho-
logical interventions in competitive sport and serve as a reference for coaches and sport psychologists in designing
mental training programs that are structured and based on athlete characteristics.

MATERIALS AND METHODS

Research Design

This research method is quantitative, with this type of research being an experimental 2 x 2 factorial design.
This experimental research uses two different treatment groups, namely the provision of imagery training methods
and pre-performance routines.

Research Participants

The population in this study was all Yogyakarta swimming athletes, totaling 38 athletes. In this study, the in-
clusion criteria were applied to determine the sample of this study, which is based on certain criteria desired by the
researcher, including: Aged between 15-18 years, Mastering the basics of freestyle techniques, Having no history
of severe injury in the last 6 months, Willing to follow the intervention program during the study period. While the
exclusion criteria in this study are things that cause the sample not to meet the criteria to be sampled, such as not fol-
lowing the entire intervention training session, or getting injured during the study. Grouping of samples is taken from
athletes who have high concentration, as much as 27% and athletes who have low independence, as much as 27%
of the data that has been ranked. Based on this, a sample of 10 athletes who have high concentration and 10 athletes
who have low concentration is obtained, so that a total sample of 20 athletes is obtained. This study has received ap-
proval from all samples who have filled out a statement of willingness to become research samples and have met the
requirements of the research ethics code.

Research Procedure

The data collection method in this research is test and measurement. Before the pretest and posttest measure-
ments were taken, the sample was first measured for concentration to determine high and low concentrations. To mea-
sure concentration in this study is to use the Grid Concentration Test 0.89 was used, and a reliability value of 0.803
(Greenlees et al., 2006). The test to measure the speed of freestyle swimming athletes in this study used a stopwatch.
The research process was carried out for 12 meetings, where in one week, 3 meetings were held. Imagery group:
Structured visualization exercises, 10-15 minutes per session, and PPR Group: Consistent practice of pre-match rou-
tines. And ended with taking a final test or post-test to measure the speed ability of freestyle swimming athletes with
the aim of recognizing the comparison of scores after the treatment.

Data Analysis

The data analysis method used in this research is SPSS version 24, using ANOVA 2 path (ANOVA two-way) at
the level of significance = 0.05. Next, to compare the average treatment effect, the Tukey test is used (Santoso, 2018).
Before arriving at the utilization of Anova 2-way (Anova two-way), prerequisite tests need to be tried, including: (1)
normality test and (2) homogeneity of variance test, and hypothesis testing.

RESULTS

The chapter on research results and discussion will be presented sequentially, including: (1) research data, (2)
pre-requisite test analysis, and (3) hypothesis testing. Hypothesis testing in this study will be presented sequentially
including: (a) the difference in influence between imagery training methods and pre-performance routines on in-
creasing 100-meter freestyle swimming speed; (b) the difference in influence between high and low concentration on
increasing 100-meter freestyle swimming speed; and (c) the interaction between imagery training methods and pre-
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performance routines and concentration on increasing 100-meter freestyle swimming speed. The complete results
will be presented as follows:

Results 100-meter freesnde swimming speed
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Figure 1. Bar diagram of pretest and posttest swimming speed

Description:

AIBI: A group of athletes is given an imagery training method with high concentration.

A2BI1: A group of athletes is given the pre-performance routines training method with high concentration.
AIB2: A group of athletes given the imagery training method with low concentration

A2B2:  The group of athletes given the pre-performance routines training method with low concentration.

Based on the graph 1 above, it shows that the A1B1 group’s average prestest freestyle swimming speed was
90.15 and increased during the posttest by 84.20, the A2B1 group’s average prestest was 92.10 and increased during
the posttest by 89.15, the A1B2 group’s average prestest was 91.50 and increased during the posttest by §7.50, the
A2B2 group’s average prestest was 91.60 and increased during the posttest by 86.10.

1. Prerequisite Test Results

a. Normality Test

The data normality test in this study used the Shapiro-Wilk method. The results of the data normality test con-
ducted on each analysis group were carried out with the SPSS version 24.0 for Windows software program with a
significance level of 5% or 0.05. The summary is presented in Table 1 as follows.

Table 1. Summary of freestyle swimming speed normality test results

Group P Significance Description
Pretest A1BI 0.814 Normal
Posttest A1B1 0.814 Normal
Pretest A2B1 0.421 Normal
Posttest A2B1 0.421 Normal
Pretest A1B2 0.421 0.05 Normal
Posttest A1B2 0.421 Normal
PretestA2B2 0.814 Normal
Posttest A2B2 0.201 Normal
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Based on the statistical analysis of the normality test that has been carried out using the Shapiro-Wilk test, all
pretest and posttest data on freestyle swimming speed are obtained from the results of the data normality test signifi-
cance value p> 0.05, which means that the data is normally distributed.

b. Homogentis Test

The homogeneity test is carried out to test the equality of several samples, namely, homogeneous or not. The
homogeneity test is intended to test the similarity of variance between the pretest and posttest. The homogeneity test
in this study was the Levene Test. The homogeneity test results are presented in Table 2 as follows.

Table 2. Summary of homogeneity test results

Variable F dfl df2 Sig.
Freestyle Swimming Speed 0.161 3 16 0.921

Based on the statistical analysis of the homogeneity test that has been carried out using the Levene Test. The
calculation results obtained the significance value of freestyle swimming speed of 0.921 > 0.05, which means that the
data group has a homogeneous variance. Thus, the population has a similar variant or is homogeneous.

3. Hypothesis Test Results
Research hypothesis testing is carried out based on the results of data analysis and interpretation of the two-way
ANOVA analysis. The sequence of hypothesis testing results adjusted to the problem formulation is as follows:

a. Hypothesis of the Difference in Influence between Imagery Training Methods and Pre-Performance
Routines on Improving 100 Meter Freestyle Swimming Ability.

The first hypothesis reads “There is a difference in the influence between the Imagery Training Method and
pre-performance routines on the Improvement of 100-meter freestyle Swimming Ability”. Based on the results of the
analysis, obtained data in Table 3 are as follows:

Table 3. Anova test results of differences between Imagery Training Method and pre-performance routines on improving 100
Meter Freestyle Swimming Ability

Source Variabel B e ekt Df Mean F Sig.
Squares Square
Training Method ~ >"/MMiNg 45.000 1 45.000  19.169  0.002

speed

From the ANOVA test results in Table 3 above, it can be seen that the significance value of swimming speed p
is 0.002 and the F value is 19.169. Because the significance value of p is 0.002 <0.05, it means that HO is rejected.
Thus, there is a significant difference in influence. Based on the results of the analysis, it turns out that the imagery
training method group on the variable swimming speed average travel time of 85.85 seconds is better than the pre-
performance routines training group on the variable swimming speed average travel time of 87.62 seconds, with a
posttest average difference of 1.77 seconds. This means that the research hypothesis, which states that “There is a
significant difference in influence between the Imagery Training Method and pre-performance routines on Improving
100 Meter Freestyle Swimming Ability,” has been proven.

b. Hypothesis of the difference in influence between high and low concentration groups on increasing
freestyle swimming speed.

The second hypothesis, which reads “There is a difference in the effect between high and low concentration
groups on increasing freestyle swimming speed”. The calculation results are presented in Table 4 as follows:
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Table 4. ANOVA test results of high and low concentration groups on increasing 100-meter freestyle swimming speed

Source Variable Type lll Sum of Squares Df Mean Square F Sig.
Concentration Swimming speed 12.800 1 12.800 5.447  0.006

From the ANOVA test results in Table 4 above, it can be seen that the motorcycle significance value p is 0.006
and the F value is 5.447. Because the significance value of p is 0.006 <0.05, it means that HO is rejected. Thus, there
is a significant difference in influence. Based on the results of the analysis, it turns out that the group of athletes who
have high concentration on the variable swimming speed average travel time of 86.67 is higher than the group of low
concentration athletes on the variable swimming speed average travel time of 86.08, with an average posttest differ-
ence of 0.59. This means that the research hypothesis, which states that “There is a significant difference in influence
between high and low concentration groups on improving the ability of 100 meters freestyle swimming speed,” has
been proven.

c. Interaction between imagery training methods and pre-performance routines and concentration (high
and low) on increasing 100-meter freestyle swimming speed.

The third hypothesis, which reads “There is a significant interaction between training methods (imagery and
pre-performance routines) and concentration (high and low) on improving the ability of 100-meter freestyle swim-
ming speed”. The calculation results are presented in Table 5 as follows.

Table 5. Anova test results of interaction between training methods (imagery and pre-performance routines) and concentration
(high and low) on improving the ability of 100-meter freestyle swimming speed

Source Variable Type Il Sum of Squares Df Mean Square F Sig.
Training Method Swimming speed 64.800 1 64.800 39.877 0.000

From the ANOVA test results in Table 5 above, it can be seen that the motorcycle obtained a significance value
of p 0f 0.000 and an F value of 39.877. Since the significance value of p is 0.000 <0.05, it means Ho is rejected. Based
on this, it means that the hypothesis stating “There is an interaction between imagery training and pre-performance
routines as well as high and low concentration on increasing 100 Meter Freestyle Swimming Speed” has been proven.
After the interaction is tested, it is necessary to conduct further tests using the Tukey test. Further test results can be
seen in Table 6 below:

Table 6. Summary of post hoc test of 100-meter freestyle swimming speed

Group Interaction Mean Difference Std. Error Sig.
A1B2 -2.5000* 0.82023 0.002
A1B1 A2B1 -1.2000 0.82023 0.47
A2B2 1.0000 0.82023 0.619
A1B1 2.3000* 0.82023 0.002
A1B2 A2B1 3.5000* 0.82023 0.019
A2B2 4.5000* 0.82023 0
A1B1 1.2000 0.82023 0.47
A2B1 A1B2 -2.3000* 0.82023 0.039
A1B2 2.2000 0.82023 0.051
A1B1 -1.000 0.82023 0.619
A2B2 A1B2 -3.5000* 0.82023 0
A2B1 -2.2000 0.82023 0.052

Based on Table 6, the results of the Tukey test calculation on the asterisk sign (*) show that pairs that have in-
teractions or pairs that are significantly different (significant) are: (1) A2B1-A2B2, (2) A2B1, (3) A2B1-A1B2, (4)
A2B2-A1B2 while the other pairs declared to have no difference in influence are: (1) A2B1-A2B2 (2) A2B1 - A2B2.
(3) A1B1-A2BI.
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DiscussioN

The discussion of the results of this study provides further interpretation of the results of the data analysis that
have been stated. Based on hypothesis testing, there are three groups of analysis conclusions, namely: (1) There is a
significant difference in influence between the main factors of the study; (2) there is a difference in influence between
high and low concentration groups on improving the ability of 100 meters freestyle swimming speed; (3) there is a
significant interaction between the main factors in the form of two-factor interaction. The discussion of the results of
the analysis can be further described as follows:

1. The effect of Imagery and Pre-Performance Routines training methods on increasing 100-meter free-
style swimming speed

Based on hypothesis testing, it is known that there is a significant influence between the Imagery and Pre-
Performance Routines training methods on increasing 100-meter freestyle swimming speed. These results are from
the research of Ferrari et al., (2018), which states that there is a significant effect of the imagery training method on
increasing the speed of aquatic athletes. Another study conducted said that the imagery training method is effective
for improving the accuracy of tennis players’ service. Besides that, the increase in 100-meter freestyle swimming
speed can also be seen from the Pre-Performance Routines training. This is in accordance with the results of the
study (Holter, 2023), which states that there is a significant effect of the Pre-Performance Routines training model on
athlete performance. This is supported by previous research by Zohar et al., (2017), which says that pre-performance
routines training has a significant effect on agility ability. The pre-performance routines model affects increasing the
speed of 100-meter freestyle swimming athletes because the training model is effective in increasing psychological
stability.

However, based on the results of the data analysis test, it was found that the imagery training method group
was better) than the pre-performance routines group on increasing the speed of 100-meter freestyle swimming ath-
letes. This is reinforced by a study (Richard et al., 2021) which shows that Pre-Performance Routines can increase
psychological stability and focus, but do not significantly increase travel time in freestyle swimming. (Nopiyanto
et al., 2025) said that imagery training will have an impact on an athlete’s stimulus unit and response unit to skills.
The stimulus provides information relative to the content of the skill, while the response provides information on
individual responses to situations experienced by athletes. For example, participants have imagined a skill or perfor-
mance in a training or competition, the athlete’s stimulus unit seems to be seeing himself and seeing others, and can
feel the crowd of spectators, while the athlete’s response unit has an impact on increasing the pulse rate and sweating.
Previous researchers (Jose et al., 2018) revealed that imagery training methods can improve athletes’ performance in
continuous tasks such as swimming. Imagery can increase the activation of the motor system, thereby strengthening
the synaptic pathways used in swimming movements. Intense imagery training increases the efficiency of large and
small muscle movements relevant in freestyle swimming.

2. Differences in the effect between high and low concentration athlete groups on improving freestyle
swimming speed ability

The results of the analysis show that athletes with high concentration ability are better than athletes who have
low concentration ability in freestyle swimming speed. Concentration in this case has an important role in influenc-
ing the technique performed or the results of a sports match. Attention and concentration are often interpreted as the
same, even though they have different definitions. Concentration is the process of direct awareness of the information
(stimuli) received to decide on an action (response). Concentration is a person’s ability to focus attention on selected
stimuli (one object) within a certain time. Uludag et al., (2021) revealed that concentration is very important for a
player in performing on the field. The main component of concentration is to focus attention on a particular thing and
not be distracted by irrelevant internal stimuli or external stimuli. This is by research (Purnomo & Yendrizal, 2020)
conducted by which states that athletes who have a high level of concentration have a significant effect on the shoot-
ing accuracy of petanque sports. In the context of freestyle swimming, concentration is very important to maintain
technique and movement efficiency.

3. Interaction between imagery and Pre-Performance Routines training methods, and concentration on
improving the 100-meter freestyle swimming speed ability

Based on the results that have been stated in the results of this study indicate that there is a significant interaction
between imagery training and (Pre-Performance Routines) and concentration (high) and (low) on improving the abil-
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ity of 100 meters freestyle swimming speed. The results showed that the imagery training method is a more effective
method for athletes with high concentration levels, and the Pre-Performance Routines method is more effective for
athletes with low concentration levels. The interaction between psychological training techniques and concentration
levels can produce different effects on athlete performance results. This suggests that imagery is more effective in
improving freestyle swimming performance, especially when combined with high concentration. Elite swimming
athletes often use imagery before the start, imagining the following sequence: 1) Position on the starting blocks, 2)
Jump and streamline into the water, 3) The rhythm of the hand pull and leg movement, 4) The breath and turn at the
end of the course, 5) The sprint to the finish wall. This repeated visualization helps improve their actual speed in the
race. The 100-meter freestyle is a swimming race that relies on speed, technical efficiency, fast start, optimal turn-
over, and anaerobic stamina. In this event, mental focus and tactical readiness determine the final result. Therefore,
mental imagery is an important tool to: 1) improve visualization of race technique and strategy, 2) accelerate mental
adaptation to competition pressure, and 3) improve movement efficiency through motor representation. This is by
the functional equivalence theory, which states that brain activation when performing imagery is similar to when
performing real movements (Rhodes et al., 2024). Mental imagery training has a positive and significant effect on
100-meter freestyle swimming speed. Through motor stimulation, strengthening procedural memory, and increasing
psychological readiness, imagery can be an integral part of an athlete’s training program (Lindsay et al., 2023). This
approach is also very useful in the tapering phase or when athletes cannot train fully due to injury or fatigue.

CONCLUSSION

Based on the results of the research and the results of the data analysis that has been carried out, the following
conclusions are obtained: 1) There is a significant difference in influence between imagery training methods and pre-
performance routines on improving the ability of 100-meter freestyle swimming speed. The imagery training model
group is better than the pre-performance routines group in improving the speed ability of 100-meter freestyle swim-
ming athletes. 2) There is a significant difference in influence between athletes who have high and low concentration
on improving freestyle swimming speed ability. Athletes who have high concentration are better than athletes who
have low concentration at improving their ability to swim 100 meters. 3) There is a significant interaction between
training models (imagery and pre-performance routines) and concentration (high and low) on improving the abil-
ity of 100-meter freestyle swimming speed. The results showed that the imagery training model is a more effective
method for athletes who have high concentration, and the pre-performance routines training model is more effective
for athletes who have low concentration.
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Abstract: The research was aimed at studying the relationship between management approaches and the efficiency of
sports organizations. To achieve this goal, a theoretical analysis of leadership styles and aspects of strategic management
was conducted, as well as a survey of sports managers. The study of various leadership models, including transformation-
al, situational, servant leadership, democratic and authoritarian, showed that transformational and situational leadership
are the best approaches to improving team performance and motivating participants. The study of strategic management
has confirmed its significance as an important multicomponent tool for ensuring stability and achieving long-term goals,
especially when integrated with appropriate leadership approaches. According to the survey of sports managers, transfor-
mational leadership received the highest scores in combination with strategy implementation and risk management, while
the authoritarian style received the lowest scores in combination with environmental analysis, adaptive planning, human
resource management, and others. The findings indicate that leadership styles that promote flexibility, creativity and ef-
fective communication create favourable conditions for the sustainable development of teams, support their adaptability
and increase the level of involvement of participants, which ultimately has a positive impact on the overall management
efficiency of sports organizations.

Keywords: transformational style; adaptability; effective communication; teamwork; organizational goals

INTRODUCTION

Sports management is increasingly facing challenges that require the adaptation and implementation of effec-
tive management practices to ensure the successful functioning of sports organizations. As leadership and strategic
management are important components that determine the ability of organizations to achieve high performance, over-
come challenges and sustain sustainable development, the challenge is that different leadership approaches have sig-
nificantly different impacts on the performance of sports teams and their management outcomes. Given the changing
environment, including the development of digital technologies, increased competition and economic crises, there is
a need to better understand which leadership styles are most effective for sports organizations of different sizes. In
order to optimize management approaches in sports organizations, further increase their competitiveness and overall
efficiency, it is necessary to focus on adapting leadership practices to specific conditions of activity. The choice of an
appropriate leadership style and effective strategic planning not only affect the success of the team in competitions,
but also determine the sustainability of the organization in a changing sports market.

Previous studies in the field of strategic management and innovation in sports organizations have highlighted
the factors that contribute to their effectiveness. Adiguzel (2020) investigated the role of strategic management in
combination with innovation processes and concluded that technological capabilities serve as a catalyst for improv-
ing innovation processes and increasing the effectiveness of strategy execution. In addition, Rehman et al. (2019)
investigated the impact of leadership styles on organizational performance through the development of an innovative
culture and organizational learning. They found that the combination of transformational leadership with a culture of
innovation and learning is crucial for increasing productivity. At the same time, there is still a lack of comprehensive
research that would reveal the interaction of these factors in large sports organizations.

Methodological approaches need to be improved to increase the accuracy and reliability of research in the field
of sport management. Andrew et al. (2020) proposed a systematic approach to research in this area and drew attention
to the need to develop detailed guidelines for formulating questions and collecting data. The authors have developed
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a framework that allows researchers to effectively plan their studies, choose adequate data collection methods, and
apply scientific approaches to analyse the results. However, qualitative methods also play a key role in sports re-
search: Skinner et al. (2020) found that the use of qualitative methods allows for more nuanced data on relationships
within sport organizations, the relationship between coaches and athletes, and the motivations and expectations of
different participants in sport. Kim and Lee (2019) confirmed that an incomplete understanding of statistical methods
often leads to methodological errors and distortion of results. Thus, despite significant advances in methodology,
there is still a need for clearer standards and the integration of better approaches to avoid inaccuracies and increase
the scientific validity of results.

Modern research on the role of sport in society has demonstrated the diversity of views and approaches that
reflect different aspects of its significance. For example, Gammelseter (2021) emphasized the danger of commercial-
ization of sport, which undermines its authentic values and focus on personal and social development, turning sport
into a business. The author pointed out the importance of returning to the cultural and social role of sport, which
includes fair play and community engagement. A different view was offered by Yoon et al. (2024). They argue that
leadership in sport can stimulate not only sporting but also entrepreneurial activity, promoting responsibility and
commitment in a team context. In this case, sport acts as an environment for developing innovative thinking and
professional skills. The study by McCullough et al. (2020) expanded on this approach by emphasizing the environ-
mental responsibility of sport and its potential to impact a sustainable environment, which requires the integration of
environmental practices into sport management. The reviewed works pointed to the need for further research into a
balanced approach that would preserve the values of sport while developing new areas of its influence.

Studies on leadership approaches in sports teams have shown a significant impact of such approaches on the
interaction and level of involvement of participants. For example, the work of Garcia et al. (2021) demonstrated that
programmes that promote the development of authentic leadership in coaches can significantly increase athletes’ mo-
tivation and create more trusting relationships within the team. The authors confirmed the role of authentic leadership
in creating a positive environment where athletes feel supported and, accordingly, demonstrate a higher level of sat-
isfaction with training. The study by Ehnold et al. (2021) complemented these findings and confirmed the importance
of digital technologies for the organizational capacity of sports clubs. It was found that the introduction of digital
tools improves communication and member engagement, particularly in clubs with high organizational capacity,
which allows for more effective management. Despite these achievements, it remains to be seen how the integration
of digital solutions can further strengthen leadership initiatives.

The reviewed studies have demonstrated significant progress in the study of the field of sports management,
but the question of how different leadership approaches can be combined with modern management approaches re-
mains unexplored. The purpose of the study was to assess the impact of leadership styles and strategic management
on the overall performance of a sports organization. The objectives of the study were to identify the most common
leadership models in sports organizations, assess the effectiveness of strategic management practices and the role of
strategic planning in achieving organizational goals, and conduct a survey of sports managers.

MATERIALS AND METHODS

The article analyses leadership models and strategic management in sports organizations. The current trends in
leadership in sports were considered, the most common leadership models and their impact on the performance of
teams and individual athletes were identified. A detailed description of each leadership model was provided, and how
these models shape the culture of sports organizations, affect the relationships between participants and the final re-
sults were considered. Each leadership style was also assessed, identifying their strengths and weaknesses, as well as
the specific conditions under which a particular model is most effective. To assess the impact of each leadership style
on various aspects of team dynamics and individual performance, a comparison of leadership models was conducted.

The analysis of strategic management in sports structures assessed the effectiveness of strategic management
practices and the role of strategic planning in achieving organizational goals. The analysis covered such aspects
as external environment analysis, strategy formulation and implementation, performance monitoring, adaptive and
long-term planning, risk and human resource management. In addition, special attention was paid to the ability of
sports organizations to adapt to rapid changes in the external environment and apply innovative practices to ensure
sustainable development.
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The study involved 385 respondents, sports managers at top, middle and grassroots levels. The age range was
from 25 to 55 years old (average age 43.6 years); 274 men (71.2%) and 111 women (28.8%). The sample was drawn
randomly from sports managers working in the following sports organizations: football (12%), hockey (5%), basket-
ball (9%) and rugby (3%) clubs, athletics (21%) and cycling (4%) organizations, gymnastics (11%) and swimming
(8%) schools. For the purpose of in-depth analysis, 10% (39 people) of the total number of respondents were ran-

domly selected to participate in semi-structured interviews.

The survey was conducted online using Google Forms. Respondents were provided with a memo defining key
concepts in the context of leadership styles and aspects of strategic management to ensure a uniform understanding

of the questions and uniformity of results. All participants were asked the following questions (Table 1).

Table 1. Example of questions from a survey conducted

No. Questions

Answer options

. Absolutely yes

performance?

. Annually
. As needed

6. How important is it to adapt the leadership style to the individual needs of the athlete?

a
1 Do you think that adapting leadership style to the situation contributes to the E Szglf;yes
" effectiveness of an organization? ‘
d. Rather no
e. Not at all
To what extent do you think that current trends in the sports industry (e.g., the a. Influence significantly
. . . L . . b. Influence moderately
2. introduction of technology, changes in training approaches) influence your leadership . .
style? c. Have little or no impact
d. Do not affect at all
a. Monthly
How often do you think training and leadership strategies should be reviewed to b. Every three months
3. improve team performance? c. Every six months
' d. Annually
e. As needed
a. Very satisfied
4 Assess your level of satisfaction with the current approaches to leadership in your E ;Zﬁiijd
organization. d. Dissatisfied
e. Very dissatisfied
a. Monthly
5 How often do you review your management strategies to improve organizational ? E\\//:rr;/ ::(r(;eor:tcr)]r;ths
d
e
a
b
C
d
e

. Critically important
. Very important

. Important

. Not very important
. Not important at all

Source: compiled by the authors.

Additionally, respondents were asked to evaluate the combination of leadership styles and aspects of strategic
management using a 10-point scale. For this purpose, they were provided with blank tables in which they had to

evaluate each combination, which allowed obtaining quantitative data for further analysis.

Semi-structured interviews were conducted with 39 respondents (12 women, 27 men, average age 45.8 years).
The interviews were conducted in the format of video conferences via Zoom and lasted 15-30 minutes (Table 2).
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Table 2. Questions that were asked during the interview

No. Questions
1. How did your leadership style affect the effectiveness of the sports organization you work for?
Can you give an example of when strategic planning and leadership contributed to the achievement of important

2 organizational goals? What specific approaches have been most successful?

3 How is your leadership influenced by trends in the sports industry, such as the increase in technology or changes in
' approaches to athlete training?

4 How do leadership approaches affect resource management in your organization? Are there any styles that are more
' favourable for the optimal use of resources?

5 What specific managerial decisions have you made to improve the effectiveness of your organization, and how does
) this relate to your leadership approach?

6. What strategies have you found to be most effective in maintaining high levels of athlete motivation in the long term?

Source: compiled by the authors.

The ratings of the combination of leadership styles and strategic management aspects were used to create a heat
map that displayed the mean values and deviations, which made it possible to identify the best and worst combina-
tions of leadership approaches and strategic management aspects, as well as the consistency of experts’ opinions.
The obtained scores were processed in an Excel spreadsheet using standard formulas to calculate mean values and
standard deviations. The interview materials were processed by transcribing the audio recordings.

All respondents were informed about the purpose of the study, the format of participation, and the possibility of
refusing to participate. To ensure confidentiality, all data was collected and processed anonymously, and no identify-
ing information was collected.

RESULTS

Analysis of current trends in leadership in sports: identification of the most common leadership models
in sports organizations and the impact of leadership approaches on the performance of teams and individual
athletes

Leadership in sports organizations is not just a management tool, but a foundation for building an effective team
and achieving high results. Each leadership model has a unique impact on athlete development, team cohesion and
performance. It is important to understand the different approaches and recognize how they shape the organization’s
culture, relationships between participants and the final results. Among the leadership models that dominate in sports
structures, scholars identify transformational, transactional, situational, servant leadership, charismatic, democratic
and authoritarian leadership (Mach et al., 2021; Jin et al., 2022; Sahin, 2022). It is worth considering the impact of
each of these approaches on team and individual athlete performance.

Transformational leadership is one of the most powerful models in the sports context as a leader, who chooses
this approach is able not only to manage the team, but also to inspire it to achieve results that at first glance seemed
impossible (Newland et al., 2019). Leaders who act on the basis of a transformational approach can create a shared
vision of the future that becomes a driving force for each athlete. They support athletes in overcoming difficulties
and encourage them to go beyond the usual. This approach helps to create an atmosphere of trust and mutual support
in which athletes feel part of a larger whole; it contributes to increased motivation, personal development and, as a
result, the achievement of outstanding results at both the individual and team levels.

Transactional leadership, in contrast to transformational leadership, is more formalized and focused on a system
of rewards and punishments. Athletes clearly understand what is expected of them and what the consequences of their
actions will be. This model provides predictability and stability, which can be very effective, especially in preparation
for competitions where clear rules and standards must be followed. At the same time, the transactional approach often
limits creativity and initiative, as athletes may focus solely on completing tasks without trying to find new ways to
achieve results or improve.

Situational leadership is especially important in sports, where the dynamics of the situation change instantly,
and the coach or leader has the ability to adapt his or her leadership style to suit the circumstances. For example, in
one situation, a leader may choose a supportive approach to help athletes develop confidence in their abilities, while
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in another they may adopt a more directive style when they need to make quick decisions under pressure. The situ-
ational approach allows for effective response to the needs of the team and individual athletes, maintaining a balance
between control and autonomy that leads to better results.

Servant leadership is a unique approach that helps to highlight the importance of caring for the needs of athletes
as a leader’s top priority (Lemoine et al., 2019). A servant leader creates an environment where athletes can grow both
professionally and personally. He or she focuses on achieving athletic performance and developing moral character
and emotional resilience. This support helps to create a team in which each member feels important and relationships
within the group are based on trust and mutual respect. Such support helps to reduce stress, increase motivation and
the overall level of satisfaction of athletes from participating in the team.

Charismatic leadership has a significant impact on athletes’ performance due to the energy and inspiration that
the leader exudes. A charismatic leader is able to rally a team around a big idea or goal, inspiring each athlete to be-
lieve in their own abilities. Under his influence, athletes often show high commitment and motivation, and are willing
to make sacrifices for the sake of a common goal. However, this style can also have a downside — a team’s strong
dependence on the leader can lead to a loss of direction in the event of his or her absence or replacement, which can
sometimes undermine stability and long-term effectiveness.

Democratic leadership involves the active involvement of athletes in decision-making, which increases their en-
gagement and sense of responsibility for team success. A leader who follows a democratic approach encourages discus-
sion, considers the opinions of all team members and builds open communication. This model of leadership contributes
to the development of leadership skills in the athletes themselves, their personal growth, and the strengthening of team
spirit. However, this style may be less effective in situations where quick and decisive decisions need to be made.

Despite its criticisms, authoritarian leadership also has its place in sport organizations, especially in high-stress
environments or in times of crisis. An authoritative leader clearly indicates what needs to be done and how to do it,
which can be useful when a quick response is needed. Athletes know what is required of them, and this helps them
to focus on the goal at hand. However, a long-term authoritarian approach can lead to a decrease in motivation and
initiative, as athletes feel that they are merely executors without the ability to influence the team’s processes.

Each leadership model has its own unique characteristics and impact on team and individual performance, and
the effectiveness of a sports team largely depends on the leader’s ability to choose a specific style and flexibly adapt
it to the circumstances, taking into account the characteristics of the team, the specifics of the sport and the current
situation. It is believed that effective leaders combine different approaches, which helps to maximize the potential of
athletes to ensure high sports results and sustainable development of the team (Day et al., 2020; Daniéls et al., 2019).

Strategic management in sports structures: evaluation of the effectiveness of strategic management prac-
tices and the role of strategic planning in achieving organizational goals

Strategic management in sports structures is a critical element of the success of modern sports organizations, as
it determines how successfully the organization achieves its goals, uses resources and adapts to the dynamic external
environment. It is known that assessing the effectiveness of strategic management practices can help identify the
strengths and weaknesses of management, as well as determine how best to innovate and ensure development in a
constantly competitive environment (Dodgson, 2021; Agazu and Kero, 2024; Lopez and Oliver, 2023). In the sports
sector, where changes occur very quickly, strategic management becomes the basis for stability, allowing organiza-
tions to maintain efficiency while maintaining flexibility to adapt to new conditions.

The main strategic management practices used in sports organizations include analysing the external environ-
ment, formulating a strategy, implementing it and monitoring the results. An important part of these processes is the
ability of a sports organization to respond quickly to market changes, introduce innovations and effectively manage
human resources. The effectiveness of management practices is determined by the extent to which an organization
is able to achieve its goals while minimizing costs and making optimal use of available resources. For example, the
analysis of the external environment should include consideration of the competitive landscape, economic factors,
legislative changes and social trends, which can help a sports organization to be prepared for different development
scenarios and make decisions based on real data.

The role of strategic planning in sports organizations cannot be overestimated, as it provides a basis for decision-
making, allows for the development of long-term development programmes and clearly defines the organization’s
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activities. Successful strategic planning involves a clear vision of the future, an understanding of the organization’s
strengths and weaknesses, and consideration of opportunities and threats in the external environment, which allows
sports organizations to achieve high results in competitions and ensure financial stability and long-term competitive-
ness. It is important to note that strategic planning also helps to avoid chaotic actions and establish a systematic ap-
proach to solving problems and achieving goals.

Another important feature of strategic planning in sport is its adaptability. Sports organizations often face un-
foreseen circumstances, such as player injuries, changes in competition regulations or economic crises. Therefore,
effective strategic planning must be flexible enough to take these factors into account and adapt to new conditions.
Adaptive planning allows avoiding the negative effects of crises and using them as opportunities for development
by revising athletes’ training strategies or optimizing the use of resources. For example, during the COVID-19 pan-
demic, many sports organizations were forced to revise their training strategies, focusing on individual training
and the introduction of online classes (Washif et al., 2022; Purc-Stephenson et al., 2022; Washif et al., 2024). Such
adaptability helped not only to keep athletes in shape, but also to develop new approaches to the training process that
remained useful after the crisis period.

Another important aspect is the integration of strategic planning with human resource management. In sports
organizations, people are the main asset on which the success of the entire structure depends, so effective strategic
human resource management should include the selection, development, and motivation of coaches, players and
administrative staff. Only a harmonious combination of human resources and strategic goals can ensure the stable
development and success of a sports organization. For example, recruiting qualified coaches who share the organi-
zation’s values and are willing to work towards long-term goals is an important component of building an effective
team. It is also essential to consider the motivation of athletes: strategic planning should include measures to increase
motivation, such as creating individual development programmes, providing social support and implementing a re-
ward system.

The effectiveness of strategic management in sports organizations also depends on the ability of leaders to
anticipate changes and develop strategies that take into account long-term trends. For example, the development of
technology and analytics in sports has provided new opportunities for collecting and analysing data on the effective-
ness of training, the health of athletes, and their performance during competitions. The use of such data in strategic
planning can allow for more accurate prioritization, identification of risks and informed decision-making. Sports
organizations that actively implement analytical approaches can gain a significant advantage over their competitors,
as they are able to respond to changes more quickly and increase the efficiency of the training process.

Strategic management in sports organizations plays a crucial role in achieving organizational goals; effective
management practices and strategic planning provide the basis for the development, growth, and sustainability of
sports organizations in the face of dynamic change and high competition. It is believed that the key success factors
are the ability to adapt to new conditions, use resources efficiently and integrate strategies with human resource man-
agement (Zhang et al., 2023; Chelladurai and Kim, 2023; Bradbury et al., 2021). Only those sports organizations that
consider long-term trends and innovations are able to ensure sustainable development and long-term success in the
field of sport.

Synergy of leadership and strategic management: impact on the efficiency of sports organizations and
expert opinions

The analysis of the respondents’ answers to open-ended questions allowed us to better understand the specifics
of the challenges and the effectiveness of applying different leadership styles when working with high-level teams in
the sports industry.

Regarding the impact of leadership style on organizational performance, most experts indicated that their ap-
proach to leadership directly determined the level of team motivation and commitment of athletes to common goals.
One of the experts emphasized the importance of working with each player individually and paying attention to their
personal needs, which helped to keep motivation high even in times of difficulty. This approach demonstrated the
importance of personalized work with players, especially in sports with a high emotional component.

Other experts drew attention to the synergistic effect of combining strategic planning and leadership. One re-
spondent cited an example where clear planning and the ability to inspire the team led to the successful achievement
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of long-term goals, while another manager confirmed that strategic planning that took into account the individual
needs of athletes and constant motivation from the leader were key factors in achieving a positive result. This ap-
proach demonstrated the importance of combining clear strategic direction with active support and engagement of
stakeholders, which proves success not only through planning, but also through creating a culture of accountability
and involvement of each participant in a common goal.

Changes in the sports industry, such as the introduction of new technologies, have a significant impact on the
leadership approaches used in organizations. Respondents noted that the development of analytical systems and the
latest methods of training athletes is forcing leaders to reconsider their management styles. With the advent of new
technologies, the approach to working with the team has changed. Leaders have become more open and integrated
players into the decision-making process, which has contributed to increased teamwork and trust between players
and management.

Regarding the impact of leadership on resource management, most experts agreed that democratic and collec-
tive management styles contributed to the optimal use of resources. The involvement of trainers in decision-making
allowed for better cost control and more efficient use of resources, which also pointed to the effectiveness of team-
work in addressing resource allocation issues, especially in the context of limited funding.

When analysing management decisions, experts emphasized the benefits of adaptive leadership for improving
organizational performance. Leaders who are able to adapt to changes and make unconventional decisions can ensure
the stability of organizations even in crisis conditions. Regarding the motivation of athletes, most experts emphasized
the importance of an individual approach and creating conditions for continuous professional development. A com-
prehensive approach, including the physical and mental development of athletes, was seen as crucial for maintaining
their motivation in the long term.

The results of the interviews showed that the effectiveness of a sports organization largely depended on the
leader’s ability to adapt to modern challenges, use an individual approach to working with the team, and actively
involve stakeholders in strategic decision-making. This approach allowed the organization to achieve high results and
ensure stable development in a rapidly changing sports industry.

When asked about adapting the leadership style to the situation, most respondents demonstrated some scepti-
cism about whether it contributes to the organization’s effectiveness (Figure 1).

Do you think that adapiiog your leaderslap style to the situation helps to inprove the
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Figure 1. Distribution of experts’ answers to the question about the impact of adapting leadership style depending on the
situation on increasing the organization's efficiency

About 70.9% of respondents were against adaptation, which may indicate a sense of stability and reliability
in existing approaches. The high level of distrust of flexible leadership styles is likely to be explained by previous
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experiences where changes could lead to instability and lack of clear results. In addition, respondents may have seen
fixed approaches as providing a certain structure that helps to avoid confusion and reduces the likelihood of mistakes
in difficult circumstances.

In terms of the impact of current trends in the sports industry, only 21.3% of respondents said that they have a
significant impact on their leadership style, while the majority either did not note a significant impact or denied it at
all (Figure 2).

To what extent do you believe that cuarent trznds in the sports iwlustry (e.g.. the
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Figure 2. Distribution of experts’ answers to the question about the impact of modern trends in the sports industry on
leadership style

This situation may indicate that a significant number of leaders are likely to face challenges in implementing
new technologies or simply consider them ineffective in the context of their own management approaches. Another
critical aspect is that the impact of modern technologies is often perceived as an additional factor rather than the main
means of improving results, which indicates that traditional management methods are still in place.

In terms of the frequency of reviewing training and leadership strategies, the most popular idea was to review
them every three months, which was supported by the majority of respondents (Figure 3).
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Figure 3. Distribution of experts’ answers to the question about the need to review the training and leadership strategy to

improve team performance
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67.5% of respondents supported the idea of reviewing training and leadership strategies every three
months or more frequently, indicating a desire to maintain a balance between stability and adaptation.
Leaders understand the need for regular change to optimize processes, but at the same time are reluctant to
make changes too infrequently to avoid over-adaptation. The idea of reviewing strategies on a semi-annual
basis received the least support, which may be due to the need to maintain a more flexible approach to
change, as well as the desire to maintain clarity and focus on strategic goals without becoming too inert.

In terms of satisfaction with the existing leadership approaches, the majority of respondents expressed
a neutral position (Figure 4).
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Figure 4. Distribution of experts’ answers to the question about the level of satisfaction with the existing approaches to
leadership in the organization

The neutrality in this question may be an indicator that the existing approaches, while not having significant
drawbacks, do not provide exceptional results that would contribute to a high level of satisfaction. The high propor-
tion of neutral responses indicates that there is room for improvement, as respondents did not express strong support
or opposition to current methods. This may be due to a lack of innovative changes or insufficient involvement of staff
in the decision-making process.

In terms of the frequency of reviewing management strategies, the most frequent response was every six months
(Figure 5).

How ollen do you review your managemnenl strabegies b0 TEpTove yHIr oopaniation”s
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Figure 5. Distribution of experts’ answers to the question about the frequency of reviewing management strategies to improve
the organization's efficiency
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With 60.5% of respondents indicating that they review their management strategies every six months, this may
indicate that leaders want to maintain a certain rhythm in the process of planning and implementing change. At the
same time, a significant proportion of respondents indicated that they review their strategies every three months
(19%), which indicates an interest in flexibility in management and the ability to respond quickly to change. Revising
the strategy depending on the situation was the least popular option (5.2%), which may indicate the need for a defined
framework and timeline to ensure control and stability.

When asked about the importance of adapting the leadership style to the individual needs of the athlete, the
responses were rather mixed (Figure 6).
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Figure 6. Distribution of experts’ answers to the question about the importance of adapting the leadership style depending on
the individual needs of the athlete

Although a significant proportion considered it critical (16.6%) or very important (17.4%), around 35% of re-
spondents were against such adaptation, indicating that there are fundamental differences in management approaches,
with some leaders focusing on individual development and others believing that one-size-fits-all management meth-
ods can be more effective in a teamwork context. The results also indicate some barriers to understanding or accept-
ing the need for a personalized approach, possibly due to the complexity of its implementation or lack of appropriate
resources.

The heat map of average scores and deviations of the combination of leadership styles and strategic manage-
ment aspects was created based on the responses of 385 respondents and made it possible to see which combinations
of leadership styles and strategic management aspects were considered the best and which were considered the worst.
It also visualized the consistency of experts’ opinions, which made it possible to identify pairs of leadership styles and
aspects of strategic management where experts’ views coincided and vice versa. Table 3 provides a holistic picture
of the perception of different management approaches and the best strategies for the development of organizations.
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Table 3. Heat map of average scores and deviations of the combination of leadership styles and aspects of strategic

management

. Analysing . . . Human
Leadership style/ external Strategy Strategy Monitoring Adaptive Long-term Risk Resources
Stratetglc management L ment formulation implementation results planning planning management Management
aspec
P 1] SD M SD 1] SD 1] SD 1] SD U SD 1] SD 1] SD
Charismatic 75 18 7 17 68 2 72 19 7 17 62 21 81 15 75 18
leadership
Transformational g3 16 g 15 85 13 81 16 83 16 74 19 85 14 82 15
leadership
Transactional oy 53 65 21 72 2 68 22 61 23 78 17 72 2 69 21
leadership
Situational 8 15 78 14 84 16 8 15 8 15 7 18 84 16 78 17
leadership
servant 79 17 75 18 8 19 77 16 79 17 68 2 8 19 81 16
Leadership
Democratic 74 19 72 17 79 18 75 17 74 19 73 16 79 18 76 18
leadership
Authoritarian

. 56 25 6 23 7 21 64 24 56 23 69 22 7 21 63 23
leadership

Note: u— average, SD — standard deviation.

Transformational leadership demonstrated the highest average scores in such critical aspects of strategic man-
agement as strategy implementation (8.5) and risk management (8.5), indicating a high ability of this style to imple-
ment changes and adapt in difficult conditions. At the same time, the deviations for these indicators remained rela-
tively low (1.3 and 1.4), which indicates the stability of the assessments and the consistency of respondents’ percep-
tions of the effectiveness of transformational leadership in these aspects. This stability indicates that transformational
leadership has clear and understandable advantages in environments where adaptability and rapid implementation of
strategies are required.

Charismatic leadership, on the other hand, showed significant deviations in aspects such as strategy implemen-
tation (2.0) and long-term planning (2.1). That is, although this leadership style can have a strong impact on athletes,
its effectiveness depends heavily on the specific situation and individual characteristics of the leader. The high devia-
tions indicated that leadership outcomes can be unpredictable, making this style less reliable in the long run, espe-
cially when it comes to a systematic approach to planning.

Situational leadership also scored highly in aspects such as strategy implementation (8.4) and risk management
(8.4), with moderate deviations (1.6). Experts agreed on the ability of managers with this style to effectively adapt
to different conditions and make decisions. It is important to note that situational leadership was recognized as one
of the most versatile approaches, as it allows leaders to change their style depending on the specific situation, which
ensures relative stability of results.

Authoritarian leadership, on the other hand, scored the lowest in most aspects, including analysing the external
environment (5.6) and adaptive planning (5.6). These results indicated a limited ability of this style to adapt and
respond flexibly to changes in the external environment. The high deviations (2.5 and 2.3) showed that respondents
had an ambivalent attitude towards the authoritarian approach in the context of analysis and adaptation, which makes
it less effective in today’s environment where rapid change and flexibility are required.

With regard to servant leadership, it showed strong results in human resource management (8.1), which high-
lighted the effectiveness of this style in working with a team, particularly in creating a supportive atmosphere and
engaging people. Servant leadership is particularly useful when it is important to ensure a high level of athlete en-
gagement and motivation, making it effective in the context of managing people.

It is also important to note that long-term planning was the aspect that had the highest deviations for almost all
leadership styles. This suggests that long-term strategies required more coherence and predictability, which could not
always be achieved with certain leadership styles. In particular, the lowest deviation for democratic leadership (1.6)
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in this aspect indicated that a collective approach to decision-making may be most effective in long-term planning, as
consensus building can provide a more stable basis for long-term goals.

In summary, the analysis demonstrated that transformational and situational leadership were most effective in
many aspects of strategic management, especially when it came to strategy implementation and risk management.
The authoritarian style, on the contrary, was the least effective, especially in conditions that required flexibility and
adaptation, and servant leadership was the best in the context of human resource management.

DiscussIioN

The study revealed the impact of different leadership approaches on the effectiveness of sports organizations.
The advantages and disadvantages of the main leadership styles were examined, and their impact on motivation, team
cohesion and the implementation of strategic goals was assessed. The results of a survey of sports team managers
have shown that transformational and situational approaches to leadership were the most effective, as they provided
flexibility and adaptability in various management situations.

The analysis of the shortcomings of leadership styles in sports organizations showed that, despite certain
strengths, most models had weaknesses that affect the effectiveness of teamwork. In particular, the authoritarian style
was rated the worst by experts due to its low effectiveness in the long term due to excessive control that limited the
motivation, creativity, and initiative of athletes. Although democratic and transformational styles have a positive
impact on motivation and team cohesion, they may not be effective in certain situations. In general, the effective-
ness of each approach depends on the leader’s ability to adapt to the needs of the team and the specifics of the situa-
tion, which is a key factor in ensuring positive results. therefore, the effectiveness of each approach depends on the
leader’s ability to flexibly adapt the style to the needs of the team and the specifics of the situation. These issues had
parallels with the study by O’Shannassy (2021), who focused on the challenges of implementing strategic leadership.
In particular, the study noted difficulties in overcoming resistance to change and problems with establishing effective
communication between leaders and subordinates. That is, not only in sports teams, but also in a broader organi-
zational context, strategic leadership may face difficulties in building long-term trust relationships. In addition, the
study by Fransen et al. (2020) highlighted the importance of collective identity formation and psychological safety,
which were identified as key factors in the development of effective teamwork. Psychological safety created the
conditions for open communication and contributed to the formation of a cohesive team where each member could
express their ideas without fear of judgement.

The survey, which included questionnaires and interviews with managers of sports organizations, showed that
there is a significant difference in the perception of different leadership styles, especially in the context of their impact
on staff motivation and engagement. The questionnaire and interviews showed that transformational leadership sig-
nificantly contributed to increasing the motivation and performance of managers, while the autocratic approach was
criticized for limiting autonomy and reducing employee engagement. The inclusive style, as the results showed, was
effective in creating an atmosphere of trust, which had a positive impact on the psychological climate in the organiza-
tion. Thus, the interviews and questionnaires made it possible to determine that the most favourable for the develop-
ment of a sports organization are approaches that take into account the individual needs and motivation of managers,
which can be correlated with the findings of Oh et al. (2023), and Atrizka and Pratama (2022). In their work, J. Oh
et al. found that inclusive leadership contributed to increased employee satisfaction, especially in conditions of high
levels of trust in the organization, while autocratic leadership had a negative impact on engagement. In turn, the study
by Atrizka and Pratama revealed the role of supportive leaders in the development of athletes’ resilience. Since they
create a favourable atmosphere for development and actively support their wards, this can significantly increase the
ability of athletes to overcome challenges and stay motivated even in difficult situations. Similar conclusions were
drawn from the interviews, in which some respondents noted that personal attention and support from leaders helped
to overcome difficulties and keep employees motivated, indicating the need to move away from solely directive man-
agement styles and towards models that support collective identity and individual development.

The data obtained from the theoretical review, survey and heat map revealed significant shortcomings of the au-
tocratic leadership style in sports organizations. It was found that the autocratic approach to management limited the
initiative and autonomy of athletes, created a tense atmosphere that did not promote constructive cooperation and the
development of innovative solutions. The results of the survey among managers showed that the autocratic style was
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heavily criticized by employees due to the limited ability to influence decision-making processes, which negatively
affected their motivation and commitment. The heat map also showed the lowest scores for the autocratic leadership
style in the areas of adaptive planning and environmental analysis, which confirmed its limited ability to adapt and
lack of flexibility. The respondents also noted that autocratic management often led to a deterioration in the psycho-
logical climate in the team and a decrease in the level of involvement of participants in management processes. The
study by Fransen et al. (2020), and Park and J.-H. Seo (2019) confirmed the need to move from an autocratic style to
a more inclusive and distributed approach to managing sports teams. The study by Fransen et al. demonstrated that
the distribution of leadership functions among team members contributed to improved coach-athlete relationships,
increased motivation and overall team cohesion, while autocratic management often had the opposite effects. Park
and Seo noted that transformational, democratic, and situational leadership approaches can provide a high level of
motivation and adaptability, and the big data analysis revealed clear correlations between leadership styles and team
success, indicating the need to abandon the autocratic approach in favour of more flexible and adaptive management
models that take into account the needs and motivations of participants.

The formation of a heat map allowed us to identify the most and least effective combinations of leadership
styles and aspects of strategic management in sports organizations. Transformational leadership was identified as
the most effective in such aspects as strategy implementation and risk management, which was confirmed by high
average scores and low deviations. These results demonstrated the stability and consistency in assessments of the
effectiveness of this style, especially in environments where adaptability and the ability to implement change are
required. Situational leadership also scored well in aspects such as risk management and strategy implementation,
demonstrating the versatility of the approach and the ability to respond effectively to different situations. On the other
hand, authoritarian leadership received the lowest scores, especially in the areas of environmental analysis and adap-
tive planning, indicating its limited ability to adapt and respond to change. The findings of the study by Barnhill et
al. (2021) confirmed the importance of effective management of people and groups to improve the performance of
sports organizations. The authors noted that the success of organizations depends on the ability of leaders to take into
account the individual needs, motivations, and characteristics of employees, which confirms the validity of the heat
map, where transformational and situational leadership received high marks.

The study by Lussier and Kimball (2024) focused on the development of applied skills in the field of sports man-
agement, including leadership, strategic planning, human resources and marketing. The results of the study showed
that the development of these skills can significantly increase the efficiency of sports organizations. Managers who
possessed these skills were better able to adapt to a changing environment, lead teams more effectively and make
informed decisions, which contributed to the competitiveness of sports organizations. Comparison with this study has
pointed to the importance of developing strategic management skills regardless of the chosen management style, as
these skills allow for effective adaptation to change and ensure stable results.

The authors of the reviewed papers agreed that each leadership style in sports organizations has its own strengths
and weaknesses that significantly affect the team’s performance. The autocratic style has been most criticized for its
ability to limit the motivation, initiative, and creativity of athletes, which negatively affects long-term results. Trans-
formational and democratic leadership have been found to be effective in increasing team motivation, but they also
have drawbacks in certain contexts. The studies underlined that the most important factor in leadership effectiveness
is the ability of leaders to adapt their approaches depending on the specifics of the situation and the needs of the team.

CONCLUSIONS

The study examined various aspects of leadership and strategic management in sports organizations and their
impact on the performance of teams and individual athletes. The theoretical analysis included a review of the fol-
lowing leadership models: transformational, transactional, situational, charismatic, authoritarian, democratic and
servant leadership. It was found that each of the approaches has its own unique advantages and disadvantages, and
their impact varies depending on the specifics of the situation and the goals of the organization. The review of the
role of strategic management in sport organizations demonstrated its role in achieving organizational goals through
the implementation of effective management practices and strategic planning. Strategic planning can help to set clear
goals and develop appropriate strategies to achieve them, contributing to short-term efficiency as well as long-term
development. Thanks to the flexibility of strategic management, sports organizations are able to respond quickly to
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external challenges while maintaining the clarity of management decisions.

The survey of experts revealed trends in approaches to managing sports teams. 61.6% of respondents were nega-
tive about the advisability of adapting the leadership style depending on the situation. This result can be explained
by the desire for stability and avoidance of chaos that can result from excessive flexibility. In addition, only 21.3% of
respondents acknowledged the impact of current trends in the sports industry on their leadership style. This suggests
that most leaders have either not yet adapted to the changes or do not consider them critical to success. Managers
rely on traditional management methods, which indicates a certain inertia in the adoption of innovations and limited
potential for development, especially in the context of the rapid introduction of new technologies in the sports envi-
ronment.

The level of satisfaction with the existing leadership approaches was mostly neutral, indicating that there is
room for improvement, as the existing approaches provide neither significant advantages nor significant disadvan-
tages. At the same time, the frequency of reviewing management strategies to improve organizational performance
was most often six months, but a significant proportion of respondents noted the need for more frequent reviews de-
pending on the situation, which indicates the importance of flexibility and the ability to respond quickly to changes.
Adapting the leadership style to the individual needs of the athletes was recognized as important for achieving high
results, but about 35% of respondents expressed doubts about the feasibility of this approach.

Transformational leadership and adaptive planning were named as the most effective combination, indicating a
high level of coherence between the motivational approach and flexibility in strategies. The worst combination was
that of authoritarian leadership and rigid, inflexible strategies, which is likely to limit opportunities for development
and lead to low performance. The most controversial was the combination of democratic leadership and long-term
planning, with experts divided in their assessments, as some saw potential for sustainable development, while others
believed that this approach could make decision-making more difficult at critical moments.

A limitation of this study was the possible bias in the respondents’ assessment of the effectiveness of leader-
ship approaches. Further research is recommended to focus on the impact of specific characteristics of teams and
individual athletes on the success of different leadership styles. This will allow for a deeper understanding of the
relationship between team dynamics and management effectiveness, as well as the development of recommendations
for optimizing leadership strategies in sports organizations.
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Abstract: This study aimed to examine the relationship between physical activity and the academic success of students.
The total sample consisted of 116 undergraduate female students of the Faculty of Sport and Psychology, divided into three
groups based on the physical activity level determined by use of the Godin Questionnaire for Physical Activity in Leisure
Time. The academic success was calculated as the average grade values during studies. A one-way ANOVA revealed that
there was a statistically significant difference in mean grade values between groups F = 12.089, p = 0.000. Post Hoc
LSD test for multiple comparisons found that the mean grade values of the first group were significantly different from
the second group. Insufficiently Active students had significantly lower grades compared to Moderately Active students (p
=0.041, 95% C.I. = -1.079, -0.02). There were statistically significant differences in mean grade values between Insuf-
ficiently Active and Active students. Active students had higher grade values (p = 0.000, 95% C.I. = -1.609, -0.665) com-
pared to Insufficiently Active, and the mean grade value of Moderately Active students was significantly lower compared to
Active ones (p = 0.010, C.I1.=-1.046, -0.147). The obtained results indicating that a greater number of sessions of physical
activity generates better academic success, and testifies to the assumption that physical activity integrated into the weekly
life regime of a typical respondent/academic may have the character of contributing to positive neuroplastic changes and
better academic success as a possible marker of the neurophysiological potential of the student population.

Keywords: physical exercise, physical and mental health, academic

INTRODUCTION

Relevant studies refer to the benefits of physical exercise. They are affirmed as respectable factors in preserving
the physical and mental health of man, in all periods of his ontogenesis. Factors of physiological etiology that contrib-
ute to physical health, but also factors that are important in maintaining mental health, are most often affirmed. When
it comes to academic schooling, it in many ways represents the transition to adulthood. There is also a change in the
context of social circumstances, physical environment, and academic workload in the form of new obligations for
many academics, which is also a path of anxiety and stress (Misra & Castillo, 2004; Gasiuniene & Mieziene, 2021).
Stress, as well as physical inactivity, are important factors that are linked to health (physical and mental well-being)
and thus to cognitive functions that are important for achieving academic success. In the student population, a greater
number of factors are identified that are correlated with stress.

Physical exercise processes and learning processes are different in their manifestations, but they are based on the
same neurophysiological basis. In this sense, the following benefits of physical exercise could significantly affect the
learning process: Neurobiological: Increase in oxygen flow and blood flow to the brain: Physical activity improves
cerebral perfusion, especially in the hippocampus - the part of the brain that is crucial for memory and learning. In
particular, there is an increase in blood flow to the prefrontal cortex and hippocampus during and after aerobic activ-
ity (Hillman et al., 2008). Exercise (especially aerobic) stimulates the production of BDNF (brain-derived neuro-
trophic factor), which improves the formation and maintenance of neural connections. Physical activity increases the
levels of dopamine, serotonin and noradrenaline, which directly affect attention, motivation, and mood. Also, regular
exercise reduces chronic stress through reduced secretion of cortisol, a hormone that negatively affects memory and
learning when it is chronically elevated (Tomporowski et al., 2008). Cognitive, in accordance with which physical ac-
tivity can improve: Attention and concentration, working memory, speed of information processing as well as execu-
tive functions of planning, inhibition, flexibility. The contribution of physical activities to learning success in areas
such as mathematics and language has been proven (Sibley & Etnier, 2003; Tomporowski et al., 2008). Emotional.
Physical activity alleviates the negative consequences of the distress reaction, raises the level of self-efficacy, and
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alleviates the symptoms of depression as factors of negative impact on cognitive functions. Therefore, the mecha-
nisms of increased Neutrophil brain factor (BDNF), improved oxygenation of the brain, activation of frontal and
hippocampal regions, and hormonal and emotional regulation, represent overlapping points of the process of physi-
cal and cognitive activity. Heller-Wight et al. (2023) point to the influence of exercise in the functional connection
of the hippocampus with changes identified in the frontal and temporal brain regions, which are key to cognitive
development and the very function of BDNF, which plays a key role in mediating the effects of exercise, affecting
synaptic plasticity, i.e. the brain’s ability to adapt and learn. The type of physical activity, the intensity and duration
of exercise affect the level of BDNF and, consequently, cognitive outcomes (Rahmi et al, 2022), which are the basis
of academic success. It is important to note that the saturation (regional cerebral oxygenation) identified by NIRS
(near-Infrared Spectroscopy) technology during physical exercise and learning points to the similarity of metabolic
activities of brain cells. Thus, physical activity, especially of the aerobic type, activates cardiorespiratory activity and
cerebral flow, thereby increasing oxygen supply, while cognitive activity and stimulated metabolic demands activate
an increase in local oxygenation (Giles et al., 2014). It has been identified that certain physical activities such as yoga,
tai chi, various forms of aerobic exercise, affect reducing stress and improving mental well-being (Guerriero et al.,
2025). In relation to the complexity of the relationships between the various factors that influence p increasing the
level of stress, scientific facts indicate that physical activity and exercise have a positive effect on improving psycho-
logical well-being (Cairney et al, 2014), reducing the experience of stress associated with social support, motivation
and self-confidence in academics (Gasiuniene & Mieziene, 2021). Participation in exercise, physical activity has
a significant impact on the development of cognitive functions, i.e. processes of attention, memory, and executive
function (Chieffi et al, 2017). Exercise is known to slow down the decline of cognitive functions (Chapman et al.,
2013) and emotional regulation functions (Kvam et al., 2016). Studies indicate that physical activity improves blood
flow to brain structures, specifically the hippocampus, the brain region (in addition to the olfactory bulb) that ensures
neuronal plasticity (Dwojaczny & Bejtka, 2023), i.e. generates new neurons throughout life (Kempermann, Song &
Gage, 2015). In accordance with the above, research reports on the synergistic effects of stimuli of different origins
on some human capacities (motor, emotional, cognitive...) in terms of the formation and strengthening of neural net-
works (Hilman et al, 2009). They also report that interventions that integrate both motor and cognitive and emotional
stimuli have a significantly greater impact on the development of the frontal cortex (Diamond & Lee, 2011). Such
an integral concept of managing the development of potential is called multimodal stimulation (Howard Gardner -
Theory of multiple intelligences, 1983). Eric Jensen - Brain-based Learning promotes multimodal learning through
the connection of movement, emotions, attention, and sensory stimulation and suggests that the brain functions best
when it is stimulated through multiple channels simultaneously, movement-touch-sound-visual elements (Jensen E.
Brain-Based Learning the Way Students Really Learn. Third Edition. 2020). Hypothetically, it is possible that pre-
cisely the possible quantification of success, achieved through proprioceptive ways (sensorimotor and audiovisual
senses), in physical exercise activities contributes to better motivation in cognitive activities and quick recovery from
fatigue (oxidative stress) as an underlying consequence of such activities. The findings of relevant studies contribute
to this assessment (Daw 2008). Generally, quick feedback on the effects of exercise can contribute to the feeling of
competence. This research aims to quantify the effects of different levels of weekly exercise achieved through specifi-
cally designed physical exercise protocols in the area of cognitive implications that manifest as success in the process
of academic education.

MATERIAL AND METHOD

Sample of respondents

All respondents, 116 of them, were undergraduate female students at the Faculty of Sport and Psychology, TIMS
based in Novi Sad, Serbia. Respondents were divided in three groups according to the physical activity level. First
group consists of 36 insufficiently active female students, means (£SD) age, body height, body weight were 22.38 +
8.37 years, 168 + 8.14 cm, and 58.01 = 7.60 kg. Second group consist of 39 moderately active female students, means
(£SD) of age, body height, body weight were 20.90 = 2.59 years, , 166 = 5.77 cm and 58.98 £ 8.34 kg and third group
consist of 41 active female students, means (=SD) of age, body height, body weight were 21.16 + 5.45 years, , 167.05
+ 6.09 cm and 60.50 + 7.72 kg respectively.
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Sample of measures

The measuring instrument used was the Godin Questionnaire for Physical Activity in Leisure Time (GSLTPAK),
which measures the level of physical activity in leisure time. Participants assessed the frequency of strenuous, moder-
ate, and mild activities in which they engaged during week. (GSLTPAK) is Godin’s questionnaire that determines the
level of physical activities in free time, where the participants estimate the frequency of light, moderate, and intensive
activities they engaged in during the week. To calculate the total amount of physical activity, each activity category
was multiplied by the following values: Strenuous physical activity: number of days multiplied by 9, Moderate physi-
cal activity: number of days multiplied by 5, Mild physical activity: number of days multiplied by 3. The resulting
values were then summed to obtain the weekly leisure time physical activity score (Godin, 2011). This questionnaire
is practical for assessing the level of physical activity and provides information about different intensities of activity.

The academic success was calculated as the average grade values during studies, which were taken from the
official software Faculty platform ssluzba. TIMS.exe.

Statistical analysis

For all the variables, the basic parameters of descriptive statistics were calculated (Mean and Standard devia-
tion). In order to calculate the statistically significant difference for each variable between the groups, the one-way
ANOVA method and POST HOC (LSD) test were used. Data analysis involved utilizing the Statistical Package for
Social Sciences (SPSS) version 26.0 by SPSS Inc. in Chicago, IL, USA. Testing the effect size f and level of power
of one-way ANOVA has been conducted by means of G*Power version 3.1.9.7. software (Faul et al., 2007) and the
effect size has been defined by standards proposed by Cohen 0.1 small, 0.25 medium, and 0.4 large (Cohen, 1988).

REsuULTS

A one-way ANOVA was performed to compare the academic success of three different groups of female stu-
dents. A one-way ANOVA revealed that there was a statistically significant difference in mean grade values between
groups F = 12.089, p = 0.000 (Table 1). Post Hoc LSD test for multiple comparisons found that the mean grade
values of the first group were significantly different from the second group i.e. Insufficiently Active students had
significantly lower grades compared to Moderately Active students (p = 0.041, 95% C.I1. =-1.079, -0.02). There were
statistically signifficant differences in mean grade values between Insufficiently Active and Active student also. Ac-
tive students had higher grade values (p = 0.000, 95% C.I. = -1.609, -0.665) comparing to Insuficiently Active and
the mean grade value of Moderately Active students was significantly lower comparing to Active ones (p = 0.010,
C.1.=-1.046, -0.147) (Table 1).

Table 1. Comparison of academic succes for different groups of female students

Group n M SD vs.
Insufficiently Active 36 7.206 0.997 2% 3%*
Moderately Active 39 7.747 0.980 3*
Active 41 8.343 1.038
Total 116 7.934 1.108
Analysis of Variance
Source Sumo f Squares Df Mean Square F p
Between groups 24.897 2 12.448 12.089 0.000
Whitin groups 116.363 113 1.030
Total 141.259 115

Abbreviations: n = Number of respondents, M = Arithmtetic mean, SD = Standard deviation, vs. = LSD post-hoc test *The
difference is significant at the <0.05 level, **The difference is significant at the <0.01 level, F' = the ratio of the mean square
for the between groups divided by the mean square within groups, p = ANOVA level of significance.

An a post hoc, achived power analysis was conducted using G*Power version 3.1.9.7. (Faul et al., 2007) for
effect size estimation. Computed from means and group sizes, power analysis showed large effect size values of /=
0.466 with high statistical power of 1-f = 0.99 respectively (Graph 1).
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Graph 1. Practical significance of a research outcome based on Effect size and power values
DiscussioN

Academic success is considered in this research as a dependent variable, that is, as a marker of neuroplasticity,
as a condition for the quality of academic education. It is hypothetically affected by various stimuli, and in this re-
search, the focus was on the isolated contribution of the respondents’ physical activities to academic success. In this
sense, physical activity is methodologically interpreted as an experimental factor that began to act before the begin-
ning of the research, and its effects are valued in an ex-post-facto context. The sensitivity of the assessment is ensured
by the differentiation of the weekly cadence of the subjects’ physical activities. The finding that a greater number of
sessions of physical activity generates better academic success, and testifies to the assumption that physical activity
integrated into the weekly life regime of a typical respondent/academic may have the character of contributing to
positive neuroplastic changes and better academic success as a possible marker of the neurophysiological potential
of the student population. The research results showed that there is a statistically significant difference in terms of
academic success between female students who practiced different levels of physical activity (F = 12.089, p = 0.000).
At the same time, the results of the Post Hoc LSD test showed that female students who were insufficiently active had
a significantly lower average grade compared to those who were moderately active (p=0.041) or active (p<<0.0001).
In addition, the results showed that there is a statistically significant difference between active and moderately ac-
tive female students, and that the former had better average grades (p=0.010). A similar problem was investigated
by the author Mileti¢ (2017), who determined to what extent various physical exercises affect the academic success
of students. The method involved the collection of relevant literature in the period from 2000 to 2015. The obtained
conclusion is in accordance with the results of this research, which confirms that students who lead a healthy lifestyle
have a higher degree of academic success. Research conducted by Mota et al. (2015) states that existing literature
and research on this topic prove a positive relationship between physical activity and academic performance when
the total time of physical activity per week is greater than 120 minutes. The same research mentions that reducing
students’ weekly physical activity will not benefit their academic performance. Redondo-Flérez, Ramos-Campo,
and Clemente-Suarez (2022) highlight the importance of implementing different exercise programs that can improve
health factors, especially those related to physical activity and sleep habits, with the aim of improving academic
achievement. Machek and Janota (2019) state that. Unlike anaerobic activity, aerobic activity has positive effects
on the academic success of female students. They complement this with the fact that other studies show that aero-
bic activities support the development of female students’ executive functions, as well as their organizational skills
and general well-being. Together, these effects can contribute to better learning ability. However, this study did not
find statistically significant evidence of a positive relationship between physical activity and academic achievement
among college students. Research in which aerobic capacity is also tested as a consequence of physical activities
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(Kuki¢, Jankovi¢, & Koropanovski, 2023) aimed to examine the association of physical capacity with academic
success represented by grade point average (GPA) and study efficiency represented by graduation time in women
who were candidates for studies at the Criminalistics and Police University. At the same time, they also analyzed the
aerobic abilities of female students, which are actually the result of physical activities. Based on the obtained results,
the authors concluded that female students with better-developed physical abilities had greater chances for a more
favorable academic outcome. Consequently, it could be said that female police university students who have a better
developed culture of physical exercise have a higher chance of a more favorable academic outcome. Wunsch, Fiedler,
Bachert and Woll (2021) tried to answer the question of the three-way relationship between physical activities, stress
and academic performance using meta-analysis. The results of the analysis showed a positive relationship between
physical activity and academic achievement, while between physical activity and stress they seem negative, while the
relationship between stress and academic achievement is uncertain. A group of authors (Zhai, Ye, Gu, Huang, Wang,
Chen, & Fan, 2020) in their research on the relationship between physical fitness and academic success in Chinese
students concluded that poor academic performance was associated with low overall physical fitness. The probability
of poor academic performance was significantly lower in students with high physical fitness than in those with low
physical fitness.

CONCLUSION

This research quantified the effects of different levels of weekly exercise achieved through specifically designed
physical exercise protocols in the area of cognitive implications manifested on academic success. Although the focus
did not integrate the issue of “optimal cadence of weekly sessions of physical activities”, as well as the issue of valo-
rization and optimization of the content of sessions of physical activities, based on the set methodological framework,
the obtained results testify to the positive interaction of markers of physical activities and markers of cognitive suc-
cess of academics.
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Abstract: Martial art Pencak silat is a traditional martial art form that has evolved into a competitive sport. Speed and
agility are critical for successful performance in Pencak silat, as they enable athletes to execute quick strikes, evasive ma-
noeuvres, and defensive techniques effectively. Despite the importance of speed and agility in Pencak silat, there is a lack
of consensus on the most effective training methods to enhance these attributes specifically for this martial art. This study
investigates the effects of six weeks of complex training on the speed and agility of fighting class Pencak silat athletes. A
one-group pretest and posttest design was used to evaluate the effect of complex training on the speed and agility of Pencak
silat athletes. The study lasted six weeks, with pre-and posttest assessments to measure agility and speed changes. This
research involved 20 male Pencak silat athletes aged between 16 and 19. The primary outcomes measured are agility and
speed. The llinois Agility Test assesses agility. The 40-meter sprint test measures speed. Statistical analysis was carried
out using SPSS software. The p-value for the speed test is .000, which is well below the typical significance level threshold
of 0.05. The p-value for the agility test is .001, which is also below the 0.05 threshold. The studys findings indicate that
complex training significantly improves speed and agility in Pencak silat athletes.

Keywords: agility, complex training, Pencak silat, speed

INTRODUCTION

Pencak silat is a traditional martial art from Southeast Asia, especially Indonesia, Malaysia, and Brunei (Mu-
lyana & Lutan, 2021). Pencak silat is divided into art (seni) and sparring or combat (tanding). Art Classes in Pencak
Silat, known as Kelas Seni, emphasize the artistic and cultural elements of the martial art. Art classes emphasize the
beauty of techniques or moves combined in choreography and are usually accompanied by traditional music. Art
classes aim to showcase the beauty and traditional values inherent in Pencak silat. In contrast, sparring classes em-
phasize techniques for self-defense and combat (Soo et al., 2018). This class emphasizes sparring, combat strategies,
and effectively executing strikes, grapples, and takedowns in real-life or competitive scenarios.

Pencak silat is characterized by complex techniques that require mastery of the entire body (Karo-Karo et
al., 2023). These movements are designed to maximize power, speed, and agility, making Pencak silat an effective
combat system and a physically demanding discipline. Speed and agility are the essential elements in Pencak silat
(Damrah et al., 2023). Speed in Pencak silat refers to the rapid execution of techniques and the quickness of move-
ment (Dharmadi & Spyanawati, 2023). It encompasses the ability to strike, evade, and reposition oneself with mini-
mal delay, making it a critical component for attack and defence. Agility in Pencak silat involves changing direction
quickly and maintaining balance during rapid movements (Ihsan et al., 2022). It encompasses nimbleness, coordina-
tion, and the capacity to perform complex manoeuvres fluidly. These skills are essential for success in competition
and reducing the risk of injury during training and competition.

One of the Perguruan or schools of Pencak Silat in Indonesia is the Perguruan Setia Hati Terate. A preliminary
study at the Perguruan Pencak Silat Setia Hati Terate in Bengkulu City showed that athletes’ attacks were ineffec-
tive during matches. Slow attacks, especially when executing kicks, made movements easily readable by opponents.
Furthermore, athletes were often slow to change direction and maintain balance during intense movements. These
deficiencies resulted in slow reaction times, increased vulnerability to opponent attacks, and difficulty maintaining a
dominant position throughout the match.
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Based on these issues, an effective training method is needed to improve athletes’ explosive speed and agility.
One approach is complex training, which combines strength training with plyometric training. Complex training is a
training method that combines a set of strength training exercises and a comparable series of plyometric exercises in
the same training session and is believed to improve the quality of the plyometric training stimulus (Ali et al., 2017).
This training method is a dynamic, high-intensity training method (Lim & Barley, 2016). Using the complex training
method can elicit a post-activation potentiation response, allowing individuals to produce more power in subsequent
training sessions (Atalag et al., 2021). Complex training is considered superior in improving strength, explosive pow-
er, sprinting ability, and agility in various sports compared to strength training or plyometrics performed separately.
Previous research has shown that complex training can improve kicking speed, power, reaction time, and punching
power in boxing, judo, and Pencak silat (Liu et al., 2024).

Research on physical conditioning in Pencak silat largely emphasizes general physical abilities and skills (Sal-
saputri et al., 2025). However, investigations into complex training to improve speed and agility, key determinants
of success in combat sports, have yet to be explored. Most evidence regarding the effectiveness of complex training
comes from other combat sports, which do not fully reflect the unique movement patterns, explosive demands, and
tactical requirements of Pencak silat. This lack of focused research creates a gap in understanding how a six-week
complex training program can affect the speed and agility of Pencak silat athletes in combat sports. This study aims
to address this gap and is expected to serve as a reference for improving the speed and agility of Pencak silat athletes.

Based on the background outlined, the purpose of this study was to investigate the effect of six weeks of com-
plex training on the speed and agility of Pencak silat fighting class athletes. Based on a review of relevant literature,

we hypothesize that six weeks of complex training can improve the speed and agility of Pencak silat athletes.

MATERIAL AND METHODS

Experimental design
This research is pre-experimental research (Farooq et al., 2016). A one-group pretest and posttest design was
employed to assess the effect of complex training on the speed and agility of Pencak silat athletes. The training was
conducted over six weeks, with each week comprising three training sessions.

Table 1. Complex Training

Week Day 1 (2 sets, three repetitions, Day 2 (3 sets, five repetitions, Day 3 (3 sets, four repetitions,
1-2 recovery 30 seconds, intensity 55%) recovery 30 seconds, intensity 55%) recovery 30 seconds, intensity 70%)
one leg squat one leg squat one leg squat
side hop side hop side hop
triple hop jump triple hop jump triple hop jump
single leg hurdle hop single leg hurdle hop single leg hurdle hop
luging drills luging drills luging drills
Week Day 1 (3 sets, six repetitions, Day 2 (3 sets, eight repetitions, Day 3 (3 sets, eight repetitions,
3-4 recovery 30 seconds, intensity 70%) recovery 30 seconds, intensity 70%) recovery 30 seconds, intensity 70%)
one leg squat one leg squat one leg squat
side hop side hop side hop
triple hop jump triple hop jump triple hop jump
single leg hurdle hop single leg hurdle hop single leg hurdle hop
luging drills luging drills luging drills
Week D1 (6 sets, three repetitions, D2 (6 sets, three repetitions, D3 (6 sets, three repetitions,
5-6 recovery 80 seconds, intensity 70%) recovery 80 seconds, intensity 70%) recovery 30 seconds, intensity 80%)
one leg squat one leg squat one leg squat
side hop side hop side hop
triple hop jump triple hop jump triple hop jump
single leg hurdle hop single leg hurdle hop single leg hurdle hop
luging drills luging drills luging drills
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Participant

This research involved 20 male Pencak silat athletes aged between 16 and 19. Sampling technique using pur-
posive sampling (Campbell et al., 2020). This research utilizes the most relevant respondents and has the potential to
provide valuable insights into the variables under study. The participants were recruited from Pencak silat Setia Hati
Terate Bengkulu, Indonesia. All participants had at least two years of Pencak silat experience and were free from any
injuries that could affect their performance during the research period.

Measurement

The primary outcomes measured are agility and speed. The following tests were performed before and after the
intervention. The instruments used in this study were the 40-meter sprint test and the Illinois agility test. The 40-me-
ter sprint test measures speed (Manullang et al., 2025). The implementation begins from the starting position and
then continues with running as fast as possible to the finish line, which is 40 meters away. Athletes are timed from a
standing start, and the best of three attempts is recorded. Sprint performance over 40 meters was measured using a
manual stopwatch, with times converted to meters per second (m/s). For example, a 40-meter sprint completed in 7
seconds corresponds to approximately 5.71 m/s.

The Illinois agility test assesses agility. This test is 10 m long and 5 m wide with three cones 3.3 m apart and
placed in a straight line in the middle of the area (Cetinkaya et al., 2018). Participants start from a prone position at
the starting line, then run straight, back, zig-zag between the centre cones, zig-zag again, and run straight to the finish
line. Time is recorded from start to finish to measure agility. The time to complete the course was recorded manually
using a stopwatch. These times were then converted to speed in meters per second (m/s) by dividing the total distance
by the recorded time. All measurements were conducted by the same tester to ensure consistency, providing a reliable
and practical estimate of each participant’s agility performance.

Data analysis

Statistical analysis was carried out using SPSS software. Descriptive statistics were calculated for all variables.
Data normality was analyzed using the Shapiro-Wilk. Data homogeneity was assessed using the Levene statistic. If
the data is not homogeneous, the non-parametric Wilcoxon test was used. If the data are declared normal and ho-
mogeneous, the independent sample t-test is used to compare results before and after the intervention. The level of
significance was set at p < 0.05.

Ethical Considerations
After explaining the purpose, procedures, potential risks, and benefits of the study, informed consent was ob-

tained from all participants. Participants were free to withdraw from the study without any consequences.

RESuLTS
The research results are shown in the tables below.

Table 2. Result of speed test

Pretest Posttest
Min 3.08 Min 3.08
Max 4.44 Max 5.71
Mean 3.62 Mean 4.18
Median 3.64 Median 4.00
Std. Dev 0.42 Std. Dev 0.74

Table 2 presents the results of the speed test. The data show an increase in mean speed from the pretest to the
posttest, as indicated by a rise in mean speed from 3.62 m/s to 4.18 m/s. An increase in the standard deviation from
0.42 m/s to 0.74 m/s suggests that variation in speed among participants increased after the intervention. The mini-
mum speed remained unchanged, and the median increased from 3.64 m/s to 4.00 m/s, indicating an overall improve-
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ment in speed performance in the posttest. The maximum speed increased from 4.44 m/s to 5.71 m/s, suggesting that
overall group performance improved.

Table 3. The Results of the Normality Test

Shapiro Wilk
Statistic df Sig.
Pretest .908 20 .059
Postest 921 20 .106

Based on the data normality test using the Shapiro-Wilk test at a significance level of 0.05, the significance value
is > 0.05. Therefore, the pretest and posttest data on the speed variable are normally distributed.

Table 4. The Results of the Homogeneity Test

Levene Statistic dfl df2 Sig.
4.576 1 38 .039

Based on the data homogeneity test using the Levene Statistic at a significance level of 0.05, the significance
value is <0.05. So, the pretest and posttest data on the speed variable are stated to be inhomogeneous. Therefore, the
next step is to carry out a non-parametric analysis using the Wilcoxon test.

Table 5. The Results of the Wilcoxon Test

Post-Pre
Z -3.418
Asymp. Sig. (2-tailed) .001

The results of the Wilcoxon test show the significance. Value < 0.05. Therefore, there is a significant difference
between the pre-intervention and post-intervention periods.

Table 6. The Result of the agility test

Pretest Posttest

Min 1.30 Min 1.40
Max 2.10 Max 2.10
Mean 1.69 Mean 1.78
Median 1.70 Median 1.75
Std. Dev 0.23 Std. Dev 0.21

Table 6 shows the results of the pretest and posttest. The data show an increase in mean agility from pretest
to posttest, as indicated by a rise in mean agility from 1.69 m/s to 1.78 m/s. An increase in the standard deviation
from 0.42 m/s to 0.74 m/s suggests that variation in speed among participants increased after the intervention. The
minimum agility increased from 1.30 m/s to 1.40 m/s, and the median agility increased from 1.70 m/s to 1.75 m/s,
supporting the overall improvement in agility performance in the posttest. The constant maximum agility indicates
that the fastest individual’s performance remained unchanged, but the overall group performance improved.

Table 7. Results of the Normality Test

Shapiro Wilk
Statistic df Sig.
Pretest .956 20 A72
Postest 931 20 .162
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Based on the data normality test using the Shapiro-Wilk test at a significance level of 0.05, the significance value
is > 0.05. Therefore, the pretest and posttest data on the agility variable are normally distributed.

Table 8. The Results of the Homogeneity Test

Levene Statistic dfl df2 Sig.
.081 1 38 778

Based on the data homogeneity test using the Levene Statistic at a significance level of 0.05, the significance
value is greater than 0.05. So, the pretest and posttest data on the agility variable are declared homogeneous. There-
fore, the next step is to carry out a parametric analysis using the Paired Sample test.

Table 9. Paired Sample Test Results

t df Sig. (2-tailed)
-3.943 19 .001

The results of the paired sample test show the significance. Value < 0.05. There is a significant difference be-
tween before and after the intervention.

DIScuUssION

The study results showed that Pencak silat athletes experienced increased speed and agility. Sprint performance
over 40 meters was measured using a manual stopwatch, with times converted to meters per second (m/s). For ex-
ample, a 40-meter sprint completed in 7 seconds corresponds to approximately 5.71 m/s. Despite minor timing vari-
ability inherent in manual measurement, the results show clear improvement: mean speed increased from 3.62 m/s to
4.18 m/s, and maximum speed rose from 4.44 m/s to 5.71 m/s. The increase in standard deviation (0.42 m/s to 0.74
m/s) reflects expected variability among participants. These findings are consistent with previous research (dnnessen
et al., 2011), confirming that the intervention effectively enhanced sprint performance.

Although the maximum agility score did not change from pretest to posttest, this reflects the performance of the
fastest individual athlete, who maintained the same level of performance. However, meaningful improvements were
observed at the group level, as shown by mean, median, and minimum values increases. These findings suggest that
the intervention effectively improved the agility of most participants, even if the top performer did not show further
gains. This outcome can be explained by the ceiling effect, in which individuals who already perform at a high level
may show limited or no further improvement compared to those with lower baseline performance. Such variability
in training adaptations is well-documented in sports science, where athletes respond differently to the same training
stimulus depending on their initial performance capacity and physiological profile (Hecksteden et al., 2015). There-
fore, the unchanged maximum value does not indicate a lack of training effect but highlights differential responsive-
ness among athletes.

Complex training is a very effective method for increasing speed and agility (Bauer et al., 2019), especially
for Pencak silat athletes who require fast and dynamic movements. Increased speed and agility occur because in the
training complex, athletes perform strength and plyometric training as one unit (Miller et al., 2014). Complex training
utilizes the principle of post-activation potentiation, where muscle performance is temporarily enhanced after heavy
resistance training (Yang et al., 2024). Post-activation potentiation is a phenomenon in which muscle power output is
temporarily increased after high-intensity resistance training. This occurs because weightlifting activates the central
nervous system and increases motor neuron stimulation. When followed by plyometric training, this higher condition
allows for more robust and explosive movements, increasing the mat’s speed and agility (Mashud et al., 2024)

Strength training in complex training builds muscle strength capacity, while subsequent plyometric training im-
proves the ability to produce force quickly (Lagrange, 2022). This dual approach increases overall muscle strength,
allowing the athlete to perform faster and more powerful movements essential for effective offensive and defensive
techniques in Pencak silat. Strength is significant for Pencak silat athletes because it increases their ability to perform
techniques with force, maintain balance and stability, survive long bouts, prevent injury, defend effectively, and per-
form competitive manoeuvres (Ahmad et al., 2024).
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Complex training improves neuromuscular coordination by challenging the body to perform high-intensity
compound movements followed by explosive actions (Fort-Vanmeerhaeghe et al., 2016). This increases the athlete’s
ability to synchronize muscle groups efficiently, resulting in more fluid and precise movements during competition.
Complex training can also increase the rate of force development, which is essential for agility and speed (Bogdanis
et al., 2019). It improves the rate of force development by training muscles to activate more quickly and powerfully.
This allows the athlete to change direction quickly and accelerate rapidly, essential components of effective perfor-
mance in Pencak silat.

High-intensity strength training followed by plyometrics optimizes the recruitment of fast-twitch muscle fibers
essential for explosive movements (Khotimah et al., 2023). Increased recruitment of these fibres results in better per-
formance in activities that require sudden speed and rapid changes in direction. Regular exposure to complex train-
ing demands the body to handle high-intensity efforts more effectively. This conditioning improves overall athletic
endurance, allowing Pencak silat athletes to maintain high levels of speed and agility throughout their bouts (Sulfa et
al., 2024). Endurance is critical for Pencak silat athletes because it allows them to maintain high-performance levels,
recover quickly, execute techniques consistently, handle psychological stress, defend effectively, remain agile, and
train intensively (Mardinus et al., 2025).

Complex training exercises can be tailored to mimic the specific movements and demands of Pencak silat. This
training method improves speed, agility, and overall athleticism, providing a competitive edge in this dynamic mar-
tial art. Although complex training can provide significant benefits, it also has the potential to cause disadvantages
such as increased risk of injury, overtraining, technical disorders, high physical and mental demands, time consump-
tion, recovery needs, and potential training imbalance. Pencak silat athletes should carefully consider these factors
and ensure a well-structured and balanced training program to maximize benefits and minimize disadvantages.

Despite these encouraging results, the researchers acknowledge several limitations. The limited sample size,
lack of randomization, and lack of a control group limit the ability to draw strong causal inferences. These limitations
do not diminish its value to Pencak silat coaches and athletes. Pencak silat coaches can integrate complex training
to improve athletes’ speed and agility. Further research could use a control group to broaden understanding of its
effectiveness and generalizability.

CONCLUSION

Complex training is an effective method for improving speed and agility in Pencak silat athletes. This training
method improves muscle performance through improved neuromuscular coordination and fast-twitch muscle fibre
recruitment. By increasing overall muscle strength, athletes can perform movements more quickly and powerfully.
However, complex training carries potential drawbacks, such as increased risk of injury, overtraining, high physical
and mental demands, and the need for extensive recovery. Athletes should incorporate complex training into a well-
balanced program to maximize its benefits while minimizing potential drawbacks.
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Abstract: Based on the issues of the unknown influence of exercise on playinggamparantowards the ability of long pass
kick of the female football extracurricular participants, this study aims to determine the influence of exercise on playing-
gamparan towards the ability of long pass kick of the female football extracurricular participants of SMPN 2 Pengasih in
2014. This study is an experiment with randomized control group pretest-posttest design. The subjects of this study are the
participants of female football extracurricular of SMPN 2 Pengasih, totaling 30 students. The instrument that is used is
kicking for distance from Warner test of soccer skill. The validity level of this test is 0.827 and the reliability level is 0.905, it
means that this instrument is able to give valid and reliable data. The data analysis technique is using independent sample
t test at 5% signification level. The result of t test in the experimental group shows that t count (2.365)> t table (2.048), and
the value of p < 0.05, whereas t count of the control group (0,186) < t table of the control group (2,048), and the value of p
> 0.05. This result may imply that there is an influenceof exercise on playinggamparan to the distant of the kicked ball of the
experimental group of the female football extracurricular participants of SMPN 2 Pengasih, Kulonprogo. The improvement
level of exercise on playing gamparan towards the distant of the kicked ball is 31.83%. In conclution, exercise on playing
gamparan can be one of efective exercises to improve the distant of kicked ball in football games.

Key words: Playing Gamparan, Long Pass Kick, Female Football Extracurricular, Female SMP Students

INTRODUCTION

The game of football is one of the sports that is very popular with most people on this earth, from various
social layers, ages and even genders. Likewise, in Indonesia, even now it is the fruit of lips for the success of the
Indonesian national team under the age of 19 under coach Indra Sjafri some time ago who won the AFF cup title to
the senior national team that improved the world FIFA ranking under the care of Shin Tae Yong. The achievement
of this peak achievement can be achieved through the development of athletes through gradually starting from the
beginner level to the outstanding athlete or from the early age stage to adulthood (the peak of appearance). Long-
term athlete development (LTAD) in football requires age-specific training programs that focus on technical skills,
tactical understanding, and physical conditioning tailored to young players’ growth stages (Ford et al., 2011). Early
age or young football coaching requires coaches, teachers, agencies, clubs, PB or football coaches to pay close at-
tention and meticulous in providing guidance to their students or athletes. Therefore, coaches, teachers, offices,
clubs or football coaches must understand the characteristics of their students or athletes according to their age level,
because in the development of football at an early age or young age (school age) it is grouped by age to achieve the
maximum football development programme. Effective youth football coaching emphasizes fun, skill acquisition, and
psychological development rather than early specialization, which can lead to burnout and dropout (Co6té & Hancock,
2016). Changes and improvements in achievement will occur if coaching is carried out well, the training programme
is well arranged in accordance with the ideal stages and principles of training, gradual and continuous competition,
adequate and standard infrastructure, good quality and experience of coaches, support for food and beverages with
good nutritional composition, good sports research and development, funding system and supporting sports policies,
athlete conditions ranging from talent, motivation and networking/selection (talents counting) and so on. Optimal
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nutrition and recovery protocols are critical for youth athletes to support growth, performance, and injury prevention
in football (Lloyd et al., 2015). Talent identification in football must consider not only physical and technical abili-
ties but also psychological resilience and socio-environmental support systems (Williams et al., 2020). Grassroots
football development depends on structured competitions, quality coaching, and government policies that prioritize
youth sports infrastructure (Haugaasen & Jordet, 2012).

The game of football is a complex game that combines physical elements, techniques, tactics, strategies and
mental play well in open skills. One of the basic techniques that must be mastered is the basic kicking technique, one
of which is a long-range kick. Long-range kicking ability significantly contributes to goal-scoring opportunities and
team tactical flexibility in modern football (Marcote-Pequefio et al., 2019). The optimal long-distance kick requires
precise coordination between approach angle, plant foot placement, and follow-through motion to maximize ball
velocity (Lees & Nolan, 1998). Long passes have an important meaning in the game of football, not a few goals are
created from long-range kicks. In every football match, long-range kicks are very often executed by every player,
because in addition to scoring goals, they can also be used to provide passes to teammates, speed up counterattacks
and so on. Teams that effectively utilize long-range passes demonstrate 23% higher success rates in counterattacking
situations (Memmert et al., 2017). A goal kick, corner kick or other free kick is one example of a long pass kick to
provide a pass to a teammate at a distance (a certain distance). Thus, long-range kicks in the game of football are very
necessary and have a very important significance in winning the game. Specific long-range kicking training should
incorporate both stationary and moving ball drills to develop game-realistic competence (Ali, 2011).

One of the ways to coach football in schools can be done through extracurricular activities. At SMP N 2 Pen-
gasih Kulon Progo, one of the extracurricular activities held is the extracurricular football of the women’s group. In
the implementation on the field, the extracurricular participants of SMP N 2 Pengasih women’s football are mostly
in doing long-distance kicks are still not many who have not been able to do so, rarely done because they are not
touched by the coach, female players are still weak in kicking the ball and still often make technical mistakes, such
as putting the foot on the ball still using the tip of the foot or the inner foot, so that the ball produced is still flat and
the rotation and strength of the ball are still weak. This can be seen when the female participant performs a long kick
(long pass); the result of the kick is still weak (not reaching the target), the accuracy is also not right, and the foot
contact on the ball is also not correct, so that the foot contact on the ball is still located on the toe, even though to
execute the long pass technique, in addition to the correct technique, strength and explosive power of the leg muscles
(power) are also needed. The physical condition of the female football extracurricular participants of SMP N 2 Pen-
gasih is also still weak; to play for only 2x25 minutes, the students already look tired due to weak cardiorespiratory
endurance, and also the previous female extracurricular participants also rarely exercised other than during health
service subject activities during regular hours. Judging from the existing problems, it is necessary to find other ef-
fective and fun training models in the form of games to improve the quality of technique and strength or explosive
power of leg muscles of female football students participating in the extracurricular football of SMP N 2 Pengasih
so that they have a good quality of long-distance kicks. Thus, the researcher wants to provide a training model in the
form of a traditional game of gamparan. Gamparan is a game of aiming at an arrangement of stones set on the ground
by throwing a stone placed on one of the insteps until the arrangement falls. A person chosen by lottery will oversee
rearranging the fallen stones. The values contained in this game include agility and sportsmanship (Lindawati, 2019).
The gamparan game is a training method to improve the ability to kick long distances (long passes), as the movement
of this traditional game of gamparan resembles the movement when performing a kick. However, there is also a load
on the participant’s legs, namely the loading of the stones used to play, which increases the strength and power of
the leg muscles. The distance used in the gamparan game will also vary, training the accuracy of the techniques and
kicks of extracurricular participants to hit the target with weight and distance that rises progressively and differently.

METHOD

This research is an experimental study, such research (Leguizamo et al., 2024)by applying a pre-test/post-test
control group design with expert validation showed the effect of training intervention. This study aims to find out and
provide an overview of the effect of playing gamparan practice on the ability of long pass kicks of students participat-
ing in football extracurricular activities at SMP N 2 Pengasih Kulonprogo, Yogyakarta. The method used in this study
is a survey method using test and measurement instruments in the process of collecting and gathering data. A survey
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is a system for collecting valid information from or about people to describe, compare, or explain their knowledge,
attitudes, and behavior (Fink, 2009). Before the research and provision of this training or treatment programme is
carried out, the training programme that has been created by the research team will be validated by the appointed
expert to ensure that the training programme is good and truly feasible to be applied. Expert validation can improve
the quality of the instrument, although there are challenges in finding experts who are truly competent in the desired
field (“Assessing the Validity of Experts’ Value Judgment over Research Instruments,” 2023).

All subjects used in this study will do an initial test / pretest first, then do treatment exercises and then will be
measured by a final test / posttest. Based on the data from the pretest results, the data was then sorted and ranked
based on the ability of the students, starting from the farthest longpass kick results to the nearest results. The group-
ing of the results of the students’ longpass kicks was divided into two, namely as a control group and an experimental
group using the ordinal pairing technique based on this order. The control group was trained and did not receive the
treatment of playing the game, while the experimental group was trained and received the treatment of playing the
game. Exercises and treatment sessions as well as post-test measurements were carried out after 16 treatments with
3 meetings a week, totalling 3 meetings. All training groups, based on the division of their groups, will conduct a
pre-test at the beginning and a post-test at the end of the exercise. The results obtained during the posttest will be
compared with the results of the pretest to find out the percentage of the increase or decrease in the control group
and the experimental group after receiving treatment in the form of a game practice. The population in this study is
students who participate in women'’s football extracurricular at SMP N 2 Pengasih which totals 30 people consisting

of 3 grade VII students and 27 grade VIII students.
LI__{}F | K1 | —, | T ﬁ
S B G B ) =
Srririce
()=

Figure 1. Research Design

Information:

PI : Pretest (kicking for distance) dari Harold M. Barrow dan Rosemary McGEE)
K1 : Group 1

K2 : Group 2

T : No Treatment

T : Treatment with Gamparan play practice.

P2 : Postest (kicking for distance dari Harold M. Barrow dan Rosemary McGEE)

Source: (Ali Maksum, 2012: 96).
Table 1. Pretest result ranking data

Rangking  Subject Best Results (Meter) Rangking  Subject Best Results (Meter)

(Nomer)  Name Pretest Post Test (Nomer)  Name Pretest Post Test
1 TR 18.00 21.00 12 LAS 11.30 17.00
2 DWM 17.00 18.10 13 VA 11.00 12.10
3 Z0 16.00 15.00 14 TRI 11.00 9.80
4 DOA 14.90 16.70 15 DLP 10.00 9.60
5 DW 14.50 16.90 16 DPY 9.80 14.00
6 RKA 13.30 8.00 17 ASH 9.30 13.00
7 TC 12.00 9.25 18 AR 9.00 9.00
8 ISR 12.00 14.70 19 SPA 8.50 8.20
9 FI 11.80 14.50 20 AY 8.00 12.70
10 IP 11.50 13.50 21 EMD 7.70 14.10
11 NRP 11.50 11.30 22 TWP 7.50 8.80
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Rangking Subject Best Results (Meter)
(Nomer)  Name Pretest Post Test
23 ASI 7.30 9.10
24 DTS 7.00 8.40
25 HH 6.80 7.80
26 SFN 6.50 6.50

Rangking Subject Best Results (Meter)
(Nomer)  Name Pretest Post Test
27 UKO 6.40 7.50
28 DO 5.40 8.30
29 NR 4.70 6.00
30 ARY 4.50 4.80

Table 2. Pretest Data Description

No. Interval Score Category Frequency Percentage (%)
1. >16.7 Very good 2 6.7
2. 12.9-16.7 Good 4 13.3
3. 9.1-12.8 Keep 11 36.6
4, 5.2-9 Less 11 36.6
5. <5.1 Very little 2 6.7

Sum 30 100
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RESULTS AND DISCUSSION
Based on the data from the results of pretest and posttest measurements, the following data were obtained:

Figure 2. Pretest Bar Diagram

Table 3. Division of experimental group and control group Based on the concept of ordinal pairing theory

K1 K2
RZI:I:?:;S (Group Eksperiment) RI::I:?:;S (Group control)
Name Pretest Post test Name Pretest Post Test
1 TR 18.00 21.00 2 DWM 17.00 18.10
4 DOA 14.90 16.70 3 Z0 16.00 15.00
5 DW 14.50 16.90 6 RKA 13.30 8.00
8 ISR 12.00 14.70 7 TC 12.00 9.25
9 FI 11.80 14.50 10 IP 11.50 13.50
12 LAS 11.30 17.00 11 NRP 11.50 11.30
13 VA 11.00 12.10 14 TRI 11.00 9.80
16 DPY 9.80 14.00 15 DLP 10.00 9.60
17 ASH 9.30 13.00 18 AR 9.00 9.00
20 AY 8.00 12.70 19 SPA 8.50 8.20
21 EMD 7.70 14.10 22 TWP 7.50 8.80
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K1 K2
Pret?St (Group Eksperiment) Pretfest (Group control)
Rankings Rankings
Name Pretest Post test Name Pretest Post Test
24 DTS 7.00 8.40 23 ASI 7.30 9.10
25 HH 6.80 7.80 26 SFN 6.50 6.50
28 DO 5.40 8.30 27 UKO 6.40 7.50
29 NR 4.70 6.00 30 ARY 4.50 4.80
Sum 15 Student Sum 15 Student
Table 4. Description of Postest Data
No. Interval Score Category Frequency Percentage (%)
1 >16.7 Very good 4 13.3
2 12.9-16.7 Good 8 26.7
3 9.1-12.8 Keep 7 23.3
4 52-9 Less 10 33.3
5 <5.1 Very little 1 3.33
Sum 30 100
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Figure 3. Pretest and posttest data diagram of the control Figure 4. Pretest and posttest data diagram of experimental
group groups

Table 5. Comparison of Interval Score Frequency of Experimental Group and Control Group

K1 K2
No. Interval Score Category (Group Eksperiment) (Group control)
Pretest Postest Pretest Postest
1 >16.7 Very good 1 2 1 1
2 12.9-16.7 Good 2 2 2
3 9.1-12.8 Keep 6 2 5 5
4 52-9 Less 5 4 6 6
5 <5.1 Very little 1 0 1 1
Sum 15 15 15 15

a. Results of the Normality
Test The criteria used to determine whether a distribution is normal or not is if the significance of the p > count

is 0.05 (5%) the spread is declared normal and if the significance of the p < count is 0.05 (5%) the distribution is
abnormal. The results of the normality test of this study can be seen in the following table:
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Table 6. Results of the normality test (Shapiro-Wilk)

Data P Sig 5% Information
Pretest Eksperimen 0.966 0.05 Usual
Postest Eksperimen 0.934 0.05 Usual

Pretest Kontrol 0.779 0.05 Usual
Postest kontrol 0.111 0.05 Usual

b. Homogeneity Test In the homogeneity test. the rule used to determine whether a test is homogeneous or not
is if p > 0.05 the test is declared homogeneous. and if p < 0.05 the test is declared non-homogeneous.

Table 7. Homogeneity test results (Levene)

Group F P Sig 5% Information
Eksperiment 0.011 0.918 0.05 Homogen
Control 0.273 0.605 0.05 Homogen

c. Hypothesis Test Hypothesis testing is carried out to determine the acceptance and rejection of the hypothesis
submitted after the analysis requirements are met. hypothesis testing using the t-test and the results can be seen in the
following table.:

Table 8. Hypothesis test results

Group df ttabel thitung p Sig 5% Information
Eksperiment 28 2.048 2.365 0.025 0.05
Control 28 2.048 0.186 0.853 0.05

Ha accepted

Based on the results of the hypothesis test. it was shown that the t-value of the experimental group (2.365) >t
table (2.048) was obtained. while the t count of the control group (0.186) < t table of the control group (2.048) was
obtained. The p-value of the experimental group (0.025) < from 0.05. while the p-value of the control group (0.853)
> 0.05. The results can be interpreted that there is a significant influence of gamparan game practice on the ability of
long pass kicks of female students in the experimental group of female football extracurricular participants of SMPN
2 Pengasih.

Gamparan game exercise is one of the methods of exercise to increase muscle strength. Strength is the driving
force of every physical activity. so strength has an important role in protecting athletes from possible injuries. or with
the strength of an athlete will be able to lift weights. kick. throw. hit. or perform other physical movements easily.
efficiently. safely according to the desired target. The physical condition component is an important element that
must be possessed by a sportsman to maintain the quality of his game. body movements. basic technical movements.
tactical movements. strategic designs to his mental quality during competitions.

In this case. the training/treatment programme that will be applied to the experimental group is first consulted
with experts in physical training programmes and football games. The practice of gamparan games that have been
validated is able to increase the strength and power of the leg muscles. especially the muscles of the upper limbs and
lower limbs because in this gamparan game there is a load that must be overcome by the legs and the distance of the
target conquered which also the load will continue to increase progressively in accordance with the principles and
rules of good and correct training. Through this gamparan game. the best hope is to increase the strength and power
of the leg muscles which will immediately have a positive impact on the ability of female students to perform basic
technical movements of kicking the ball with long passes or long-distance kicks. In providing this gamparan game
treatment. so that the students do not feel bored. this gamparan game needs to be packaged in the form of competi-
tive. fun. entertaining and mainly safe games to do. A play approach can effectively improve physical fitness and leg
muscle strength while keeping athletes motivated and happy (Los Arcos et al.. 2015; Selmi et al.. 2017; Susanto et
al.. 2024). Play-based training also improves fitness and thinking (Susanto. et al.. 2022). Rule changes in modified or
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simplified exercises. varying weights. increasing distance from the target and simple scoring models make students
not feel bored or tired quickly when doing weight training (Susanto et al.. 2024). Thus. this exercise can be one of
the references that can be used by trainers or physical education teachers to improve physical fitness. the quality of
players’ physical condition or the quality of techniques or basic movements for students or athletes to achieve better
fitness and achievement. especially in the sport of soccer games.

Translated with. In all sports activities. regardless of the type of sport. physical condition plays a very important
role in supporting other elements. The physical condition of a sportsman will greatly affect and even determine the
appearance or performance of their movements during training or competition (Mohr et al.. 2022; Sumarno et al..
2022; Sunarto et al.. 2023).

Physical condition is one of the important elements and is the basis for developing technical. tactical. and stra-
tegic components as well as mental aspects in practising and competing in sports. The status of physical condition
can reach an optimal point if the training undertaken follows a good. programmatic. and measurable training process
that starts from an early age and is accompanied by an experienced coach. Good exercises should be structured and
carried out continuously. programmatically. and measurably continuously. and continuously guided by the basic
principles of good and correct training. Good physical condition will also affect the function of joint organs and or-
ganism/metabolic systems in the body (D’Onofrio et al.. 2023; Jach et al.. 2023; McCarthy et al.. 2022). including:
1) there is an increase in the ability of the circulatory system and the work of the heart and lungs (cardiorespiratory
system and cardiovascular system). 2) there is an increase in the quality and quantity of physical condition compo-
nents that synergise with each other. 3) there is a better degree of movement during exercise or competition. 4) there
is a faster recovery phase in the organs of the body after training or competition.. 5) there is a faster response and
reaction from the body’s organism to respond to stimuli if needed. 6) there is effectiveness and efficiency in perform-
ing technical movements during training or sports competitions. 7) there is high confidence in performing technical
movements during training and competition (reducing the occurrence of errors in performing technical movements).
8) the strength and stability of the body are maintained so that it is not easy to experience fatigue or injury. 9) good
physical condition will be able to maintain ideal weight and disease risk. 10) psychologically will increase thinking
intelligence (decision-making) and reduce stress and so on. The physical condition possessed by a person is greatly
influenced by many factors (Miravalls et al.. 2020; Sempere-rubio et al.. 2019; Yarmak et al.. 2018). such as: 1) age.
2) gender. 3) genetic factors/predisposition. 4) habits and lifestyle (smoking. alcohol. staying up late). 5) exercise
and physical activity. 6) rest patterns (7-8 hours). 7) nutrition and diet (food and drinks for health). and so on. In ac-
cordance with the physical condition training guidelines. to maintain and improve physical condition. you must meet
the training requirements (Bennie et al.. 2019; Oliveira et al.. 2018; Piercy et al.. 2018; Titze et al.. 2020). namely:
1) training should be carried out at least 3-5 times per week with a duration of 30-90 minutes per session. 2) training
should be conducted with good training stages and principles (progressive. overload. reversible. varied. individual.
FITT). 3) good training should be accompanied by someone competent with a measurable exercise programme. 4)
good training is supported by the adequacy and quality of sports facilities. 5) continuous training also requires tests
and measurements to find out the changes. and so on.

In the measurement data. the mean value of the control group students decreased which was allegedly because
during the exercise the students always complained and wanted to get/do the same programme as the exercise car-
ried out by the experimental group. namely the practice of the game of gamparan. As a result. the impact causes the
students to become less enthusiastic and quickly feel bored. and when the post-test is carried out. it turns out that the
results are not optimal and tend to decrease compared to the data at the time of the pre-test. In the implementation and
execution of this training programme. the control group students and the experimental group students were trained
by different trainers. the training was carried out at the same time but the locations were somewhat far apart because
they only used different sides of the field.

CONCLUSION

Based on the results of the above study. it can be concluded that there is a significant influence of the physical
exercise programme of the gamparan game on the strength and power of the leg muscles that are able to produce the
distance of the long pass kick of female students in the experimental group of female football extracurricular par-
ticipants at SMPN 2 Pengasih. Kulon Progo. This is evidenced by the increase in the results of the long-range kick
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post-test in the distance kick test on the experimental group of female football extracurricular participants at SMPN
2 Pengasih. Kulon Progo.
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Abstract: This research explores the impact of intrinsic, extrinsic, and amotivation on physical activity among young
adults, using Self-Determination Theory (Deci & Ryan, 1985) as its guiding framework. The study investigates how these
different types of motivation influence participation in physical activity. Data were collected from 245 participants aged
18 to 30, using the Sport Motivation Scale and the Godin Leisure-Time Exercise Questionnaire to measure their motiva-
tion and physical activity levels. The findings reveal that intrinsic motivation, driven by personal enjoyment and interest in
the activity, plays a key role in maintaining consistent physical activity over time. Extrinsic motivation, linked to external
rewards such as recognition or approval, also encourages physical activity, though to a lesser degree. In contrast, amoti-
vation, defined as a lack of intent or belief in one’s ability to engage in physical activity, negatively affects activity levels.
These results emphasize the critical role of fostering intrinsic motivation to promote long-term engagement in physical
exercise. The study provides important insights for designing effective interventions to encourage regular physical activity
among young adults, contributing to their overall health and well-being.

Keywords: physical activity, intrinsic and extrinsic motivation, amotivation

INTRODUCTION

Physical activity is linked to a wide range of health benefits, including relief from chronic health conditions and
improvements in mental health and well-being. Regular physical activity has been shown to help prevent and manage
diseases like heart disease, stroke, diabetes, and some forms of cancer. It also prevents hypertension, helps maintain
a healthy body weight, and positively impacts quality of life, mental health, and well-being (World Health Organiza-
tion, 2010). The same organization recommends at least 30 minutes of physical activity daily or one hour of activity
three times a week. Physical activity is defined as “any bodily movement produced by skeletal muscle contractions
that increases energy expenditure above basal levels” (Caspersen et al., 1985, p. 126), while exercise is “a specific
type of physical activity that is planned, structured, and repeatedly performed to improve or maintain physical fit-
ness” (Caspersen et al., 1985, p. 126). Despite these benefits, current global estimates indicate that one in four adults
and 81% of adolescents do not get enough physical activity. In economically developed countries, inactivity rates
can reach as high as 70% due to changes in transport patterns, increased use of technology for work and leisure, and
sedentary lifestyles (Strain et al., 2024). Increased inactivity negatively affects healthcare systems, the environment,
economic development, community well-being, and quality of life.

Self-Determination Theory

Self-Determination Theory (Deci & Ryan, 1985) provides a framework for understanding how different types of
motivation affect behavior. It expands on the traditional categorization of intrinsic (internal) and extrinsic (external)
motivation, focusing on autonomy in regulating motivation. Motivation exists on a continuum, ranging from amoti-
vation to intrinsic motivation. Amotivation reflects a lack of intention to engage in the behavior. Extrinsic motivation
can be controlled or autonomous, depending on the individual’s perception of external influences. Intrinsic motiva-
tion refers to engaging in activities for the inherent satisfaction and enjoyment they provide.

This theory plays a key role in predicting physical activity and developing interventions. Intrinsically motivated
individuals find physical activity enjoyable, which fosters consistent exercise habits. Intrinsic motivation is crucial
for long-term engagement (Frederick & Ryan, 1995). While extrinsic motivation can initiate activity, it is often less
sustainable. Those experiencing amotivation may avoid physical activity altogether (Ryan & Deci, 2000). Research
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has examined motivation across various populations, revealing that active individuals often cite enjoyment and com-
petence as primary motivators, while exercise participants frequently mention body-related motives (Frederick &
Ryan, 1993). Kilpatrick et al. (2005) showed that motivation differs between sports and exercise, with recreational
activities aligning more closely with desirable motivational strategies, leading to higher adherence rates. Studies
based on the Self-Determination Theory indicate that athletes focused on intrinsic goals report greater well-being
(Chatzisarantis & Hagger, 2007). Geller et al. (2018) found that while both intrinsic and extrinsic motivations support
regular activity, intrinsic motivation is critical for long-term adherence. Therefore, physical activity interventions
should enhance intrinsic enjoyment and personal relevance.

This paper is about individual physical activity and its motivational aspects. The primary goal of this research is
to identify the specific differences in the levels of intrinsic, extrinsic, and motivation among individuals engaged in
different types of physical activity and to determine which type of motivation most contributes to regular participa-
tion in physical activity.

METHOD

Sample

Out of the 285 completed questionnaires, the sample for this study consists of 245 respondents aged 18 to 30 (M
=24.29 years), 92 are male (37.6%), while the remaining 153 are female (62.4%). The majority (82.4%) live in urban
areas, 10.6% in small towns, and 6.9% in rural areas. Most participants are students (39.6%), followed by individu-
als with a bachelor’s degree (29.4%). Regarding physical activity, 74.7% of respondents reported being physically
active, while 25.3% were not. In response to the question, “Why do you not engage in physical activity?”, 27.9% of
participants answered “I do not have time,” 19.2% cited anxiety, 10.6% mentioned financial reasons, 11.5% stated
they do not know which type of physical activity to engage in, 4.8% have health issues, 2.9% believe it is unneces-
sary, and 23.1% selected “other,” listing reasons such as pregnancy, lack of interest, or negative past experiences.

Data Collection

A set of instruments was created for this study, and the survey was conducted online via Google Forms. Partici-
pants were informed about the purpose and goals of the research, assured anonymity, and were free to withdraw at
any time, as participation was voluntary. Before completing the questionnaire, each participant gave their consent to
participate. Completing the questionnaire took no more than 10 minutes. The data were collected in 2024.

Variables and Measurement Instruments

The “physical activity” variable was measured using the Godin Leisure-Time Exercise Questionnaire (GLTEQ,
Godin, 2011). Participants were asked to report how often, over 7 days, they engaged in specific exercises for more
than 15 minutes during their free time and to multiply the frequency by the specified number. Based on the total
score, participants were categorized into three groups: 1. Active-Vigorous Physical Activity (elevated heart rate,
heavy sweating, exhausting exercise): Multiply the weekly frequency by 9 (score of 24 or above). Examples: running,
weightlifting, CrossFit, etc. 2. Moderately Active - Moderate Physical Activity (mild exertion): Multiply the weekly
frequency by 5 (score between 14 and 23). Examples: brisk walking, tennis, etc. 3. Insufficiently Active - Light
Physical Activity (minimal effort): Multiply the weekly frequency by 3 (score below 14). Examples: yoga, fishing,
bowling, light walking, etc.

The instrument used to measure motivation variables was the Exercise Motivation Scale (Sport Motivation
Scale—Pelletier et al., 1995). This scale assesses individuals’ motivation for physical activity, evaluating intrinsic,
extrinsic, and amotivation. It consists of 28 items (4 items per subscale) rated on a seven-point Likert scale.

REsuLTS
Descriptive measures of the questionnaires for measuring levels of physical activity, intrinsic motivation, extrin-
sic motivation and amotivation are presented in Table 1.
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Table 1. Descriptive indicators for the variables of physical activity and motivation

Min. Maks. M SD Sk Ku
;‘Z:’lphys'cal Activity 0 117 40.24 23.53 42 121
Intrinsic Motivation 12 84 54.4 17.18 -.55 -.365
Extrinsic Motivation 14 81 45.6 13.44 .09 .06
Amotivation 1 25 9.02 5.56 1.15 .39

Note. Min — Minimum, Max — Maximum, M — mean, SD — standard deviation, Sk — skewness, Ku — kurtosis.

The skewness and kurtosis values show a positively skewed distribution for participants’ scores on physical
activity, extrinsic motivation, and amotivation subscales. In contrast, the distribution for intrinsic motivation is nega-
tively skewed. These results suggest that most participants were intrinsically motivated. The findings indicate no
significant deviation from a normal distribution (skewness value does not exceed 2) (Hair & Alamer, 2022). After the
descriptive statistics, a significance test for the correlation between variables was conducted (Table 2).

Table 2. Intercorrelation of physical activity and motivation variables

1 2 3 4
1
2 357
3 29" .58"
4 36" 327 .103™

Note. I — total physical activity score, 2 — intrinsic motivation, 3 — extrinsic motivation,
4 — amotivation, **p < .01; *p <.05

The results indicate that both intrinsic and extrinsic motivation are positively correlated with levels of physical
activity. Higher physical activity is moderately associated with higher levels of both types of motivation. Amotiva-
tion, on the other hand, shows a negative correlation with physical activity. Higher levels of physical activity are
linked to lower levels of amotivation, suggesting that individuals with greater intrinsic or extrinsic motivation are
less likely to be insufficiently active.

Using the Analysis of Variance, the differences between subjects of different physical activity levels on intrinsic
and extrinsic motivation and amotivation measures were determined (Table 3).

Table 3. Differences between the values of intrinsic and extrinsic motivation and amotivation among respondents of different
categories of physical activity

df F p
2 11.06 .000
242
244
2 8.74 .000
Extrinsic Motivation 242
244
2 25.91 .000
Amotivation 242
244
Note: df — degrees of freedom, F- regression model significance test, p-statistical significance

Intrinsic Motivation

The Analysis of Variance results show statistically significant differences between groups for all three variables:
intrinsic motivation, extrinsic motivation, and amotivation. For intrinsic motivation, there is a significant difference
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between groups: F(2, 24) = 11.07, p < 0.001, indicating substantial variation in average intrinsic motivation across
the groups [low (M = 42.94), middle (M = 50.88), high (M = 57.00)]. The results for extrinsic motivation also show
a significant difference: F(2, 24) = 8.75, p < 0.001, suggesting notable variance between groups [low (M = 37.08),
middle (M = 45.03), high (M = 47.24)]. Similarly, for amotivation, significant differences were found: F(2, 24) =
2591, p < 0.001, indicating considerable differences in average amotivation levels among the groups [low (M =
14.14), middle (M = 11.38), high (M = 7.75)]. The Levene’s test for homogeneity of variance for intrinsic motivation
(p =0.227) and extrinsic motivation (p = 0.642), shows no significant differences between groups indicating that the
variances are homogeneous. However, for amotivation, Levene’s test indicates a significant difference in variances
between groups (p < 0.05). Due to this variance difference, the Games-Howell post-hoc test will be applied for amo-
tivation.

The Bonferroni test results for intrinsic motivation shows only significant difference between low and high ac-
tivity groups (MD =-14.06, p <0.001), indicating higher intrinsic motivation in the high activity group. For extrinsic
motivation, a significant difference was observed between low and high activity groups (MD = -10.16, p < 0.001),
with lower extrinsic motivation in the high activity group. The Games-Howell test for amotivation shows a signifi-
cant difference between low and high activity groups (MD = 6.39, p <0.001), and moderate and high activity groups
(MD =-3.62, p = 0.042), with higher amotivation in the high activity group.

The following are the results of the Regression Analysis, which determines the predictive significance of differ-
ent types of motivation for engaging in physical activity (Table 4).

Table 4. Linear regression coefficient and model significance testing - intrinsic and extrinsic motivation and amotivation as
predictors of the level of physical activity

Model R R2 Adjusted R2 F p
1 .45 21 .200 21.31 .000

Note. R - correlation coefficient, R2 - determination coefficient, F - regression model significance test, p - statistical
significance

The obtained values indicate that the regression model is statistically significant (F=21.31, p < 0.001), i.e.
indicates a significant contribution of predictors in explaining the variance of the degree of physical activity. The
coefficient of determination (R2) shows that the model explains 21% of the variance of the dependent variable, ie.
degree of physical activity. The results, including the beta coefficients and t-tests, indicate that extrinsic motivation is
a positive and statistically significant predictor of physical activity levels (f = 0.16, p = 0.018). Intrinsic motivation
is also significant but to a lesser extent (f = 0.15, p = 0.039). Amotivation is a most significant predictor of physical
activity levels (B =-0.29, p < 0.001).

DiscussION

This study examined the impact of intrinsic and extrinsic motivation on different levels of physical activity:
insufficient, moderate, and high. The findings provide insights into how various types of motivation influence physi-
cal activity levels among participants. Intrinsic motivation was generally high, with significant variability, while
extrinsic motivation showed moderate values with less variation. Amotivation was low, with some participants highly
unmotivated. A strong positive correlation between intrinsic and extrinsic motivation suggests that participants often
exhibit both at high levels. More physically active individuals had higher intrinsic and extrinsic motivation, while
higher amotivation correlated with lower activity levels.

Results revealed significant differences in motivation and amotivation among groups with different activity
levels. Highly active participants had significantly higher intrinsic motivation than those with lower activity levels.
Similarly, extrinsic motivation was higher in the more active groups, indicating that external rewards can motivate
physical activity. Amotivation was significantly higher in less active participants, suggesting that those who feel
physical activity is not helpful or achievable are less likely to engage. These results align with previous research
showing that internal motives, such as enjoyment, challenge, personal growth, and fulfilling basic psychological
needs (autonomy, competence, and relatedness), can powerfully drive continued physical activity (Deci & Ryan,
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2000). When individuals feel an internal desire to be active, they are less likely to quit and tend to choose activities
that bring greater personal satisfaction. Participants with higher physical activity levels focus more on personal goals
linked to higher intrinsic motivation. Similarly, those with higher activity levels also show greater extrinsic motiva-
tion, supporting the theory that external rewards and recognition play a role in motivating physical activity, especially
when linked to rewards or social approval (Ryan & Deci, 2000). The most significant differences were observed in
amotivation. Respondents with a low level of physical activity have significantly higher amotivation compared to
those with a medium and high level of physical activity. The significant association of amotivation with a low level of
physical activity indicates that people who are amotivated, i.e. who feel that physical activity is not helpful or achiev-
able, rarely participate in physical activities. These results are consistent with research that shows that people who do
not have a sense of control or competence for physical activity often give up on it (Vallerand, 2000).

Regression analysis showed that intrinsic and extrinsic motivation positively predicted physical activity levels,
while amotivation had a negative impact. Together, these predictors explained 21% of the variance in physical activ-
ity. Intrinsic motivation had a more substantial influence, suggesting that enjoyment and personal interest are key
drivers of long-term engagement in physical activity. The results can be explained by the fact that intrinsic motivation
often stems from the enjoyment of the physical activity itself, which is more present in individuals engaged in high-
intensity activities that require extra dedication and passion. On the other hand, those involved in low- to moderate-
intensity activities may have different motives, such as social aspects or minimal effort, which do not provide enough
challenge to boost intrinsic motivation. The findings also suggest that individuals participating in high-intensity
physical activities show higher levels of extrinsic motivation than those engaged in lower-intensity activities. This
could be due to the greater external rewards and recognition associated with more intense activities, such as competi-
tions or achieving sports goals.

CONCLUSION

In conclusion, intrinsic and extrinsic motivation significantly contribute to physical activity, while high amoti-
vation reduces participation. Interventions that promote intrinsic motivation, such as creating enjoyable activities or
fostering a sense of achievement, may be more effective in sustaining physical activity over time. These findings have
practical implications for trainers, psychologists, and health professionals in designing interventions that encourage
long-term engagement in physical activity.
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Abstract: The development of motor skills during childhood plays a crucial role in overall physical fitness and athletic
performance. Traditional games, which hold cultural significance, serve as an effective method for enhancing these skills.
This study aimed to investigate the comparative effects of two traditional games Engklek and Lompat Tali on the long jump
performance of elementary school students, while considering different levels of motor ability. Specifically, it examined
whether traditional game interventions could enhance motor skills (agility, coordination, explosive power, and speed)
and translate into improved long jump outcomes. A factorial experimental design (2 x 2) was employed with a sample of
24 male students, aged 10—11 years, selected through purposive sampling. The participants were divided into two groups
based on the traditional game intervention (Engklek or Lompat Tali) and further classified by motor ability levels (high
or low). Motor skills were assessed using standardized tests measuring agility, coordination, explosive power, and speed.
Long jump performance was evaluated based on four components: take-off, push, flight, and landing. Data analysis includ-
ed normality and homogeneity tests, followed by a two-way ANOVA using SPSS version 23, with a significance level of p <
0.05. The results indicate significant differences in long jump performance between students who participated in Engklek
and those in Lompat Tali. Furthermore, a significant interaction effect was found between traditional games and motor
ability levels. Students with high motor ability showed greater improvements in long jump skills compared to those with low
motor ability, with variations observed between the two traditional game groups. These findings highlight the potential of
integrating traditional games into physical education as a culturally relevant and engaging approach to improving motor
skills and athletic performance. Further research is recommended to explore the long-term benefits of traditional games in
broader sports training contexts.

Keywords: traditional games, motor ability, long jump, physical education, athletic performance

INTRODUCTION

Physical education is an essential element of the educational curriculum (Burhaein et al., 2020), significantly
contributing to the comprehensive development of pupils. It promotes physical health as well as cognitive and social
abilities, therefore enhancing the overall well-being of youngsters (Harvey et al., 2018). Traditional games, deeply em-
bedded in cultural heritage, provide a distinctive amalgamation of physical engagement and cultural education (Ashar et
al., 2024; Shimray, 2024). These games have been acknowledged for their beneficial effects on diverse motor skills, in-
cluding agility, coordination, explosive strength, and velocity—skills crucial for athletic success (Zubaida et al., 2021).

The cultivation of motor skills from childhood is essential, as these abilities establish the groundwork for more
intricate motions necessary in sports and physical endeavors (Adolph & Hoch, 2020; Dapp et al., 2021). Proficient
early development of motor skills can yield enduring advantages, including superior physical health, augmented
academic achievement, and enhanced social connections (Bremer & Cairney, 2016). Traditional games, emphasiz-
ing physical exercise, coordination, and muscle development, provide an efficient method for cultivating these vital
skills. Furthermore, they have demonstrated efficacy in alleviating stress, enhancing focus, and fostering overall
pleasure and well-being (Hussain & Cheong, 2022; Ismoyo et al., 2024).
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This research examines the impact of two traditional games—Engklek and Lompat Tali—on the long jump
proficiency of children at Elementary School SD Islam terpadu Siti Hajar . Engklek, similar to hopscotch, entails
hopping on one foot across a sequence of squares marked on the ground, fostering balance, coordination, and agility.
Lompat Tali, or rope jumping, involves pupils leaping over a moving rope, thereby improving explosive strength,
velocity, and coordination (Mahardika, 2014).

Prior studies have established the advantages of traditional games in improving motor abilities, including agil-
ity, coordination, explosive strength, and velocity. Zubaida et al. (2021) discovered that traditional games markedly
enhanced aerobic capacity and agility in children. Likewise, Mahardika (2014) indicated that these games enhanced
physical fitness and promoted social behaviors in early childhood. Such studies underscore the capacity of traditional
games to cultivate fundamental motor abilities, which are critical for athletic performance.

Motor skills such as agility, coordination, explosive strength, and velocity are essential determinants of perfor-
mance in various sports, including the long jump. Agility, characterized as the capacity to alter direction swiftly and
precisely (Fiorilli et al., 2017), is essential in numerous conventional activities. In Engklek, participants must syn-
chronize and balance their motions while hopping on one foot through the squares, hence enhancing their agility and
coordination (Rizki et al., 2022). Lompat Tali necessitates players to synchronize their jumps with a swinging rope,
hence improving explosive strength and speed (Nurfitriyana, 2022).

Explosive power, is defined as the ability to produce maximum force in a brief duration (Huang et al., 2023),
is crucial for the take-off phase of the long jump. Conventional games such as Lompat Tali improve this ability by
requiring swift, elevated hops that replicate the explosive movement essential for an effective long jump (Gescheit et
al., 2015). Likewise, speed, crucial for generating momentum during the approach in the long jump, is enhanced by
traditional sports that necessitate rapid and dynamic movements (Arianda et al., 2021; Rhodes et al., 2020).

While the advantages of traditional games in enhancing motor skills are well recognized, there exists a paucity
of research directly investigating their influence on long jump performance. Most studies emphasize the overall
advantages of these games in enhancing health and social skills, rather than their impact on particular physical com-
petencies like the long jump. This study seeks to address this gap by investigating the impact of Engklek and Lompat
Tali on long jump performance. This research will yield significant insights on the efficacy of traditional games as a
means to improve athletic performance, especially in the long jump.

Traditional games significantly contribute to the preservation of cultural heritage, establish a connection to his-
tory, and cultivate a sense of community among participants (Abdel-Maksoud et al., 2021). Integrating these games
into physical education curricula enables schools to foster physical fitness while simultaneously cultivating an ap-
preciation for cultural diversity and heritage among students.

This study investigates the efficacy of traditional games, specifically Engklek and Lompat Tali, in augmenting
motor skills and enhancing long jump ability in primary school students. The findings seek to guide the design of
physical education programs, emphasizing the necessity of integrating enjoyable, culturally pertinent activities to
enhance motor development and athletic performance.

METHOD

Research Design

This research employed a comparative design (Creswell, 2014), to assess the influence of traditional
games on the long jump performance of students at Elementary School SD Islam terpadu Siti Hajar . The main
aim was to investigate the impact of various traditional games, particularly Engklek and Lompat Tali, on the
enhancement of motor skills and long jump proficiency.

Participants

The research comprised 24 male students, aged 1011 years, from Elementary School SD Islam Terpadu Siti
Hajar, selected using a purposive sampling method. The participants were randomly allocated to one of two groups:
the Engklek group or the Lompat Tali group, each consisting of 12 students. The random assignment guaranteed that
the groups were equivalent in age and initial physical capabilities, thereby preserving the integrity of the comparative
design (Creswell & Creswell, 2018).
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Intervention

The strategy was to integrate traditional games into the physical education curriculum. The Engklek
group engaged in the game of Engklek, which necessitates players to hop on one foot across a sequence of
squares marked on the ground. This game aims to enhance balance, coordination, and agility. Simultane-
ously, the Lompat Tali group participated in rope jumping, an activity that entails leaping over a swinging
rope. This activity aims to improve explosive strength, velocity, and coordination. The intervention oc-
curred over four weeks, with sessions conducted four times weekly. Each session lasted 40 minutes, consis-
tent with the school’s physical education class duration.

R i

J

-

Figure 1. llustration of Engklek

Figure 2. llustration of Lompat Tali

Instrument

This study utilized standardized assessments to evaluate diverse motor skills, including agility, coordination,
explosive power, and speed. The evaluation of long jump performance was based on four essential components: ap-
proach run technique, take-off technique, flight phase technique, and landing technique. Data were gathered by direct
observation and established testing protocols to guarantee consistency and precision in documenting the participant’s
performances.

un i

i —
A am

Balok Tumpuan

Figure 3. Long Jump Test Arena

Notes:

e Lintasan Lari: Running track.

¢ Balok Tumpuan: Bearing beam.
¢ Bak Pasir: Sandbox.

The subsequent table delineates the comprehensive assessment criteria for evaluating long jump proficiency,
segmented into four principal phases: the approach run (prefix), take-off (push), flight (float), and landing. Each
phase is further divided into specific sub-indicators that evaluate the techniques necessary for attaining optimal per-
formance in the long jump.
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Table 1. Long Jump Skill Test Instrument

Indicators Sub Indicators Assessments

1 Prefix (approachrun a Foot Position: One foot should be placed in front, with hands relaxed
technique) beside the body, and eyes looking straight ahead.
b  Center of Gravity: Maintain the center of gravity while running.

Coordination: Ensure the coordination of arm swings and footsteps in
rhythm.

d  Final Step: During the last step, coordinate vision by aligning eye
movement with foot movement.

e Push Accuracy: Ensure the accuracy of the pushing foot on the

springboard.
2 Push (take-off a  Supporting Foot: One end of the foot becomes the supporting foot to
technique) execute a quick and strong push.
b  Body Position: The body leans slightly forward.
¢ Push Angle: The push angle when supporting is 45 degrees.
d Movement: Form a horizontal movement when pushing.
e Arm Swing: When pushing, it is assisted by swinging the arms
upwards.
3 Float (flight phase a Body Balance: Maintain body balance in the air to achieve a parabolic
technique) movement.

b Legand Arm Swing: Swing the legs and arms when taking off in the air.

¢ Floating Position: Extend the torso and both legs as far as possible to
achieve a floating position.
d Legs and Hands: Keep the legs straight forward with hands.

Landing Approach: Relax and bend the legs when approaching the

landing.
4 Land (landing a Feet Position: Keep feet relaxed when touching the sand.
technique) b Leg Position: Maintain a bent leg position when landing, with the

soles of the feet touching the sand.
¢ Body Position: Adopt a squatting body position.

Hand Position: Position hands forward to prevent the body from
falling backward.
e Body Balance: Ensure body balance is maintained in front.

The following table lists the motor skill test instruments that were employed to evaluate the physical abilities of
the participants, such as agility, coordination, explosive power, and speed. The purpose of these tests was to assess
the participant’s proficiency in critical motor skills that are essential for athletic performance.

Table 2. Motor Skill Test Instrument

No Indicators Assessments
1 Agility Shuttle-run 4 x 10 m
2 Coordination Throw and catch the ball 1 m away against the wall
3 Explosive power Vertical jump
4 Speed 30 mrun
Data Analysis

The gathered data were examined utilizing statistical software (SPSS version 23). Homogeneity and normality
tests were first performed using the Kolmogorov-Smirnov Z test to evaluate the data’s appropriateness for paramet-
ric analysis. After satisfying the requirements of homogeneity and normality, a one-way ANOVA was conducted to
examine significant differences between the two groups. A significance level of p < 0.05 was established to ascertain
statistically significant differences in long jump performance between the Engklek and Lompat Tali groups (Gescheit
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et al., 2015). This comprehensive investigation delivered a strong assessment of the influence of traditional games on
long jump performance, presenting significant insights into their potential to improve physical education curricula.

RESuULT
List of Participants
Table 3 includes the initials of students who participated in two different groups: the Engklek group and the

Lompat tali group. Each group consists of 12 students.

Table 3. Initial Group Assignments of Participants

No Engklek Lompat tali
(Initial) (Initial)

1 AA AL

2 AB AM

3 MFL Al

4 MAS FM

5 LP F SF
6 JIP MS

7 MAIR MZL
8 MS QRD
9 M.FR RSD
10 FAL RS
11 DBP SB
12 RWR 7]

Student’s Agility Test Result

Table 4 displays the agility test results for students in the Engklek group. Each student is identified by their
initials, and their performance is assessed across three trials. The average time (in seconds) for each student is cal-
culated, along with the t-score, which indicates the statistical significance of their performance. The mean times
for each student range from 11.78 seconds to 14.06 seconds, indicating varying levels of agility among them. The
t-scores offer additional insight into the consistency and reliability of their performance.

Table 4. Data on Agility of Engklek Group Students

Tester

No Initial 1 (sec) 2 (sec) 3 (sec) Mean (sec) t-score
1 AA 12.34 12.09 12.97 12.47 53.68
2 AB 14.15 13.91 14.11 14.06 30.46
3 MFL 12.93 12.98 12.74 12.88 47.60
4 MAS 12.64 11.82 12.36 12.27 56.51
5 LP 11.89 12.13 12.55 12.19 57.72
6 JIP 13.06 13.27 13.12 13.15 43.70
7 MAIR 11.48 12.32 11.55 11.78 63.66
8 MS 13.52 13.19 13.78 13.50 38.64
9 M. FR 12.76 13.05 13.45 13.09 44.63
10 FAL 14.31 13.98 13.71 14.00 31.28
11 DBP 13.5 13.74 14.03 13.76 34.84
12 RWR 12.84 13.17 12.95 12.99 46.09
Mean 12.95 12.97 13.11 13.01 -
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Table 5 presents the agility test results for students in the Lompat tali group. Each student is identified by their
initials, and their performance is measured across three trials.

Table 5. Data on Agility of Lompat Tali Group Students

. Tester Mean
No Initial t-score

1 (sec) 2 (sec) 3 (sec) (sec)
1 AL 12.16 12.77 12.34 12.42 54.32
2 AM 11.97 12.10 12.34 12.14 58.50
3 Al 13.04 12.93 13.01 12.99 45.99
4 FM 12.81 12.64 12.79 12.75 49.59
5 F SF 11.16 11.47 12.04 11.56 66.98
6 MS 11.70 11.85 11.63 11.73 64.49
7 MZL 12.51 12.35 12.08 12.31 55.92
8 QRD 11.97 12.07 12.19 12.08 59.38
9 RSD 13.15 12.84 12.94 12.98 46.23
10 RS 12.80 11.75 12.19 12.25 56.90
11 SB 13.23 13.01 12.81 13.02 45.65
12 7] 12.87 12.73 13.12 12.91 47.25

Mean 12.45 12.38 12.46 12.43 -

The mean time (in seconds) for each student is calculated, along with the t-score, which indicates the statistical
significance of their performance. The mean times for the students range from 11.56 seconds to 13.02 seconds, re-
flecting varying levels of agility among them. The t-scores provide further insight into the consistency and reliability
of their performances.

Student’s Coordination Test Result

Table 6 shows the coordination test results for students in the Engklek group. Each student is identified by their
initials, and their performance is measured across three trials. The mean time (in seconds) for each student is cal-
culated, along with the t-score, which indicates the statistical significance of their performance. The mean times for
each student range from 7.67 seconds to 11.33 seconds, reflecting different levels of coordination among the students.
The t-scores provide further insight into the consistency and reliability of their performances.

Table 6. Data on Coordination of Engklek Group Students

No Initial Tester Mean t-score
1 2 3
1 AA 10 9 9 9.33 44.50
2 AB 7 8 8 7.67 36.84
3 MFL 10 8 9 9.00 42.97
4 MAS 10 10 9 9.67 46.04
5 LP 11 10 10 10.33 49.11
6 JIP 10 8 9 9.00 42.97
7 MAIR 12 11 11 11.33 53.71
8 MS 9 10 9 9.33 44.50
9 M. FR 10 9 10 9.67 46.04
10 FAL 8 7 8 7.67 36.84
11 DBP 10 8 9 9.00 42.97
12 RWR 9 11 10 10.00 47.57
Mean 9.7 9.1 9.3 9.3 -
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Table 7 presents the coordination test results for students in the Lompat tali group. Each student is identified
by their initials, and their performance is measured across three trials. We calculated the mean time (in seconds) for
each student and the t-score, which indicates the statistical significance of their performance. The mean times for the
students range from 7.33 seconds to 15.33 seconds, reflecting varying levels of coordination. The t-scores offer ad-
ditional insight into the consistency and reliability of their performance.

Table 7. Data on Coordination of Lompat Tali Group Students

No Initial Tester Mean t-score
1 2 3
1 AL 11 12 12 11.67 55.24
2 AM 13 13 12 12.67 59.84
3 Al 9 8 7 8.00 38.37
4 FM 14 12 11 12.33 58.31
5 F SF 15 16 15 15.33 72.11
6 MS 13 15 15 14.33 67.51
7 MZL 12 12 10 11.33 53.71
8 QRD 11 13 12 12.00 56.77
9 RSD 8 7 7 7.33 35.30
10 RS 13 12 12 12.33 58.31
11 SB 14 14 13 13.67 64.44
12 Z) 11 10 8 9.67 46.04
Mean 12 12 11.17 11.72 -

Student’s Explosive Power Test Result

Table 8 presents the explosive power test results for students in the Engklek group. Each student is identified
by their initials, and their performance is measured in terms of reach and jump heights. The difference between the
reach and jump heights is calculated, along with the t-score, which indicates the statistical significance of their per-
formance. The mean reach height for the students is 129.08 cm, and the mean jump height is 144.25 cm, resulting in
an average difference of 15.17 cm. The t-scores provide additional insight into the consistency and reliability of their
performance.

Table 8. Data on the Explosive Power of Engklek Group Students

Reach Jump

No Initial ) faril Difference (cm) t-score
1 AA 125 140 15 43.83
2 AB 132 143 11 31.97
3 MFL 127 142 15 43.83
4 MAS 130 145 15 43.83
5 LP 133 150 17 49.75
6 JIP 128 144 16 46.79
7 MAIR 128 147 19 55.68
8 MS 127 142 15 43.83
9 M. FR 131 147 16 46.79
10 FAL 127 139 12 34.93
11 DBP 130 145 15 43.83
12 RWR 131 147 16 46.79

Mean 129.08 144.25 15.17 -
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Table 9 displays the results of the explosive power test for students in the Lompat tali group. Each student is
identified by their initials, and their performance is measured in terms of reach and jump heights. The difference be-
tween the reach and jump heights is calculated, along with the t-score, which indicates the statistical significance of
their performance. The average reach height for the students is 127.67 cm, while the mean jump height is 146.67 cm,
resulting in an average difference of 19.00 cm. The t-scores provide further insight into the consistency and reliability

of their performance.
Table 9. Data on the Explosive Power of Lompat Tali Group Students
No Initial G5 Jump Difference (cm) t-score
(cm) (cm)
1 AL 129 148 19 55.68
2 AM 126 147 21 61.61
3 Al 130 144 14 40.86
4 FM 127 146 19 55.68
5 F SF 131 155 24 70.50
6 MS 128 151 23 67.54
7 MZL 125 143 18 52.72
8 QRD 127 146 19 55.68
9 RSD 124 137 13 37.90
10 RS 127 147 20 58.64
11 SB 130 152 22 64.57
12 Z) 128 144 16 46.79
Mean 127.67 146.67 19.00 -

Student’s Speed Test Result

Table 10 presents the speed test results for students in the Engklek group. Each student is identified by their ini-
tials, and their performance is measured across three trials. The mean time (in seconds) for each student is calculated,

along with the t-score, which indicates the statistical significance of their performance.

Table 10. Data on Speed of Engklek Group Students

No Initial Tester Mean t-score
1 2 3
1 AA 8.05 7.65 8.13 7.94 39.59
2 AB 7.72 8.64 7.95 8.10 36.47
3 MFL 8.19 7.92 7.68 7.93 39.85
4 MAS 7.63 8.06 7.75 7.81 42.12
5 LP 8.16 7.24 6.09 7.16 54.76
6 JIP 7.21 7.38 7.63 7.41 50.03
7 MAIR 6.65 7.07 6.85 6.86 60.73
8 MS 7.58 7.73 7.81 7.71 44.19
9 M. FR 7.31 7.55 7.61 7.49 48.41
10 FAL 8.35 8.02 7.73 8.03 37.84
11 DBP 7.83 7.55 8.04 7.81 42.25
12 RWR 7.59 7.31 7.55 7.48 48.54
Mean 7.69 7.68 7.57 7.64 -

The mean times for the students range from 6.86 seconds to 8.10 seconds, reflecting varying levels of speed
among them. The t-scores offer further insight into the consistency and reliability of their performance.
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Table 11 summarizes the speed test results for students in the Lompat tali group. Each student is identified by
their initials, and their performance is assessed across three trials. The mean time (in seconds) for each student is cal-
culated, providing an overview of their speed performance. The mean times for each student range from 6.32 seconds
to 8.00 seconds, reflecting varying levels of speed among the students. The corresponding t-scores provide additional
insight into the consistency and reliability of their performance, with higher scores indicating more significant sta-
tistical differences in performance. This data highlights the impact of the Lompat tali activity on the student’s speed
capabilities, underlining the importance of such exercises in physical education programs.

Table 11. Data on Speed of Lompat Tali Group Students

No Initial Tester Mean t-score
1 2 3
1 AL 6.94 7.35 7.72 7.34 51.39
2 AM 7.12 7.62 7.49 7.41 49.96
3 Al 7.18 7.25 7.61 7.35 51.20
4 FM 7.05 7.78 7.65 7.49 48.34
5 F SF 6.67 6.01 6.38 6.35 70.52
6 MS 5.94 6.18 7.02 6.38 70.01
7 MZL 6.38 7.05 6.37 6.60 65.73
8 QRD 6.15 6.84 7.09 6.69 63.91
9 RSD 7.14 7.91 8.13 7.73 43.80
10 RS 6.92 7.25 7.60 7.26 52.95
11 SB 7.26 6.95 8.11 7.44 49.38
12 Z) 8.03 7.81 8.23 8.02 38.03
Mean 6.90 7.17 7.45 7.17 -

Student’s Long Jump Skill Test Result

Table 12 displays the results of the long jump skills test for students in the Engklek group. Each student is identi-
fied by their initials, and their performance is measured over three trials. The mean distance (in centimeters) for each
student is calculated, along with the t-score, which indicates the statistical significance of their performance. The
mean distances range from 69.67 cm to 87.00 cm, reflecting differing levels of long jump skills among the students.
The t-scores offer further insight into the consistency and reliability of their performances.

Table 12. Long Jump Skills Data of Engklek Group Students

No Initial Tester Mean t-score
1 2 3
1 AA 74 77 77 76.00 44.57
2 AB 69 70 70 69.67 33.89
3 MFL 73 74 74 73.67 40.64
4 MAS 76 78 78 77.33 46.82
5 LP 77 79 79 78.33 48.50
6 JIP 83 82 82 82.33 55.24
7 MAIR 87 88 86 87.00 63.11
8 MS 75 79 76 76.67 45.69
9 M. FR 79 78 78 78.33 48.50
10 FAL 72 70 69 70.33 35.02
11 DBP 75 75 76 75.33 43.44
12 RWR 76 78 77 77.00 46.25
Mean 76.33 77.33 76.83 76.83 -
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Table 13 presents the long jump skill test results for students in the Lompat tali group. Each student is identified
by their initials, and their performance is measured across three trials. The mean distance (in centimeters) for each
student is calculated, along with the t-score, which indicates the statistical significance of their performance. The
mean distances for each student range from 73.00 cm to 90.33 cm, reflecting varying levels of long jump skills among
the students. Additionally, the t-scores offer further insight into the consistency and reliability of their performance.

Table 13. Long Jump Skills Data of Lompat Tali Group Students

No Initial Tester Mean t-score
1 2 3
1 AL 83 83 80 82.00 54.68
2 AM 85 85 83 84.33 58.62
3 Al 73 74 72 73.00 39.51
4 FM 77 77 76 76.67 45.69
5 F SF 92 89 90 90.33 68.73
6 MS 89 88 88 88.33 65.36
7 MZL 84 85 83 84.00 58.05
8 QRD 87 88 89 88.00 64.80
9 RSD 74 76 73 74.33 41.76
10 RS 86 86 89 87.00 63.11
11 SB 74 76 75 75.00 42.88
12 7] 76 75 78 76.33 45.13
Mean 81.67 81.83 81.33 81.61 -

Table 14. Summary of ANOVA Results for Long Jump Performance

Source SS df Mms F p
Traditional games 152.34 1 152.34 5.72 0.025%*
Motor ability levels 198.67 1 198.67 7.46 0.012*

Interaction (Game x Motor Ability) 17490 1 17490 6.56 0.017*

Error 556.40 20 27.82
Total 1082.31 23
*» < 0.05

The ANOVA revealed significant main effects of both traditional game type and motor ability level, as well as a
significant interaction between the two factors. Students in the Lompat Tali group outperformed those in the Engklek
group, and students with higher motor ability showed greater improvements compared to those with lower motor
ability.

DIScUSSION

The ANOVA results (Table 14) confirm that the type of traditional game and motor ability level significantly
affected long jump performance. Moreover, the significant interaction indicates that the benefits of Lompat Tali were
more pronounced for students with high motor ability. These findings validate the hypothesis that traditional games
can differentially enhance athletic performance depending on the nature of the activity and the initial motor ability
of participants.

The data obtained from the Engklek and Lompat Tali groups offers significant insights into the influence of these
traditional games on student’s physical capabilities, particularly regarding agility, coordination, explosive strength,
speed, and long jump performance. The results reveal substantial disparities between the two groups in these essential
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motor skills, enhancing comprehension of how each activity fosters the development of physical talents.

The agility results reveal that the Engklek and Lompat Tali groups exhibit varying levels of agility. The Engklek
group had average timings between 11.78 to 14.06 seconds, but the Lompat Tali group demonstrated a marginally
shorter range of 11.56 to 13.02 seconds. The findings indicate that Lompat Tali, which includes plyometric exercises,
may be superior in enhancing agility relative to Engklek. Prior studies substantiate this idea, indicating that plyomet-
ric workouts, including jump rope, markedly improve agility by enhancing neuromuscular responsiveness and speed
(Woodard & Chen, 2024). These findings emphasize the necessity of integrating dynamic, plyometric exercises into
physical education curricula to improve agility.

The Engklek group exhibited a more uniform performance in coordination, with mean times between 7.67 and
11.33 seconds, whereas the Lompat Tali group displayed a wider range of 7.33 to 15.33 seconds. Despite the vari-
ability in the Lompat Tali group, both groups demonstrated elevated levels of coordination. However, the consistent
performance of the Engklek group may indicate that Engklek is particularly effective in enhancing coordination. This
is consistent with existing research highlighting the significance of proprioceptive training—such as that involved in
Engklek—in improving coordination. Proprioception is crucial for motor control, as it provides the sensory feedback
necessary to regulate muscle activity and enhance motor function (lorga et al., 2023; Pramanick et al., 2022). These
findings imply that Engklek may be particularly advantageous for developing student’s motor coordination.

The examination of explosive power indicates that the Lompat Tali group had superior enhancements in jump
height, with mean differences between 13 cm and 24 cm, in contrast to the Engklek group’s range of 11 cm to 19 cm.
This indicates that Lompat Tali, with its focus on vertical and horizontal jumps, is superior in augmenting explosive
force. Studies have consistently demonstrated that plyometric exercises, such as jump rope activities, result in sub-
stantial enhancements in explosive power (Anggoro & Masrun, 2023; Wang et al., 2023). These exercises activate the
stretch-shortening cycle of the muscles, essential for cultivating the explosive strength required for athletic endeavors
like the long jump (Makaruk et al., 2020; Ramirez-Campillo et al., 2020).

The Lompat Tali group had marginally superior speed, with average times between 6.35 and 8.02 seconds, in
contrast to the Engklek group’s range of 6.86 to 8.10 seconds. The results indicate that Lompat Tali activities may be
more efficacious in enhancing speed, which is crucial for the approach phase of the long jump. Prior research has con-
firmed the beneficial effects of plyometric training on speed, indicating that these exercises enhance both sprinting
velocity and total speed endurance (Kryeziu et al., 2023). The integration of plyometric exercises and speed training
has demonstrated efficacy in augmenting speed development through the enhancement of muscle flexibility and the
effectiveness of force application (Naidu, 2016).

Finally, the long jump proficiency statistics reveal that the Lompat Tali group obtained greater outcomes, with
mean distances ranging from 73.00 cm to 90.33 cm, compared to the Engklek group’s range of 69.67 cm to 87.00
cm. This difference may be related to the greater explosive power and speed developed during Lompat Tali activities,
which are important components of good long jump performance. Prior research indicates that motor abilities, includ-
ing coordination, precision, and balance, are crucial for enhancing long jump performance (Kastrena et al., 2019),
and Lompat Tali exercises probably have a more substantial role in developing these attributes. The enhancements in
explosive strength and speed from Lompat Tali immediately result in a more powerful push-off and increased take-off
velocity in the long jump, hence improving overall performance.

This study’s findings underscore the potential of traditional games, specifically Lompat Tali, in enhancing es-
sential motor skills that influence athletic performance. The results underscore the necessity of incorporating cultur-
ally relevant physical activities into educational curricula to foster motor skill development in children. However,
the study has limitations; the sample size was relatively small, which may restrict the generalizability of the findings
to a broader population. Furthermore, the study’s duration of four weeks may be inadequate to assess the long-term
effects of these activities on motor skill development. Future research should examine the enduring impact of tradi-
tional games on motor skill enhancement and athletic performance, as well as explore the advantages of integrating
these activities with other training methodologies.

CONCLUSION
This study concludes that Lompat Tali is more effective than Engklek in improving explosive power, speed, and
long jump performance, while Engklek is particularly beneficial for enhancing coordination. These results emphasize
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the value of integrating traditional games into physical education as culturally relevant and engaging activities to
develop motor skills in children aged 10—11. Future research should involve larger and more diverse samples, longer
intervention periods, and the inclusion of external factors such as nutrition and sleep to provide a more comprehen-
sive understanding of their impact on athletic performance.
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Abstract: This study aims to validate the gesture coordination learning media based on virtual reality (Vi) technology in
sign language in improving the motor skills of deaf children. The method of this research is quantitative descriptive. The
data collection technique was through the FGD focus group discussion by asking for opinions from 9 experts consisting
of> 3 experts in the field of learning media, 3 experts in the field of children with disabilities, and 3 experts in the field of
design and ergonomics, as well as 3 experts from extraordinary school teacher practitioners. The research instrument used
a questionnaire given to experts to validate the sign language virtual reality (vr) technology-based motion coordination
learning media that had been designed. Data analysis uses narrative to develop a design for motion coordination learning
tools based on Virtual Reality (Rv) technology, and Aiken's V analysis to test the validity of motion coordination learning
media instruments based on Virtual Reality (Rv) technology, and the cronbach alpha test to test the reliability of the instru-
ment. The results of the study show that in the content aspect of the result of the Aiken'’s V coefficient of 0.888, the design
aspect shows the coefficient value of Aiken's V of 0.902, and the aspect of use shows the coefficient value of Aiken's V of
0.891. Furthermore, an average reliability score of 0.831 was obtained. This means that it can be concluded that all aspects
of the gesture coordination learning media based on virtual reality (VR) technology in sign language to improve the motor
skills of deaf children have high validity and reliability of the content of the instrument.

Keywords: Learning, virtual reality, motor, deaf

INTRODUCTION

The rapid development of communication media at this time encourages seriousness in preparing learning that is
easy to understand and easy to implement, while the media technology used by deaf children today in communicating
is still in a limited category, including hearing aids (hearing aids), cochlear implants, speech therapy, sign language,
and lip-reading (Hermawati & Pieri, 2020). Based on previous research on teaching media technology, researchers
want to revolutionize previous learning media that can be repeated to get a clear and effective understanding by
children with hearing and speech limitations. Researchers want to provide solutions for children with deaf disabili-
ties in language understanding (Kumala et al., 2022). To overcome the obstacles they face and live independently
and productively. It is necessary to pay serious attention to prepare a stimulus for the coordination of hand and foot
movements of children with disabilities, as expressed among others: Visual stimulation (Cornejo et al., 2021). Visual
stimuli arise because of the object of the image, color, form, so that it can be explored based on direct observation
(Adaval et al., 2019; Galvez-Pol et al., 2020). Limitations in coordinating limbs in moving deaf children need serious
attention to provide health and fitness for children who have communication barriers (Veiskarami & Roozbahani,
2020). Children who have communication barriers (deaf children) in obtaining lessons also have an impact on com-
munication barriers between teachers and students with special needs (Ntinda et al., 2019). This is very worrisome
about the lack of physical fitness and the disruption of the health of the deaf (Calgaro et al., 2021).

There are various movement delays for deaf individuals who experience delays ranging from moving, using
their hands and feet, sitting, and speaking (Mishra, 2022). This causes deaf individuals to move more slowly com-
pared to normal individuals. So that it has an impact on mastering self-help skills independently (Grattan & Dem-
chak, 2024). One of the efforts to be able to help improve the motor development of people with deaf disabilities is to
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follow a learning guide that uses sign language. The communication approach requires a repetitive, varied, and inter-
active rehabilitation system (Hart et al., 2019). This kind of rehabilitation can utilize VR (Virtual Reality) technology.

Virtual Reality has many features in helping a series of rehabilitation processes. The combination of traditional
cognitive medicine and VR-based methods can provide an interactive, effective and safe approach effect for the treat-
ment of individuals with disabilities (Park et al., 2019). Therefore, current research addresses the contribution of
VR to improving skills and motor, which makes them more independent and capable of performing daily tasks. VR
technology is increasingly recognized as an effective tool for the rehabilitation of cognitive processes and functional
abilities. VR rehabilitation framework for cognitive development first proposed by Rizzo Stasolla et al. (2023) in-
tended for children with ADHD (Attention-Deficit Activity Disorder). Book Cheung et al. (2022) create a VR game
system to prepare meals for individuals with intellectual disabilities. Peng et al. (2021) stated that VR methods play
an important role in rehabilitation, especially rehabilitation of motor function recovery. VR-based methods, espe-
cially in the form of activities that resemble games, are able to move and perform physical activities.

Forms that help the development of these two aspects are usually given repetitive therapy (Schaper et al., 2020).
But of course, if the rehabilitation system is not motivating, participants will get bored quickly. Therefore, research-
ers carry motor movement training in the form of play activities as a rehabilitation technology, because it can provide
variety, exciting sensations and motivation to users. In this case, of course, it is not only the exciting aspect that is
considered in designing a rehabilitation system (Charles et al., 2022), For this reason, an appropriate exercise guide
system design is needed. An appropriate motion coordination design system to improve visual ability to understand
information In order to make the instructions more immersive, HMD (Head Mounted Device) in the form of virtual
reality is also provided to the user (Kourtesis et al., 2019). But of course, it must be conceptualized as an easy-to-
understand movement indicator appearance control that is low-cost. Thus, it is necessary to know the feasibility of the
product for the development of a sign language interactive video system that is low-cost, easy to use, and interactive
for users. This research seeks to develop the knowledge of deaf children themselves in obtaining instructions and
directions from sign language experts through the media because it is not easy to get information media for deaf chil-
dren (Mohammdi & Elbourhamy, 2023). Based on previous research, the purpose of this study is to test the feasibility
of the validity and reliability of the development of motion coordination learning media based on virtual reality (VR)
technology-based sign language to improve the motor skills of deaf children.

MATERIALS AND METHODS

Study Participant

Validation of gesture coordination learning media based on virtual reality (Vr) technology in sign language
using expert or expert assessment. The assessors consisted of 9 experts, including: 3 experts in the field of motion
learning media, 3 experts in the field of children with disabilities, and 3 experts in the field of design and ergonomics,
as well as 3 experts from extraordinary school teacher practitioners.

Research Design
This study uses a type of quantitative descriptive research with a development approach.

Research Procedure

The data collection technique uses FGD. The research instrument used a questionnaire given to experts to vali-
date the gesture coordination learning media based on virtual reality (Vr) technology in sign language that had been
designed with a score of 1 — 5. The score contains the determination of “very good (5)”, “good (4)”, “quite good (3)”,
“less (2)”, “very poor (1)”. The content of the statement item consists of 3 aspects, namely the content aspect, the
design aspect, and the use aspect. and continued with the cronbach alpha test to test the reliability of the instrument.

Analysis Data

Data analysis uses Aiken’s V analysis to test the validity of the test instrument, and continued with the cronbach
Alpha test to test the reliability of gesture coordination learning media based on virtual reality (Vr) technology using
sign language using the help of microssoft excel.
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RESsuLTS

Aiken’s V Validity Results

The aspect of motion coordination learning media based on virtual reality (Vr) technology in sign language has
experts consisting of 9 experts, namely: 3 experts in the field of motion learning media, 3 experts in the field of design
and ergonomics, and asked for the opinions of 3 experts from SLB teacher practitioners, which includes assessment
aspects: 1) Content aspect, 2) Design aspect, 3) Usage aspect. Expert assessments use a range of 1 to 4. The assessment
1s closer to number 1 the less relevant, the closer the assessment is to the number 4 the more relevant. The assessment
data was then quantitatively analyzed using Aiken’s V formula to test the validity of the motion coordination learning
media based on virtual reality (Vr) technology. The results of the acquisition of Aiken’s validity test data are as shown
in Table 1 below:

Table 1. Aiken's V Validity Test Results

Assessment \' Information Aspects
Statement
1 2 3 4 5 6 7 8 9
1 5 4 5 5 5 4 5 5 4 0.91667 Tinggi
2 5 4 5 4 4 5 5 5 4 0.88889 Tinggi
3 5 5 5 4 4 4 4 4 5 0.86111 Sedang
4 5 4 5 4 5 5 5 5 4 0.91667 Tinggi
5 5 4 4 4 5 4 4 5 4 0.83333 Sedang Fill
6 5 4 5 4 4 5 5 5 4 0.88889 Tinggi
7 5 5 5 5 4 5 5 4 4 0.91667 Tinggi
Mean 5 428 485 4.28 4.42 457 471 471 414 0.88889 Tinggi
1 5 4 4 5 5 4 5 4 4 0.86111 Sedang
2 5 5 4 5 5 4 5 5 4 0.91667 Tinggi
3 5 5 4 5 4 4 4 5 4 0.86111 Sedang Design
4 5 5 5 5 5 4 5 5 4 0.94444 Tinggi
5 5 5 4 5 5 4 4 5 4 0.88889 Tinggi
6 5 5 5 5 5 4 5 5 4 0.94444 Tinggi
Mean 5 483 433 5 4.83 4 466 4.83 4 0.90278 Tinggi
1 4 4 5 4 5 5 5 5 5 0.91667 Tinggi
2 5 5 5 5 5 4 4 4 4 0.88889 Tinggi
3 5 4 4 5 5 4 4 4 4 0.83333 Sedang
4 5 5 4 5 4 4 5 4 4 0.86111 Sedang
5 5 4 4 5 4 5 5 4 4 0.86111 Sedang Use
6 5 5 5 4 5 5 5 4 4 0.91667 Tinggi
7 5 5 5 4 5 5 5 4 4 0.91667 Tinggi
8 5 5 5 5 4 5 4 5 4 0.91667 Tinggi
9 4 4 4 5 5 5 5 5 4 0.88889 Tinggi
10 4 4 5 4 5 5 5 5 5 0.91667 Tinggi
11 5 5 4 5 5 4 4 5 4 0.88889 Tinggi
Mean 4727 454 454 463 472 4.63 4.63 445 418 0.89142 Tinggi

Overall Mean

Score 490 455 457 464 466 440 467 4.668 4.10 0.894361 Tinggi

Based on table 1. The aspect (content) shows the average result of Aiken’s V coefficient of 0.888 including the
medium category, the aspect (design) shows the average value of Aiken’s V coefficient of 0.902 including the high
category, the aspect (use) shows the average value of Aiken’s V coefficient of 0.891 including the high category.
Based on the classification of validity submitted by (Duke et al., 2020) are as follows: V < 0.00:invalid, V < 0.4 low
validity, 0.4 <V < 0.8 low validity, and V > 0.8 high validity. The average value of all aspects shows that the coef-
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ficient value of Aiken’s V is 0.894, so it can be concluded that all aspects of the gesture coordination learning media
based on virtual reality (Vr) technology with sign language for the motor deaf have high or valid content validity.

Instrument Reliability Results
Based on statistical analysis using the Cronbach Alpha formula, the following data are obtained:

Table 2. Instrument Reliability Test Results

Assessment X
1 117
2 109
3 108
4 110
5 113
6 105
7 111
8 109
9 98
Total Variants 27.861111
Item Variants 6.25
Cronbach Alpha Values 0.8319308
Standard 0.6
Information Reliable

Based on statistical analysis of reliability tests that have been carried out using the Cronbach Alpha test. The
results of the calculation obtained a significance value of 0.830 > 0.06. This means that in the virtual reality (Vr)
technology-based movement coordination learning media with sign language for deaf children’s motor skills has
high and adequate reliability. Therefore, it has been declared reliable and has a high level of consistency and stability.

DISCUSSION

Based on the results of the study, it can be discussed in this study, namely that the sign language virtual reality
(Vr) technology-based movement coordination learning media for deaf motor children has a fairly high level of valid-
ity and reliability. The validation sheet was filled out by 9 experts, namely: 3 experts in the field of motion learning
media, and 3 experts in the field of design and ergonomics, and asked for opinions from 3 experts from SLB teacher
practitioners.

In June 2024, the first FGD was carried out and received comments and suggestions from experts to optimize
movement coordination learning media based on virtual reality (Vr) technology, especially for people with hearing
impairments, including the following: a) the materials used are ensured to be of good quality and safe to use for users,
b) must pay attention to the dimensions or size of the device so that it is stable, ¢) need information on the function
of VR tools, d), e) pay attention to the safety of using virtual reality (VR) tools.

After the first FGD was carried out by 9 experts, then the researcher improved the design of the virtual reality
(Vr) technology-based learning media according to the advice of experts or experts. One month later, a second FGD
was held again in July 2024 to see the extent of the development of the learning media carried out by experts, and
can summarize some comments from experts as follows: a) virtual reality (VR) tools have undergone changes for the
better in terms of materials, safety, comfort and accuracy. b) from the aspect of designing a framework for learning
media based on virtual reality (Vr) technology for deaf children is good, c) the learning media is adaptive so that it
is suitable for people with disabilities to be used, d) virtual reality (Vr) technology-based learning media can help
teachers or trainers to improve motor skills for people with deaf disabilities and are easy to carry anywhere, ) virtual
images have functioned well and the objects of learning media have been seen very clearly and easily interact with
the environment in front of them, ) visual videos in each motion learning model are good, f) the display of colors
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and images has been able to attract the attention of people with deaf disabilities.

Research findings on virtual reality (Vr) technology-based motion coordination learning media corroborate the
findings (Alim et al., 2023; Susiono et al., 2024) which states that the V coefficient above 0.760 indicates adequate
content validity. In other words, the design of a gesture-based virtual reality (Vr) technology-based motion coordina-
tion learning media to improve the motor skills of deaf children has been supported by nine academic and profes-
sional experts. Their ranking shows that the virtual reality (Vr) technology-based motion coordination learning media
has high content validity. Experts support the learning media of movement coordination based on virtual reality (Vr)
technology, which is the last learning medium to improve motor skills for people with disabilities.

In addition to having high validity, sign language virtual reality (Vr) technology-based motion coordination
learning media to improve the motor skills of deaf children must also be measured for reliability. After being ana-
lyzed, the physical fitness test instrument has a reliability value using the Cronbach Alpha formula > 0.06, which
means that the virtual reality (Vr) technology-based motion coordination learning media has a very good reliability
value. This is reinforced by the findings (Taber, 2018) who said that the Cronbach Alpha value above 0.06 shows that
it has high enough reliability, so the virtual reality (Vr) technology-based motion learning media is feasible to use.

In the first stage, the definition of virtual reality (Vr) technology-based motion learning media for the deaf
was derived from a literature review with thematic analysis, showing that it is a tool that can be used as a learning
medium for the deaf. To ensure the quality of technology-based learning media for deaf children, it is necessary to
have empirical content, validity and reliability (Mohamad et al., 2015). On the one hand, if the virtual reality (Vr)
technology-based motion learning media for deaf people used in the study shows high content validity and reliability,
it means that the learning media can effectively fulfill the function of its use in accordance with the intended goal of
improving the motor skills of deaf children.

Therefore, it can be concluded that all aspects of motion learning media based on virtual reality (Vr) technology
for the deaf to improve motor skills have excellent content validity and reliability. The results of the validity of the
content in this study can be used as a basis for testing with users. The empirical results of the trial will strengthen
the validity and reliability of this trial. This virtual reality (Vr) technology-based motion learning media has been
specially designed for children with deaf disabilities with the aim of improving children’s motor skills.

CONCLUSION

Based on the results and discussion, it can be concluded that the virtual reality (Vr) technology-based motion
coordination learning media has high content validity according to the Aiken Criteria. The average value of all as-
pects shows that the coefficient value of Aiken’s V is 0.894, so it can be said that all aspects of the virtual reality (Vr)
technology-based movement coordination learning media to improve motor skills for the deaf have high or valid
content validity. It is recommended to further strengthen this virtual reality (Vr) technology-based motion coordina-
tion learning media by carrying out empirical validity and reliability.

Acknowledgments
This research was supported by LP2M UNP under Research Grant No.1456/UN35.15/LT/2024. We would also like to acknowledge the
technical assistance provided by the research team, which was instrumental in the successful completion of this research.

REFERENCE

Adaval, R., Saluja, G., & Jiang, Y. (2019). Seeing and thinking in pictures: A review of visual information processing. Consumer Psychology
Review, 2(1), 50-69. https://doi.org/10.1002/arcp.1049

Alim, A., Tomoliyus, Refiater, U. H., & Gani, I. (2023). Sensor-based Reactive Agility Measurement Tool for Net Game Group Sports: Content
Validity. Retos, 51, 167—171. https://doi.org/10.47197/retos.v51.100564

Calgaro, E., Craig, N., Craig, L., Dominey-Howes, D., & Allen, J. (2021). Silent no more: Identifying and breaking through the barriers that
d/Deaf people face in responding to hazards and disasters. International Journal of Disaster Risk Reduction, 57, 102156. https://doi.
org/10.1016/.ijdrr.2021.102156

Charles, D., Holmes, D., Charles, T., Mcdonough, S., Charles, D., Holmes, D., & Charles, T. (2022). Interactive Virtual Reality Stroke Reha-
bilitation Sys- tem Design.

Cheung, J. C.-W., Ni, M., Tam, A. Y.-C., Chan, T. T.-C., Cheung, A. K.-Y., Tsang, O. Y.-H., Yip, C.-B., Lam, W.-K., & Wong, D. W.-C. (2022).
Virtual reality based multiple life skill training for intellectual disability: A multicenter randomized controlled trial. Engineered Regen-
eration, 3(2), 121-130. https://doi.org/10.1016/j.engreg.2022.03.003

Cornejo, R., Martinez, F., Alvarez, V. C., Barraza, C., Cibrian, F. L., Martinez-Garcia, A. I., & Tentori, M. (2021). Serious games for basic
learning mechanisms: reinforcing Mexican children’s gross motor skills and attention. Personal and Ubiquitous Computing, 25, 375~

262 www.Siz-au.com



FAHMIL HARIS, ET AL.
VALIDITY AND RELIABILITY OF SIGN LANGUAGE VR MEDIA FOR DEAF CHILDREN'S MOTOR SKILLS SPORTS SCIENCE AND HEALTH 15(2):258-263

390. https://doi.org/10.1007/s00779-021-01529-0

Duke, C., Hamidi, S., & Ewing, R. (2020). Validity and reliability. In Basic Quantitative Research Methods for Urban Planners (pp. 88—100).
Routledge.

Galvez-Pol, A., Forster, B., & Calvo-Merino, B. (2020). Beyond action observation: Neurobehavioral mechanisms of memory for visually
perceived bodies and actions. Neuroscience & Biobehavioral Reviews, 116, 508—518. https://doi.org/10.1016/j.neubiorev.2020.06.014

Grattan, J., & Demchak, M. (2024). Using System of Least Prompts to Teach Self-Help Skills to Students Who Are Deafblind. Research and
Practice for Persons with Severe Disabilities, 49(2), 107-125. https://doi.org/10.1177/15407969241231204

Hart, T., Dijkers, M. P., Whyte, J., Turkstra, L. S., Zanca, J. M., Packel, A., Stan, J. H. Van, Ferraro, M., Otr, L., Chen, C., & Otr, L. (2019).
SPECIAL COMMUNICATION A Theory-Driven System for the Specification of Rehabilitation Treatments. Archives of Physical
Medicine and Rehabilitation, 100(1), 172—180. https://doi.org/10.1016/j.apmr.2018.09.109

Hermawati, S., & Pieri, K. (2020). Assistive technologies for severe and profound hearing loss: Beyond hearing aids and implants. Assistive
Technology. https://doi.org/10.1080/10400435.2018.1522524

Kourtesis, P., Collina, S., Doumas, L. A., & MacPherson, S. E. (2019). Technological competence is a pre-condition for effective implementa-
tion of virtual reality head mounted displays in human neuroscience: a technological review and meta-analysis. Frontiers in Human
Neuroscience, 13, 342

Kumala, F. N. F., Kamalia, A., & Khotimah, S. K. (2022). Gambaran Dukungan Sosial Keluarga yang Memiliki Anak Tuna Rungu. Personifi-
kasi: Jurnal llmu Psikologi, 13(1), 1-10.

Mishra, R. (2022). Developmental delays and their implications in the life cycle. December, 52—56.

Mohamad, M. M., Sulaiman, N. L., Sern, L. C., & Salleh, K. M. (2015). Measuring the Validity and Reliability of Research Instruments. Pro-
cedia - Social and Behavioral Sciences, 204(November 2014), 164—171. https://doi.org/10.1016/j.sbspro.2015.08.129

Mohammdi, H. M., & Elbourhamy, D. M. (2023). An intelligent system to help deaf students learn Arabic Sign Language. Interactive Learning
Environments, 31(5), 3195-3210. https://doi.org/10.1080/10494820.2021.1920431

Nelson, S., Darni, R., & Haris, F. (2022). Development Augmented Reality (AR) Learning Media for Pencak Silat Course at Faculty of Sports
and Science Universitas Negeri Padang. Educational Administration: Theory and Practice, 28(01), 37-46.

Ntinda, K., Thwala, S. K., & Tfusi, B. (2019). Experiences of Teachers of Deaf and Hard- of- Hearing Students ’in a Special Needs School :
An Exploratory Study. 7(7). https://doi.org/10.11114/jets.v7i7.4274

Park, M. J., Kim, D. J., Lee, U., Na, E. J., & Jeon, H. J. (2019). 4 Literature Overview of Virtual Reality ( VR ) in Treatment of Psychiatric
Disorders : Recent Advances and Limitations. 10(July), 1-9. https://doi.org/10.3389/fpsyt.2019.00505

Peng, Q., Yin, L., & Cao, Y. (2021). Effectiveness of Virtual Reality in the Rehabilitation of Motor Function of Patients With Subacute Stroke :
A. 12(May). https://doi.org/10.3389/fneur.2021.639535

Schaper, N. C., Netten, J. J. Van, Apelqvist, J., Hinchliffe, R. J., Lipsky, B. A., & Board, 1. E. (2020). Practical Guidelines on the prevention
and management of diabetic foot disease ( IWGDF 2019 update ). 36, 1-10. https://doi.org/10.1002/dmrr.3266

Stasolla, F., Lopez, A., Akbar, K., Vinci, L. A., & Cusano, M. (2023). Matching Assistive Technology , Telerehabilitation , and Virtual Real-
ity to Promote Cognitive Rehabilitation and Communication Skills in Neurological Populations : A Perspective Proposal. https://doi.
org/10.3390/technologies11020043

Susiono, R. S., Sugiyanto, F. S., Lumintuarso, R. L., Tomoliyus, T., Sukamti, E. R. S., Fauzi, F., Hariono, A. H., & Prabowo, T. A. P. (2024).
Agility Test Innovation on Special Badminton Athletes for the Junior Category (U17): Validity and Reliability. Retos, 53, 547-553.
https://doi.org/10.47197/retos.v53.103282

Taber, K. S. (2018). The use of Cronbach’s alpha when developing and reporting research instruments in science education. Research in Science
Education, 48, 1273-1296. https://doi.org/10.1007/s11165-016-9602-2

Veiskarami, P., & Roozbahani, M. (2020). Motor development in deaf children based on Gallahue s model : a review study. 29, 10-25. https://
doi.org/10.18502/avr.v29i1.2364

Widyastuti, E. (2019). Using the ADDIE model to develop learning material for actuarial mathematics. Journal of Physics: Conference Series,
1188(1), 12052. https://doi.org/10.1088/1742-6596/1188/1/012052

Primljen: 25. april 2025. / Received: April 25, 2025
Prihvaéen: 14. oktobar 2025. / Accepted: October 14, 2025

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Decembar/December, 2025 263



GORAN SAMOLOVAG, ET AL.
EXERCISE AND EMOTIONAL WELL-BEING: WHAT DOES PHYSICAL ACTIVITY BRING TO OUR HAPPINESS? SPORTS SCIENCE AND HEALTH 15(2):264-269

https://doi.org/10.7251/SSH2502264S UDC: 159.923:575:618.25
Review paper Pregledni rad

EXERCISE AND EMOTIONAL WELL-BEING: WHAT DOES PHYSICAL
ACTIVITY BRING TO OUR HAPPINESS?

GORAN SAMOLOVAC, STANISLAVA PoPOV
Faculty of sport and Psychology, Educons University, Serbia

Correspondence:
Goran Samolovac
Faculty of sport and Psychology, Educons University, Serbia, goransamolovac@yahoo.com

Abstract: This review paper was created with the intention of critically examining the findings of contemporary scien-
tific research studies that explore the relationship between physical activity and the perception and experience of positive
emotions and emotional states. The method used is bibliographic-speculative. The results indicate that physical activity
contributes to the perception and experience of positive emotional states (colloquially: happiness), as assessed through
some of the most commonly measured parameters (higher levels of subjective and psychological wellbeing, positive affect,
quality of life, and lower levels of depression, anxiety, and stress) across all stages of life.

Keywords: physical activity, wellbeing, happiness, satisfaction with life

INTRODUCTION

As in everyday life, physical exercise is most commonly linked to mental health in science through understand-
ing the impact of physical activity on mood (Popov & Jakovljev, 2017). Besides professional sports, people engage in
physical activity for recreation and to maintain physical and mental health. Numerous studies confirm the connection
between recreational exercise and psychological well-being (Hassmen et al., 2000). Physical activity in this context is
defined as any bodily movement produced by skeletal muscles and results in energy expenditure. In contrast, physical
exercise refers to a specific form of physical activity that is planned, structured, and repeated to improve or maintain
physical fitness (Caspersen et al., 1985). On the other hand, pursuing happiness is a universal human aspiration, as
research shows that people in nearly all cultures most often cite achieving happiness as their primary life goal (Diener
& Oishi, 2000). Furthermore, most people consider happiness the most important life value (Diener & Oishi, 2004).
These studies suggest that quality of life and mental health are not characterized by a neutral state or the absence of
negative experiences but by pleasant emotions and satisfaction with various aspects of life'. Moreover, subjective
well-being is significant at the individual level — happiness and life satisfaction, along with economic and social indi-
cators- and represents key indicators of quality of life in society (Diener & Suh, 1998). Subjective well-being (SWB)
refers to an individual’s assessment of their own life in terms of satisfaction, positive emotions, and the absence of
negative emotions (Diener, 1984). It is a multidimensional construct that encompasses a cognitive component (life
satisfaction) and an affective component (the frequency and intensity of positive and negative emotions) (Diener et
al., 1999). High subjective well-being is associated with better mental and physical health, better interpersonal rela-
tionships, and greater productivity (Lyubomirsky et al, 2005).

This paper aims to review research on the relationship between physical activity and subjective well-being to
answer the question: Is it worth “sweating” for happiness, or does physical activity help in experiencing pleasant
emotions and happiness? Additionally, this paper seeks to answer in which age groups and at what intensity physi-
cal activity contributes to life satisfaction. Since happiness is a highly individual feeling that cannot be generalized,
the research is based on the connection between measurable parameters used in science to describe the feeling of
happiness and physical activity. The paper primarily relies on recent research, although several foundational older
studies are referenced. The impact of physical activity on these parameters has been explored across life stages from
adolescence to late adulthood.

1 Positive psychology is a scientific discipline that focuses on the importance of positive emotions for mental health, as well as overall psy-
chological functioning, and serves as a complement to the previously pathology-centered approach to the science of mental health (Seligman
& Csikszentmihalyi, 2000).
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What is the Measure of Happiness in a Psychological Sense?

Pursuing happiness is likely a key determinant of human existence (Ellis, 2001). The need and ambition to achieve
the ideal of happiness is common to everyone across all eras and social systems (Seligman, 2002; Csikszentmihalyi,
1990). What distinguishes people in this regard is the way they attain happiness. Some find happiness in the company
of others, while others find it in solitude. Listening to music brings one person immense joy, leaving another completely
unmoved. There are individuals whose sense of happiness is directly tied to physical appearance and presence; others
pay little attention to such things. The victory of a favorite football team in a major competition may be a lasting source
of joy for one person, while another may hardly be aware that the sport exists. From a material perspective, some find
great happiness in acquiring wealth, while others are pleased living a life oriented toward spiritual values, owning very
little (Diener & Seligman, 2004). Empirical findings indicate that the intensity of happiness experienced remains mod-
erately expressed by most people. High-intensity feelings of happiness are typically short-lived episodes, after which
most individuals return to a stable state of mild positive emotions (Diener & Diener, 1996).

Although the experience of happiness is nearly universal, the conceptualization of this phenomenon remains a chal-
lenge due to its multidimensional nature. It has been shown that pleasant sensory stimuli—such as optimal temperature,
harmonious sounds, pleasant scents, tastes, and aesthetic scenes—significantly contribute to the immediate feeling of plea-
sure. However, a lasting and deeper experience of happiness requires the integration of higher psychological processes,
including a sense of life meaning, inner harmony, and spiritual fulfillment (Ng, 2022). Is the psychological experience of
happiness primarily a matter of perception?

Given the high degree of subjectivity in the experience of happiness, psychological science resorts to operational-
izing related constructs, such as Quality of Life (QOL). The World Health Organization defines quality of life as “an
individual’s perception of their position in life in the context of the culture and value systems in which they live, and
about their goals, expectations, standards, and concerns.” The WHOQOL-100 instrument was developed for empirical
research, encompassing six domains: physical health, psychological health, level of independence, social relationships,
environment, spirituality, religion, or personal beliefs (Pavicevi¢ & Mini¢, 2018). A key advantage of quality of life as
a parameter defined by the WHO is its relatively good measurability, which serves its purpose as a statistical indicator.
However, although it is a predictor, quality of life cannot be equated with happiness. Is a quality life also a good life?

In the search for an answer to the question of what truly constitutes a good life in the context of mental health, two
major lines of thought have emerged. The first is the hedonistic approach, which defines a good life as one filled with
pleasures, happiness, and comfort (Diener et al., 2006). The hedonistic perspective has been supported by many thinkers
throughout history, from Aristippus of Cyrene to more modern philosophers like Thomas Hobbes and Jeremy Bentham.
Hedonism defines life satisfaction along a continuum—from a relatively narrow understanding of “a life filled with
physical pleasures” to a broader definition of hedonism as “the idea of what makes life pleasant or unpleasant.”

The second line of thought is the eudaimonistic approach, which sees a good life as one directed toward the fulfillment
of human potential. Aristotle regarded hedonism as a vulgar ideal that reduces people to slaves of their own pleasures. Erich
Fromm warned of the difference between subjective needs and objectively valid needs, considering the former harmful
and the latter essential for human potential development (Ryan & Deci, 2001). Simplified, the hedonistic approach can be
defined as the pursuit of pleasure, while the eudaimonistic approach is the pursuit of overall personal growth. These ap-
proaches are strictly distinguished only at the philosophical level, while on the personal level, they may overlap.

In the continued search for a clearer definition and measurement of happiness, it has been linked to psychological
well-being, defined through six variables: self-acceptance, positive relations with others, autonomy, environmental mas-
tery, purpose in life, and personal growth (Ryff, 1989). Still eluding precise definition, the concepts of happiness, the good
life, quality of life, and psychological well-being are often inconsistently used and interchangeably applied in the literature.

METHODOLOGY

This paper is based on a narrative, bibliographic-speculative review of empirical and theoretical studies ex-
amining the relationship between physical activity and indicators of happiness and emotional well-being across
the lifespan. Electronic searches were conducted in major scientific databases, including Web of Science, Scopus,
PubMed, and Google Scholar. The search strategy combined keywords such as physical activity, exercise, subjective
well-being, psychological well-being, happiness, life satisfaction, quality of life, mental health, and aging. Reference
lists from relevant articles, books, and review papers were also screened to identify additional sources.
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The inclusion criteria for the empirical studies discussed in this review were:

1. peer-reviewed publications,

2. studies that operationalized physical activity or exercise as an independent or predictor variable,

3. studies that included at least one indicator of subjective well-being, psychological well-being, life satisfacti-
on, quality of life, or related positive and negative affective states (e.g., depression, anxiety, stress),

4. studies conducted on non-clinical populations, from adolescence to old age.

Both cross-sectional and longitudinal designs, as well as randomized controlled trials and meta-analyses, were
considered. Foundational theoretical and conceptual contributions on happiness and well-being were also included in
order to contextualize and interpret empirical findings. Given the narrative character of this review, studies were not
formally coded, and no quantitative meta-analysis was performed. Instead, the emphasis was on integrating findings,
identifying recurring patterns, and highlighting open questions relevant for future research.

RESuLTS

The Connection Between Physical Activity and Positive Indicators of Mental Health

Caspersen defined physical activity as “any bodily movement produced by skeletal muscles that results in energy
expenditure” (Caspersen et al., 1985). Numerous studies have observed a positive relationship between physical activity
and improvements in various parameters associated with happiness. One of the earlier large-scale randomized cluster
studies (Ferron et al., 1999), conducted in Switzerland, included 9,268 individuals aged 15-20. The study aimed to
determine the association between the frequency of sports activities and somatic (cardiovascular) and mental health.
The findings showed a link between low levels of physical activity and health problems such as headaches, insomnia,
stomach pain, and general physical weakness. Conversely, students who regularly engaged in physical activity reported
higher levels of energy, optimism, and confidence in their health and lower levels of anxiety, stress, and suicidal ideation.

More recent studies have yielded similar results. A comprehensive study by Malagodi and colleagues (Malagodi et
al., 2024) focused on the student population and the conditions available for engaging in sports at British universities. The
study addressed growing concerns over the worsening mental health indicators observed among students over the past 15
years. Promoting physical activity was identified as a key strategy in preserving and improving mental health. The research
found that out of 143 universities, only 45 (36%) had appropriate facilities for engaging in physical activities, and only 54
interventions had been implemented to increase participation in and improve conditions for physical activity.

Younger individuals were also the target group in a study by Asquith and colleagues (Asquith et al., 2022). Three
cohort studies were conducted among individuals aged 14-15, 1617, and 18-20, examining, among other factors, the
influence of leisure-time physical activity on their well-being. The study focused on five well-being factors: life satisfac-
tion, positive affect, negative affect, mental health, and so-called “flourishing mental health.””> The findings showed that
physical activity benefits younger populations, highlighting the detrimental impact of screen time. Time spent in front
of electronic devices often replaces time dedicated to physical activity, socialization, and sleep.

The Danish cohort study by Ibanez Roman and colleagues (Ibanez Roman et al., 2023) is a very current con-
tribution to the field. This research aimed to investigate the relationship between physical activity and positive mental
health, specifically mental well-being. The study design is both interesting and innovative, as it analyzes physical activ-
ity levels in 2020 and correlates them with mental well-being measured in 2019. In a representative sample of 5,000
individuals aged 15 and older, it was found that mental well-being in 2019 could predict the likelihood of engaging in
>150 minutes of physical activity per week in 2020, suggesting a reciprocal relationship: happier individuals tend to
exercise more, and individuals who exercise more tend to be happier.

The benefits of physical activity for life satisfaction in younger populations were the subject of a study involv-
ing 1,002 high school students in Macau, Taipei, and Qujing. The study proposed that physical activity positively im-
pacts reductions in depression, anxiety, and psychological/emotional distress in adolescents. A positive correlation was
confirmed: as physical activity increased, so did life satisfaction. The results suggest that high schools should implement
strategies to increase students’ physical activity levels. Two strategies were proposed: systematic education through the
curriculum and a wide range of extracurricular and elective sports activities (Chen et al., 2020).

2 Flourishing mental health refers to a state where individuals experience high levels of emotional well-being,
psychological functioning, and social functioning. It is more than simply the absence of mental illness; flourishing describes optimal human func-

tioning characterized by positive emotions, life satisfaction, a sense of meaning and purpose, strong relationships, and effective coping with life’s
challenges (Keyes,2002)
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The link between physical activity and variables related to happiness in younger individuals has also been
recognized and confirmed. A Croatian research team explored which intensity and domain of physical activity are most
closely related to life satisfaction. They used WHO’s standard recommendation that physical activity can be categorized
into light, moderate, and vigorous intensity and that recommended levels can be achieved in various life domains — at
work, at home, during commuting, or in leisure time. Their study suggested that although the domain of physical activity
may not be critical for somatic health, it does influence life satisfaction. In a sample of 1,750 students from the Univer-
sity of Zagreb, a weak but present correlation was found between vigorous physical activity during leisure time and life
satisfaction (Pedisi¢ et al., 2015).

The relationship between the type and intensity of physical activity and indicators of positive (positive af-
fect, subjective well-being, and unconditional self-acceptance) and negative (depression, anxiety, stress, negative
affect, and conditional self-acceptance) mental health was the focus of a study by Popov and colleagues. Con-
ducted in Serbia on a sample of 939 participants from the general population aged 18 to 75, the study found that
physically active individuals exhibit higher levels of positive mental health indicators and lower levels of negative
ones. However, there was no significant difference between recreational exercisers and highly dedicated fitness
practitioners (Popov et al., 2023).

The correlation between intensity and volume of physical activity and subjective well-being was explored
in a randomized study involving 22,971 individuals from 28 European Union countries (Wicker & Frick, 2015). The
findings suggest that for adults, an increase in moderate-intensity physical activity (as defined by the WHO) leads to
improved subjective well-being. However, increasing the volume of high-intensity physical activity is associated with a
decrease in subjective well-being. These findings challenge the WHO’s guidelines, which equate moderate and vigorous
physical activity in terms of their positive health effects, including their effects on subjective well-being.

In later life, depression often accompanies degenerative aging processes and the loss of social roles. Research
by Ekkakis and Murri suggests that physical activity is equally as effective as medication or psychotherapy in cases of
moderate depression (Ekkakis & Murri, 2017). Much earlier, a longitudinal study by Morgan and Bath (1998) moni-
tored the psychological well-being associated with physical activity among 1,042 individuals over the age of 65 over an
eight-year period. Three types of physical activity were assessed: walking, housework and yard work, and leisure-time
physical activities. Following the initial measurement, follow-ups were conducted after four and eight years. A weak
positive correlation was observed between physical activity levels and psychological well-being. However, the authors
raised concerns about the mechanism underlying this effect, suggesting that socialization and the sense of accomplish-
ment associated with physical activity may have contributed to the observed outcomes.

Chinese researchers designed a study aiming to determine which intensity of physical exercise best supports the
concept of healthy aging, defined through a model encompassing the following components: (1) absence of significant
diseases, (2) absence of disability, (3) preserved cognitive function, (4) independence, (5) active social interactions, and
(6) high life satisfaction. The study included 9,026 individuals aged 60 and older. Physical activity intensities were cat-
egorized into three levels: vigorous, moderate, and light. Considering the participants’ age, vigorous activity was defined
as any that leads to shortness of breath, such as cycling, digging, or carrying heavy loads. Moderate intensity refers to
activities that increase breathing rate, such as carrying light loads, brisk walking, or practicing Tai Chi. Light-intensity
activities were defined as those that do not affect breathing patterns. Moderate intensity was identified as the most sig-
nificant predictor of successful aging, and it also showed a positive impact on life satisfaction (Chen et al., 2021).

Finally, a meta-analysis by Morgan and colleagues (Morgan et al., 2019) synthesized findings from 39 studies on
the effects of physical activity on quality of life. The summarized conclusions suggest that maintaining a habit of physi-
cal activity in older age supports the often challenging transition to a life with fewer responsibilities, reduced social
roles, and diminished societal relevance. On a daily level, physical activity can alter monotonous routines and enhance
one’s sense of purpose, meaning, and direction. Group-based physical activities can increase feelings of connection,
belonging, support (both given and received), and self-confidence. Such group activities typically foster socialization,
laughter, and positive mood—elements that are particularly valuable to older adults.

DiscussION
Areview of available studies shows a fairly consistent pattern: physical activity across ages is most often associ-
ated with higher levels of life satisfaction and subjective well-being, as well as lower levels of depression, anxiety,
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and stress. Among younger respondents, the frequency and intensity of leisure-time exercise stand out. More active
adolescents and students report higher levels of positive emotions and lower levels of emotional distress (Ferron et
al., 1999; Chen et al., 2020; Pedisi¢ et al., 2015).

Data from larger European and Asian samples provide a somewhat more nuanced picture. Moderate-intensity
physical activity is generally associated with more favorable psychological outcomes in adults, whereas very intense
or prolonged exercise is not necessarily associated with higher subjective well-being; in some cases, it even goes in
the opposite direction (Wicker & Frick, 2015). In older adults, activities that are not excessively demanding — such as
brisk walking or low-intensity exercise — are the most reliable predictors of life satisfaction and overall aging success
(Chen et al., 2021; Morgan & Bath, 1998).

Several studies also indicate that the relationship between physical activity and well-being is likely not unidirec-
tional. People who feel psychologically better often find it easier to establish a routine of regular physical activity, and
this routine can then help maintain or improve their emotional state (Ibanez Roman et al., 2023). In studies looking
at depressive symptoms in older age, physical activity has occasionally been shown to be as beneficial as standard
therapeutic approaches for mild forms of depression, although it is clear that other factors, such as social contact and
a sense of accomplishment, also influence the outcome (Ekkekakis & Murri, 2017; Morgan et al., 2019).

Although the results are generally consistent, there are limitations. Many studies rely on self-reports of physical
activity and well-being, which may bias the accuracy of the findings. Cross-sectional designs are still standard, mak-
ing it difficult to draw firm conclusions about causality. Studies also vary considerably in how they measure activity
(volume, domain, intensity) and in the instruments they use to assess subjective well-being, making direct compari-
sons difficult. In addition, qualitative aspects of activity — for example, whether it is recreational, work-related, or
group-based — likely play a role in how a person feels after exercise, but these factors remain under-examined in
many studies (Pedisi¢ et al., 2015; Morgan et al., 2019).

Overall, the available evidence suggests that physical activity is an important, but not the only, element of emo-
tional well-being. Its contribution depends on age, activity intensity, personal preferences, social environment, and
broader lifestyle. Further research could clarify how different types of movement — and the contexts in which they
occur — shape the subjective experience of the “good life”.

CONCLUSION

A clear definition of happiness continues to elude scientists. If it is any consolation, philosophers, writers, and
poets have not had much more success. Still, happiness can be indirectly measured through various auxiliary and
quantifiable variables, the most commonly represented in the literature being life satisfaction, psychological well-be-
ing, and subjective well-being. Can physical activity contribute to the subjective experience of happiness? Numerous
studies have confirmed the positive impact of physical activity on these measurable variables across all stages of life.
In children and adolescents, the greatest effect has been observed with high-intensity exercise; in middle age, with
moderate intensity; and in older adulthood, it is important to maintain the habit of physical exercise. The influence
of socializing, companionship, and well-structured leisure time increases, particularly through group-based physical
activities. The results of the analyzed studies provide an unequivocal answer to the question posed in the title. In
pursuit of happiness and life satisfaction, it is worth engaging in physical activity—intensively in youth, moderately
in middle age, and in groups during old age.

Future research in this field still faces unanswered questions: How does gender influence the relationship be-
tween physical activity intensity and healthy aging components, including subjective life satisfaction? Additionally,
how do specific types of physical activity (organized, group-based, recreational, or particular sports) contribute to the
experience of positive emotions and individual well-being?
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Abstract: Success in martial arts and combat sports relies heavily on an athlete s ability to integrate strength, endurance,
speed, agility, and coordination in dynamic situations. Interval training is relevant because it stimulates multiple energy
systems through moderate to high intensity training with short recovery periods. This study is a systematic review compiled
according to PRISMA guidelines, reviewing articles from the PubMed database over the past five years. Six of the 212
articles identified met the inclusion criteria for further analysis. The results indicate that high-intensity interval training
(HIIT) combined with specific techniques and HIIT with strength or plyometric training effectively improves aerobic and
anaerobic capacity, muscle strength, speed, agility, and technical skills. In contrast, non-specific interventions such as
photobiomodulation showed no significant effects. However, interindividual variation in training response exists, neces-
sitating a personalized approach and ongoing performance monitoring. Methodological limitations in previous studies
also emphasize the need for further studies with more consistent designs and more diverse populations. Overall, interval
training, particularly technique-based HIIT, can be recommended as an effective strategy in improving the physical per-
formance of martial artists.

Keywords: Interval Training, High-Intensity Interval Training (HIIT), Martial Arts, Combat Sports, Physical Perfor-
mance

INTRODUCTION

Success in martial arts and combat sports depends heavily on the athlete’s ability to integrate various physical
fitness components in high-pressure, time-limited scenarios. (Clemente-Suarez, 2022). Disciplines such as wushu,
tackwondo, judo, and mixed martial arts demand exceptional muscular strength, anaerobic power, cardiovascular en-
durance, speed, agility, and coordination to execute techniques with efficiency, accuracy, and endurance. (Ribeiro et
al., 2022). These multifactorial physiological requirements reflect combat’s dynamic and unpredictable nature, where
peak performance depends on the athlete’s capacity to transition smoothly between explosive bursts and sustained
effort. (Salar et al., 2022). Conventional training programs that isolate individual fitness elements may fail to repli-
cate the integrated physiological demands encountered in real-time competition. (Tong et al., 2024). Consequently,
there is a growing need for training interventions that can simultaneously develop multiple performance attributes in
a sport-specific and time-effective manner (Pol et al., 2020). Interval training has been widely accepted as a method
capable of substantially improving aerobic and anaerobic performance across the athletic population. (Boullosa et
al., 2022).

This training approach, which is characterized by repeated bouts of moderate to high intensity effort interspersed
with recovery periods (Cimke et al., 2024), allows targeted stimulation of multiple energy systems over a short period
of time (Thurlow et al., 2023). It has been shown to improve cardiovascular fitness, muscular endurance, metabolic
efficiency, and neuromuscular adaptations, making it particularly relevant to sports that combine power and endur-
ance demands (Akbar et al., 2022). In combat sports, where athletes must repeatedly engage in high-intensity action
with minimal recovery, interval training is increasingly used as a practical conditioning strategy (Billaut, 2022). Its
intensity, volume, and rest manipulation flexibility allow for tailored application to various martial arts disciplines’
biomechanical and physiological characteristics (Mulla & Keir, 2023). Despite its growing application, the scientific
literature on interval training in martial arts and combat sports remains fragmented and lacks consensus (Poon et
al., 2023). Several major studies have examined its impact on performance variables such as VO.max, anaerobic
capacity, strength, agility, and fatigue resistance (Hov et al., 2023). However, heterogeneity in study designs, interval
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protocols e.g., HIIT, MIIT, SIT, outcome measures, and athlete populations presents challenges in interpreting the
broader efficacy of these interventions (Jr, 2025). Additionally, recent reviews of interval training have primarily fo-
cused on general athletic or endurance populations (Szinay et al., 2020). With a limited focus on the context of martial
arts (Osorio et al., 2024). The absence of a systematic synthesis specific to martial arts hampers the development of
evidence-based guidelines for practitioners and researchers to optimize physical preparation in this domain (Ribeiro
et al., 2022). Therefore, this systematic review aims to synthesize current empirical evidence on the effects of interval
training on physical performance parameters in martial arts and combat sports (Ribeiro et al., 2022). Specifically, this
study aims to evaluate which interval training modality is most effective in improving key fitness attributes relevant
to combat performance (Siew et al., 2024). To identify patterns and limitations in existing research, and to provide
appropriate recommendations for sport practitioners and future research (Khodadadi et al., 2023). By addressing this
gap, this review contributes a sport-specific perspective to the broader body of knowledge on interval-based condi-
tioning, offering theoretical insights and applied implications for advancing performance training in combat sports
(Havenetidis et al., 2023).

This study presents novelty by presenting the first systematic synthesis specifically examining the impact of
different forms of interval training on physical performance parameters in the context of martial arts and combat
sports. (Folhes et al., 2023). Unlike previous reviews, which tended to focus on general athletes or endurance sports
(Novakovi¢ et al., 2023). This study draws attention to the unique and complex physiological demands of sports such
as wushu, tackwondo, judo, and MMA (Guppy et al., 2021).

This study aimed to synthesize empirical evidence systematically addressing the effects of interval training on
physical performance parameters in martial arts and combat sports. (Mafas-Paris et al., 2022). This study specifi-
cally aims to identify the most effective interval training modalities—such as high-intensity interval training (HIIT),
moderate-intensity interval training (MIIT), and sprint interval training (SIT)—in improving key fitness components
relevant to combat performance, including aerobic capacity (VO2max), anaerobic capacity, muscular strength, speed,
agility, and muscular endurance. (Hov et al., 2023). In addition, this study aims to explore the patterns of results,
methodological approaches, and limitations found in previous studies. (Escoto-vasquez et al., 2024), so that it can
provide a more comprehensive understanding of the effectiveness of interval training in martial arts (Palumbo et al.,
2023). Through this review, it is hoped that evidence-based recommendations can be produced that are applicable and
specific for coaches, athletes, and martial arts practitioners in designing physical conditioning programs that are ef-
ficient, integrated, and in accordance with the competitive demands of each martial arts branch. (Kadlec et al., 2023).

METHODS

Research Design

This study employed a systematic review method by searching various journal databases, including PubMed,
which is considered a leading global platform for aggregating publications with scientific impact and relevance. The
study was structured according to PRISMA guidelines. This review aimed to identify, evaluate, and synthesize sci-
entific articles examining the effects of interval training on physical performance in martial arts and combat sports.
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PRISMA Flow Diagram
Table 1. PRISMA Flow Diagram of the Article Selection Process
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Tabel 1. Diagram alir PRISMA dari proses pemilihan artikel

Kriteria kelayakan

Kriteria inklusi dalam penelitian ini adalah artikel yang diterbitkan dalam 5 tahun terakhir dan artikel yang
membahas Interval Learning dan Cardiorespiratory. Pengecualian untuk penelitian ini adalah artikel yang diterbitkan
dalam jurnal terkenal.

Proses

Judul artikel, abstrak, dan teks lengkap telah diperiksa, divalidasi, dan ditransfer ke perangkat lunak Mendeley.
Sebanyak 171 artikel dari basis data Pubmed dikumpulkan pada langkah pertama. Kecukupan judul dan abstrak
menjadi dasar untuk penyaringan berikutnya terhadap 59 artikel pada tahap kedua. Dua belas produk dipesan untuk
pemrosesan tambahan selama tahap ketiga. Pada titik ini, kami menyaring artikel berdasarkan kesesuaian umumnya.
Sebelas makalah yang memenuhi kriteria inklusi kemudian dipilih untuk putaran analisis akhir menggunakan obser-
vasi sistematis. Penelitian ini mematuhi pedoman Penilaian Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) untuk operasi standar.

From the article selection process, the eligibility criteria for inclusion in this study were articles published
within the last five years and articles discussing Interval Training and Martial Arts. Articles published in reputable
journals were excluded.

Atrticle titles, abstracts, and full texts were reviewed, validated, and transferred into the Mendeley software.
The initial search identified 212 articles relevant to the study topic. A first screening process was conducted based on
titles and abstracts, resulting in 93 suitable articles. One hundred twenty-one articles were eliminated for not meeting
the initial criteria or for being irrelevant based on their titles and abstracts. The next stage was a feasibility evalua-
tion, which involved thoroughly reading the contents of the 50 selected articles. After a full review of the contents,
43 articles were deemed not to meet the inclusion criteria or not substantially relevant to the study focus and were
therefore excluded from further analysis. Ultimately, only 6 articles were considered to meet all selection criteria and
were included in the final review. This process demonstrates a rigorous and systematic selection process to ensure
that only truly relevant and high-quality articles were used in this study.
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RESULTS
Writer paEls Study Design Intervention S Complete Results
Characteristics (Summary)
(Dos Santos 11 male Randomized, Photobiomodulation No dose- No significant ergogenic effects were
Junior et al., Brazilian Jiu- Crossover, with 6J or 12J per dependent found on high-intensity intermittent
2023) Jitsu athletes double- point vs placebo ergogenic anaerobic performance. Although
(age 28.7 £ 8.3 masked effect on anaerobic capacity decreased
yrs) clinical trial anaerobic in the second and third sets of
performance the Wingate test, the effects of
observed photobiomodulation (PBM) at doses
of 6Jand 12 J per point did not
significantly improve performance
compared to placebo.
(Ouerguiet 59 adolescent Randomized 4 weeks of intensified Kumi-kata Kumi-kata training improved
al., 2022) judo athletes controlled training using Kumi-  improved vertical jump (CMJ) performance
(15 + 1 yrs, trial with 3 kata, Uchi-komi, or CMJ and and isometric strength (chin-up
M/F) interventions  running + 12-day isometric JCT; judogi); uchi-komi training improved
and 1 control tapering Uchi-komi uchi-komi speed (UST); and the
group improved Judo Physical Fitness Index (JPFT)
UST; JPFT increased in all intervention groups.
improved However, the Judo-Specific Fitness
in all Index (SJFT) did not show significant
experimental differences between groups.
groups
(Ojeda- 12 Taekwondo Randomized 4 weeks HIIT using Technique- The particular technique group (TS-
Aravena, athletes (M=8, trial with specific techniques specific group G) demonstrated increased total kick
Herrera- F=4), age 16.8— two groups:  vs repeated sprints, 3 improved count, decreased kick drop index
Valenzuela, 17.8 yrs technique- sessions/week SJ, KDI, total ~ (KDI), and improved 20-meter shuttle
Valdés- specific HIT kicks, and run performance. This group also
Badilla, vs repeated 20MSR; had a higher proportion of athlete
Martin, et sprints higher responders than the repeated sprint
al., 2021) proportion of group (RS-G), particularly in the SJ,
responders CMJ, and kick count tests.
(Ojeda- 10 youth karate Randomized  HIIT with specific EG improved The experimental group receiving
Aravena, athletes (M=6, controlled techniques for 4 SJ (15.2%), HIIT with specific techniques showed
Herrera- F=4), age 15.2 + trial (EG vs weeks (3 sessions/ CODS (-1.7%), a 15.2% increase in jump height
Valenzuela, 1.6yrs CG) week) and a higher (SJ) and a -1.7% increase in change
Valdés- responder of direction ability (CODS). The
Badilla, rate than CG  proportion of responders was also
Cancino- higher than that of the control group
Lépez, et al., (40% vs. 20%). However, not all
2021) fitness components related to TKD
showed significant improvements.
(Quan etal., 40 national- Randomized  8-week short sprint All training All intervention groups (SSIT, RT,
2024) level male controlled interval training (sSIT), improved and a combination of both) showed
karate athletes trial with 5 resistance training physical significant improvements in physical
(21.2-21.7 yrs) groups (RT), or concurrent fitness; fitness (jumps, sprints, shuttle runs),
(sSIT+RT/RT+sSIT) CT groups muscle strength, and anaerobic
showed the  capacity (peak and mean power).
largest effects The combination of sSIT + RT had
without the greatest effect, although no
sequencing  differences were found based on
impact the training order (sSIT + RT vs. RT +

sSIT).
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(Mafias-Paris 32 young Non- 3 weeks of plyometric Improved The experimental group that

etal., 2022) judokas (age randomized  + HIIT training in SJFT score followed plyometric and HIIT
12.8+1.7yrs, experimental addition to regular and angular  training for 3 weeks showed a
M/F=9/7) intervention  judo practice velocity significant decrease in SJFT scores
(control vs in the (indicating improved performance)
experimental) experimental and increased angular velocity on
group the X and Y axes. This suggests that

combining HIIT and plyometrics can
improve judoka children’s technical
and physiological performance.

This table summarizes six international studies evaluating various training interventions for combat sports ath-
letes, such as BJJ, judo, tackwondo, and karate. Each study contains key information, such as participant character-
istics, study design, intervention type (e.g., HIIT, plyometrics, photobiomodulation, and training combinations), and
key outcomes. The goal is to provide a concise yet comprehensive overview of the effectiveness of each approach on
athletic performance.

Technique-specific HIIT and combining HIIT with plyometric training are most effective in improving strength,
speed, and anaerobic endurance. (Michailidis et al., 2023). In addition, combination training (concurrent training),
such as resistance training combined with short interval sprints, also shows positive results without significant dif-
ferences in the order of implementation. (Lee et al., 2020). In contrast, in studies conducted on BJJ athletes, photo-
biomodulation did not significantly impact anaerobic performance. (Tomazoni et al., 2019). The effectiveness of an
intervention depends largely on the type of training, the athlete’s characteristics, and the approach used. Several stud-
ies also emphasize the importance of considering individual responses to training, as not all athletes show the same
improvements. (Mueller et al., 2022)Therefore, these results can be an important reference for coaches and sports
practitioners who want to develop more targeted, evidence-based training programs. (Bagheri et al., 2023).

DiscussioN

The discussion in this study emphasizes the relevance and urgency of using interval training as the main method
in improving the physical performance of martial arts athletes (Vaccari et al., 2020). Sports such as wushu, tackwon-
do, judo, and MMA demand complex physical capacities, involving rapid transitions between explosive strength and
sustained endurance in unpredictable situations (Pol et al., 2019). Interval training, which combines high-intensity
work phases with recovery phases, allows multisystem stimulation in a single session and is therefore particularly
suited to the dynamic characteristics of combat sports (Wahl et al., 2022). This method has been proven to increase
fitness components such as aerobic and anaerobic capacity, muscle strength, speed, agility, and functional endurance
simultaneously and efficiently (Campo et al., 2021).

One of the important findings of this review is the effectiveness of high-intensity interval training (HIIT),
especially when adapted to sport-specific techniques, which showed significant results in improving functional per-
formance, such as the number and quality of techniques, explosive strength, and motor response speed. (Reed et
al., 2022). In addition, combination training approaches such as concurrent training—which integrates HIIT with
strength or plyometric training—also yield positive results regardless of the order of execution, confirming the syn-
ergistic value of an integrated approach to training. (Markov et al., 2023). However, this study also revealed inter-
individual variation in response to training interventions, indicating that athletes’ physiological responses are not uni-
form. This reinforces the importance of a personalized approach in designing training programs based on individual
performance measurement and monitoring. (Arora et al., 2024).

This review highlights methodological limitations in the previous studies, such as varying study designs, non-
uniform training protocols, varying intervention durations, and the diversity of performance measurement instru-
ments. (Bashir et al., 2022). This fragmentation poses a major challenge in generalizing findings and applying re-
search results broadly in training practice. (Vankov & Bowers, 2020). Nevertheless, this systematic review has orga-
nized and integrated the scattered evidence, providing a more complete and useful picture. (Aftab et al., 2020)These
results provide significant contributions for sports practitioners and researchers to develop more effective, efficient,
and evidence-based training programs and open up opportunities for further, more focused research, including on
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underrepresented populations, such as female athletes, adolescents, or non-Olympic martial arts disciplines. (Mujika
& Taipale, 2019; Smith et al., 2022)

Thus, it can be concluded that interval training, especially HIIT adapted to technique, and combination training,
is a promising training approach in improving the specific physical capacity of martial arts athletes. (Khan & Khan,
2022). These findings contribute to the science of physical conditioning in combat sports and offer direct implica-
tions for enhancing athletes’ competitive performance through structured, adaptive, and applicable training methods.
(Arora et al., 2024; Lu et al., 2022).

CONCLUSION

The conclusions of this systematic review confirm that interval training, specifically high-intensity interval
training (HIIT) and combined forms such as HIIT with plyometrics or strength training, is an effective training strat-
egy for improving a variety of crucial physical performance parameters for martial arts athletes, including aerobic
and anaerobic capacity, strength, speed, agility, and technical ability. These trainings have been shown to replicate the
physiological demands of combat sports, which emphasize high intensity with short recovery intervals. Their effec-
tiveness is highly dependent on protocol design, athlete characteristics, and individual variation in training response,
making it crucial for coaches to adopt a personalized approach and monitor performance. However, limitations in
previous research methodology suggest the need for further studies with more consistent designs and more diverse
populations. This article contributes to synthesizing the scattered scientific evidence and establishing a solid founda-
tion for developing more targeted, efficient, and specific evidence-based training strategies for combat sports.
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Abstract: The Internet of Things (IoT) is increasingly being used in sports science to monitor performance, biomechan-
ics and physiological parameters. However, latency, delay in data transmission and processing can affect the accuracy of
measurements, especially in laboratory conditions where high precision is required. This paper analyzes the latency ef-
fects of IoT devices by different solutions, using a comparison of latency results, system architecture models, transmission
media and other parameters. The results show that latency can cause significant deviations in the measurement of reaction
time and biomechanical parameters, but it can be partially compensated by software methods, adequate selection of data
transmission technology, and considering the choice and method of application of IoT devices as detection sensors. The
consequences of latency can lead to an injury to the athlete or to a delay in giving feedback due to a mismatch in timing.
Keywords: 10T, latency, sports diagnostics, biomechanics, laboratory measurements

INTRODUCTION

Over the past decade, the Internet of Things (IoT) has revolutionized the way individuals’ athletic activities
are monitored. Wearable sensors, smartwatches, smart pads, and other [oT devices enable continuous monitoring of
athletes’ biomechanical and physiological parameters. The integration of IoT technologies into sports performance
analysis has gained popularity due to advances in wearable sensors, wireless communication, and real-time data pro-
cessing. Devices such as smartwatches, fitness trackers, GPS trackers, and inertial measurement units (IMU) provide
athletes and coaches with continuous feedback on essential physiological and biomechanical metrics. (Chen, i dr.,
2017)

One of the key limitations of these systems is latency — the delay in data transmission and processing. Data qual-
ity (DQ) has become one of the key aspects in loT (Aimad Karkouch, 2016) (Jorge Merino, 2016) (Jesus G, 2017).
Milhauzer (Miihlhduser, 2007) defines smart, connected products (engl. smart connected products, SCP) as ,, entities
(tangible object, software or service) designed and built for self-organizing embedding in different (smart) environ-
ments throughout their lifecycle, providing improved simplicity and openness through enhanced connections .

Latency is the delay in transmitting data from one point to another in a network. In IoT, lower latency translates
into faster response times, which is essential for real-time applications, where even small delays can reduce system
efficiency. (Martin F. Berg, 2023) In laboratory conditions, where high accuracy is required, even minimal latency
can affect the quality of measurements. (IoT Latency: The Power of Real-Time Communication , n.d.)

The effects of latency in IoT devices for measuring sports activities in the literature indicate that delays in data
transmission and signal processing can affect the accuracy and timeliness of the obtained results, which is important
for accurate feedback to athletes and coaches.. (Yang Hu, 2025) Latency occurs due to network limitations, device
processing power, or communication disruptions, which can lead to reduced user experience and system reliability.
While these delays are typically measured in milliseconds to seconds, they can be significant in dynamic sports ac-
tivities. In fast-paced sports like sprinting or tennis, even small delays can compromise the accuracy of timing, mo-
tion capture, or decision-making based on real-time feedback. (Sebastian Mayr, 2024)

As stated in the research Passos et al. (Passos, 2021) It emphasizes the importance of optimizing communication
protocols and data processing algorithms to minimize these delays and ensure high reliability and accuracy of IoT
devices for sports activities.

IoT latency in sports applications is a phenomenon that has not been sufficiently researched, although it is more
than obvious. The aim of this paper is to point out the effects of the IoT latency problem in sports by analyzing ex-
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isting knowledge and proposing a model for partially solving the problem. The paper points out the most common
causes of latency as well as the effects produced by IoT latency in sports.

Based on this knowledge, sports professionals and experts can analyze individual loT use cases and consider the
technical limitations that arise in that case, such as data transfer speed or the sensitivity of the sensors used.

METHODS AND MATERIALS

For the purposes of this research, more than 50 papers collected from available literature databases were ana-
lyzed, which directly investigate the issue of latency of loT devices in sports. The largest part of the papers (90%)
dealt with research on latency due to sensor latency and data transmission delay, while the smallest part of the pro-
cessed papers (3%) dealt with latency due to using the wrong model for prediction horizons.

Table 1 provides an overview of the most important works that directly addressed the problem of loT latency in
sports, and whose data were of great importance for this work as input data.

Table 1. Papers studying the latency of loT devices in sports

Technology / Script

Latency (type / average / observed ranges)

Source

1 6LoWPAN

Min ~ 19.5 ms, average ~ 22.1 ms, max
~ 356 ms

(Saavedra E, A Universal Testbed for

loT Wireless Technologies: Abstracting
Latency, Error Rate and Stability from
the 1oT Protocol and Hardware Platform,
2022)

Bluetooth Mesh vs
Wirepas Mesh

Wirepas: medijan ~ 2,83 ms (Low-Latency) /
~ 2 s (Low-Energy) Bluetooth Mesh: medijan
~ 4,54 ms

(Latency and Power Consumption in
2.4 GHz loT Wireless Mesh Nodes: An
Experimental Evaluation of Bluetooth
Mesh and Wirepas Mesh, 2023)

3 Zigbee vs LoRa

LoRa: RTT ~ 150-500 ms (depending on
baud rate and packet) Zigbee: RTT in the
same conditions often higher for multi-hop
situations; in some configurations > LoRa

(Liu Z. Y., 2022)

4 LoRaWAN

Min ~ 282.4 ms, average ~ 296.96 ms, max
~334.8 ms

(Saavedra E, A Universal Testbed for

loT Wireless Technologies: Abstracting
Latency, Error Rate and Stability from
the loT Protocol and Hardware Platform,
2022)

Mesh protocols: Thread,

Small packet: anything under ~50ms In
medium packets: Zigbee: most packets ~80ms,

(Charles, 2023), (Benchmarking Bluetooth

> Zigbee, Bluetooth Mesh range up to ~130ms Bluetooth Mesh: range Mesh, Thread, and Zigbee Network
. . Performance, 2025)
wider (20-200ms) in larger networks
(Saavedra E, A Universal Testbed for
loT Wireless Technologies: Abstracting
6 Sigfox Average ~ 3 695.2 ms (~3.7 s), max ~ 5651 ms Latency, Error Rate and Stability from
the loT Protocol and Hardware Platform,
2022)
(Saavedra E, A Universal Testbed for
. Min ~ 34.17 ms, average ~ 48.3 ms, max loT Wireless Technologies: A.b.stractmg
7 Zigbee ~953 ms Latency, Error Rate and Stability from
’ the loT Protocol and Hardware Platform,
2022)
Bluetooth 5 Averag.e E2E IaFency 736ms in simulated .
8 s scenarios, but in many tests constant latency  (Niebla-Montero, 2022)
(opportunistic network) .
~50ms for local operations
9 BLE in real-time / According to optimized retransmissions: (Rondén, 20174)

industrial loT

maximum latency <46ms

Decembar/December, 2025

279



BoRis KovAci¢
LATENCY EFFECTS OF |OT DEVICES FOR MEASURING SPORTS ACTIVITIES

SPORTS SCIENCE AND HEALTH 15(2):278-288

(Saavedra E, A Universal Testbed for
loT Wireless Technologies: Abstracting

10 Wi-Fi (in IoT test) Average ~ 32.3 ms, max ~ 178.1 ms Latency, Error Rate and Stability from
the loT Protocol and Hardware Platform,
2022)
(Saavedra E, A Universal Testbed for
Bluetooth Low Ener loT Wireless Technologies: Abstracting
11 (BLE) &Y Average ~ 26.97 ms, max ~ 125.4 ms Latency, Error Rate and Stability from
the loT Protocol and Hardware Platform,
2022)
(Saavedra E, A Universal Testbed for
Average ~ 1 797.3 ms (~1.8 s), max ~ 10 275 ms loT Wireless Technologies: A.b.stractmg
12 NB-loT (~103 s) Latency, Error Rate and Stability from
’ the loT Protocol and Hardware Platform,
2022)
13 LORaWAN (16 8 ~2 s do ~3.5 s measured 16B data transfer time (Ugwuanyi, 2021)
package)
14 \’:\l/i-rllf)-r (in the same ~837ms (in good signal) measured average (Ugwuanyi, 2021)
15 IPv6 over “Delay less than 1s” (measured) (Sisinni E, 2023)
SCHC-over-LoRaWAN Y '
Mesh protocols — Latency <100ms (at least Zigbee) for small
1 202
6 smaller package packets; Bluetooth range ~20 200ms (Charles, 2023)
17 ;::YZ?N in the context ,Delay of less than 1 s” in that work (Sisinni, 2023)
Body worn multiple
. D2D latency ~ 504.99 us + 96.89 us; network .
1 Nico Krull, 202
8 sen.sors in a sports latency ~ 311.78 yis + 96.90 s (Nico Krull, 2025)
environment
loT model with local Focus on “fast response” and “low latency” in
19 . the text, but without precise ms values in the  (Karakaya A, 2021)
(fog) processing
abstract
Testing latency in Device latency significantly affected the
20 port;i\ble. heart rjate c!ewahon from the crl.te.:rla,' but th.e .numbers (Stgve MP, 2020)
monitoring devices (in ms) were not specified in detail in the
during exercise abstract
7 Empirical measurement Median ~52ms for one sensor (range ~50- (Martin F. Bergl, 2023)
of delay 57ms)
2 Wireless ser"nsor'system Median del'ay: 52",35 for W|red" main system”, (Martin F. Bergl, 2023)
for sports (sit ski) 53ms for wireless “sub system”.
loT + edge computing . -
23 for sports performance Average processing latency ~12.34 ms (Yang Hu, 2025)
loT + edge processing .
2 112, . 202
4 for tracking athletes Average processing latency 34ms (Yang Hu, 2025)
Although primarily
health-related, it It studies BLE connection parameters (interval,
25 investigates latency latency, timeout) and their impact on (Arthur Gatouillat, 2018)
attributes of wearable performance
loT devices
W le loT i . . .
anilalrj\: Tathcde;lr:ces Discussion of the importance of low latency,
26 ¥ but without concrete numerical measurement (Naeem Akbar Channar, 2025)
the context of health
o for sports
monitoring
Portable technologies in It discusses the accuracy and response time
27 g of the sensor, but does not provide specific (Aroganam, 2019)

sports

latencies for all cases
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Round trip latency: 128.92ms (indoor,
sd=25.83ms and 140.14ms (outdoor, (Sebastian Mayr, 2024)
sd=14.47ms)

Racing system, 5G

28 .
transmission

Measurement of round
29 trip time (RTT) for real-
time transmission
Secure routing protocol transaction latency up to 3200ms when
30 based on blockchain sending 1300tps, (Shahbazi z, 2020)
technology latency 500ms when reading 3000tps data

RTT mean ~128.92 ms (sd25.83) for internal

tests; ~140.14 ms (sd14.47) for external. (Liuz. ¥, 2022)

Based on the knowledge gathered from the available literature, comparisons and analysis of data were made
that are directly related to the research into the causes of latency, as well as the consequences that latency produces in
the domain of sports measurements. Table 2 provides an overview of the latency ranges, broken down by sport type
and the most commonly used sensor technologies in that sport. Values are typical/ranges from literature and industry
reports.

Table 2. View latency by sport

Typical E2E
. (sensor >
Sports./ Typically used Typical sensor latency (ms)  application/ Comment / source
scenario sensors/technology
edge/cloud)
(ms)
E-sport /input  Input devices, local 3 B ultra-low latency input; target
devices IMU/USB 0.5=2 ms 1-10ms <10ms. (Rubin, 2013)

Tennis (strokes, IMU in rocket, optical 1-10 ms (IMU) / 5-30 ms UWB and IMU provide th.e lowest
ball speed) tracking, UWB (UWB) / 5-50+ ms (camera + 20-80 ms latency for instant analysis. (Yang
! processing) W, 2025)

IMU + optical 5-15 ms (IMU) / 30-100 ms Optical systems and Al processing
Bask I . . -1 . .
asketba tracking (camera) (camera+detection) 50-150 ms usually increase E2E. (Xie, 2024)
10-30 ms (IMU) / 50-300 ms GNSS often introduces the greatest
Football (field) S\l;l\f;/GPS +IMU+ (GNSS uplink/filtering) / 5-50 100-300 ms latency, especially with RT cloud
ms (UWB) processing. (Adnan Wagqar, 2021)

Waterproof IMU
Swimming + acoustic/UWB
beacons

medium water + synchronization
200-400 ms increase the delay. (Alshardan A,
2025)
RFID for target registration
is reliable but requires

15-50 ms (IMU) / 50-200+
ms (acoustic/UWB specific)

RFID detection: ~10-50 ms

Athletics (races, RFID timing + GPS + (readers/processing) / GPS:  100-300+ ms

marathons) IMU synchronization. and backend
>0-300 ms processing. (Hogskola, 2015)
Biosignal PPG (wrist), ECG PPG acquisition + filtering: PPG requires filtering and artefact
monitoring (chest) ! ~50-200 ms effective; ECG 50-200+ ms correction; chest-ECG is faster and
(heart rhythm) chest: ~5-20 ms more precise. (Castaneda D, 2018)

The distribution of latency by sport (Table 2) depends more on the choice of technology and system architecture
(local edge processing or cloud processing) than on the sports discipline itself.

For the purposes of this research, the following data were taken into account from available works:

1. Data transfer speed

2. Sensor sensitivity

3. Latency (of the [oT device itself, during data transmission and processing)

In the paper (Ivan Jovovi¢, 2015) the data transfer speed using 4G and 5G networks was compared. In the case
of the 5G network, the minimum speeds ranged from 1Gbps to a maximum of 10Gbps. In the case of the 4G network,
the speeds ranged from 10Mbps to a maximum of 1Gbps. In the diagram 1, it can be seen that the latency of the air
transmission in 4G is 10ms, and in 5G it is 1ms. In addition, the latency in E2E (End to end) in 4G is 50ms, and in
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5@ it is Sms. The authors of this paper claim that with each new generation of mobile communication systems, data
transfer speeds increase twice as much as in the previous generation. They also state that one of the main require-
ments is to increase the speed and data capacity while significantly reducing the level of latency in the next generation
mobile network system.
In sports application, the term sensitivity can appear in two closely related meanings:
¢ Physical (analog) sensitivity — the change in sensor output per unit of input quantity (e.g. mV/°C for tem-
perature sensors, mV/g for accelerometers). This is a hardware characteristic: gain, resolution, and noise.
* Functional/operational sensitivity (detection) — The ability of a system to detect an event or change (e.g.,
collision detection, sprint start/stop, irregular movement pattern detection). It is measured by metrics such as
sensitivity/true positive rate, specificity, accuracy, and precision relative to the gold standard.

In practice, both dimensions affect the reliability of measurements in sports: hardware sensitivity determines the
minimum measurable change, and functional sensitivity also depends on signal processing, algorithms, and sensor
positioning. (Liu L. a., 2022)

Although a multitude of papers have been published on the topic of loT and sports, there are far fewer papers
on the topic of 10T latency in sports. Despite the relevant findings and contribution to understanding the effects of
IoT device latency in the context of measuring sports activities, which are presented from a cross-section of several
papers.

The research in the papers was conducted on a limited number of IoT devices and with a relatively small sample
of users, which may reduce the possibility of generalizing the obtained results to a wider population and different
types of sports disciplines. Future research should include a larger number of devices, different sports contexts and
real-world application conditions, as well as the integration of multiple communication technologies.

RESULTS

It was found that the most common IoT devices used in sports are. (Wearable Devices In Sports Market Size &
Share Analysis - Growth Trends and Forecast (2025 - 2030) Source: https://www.mordorintelligence.com/industry-
reports/wearable-devices-in-sports-market, 2025):

* By device type - tracking devices (GPS' and GNSS?) led the way with a 47.83% share of the wearable de-
vices market in sports in 2024; smart clothing and e-textiles are growing at a compound annual growth rate
(CAGR?) from 5.23% by 2030. According to (Art Dogtiev, 2025) Fitbit devices show a significant growth
trend in the number of users in the period from 2014 to 2023. According to Huawei, the number of IoT devi-
ces connected to their cloud has exceeded 200 million, and the data is from October 15, 2018. (Michael Ma,
President of Huawei Cloud Core Network Product Line, 2018)

¢ By sport - football accounted for 28.74% of the sports wearables market in 2024 and is expanding at a com-
pound annual growth rate (CAGR) of 4.87% until 2030.

* By end user - Professional teams and leagues accounted for 42.63% of the revenue share in 2024 in the sports
wearables market, while recreational fitness users are recording the highest projected CAGR of 5.18%, with
this rate projected to continue through 2030.

e By distribution channels - online sales accounted for 56.72% of the sports wearables market in 2024 and is
growing at a compound annual growth rate (CAGR) of 5.40%.

* By region - North America maintained 39.63% share of sports wearables market in 2024; The Asia-Pacific
region is projected to experience the fastest compound annual growth at 5.89%, and this rate is projected to
continue through 2030.

One of the most common sources of latency in IoT systems for measuring sports activities has been identified
as factors related to data transmission and processing. Latency most often occurs due to delays in data transmission
through the network, which is a result of limited bandwidth, network congestion, or greater physical distance be-
tween the device and the server. In addition, data processing processes contribute significantly to latency, especially
in cases where data is analyzed in remote server environments (cloud computing), which increases the overall system
response time. Inefficient communication protocols, limited processing resources and memory capacities of [oT de-

1 GPS — Global positioning system
2 GNSS - Global navigation satellite system
3 CAGR - Compound annual growth rate
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vices, as well as interference and instability of wireless networks, also contribute to increased latency (Table 3). In
addition, the lack of precise synchronization between multiple sensor nodes can further cause time discrepancies in
data collection and processing. (Althoubi, 2021) (Lea, 2020) (Kumar, 2023)

According to the above findings, it was found that the most negative and undesirable effects of loT device
latency in sports occur in systems that require real-time data processing, such as wearable sensors and
athlete performance monitoring systems, where latency can lead to inaccurate analyses and wrong
decisions. (Yang Hu, 2025) (Vec, 2024; Wu X, 2023)

Table 3. View latency and error measurements (Saavedra E, A Universal Testbed for loT Wireless Technologies: Abstracting
Latency, Error Rate and Stability from the loT Protocol and Hardware Platform, 2022)

Measurement 6LOWPAN LoRaWAN Sigfox Zigbee Wi-Fi BLE NB-loT
Latency (ms) Minimum 19.522 282.40 3467.1 34.174 25.294 13.382 329.29
Average 22.116 296.96 3695.2 48.298 32.300 26.974 1797.3
Max 356.14 334.81 5651.0 95.295 178.10 125.40 10,275
Error r 2 66 0 0 0 0 0
E 0.02% 0.66% 0% 0% 0% 0% 0%
Stability A (ms) 9.883 5.419 290.4 5.242 9.502 13.68 1352
n 386 2 4 2307 3197 480 4052
K 3.86% 0.02% 1% 23.1% 31.9% 96.0% 81.0%
Q 0.924 0.993 0.922 0.592 0.463 0.002 0.036

As shown in Table 4, the three most common sources of latency are:

» Sensor latency typically has a greater impact on data accuracy in applications that require high-accuracy, re-
al-time measurements. For example, in sports such as tennis, soccer, or running, where precise measurement
of instantaneous movements is required, sensor latency can mean inaccurate data that does not reflect the real
situation. (Nico Krull, 2025)

» Data transmission latency is critical in applications that use streaming or require real-time data analysis, such
as athlete performance tracking applications, online coaching, or telemetry in professional sports. In these ca-
ses, high data transmission latency can lead to delays in results visualization and feedback. (Gkagkas, 2025)
(Yang Hu, 2025)

» Data processing latency is crucial in [oT systems for sports activities because it directly affects the speed and
accuracy of real-time analysis of results. In situations where immediate feedback is needed — such as corre-
cting running technique, analyzing a shot, or monitoring an athlete’s heart rate — even minimal processing
delays can lead to misinterpretation of performance. (Yang Hu, 2025) (Xiaowei Tang, 2025).

Table 4. Shows the impact of latency sources on the results obtained

Factor Impact on results Example
Incorrect power measurement in tennis due to
sensor delay

Sensor latency It leads to inaccurate or outdated real-time data.

Data . . .
.. . . Real-time data streaming (e.g. GPS for cycling)

transmission It causes delays in data display and system responses. . .

lateney with transmission delay.

They lead to data displayed by the system that does not A delay of 50-100 milliseconds can lead
Data processing reflect the real situation on the field, which can result in to inaccurate estimation of step phase or
latency incorrect performance analyses, delayed reactions and  rebound force, compromising the quality of

poorer training decisions. biomechanical analysis.. (Yang Hu, 2025)

The results show that the latency of IoT devices can significantly affect the accuracy of measurements in sports
laboratory conditions, especially for fast and explosive movements. Although software correction can mitigate the
effects of latency, it cannot completely replace the accuracy of reference systems. (Althoubi, 2021) It is necessary to

Decembar/December, 2025 283



BoRis KovAci¢
LATENCY EFFECTS OF |OT DEVICES FOR MEASURING SPORTS ACTIVITIES SPORTS SCIENCE AND HEALTH 15(2):278-288

develop hybrid systems that combine the mobility of loT devices with the precision of laboratory tools. Also, stan-
dardization of protocols for synchronization and data processing can improve the reliability of [oT measurements.

The work of the group of authors (Akpa, 2019) states the importance of smart glove design and evaluation of
exercise recognition performance and the accuracy of the repetition counting algorithm of the system. The design
integrates 16 FSR (Force-sensitive resistor) sensors in the activity tracking glove to identify activities and count rep-
etitions of performance, analyze time series and distribution of pressure applied to the palm during the exercise. The
presented validation experiment with 10 healthy participants during 10 common tracking exercises showed an over-
all exercise recognition accuracy of 88.00% for person-dependent assessment and 82.00% for person-independent
assessment. The evaluation of the repetition counting algorithm achieved an average counting error rate of 9.85%.
Based on the obtained results, the conclusion is that the smart glove can be used for tracking and assessing tracking
activities, but it is necessary to include other [oT devices and sensors, which will monitor the body position in space,
and the load on other muscles, heart, and pulse and temperature and sweating. (Akpa, 2019)

In feedback systems (e.g., smart bracelets that vibrate to alert an athlete to an error), any delay in data trans-
mission reduces the effectiveness of the intervention. If the device warns the athlete after the incorrect movement
has already been completed, the feedback information is useless and may reinforce the incorrect motor pattern. X.
Tang et al. (Xiaowei Tang, 2025) showed through an artificial neural network model that a delay of only 80 ms in the
feedback loop increases the movement correction error by 12% in running activities. The delay in data transmission
and processing leads to a mismatch between the signal between the sensor and the athlete’s actual movement. For
example, if the sensor responds with a delay of 100 ms, the analysis system may register a step, jump, or kick at the
wrong time. This can lead to incorrect estimates of joint angle, force, and movement speed, false positives (e.g., the
system detects a movement that did not occur), and missed events (e.g., actual contact with the ground is not regis-
tered). Krull et al. have shown that latency above 20 ms in multisensor running tracking systems increases the error
in stride phase detection by more than 15%. (Nico Krull, 2025)

Latency in IoT systems can have serious biomechanical and safety implications. According to Hu et al (Yang
Hu, 2025), 10T and deep learning-based systems must maintain latency below 50 ms in order to respond to changes
in biomechanical signals in a timely manner. Krull et al (Nico Krull, 2025) showed that sensor desynchronization
greater than 20 ms can increase the risk of injury by 18% in runners due to incorrect detection of the stride phase.

In high-intensity sports such as football, basketball, and gymnastics, even minimal latency can cause the athlete
to respond incorrectly, leading to poor body posture and an increased risk of muscle and joint injuries. It is especially
dangerous if the system does not recognize dangerous loads in time or misinterprets biomechanical data, which can
result in sprains or microtraumas. Therefore, it is important to correctly determine latency thresholds (Table 5) that
will prevent such effects. For high-end real-time motor events in sports, below 5 ms is ideal, while for less critical
data, values up to ~50 ms or ~100 ms are acceptable. (Martin F. Berg, 2023) (Nico Krull, 2025)

Table 5. Latency thresholds (Yang Hu, 2025)

Application type Recommended maximum latency
Priority 0 Critical motor events (e.g., sprint start, contact force) <5ms (ideal), <10 ms

Priority 1 Real-time physiological or biomechanical data (eg acceleration) <20ms

Priority 2 Position tracking and team sports (e.g. football, basketball) <50 ms

Priority 3 Contextual/ambient data (e.g. environment, temperature) <100 ms

To reduce these risks, it is recommended to implement predictive algorithms at the edge of the network (edge
computing), better time synchronization of sensors using the IEEE1588 PTP protocol or the newer IEEE1588 PTPv2
(Jing, 2024), as well as local data processing without relying on a remote cloud. Also, adding redundant sensors and
signal filtering can contribute to reducing the risk of delay-related injuries.
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Table 6. Comparison of IoT communication protocols (Pothuganti Karunakar, 2014)

Standard Bluetooth UwWB Zigbee Wi-Fi
IEEE spec. 802.15.1 802.15.3a 802.15.4 802.11 a/b/g
Frequency range 2.4Ghz 3.1-10.6Ghz 868/915 Mhz; 2.4Ghz; 5Ghz
2.4Ghz
Maximum signal speed 1 Mb/s 110Mb/s 250kb/s 54Mb/s
Nominal range 10m 10m 10-100m 100m
Nominal TKS (transmission) power 0-10 dBm -41.3dBm/MHz  (-25)-0. dBm 15+20 dBm
Number of RF channels 79 (1-15) 1/10;16 14(2.4Ghz)
Channel bandwidth 1MHZ 500MHz —7.5GHz 0.3/0.6 MHz; 2MHz 22MHz
. BPSK, (+ ASK), BPSK, QPSK, COFDM, CCK,
Modulation type GFSK BPSK, QPSK 0-QPSK OFDM
. DS-UWB, MB-
Expansion FHSS OFDM DSSS DSSS, CCK, OFDM
. . Adaptive Adaptive Dynamic frequency Dynamlc frequen.cy
Coexistence mechanism frequency frequency selection selection transmit power
hopping hopping control (802.11h)
Basic cell Piconet Piconet Star BSS
Extension of the base cell Scatternet Peer-peer Tree-network ESS
cluster
Maximum number of cell nodes 8 8 >65000 2700
Data protection 16-bit CRC 32-bit CRC 16-bit CRC 32-bit CRC

To reduce latency in data transmission, it is extremely important to choose the right communication protocol.
The speed and reliability of transmission depend primarily on the technical characteristics of the selected protocol
(Table 6). Limitations for the use of a communication protocol can be associated with the quality of the loT device,
i.e. cheaper IoT devices generally have higher latency due to weaker processors and unoptimized communication
protocols, so they are definitely not an option for professional sports.

DiscussioN

Already in the presentation of the results, certain aspects and effects that the latency of IoT devices in sports causes,
depending on the source of latency, were discussed. loT sensors, as part of an athlete’s activity monitoring system, help
users maintain proper form and improve efficiency. Therefore, programming of wearable technology (microcontroller
data processing) and timely information are of vital importance. (Ewald M. Hennig, 2010)

The influence of position and signal processing, attachment point (torso, lower leg, helmet) and algorithms (filter-
ing, sensor fusion: Kalman/complementary filter, machine learning) significantly change the “operational sensitivity”.
(Roell, 2019) IMU (inertial measurement unit) accelerometers are most commonly used for impact detection and dy-
namic parameters, but their accuracy depends on algorithms and sampling frequency; direct calibration to 3D motion-
capture is common practice. (Roell Mareike, 2019) Sensor position and attachment significantly affect sensitivity and
reliability: e.g. skin-mounted sensors give different results than those in clothing or equipment. It is recommended to
standardize the position during repeated measurements. (Eitzen Ingrid, 2021) A tuning compromise must be made be-
tween sensitivity and low alarms. Namely, excessive gain, i.e. low tolerance for noise leads to false positive detections
(eg small movements are interpreted as blows). Filters and thresholds must be adapted to the motion tracking applica-
tion. (Seckin, 2023) Validation in real-world sports conditions is almost always weaker than in the laboratory, and many
studies show that performance degrades in the field (changing conditions, interference, different types of movements).
Therefore, it is imperative to test “in situ”, i.e. at the original location of use. (Mareike Roell, 2019) Flexible and “skin-
like” sensor technologies with high sensitivity show great potential for monitoring fine biomechanical signals (e.g. strain
sensors for joint angle analysis), but often require advanced calibration and AI/ML post-processing. (Liu L. a., 2022)
Many studies compare IMU (accelerometer+gyroscope) data with 3D motion-capture systems and report amplitude/
peak and temporal synchronization errors. (Roell, 2019) Validation metrics RMSE (root-mean-square error), MAE
(mean absolute error), correlation, Bland—Altman analysis for detection tasks, sensitivity (recall), specificity, F1-score.
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(Xiaoming Wang, 2023) Hardware parameters include bit resolution, range (+2g, £16g), noise data, sampling rate. In
sports, high sampling rates and appropriate range are important because impacts and rapid movements can produce
short, high amplitudes. (Liu L. a., 2022)

For cases where latency is critical (e.g. real-time feedback to athletes, interactive analytics) it is necessary to use
protocols with proven low latency (e.g. BLE, Zigbee in small networks, edge processing). Low latency protocols en-
ables faster feedback.

Three data packet retransmission schemes were evaluated, and simulation results proved that by optimally modify-
ing the BLE data packet retransmission model, a maximum delay below 46 ms and a packet loss rate of the order of 107,
which allows BLE to meet the requirements of even the most demanding cases within the considered application range.
Due to its ultra-low power properties, compatibility with most mobile units, reduced manufacturing costs, robustness
and high throughput, BLE is the solution for such environments. (Rondon, 20174)

If the system can tolerate higher latency (e.g. post-training measurement, non-critical monitoring), technologies
like LoRaWAN, NB IoT may be acceptable. Acceptability and bring greater range and better energy efficiency.

Practical recommendations for technology selection and model design

- If latency is critical (e.g. live response to athletes, interactive analytics) consider using protocols with proven

low latency (e.g. BLE, Zigbee in small networks, edge processing).

- If'the system can tolerate higher latency (e.g. post-training measurement, non-critical monitoring), technologies

like LoRaWAN, NB IoT may be acceptable and bring greater range and better energy efficiency.

- It is always necessary to keep in mind that works in the literature are often in ideal conditions, while in a real

sports environment (movement, multiple nodes, interference) latency may be higher.
- When designing an edge or fog architecture, processing can reduce latency compared to cloud processing, as
is evident from the work “Fog Computing: Survey of Trends, Architectures, Requirements, and Research Di-
rections” which highlights the importance of near-device processing for latency-critical applications. (Ranesh
Kumar Naha, 2018)

- When implementing the model, it is necessary to test in real conditions: number of nodes, distance, number of
hops, network traffic, because all of this affects the latency and efficiency of the entire solution. It is not enough
to just take the specification of the IoT device manufacturer.

CONCLUSION

IoT devices offer special flexibility and accessibility in sports measurements, but the issue of latency in loT devices
poses a significant challenge. In laboratory conditions, precision is key, so careful integration of IoT technology with
correction methods and validation with reference systems is required. Looking at all the above data and research on la-
tency, latency depends on multiple parameters, not only on the hardware and software resources of [oT devices, but also
on the transmission medium, local network, software solution, algorithm complexity, cloud computing used and other
parameters that give the overall system latency.

Latency in loT sports transmission systems can significantly affect the reliability and accuracy of automatic event
detection. Simulation examples and a literature review suggest that maintaining latency below tens of milliseconds (de-
pending on the application requirement) significantly improves system performance. For the most demanding applica-
tions (high-frequency biosignals), sub-ms solutions and very precise synchronization are required, which is achievable
with specialized hardware and protocols. A combination of edge processing architectures, deterministic protocols, and
latency compensation algorithms is recommended. (Nico Krull, 2025)

In some future work, it would be interesting to explore the development of hybrid systems that combine loT and
laboratory data for high accuracy with mobility. It is also very important to include artificial intelligence that can im-
prove the efficiency of the system for tracking sports loT devices.

Also, an interesting area for research is the use of nanotechnology for advanced sensor solutions, as well as the use
of artificial intelligence systems for data processing.
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Abstract: Yoga, as a holistic fitness therapy, plays a vital role in enhancing physical strength and balance, nurturing
overall well-being for people of all ages and backgrounds. Through a careful systematic review following PRISMA guide-
lines, we explored seven high-quality studies from PubMed, Scopus, and Web of Science, published between 2015 and 2025.
These studies reveal that yoga, especially hatha yoga, significantly boosts muscle strength by 8.9—17% and improves static
and dynamic balance by 9.2-29%, helping reduce fall risks by up to 29% in older adults and easing chronic musculoskel-
etal pain. By blending physical postures (asanas), mindful breathing (pranayama), and meditation, yoga not only strength-
ens the body but also uplifis mental health and fosters a sense of community. Yet, challenges like inconsistent participation,
a shortage of skilled instructors, and limited access in rural areas can hold back its impact. As an affordable and adaptable
practice, yoga offers a meaningful way to combat non-communicable diseases and support Sustainable Development Goal
3: Health and Well-Being, paving the way for healthier, more connected communities.

Keywords: Yoga, Fitness Therapy, Physical Strength, Body Balance, Well-Being, Community Health

INTRODUCTION

Yoga, as a form of fitness therapy, has gained global attention for its potential to improve physical and mental
health through a holistic approach integrating asanas (physical postures), pranayama (breathing techniques), and medi-
tation. Decreased physical strength and balance are significant health concerns, particularly in the elderly population,
with the risk of falls reaching 30-40% annually (Rubenstein, 2006). These incidents often lead to serious injuries such as
hip fractures, which can reduce quality of life and increase the burden on healthcare (Stevens et al., 2008). A sedentary
lifestyle, characterized by a lack of physical activity, exacerbates this condition, with 60% of adults reporting decreased
muscle flexibility (Warburton et al., 2006). In Indonesia, data from the Central Bureau of Statistics (BPS) shows a high
prevalence of musculoskeletal disorders, particularly in adults and the elderly, with only 50% of the population meeting
the World Health Organization’s physical activity recommendations (BPS, 2023; WHO, 2020).

Unlike conventional physical exercises such as weightlifting or cardio, yoga offers an approach that not only
improves muscle strength and balance but also supports psychological health by reducing stress and anxiety (West et
al., 2004). A study by Ross and Thomas (2010) confirmed that yoga, particularly hatha yoga, improves core muscle
strength and postural stability through asanas such as planks and warrior poses, which involve isometric and isotonic
contractions. Furthermore, pranayama helps regulate the parasympathetic nervous system, contributing to relaxation
and reduced cortisol levels (Gard et al., 2012). This holistic approach makes yoga relevant for a wide range of age
groups, from adolescents to seniors, as well as individuals with chronic health conditions such as osteoarthritis.

Although the benefits of yoga are recognized, its implementation faces significant challenges. Lack of partici-
pant compliance, limited access to trained instructors, and variations in training methodologies often hinder the effec-
tiveness of yoga programs (Hariprasad et al., 2013). In Indonesia, the Minister of Health Regulation No. 41 of 2019
concerning Health Promotion through Sports encourages physical activity, yet only 45% of the population regularly
participates in fitness programs such as yoga (Susanti & Pratiwi, 2022). Poor access to fitness facilities, especially in
rural areas, and a lack of awareness about the benefits of yoga exacerbate this situation. Data from the Statistics Indo-
nesia (BPS) (2023) shows that only 30% of community health centers in Indonesia have structured fitness programs,
including yoga, highlighting the gap in accessibility.

This challenge is exacerbated by a shortage of qualified yoga instructors, particularly in resource-limited areas.
According to Varambally et al. (2019), inadequate instructor training can reduce the effectiveness of yoga interven-
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tions, particularly for vulnerable populations such as the elderly or individuals with chronic musculoskeletal pain.
Furthermore, participant adherence is often low due to factors such as inflexible schedules or the perception that yoga
is too difficult for beginners (Youkhana et al., 2016). However, community-based approaches, such as yoga sessions
at health centers or schools, have been shown to increase participation and build social support networks (Tew et al.,
2017).

This study aimed to conduct a systematic review of the international literature on the effectiveness of yoga as
a fitness therapy in improving physical strength and balance. Using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) method, this study identified, evaluated, and synthesized findings from
reputable studies to provide comprehensive insights into the potential of yoga as a sustainable intervention (Page et
al., 2021). The primary focus was on improving muscle strength, flexibility, and static-dynamic balance, as well as
barriers to implementing yoga in various populations, including older adults, healthy adults, and individuals with
chronic health conditions.

This study also explores how yoga can address public health challenges, such as the increasing prevalence of
non-communicable diseases (NCDs) associated with a sedentary lifestyle. According to the WHO (2020), NCDs, in-
cluding musculoskeletal disorders, account for 71% of global deaths, with low physical activity as a major risk factor.
Yoga, as an affordable, non-pharmacological intervention, can reduce this burden by improving physical function and
preventing injuries from falls, which are a leading cause of morbidity in older adults (Stevens et al., 2008). Therefore,
this study is relevant to support global efforts in NCD prevention.

The relevance of this research to the Sustainable Development Goals (SDGs) lies in its contribution to SDG 3:
ensuring healthy lives and well-being for all at all ages. By promoting yoga as a wellness therapy, this research sup-
ports SDG target 3.4, which is to reduce premature mortality from non-communicable diseases through prevention
and treatment (United Nations, 2015). Yoga offers a cost-effective and accessible solution, especially in developing
countries like Indonesia, where health infrastructure is often limited. Furthermore, yoga can improve mental well-
being, which aligns with the SDG target of improving mental health and well-being (WHO, 2020).

At the local level, yoga can be integrated into public health programs to address disparities in access to fitness
services. For example, community-based yoga programs in India have been shown to increase community participa-
tion and reduce health risks associated with a sedentary lifestyle (Varambally et al., 2019). A similar approach could
be implemented in Indonesia through collaboration between the government, community organizations, and the
private sector to provide free yoga sessions or training for local instructors. Thus, this research not only addresses
academic needs but also provides practical recommendations for health policy.

Specifically, this study highlights the importance of adapting yoga for different populations, such as older adults
with comorbidities or young adults with active lifestyles. A study by Chu et al. (2022) demonstrated that yoga can
be adapted for patients with chronic musculoskeletal pain, such as osteoarthritis, through modified asanas such as
chair yoga. This approach makes yoga accessible to individuals with physical limitations, thus broadening its range
of benefits. By focusing on reputable international literature, this study ensured that the synthesized findings had high
scientific validity and global relevance.

Overall, this study aims to provide strong evidence on the effectiveness of yoga as a wellness therapy, while
also identifying barriers to implementation and strategies to overcome them. By exploring yoga in a public health
context, this research contributes to efforts to build a healthier and more productive generation, in line with the SDGs
vision of creating a more sustainable and inclusive world (United Nations, 2015). Through this systematic review,
it is hoped that governments, health practitioners, and communities can utilize yoga as a strategic tool to improve
physical strength, balance, and overall well-being.

METHOD

Research Design

This study used the Systematic Literature Review method with the PRISMA approach to ensure a transparent,
systematic, and replicable process (Page et al., 2021). PRISMA was chosen for its ability to structure the literature
review, reduce bias, and increase the reliability of the results. This approach includes four main stages: identification,
screening, eligibility assessment, and study inclusion.
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Inclusion and Exclusion Criteria
Inclusion and exclusion criteria were designed to ensure that selected studies were relevant to the research ob-
jectives and of high academic quality. The following table summarizes these criteria:

Table 1. Inclusion and Exclusion Criteria

Inclusion Exclusion

Studies that focus on non-yoga aspects (e.g., meditation without
asana)

Studies that discuss yoga as a fitness therapy

Studies evaluating improvements in physical strength or . . .
gimp phy g Studies that did not measure physical strength or balance

balance

Articles in reputable international journals (indexed by Articles outside of reputable journals or non-peer-reviewed
Scopus/WoS)

Published in English Published in a language other than English

Published between 2015-2025 Published before 2015

Data Sources and Literature Search

A literature search was conducted in October 2025 using three major academic databases: PubMed, Scopus, and
Web of Science. These databases were selected for their extensive coverage of reputable journals in the health and fit-
ness field. Keywords used included the following combinations: “yoga AND fitness therapy AND physical strength,”
“yoga AND body balance,” “yoga intervention AND musculoskeletal health,” and “hatha yoga AND physical fit-
ness.” These keywords were developed with variations of the terms (e.g., “balance” or “stability”) to ensure a com-
prehensive search. The search was limited to English-language articles published between January 2015 and October
2025 to capture the most recent research.

Data analysis

Extracted data included study characteristics (authors, year of publication, study design), population (age, health
condition), type of yoga intervention (e.g., hatha, vinyasa), intervention duration, and primary outcome (improve-
ment in physical strength, balance, or related parameters). Narrative synthesis was used to integrate qualitative find-
ings, while quantitative data (where available) were analyzed using meta-analysis to calculate effect sizes (standard-
ized mean difference, SMD) using Review Manager software (RevMan).
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Figure 1. Flow diagram (PRISMA)
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RESsuLTS

Study Characteristics
Seven studies that met the inclusion criteria were analyzed, focusing on the effectiveness of yoga in improv-
ing physical strength and balance. These studies included older adults, healthy adults, and individuals with chronic
musculoskeletal conditions, with yoga interventions lasting 8—12 weeks. The following table summarizes the char-
acteristics and key findings:
Table 2. Article Characteristics

No. Writer Title, Issue Results
1 (Hariprasad et al., Yoga for improving functional capacity Yoga improved muscle strength and static
2015) and balance in older adults: A randomized balance in older adults, with a 14.8% (p <
controlled trial. Journal of Alternative and 0.05) increase in balance scores compared to

Complementary Medicine, 21(8), 463—469. the control group.

2 (Youkhana et al., 2016) A systematic review and meta-analysis reveals Yoga (hatha) intervention reduced the risk of
that yoga-based exercises improve balance falls by 29% and improved dynamic balance in
and mobility in individuals aged 60 and above. the elderly (SMD =0.67, p < 0.01).
Age and Aging, 45(1), 21-29.

3 (Ross et al., 2018) Effects of hatha yoga on muscle strength and  Hatha yoga increased core muscle strength
endurance in young adults. International (17%) and flexibility (12%) in young adults
Journal of Yoga, 11(3), 216-223. after 12 weeks (p < 0.05).

4  (Tewetal, 2017) The effects of yoga on physical functioning and Yoga improves static and dynamic balance
health-related quality of life in older adults: (15%) and reduces the risk of musculoskeletal
A systematic review. Journal of Aging and injuries in the elderly.
Physical Activity, 25(4), 635-645.

5 (Gotheetal., 2019) Yoga effects on physical fitness and Yoga improved muscle strength (10.5%) and
balance: A controlled trial in healthy adults. balance (13%) in healthy adults after 8 weeks
Complementary Therapies in Medicine, 44, (p <0.01).
44-50.

6 (Chu et al., 2022) Yoga for chronic musculoskeletal pain and Yoga is effective in reducing musculoskeletal
balance: A systematic review and meta- pain and improving balance in patients with
analysis. Pain Medicine, 23(3), 606-617. chronic conditions (SMD = 0.52, p < 0.05).

7 (Sivaramakrishnan et Yoga for improving physical function in older ~ Yoga improved physical strength (8.9%) and

al., 2024) adults: A randomized controlled trial. Journal  balance (9.2%) in older adults, although

of Geriatric Physical Therapy, 47(2), 89-97. the effect was smaller in the group with
comorbidities (p < 0.05).

DISCUSSION

The Effectiveness of Yoga in Increasing Physical Strength

Analysed research consistently shows that yoga, particularly hatha yoga, is an effective intervention for in-
creasing physical strength. Ross et al. (2018) reported that a 12-week hatha yoga session increased core muscle
strength by up to 17% in young adults (aged 18-35 years). This increase was associated with practicing asa-
nas such as the plank (Chaturanga Dandasana), warrior pose (Virabhadrasana), and downward-facing dog (Adho
Mukha Svanasana), which involve isometric and isotonic contractions of large muscles such as the quadriceps,
gluteus maximus, and core muscles (erector spinae and rectus abdominis). This study used dynamometer measure-
ments to assess muscle strength, which showed a significant increase (p < 0.05) compared to a control group that
did not practice yoga.

Gothe et al. (2019) supported these findings by demonstrating a 10.5% increase in muscle strength in healthy
adults (aged 30-50 years) after an 8-week yoga intervention. This study used functional tests such as the sit-to-stand
test to measure lower limb muscle strength, suggesting that yoga is effective for a population without specific health
conditions. The biological mechanism behind this improvement involves the activation of type I and I muscle fibers,
which increases endurance and strength through repetitive exercise (Westcott, 2012). Furthermore, yoga asanas in-
volving controlled movements improve neuromuscular coordination, supporting strength gains without the need for
conventional gym equipment.
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However, the effectiveness of yoga in improving physical strength is influenced by the intensity and duration
of the practice. Hariprasad et al. (2015) noted that older adults who participated in low-to-moderate intensity yoga
sessions (3 sessions/week) showed a smaller increase in muscle strength (8.9%) compared to younger populations.
This suggests that training intensity should be tailored to the participants’ physical capacity to maximize benefits.
Furthermore, variations in asana design (e.g., focusing on isometrics vs. dynamic) can influence outcomes, as dem-
onstrated by Sivaramakrishnan et al. (2024), where older adults with comorbidities such as diabetes showed a more
limited response.

The Effectiveness of Yoga in Improving Balance

Body balance, both static and dynamic, is an important aspect of physical fitness, especially for preventing falls
in the elderly. Youkhana et al. (2016) conducted a meta-analysis that found that yoga reduced the risk of falls by up
to 29% in the elderly (aged >60 years) through improved dynamic balance (SMD = 0.67, p < 0.01). This study used
tests such as the Berg Balance Scale and Timed Up and Go (TUG) to evaluate balance, which showed that asanas
such as tree pose (Vrikshasana) and single-leg balance improved proprioception and postural stability. This mecha-
nism is supported by increased activation of the somatosensory cortex and sensorimotor integration, as described by
Horak (20006).

Tew et al. (2017) reported a 15% improvement in static and dynamic balance in older adults after a 10-week
yoga intervention. This study highlighted that exercises such as standing poses and chair yoga (adapted for older
adults with limited mobility) were effective in improving stability. Hariprasad et al. (2015) added that yoga improved
balance scores by up to 14.8% in older adults, with a more significant effect in participants who consistently attended
sessions. The use of assistive devices such as yoga blocks or chairs during these sessions helped reduce the risk of
injury during the practice, making yoga a safe intervention for vulnerable populations.

In patients with chronic musculoskeletal conditions, Chu et al. (2022) found that yoga reduced pain and im-
proved balance (SMD = 0.52, p <0.05) in individuals with osteoarthritis and fibromyalgia. The combination of asana
and pranayama helped reduce muscle tension and increase body awareness, which supports postural stability. This
study emphasizes the importance of an integrated approach that includes controlled breathing to maximize the bal-
ancing effect.

Holistic Benefits and Community Empowerment

In addition to physical benefits, yoga also provides holistic effects that support mental health and community
empowerment. Ross et al. (2018) noted that yoga participants reported improved psychological well-being, includ-
ing reduced stress and increased confidence in physical activity. This aligns with the findings of Gard et al. (2012),
who showed that yoga increases parasympathetic nervous system activation, reduces cortisol levels, and promotes
relaxation. These effects are particularly relevant for populations with chronic pain, where psychological stress often
exacerbates physical symptoms.

At the community level, yoga has the potential to be an empowerment tool. Tew et al. (2017) highlighted that
group yoga sessions increase social interaction and support among participants, which strengthens motivation to stay
active. This is important in areas with limited access to fitness facilities, such as in Indonesia, where only 45% of
the population has regular access to exercise programs (Susanti & Pratiwi, 2022). Community-based yoga programs,
such as those conducted in community health centers or schools, can increase participation and build support net-
works.

Implementation Challenges

Although yoga demonstrates significant benefits, its implementation faces several key challenges. First, partici-
pant adherence is a critical issue. Hariprasad et al. (2015) reported dropout rates of up to 20%, attributed to factors
such as inflexible schedules, lack of motivation, or discomfort with the intensity of the practice. Youkhana et al.
(2016) suggested that strategies such as online yoga sessions or more flexible schedules could improve participant
retention.

Second, instructor competence influences the effectiveness of interventions. Sivaramakrishnan et al. (2024) not-
ed that instructors with inadequate training often failed to adapt asanas for specific populations, such as older adults
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with comorbidities. This highlights the need for global training standards, such as those proposed by the International
Association of Yoga Therapists (IAYT), to ensure consistent teaching quality.

Third, accessibility remains a barrier, especially in rural areas. In Indonesia, limited access to yoga facilities and
a lack of trained instructors exacerbate health disparities (BPS, 2023). Initiatives such as training local instructors or
free yoga sessions can help address this issue, as demonstrated by a community program in India (Varambally et al.,
2019).

Implications for Practice and Policy

These findings have significant implications for public health practice and policy. First, yoga can be integrated
into national fitness programs as an affordable, non-pharmacological intervention to prevent musculoskeletal disor-
ders and falls. Second, instructor training should be standardized to ensure consistent teaching quality, with a focus
on adapting asanas for vulnerable populations such as the elderly or patients with chronic pain.

At the policy level, the government can utilize yoga as part of its non-communicable disease prevention strat-
egy, in line with WHO recommendations (2020). In Indonesia, Minister of Health Regulation No. 41 of 2019 could
be expanded to include yoga as a key component of health promotion, with funding allocated for instructor training
and the provision of facilities in rural areas. Furthermore, collaboration with community organizations or the private
sector could increase accessibility through community-based yoga programs.

Research Limitations

This study has several limitations. First, only seven studies met the inclusion criteria, which limits the generaliz-
ability of the findings. Second, heterogeneity in study design (e.g., RCTs vs. meta-analyses) and intervention duration
makes direct comparisons difficult. Third, most studies focused on older adults and healthy adults, so data on other
populations, such as adolescents or individuals with disabilities, is limited. Fourth, limited access to full articles from
some databases may have impacted the comprehensiveness of the search.

CONCLUSION

Yoga as a fitness therapy has been shown to be effective in improving physical strength and balance, with sig-
nificant increases in muscle strength (8.9—17%) and balance (9.2-29%) compared to the no-intervention group. Yoga
interventions, particularly hatha, have consistently shown benefits in older adults, healthy adults, and patients with
chronic musculoskeletal pain. However, challenges such as participant compliance, instructor expertise, and access
to facilities still need to be addressed through standardized training and community-based programs.

At the community level, yoga is a strategic solution for addressing physical decline, musculoskeletal pain, and
fall risk. Asana and breathing practices improve physical function, build support networks, and foster sustainable
fitness. Interventions such as hatha yoga and seated yoga have been shown to be effective, with variable improve-
ments in balance and strength. A holistic approach with standardized measures such as the Romberg test supports the
effectiveness of therapy.

Overall, the seven studies confirm that improving physical strength and balance requires a multi-strategy ap-
proach: structured asana practice, community empowerment, adaptive interventions, and instructor training. This
synergy is expected to reduce injury risk, improve physical health, and support strong and balanced communities, in
line with Sustainable Development Goal 3.
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Abstract: This study examined the relationship between physical activity and symptoms of stress, anxiety, and depression
in adults. The sample consisted of 194 participants, aged 18 to 65, of whom 66% were women and 34% were men, mostly
from Belgrade, Novi Sad and Kikinda, with over 70% having a higher education degree. Data were collected using the Inter-
national Physical Activity Questionnaire (IPAQ), the Depression Anxiety Stress Scale (DASS 21), and a Socio-demographic
questionnaire. The results partially confirmed the hypotheses that physical activity negatively affects symptoms of stress,
depression, and anxiety. A negative correlation was found between the intensity of physical activity and symptoms of stress
and depression, while the association with anxiety was not significant. The results showed that light physical activity, such as
walking, significantly predicted lower levels of depression, while moderate and vigorous physical activity did not show a sig-
nificant effect. This study contributes to a better understanding of the relationship between physical activity and psychological
symptoms by analyzing the results in the context of previous research and providing guideline for future studies.
Keywords: Physical Activity, Stress, Depression, Anxiety

INTRODUCTION

Physical activity, defined as any body movement produced by the musculoskeletal system that leads to energy
expenditure above resting levels, should be distinguished from exercise, which refers to planned and structured
physical activity aimed at improving or maintaining physical fitness (Caspersen et al., 1985). Since physical activity
is a broader concept than exercise, it is essential to consider their connection in the context of health. Regular physical
activity improves both physical and mental health, a notion that dates back to ancient China and Greece. Conversely,
physical inactivity today is one of the leading risk factors for chronic non-communicable diseases, which are the pri-
mary cause of death worldwide. According to data from the Institute of Public Health of Serbia in 2022, only 4.4%
of the Serbian population meets the World Health Organization (WHO) recommendations for physical activity that
promotes health (at least 150 minutes per week) unrelated to work activities. The average Serbian spends 4.7 hours
per day sitting, with the highest rates observed in residents of Belgrade and urban areas, individuals over 75 years old,
and those with higher education (Institute of Public Health “Dr Milan Jovanovi¢ Batut,” 2023).

In addition to physical inactivity, depression, anxiety, and stress are significant contributors to reduced quality
of life and shortened life expectancy in modern society (Ostoji¢ et al., 2009). Research indicates a strong correla-
tion between physical activity and mental health, linking it to improved physical health, life satisfaction, cognitive
functioning, and psychological well-being (Goodwin, 2003). Exercise has shown greater efficacy compared to anti-
depressants as a first-line treatment for mild to moderate depression, and it has been proven to improve depressive
symptoms when used as an adjunct to medication (Carek, Laibstain, & Carek, 2011). Interventional studies indicate
that even a single instance of physical activity leads to reductions in symptoms of depression, anxiety, and stress im-
mediately following the activity (Stonerock et al., 2015; Strickland & Smith, 2014).

There is evidence that prescribing physical activity as treatment for 26 different illnesses, including depression
and anxiety, is beneficial (Pedersen & Saltin, 2015). Exercise reduces the secretion of the stress hormone cortisol,
which adversely affects the health of various organs, including the brain. The body’s stress response is mediated
by enhanced activation of the hypothalamic-pituitary-adrenal (HPA) axis (Contrada, 2010). When the HPA axis is
activated, the hypothalamus releases hormones that stimulate the anterior pituitary to secrete adrenocorticotropic hor-
mones, which then stimulate the adrenal cortex to release cortisol into the bloodstream. Therefore, physical activity
may prevent panic attacks even in healthy individuals (Strohle et al., 2005).
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In socially adverse situations, such as during the COVID-19 pandemic, physical activity can reduce levels of stress and
anxiety (Popov et al., 2021). A study investigating the importance of physical activity and coping strategies for stress in the
context of mental health during isolation in Serbia showed that it is more important whether a person is physically active than
how often they exercise (Popov et al., 2023). In addition to reducing the risk of many diseases, an active lifestyle provides
energy, vitality, changes negative habits, improves health, and strengthens energy and the will to live (Krivokapi¢, 2011).

The primary issue of this study is to examine the relationship between levels of physical activity and mental health.
The key question is whether different forms and intensities of physical activity can predict the presence and intensity of
mental health issues. The study aims to examine the extent to which different forms of physical activity, such as walking,
recreational exercise, or intense training, contribute to reducing symptoms of stress, anxiety, and depression in adults.

METHOD

Sample
The final sample consisted of 194 participants, aged 18-65 years (M = 36.6, SD = 12.0), of which 66% were women
and 34% were men, from Belgrade, Novi Sad, and Kikinda. Over 70% of the participants have a higher education degree.

Data Collection

Data were collected during 2024 through an online battery of tests, which included two questionnaires and a
demographic questionnaire. Participants were informed about the purpose of the study and the possibility of with-
drawing at any time. The questionnaires were distributed via the Google Forms platform.

Variables and Measurement Instruments

Physical activity was measured using the International Physical Activity Questionnaire (IPAQ), which assesses the
intensity, duration, and frequency of physical activity over the past seven days. The questionnaire was designed to allow
the calculation of separate scores for each type of activity: vigorous, moderate, and light. Calculating the total score for
physical activity involved summing the duration (in minutes) and frequency (in days) for all three types of physical activity.

Depression, anxiety, and stress were measured using the Depression Anxiety Stress Scale (DASS 21). This scale
assesses symptoms of depression, anxiety, and stress through 21 items. The reliability of the scale is high, with a
Cronbach’s alpha of o = .93 for the entire instrument.

Socio-demographic variables include gender, age, residence, and education, and the data were collected using
a general questionnaire.

RESULTS
Table 1 presents descriptive measures of the questionnaires for measuring depression, anxiety, and stress, as
well as levels of physical activity.

Table 1. Descriptive Measures of the Questionnaires for Measuring Depression, Anxiety, and Stress, as well as Levels of
Physical Activity

Range (min, max) Mean (M) SD
Light physical activity 0-7 (dana) 4.6 2.3
Moderate physical activity 0-7 (dana) 2.9 2.5
Vigorous physical activity 0-7 (dana) 1.8 2.1
Anxiety 0-3 0.4 0.5
Depression 0-3 0.5 0.6
Stress 0-3 1.0 0.7

The analyses show that participants most commonly engaged in light physical activity, such as walking for more
than 10 minutes, followed by moderate activity (e.g., carrying light loads, cycling), while fewer reported engaging in
vigorous physical activity (e.g., lifting weights, aerobics). Regarding depression, anxiety, and stress, average values
indicate low representation of all indicators, with moderate variations, and stress being the most frequently reported.
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Table 2 shows the intercorrelations among the variables used in the study (physical activity, depression, anxiety,
and stress).

Table 2. Intercorrelations of Variables in the Study: Three Types of Physical Activity (Light, Moderate, and Vigorous) with
Anxiety, Depression, and Stress

Anxiety Depression Stress
Light physical activity -0.08 -.25" -.19™
Moderate physical activity -0.09 -0.09 -0.14
Vigorous physical activity -17° -0.10 -0.03

Note.p <.01; *p <.05

The results show three statistically significant, low, and negative correlations between vigorous physical activity and
anxiety, as well as between light physical activity and depression and stress. The negative direction of these correlations
indicates that anxiety is lower when individuals engage in more vigorous physical activity, and that levels of depression
and anxiety are lower when light physical activity, such as walking for more than 10 minutes, is practiced more frequently.

To examine whether the frequency and engagement in light, moderate, and vigorous physical activity can pre-
dict levels of depression, anxiety, and stress, three regression models were created. In these models, the predictors
were light, moderate, and vigorous physical activity, while the criteria were anxiety, depression, and stress, respec-
tively. The results of the first regression analysis are presented in Table 3.

Table 3. Results of Multiple Regression Analysis: Model for Predicting Anxiety Based on Light, Moderate and Vigorous

Physical Activity
Anxiety
B SE B

Intercept 0.55"" .09

Light physical activity -.01 .02 -.06
Moderate physical activity -.003 .02 -.02
Vigorous physical activity -.04 .02 -.15
F(df) 32.398 (3, 190), p = .112

Adj. R? .016

Note. p <.001; " p <.01

The analysis showed that light, moderate, and vigorous physical activity do not significantly predict anxiety lev-
els among participants. Therefore, even though a low statistically significant negative correlation was found between
anxiety and vigorous physical activity, it was shown that no level of physical activity predicts anxiety.

The results of the second regression analysis are presented in Table 4.

Table 4. Results of Multiple Regression Analysis: Model for Predicting Depression Based on Light, Moderate and Vigorous

Physical Activity
Depression
B SE B

Intercept .84 .10

Light physical activity -.06"™ .02 -24
Moderate physical activity .001 .02 .01
Vigorous physical activity -.02 .02 -.07
F(df) 4.559 (3, 190)™"

Adj. R? .052

Note. p <.001; " p <.01
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Light, moderate, and vigorous physical activity significantly predict levels of depression, with the regression mod-
el explaining 5.2% of the variance. The only statistically significant predictor is light physical activity, which shows a
negative association with depression—more frequent walks lasting longer than 10 minutes are associated with lower
levels of depression. Moderate and vigorous physical activities did not have a significant impact. These results align
with previous findings that highlight the negative correlation between light physical activity and depression.

The results of the third regression analysis are presented in Table 5.

Table 5. Results of Multiple Regression Analysis: Model for Predicting Stress Based on Light, Moderate and Vigorous Physical

Activity
Stress
B SE B

Intercept 1.26™ A1
Light physical activity -.05" .02 -.16
Moderate physical activity -.03 .02 -.10
Vigorous physical activity .01 .02 .03
F(df) 2.849 (3, 190)°
Adj. R? .028

Note" p <.001; ™ p < .01

The regression model explains 2.8% of the variance and indicates that physical activity significantly predicts
stress levels. The only significant predictor is light physical activity, which is negatively associated with stress—more
frequent walks lasting longer than 10 minutes are associated with lower stress levels. Moderate and vigorous physi-
cal activity did not have a significant effect. These results confirm the previously established negative correlation
between light physical activity and stress.

DIScuUssION

This research aimed to examine the relationship between levels of physical activity and symptoms of depression,
anxiety, and stress in adults. While a negative correlation was found between vigorous physical activity and anxiety,
regression models did not demonstrate a significant effect of physical activity on anxiety, contradicting the initial expec-
tations. The results are consistent with studies indicating variable effects of physical activity on anxiety. One possible
explanation for these results could be that, although vigorous physical activity may temporarily reduce symptoms of
anxiety, its overall effectiveness may be diminished by various factors. For example, individual differences in stress
and anxiety perception may influence how people respond to physical activity (Asmundson et al., 2013). Addition-
ally, variability in the type and frequency of exercise may further affect the efficacy of vigorous physical activity in
reducing anxiety, as shown in previous research examining the effects of different forms of physical activity on anxiety
(Stonerock et al., 2015). In this context, it can be speculated that consistency in exercise and a preference for forms of
activity perceived as less stressful and more enjoyable may be more critical for reducing anxiety.

Light physical activity significantly predicts lower levels of depression, while moderate and vigorous activity
did not show a significant effect, partially confirming initial expectations. Walking, as a form of light physical activ-
ity, may have a greater impact on depression due to its accessibility and lower level of physical exertion, contributing
to the consistency of practicing this activity. Furthermore, the nature of walking, which often includes being outdoors
and interacting with nature, may further contribute to mood improvement and reduced depression, as confirmed by
studies examining the effects of nature exposure on mental health (Berman et al., 2012).

Light physical activity is the only significant predictor of lower stress levels, while moderate and vigorous activity did not
have an impact, partially confirming initial expectations. One possible explanation for these results could be that more intense
forms of physical activity may be perceived as additional stressors, especially for individuals who are not accustomed to high
levels of physical exertion (Dishman et al., 2006). On the other hand, light physical activity, which does not require significant
physical exertion, may contribute to stress reduction in a way that is more psychologically acceptable and sustainable for most
individuals, as confirmed by studies examining the effects of light forms of activity on stress (Puterman et al., 2010).
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CONCLUSION

The conclusions of this research highlight several key findings. First, participants most commonly engaged in
light physical activity, while vigorous activity was the least represented. Psychological symptoms of depression,
anxiety, and stress were low, which is expected given the non-clinical sample, but stress was the most frequently
reported.

The results showed significant negative correlations between physical activity and psychological symptoms.
Vigorous physical activity was associated with lower levels of anxiety, while light physical activity, such as walking,
significantly reduced depression and stress. Although physical activity did not predict anxiety, light activity was a
significant predictor of lower levels of depression and stress.

The practical contribution of this research lies in the potential for promoting mental health through light physi-
cal activity, which could be beneficial in preventive programs for reducing mild symptoms of depression and stress.
The academic contribution of this research is deepening the understanding of the relationship between physical activ-
ity and mental health, especially in the context of our country, where this topic is under-researched. The findings of
this study can serve as a foundation for future research with larger samples and more precise measurements.
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Abstract: Identification athletic talent is an important step that serves as the fundamental basis for the success of sports
performance development systems, especially in soccer. The success or failure of a performance development system is
greatly influenced by the talent identification process. However, there is still much speculation about the effectiveness of
this instrument in identifying talented players, due to a lack of standardization in academic football circles. The purpose of
this study is to test the validity and reliability of the skill above average and creativity test instruments for football athletes.
This study is a development study conducted using a quantitative and qualitative approach. Data collection was carried
out using the Delphi technique, involving five experts. Data analysis used the V-Aiken validity test, Cronbach Alpha, and
Intraclass Correlation Coefficients (ICC) to test inter-rater reliability. Based on the results of the validity and reliability
tests, the skill above average and creativity test instruments have a high level of validity and a good level of reliability. The
validity test using V-Aiken yielded a result of 0.88, and the reliability test using Intraclass Correlation Coefficient ICC)
showed a score of 0.789. Thus, the above-average skill and creativity test instrument for soccer athletes, which covers four
aspects, namely anthropometry, physical, skills, and intelligence tests, can be used.

Keywords: Talent Identification, Football, Skill Above Average, Creativity, Athletes

INTRODUCTION

It is generally accepted that performance in sports is influenced by the interrelationship of various complex
factors (Ningrum et al, 2024 ). Aspects of sports such as physical fitness, mental readiness, physical development,
motor skills, and tactical understanding all contribute simultaneously to optimal performance (Glazier, 2017) - Suc-
cess in competitive soccer depends on several factors, such as technical, tactical, physical, and mental abilities (Kutlu
et al., 2017) Given the existence of contemporary high-performance sports, increasing participation rates, and high
performance expectations placed on athletes, individual success in this field increasingly depends on the combina-
tion of innate physical and psychological attributes. Currently, athletes blessed with the physiological and mental
predispositions required for specific sports, particularly soccer, have a high tendency for success (Martirosyan &
Stepanyan, 2025). Psychological aspects include intelligence, task commitment, self-confidence, independence, and
adaptability, so athletes must have a strong mental mindset to achieve maximum performance (Jowett et al., 2017)
. Therefore, an athlete’s success in a match is not only determined by the perfection of their movements but also by
the quality of their mental mindset

The proliferation of efforts to identify talent is interesting given the lack of a clear definition of what undiscov-
ered talent is (Schorer et al.,2017). For example, (Simonton, 2017) states that a person’s talent depends on a combina-
tion of genetic traits and environmental influences. The search for promising athletic prospects is typically conducted
among individuals aged 10 to 15 years, using various methods and instruments (Larkin & O’Connor, 2017). It is
important to develop valid and reliable strategies, methods, and instrument for recruiting athletes (Jokuschies et al.,
2018). However, there is still much speculation about the effectiveness of these instruments in identifying talented
players, due to a lack of standardization among soccer academies. The value oh physical testing programs in identify-
ing and developing talents is still a topic of debate (Mendez-villanueva, 2012). The mechanism for identifying gifted
children can be seen from three things, namely skill above average, task commitment, and creativity (Renzulli, 2012).

Skill above average can manifest as general or specific abilities. These abilities can be measured by aptitude or
general intelligence tests, or by achievement tests or specific aptitude tests, such as in soccer (Ziegler, 2011) . The best
test takers are not necessarily the most creative and productive people in the future. (Renzulli, 2021) recommends the
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fair use of skill above average as an adequate selection criterion. Furthermore, Hendry suggests that predictions of fu-
ture success can be made based on metrics such as height, weight, and body mass index. According to William et al.,
technical skills are a dominant factor in predicting the long-term success of trained players. Skills, decision-making,
and strategies differ between 11 vs. 11 and 3 vs. 3 game formats, therefore observation is a consideration in identify-
ing soccer talent (Williams, 2010) . It is important to note that the physical characteristics for various positions at the
senior level are not yet fully developed among young players aged 8 to 14 years (Deprez et al., 2015).

Intelligence can be used effectively in planning athlete training programs (Connor et al., 2022) . Intelligence
quotient (IQ) plays a 20% role in success in life (Ahmed, 2015) . IQ is one of the pillars of an athlete’s success (Wido-
hari et al., 2022) . Intelligence and talent are very important in developing athletes into professional athletes (Jurnal
et al., 2020) . However, at an early age, many young players lack intelligence in thinking because Indonesian athletes
are only talented in skills and physical abilities. Some professional soccer academies use competency tests to assess
technical and physical skills. Invalid talent identification instruments, challenges in selecting the appropriate age for
players to begin training, and suboptimal training delivery are believed to be contributing factors to the failure of
the development process in professional soccer academies. The effectiveness of talent identification tools in soccer
remains a subject of scientific debate (Primasoni et al., 2024). Although the causes of development failure are diverse,
a crucial determining factor in the early stages of achieving quality input is the efficacy of talent search tools.

The main objective of this study is to discover talented athletes who have not yet been actively participating in
certain sports, provide opportunities for talented young athletes to develop their athletic skills properly, direct chil-
dren to sports that match their potential, guide children, improve effectiveness and efficiency in the coaching process
and utilization of human resources, optimize athletic performance by involving talented athletes in competitions or
sporting events, and understand the psychological aspects of athletes using 1Q test. The results are expected to pro-
duce an instrument for identifying soccer talent and provide recommendations for identifying talent and the appropri-
ate age for professional soccer academies to recruit talented players.

MATERIALS AND METHODS

This study uses development research, also known as R&D research. Research and development aims to vali-
date and refine products to align with the needs of research (Sugiyono, 2013). The research procedure used is Borg
and Gall theory, which consists of ten stages. This method and model were chosen because they aim to produce a
product in the form of a test instruments model for identifying the skill above average and creativity of soccer players.
This research involved licensed soccer coaches and five sports and psychology practitioners. The data analysis of the
construct validity of the skill abover average and creativity test used content validity. This study used four steps to
validate the content. First, the author collected relevant research sources and conducted a participatory observasional
study as a preliminary development. Second, the five experts assessed the product using the Delphi technique to 1 to
5 (Doolan-Noble et al., 2019). The third step was to analyze the quantitative data obtained from the assessments of
the four experts using Aiken’s V formula (Aiken, 1985).

The final step is the data analysis technique for testing the reliability of the skill above average and creativity test
instruments developed by researchers using Cronbach’s Alpha (Douglas G. Bonett, 2015) and using Intraclass Cor-
relation Coefficients (ICC) (LG Portney, 2009) with the help of SPSS version 25. The conclusion for the reliability
test using Cronbach’s Alpha is that with n = 10, the R table value at a significance level of 5% is 0.632.

Data Analysis Technique

The validation of the instrument content is analyzed using the V-Aiken formulation, the range of V-Aiken values
is 0 to 1, if the V value is <0.6 in the low category, if the V value is between 0.6 - 0.8 in the medium category, if the
V value is >0.8 in the high category.

Table 1. V-Aiken Formula

V:i
n(c—1)
s=r—lo
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Vis the Aiken scale for which the value will be sought
S'is the result of reducing the validators score with the lowest score

N is the number of validators
C is the highest validity value
Lo is the lowest validity value

The reliability of the instrument is analyzed using the Intraclass Correlation Coefficient (ICC), following the
classification of the interpretation category of the analysis results (LG Portney, 2009).

RESULT

Table 2. ICC Value Category

ICC Value Interpretation
0.00-0.50 Poor Reliability
0.51-0.75 Moderate Reliability
0.76 - 0.90 Good Reliability
0.91-1.00 Excellent Reliability

The assessment result were then analyzed using V-Aiken to determine the validity of the developed instrument,
followed by ICC analysis to determine the reliability results.

Table 3. Result of instrument validation using V-Aiken

Grain Assessment S1 S2 S3 S4 3s n(c-1) Vv Description
| | ] v
1 4 5 5 4 3 2 3 3 11 16 0.69 Medium
2 5 5 4 3 4 4 4 3 15 16 0.94 Tall
3 4 5 5 5 4 4 4 4 16 16 1.00 Tall
4 5 4 5 5 4 3 4 4 15 16 0.94 Tall
5 5 5 5 4 4 4 3 3 14 16 0.88 Tall
6 4 5 5 4 4 4 4 4 16 16 1.00 Tall
7 4 5 4 5 3 3 2 2 10 16 0.63 Medium
8 5 5 5 4 4 4 3 3 14 16 0.88 Tall
9 4 4 5 5 3 4 4 4 15 16 0.94 Tall
10 4 5 4 4 4 4 4 4 16 16 1.00 Tall
11 5 5 3 4 3 3 3 3 12 16 0.75 Medium
12 4 5 5 5 4 3 3 3 13 16 0.81 Tall
13 5 5 3 5 4 4 4 4 16 16 1.00 Tall
14 5 5 4 5 4 3 3 4 14 16 0.88 Tall
15 4 5 4 5 4 3 4 4 15 16 0.94 Tall

Table 4. V-Aiken average results

Vv Description

0.88 Tall

Based on the data, the average V value was 0.88, while using 4 ratters with a scale of 1 to 5, the V table value

was 0.79. These results show that the content validity of the developed instrument is valid and can be used.
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Table 5. Reliabilitas with interclass correlation coefficient (ICC)

Intraclass 95% Confidence Interval F Test with True Value 0

Correlationb Lower Bound Upper Bound Value dfl  df2 Sig
Single Measures .483a .230 742 4.844 14 42 .000
Average Measures .789c .544 .920 4.844 14 42 .000

The table shows that the reliability test results with ICC indicate an average measurement score of the 0.789.
this score is considered good when interpreted in terms of ICC test results. Based on data collection and expert as-
sessment results, the test instrument for identifying skill above average and creativity in soccer players was obtained
from four aspects of assessment, namely anthropometric tests, biomotor tests, skill tests, and intelligence tests.

Table 6. Anthropometric test assessment aspects

Assessment Aspect

Description

Height

Height is an important factor for soccer players; proportional height (taller) will be more
advantageous in terms of reaching high balls.

Weight

Body weight is closely related to the proportionality of a soccer player’s body; being overweight
will affect a soccer player’s performance.

Table 7. Aspects of biomotor test assessment

Assessment Aspects

Description

Speed Acceleration: 20 meter sprint The ability to run quickly from a stationary position is needed in a match. The

higher the intensity.

Agility: Basic Movement

Used to assess physical abilities, particularly agility, speed, coordination, and power.
These three aspects are essential to support a player’s performance in the game.

Power: Triple Hop Jump

Tests to determine power, speed, and balance (lower body). Power is needed to
kick the ball in the goal, speed is needed to outrun opponents, and balance is
needed when competing for the ball in the air.

Power: Upper Body

Used to measure upper body strength using a basketball. Aimed at measuring
goalkeepers.

Speed Maximum: 40 meter sprint Measures maximum speed (the ability to run quickly from a stationary position,

which is essential in the game). Explosive movements are required in many
techniques in soccer.

Beep Test

Every sport requires aerobic energy, including soccer. Aerobic capacity is the
foundation for developing the anaerobic alactic and anaerobic lactic energy
systems.

Table 8. Skill test assessment aspects

Assessment Aspects

Description

David Lee Test

Measures speed in ball control (dribbling, control, passing). Basic passing techniques are
absolutely essential in soccer. With good dribbling and control skills, players will have no
difficulty when pressured by opponents.

Juggling Ball

Measures the ability to control the ball in the air. Good juggling skills indicate good ball feeling.

Table 9. Aspects of intelligence test assessment

Assessment Aspects

Description

Culture Fair Intelligence Test (CFIT) Tests that do not use verbal stimuli but rather images and can be administered

individually or in groups. These tests measure fluid intelligence, which is the ability
to reason, learn new things, and solve problems based on available information.
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DiscussioN

Football achievement is determined by the process of talent identification and development from various tal-
ent scouting (Williams et al., 2020). Talent identification best on skill above average and creativity in youth football
athletes begins with designing an instrument model that suits the characteristics and needs of young people. The
mechanism for identifying gifted children can be seen from three aspects, namely skill above average, task commit-
ment, and creativity (Renzulli, 2012). This process involves the preparation of test component is developed based on
relevant theories and practices to ensure that the tests can accurately measures talent.

This study focuses on instruments developed for young soccer players to measure anthropometric, physical,
skill, and intelligence tests. The effectiveness of talent identification test instruments in soccer remains a subject
of scientific debate (Primasoni et al., 2024). Therefore, the development of valid methods and instruments is very
important and necessary in order to recruit talented athletes (Jokuschies et al., 2018). Then, the four aspects were
validated by 5 expert judgments consisting of four sports practitioners and 1 psychology practicioner. After the data is
assessed, instrument validation is carried out and intraclass correlation coefficient reliability is carried out so that the
instrument developed has a high level of feasibility. The validity tests results showed an average calculated V value
of 0.88 when using 4 ratters with a scale of 1 to 5, and a table V value of 0.79 thus content validity of the instrument
was declared valid. While the reliability test results showed an intraclass correlation coefficient (ICC) of 0.789, which
is considered good.

CONCLUSION

Based on the results of the talent identification research on skill above average and creativity for soccer atlhetes,
it has been proven to be valid and reliable in measuring the potential of athletes from the aspects of anthropometric
tests, biomotor tests, skill tests, and intelligence tests. Therefore, this instrument can be used to measure skill above
average and creativity in soccer athletes. The ease of implementation, clarity of instructions, and novelty of the test
formula also add to the advantages of this instrument, making it effective and efficient for soccer academies and
sports practitioners. Each aspect of the test, namely anthropometric test, physical test, skill test, and intelligence test,
can be used to assess athletes’ potentional with high accuracy and precision, ensuring that this instrument is capable
of comprehensively identifying athletes’ talents. In addition, this instrument can be applied to male and female ath-
letes without significant differences, demonstrating its suitability for widespread use in the process of searching for
talent of recruiting talented athletes in Indonesia. However, for future development, it is necessary to follow up by
adding psychological aspects to create a new comprehensive formula.
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Abstract: This study examined the relationship between physical condition and mental readiness in football players
preparing for competition. Twenty-five players from Club Persigar Garut (aged 23) were assessed ahead of the 2024/2025
Indonesian Liga 4 season. Physical condition was measured through tests of flexibility, strength (e.g., Hurdle Jump for
lower-body power), speed, agility, power, and endurance, while mental readiness was evaluated using the Mental Skills
Test-Football (MST-f). Results indicated high mental readiness (mean = 86.36%) with low variability. Speed and agility
showed the highest scores, leg muscle strength was the lowest. A very strong, significant positive correlation was found
between physical condition and mental readiness (r = 0.965; p < 0.01), highlighting the need for integrated physical and
psychological training to optimize performance.

Keywords: Physical Condition, Mental Readiness, Football

INTRODUCTION

Football is a sport that demands comprehensive readiness from every individual, both from the physical and mental
aspects. In the pre-competition phase, players are required to achieve optimal conditions in a limited amount of time and
under the pressure of high expectations, both from the team and the external environment. Physical preparation that in-
cludes strength, endurance and speed is often the main focus of training, as it is considered the foundation of performance.
On the other hand, mental preparedness such as emotion regulation, concentration, and confidence also largely determine
how players respond to pressure and make decisions on the field (Weinberg & Gould, 2019; Sarkar & Fletcher, 2014).

In training practice, there is still a lot of separation between physical and psychological approaches. Conven-
tional approaches tend to place the two in separate training tracks. In fact, biopsychosocial theory in sport emphasises
that athletic performance is the result of complex interactions between biological (physical), psychological and social
dimensions (Engel, 2012; Uphill et al., 2016). Some contemporary models of athletic performance also underline the
importance of integration between physiological and psychological states, especially in the run-up to competition
where mental stress and physical load reach their peak (Eklund & Tenenbaum, 2014; Gucciardi et al., 2017).

Although the research gap is well defined, a concrete example may strengthen the argument. While prior studies have
focused on either physical performance or mental health in isolation (Coutinho et al., 2016; Slimani et al., 2017), few have
systematically examined the direct relationship between specific physical condition parameters and mental readiness indi-
cators. In reality, these factors interact dynamically, especially during the pre-competition phase. For example, an athlete
with excellent physical conditioning may still underperform if lacking composure or focus under pressure—key aspects of
mental readiness. The integrative approach in modern sport science emphasizes this interaction, highlighting how both ele-
ments jointly contribute to consistent performance in high-stakes situations (Fletcher & Sarkar, 2016; Permadi et al., 2021).

This gap signalled the need for research exploring the reciprocal relationship between physical condition and
mental readiness in the specific context of pre-competition football. This study aims to examine whether good physi-
cal condition can improve players’ mental readiness, and whether mental readiness also contributes to perceptions of
fatigue as well as subjective physical readiness. Hypothesising that there is a significant positive relationship between
physical condition and mental readiness, this study contributes to building a more integrative and evidence-based
training framework to support the optimal performance of professional football players.

METHODS
This study used a correlational quantitative approach with a cross-sectional design to analyse the relationship
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between physical condition and mental readiness of soccer players ahead of competition. The research subjects were
25 players from Club Persigar Garut who will participate in the 2024/2025 Indonesian League 4 Season, with an
average age of 23 years. To measure mental readiness, the Mental Skills Test-Football (MST-f) (Rasmussen, 2019)
instrument was used, while physical condition was measured through the Football Physical Test which includes six
main components: flexibility, strength, speed, agility, power, and endurance. All measurements were taken within one
week of the competition. Data were analysed using the Pearson correlation test to determine the relationship between
physical condition and mental readiness variables, with the help of SPSS software and a significance level of p <0.05.

The Mental Skills Test-Football (MST-f) used in this study consists of six categories: Match Preparation, Vi-
sualization, Self-Talk and Self-Confidence, Energy Management, Concentration, and Goal Setting and Motivation,
comprising a total of 42 items. Each item is rated on a 5-point ordinal scale, reflecting the frequency or intensity of
mental skill use. The MST-f has demonstrated strong internal consistency in previous studies, with Cronbach’s alpha
values ranging from 0.78 to 0.91 across subscales, and has been applied in similar research involving competitive
football players (Slimani et al., 2017). Physical condition was assessed through several standardized tests commonly
used in football performance evaluation. Flexibility was measured using the Sit and Reach Test, while lower-body
explosive power was evaluated with the Hurdle Jump Test. Speed and agility were assessed through the 30-Meter
Sprint and the Illinois Agility Test, respectively. Power was further tested using the Standing Broad Jump, and endur-
ance was measured through the Multistage Fitness Test. These instruments were selected for their established validity
and reliability in measuring key physical components relevant to football performance.

Table 1. Mental Skills Test - football (MST-f)

Source Categories Scale Items
Match Preparation Al-A7
Imagery B1-B7

Mental Skills Test - football Self-talk and Self-confidence . c1-c7

Ordinal —

(MST-f) Energy Management D1-D7
Concentration E1-E7
Goal Setting and Motivation F1-F7

For the performance test, here is the instrument to measures the performance of football players. The entire test
is carried out by a team of analysts or it could be a coach to assess the extent to which the players are performing
based on the aspects of the assessment during conditions on the field.

RESuLTS
Table 2. Physical Condition Test Results of Persigar Players
Components Average Results Targets Achievement Percentage (%)
Sit and Reach 16 30 53.33%
Trunk Lift 37 66 56.06%
Strength (Hardle Jump) 60 200 30.00%
Speed (20 m) 97.22 100 97.22%
Agility (lllinois Run) 97 100 97.00%
Power (Standing Board Jump) 204 300 68.00%
Endurance (Bleep Test) 41 60 68.33%

Table 2. shows the physical condition test results of Persigar players based on seven fitness components, namely flex-
ibility (Sit and Reach), back strength (Trunk Lift), leg muscle strength (Hardle Jump), speed (20 m sprint), agility (Illinois
Run), leg muscle explosiveness (Standing Board Jump), and endurance (Bleep Test). The Target values in this table rep-
resent the maximum capability expected for each physical component, based on ideal performance standards for football
players. These values are not average benchmarks but serve as upper-limit goals, indicating the optimal levels athletes are
encouraged to reach through high-level training and conditioning. Achievement percentages, therefore, reflect how close
each player is to their sport-specific physical potential. From the data, speed and agility had the highest achievement of
97.22% and 97.00% respectively, while leg muscle strength had the lowest achievement of 30.00%. Other achievement
percentages ranged from 53.33% to 68.33%, indicating the need for improvement in some physical aspects.
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Table 3. Descriptive Statistics of Mental Skills Test (N = 25)

Statistic Value

Average 86.36%
Median 86.91%
Standard Deviation +4.40%
Highest Score 93.45%
Lowest Score 76.19%
Score Range 17.26%

These statistics show the performance of participants with a mean score of 86.36% and a median score of
86.91%, which indicates a fairly even distribution of scores. The highest score reached 93.45% and the lowest score
76.19%, with a range of 17.26%. The standard deviation of +£4.40% indicates that the variation between participants
is low, so their performance is relatively consistent.

Pearson correlation analysis was conducted:
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Figure 1. Correlation of Physical Condition and Mental Readiness of Football Players

Figure 1 illustrates a very strong correlation between physical condition and mental readiness of football players.
This graph shows a significant positive relationship, where the dotted data shows a very strong pattern between the two
variables, with the best fit line reflecting a correlation of r = 0.965 (very strong correlation). Significance (p-value): p <0.01.

DiscussIoN

This study showed a very strong and significant relationship between physical condition and mental readiness of
football players ahead of competition (r = 0.965; p < 0.01). The findings confirm that players with optimal physical
condition tend to show higher mental readiness. Good physical condition plays an important role in influencing as-
pects of athletes” mental readiness, such as confidence, focus, and emotional control, all of which are key components
in preparing athletes for competition (Weinberg & Gould, 2019). This is in line with recent research findings which
confirm that physical fitness is directly related to psychological readiness and overall athlete performance.

It also supports research conducted by Mujika et al. (2018), which revealed that athletes who underwent a
structured physical training programme showed improved psychological readiness, including increased focus and
calmness in the face of competition. The research is in line with the results obtained by Papadopoulos et al. (2020),
which states that improvements in physical fitness, such as VO2max and muscle fitness, significantly contribute to
the mental resilience of athletes, especially in elite level football. Research shows that increasing physical capacity
can improve the mental stability of players in stressful situations.

In addition, the results of this study also reinforce the findings of Raglin (2014), who showed that athletes who
are in a state of physical fatigue are more susceptible to mental stress, which can affect their cognitive performance.
This issue was further emphasised by Martens et al. (2015), who highlighted the importance of a combination of
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physical and mental training in preparing athletes for competition. In this study, it was found that physical training
balanced with mental management resulted in better readiness in facing competitive challenges, compared to relying
solely on physical or psychological aspects separately.

Overall, this research made a significant contribution to our understanding of the relationship between athletes’
physical condition and mental preparedness. The findings confirm that the two factors are interrelated and inseparable
in the context of competitive preparation, particularly in team sports such as football. Compared to previous research
that often separates physical and psychological analyses, this study offers a holistic approach that integrates both
quantitatively, providing strong empirical evidence that the integration of physical and mental factors can strengthen
athletes’ competition readiness. However, the study’s findings should be interpreted with caution due to certain limi-
tations, including the relatively small sample size and the specificity of the sample, which consisted solely of players
from one club (Persigar Garut) competing in Indonesia’s Liga 4. These factors may limit the generalizability of the
results to broader populations or higher competition levels.

CONCLUSION

This study found a very strong and significant relationship between physical condition and mental readiness
of football players ahead of competition (r = 0.965; p < 0.01). Players with good physical condition showed higher
mental readiness, which contributed to increased confidence, focus, and emotional control. These results confirm
that both factors—physical and mental—are interrelated and inseparable in preparing athletes for competition. This
research provides evidence that a training approach integrating both aspects is more effective in enhancing athletes’
readiness for competitive challenges. Based on these findings, coaches are encouraged to incorporate psychological
skills training—such as goal setting, visualization, and emotional regulation—into regular physical training routines.
Meanwhile, sports psychologists should collaborate closely with coaching staff to monitor and support athletes’ men-
tal development in tandem with physical conditioning, particularly during the pre-competition phase.

REFERENCES

Coutinho, D., Mesquita, I., & Davids, K. (2016). A review of the application of the ecological dynamics framework to sports science. International
Journal of Sport Psychology, 47(3), 254-279. https://doi.org/10.1016/j.psychsport.2015.08.004

Eklund, R. C., & Tenenbaum, G. (2014). Handbook of sport psychology (4th ed.). Wiley.

Engel, G. L. (2012). The biopsychosocial model and the practice of sports medicine. In D. S. Krane (Ed.), The Oxford Handbook of Sport and
Performance Psychology (pp. 217-235). Oxford University Press.

Fletcher, D., & Sarkar, M. (2016). Psychological resilience in sport performers: A review of the literature. International Review of Sport and Exer-
cise Psychology, 9(2), 101-121. https://doi.org/10.1080/1750984X.2016.1168693

Gucciardi, D. F., Hanton, S., & Mallett, C. J. (2017). A comprehensive model of mental toughness in sport: Exploring the psychological founda-
tions. Sport and Exercise Psychology Review, 13(1), 70-89. https://doi.org/10.1016/j.jpsychores.2017.04.003

Martens, R., Vealey, R. S., & Burton, D. (2015). Social psychology in sport. Human Kinetics.

Mujika, I, et al. (2018). The role of physical conditioning and psychological resilience in sports performance. Journal of Sports Science and
Medicine, 17(2),201-212.

Papadopoulos, D., et al. (2020). The effect of cardiovascular fitness on mental toughness and resilience in soccer players. Psychology of Sport and
Exercise, 46, 101663. https://doi.org/10.1016/j.psychsport.2019.101663

Permadi, A. A., Subarjah, H., Sidik, D. Z., & Nuryadi, N. (2021). The Influence of Psychological (Mental) Training to Improve the Performance
of Football. JUARA : Jurnal Olahraga, 6(2), 162—170. https://doi.org/10.33222/juara.v6i2.1192

Raglin, J. S. (2014). Mental health and elite athletes: The role of physical condition and recovery strategies. International Journal of Sport and
Exercise Psychology, 12(1), 24-38. https://doi.org/10.1080/1612197X.2014.881953

Rasmussen, O. S. (2019). Validation of the Mental Skills Test — football ( MST-f') questionnaire: An exploratory analysis.

Sarkar, M., & Fletcher, D. (2014). Psychological resilience in sport performers: A review of the literature. Journal of Sport and Exercise Psychol-
ogy, 36(5), 550-565. https://doi.org/10.1123/jsep.2013-0236

Slimani, M., et al. (2017). Physical activity and mental health in athletes: 4 systematic review. Psychology of Sport and Exercise, 31, 1-12. https:/
doi.org/10.1016/j.psychsport.2016.12.004

Uphill, M. A., Jones, M., & Cooke, A. (2016). Sport and exercise psychology: A critical introduction. Routledge.

Weinberg, R., & Gould, D. (2019). Foundations of sport and exercise psychology (7th ed.). Human Kinetics.

Primljen: 20. april 2025. / Received: April 20, 2025
Prihvacen: 19. jul 2025. / Accepted: July 19, 2025

L

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

3 1 0 www.Siz-au.com



INSTRUCTION FOR AUTHORS SUBMITTING PAPERS

TITLE OF PAPER (TWO LINES AT THE MOST)
First and last name of the first author!, First and last name of the second author?
"Name of the Organization, Name of the Organization

Abstract: Every paper must contain the abstract. You should bring basic idea with final results of research to
abstract. Paper should be written according the guideline bellow. Abstract may contain up to 250 words.
Keywords: Maximum of five, key words or phrases, separated by commas.

The paper must contain clear introduction, problem statement, method of resolving the problem, results, conclu-
sion, and references. It shoud not contain more than 8 pages of A4 format (21 x 29.7 cm) including figures, tables,
references. Paper margins must be: top and bottom 2.5 cm, inside 2.5 cm and outside 2 cm. Pages are not ought to
be numbered.

The paper title (use 12 point Times New Roman type of text; the title must be highlighted with Bold option)
should be positioned in the middle of the first page, shifted two spaces, font size 10pt, below top margin. After the
title, one should leave one space, font sizel0 pt. The paper must be sent to the Scientific Board in electronic form
(DOC) via Paper Submission Form, or as an email attachment to siz@apeiron-edu.eu.

There should be a caption above the table, which says, for example ,,Table 1. Intercorrelation matrix”. Below the
figure, there should be the figure number and legend, for example “Figure 3: Work with preschoolers”.

The Editorial Board accepts manuscripts written in English (American English or British English) and option-
ally in Slavic language.

Manuscripts may be rejected if written in poor English or Slavic language. The author is fully responsible for
the style (formal, unbiased in any sense), language, and content of the paper. Yet, the Editorial Board has the right to
comment on the form and language of the paper before it is accepted for publication. A good, standard command of
grammar is expected in written English. Please, avoid non-standard abbreviations.

REFERENCE

It is necessary to cite all sources used for your paper. APA citation style is recommended.

Authors must write the Contact of the corresponding author with his/her full name, academic title, institution,
address, e-mail address and phone number (optionally).

REVIEW PROCESS

Submissions to the journal will initially be evaluated by the Editorial Board using several criteria: the appropri-
ateness of the topic and content for the journal; the editing (preparation of the manuscript) and format; and “general”
merit. If these criteria are met, the submission will undergo a double-blind review process by at least two acknowl-
edged and independent reviewers, with the review process taking up to 8 weeks.

Only the papers that receive positive reviews will be accepted. One of the crucial reasons for the review is to
provide quotations and references of relevant literature. The Editorial Board has the right to comment on the form of
the paper before it is accepted for publication. The Editorial Board is not obliged to publish papers in chronological
sequence of their receipt or in the sequence in which they have been accepted for publication. No substantial part of
the submission should have been published elsewhere. The adducing of the results in extracts, summaries, abstracts,
dissertations and Master’s theses, reviews and conference papers (up to three pages, containing abstracts, graphical
presentations and references) are not considered as publishing. If the manuscript contains the results that have already
been published, the author(s) must get the consent of the first publisher and quote the source clearly.

Decembar/December, 2025 31 1



UPUTSTVO ZA AUTORE

NASLOV RADA (NAJVISE DVA REDA)
Ime i prezime prvog autora', Ime i prezime drugog autora”
"Naziv organizacije, “Naziv organizacije

Sazetak: Svaki rad mora sadrzati sazetak. Sazetak treba da sadrzi osnovnu ideju sa kona¢nim rezultatima
istrazivanja. Rad treba pisati u skladu sa uputstvom u nastavku. Sazetak moze sadrzati do 250 rijeci.
Kljucéne rijeci: Najvise pet kljucnih rijeci ili fraza odvojenih zarezom.

Rad mora sadrzati jasan uvod, naveden problem, nacin rijeSavanja problema, rezultate, zakljucak i literaturu.
Rad ne treba da sadrzi viSe od 8 stranica formata A4 (21 x 29.7 cm), ukljucujuci slike, tabele i literaturu. Margine
moraju biti: gornja i donja 2,5 cm, unutrasnja 2,5 cm i spoljasnja 2 cm. Stranice ne treba da budu numerisane.

Naslov rada (koristite font Times New Roman 12; naslov mora biti oznacen opcijom Bold) treba da bude post-
avljen na sredini prve stranice, pomjeren za dva razmaka, veli¢ina fonta 10 pt, ispod gornje margine. Nakon naslova
treba ostaviti jedan razmak, veli¢ina fonta 10 pt. Rad mora biti poslat Nau¢nom odboru u elektronskom obliku (PDF
ili DOC) putem obrasca za podnosenje radova, ili kao prilog e-mail-u na siz@apeiron-edu.eu.

Trebalo bi da postoji natpis iznad tabele, koji navodi, na primjer, ,,Tabela 1. Interkorelaciona matrica“. Ispod
slike treba da bude broj i legenda, na primjer “Slika 3: Rad sa predskolskim djecom”.

Urednistvo prihvata rukopise napisane na engleskom (americki ili britanski engleski) i opciono na nekom od
slovenskih jezika.

Rukopisi mogu biti odbijeni ako su napisani na loSem engleskom ili slovenskom jeziku. Autor je u potpunosti
odgovoran za stil (formalan, nepristrasan u bilo kom smislu), jezik i sadrzaj rada. Ipak, Urednicki odbor ima pravo da
komentarise formu i jezik rada prije nego $to bude prihvacen za objavljivanje. O¢ekuje se dobra, standardna upotreba
gramatike u pisanom engleskom jeziku. Izbjegavajte nestandardne skracenice.

LITERATURA

Potrebno je navesti sve izvore koji se koriste za vas rad. Preporucuje se APA stil citiranja. Autori moraju da
navedu kontakt podatke autora sa njegovim/njenim punim imenom, akademskim nazivom, institucijom, adresom,
e-mail adresom i brojem telefona (opciono).

PROCEDURA RECENZIJE

Radovi poslati ¢asopisu ¢e najprije biti ocijenjeni od strane Urednistva imajuci u vidu nekoliko kriterijuma:
prikladnost teme i1 sadrzaja Casopisa; uredivanje (priprema rukopisa) i format; i “opsta” valjanost. Ako su ovi kriteriji
ispunjeni, rad ¢e biti poslat na dvostruku anonimnu recenziju od strane najmanje dva priznata i nezavisna recenzenta,
a proces recenzije moze trajati do 8 sedmica.

Samo radovi koji dobiju pozitivne recenzije ¢e biti prihvaceni. Jedan od presudnih razloga recenzije je navodenje
citata i referenci relevantne literature. Urednicki odbor ima pravo da komentarise formu rada prije nego $to on bude
prihvaéen za objavljivanje. Redakcija nije obavezna da objavljuje radove po hronoloskom redosledu njihovog pri-
jema ili po redoslijedu po kom su prihvaceni za objavljivanje. Nijedan znacajan dio rada ne treba da bude objavljen
negdje drugdje. Prikazivanje rezultata u izvodima, sazecima, kratkim pregledima, disertacijama i magistarskim teza-
ma, recenzijama i radovima sa konferencija (do tri stranice, koje sadrze sazetke, graficke prezentacije i literaturu) ne
smatra se objavljivanjem. Ako rukopis sadrzi rezultate koji su ve¢ objavljeni, autor(i) moraju dobiti pristanak prvog
izdavaca i jasno citirati izvor.

3 1 2 www.Siz-au.com



ETHICS

Publication ethics, disclosure policy and malpractice statement

Publication and authorship

All submitted articles are subject to strict peer-review process by at least two reviewers that are experts in the
area of the particular paper.

The factors that are taken into account in review are relevance, soundness, significance, originality, readabi-
lity and language.

The paper acceptance is constrained by such legal requirements as shall then be in force regarding libel,
copyright infringement and plagiarism.

For published articles, information on relevant potential conflicts of interest will be made available to the
public.

Authors’ responsibilities

Authors must certify that their manuscripts are their original work.

Authors must certify that the manuscript has not previously been published elsewhere.

In case a submitted manuscript is a result of a research project, or its previous version has been presented at a
conference in the form of an oral presentation (under the same or similar title), detailed information about the
project, the conference, etc. shall be provided navesti gde se navode. A paper that has already been published
in another journal cannot be reprinted in this journal.

Authors must certify that the manuscript is not currently being considered for publication elsewhere.
Authors must identify all sources used in the creation of their manuscript.

It is the responsibility of each author to ensure that papers submitted in this journal are written with ethical
standards in mind.

Reviewers’ responsibilities

Reviews should be conducted objectively, with no personal criticism of the author.

Reviewers are required to provide written, competent and unbiased feedback in a timely manner on the scho-
larly merits and the scientific value of the manuscript.

Reviewers should keep all information regarding articles confidential and treat them as privileged informa-
tion.

Reviewers must not have conflict of interest with respect to the research, the authors and/or the funding sour-
ces for the research. If such conflicts exist, the reviewers must report them to the Editor without delay.

Any selected referee who feels unqualified to review the research reported in a manuscript or knows that its
prompt review will be impossible should notify the Editor without delay.

Editors’ responsibilities

L]

Editors have complete responsibility and authority to reject/accept an article.

Editors are responsible for the contents and overall quality of the publication.

Editors should always consider the needs of the authors and the readers when attempting to improve the pu-
blication.

Editors should preserve the anonymity of reviewers.

Editors should act if they suspect misconduct, whether a paper is published or unpublished, and make all
attempts to persist in obtaining a resolution to the problem.

Editors should not reject articles based on suspicions.

Decembar/December, 2025 31 3



ETIKA

Etika objavljivanja, pravila objavljivanja i zloupotreba podataka

Objavljivanje i autorska prava

Svi pristigli ¢lanci podlijezu strogoj recenziji od strane barem dva recenzenta koji su strucnjaci iz oblasti
nauc¢nog rada.

Faktori koji se uzimaju u obzir prilikom recenzije su relevantnost, ispravnost, znacaj, originalnost, ¢itljivost
1jezik.

Prihvatanje rukopisa je ograni¢eno takvim zakonskim uslovima koje ¢e se primijeniti u slucaju klevete, zlo-
upotrebe autorskih prava i plagijata.

Kod objavljenih ¢lanka, informacije o relevantnim potencijalnim sukobima interesa bic¢e dostupne javnosti.

Odgovornosti autora

Autori moraju da potvrde da je njihov rukopis njihovo autorsko djelo.

Autori moraju da potvrde da njihov rukopis nije prethodno objavljen na nekom drugom mjestu.

U slucaju da je poslati rukopis rezultat nau¢noistrazivackog projekta ili da je, u prethodnoj verziji, bio izlozen
na skupu u vidu usmenog saopstenja (pod istim ili sli¢cnim naslovom), detaljniji podaci o projektu, konfe-
renciji i sli¢no, navode se u navesti gdje se navode. Rad koji je ve¢ objavljen u nekom ¢asopisu ne moze biti
prestampan u ovom casopisu.

Autori moraju da potvrde da se njihov rukopis trenutno ne razmatra za objavljivanje negdje drugdje.

Autori su duzni da navedu sve izvore koje su koristili u pisanju njihovog rukopisa.

Autori su duzni da se pridrzavaju etickih standarda koji se odnose na nau¢noistrazivacki rad.

Obaveze recenzenta

Recenzija mora biti objektivna. Komentari koji se ticu li¢nosti autora smatraju se neprimjerenim. Sud recen-
zenata mora biti jasan i potkrepljen argumentima.

Recenzenti bi trebalo svoje stavove da iskazu jasno, sa prate¢im argumentima.

Recenzenti bi trebalo da ¢uvaju u povjerenju sve informacije u vezi ¢lanka i smatraju ih privilegovanim in-
formacijama.

Recenzent ne smije da bude u sukobu interesa sa autorima ili financijerom istrazivanja. Ukoliko postoji sukob
interesa, recenzent je duzan da o tome momentalno obavijesti urednika.

Recenzent koji sebe smatra nekompetentnim za temu ili oblast kojom se rukopis bavi duzan je da o tome
obavijesti urednika.

Obaveze urednika

Urednici imaju punu odgovornost i ovlastenje da odbiju/prihvate ¢lanak.

Urednici su odgovorni za sadrzaj i ukupni kvalitet publikacije.

Urednici bi uvijek trebalo da razmotre potrebe autora i ¢itaoca pri pokuSaju da se poboljsa publikacija.
Urednici bi trebalo da sacuvaju anonimnost pregledanog ¢lanka.

Urednici bi trebali da osiguraju da je sav materijal koji objavljuju u skladu sa medunarodno prihvaljivim
etickim smjernicama.

Urednici bi trebalo da djeluju ukoliko posumnjaju na zloupotrebu, bez obzira da li je rad objavljen ili ne, i
preduzmu mjere kako bi uspjeli da rijeSe problem.

Urednici ne bi trebalo da odbace ¢lanak na osnovu sumnje.
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