ra:/ SPORTSKE NAUKE
(
D) | ZDRAVLIJE

Naucno-strucni Casopis iz oblasti sportskih i medicinsko-rehabilitacionih nauka
Scientific Journal in Sports and Medical-Rehabilitation Science

ISSN 2232-8211 (Print)
ISSN 2232-822X (Online)
Godina 16 ® Broj 2
Septembar 2026.
Republika Srpska
Bosna i Hercegovina

Volume 16 e Issue 2
September 2026

The Republic of Srpska
Bosnia and Herzegovina

UDC: 612
UDC: 613
UDC: 796

WwWWwWWw.Ssiz-au.com

1:; APEIRON
-3 VLUENbOH



SPORTSKE NAUKE | ZDRAVLIJE

SPORTS SCIENCE AND HEALTH
Naucno-strucni ¢asopis iz oblasti sportskih i medicinsko-rehabilitacionih nauka
Scientific Journal in Sports and Medical-Rehabilitation Science

lzdavac/Published by Pancvropski univerzitet Apeiron” Banja Luka/ Pan-European University Apeiron” Banja Luka, Bosnia and Herzegovina
Urednik izdavaca/Editor of University Publications Aleksandra Vidovié, Pan-European University Apeiron” Banja Luka, Bosnia and Herzegovina

Glavni urednik/Editor-in-Chief
odgovorni urednik/Editor

Redakcijski odbor/Editorial Board Naucni odbor/Scientific Board

Velibor Stdi¢, Pan-European University Apeiron” Banja Luka, Bosnia and Herzegovina

Osmo Bajrié, Pan-European University Apeivon” Banja Luka, Bosnia and Herzegovina

Aleksandar Jankovi¢, University of Novi
Sad, Serbia

Branislav Mihajlovi¢, Pan-European
University “Apeiron”, Bosnia and
Herzegovina

Damir Sekuli¢, Faculty of kinesiology
Split, Croatia

Igor Juki¢, Kinezioloski fakultet, Sveuciliste
u Zagrebu, Hrvatska

Ivan Prskalo, Uciteljski fakultet Sveucilista
u Zagrebu, Hrvatska

Izet Rado, University of Sarajevo, Bosnia
and Herzegovina

Josip Lepes, Ferenc Gal College Szeged,
Hungary

Jovan Culum, Pan-European University
“Apeiron”, Bosnia and Herzegovina

Kemal Idrizovi¢, University of Montenegro,
Montenegro

Marko Badri¢, University of Zagreb

Meta Zagorc, University of Ljubljana,
Slovenia

Milan Nesi¢, Educons University, Serbia

Milovan Brati¢, University of Nis, Serbia

Nenad Ponorac, University of Banja Luka,

Bojan Kozomara, Pan-European University “Apeiron”, Bosnia and Herze-
govina

Branimir Mikic¢ , University of Travnik, Bosnia and Herzegovina

Boyanka Peneva, Sports Academy “Vasil Levski”, Bulgaria

Dusko Bjelica, University of Montenegro, Montenegro

Goran Bosnjak, University of Banja Luka, Bosnia and Herzegovina

Goran Oreb, University of Zagreb, Croatia

Jasenka Miljus, Pan-European University “Apeiron”, Bosnia and Herzegovina

Ludmil Petrov, St. Cyril and Methodius University of Veliko Tarnovo, Bulgaria

Marko Stojanovi¢, University of Novi Sad Serbia

Miodrag Spasic, Faculty of kinesiology Split, Croatia

Nikolaos Oxizoglou, Regional Directory of State School Advisor of Physical
Education Halkidiki & Thessaloniki, Greece

Velimir Vukajlovi¢, Pan-European University “Apeiron”, Bosnia and Herze-
govina

Zeljka Cvijeti¢, Pan-European University “Apeiron”, Bosnia and Herzegovina

Bosnia and Herzegovina

Nijaz Skender, Pedagoski fakultet, Univer-
zitet u Bihacu, Bosna | Hercegovina

Osmo Bajri¢, Pan-European University
“Apeiron”, Bosnia and Herzegovina

Ratko Pavlovi¢, University of East Sarajevo,
Bosnia and Herzegovina

Slobodan Goranovi¢, University of Banja
Luka, Bosnia and Herzegovina

Slobodan Simovi¢, University of Banja
Luka, Bosnia and Herzegovina

Stamenko Susak, University of Novi Sad,
Serbia

Visnja Dordic, University of Novi Sad, Serbia

Vladan Pelemis, University of Belgrade,
Serbia

Vladimir Koprivica, University of Belgrade,
Serbia

Yulia Mutafova, Sports Academy “Vasil
Levski”, Bulgaria

Zoran Mili¢, University of Novi Sad, Serbia

Zarko Kostovski, St. Cyril and Methodius
University, Macedonia

Zivorad Malicevi¢, Pan-European Universi-
ty “Apeiron”, Bosnia and Herzegovina

Kancelarija/0ffice Sekretar i tehnicka podrska/

Panevropski univerzitet “Apeiron”

Pere Krece 13, 78000 Banja Luka,

Pan-European University “Apeiron”

Pere Krece 13, 78000 Banja Luka,

Secretariat and Technical Support
Lektura/Text editing

Oliver Kritka, Bosnia and Herzegovina
Tanja Anici¢, Tijana Vasiljevi¢

Bosna i Hercegovina Bosnia and Herzegovina Dizajn/Design Sretko Boji¢
tel. +387 (0) 51247 975, tel. +387 (0) 51247 975, Web dizajn/Web Design Marko Milovanovi¢
fax +387 (0) 51430921 fax +387 (0) 51430921 &tampa/Printed by MARKOS, Banja Luka

siz@siz-au.com
WWW.siz-au.com

siz@siz-au.com
WWW.siz-au.com

Tiraz: 300 kom. /Printed in 300 copies/

Tematske oblasti/Themes:

Preschool education in the function of child development

o Predikolsko vaspitanje u funkciji razvoja djece .
e Savremeno $kolsko fizi¢ko vaspitanje u funkciji pravilnog rasta i razvoja djece i omladine e Modern school physical education in the function of proper growth and development of
e Savremeno fizi¢ko vaspitanje i zdravlje mladih children and youth
e Studentski sport kao faktor zdravog Zivljenja e Modern physical education and youth health
o Sport u funkciji rekreacije gradana- stanovnitva i zdravlja o University sports as a factor of healthy living
e Sportsko- rekreativne aktivnosti kao faktor borbe protiv stresa e Sport in the function of recreation and health of citizens
e Primjena sportsko-rekreativnih aktivnosti u promjeni nacina Zivota ljudi e Sports and recreational activities as anti-stress factor
e Moderne sportsko-rekreativne aktivnosti (fitnes, ckstremni sportovi i dr.) I zdravlie e  Use of sports and recreational activities in the change of people’s lifestyle
vjezbaca e Modern sports and recreational activities (fitness, extreme sports, etc.) and health of exercisers
o Korektivna gimnastika i kineziterapija u otklanjanju posturalnih poremeéaja e Corrective exercises and kinetic therapy in the elimination of postural disorders
e Sport osoba sa posebnim potrebama u funkciji osposobljavanja za zivot i rad o Sport for people with special needs as a function of training for life and work
e Sport invalida kao faktor zdravlja i resocijalizacije o Disabled sports as a factor of health and social reintegration
o Vrhunski sport i zdravlje o Top sportand health
o Ostale aktuelne teme vezane za sportske nauke i zdravlje o Other current topics related to sports science and health

Indexed in:

e ebscohost.com

CiteFactor

dCpmexa  doisrpska.nub.rs

ERIHJNIE  erihplus.nsd.no

citefactor.org/contact fras®l  crossref.org Y Aiioac  Worldcat.org

scopus.com R@AD road.issn.org s doaj.org
Goo 3|C scholar.google.com L1 cosmosimpactfactor.com 11 esjindex.org
uDe 612 SPORTS SCIENCE AND HEALTH is registered with the Ministry of Science and Technology of the Republic of Srpska by serial registration code
UDC 613 07.030-053-85-2/11, date 08.02.2011., number 612.
UDC 796 SPORTS SCIENCE AND HEALTH (ISSN 2232-8211) is an international journal published three times a year.



ISSN 2232-8211 (Print)
ISSN 2232-822X (Online)

SPORTSKE NAUKE | ZDRAVLIJE

SPORTS SCIENCE AND HEALTH

Vol. 16 (2026) No. 2 (197-360)

SADRZAJ / CONTENTS

DIGITAL MARKETING STRATEGIES OF SPORTS ORGANIZATIONS IN THE FUNCTION OF INCREASING CITIZEN PARTICIPATION IN SPORTS AND
RECREATION ...ttt et ettt et s et e et e st e st eas e eme e ems e eme e ee s e eaeeee e e st e et e st en s e ems e ems e ems e emseee e e ea s e st e es e e seenseemseenseemseanteenseaneesnsenneenenanne 201
Digitalne marketing strategije sportskih organizacija u funkciji poveéanja participacije gradana u sportu i rekreaciji

Nina Uremovi¢, Mirjana Landika, Vanja Sredojevié¢

Applicability of Motor Assessments in Monitoring Physical Exercise Outcomes in Children with Autism Spectrum Disorder:
SCOPINEZ REVICW ...ttt ettt ettt ettt et et e b et e st e e bt es e ea e e st en e en s e s e b e eb e et e et e esees e entemten s e s e s e st s e es e en e entensen s e s e ebeeseeseeseententensenbenbeaseeneeneenean 216

S‘avija Doris, Romanov Romana, Stupar Dusan, Beretic¢ Igor, Balbekov Denis, Skrbié Iva
Comparing Dichotomous and Polytomous Instruments in Cdm-Based Swimming Technique ASSESSMENt .............cccoeerieieerieisienieereeanens 226
Fifukha Dwi Khory, Ali Maksum, Suroto, Setiyo Hartoto, Taufiq Hidayat, Bayu Budi Prakoso

Comparison of the Effects of a 6-Week FIFA 11+ Program and Harmoknee on Jumping Ability Improvement in Amateur

Female Football Players
Eggy Nur Arfiansyah, Ahmad Nasrulloh, Sigit Nugroho, Sumaryanti, Ahmad Abdullah

Differences in Flexibility Between Urban and Rural Elementary School Children: A Pilot Study........ccoevvevierininininiiieieeeeeeeeeee 241

Sona Jandova, Jana Hajkova, Viktorie Lautnerova

Effects of an adapted physical activity program integrated with applied behavior analysis in children and adolescents
with autism spectrum diSOTAET: @ PILOt STUAY ....eovieuieieieieieiteete ettt ettt e et et e e b e et e eseeseesaessessesessesseeseeseeseessensensensensenseeseeneenes 247
Giuseppe Giardullo, Giuseppe Di Lascio, Emanuele D’Angelo, Manuele Taleb, Luca Molinaro

Effects of Different Group Fitness Programs on Body Composition and Functional Capacity ...........ccceecververereneneneninieieieeieseeeeeeeeees 255
Bojan Bjelica, Slavko Dragosavljevié¢, Sara Luci¢, Tijana Perovi¢, Ranka Perucica, Dzenana Imamovic¢ Turkovic¢
Enhancing Short-Pass Performance And Engagement Through 5 V 5 Small-Sided Games in Young Football Athletes............ccccccovirccnnne 263

Yahya Eko Nopiyanto, Ipa Sari Kardi, Cahyo Wibowo, Ibrahim, Nur Fathanah

Evaluation of Forehand and Backhand Technique: An Experimental Study of Training Effectiveness in Table Tennis ..........ccccccceeeeenennnne. 270
Agus Gumilar, Eko Purnomo, Burhan Hambali, Yogi Akin, Nuryadi, Jajat Darajat KN, Mudjihartono, Tri Martini

Impact of Sporting Events on Destination Tourism Offer: Case study of Pannonian Challenge and DOBRO World Cup........ccceceevvircennene 277
Tvrtko Galic¢

The Influence of Explosive Strength, Isokinetic Potential, and Stability on the Performance Success of the Uchi-mata
Throw TEChNIGUE 1N STUACIIES ......eiiuiiiietiitieiet ettt et b bbbttt ettt s et et eb et e st et e e eb et e st et et e bt st e st e ke ebe et et ebe st est et et ebesaeneabens 290
Merima Merdan, Amel Meki¢, Safet Kapo, Berina Turkovié-Malki¢, Dzenana Imamovic-Turkovié, Husnija Kajmovi¢

An Examination of the Effect of Socioeconomic Status on Young People’s Participation in SPOrt.........cceecveverererenenenieieieecseseeeeeene 297
Gokhan Acar, Kayhan Serin

Bibliometric Mapping of Gamification Research in Education: A Scopus-Based Study (2016-2025) ..ccoovvereeviireierinieieieieieieeeeee e 305
Alfroki Martha, Ismira, Nova Hayati, Jeki Haryanto, Yuriszulmi, Meria Ultra Gusteti

Evaluating the Influence of Aerobic Exercise on Body Composition in Adolescents: A Systematic REVIEW ........cccceevirieieiienenenincnce 316
Mima Stankovic¢, Josefina Duzel, Mislav Lozovina

High-Protein Sports Snack Formulations and Their Impact on Muscle Strength and Musculoskeletal Health: A Systematic Review............ 324
Wilda Welis, Darni, Maidawilis, Erpita Yanti, Rully Effendi

The Importance of Landing Biomechanics in Injury Prevention in Artistic Gymnastics: A Systematic ReVIEW .........cccceevieierienienenenenenne. 329

Zulbahri, Rully Effendi, Liliana Puspa Sari, Ika Endah Puspita Sari, Andra Rizky Putra, Randi Kurniawan, Abdul Aziz Purnomo Shidiq
The Potential Application of Neck-Head Cooling During Matches as a Thermoregulatory Strategy to Optimize Badminton Athletes’

Performance: A SCOPINEZ REVIEW ......cuiiiiiiiiieiieiieie ettt ettt b e bbb e st e s e s et e b e e b e e bt e bt eh e es s eab et et e be e bt ebeeseebteseententenbebeebeeneeneens 336
Muhammad Labib Siena Ar Rasyid, Agus Hariyanto, Oce Wiriawan, Afif Rusdiawan, Dewangga Yudhistira

The Effect of the Basketball Program on the Transformation of Motor Skills of Ten-Years Old School Children ............cccceceveoiienninccnnne 345
Gordana Glisovié

INSTRUCTION FOR AUTHORS SUBMITTING PAPERS......cuteutiutiutetentententeettettentestesensesstestestestessessessessessestesueebtetsessessensenaesaeeseeseeseestentensensebesuesueeueene 355

UPDULSEVO Z8 AULOTE ...eueutenteieeteeteeteettestete bt e bt et eseeatestestessesbeebeebeeheeseestestessenseaseebeebees e eseeseentemten b e b e eb e eh e eh e es s entensen s e beebeebeebeebeestententenbebeebeebeeneens 356

EITHICS .ttt ettt ettt h e e bt e bt e bt e bt e st e st e st ea s et e e bt bt eh e e s e e R £ e et ea b et e bt bt ekt ekt eh £ ea b e n b et et e bt e bt e bt eh e e h e en b et et e beeheebeeneenes 357

EEETK@ .ttt ettt h koo h et e R ek e e Rt Ees e b et eR e ke R e R e s eR e b oAt e b et e R e b e R e e Rt e st bt eE et e st et et en et nt et et eneaeen 358

Godisnja pretplata 60 EUR-a /Annual subscription is 60 EUR; Full-text available free of charge at http://www.siz-au.com




Dragi citaoci,

pred vama je novo izdanje casopisa ,,Sportske nauke i zdrav-
lie”, koje donosi bogat korpus savremenih istrazivanja. Ovaj
broj okuplja radove eminentnih domacih i medunarodnih auto-
ra koji nude konkretna resenja i teorijske doprinose kineziolos-
koj nauci. Urednistvo je u ovaj broj uvrstilo 18 radova autora
iz: Bosne i Hercegovine, Srbije, Hrvatske, Turske, Indonezije,
Ceske i Italije.

U ovom broju, citaoci i strucna javnost imace priliku da
se upoznaju sa sledec¢im naucnim i strucnim radovima: ispi-
tivanju uticaja socioekonomskog statusa na ucesce mladih u
sportu, formulaciji sportskih grickalica sa visokim sadrzajem
proteina i njihov uticaj na snagu misica i muskuloskeletno
zdravlje: sistematski pregled, znacaj biomehanike doskoka u
prevenciji povreda u sportskoj gimnastici: sistematski pregled,
poredenju efekata Sestonedeljnog programa FIFA 11+ i Har-
moknee na poboljsanje sposobnosti skakanja kod amaterskih
fudbalerki, unapredenju izvodenja kratkih pasova i angazova-
nosti kroz situacione igre 5 na 5 kod mladih fudbalera, razli-
kama u fleksibilnosti izmedu ucenika osnovnih skola iz urba-
nih i ruralnih sredina: pilot studija, uticaju eksplozivne snage,
izokinetickog potencijala i stabilnosti na uspesnost izvodenja
dzudo tehnike Uci-mata kod studenata, potencijalnoj prime-
na hladenja vrata i glave tokom meceva kao termoregulatorne
strategije za optimizaciju performansi badmintonera, digital-
noj marketing strategiji sportskih organizacija u funkciji po-
vecanja participacije gradana u sportu i rekreaciji, efektima
razlicitih grupnih fitnes programa na telesni sastav i funkci-
onalni kapacitet, poredenju dihotomnih i politomnih instru-
menata u proceni tehnike plivanja zasnovanoj na kognitivnim
modelima dijagnostike, evaluaciji forhend i bekhend tehnike:
eksperimentalna studija efikasnosti treninga u stonom tenisu,
evaluaciji uticaja aerobnog vezbanja na telesni sastav kod
adolescenata: sistematski pregled, bibliometrijskom mapira-
nju istrazivanja gejmifikacije u obrazovanju: studija zasnova-
na na Scopus bazi (2016-2025), efektima programa prilago-
dene fizicke aktivnosti integrisanog sa primenjenom analizom
ponasanja kod dece i adolescenata sa poremecajem iz spektra
autizma: pilot studija, uticaju kosSarkaskog programa na tran-
sformaciju motorickih sposobnosti desetogodisnjih osnovaca,
uticaju sportskih dogadaja na turisticku ponudu destinacije:
studija slucaja Pannonian Challenge i DOBRO World Cup, te
primenljivosti motorickih procena u pracenju ishoda fizickog
vezbanja kod dece sa poremecajem iz spektra autizma.

Urednistvo izrazava veliku zahvalnost svim autorima na
poverenju i izuzetnom naucnom doprinosu, kao i recenzentima
koji su svojim strucnim recenzijama obezbedili visok kvalitet
publikovanih radova. Casopis nastavlja da raste i sluzi kao
nezamenjiv izvor znanja za akademsku zajednicu, trenere i
zdravstvene radnike.

UREDNISTVO CASOPISA

Dear readers,

In front of you is the new edition of the Journal “Sports Sci-
ence and Health”, which brings a rich corpus of contemporary
research. This issue gathers papers by eminent domestic and
international authors who offer concrete solutions and theo-
retical contributions to kinesiological science. The Editorial
Board has included 18 papers in this issue, authored by re-
searchers from Bosnia and Herzegovina, Serbia, Croatia, Tur-
key, Indonesia, the Czech Republic, and Italy.

In this issue, readers and the professional public will
have the opportunity to familiarize themselves with the fol-
lowing scientific and professional papers: an examination of
the effect of socioeconomic status on young people’s partici-
pation in sport, high-protein sports snack formulations and
their impact on muscle strength and musculoskeletal health:
a systematic review, the importance of landing biomechanics
in injury prevention in artistic gymnastics. a systematic re-
view, comparison of the effects of a 6-week FIFA 11+ program
and harmoknee on jumping ability improvement in amateur
female football players, enhancing short-pass performance
and engagement through 5 v 5 small-sided games in young
football athletes, differences in flexibility between urban and
rural elementary school children: a pilot study, the influence
of explosive strength, isokinetic potential, and stability on the
performance success of the uchi-mata throw technique in stu-
dents, the potential application of neck-head cooling during
matches as a thermoregulatory strategy to optimize badminton
athletes’ performance, digital marketing strategies of sports
organizations in the function of increasing citizen participa-
tion in sports and recreation, effects of different group fitness
programs on body composition and functional capacity, com-
paring dichotomous and polytomous instruments in cdm-based
swimming technique assessment, evaluation of forehand and
backhand technique: an experimental study of training ef-
fectiveness in table tennis, evaluating the influence of aerobic
exercise on body composition in adolescents: a systematic re-
view, bibliometric mapping of gamification research in educa-
tion: a scopus-based study (2016-2025), effects of an adapted
physical activity program integrated with applied behavior
analysis in children and adolescents with autism spectrum dis-
order: a pilot study, the effect of the basketball program on the
transformation of motor skills of ten-years old school children,
impact of sporting events on destination tourism offer: case
study of pannonian challenge and dobro world cup, as well
as applicability of motor assessments in monitoring physical
exercise outcomes in children with autism spectrum disorder.

The Editorial Board expresses its deepest gratitude to all
authors for their trust and exceptional scientific contribution,
as well as to the reviewers whose professional evaluations
ensured the high quality of the published papers. The journal
continues to grow and serve as an indispensable source of
knowledge for the academic community, coaches, and health-
care professionals.

EDITORIAL BOARD OF THE JOURNAL
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Abstract: This paper analyzes the effect of modern
digital marketing strategies of sports organizations on
increasing the involvement of citizens in recreational
activities. The focus is on multi-channel content distri-
bution models (OTT and FAST), socialfirst approaches
and Al-based personalization. The research is based on
secondary data that are standardized and recombined
into a simulated dataset of 20 units, which enables the
application of basic statistical techniques. Descriptive
analysis, Poisson GLM models, and nonparametric tests
were applied to assess the impact of digital strategies
on digital reach and audience response. The results of
the Poisson GLM model show that FAST platforms have
the strongest positive effect on the number of views (f
= 0.4539;, p = 0.0661), while OTT platforms have a
moderate, but statistically insignificant contribution (p
= 0.337; p = 0.1708). The number of digital channels
shows a weak negative effect (f =—0.1123; p = 0.2055).
Ttest does not confirm that Al personalization signifi-
cantly affects the open rate (p = 0.8582). The findings
indicate the existence of a positive, but limited statisti-
cally substantiated trend in favor of multichannel and
FAST distribution models. Limitations arise from a small
and simulated sample, which reduces the possibility of
generalizing the results. However, the paper contributes
to the literature by connecting digital platforms with the
potential to increase the information and motivation of
citizens in the field of recreational sports. In addition, the
results of the research indicate that the effects of mod-
ern digital marketing strategies depend on the way they
are integrated and optimized, and not exclusively on the
number of channels used. Of particular importance is the
quality of content and the adaptation of communication
to specific target groups, which creates the preconditions
for a long-term increase in the participation of citizens in
sports and recreation.

Keywords: Digital marketing, sports management, Al
in marketing, digital content management

nina.d.uremovic@apeiron-edu.eu

SaZetak: Ovaj rad analizira efekat savremenih digi-
talnih marketinskih strategija sportskih organizacija na
povecanje ukljucenosti gradana u rekreativne aktivnosti.
Fokus je na multikanalnim modelima distribucije sadrza-
ja (OTT i FAST), social-first pristupima i Al-zasnovanoj
personalizaciji. Istrazivanje se zasniva na sekundarnim
podacima koji su standardizovani i rekombinovani u
simulirani dataset od 20 jedinica, ¢ime je omogucena
primjena osnovnih statistickih tehnika. Primijenjeni su
deskriptivna analiza, Poisson GLM modeli i neparame-
trijski testovi radi procjene uticaja digitalnih strategija
na digitalni domet i reakcije publike. Rezultati Poisson
GLM modela pokazuju da FAST platforme ostvaruju naj-
snazniji pozitivan efekat na broj pregleda (f = 0.4539;
p = 0.0661), dok OTT platforme imaju umjeren, ali sta-
tisticki neznacajan doprinos (f = 0.337;, p = 0.1708).
Broj digitalnih kanala pokazuje slab negativan efekat (8
= —0.1123; p = 0.2055). T-test ne potvrduje da Al-per-
sonalizacija znacajno utice na open rate (p = 0.8582).
Nalazi ukazuju na postojanje pozitivnog, ali ograniceno
statisticki potkrijepljenog trenda u korist multikanalnih
i FAST modela distribucije. Ogranicenja proisticu iz
malog i simuliranog uzorka, Sto smanjuje mogucnost
generalizacije rezultata. Ipak, rad doprinosi literaturi
time Sto povezuje digitalne platforme sa potencijalom za
povecanje informisanosti i motivacije gradana u oblasti
rekreativnog sporta. Dodatno, rezultati istrazivanja uka-
zuju da efekti savremenih digitalnih marketing strategija
zavise od nacina njihove integracije i optimizacije, a ne
iskljucivo od broja koriséenih kanala. Poseban znacaj
ima kvalitet sadrzaja i prilagodavanje komunikacije spe-
cificnim ciljnim grupama, ¢ime se stvaraju preduslovi za
dugorocno povecanje participacije gradana u sportu i
rekreaciji.

Kljucéne rijeci: Digitalni marketing, sportski me-
nadzment, AI u marketingu, upraviljanje digitalnim sa-
drzajem

Septembar/September, 2026
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INTRODUCTION

The digital transformation of sport has significantly
changed the way sports organizations interact with audi-
ences. The upward trend in the use of social networks,
dedicated applications, streaming services and datadriv-
en technologies has led to digital engagement becoming
a key indicator of the success of sports organizations. In
this context, an important role is played by all interest
groups with which clubs can communicate through vari-
ous digital channels.

The subject of this scientific paper is the application
of modern digital marketing strategies in the function of
increasing the participation of citizens in sports and rec-
reation. The purpose of the research is to analytically ex-
amine the way in which sports organizations use digital
marketing, and in particular advanced digital strategies
that contribute to increasing citizen participation in sport.

The research aims to offer a systematic overview of
secondary data, identify key trends in digital sports mar-
keting and point out how digital technologies affect citi-
zens’ behaviour when it comes to sport and recreation.
The aim is also to use statistical tests to verify the cred-
ibility and accuracy of the hypotheses and to theoreti-
cally explain the impact of digital tactics and strategies
on the behavior of citizens. The research problem of this
paper stems from the fact that, despite the growth in the
use of digital strategies in sports marketing, there is still
not enough empirical evidence on which digital tactics
actually increase citizen participation in sports and rec-
reation.

The contemporary context of sport and recreation
is increasingly marked by social challenges such as a de-
crease in physical activity, an increase in sedentary life-
style and inadequate motivation of citizens to engage in
organized or independent recreational activities. In this
sense, digital marketing of sports organizations does
not have an exclusively promotional function, but also a
broader social role in informing, educating and motivat-
ing citizens to healthier lifestyle habits. The effective use
of digital channels enables sports organizations to tailor
messages to different target groups, connect with the lo-
cal community and encourage long-term citizen partici-
pation in sports and recreation.

The paper presents one main and two auxiliary hy-
potheses. The empirical part of the paper is based on the
analysis of secondary data sources and the application of
statistical methods, including descriptive analysis, corre-
lation tests and regression models. Microsoft Excel was
used to process the data and perform statistical calcula-
tions.

Uvobp

Digitalna transformacija sporta znacajno je izmije-
nila na¢in na koji sportske organizacije komuniciraju sa
publikom. Trend rasta kori$¢enja druStvenih mreza, na-
mjenskih aplikacija, streaming servisa i data-driven teh-
nologija doveo je do toga da digitalni angazman postane
klju¢ni indikator uspjeSnosti sportskih organizacija. U
tom kontekstu, vaznu ulogu imaju sve interesne grupe
sa kojima klubovi mogu da komuniciraju kroz razlicite
digitalne kanale.

Predmet istrazivanja ovog nau¢nog rada je primjena
savremenih digitalnih marketing strategija u funkciji po-
vecanja uceSca gradana u sportu i rekreaciji. Svrha istra-
zivanja jeste da se analitiCki ispita nacin na koji sport-
ske organizacije koriste digitalni marketing, a posebno
napredne digitalne strategije koje doprinose povecanju
participacije gradana u sportu.

Istrazivanje ima za cilj da ponudi sistemski pre-
gled sekundarnih podataka, identifikuje kljucne trendove
u digitalnom sportskom marketingu i ukaze na to kako
digitalne tehnologije uti¢u na ponasanje gradana kada
je u pitanju sport i rekreacija. Cilj je i da se statistiCkim
testovima provjeri vjerodostojnost i tatnost postavljenih
hipoteza te da se teoretski objasni uticaj digitalnih taktika
i strategija na ponasanje gradana. Istrazivacki problem
ovog rada proizilazi iz ¢injenice da, uprkos rastu korisée-
nja digitalnih strategija u sportskom marketingu, josS uvi-
jek ne postoji dovoljno empirijskih dokaza o tome koje
digitalne taktike zaista povecavaju participaciju gradana
u sportu i rekreaciji.

Savremeni kontekst sporta i rekareacije sve vise je
obiljezen druStvenim izazovima poput smanjenja fizicke
aktivnosti, porasta sedentiranog nacina zivota i neodgo-
varajuce motivacije gradana za ukljucivanje u organizo-
vane ili samostalne rekreativne aktivnosti. U tom smislu,
digitalni marketing sportskih organizacija nema iskjluci-
vo promotivnu funkciju, ve¢ i Siru drustvenu ulogu u in-
formisanju edukaciji i motivisanju gradana ka zdravijim
zivotnim navikama. Efikasno korisc¢enje digitalnih kana-
la omogucava sportskim organizacijama da prilagode po-
ruke razli¢itim ciljnim grupama, povezu se sa lokalnom
zajednicom 1 podstaknu dugorocnu participaciju gradana
usportu i rekreaciji.

Rad predstavlja jednu glavnu i dvije pomo¢ne hi-
poteze. Empiriski dio rada zasnovan je na analizi sekun-
darnih izvora podataka i primjeni statistickih metoda,
ukljucujuéi deskriptivnu analizu, korelacione testove i
regresione modele. Za obradu podataka i izvodenje sta-
tistiCkih izracuna koristen je Microsoft Excel.

202

www.Siz-au.com



NINA UREMOVIC, ET AL,

DIGITALNE MARKETING STRATEGIE SPORTSKIH ORGANIZACIJA U FUNKCIJI POVECANJA PARTICIPACIE GRADANA U SPORTU | REKREACHI

SPORTS SCIENCE AND HEALTH 16(2):201-215

LITERATURE REVIEW

The literature review includes key academic and
industry sources that analyze contemporary digital strat-
egies in sports marketing, with a particular focus on om-
nichannel models, socialfirst approaches, and Al person-
alization.

Digital marketing in the modern sports environment
has become one of the key mechanisms for increasing citi-
zen participation in recreation. Multi-channel distribution
platforms such as OTT and FAST models significantly ex-
pand the availability of sports content to a wider popula-
tion and stimulate interest in recreational activities (Mar-
kets, 2025). According to Deloitte Digital (2025), sports
organizations that implement socialfirst strategies record
a higher growth in overall digital reach, which affects citi-
zens’ awareness of sports programs and motivates them
to engage in activities that contribute to health (Digital.,
2025). Deloitte Digital’s results are in line with industry
trends that indicate that organizations with a pronounced
social-first approach achieve more stable growth in digital
reach compared to traditional promotional models.

Leite (2024) emphasizes that Al-based personaliza-
tion strategies have significant potential in bringing sports
content closer to different age groups of citizens, as they
enable the creation of recommendations according to indi-
vidual needs and interests. (Leite, 2024). However, most
of the available work focuses on the potential of Alper-
sonalization, while empirical studies on its real impact on
citizens’ behavior are still lacking. SportsPro (2025) points
out that promotional campaigns with video formats and
real-time posts increase audience engagement and facili-
tate access to information about available recreational pro-
grams. (SportsPro, 2025) These results complement previ-
ous sources and indicate that different digital formats play
a different role in increasing audience engagement.

The digitalization of the sports sector, as stated by
Mati¢ and Maksimovi¢ (2023), affects the transforma-
tion of the way recreational activities are planned and
promoted, especially in the context of increasing aware-
ness of the health benefits of physical activity. (Mati¢ &
Maksimovi¢, 2023) Uremovi¢, Landika and Sredojevié¢
(2025) add that the specifics of the promotional mix in
sports have a strong impact on the perception of recre-
ation in the population, because the emotional connec-
tion and experiential elements of the content affect citi-
zens’ decisions about participation in sports. (Uremovic,
Landika, & Sredojevi¢, 2025)

Although the available literature points to the
growth of the use of digital technologies in sports mar-
keting, most papers primarily describe trends, while em-

PREGLED LITERATURE

Pregled literature obuhvata klju¢ne akademske i
industrijske izvore koji analiziraju savremene digitalne
strategije u sportskom marketingu, sa posebnim fokusom
na multikanalne modele, social-first pristupe i Al-perso-
nalizaciju.

Digitalni marketing u savremenom sportskom okru-
zenju postao je jedan od klju¢nih mehanizama za pove-
¢anje participacije gradana u rekreaciji. Multikanalne
distribucione platforme poput OTT i FAST modela zna-
¢ajno prosiruju dostupnost sportskog sadrzaja Siroj po-
pulaciji i podsticu interesovanje za rekreativne aktivnosti
(Markets, 2025). Prema Deloitte Digital (2025), sportske
organizacije koje primjenjuju social-first strategije bi-
ljeze veci rast ukupnog digitalnog dometa, Sto utice na
informisanost gradana o sportskim programima i motivi-
Se ih da se ukljuce u aktivnosti koje doprinose zdravlju
(Digital., 2025). Rezultati Deloitte Digital u skladu su sa
industrijskim trendovima koji ukazuju da organizacije s
izrazenim social-first pristupima ostvaruju stabilniji rast
digitalnog dometa u odnosu na klasi¢ne promotivne mo-
dele.

Leite (2024) naglasava da Al-zasnovane personali-
zacione strategije imaju znacajan potencijal u pribliza-
vanju sportskih sadrzaja razli¢itim starosnim grupama
gradana, jer omogucéavaju kreiranje preporuka prema
individualnim potrebama i interesima. (Leite, 2024).
Ipak, vecina dostupnih radova fokusira se na potencijal
Al-personalizacije, dok empirijskih studija o njenom
stvarnom uticaju na ponasanje gradana jos uvijek nema
dovoljno. SportsPro (2025) istice da promotivne kampa-
nje sa video formatima i real-time objavama poveéavaju
angazman publike i olakSavaju pristup informacijama o
dostupnim rekreativnim programima. (SportsPro, 2025)
Ovi rezultati dopunjuju prethodne izvore i ukazuju da ra-
zliciti digitalni formati imaju razli¢itu ulogu u povecanju
angazmana publike.

Digitalizacija sportskog sektora, kako navode Ma-
ti¢ 1 Maksimovi¢ (2023), utiCe na transformaciju nacina
planiranja i promocije rekreativnih aktivnosti, posebno u
kontekstu povecanja svijesti o zdravstvenim benefitima
fizicke aktivnosti. (Mati¢ & Maksimovic¢, 2023) Uremo-
vi¢, Landika i Sredojevi¢ (2025) dodaju da specifi¢no-
sti promotivnog miksa u sportu imaju snazan uticaj na
percepciju rekreacije u populaciji, jer emocionalna po-
vezanost 1 iskustveni elementi sadrzaja utiCu na odluke
gradana o uces¢u u sportu. (Uremovié¢, Landika, & Sre-
dojevi¢, 2025)

Iako dostupna literatura ukazuje na rast primjene di-
gitalnih tehnologija u sportskom marketingu, vecina ra-
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pirical evidence on the direct impact of digital strategies
on citizen engagement in sport remains limited. It is par-
ticularly noticeable that industry reports offer rich prac-
tical insights and examples of the application of digital
tools, while academic papers rarely provide quantitative
research on the effects of digital approaches on the recre-
ational habits of the population. Therefore, it is necessary
to systematically link industry and academic knowledge
in order to better understand the extent to which datadriv-
en approaches, Al personalization and multi-channel dig-
ital strategies contribute to citizens’ participation in sport
and the development of healthy habits.

METHODOLOGICAL FRAMEWORK OF THE RESEARCH

The research combined exploratory and quantita-
tive approaches, using secondary data as the primary
source of information. This approach allows for a clear
definition of the research design and a transparent pre-
sentation of the methods used. The sample of 20 units
was formed by deliberately selecting the most relevant
secondary sources available, including scientific papers,
industry analyses, and market reports. The secondary
data were partially standardized and recombined into a
simulated dataset to allow the application of statistical
tests and models, while maintaining values and relation-
ships consistent with the findings in the literature.

Key variables (ER, reach, views, social-first share,
number of channels, Al/personalization) are operational-
ized according to definitions commonly used in digital
marketing and analytics of sports organizations.

In the course of writing this paper, the following
methods were used:

* A method of content analysis, used to systemati-
cally review and interpret secondary data sourc-
es, including scientific papers, industry reports,
and market analyses.

* A comparative method, used to compare the find-
ings of different types of sources.

* A synthesis method for integrating various sec-
ondary data sources into a single theoretical and
empirical framework.

* A method of descriptive analysis, used to de-
scribe and systematize key trends in digital mar-
keting of sports organizations.

» Descriptive statistics, used to view the basic
characteristics of a data set.

» Correlation analysis, although secondary in this
paper, was used to preliminarily examine the re-
lationships between variables.

e Multiple regression and Poisson GLM models
were used to assess the impact of digital strate-
gies on engagement rate and number of views.

dova prvenstveno opisuje trendove, dok empirijski doka-
zi o direktnom uticaju digitalnih strategija na ukljuciva-
nje gradana u sport ostaju ogranic¢eni. Posebno je uoclji-
vo da industrijski izvjestaji nude bogate prakti¢ne uvide i
primjere primjene digitalnih alata, dok akademski radovi
rijetko pruzaju kvantitativna istrazivanja o efektima digi-
talnih pristupa na rekreativne navike stanovnistva. Zbog
toga je neophodno sistematsko povezivanje industrijskih
i akademskih saznanja kako bi se preciznije razumjelo
u kojoj mjeri data-driven pristupi, Al personalizacija i
multikanalne digitalne strategije doprinose participaciji
gradana u sportu i razvoju zdravih navika.

METODOLOSKI OKVIR ISTRAZIVANJA

Istrazivanje je kombinovalo eksplorativni i kvan-
titativni pristup, uz primjenu sekundarnih podataka kao
osnovnog izvora informacija. Ovakav pristup omoguca-
va jasno definisanje dizajna istrazivanja i transparentnu
prezentaciju koristenih metoda. Uzorak od 20 jedinica
formiran je namjernim odabirom najrelevantnijih dostu-
pnih sekundarnih izvora ukljucujuéi nauc¢ne radove, in-
dustrijske analize i trziSne izvjeStaje. Sekundarni podaci
su djelimi¢no standardizovani i rekombinovani u simu-
lirani dataset kako bi se omogucila primjena statistickih
testova i modela, uz zadrzavanje vrijednosti i odnosa koji
su dosljedni nalazima iz literature.

Kljucne varijable (ER, reach, views, social-first udio,
broj kanala, Al/personalizacija) operacionalizovane su
prema definicijama koje se uobicajeno primjenjuju u digi-
talnom marketingu i analitici sportskih organizacija.

U toku pisanja ovog rada koristile su se sljedece
metode:

* Metoda analize sadrzaja, koriStena za sistemsko
pregledavanje i interpretaciju sekundarnih izvora
podataka, ukljucujuci naucne radove, industrij-
ske izvjestaje 1 trzisne analize.

» Komparativna metoda, koriStena za poredenje
nalaza razli¢itih tipova izvora.

* Metoda sinteze, za integrisanje razli¢itih sekun-
darnih izvora podataka u jedinstveni teorijski i
empirijski okvir.

* Metoda deskriptivne analize, koriStena za opisi-
vanje 1 sistematizaciju klju¢nih trendova u digi-
talnom marketingu sportskih organizacija.

» Deskriptivna statistika, koriStena za pregled
osnovnih karakteristika skupa podataka.

e Korelaciona analiza, iako sekundarna u ovom
radu, koristena je za preliminarno ispitivanje od-
nosa medu varijablama.

» ViSestruka regresija i Poisson GLM modeli ko-
riSteni su za procjenu uticaja digitalnih strategi-
ja na engagement rate i broj pregleda. Poisson
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The Poisson GLM model was chosen because
the dependent variable (number of views) is a
numerical figure that is naturally modeled by the
distribution of events.

* The T-test was used to assess the differences
between groups that use and do not use Al/per-
sonalization, in accordance with standard digital
marketing methods.

* The Kruskal-Wallis test was used due to devia-
tions from normality in certain data groups and a
small sample, which makes it a methodologically
justified choice.

Statistical data processing was performed in Micro-
soft Excel, which was used to calculate descriptive indi-
cators, regression models, and differences tests.

The methods used allow for a reliable and consis-
tent assessment of the effects of digital strategies within
the available sample, while respecting the limitations
arising from the nature of secondary data.

The data used in the research was taken from indus-
try reports such as Deloitte Digital (Digital., 2025) and
market analysis by Research and Markets/Parks Associ-
ates on sports streaming. (Markets, 2025) These reports
provide an overview of the performance of digital cam-
paigns, OTT/FAST models, and audience behavior. The
values were standardized and recombined into a simu-
lated dataset to test the relationship between digital strat-
egies and audience reactions. OR and CTR, as standard
digital marketing metrics, are methodologically justified
for use within secondary data.

The following table provides an overview of the de-
pendent and independent variables and their role in the
analysis.

Table 1. Dependent and Independent Variables

GLM model je izabran zato §to zavisna varijabla
(broj pregleda) predstavlja broj¢ani podatak koji
se prirodno modeluje distribucijom dogadaja.

» T-test je koristen za procjenu razlika izmedu gru-
pa koje koriste i ne koriste Al/personalizaciju, u
skladu sa standardnim metodama digitalnog mar-
ketinga.

» Kruskal-Wallis test primijenjen je zbog odstu-
panja od normalnosti u pojedinim grupama po-
dataka i malog uzorka, Sto ga ¢ini metodoloski
opravdanim izborom.

Statisticka obrada podataka izvrSena je u progra-
mu Microsoft Excel, koji je koriSten za izraCunavanje
deskriptivnih pokazatelja, regresionih modela i testova
razlika.

Koristene metode omogucavaju pouzdanu i kon-
zistentnu procjenu efekata digitalnih strategija u okviru
dostupnog uzorka, uz uvazavanje ogranic¢enja koja proiz-
laze iz prirode sekundarnih podataka.

Podaci koriSteni u istrazivanju preuzeti su iz indu-
strijskih izvjestaja kao Sto su Deloitte Digital (Digital.,
2025) i trziSnih analiza Research and Markets / Parks
Associates o sportskom streamingu. (Markets, 2025) Ovi
izvjestaji daju pregled performansi digitalnih kampanja,
OTT/FAST modela i ponasanja publike. Vrijednosti su
standardizovane i rekombinovane u simulirani dataset
radi testiranja odnosa izmedu digitalnih strategija i reak-
cija publike. OR i CTR, kao standardne metrike digital-
nog marketinga, metodoloski su opravdane za koristenje
u okviru sekundarnih podataka.

U narednoj tabeli dat je prikaz zavisnih i nezavisnih
varijabli i njihova uloga u analizi.

Tabela 1. Zavisne i nezavisne varijable

Variable type/  Variable name / Opis / operationalization Role in the analysis /
Tip varijable Naziv varijable Opis / operacionalizacija Uloga u analizi
Dependent / Total d/glt'al' rea.ch of sports confent; AfVJ l.ndl.cat.or of c.mzens . aware.ness / Outcome Measurement Variable /
) Reach Ukupan digitalni domet sportskih sadrzaja; indikator informisanosti ) o
Zavisna Mijerna varijabla ishoda
gradana
Dependent variable in the Poi:

Dependent / . Total number of views of sports and recreational digital content / ependen vana. e ?. orsson
Zavisna Views Ukupan broj pregleda sportskih i rekreativnih digitalnih sadrZaja GLM model /Zavisna varijabla u

P I preg P g J Poisson GLM modelu
Dependent / Percentage of open digital campaigns / A measurement variable of audience

p. Open Rate (OR) g P ) .g. ) pag . reaction / Mjerna varijabla reakcije
Zavisna Procenat otvorenih digitalnih kampanja .
publike

Deeendent/ Click-Through Rate (CTR) Percentage.of clicks o.n .d/glt.al corzte{nt/ Act7ve Engag.ement /nd/fator /
Zavisna Procenat klikova na digitalni sadrzaj Indikator aktivnog angaZmana
Independent / OTT presence / Presence of sports content on OTT platforms (0=no, 1=yes)/ Predictor variable /
Nezavisna OTT prisustvo Prisustvo sportskih sadrzaja na OTT platformama (0=ne, 1=da) Prediktorska varijabla
Independent / FAST presence / Presence of sports content on FAST platforms (0=no, 1=yes) / Prisustvo Predictor variable /
Nezavisna FAST prisustvo sportskih sadrZaja na FAST platformama (0=ne, 1=da) Prediktorska varijabla
Independent / Number of digital channels / Total number of active digital channels / Predictor variable /
Nezavisna Broj digitalnih kanala Ukupan broj aktivnih digitalnih kanala Prediktorska varijabla
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Independent / Social-first pristup /

A strong focus on social media and real-time content /

A component of the digital strategy /

Nezavisna Social-first pristup Dominantna orijentacija ka drustvenim mrezama i real-time sadrzaju Komponenta digitalne strategije
Independent / Al/Personalization / Apply Al and personalized recommendations (0=no, 1=yes) / Group variable in t-test /
Nezavisna Al / personalizacija Primjena Al i personalizovanih preporuka (0=ne, 1=da) Grupna varijabla u t-testu

Source: Authors

Correlation with hypotheses: The variables exam-
ine the impact of multi-channel models, Al personaliza-
tion, and the number of channels on the reach and reac-
tions of citizens.

In accordance with the defined subject and goal of
the research, the following hypotheses are set in the paper:

H1: Multi-channel digital strategies increase the
digital reach and interest of citizens in sports and recre-
ational content.

H1a: Al/personalized digital approaches affect a high-
er level of citizen response (open rate, click-through rate).

The empirical research base for this paper relies on
secondary data sources, including academic papers, in-
dustry reports, and market analyses in the field of digital
marketing of sports and recreation. A simulated dataset of
20 observed units was created, which is based on the val-
ues of digital reach, number of views, presence of OTT/
FAST platforms and Alpersonalization. This dataset re-
tains the proportions from the literature and enables the
application of statistical methods (descriptive statistics,
correlations, regression, Poisson GLM) to assess the ef-
fects of multichannel digital strategies on citizen partici-
pation and their reaction to sports and creative content.

THEORETICAL FRAMEWORK OF THE ToPriC

The success of a sporting event is a consequence of
a systemic approach through the phases of planning, coor-
dination and control and defines the basis for an effective
promotional campaign and the realization of the event.
In other words, the basic prerequisites for the successful
organization and promotion of sports events are internal
factors - two-way communication, efficient financial man-
agement, personnel and technical-technological support.
Critical success factors for sporting events include com-
munication, financial resources, technical and technologi-
cal capabilities, community support, and effective involve-
ment of key stakeholders. (Kokolakis, 2018)

We are witnessing that the attractiveness of sports and
sports events is significantly influenced by the applied mar-
keting strategies, i.e. the adequate selection of its elements
- price, location promotion, communication, segmentation.
Uremovi¢ and the authors especially emphasize the impor-
tance of the promotional factor within the defined market-
ing mix, and state that “the promotional mix in the sports
industry differs from promotion in other sectors due to the

Izvor: Autori

Povezanost sa hipotezama: Varijable ispituju uti-
caj multikanalnih modela, Al personalizacije i broja ka-
nala na domet i reakcije gradana.

U skladu sa definisanim predmetom i ciljem istrazi-
vanja, u radu su postavljene sljedece hipoteze:

H1: Multikanalne digitalne strategije povecavaju
digitalni domet i interesovanje gradana za sportsko-re-
kreativne sadrzaje.

H1a: Al/personalizovani digitalni pristupi uti¢u na
visi nivo reakcija gradana (open rate, click-through rate).

Empirijska baza istrazivanja za ovaj rad se oslanja
na sekundarne izvore podataka, ukljucujuéi akademske
radove, industrijske izvjestaje i trziSne analize u oblasti
digitalnog marketinga sporta i rekreacije. Kreiran je si-
mulirani dataset od 20 posmatranih jedinica koji se za-
sniva na vrijednostima digitalnog dometa (reach), bro-
ja pregleda (views), prisustva OTT/FAST platformi i
Al-personalizacije. Ovaj dataset zadrzava proporcije iz
literature i omogucava primjenu statistickih metoda (de-
skriptivna statistika, korelacije, regresija, Poisson GLM)
radi procjene efekata multikanalnih digitalnih strategi-
ja na participaciju gradana i njihovu reakciju na sport-
sko-rekreativne sadrzaje.

TEORETSKI OKVIR TEME

Uspjesnost sportskog dogadjaja predstavlja poslje-
dicu sistemskog pristupa kroz faze planiranja, koordina-
cije 1 kontrole i definiSu osnovu za efikasnu promotiv-
nu kampanju i realizaciju dogadjaja. Drugim rijeCima,
osnovni preduslovi za uspje$nu organizaciju i promociju
sportskih dogadaja su interni faktori- dvosmjerna ko-
munikacija, efikasno finansijsko upravljanje, kadrovska
i tehni¢ko-tehnoloska podrska. Kriticni faktori uspjeha
sportskih dogadaja uklju¢uju komunikaciju, finansijske
resurse, tehnicke i tehnoloske kapacitete, podrsku zajed-
nice i efikasno uklju¢ivanje kljuénih stejkholdera. (Ko-
kolakis, 2018)

Svjedo¢imo da na atraktivnost sporta i sportskih
dogadaja znacCajan uticaj imaju primjenjene marketins-
ke strategije, odnosno adekvatan odabir njenih elemena-
ta-cijene, promocije lokacije, komunikacije, segmentaci-
je. Uremovi¢ i autori posebno naglasavaju znacaj promo-
tivnog faktora unutar definisanog marketing miksa,te na-
vode da ,,promotivni miks u sportskoj industriji razlikuje
se od promocije u drugim sektorima zbog specificnog
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specific character of the sports market, the way sports con-
tent is consumed and the strong emotional connection of the
audience with sports organizations.” (Uremovi¢, Landika,
& Sredojevi¢, 2025). A wide range of tools dedicated to
promotion give the possibility of combining and adapting
to market preferences and differentiating the offer in rela-
tion to the competition. (Uremovi¢, Landika, & Sredojevic,
2025). Unifying different promotion tools — advertising,
digital platforms, public relations, sponsorships, branding,
etc. into one integrated promotional model is a “ticket” for
the valorization of a sporting event.

Modern approaches to sports marketing increasingly
emphasize the integration of traditional and digital promo-
tional activities in order to create sustainable value for the
sports organization and the wider community. In this con-
text, digital platforms and interactive communication chan-
nels allow for a two-way exchange of information between
sport organisations and the audience, thereby strengthening
trust, loyalty and long-term involvement of citizens. The
theory of integrated marketing communications is based on
the assumption that the coordinated use of different promo-
tional tools contributes to a higher degree of recognition of
a sporting event and a more positive public perception of
sport. Of particular importance is the adaptation of com-
munication messages to different segments of the audience,
taking into account their interests, motivation and level of
digital literacy. In this way, sports organizations not only
improve the effectiveness of promotion, but also contribute
to the development of socially responsible practices that en-
courage physical activity, a healthy lifestyle and the active
participation of citizens in sports and recreational activities.

RESEARCH RESULTS

The results of the survey are based on a standardized
dataset of 20 units, which includes key digital metrics of
sports organizations, including reach, views, OTT/FAST
attendance, number of digital channels, and Al personal-
ization.

Table 2 shows the basic descriptive indicators for
key variables. The average values of the reach and views
indicators indicate a wide digital reach and high visibil-
ity of content among citizens. Large standard deviations
confirm that sports organizations have different levels of
digital presence and performance.

Table 2. Basic descriptive indicators for key variables

karaktera sportskog trzista, nac¢ina konzumiranja sport-
skih sadrzaja i jake emocionalne povezanosti publike sa
sportskim organizacijama.“ (Uremovi¢, Landika, & Sre-
dojevi¢, 2025). Siroka lepeza alata namjenjenih promo-
ciji daju moguénost kombinovanja i prilagodjvanja trzis-
nim preferencijama i diferencijacije ponude u odnosu na
konkurenciju. (Uremovi¢, Landika, & Sredojevic, 2025).
Objedinjavanje razlicitih alata promocije — oglasavanja,
digitalnih platformi,odnosa s javno$¢u, sponzorstava,
brendiranja i dr. u jedan integrisani promotivni model je
»ulaznica“ za valorizaciju sportskog dogadjaja.

Savremeni pristupi sportskom marketingu sve vise
naglasavaju integraciju tradicionalnih i digitalnih promo-
tivnih aktivnosti u cilju stvaranja odrzive vrijednosti za
sportsku organizaciju i Siru zajednicu. U tom kontekstu,
digitalne platforme i interaktivni kanali komunikacije
omogucéavaju dvosmjernu razmjenu informacija izmedu
sportskih organizacija i publike, ¢ime se jaca povjere-
nje, lojalnost i dugoroc¢na ukljucenost gradana. Teorija
integrisanih marketinskih komunikacija polazi od pret-
postavke da uskladeno koriS¢enje razli¢itih promotivnih
alata doprinosi veéem stepenu prepoznatljivosti sport-
skog dogadaja i pozitivnijoj percepciji sporta u javno-
sti. Poseban znacaj ima prilagodavanje komunikacionih
poruka razli¢itim segmentima publike, uz uvazavanje
njihovih interesovanja, motivacije i nivoa digitalne pi-
smenosti. Na taj nacin sportske organizacije ne samo da
unapreduju efikasnost promocije, ve¢ i doprinose razvoju
drustveno odgovornih praksi koje podstic¢u fizicku aktiv-
nost, zdrav nacin zivota i aktivno uces¢e gradana u sport-
skim i rekreativnim aktivnostima.

REZULTATI ISTRAZIVANJA

Rezultati istrazivanja zasnivaju se na standardizo-
vanom dataset-u od 20 jedinica, koji obuhvata klju¢ne
digitalne metrike sportskih organizacija, ukljucujuci rea-
ch, views, OTT/FAST prisustvo, broj digitalnih kanala i
Al-personalizaciju.

Tabela 2. pokazuje osnovne deskriptivne pokazate-
lje za kljucne varijable. Prosjec¢ne vrijednosti pokazatelja
reach i views ukazuju na Sirok digitalni domet i visoku
vidljivost sadrzaja medu gradanima. Velike standardne
devijacije potvrduju da sportske organizacije imaju razli-
cite nivoe digitalne prisutnosti i performansi.

Tabela 2. Osnovni deskriptivni pokazatelji za kljucne varijable

Variable / Varijabla

Mean value / Srednja vrijednost

Standard deviation / Standardna devijacija

Reach

711906.85

433682.31

Views

1000187.45

544064.37

Source: Authors

Izvor: Autori
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High values of standard deviations indicate marked
differences between sports organizations in the level of
digital reach and the number of views, which is consis-
tent with the heterogeneity of their digital strategies.

Table 3. I show the minimum representation of the
Poisson coefficient of the GLM model. The results of the
Poisson model show that FAST platforms have the stron-
gest positive effect on the number of views, while OTT
shows a moderate but insignificant effect. The number of
channels has a weak negative impact. These findings in-
dicate that types of distribution platforms have different
contributions to digital visibility.

Table 3. Minimum representation of the Poisson coefficients

Visoke vrijednosti standardnih devijacija ukazuju
na izrazene razlike medu sportskim organizacijama u ni-
vou digitalnog dometa i broju pregleda, $to je u skladu sa
heterogenosc¢u njihovih digitalnih strategija.

Tabela 3. pokazujem minimalni prikaz koeficijenta
Poisson GLM modela. Rezultati Poisson modela pokazu-
ju da FAST platforme imaju najsnazniji pozitivan efekat
na broj pregleda, dok OTT pokazuje umjeren, ali nezna-
¢ajan efekat. Broj kanala ima slab negativan uticaj. Ovi
nalazi ukazuju da vrste distribucijskih platformi imaju
razli¢it doprinos digitalnoj vidljivosti.

Tabela 3. Minimalni prikaz koeficijenata Poisson GLM

GLM model modela
Variable / Varijabla Koef. (log) p-value / p-vrijednost
orT 0.337 0.1708
FAST 0.4539 0.0661
Channels -0.1123 0.2055

Source: Authors

A negative channel number coefficient may indi-
cate audience fragmentation or insufficiently optimized
multi-channel communication, which is also cited in the
literature as a common challenge of digital marketing.

HypOTHESIS TESTING

Testing hypothesis H1: Multi-channel digital strat-
egies (OTT, FAST and social networks) increase the digi-
tal reach and interest of citizens in sports and recreational
content.

To test the main hypothesis, the Poisson GLM model
was used with the number of views as the dependent vari-
able and OTT presence, FAST platforms and the number
of digital channels as predictors. The results show that
FAST platforms have the strongest positive effect on the
number of views (p = 0.0661), while OTT has a positive,
but statistically insignificant effect (p = 0.1708). The num-
ber of channels has a weak negative effect (p = 0.2055).
These findings partially confirm the H1 hypothesis, as
they indicate a trend of increasing reach in organizations
using modern digital distribution models.

Table 4. Poisson GLM Model Results (Views ~ OTT + FAST
+ Channels)

Izvor: Autori

Negativan koeficijent broja kanala moze ukazivati
na fragmentaciju publike ili nedovoljno optimizovanu
viSekanalnu komunikaciju, $to se navodi i u literaturi kao
Cest izazov digitalnog marketinga.

TESTIRANJE HIPOTEZA

Testiranje hipoteze H1: Multikanalne digitalne
strategije (OTT, FAST i druStvene mreze) povecavaju
digitalni domet i interesovanje gradana za sportsko-re-
kreativne sadrzaje.

Za testiranje glavne hipoteze koris¢en je Poisson
GLM model sa brojem pregleda (views) kao zavisnom
varijablom, a OTT prisustvom, FAST platformama i bro-
jem digitalnih kanala kao prediktorima. Rezultati poka-
zuju da FAST platforme imaju najjaci pozitivan efekat
na broj pregleda (p = 0.0661), dok OTT ima pozitivan,
ali statistiCki neznacajan efekat (p = 0.1708). Broj kanala
ima slab negativan efekat (p = 0.2055). Ovi nalazi djeli-
micno potvrduju hipotezu H1, jer ukazuju na trend po-
vecanja dometa kod organizacija koje koriste savremene
digitalne distribucione modele.

Tabela 4. Rezultati Poisson GLM modela (Views ~ OTT +
FAST + Channels)

Variable / Varijabla Koef. (log) p-value / p-vrijednost
orT 0.337 0.1708
FAST 0.4539 0.0661
Channels -0.1123 0.2055

Source: Authors

Izvor: Autori

208

www.Siz-au.com



NINA UREMOVIC, ET AL,

DIGITALNE MARKETING STRATEGIJE SPORTSKIH ORGANIZACIJA U FUNKCIJI POVECANJA PARTICIPACIE GRADANA U SPORTU | REKREACHI

SPORTS SCIENCE AND HEALTH 16(2):201-215

For additional visual interpretation of the results
of the Poisson GLM model, Figure 1 shows the average
number of views

sports content depending on the presence of OTT
and FAST platforms.

Radi dodatne vizuelne interpretacije rezultata Poi-
sson GLM modela, na grafikonu 1. prikazan je prosjecan
broj pregleda

sportskih sadrzaja u zavisnosti od prisustva OTT i
FAST platformi.
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Figure 1. Average number of views of sports content
depending on OTT and FAST presence

Source: Authors

Chart 1 shows the average number of views of
sports and recreational digital content depending on the
presence of OTT and FAST platforms. It is noticeable
that organizations that use FAST platforms achieve a
higher average number of views compared to organiza-
tions without these distribution models, while the pres-
ence of OTT platforms shows a moderate but positively
directed effect. These findings are in line with the re-
sults of the Poisson GLM model, which indicate a more
pronounced positive impact of FAST platforms on the
number of views compared to OTT presence. The visual
representation further confirms that the sheer number of
digital channels is not a precedent, but that the type and
manner of content distribution play a significant role in
increasing the digital visibility of sports content.

In order to verify the adequacy of the received Pois-
son GLM model, a diagnostic analysis of the residues
shown in Graph 2 was performed.

Grafikon 1. Prosjecan broj pregleda sportskih sadrzaja u
zavisnosti od OTT i FAST prisustva

Izvor: Autori

Grafikon 1. prikazuje prosjecan broj pregleda sport-
skih 1 rekreativnih digitalnih sadrzaja u zavisnosti od
prisustva OTT i FAST platformi. Uoc¢ljivo je da organi-
zacije koje koriste FAST platforme ostvaruju veci pro-
sjeCan broj pregleda u odnosu na organizacije bez ovih
distribucionih modela dok prisustvo OTT platformi po-
kazuje umjeren, ali pozitivno usmjeren efekat. Ovi nala-
zi su u skladu sa rezultatima Poisson GLM modela, koji
ukazuju na izrazeniji pozitrivan uticaj FAST platformi na
broj pregleda u poredenju sa OTT prisustvom. Vizuelni
prikaz dodatno potvrduje da sama brojnost digitalnih ka-
nala nije presedan, ve¢ da tip i na¢in distribucije sadrzaja
imaju znacajnu ulogu u povecéanju digitalne vidljivosti
sportskih sadrzaja.

Radi provjere adekvatnosti primljenjenog Poisson
GLM modela, izvrSena je dijagnosti¢ka analiza reziduala
prikazana na grafikonu 2.
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Figure 2. Diagnostic representation of the relationship
between residuals and predicted values (Poisson GLM model)

Source: Authors

In order to verify the adequacy and reliability of the
received Poisson GLM model, a diagnostic analysis of
the residuals was performed. Chart 2 shows the relation-
ship between deviant residues and predicted values, the
number of views of sports and recreational digital con-
tent. Visual inspection of the graph does not indicate the
existence of a pronounced systematic pattern in the ar-
rangement of the residuals, suggesting that the model is
adequately specified and that the assumptions of Poisson
regression are not significantly distorted within the avail-
able sample.

For additional verification of the residue distribu-
tion of the Poisson GLM model, Figure 3 shows the QQ
plot of the residual diagnostic display.

Grafikon 2. Dijagnosticki prikaz odnosa izmedu reziduala i
predvidenih vrijednosti (Poisson GLM model)

Izvor: Autori

Radi provjere adekvatnosti i pouzdanosti primlje-
nog Poisson GLM modela, sprovedena je dijagnosticka
analiza reziduala. Na grafikonu 2. prikazan je odnos iz-
medu devijans reziduala i predvidenih vrijednosti, broja
pregleda sportskih i rekreativnih digitalnih sadrzaja. Vi-
zuelni pregled grafikona ne ukazuje na postojanje izra-
zenog sistematskog obrasca u rasporedu reziduala, §to
sugeriSe da je model adekvatno specifikovan i da pretpo-
stavke Poisson regresije nisu znacajno narusene u okviru
dostupnog uzorka.

Radi dodatne provjere distribucije reziduala Poi-
sson GLM modela, na grafikonu 3. prikazan je QQ plot
dijagnostickog prikaza reziduala.
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Figure 3. QQ plot diagnostic representation of the residuals
of the Poisson GLM model.

Source: Authors
Figure 3 shows the QQ plot of the residuals of the

Poisson GLM model, which allows the estimation of
their distribution in relation to the theoretical distribu-

Grafikon 3. QQ plot dijagnostickog prikaza reziduala
Poisson GLM modela.

Izvor: Autori
Grafikon 3. pokazuje QQ plot reziduala Poisson

GLM modela, koji omogucava procjenu njihove distri-
bucije u odnosu na teorijsku distribuciji. Vizuelni pregled
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tion. A visual inspection of the graph shows that most of
the points are located near the reference line, with minor
deviations at the ends of the distribution. Such discrepan-
cies are expected given the small sample size and do not
indicate a serious distortion of the model assumptions.
The results obtained confirm the acceptable adaptability
of the Poisson GLM model for the analysis of the re-
lationship between digital marketing strategies and the
number of views of sports content.

Testing the H1a hypothesis: Al/personalized digi-
tal approaches affect a higher level of citizen response
(open rate, click-through rate).

The Hla hypothesis was tested by comparing the
performance of organizations that use Al/personalized
approaches and those that do not. The results of the t-test
in Table 5 show that there is no statistically significant
difference in open rate between the Al and non-Al groups
(p = 0.8582), which means that personalized approaches
do not contribute to a significant increase in OR scores
in the available sample. These findings indicate that Hla
has not been confirmed.

Table 5. T-test difference in OR between Al and non-Al groups

grafikona pokazuje da se vecina tacaka nalazi u blizini
referentne linije, uz manja odstupanja na krajevima dis-
tribucije. Takva odstupanja su oekivana s obzirom na
mali uzorak te ne ukazuju na ozbiljno narusavanje pret-
postavki modela. Dobijeni rezultati potvrduju prihvatlji-
vu prilagodenost Poisson GLM modela za analizu odno-
sa izmedu digitalnih marketing strategija i broja pregleda
sportskih sadrzaja.

Testiranje hipoteze Hla: Al/personalizovani digi-
talni pristupi utiCu na visi nivo reakcija gradana (open
rate, click-through rate).

Hipoteza Hla testirana je poredenjem performansi
organizacija koje koriste Al/personalizovane pristupe i
onih koje ih ne koriste. Rezultati t-testa u tabeli 5. po-
kazuju da nema statisticki znacajne razlike u open rate-u
izmedu Al i ne-Al grupa (p = 0.8582), $to znaci da per-
sonalizovani pristupi ne doprinose znacajnom povecéanju
OR rezultata u dostupnom uzorku. Ovi nalazi ukazuju da
H1a nije potvrdena.

Tabela 5. T-test razlika u OR izmedu Al i ne-Al grupa

Statistics / Statistika Value / Virijednost
t-value 0.1813
p- value 0.8582
Source: Authors Izvor: Autori

The results show that the H1a hypothesis is not con-
firmed, as Al/personalization does not have a statistically
significant effect on the open rate within the available
sample.

Dobijeni rezultat pokazuje da hipoteza Hla nije
potvrdena, jer Al/personalizacija ne ostvaruje statisticki
znacajan uticaj na open rate u okviru dostupnog uzorka.

Grafikon 4: Open rate prema primjeni Al/personalizacije
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Figure 4. Comparison of open rate values between
organizations with and without Al/personalization

Source: Authors

Grafikon 4. Poredenje open rate vrijednosti izmedu
organizacija sa i bez Al/personalizacije

Izvor: Autori
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These findings form the basis for their interpretation
and comparison with previous research, which is present-
ed in more detail in the next chapter of the Discussion.

For additional visual interpretation of the results of
the t-test analysis, Figure 5 shows a comparison of open
rate values between organizations with and without the
use of Al/personalization

Figure 4 shows a comparison of open rate values
between organizations that apply Al/personalized digital
approaches and those that do not. The visual representa-
tion indicates that the differences in the open rate indi-
cator between the observed groups are not pronounced,
which is in accordance with the results of the conducted
t-test. While slight discrepancies are observed in some
cases, there is no clear pattern that would indicate a sys-
tematically higher level of audience responsiveness in
organizations using Al/personalization. These findings
confirm that within the available and simulated sample,
the application of Al-personalization does not have a sta-
tistically significant impact on the open rate.

DiscusioN

The results of the research indicate that multi-channel
digital strategies of sports organizations have a measurable,
but limited effect on the digital reach and interest of citizens
in sports and creative content. The results were analyzed in
the context of the hypotheses H2 and H2a, in order to look
at their empirical consistency and consistency with the ex-
isting literature. The Poisson GLM model shows that FAST
platforms have the most pronounced positive impact on the
number of views, which is in line with contemporary indus-
try trends that highlight FAST/AVOD models as key drivers
of digital visibility. Although FAST shows the most pro-
nounced positive effect on the number of views, the value
of p = 0.0661 indicates a trend, but not formal statistical
significance at the conventional level of 5%.

OTT platforms also show a positive, albeit statisti-
cally insignificant, effect (p = 0.1708). These results are
in line with industry reports, in particular Deloitte Digi-
tal (2025), which indicates that OTT services contribute
to greater availability of sports content, but that their ef-
fect varies depending on penetration in the population.
In contrast, the number of digital channels has a weak
negative impact on the number of views, which may re-
flect excessive fragmentation of content or insufficient
optimization of multi-channel communication. A nega-
tive channel number coefficient may indicate audience
fragmentation or insufficiently optimized multi-channel
communication, which is also cited in the literature as a
common challenge of digital marketing.

Ovi nalazi predstavljaju osnovu za njihovu inter-
pretaciju i poredenje sa prethodnim istrazivanjima, $to je
detaljnije prikazano u narednom poglavlju Diskusije.

Radi dodatne vizuelne interpretacije rezultata t-te-
sta analize, na grafikonu 5 prikazano je poredenje open
rate vrijednosti izmedu organizacije sa i bez primjene Al/
personalizacije

Grafikon 4. prikazuje poredenje open rate vrijedno-
sti izmedu organizacija koje primjenjuju Al/personalizo-
vane dgitalne pristupe i onih koje je ne koriste. Vizuelni
prikaz ukazuje da razlike u open rate pokazatelju izme-
du posmatranih grupa nisu izraZene, Sto je u skladu sa
rezultatatima sprovedenog t-testa. lako se u pojedinim
slucajevima uocavaju blaga odstupanja, ne postoji jasan
obrazac koji bi ukazao na sistematski visi nivo reakcije
publike kod organizacija koje koriste Al/personalizaciju.
Ovi nalazi potvrduju da u okviru dostupnog i simulira-
nog uzorka primjena Al-personalizacije ne ostvaruje sta-
tisticki znac¢ajan uticaj na open rate.

DISKUSIJA REZULTATA

Rezultati istrazivanja ukazuju da multikanalne di-
gitalne strategije sportskih organizacija imaju mjerljiv,
ali ograni¢en efekat na digitalni domet i interesovanje
gradana za sportsko-rekreativne sadrzaje. Rezultati su
analizirani u kontekstu postavljenih hipoteza H2 i H2a,
kako bi se sagledala njihova empirijska dosljednost i
uskladenost sa dosadasnjom literaturom. Poisson GLM
model pokazuje da FAST platforme imaju najizrazeniji
pozitivan uticaj na broj pregleda, Sto je u skladu sa sa-
vremenim industrijskim trendovima koji isticu FAST/
AVOD modele kao kljuéne pokretace digitalne vidljivo-
sti. lako FAST pokazuje najizrazeniji pozitivan efekat na
broj pregleda, vrijednost p = 0.0661 ukazuje na trend, ali
ne 1 na formalnu statisticku znacajnost na konvencional-
nom nivou od 5%.

OTT platforme takode pokazuju pozitivan, iako sta-
tisticki neznacajan efekat (p = 0.1708). Ovi rezultati su
u skladu sa industrijskim izvjestajima, posebno Deloitte
Digital (2025), koji ukazuje da OTT servisi doprinose
vecoj dostupnosti sportskih sadrzaja, ali da njihov efekat
varira u zavisnosti od penetracije u populaciji. Suprotno
tome, broj digitalnih kanala biljezi slab negativan uticaj
na broj pregleda, $to moze odrazavati prekomjernu fra-
gmentaciju sadrzaja ili nedovoljnu optimizaciju viseka-
nalne komunikacije. Negativan koeficijent broja kanala
moze ukazivati na fragmentaciju publike ili nedovoljno
optimizovanu visekanalnu komunikaciju, $to se navodi i
u literaturi kao Cest izazov digitalnog marketinga.

U okviru hipoteze H2a, t-test pokazuje da organi-
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Within the H2a hypothesis, ttest shows that orga-
nizations that use Alpersonalized approaches do not
achieve statistically significantly higher open rate values
than those that do not use them (p = 0.8582). The absence
of a statistically significant effect of Al personalization
may be due to the heterogeneity of the population, as per-
sonalized digital approaches according to earlier studies
(Leite, 2024) work better in more technologically active
user segments. The results indicate that the H2a hypoth-
esis has not been confirmed.

An additional aspect that is important to consider in
the discussion relates to the institutional and organizational
context of the implementation of digital strategies in sports
organizations. The effectiveness of modern digital tools
does not depend solely on their technical availability, but
also on the level of digital literacy of management, clearly
defined campaign goals, and the organization’s capacity to
analyze and interpret data. Sports organizations that apply
digital strategies fragmented or without clear integration
into the overall marketing plan often fail to realize the full
potential of these tools. It is especially important to em-
phasize that digital marketing in sports also has a social di-
mension, as it can act as a mechanism to spread awareness
of the importance of physical activity and healthy lifestyle
habits. In this context, digital strategies should be seen not
only as an instrument to increase visibility, but also as a
means of long-term shaping of citizens’ attitudes and be-
haviour towards sport and recreation.

Overall, the results show that omnichannel digital
strategies have the potential to increase the visibility of
recreational content and reach a wider audience, but that
the effects are not yet strong enough to be statistically con-
firmed in small samples. The trends are consistent with
industry reports, but indicate that larger samples and pri-
mary data are needed to measure citizens’ reactions more
accurately. The results should be viewed in the context of
a limited and simulated sample of 20 units, which affects
the statistical power of the model and probably contributes
to the lack of significance of certain parameters.

Overall, the results suggest the existence of posi-
tive trends in favor of modern digital strategies in sports
marketing, but at the same time confirm the need for em-
pirical research on larger, primary samples, which is dis-
cussed in more detail in the concluding part of the paper.

CONCLUSION

The results of the research show that multi-chan-
nel digital strategies of sports organizations — including
OTT, FAST and other digital communication channels
— have the potential to increase the visibility and acces-

zacije koje koriste Al-personalizovane pristupe ne ostva-
ruju statisticki znacajno vece open rate vrijednosti od
onih koje ih ne koriste (p = 0.8582). Izostanak statisticki
znacajnog efekta Al-personalizacije moze biti posljedi-
ca heterogenosti populacije, budué¢i da personalizovani
digitalni pristupi prema ranijim studijama (Leite, 2024)
bolje funkcioniSu u tehnoloski aktivnijim segmentima
korisnika. Dobijeni rezultat ukazuje da hipoteza H2a nije
potvrdena.

Dodatni aspekt koji je vazno razmotriti u diskusiji
odnosi se na institucionalni i organizacioni kontekst pri-
mjene digitalnih strategija u sportskim organizacijama.
Efikasnost savremenih digitalnih alata ne zavisi iskljuci-
vo od njihove tehnicke dostupnosti, ve¢ i1 od nivoa digi-
talne pismenosti menadzmenta, jasno definisanih ciljeva
kampanja i kapaciteta organizacije za analizu i interpre-
taciju podataka. Sportske organizacije koje digitalne stra-
tegije primjenjuju fragmentarno ili bez jasne integracije
u ukupni marketinski plan ¢esto ne uspijevaju da ostvare
puni potencijal ovih alata. Posebno je vazno naglasiti da
digitalni marketing u sportu ima i drustvenu dimenziju,
jer moze djelovati kao mehanizam S§irenja svijesti o zna-
¢aju fizicke aktivnosti 1 zdravih zivotnih navika. U tom
kontekstu, digitalne strategije treba posmatrati ne samo
kao instrument povecanja vidljivosti, ve¢ i kao sredstvo
dugoro¢nog oblikovanja stavova i ponaSanja gradana
prema sportu i rekreaciji.

Generalno, rezultati pokazuju da multikanalne di-
gitalne strategije imaju potencijal da povecaju vidljivost
rekreativnih sadrzaja i dopru do Sire publike, ali da efekti
jos nisu dovoljno snazni da bi bili statisticki potvrdeni u
malim uzorcima. Trendovi su konzistentni sa industrij-
skim izvjestajima, ali ukazuju da su za preciznije mjere-
nje reakcija gradana potrebni veéi uzorci i primarni po-
daci. Rezultate je potrebno posmatrati u kontekstu ogra-
nicenog 1 simuliranog uzorka od 20 jedinica, $to uti¢e na
statisticku snagu modela i vjerovatno doprinosi nedostat-
ku znacajnosti pojedinih parametara.

Ukupno posmatrano, rezultati sugeriSu postojanje
pozitivnih trendova u korist savremenih digitalnih strate-
gija u sportskom marketingu, ali istovremeno potvrduju
potrebu za empirijskim istrazivanjima na ve¢im, primar-
nim uzorcima, §to je detaljnije razmotreno u zaklju¢nom
dijelu rada.

ZAKLIUCAK

Rezultati istrazivanja pokazuju da multikanalne
digitalne strategije sportskih organizacija — ukljucujuci
OTT, FAST i druge digitalne kanale komunikacije — ima-
ju potencijal da povecéaju vidljivost i dostupnost sport-
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sibility of sports and recreational content to citizens. The
Poisson GLM analysis indicates that FAST platforms
have the most pronounced positive effect on the number
of views, which is in line with industry trends that con-
firm the growing impact of free streaming services on the
behavior of the wider population. Although this effect is
positive, the parametric values indicate that this is a trend
that is not statistically significant at the conventional lev-
el, which is expected given the small sample.

OTT platforms show a moderate but insignificant ef-
fect, while the number of digital channels records a weak
and negative relationship, which may indicate audience
fragmentation or the need for better optimization of the
digital presence. These results partially confirmed the H2
hypothesis, since a positive direction of multichannel ef-
fects was identified, but without statistical confirmation.

The H2a hypothesis, which referred to the impact
of Al personalization on citizens’ reactions, has not been
confirmed. The lack of a statistically significant effect
may be due to the heterogeneity of the target population,
as well as the fact that Al personalization works better in
younger and more technologically active audience seg-
ments, as shown by previous studies.

The limitations of the study are primarily related to
a small and simulated sample of 20 units, which affects
the statistical strength of the model and reduces the pos-
sibility of generalizing the results. Despite these limita-
tions, the paper contributes to the literature by quantita-
tively linking modern digital strategies with the potential
to increase citizens’ awareness and motivation in the field
of recreational sport.

In addition to quantitative findings, the conclusions
of this research also point to the need for a broader, stra-
tegic look at the role of digital marketing in sports orga-
nizations. Digital strategies should not only be viewed
through short-term metrics such as views and reach, but
also through their contribution to building a long-term
relationship between sports organizations and citizens.
It is particularly important to consider the potential of
digital channels in an educational and motivational role,
bearing in mind that sport and recreation are important
social mechanisms for improving public health and qual-
ity of life. Integrating digital marketing with local sports
initiatives, recreation programs, and public campaigns
could further enhance its social impact. In this sense, the
digital strategies of sports organizations can be seen as
part of a broader system of support for active lifestyles,
and not solely as a promotional tool.

On the practical side, the findings suggest that sports
organizations need to optimize multi-channel strategies

skih i rekreativnih sadrzaja gradanima. Poisson GLM
analiza ukazuje da FAST platforme ostvaruju najizraze-
niji pozitivan efekat na broj pregleda, §to je u skladu sa
industrijskim trendovima koji potvrduju rast uticaja be-
splatnih streaming servisa na ponaSanje Sire populacije.
lako je ovaj efekat pozitivan, vrijednosti p-parametara
ukazuju da se radi o trendu koji nije statisti¢ki znacajan
na konvencionalnom nivou, $to je oc¢ekivano s obzirom
na mali uzorak.

OTT platforme pokazuju umjeren, ali neznacajan
efekat, dok broj digitalnih kanala biljezi slab i negativan
odnos, §to moze ukazivati na fragmentaciju publike ili
na potrebu za boljom optimizacijom digitalnog prisustva.
Ovim rezultatima djelimi¢no je potvrdena hipoteza H2,
buduc¢i da je identifikovan pozitivan smjer multikanalnih
efekata, ali bez statisticke potvrde.

Hipoteza H2a, koja se odnosila na uticaj Al-per-
sonalizacije na reakcije gradana, nije potvrdena. Nedo-
statak statisticki znacajnog efekta moze biti posljedica
heterogenosti ciljne populacije, kao i Cinjenice da Al
personalizacija bolje funkcionise u mladim i tehnoloski
aktivnijim segmentima publike, Sto pokazuju i prethodne
studije.

Ogranicenja istrazivanja prvenstveno se odnose na
mali i simulirani uzorak od 20 jedinica, $to utice na sta-
tisticku snagu modela i smanjuje moguénost generaliza-
cije rezultata. Uprkos ovim ograni¢enjima, rad doprinosi
literaturi time Sto kvantitativno povezuje moderne digi-
talne strategije sa potencijalom za povecanje informisa-
nosti i motivacije gradana u oblasti rekreativnog sporta.

Pored kvantitativnih nalaza zakljucci ovog istrazi-
vanja ukazuju i na potrebu Sireg, strateskog sagledavanja
uloge digitalnog marketinga u sportskim organizacijama.
Digitalne strategije ne bi trebalo posmatrati iskljucivo
kroz kratkorocne metrike poput pregleda i dometa, vec
i kroz njihov doprinos izgradnji dugoro¢ne veze izme-
du sportskih organizacija i gradana. Posebno je znacaj-
no razmotriti potencijal digitalnih kanala u edukativnoj
1 motivacionoj ulozi, imajuci u vidu da sport i rekreacija
predstavljaju vazne drustvene mehanizme za unaprede-
nje javnog zdravlja i kvaliteta Zivota. Integracija digi-
talnog marketinga sa lokalnim sportskim inicijativama,
programima rekreacije i javnim kampanjama mogla bi
dodatno osnaziti njegov drustveni efekat. U tom smislu,
digitalne strategije sportskih organizacija mogu se po-
smatrati kao dio Sireg sistema podrSke aktivnom nacinu
zivota, a ne iskljucivo kao promotivni alat.

Sa prakti¢ne strane, nalazi ukazuju da sportske or-
ganizacije treba da optimizuju multikanalne strategije 1
pazljivije integriSu FAST modele zbog njihovog visokog
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and integrate FAST models more carefully due to their | potencijala digitalnog dometa. Dalja istrazivanja trebalo
high digital reach potential. Further research should fo- | bi da se fokusiraju na vece, primarne uzorke i detaljnija
cus on larger, primary samples and more detailed mea- | mjerenja ponaSanja korisnika, kako bi se preciznije pro-
surements of user behaviour, in order to more accurately | cijenio stvarni doprinos digitalnih platformi u promociji
assess the actual contribution of digital platforms to the | rekreativnih aktivnosti.

promotion of recreational activities.
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Abstract: A neurodevelopmental disorder characterized by restricted and repetitive patterns of behavior as well as dif-
ficulties in communication and social interaction is defined as Autism Spectrum Disorders (ASD). The specific characteris-
tics observed in children with ASD require carefully selected and methodologically justified instruments for the assessment
of motor competence, i.e. the assessment of motor skills and physical abilities. The aim of this study is to broadly examine
the application of test procedures (instruments) used by researchers in studies in which physical activity intervention is
applied in children with ASD and to analyze the methodological justification of their choice. This scoping review was
conducted following a systematic search strategy in accordance with the PRISMA Extension for Scoping Reviews guide-
lines. Based on the literature search and eligibility criteria, 34 papers were included in the final qualitative synthesis. The
reviewed literature reveals considerable heterogeneity in the selection of instruments, with the most frequently used being
the Test of Gross Motor Development-2/3, the Bruininks—Oseretsky Test of Motor Proficiency-2 and the Movement Assess-
ment Battery for Children-2. These instruments primarily asess motor skills, although many studies also include additional
measures of physical abilities for which the authors do not provide clear references regarding their source or origin,
representing a methodological limitation. This review highlights the need for the development of standardized instruments
that assess both motor skills and physical abilities while accounting for the unique cognitive and social characteristics of
children with ASD and varying levels of support needs.

Key words: Motor competence, Motor skills, Assessment tools, Physical activity interventions, Neurodevelopmental dis-
order

INTRODUCTION

Motor competence (MC) is important for daily functioning, social integration, overall psychomotor develop-
ment and quality of life (Bertz et al., 2022). It refers to different motor domains and reflects a child’s level of motor
development, which is determined by the development of motor skills (MS) and physical abilities (PA) (Luiz et al.,
2017). Motor competence, as an important factor in a child’s social, physical and cognitive development, results from
engagement in movement activities and physical exercise. The optimal period for the development of certain motor
domains is early childhood, including preschool and early school age, especially for children who have a low level
of developmental abilities and skills for a given age, which is the case with children with autism spectrum disorder
(ASD) (Molnar, Romanov & Mili¢, 2024). ASD is one of the fastest growing deviations identified in child develop-
ment. Compared to children from the typical population, children with ASD are characterized by developmental
differences that include difficulties in social interaction and communication, restrictive and repetitive patterns of
behavior (World Health Organization, 2019), difficulties across multiple developmental domains of MC (Kodak &
Bergmann, 2020), reduced initiative to engage in physical activity programs and decreased participation in motor
and play activities (Gehricke et al., 2020). Deviation in motor development, which is observed in children of this
population, is one of the potential early identification of ASD (Pokoski et al., 2025). Numerous authors indicate the
connection of MC with the development of speech, attention, perception and other cognitive functions, as well as
the skills necessary to perform everyday activities (Acar, Erol, & Cimen, 2025). Due to the clearly observed differ-
ences in motor development in children with ASD, compared to children of the typical population, experts in the field
of kinesiology and related disciplines develop and apply different kinesiology programs aimed at improving motor
domains. The development of various programs (physical and sports activities), as well as the monitoring of their
outcomes, relies on the application of instruments, used to assess motor development and MC in children with ASD.
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In the practical application of instruments, both by clinicians and researchers, a considerable variability in instrument
selection can be observed, as well as limitations that affect the standardization of assessment of MC in children with
ASD. A lack of methodological rationale in the selection of tests can be observed in the literature, which indicates
that they are often chosen on an “ad hoc” basis (Piccolo et al, 2025). It is important to note that the motor instruments
were developed according to the developmental norms of children of a typically developing children (Walters et al.,
2025). Since adaptations are often required when these instruments are applied with children with ASD, especially in
terms of understanding tasks, maintaining attention, motivation and general functional abilities, questions arise about
the validity and suitability of the applied instruments. When instruments are used to assess the outcomes of physi-
cal activity intervention and to support the development of motor competence in children with ASD, it is important
to systematically identify and analyze which instruments and test batteries researchers use to evaluate intervention
outcomes. Therefore, the aim of this study is to map the application of instruments used by researchers in studies in
which physical activity intervention is applied in children with ASD and to analyze the methodological rationale of
their choice.

MATERIAL & METHODS

Protocol and registration
This scoping review was conducted following a systematic search strategy in accordance with the PRISMA
Extension for Scoping Reviews (PRISMA-ScR) guidelines (Tricco et al., 2018).

Eligibility Criteria

Eligibility criteria were defined in accordance with the PRISMA-ScR guidelines. Studies were eligible for in-
clusion if they: (a) were published from 2010-2025 (study with full text access); (b) employed experimental study;
(c) included participants diagnosed with ASD according to established diagnostic criteria (DSM-IV, DSM-5, ICD-9,
ICD-10, ICD-11) (American Psychiatric Association, 1994, 2013; World Health Organization, 1978, 1992, 2019); (d)
implemented a structured physical exercise or physical activity intervention program; (e) assessed motor competence
using motor assessment instruments (standardized and non-standardized); (f) involved children and adolescents aged
from 3 to 21 years old; and (g) were published in English language.

Studies were excluded if they: (a) were published before 2010; (b) study with no full text access; (c) were review
articles, meta-analyses, conference paper, letters, editorials, or preclinical studies; (d) studies that include other de-
velopmental disabilities than ASD; (e) studies with absence of a structured exercise program; (f) did not apply motor
assessment tests; and (g) included participants under 3 years and older than 21 years old.

Information sources
A comprehensive literature search was performed up to January 13, 2026, by systematically searching the fol-
lowing electronic databases: Scopus, Web of Science and PubMed.

Search strategy

The search approach was customized for each database to accommodate differences in indexing systems, search
interfaces and the use of controlled vocabulary. Search terms were organized into key conceptual MC domains
related to the population with ASD, motor competence outcomes, physical exercise or physical activity based inter-
ventions and motor assessment instruments. Synonymous terms within each domain were combined using Boolean
operators to enhance search sensitivity and specificity.

Selection process and Data collection process

Each database and study was independently screened by two authors (S.D. and R.R.) to ensure consistent ap-
plication of the eligibility criteria. In case of disagreement, a third author (B.D.) was consulted and consensus was
reached through discussion. After screening titles, abstracts and full texts, agreement between S.D. and R.R. was
95%, with remaining discrepancies resolved by B.D.
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RESsuLTS

The initial database search yielded a total of 359 records and represented in Figure 1.

T | Records Records Records
identified from; | identified from: identified from:
Scopus Web of Science Pubmed
(n=178) (n=259) (n=122)
v | v ¥
= L Records removed before screening:
g ~duplicate records removed (o= 24)
a Recaids identifisd fom o -records marked as ineligible by
1S Databases (n = 359) automation tools h!=0]
E -records removed for other reasons
- {n=37)
Records excluded:
= Records screened ! -reviews (n = 113)
= (n = 298) "l -population (n=31)
-absence of a structured exercise
program (n = 80)
| . -no assessment teol (n=23)
) -studies with no full text access
Studies included in (n=17)
E review
E (n = 34)
£

Figure 1. PRISMA flowe diagram of the study selection process

After removing duplicates, studies published more than 15 years prior to the search period and non-English
studies, 298 records remained for screening. During title and abstract screening, 113 records were excluded (reviews
and meta-analyses), 31 due to inappropriate population, 80 due to the absence of a structured exercise program and
23 due to the lack of a motor competence assessment tool. An additional 17 studies were excluded because full texts
were unavailable. Following full-text screening and application of the eligibility criteria, 34 studies were included in
the final qualitative synthesis of this systematic review. Data were extracted for all assessment instruments used to
evaluate motor competencies in children with ASD up to 21 years of age. Both standardized and non-standardized
tools were included to capture the full spectrum of instruments currently applied by practitioners, as well as those
with potential for future development. Studies involving participants older than 21 years or with other neurodevelop-
mental or intellectual disorders were excluded. The following data were collected for each included study: (a) study
identification information (first author and year of publication), (b) intervention type, (¢) participant characteristics
(autism severity/intellectual level), (d) motor competence assessment instruments, (¢) motor competence domains
assessed, () study outcomes. These data are summarized in Table 1.

Table 1. Data collected for each included study

Study/ year Inter. type  Participants (Autism severity/intellectual level) Assessment tools Motor Outcomes
Arabi & Kakhki n=60 children with ASD, 6-12 yrs; Mild to moderate ) ) L
1. (2025) FMSI levels ASD, non verbal, 10570 BOT-2-short form Gross and fine motor skills, coordination

n=60 children with ASD, 612 yrs; Mild to moderate
levels of ASD, non-verbal 1Q < 60,

n=28 boys with ASD and TD BOT-2 (6 subtests); sit and
3. Arslan et al. (2020)  PAI 9-11yrs; reach, handgrip, Newtest
Atypical autism (DSM-V) 1000 reaction device

n=9 children with ASD,

8-13 yrs; ASD without intellectual disabilities

2. Arabietal. (2019) SMI TGMD-2 Locomotor and object control skills

Speed and agility, balance, coordination,
strength, flexibility and reaction time

4, Bo et al. (2018) FMSI TGMD-3 Locomotor and object control skills
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n=2 children with ASD, 7 and 10 yrs;

The Pediatric balance
Scale, Flamingo test, The
Floor to Stand Test, The

Static, dynamic and anticipatory balance;

> Casey etal. (2015) S8l High functional level timed up and Go test, Zﬂ;ﬁ;;:;ggglutﬁﬁlkmg speed,
Timed Up and Down Stairs
test, 6 min walk test
Castafio et al. n=20 children with ASD, Abbreviated Development ) )
6. (2024) FMSI 46 yrs; Autism severity: NR Scale -3 Gross motor and fine motor skills
. n=25 . .
7 (Czh(;\;—)Bartoll etal. EMSI children with ASD, 7-13 yrs MABC-2 BMaT:::; Dexterity, Aiming & Catching,
High-functioning ASD, 1Q > 70
Colebourn et al. Single child with ASD, 9 yrs Receptive/expressive BOT-2‘(up.per limb Upper-limb coordination, overhand
8 (2017) FMSI language & sensory integration difficulties coordination); TGMD-2 throwing skill
guag yinteg (Object Control) &
Gross motor skills scale
9. Gaber (2025) SmI n=70 boys with ASD, 6-9 yrs Moderate ASD (.GMSS) ) Gross and fine motor skills
Fine motor skills scale
(FMSS)
Hashemian et al. ) . ) Fine Manual Control, Manual Coordination, Body
10. = D, 4.5-1 : BOT-2
0 (2025) FMSI n=36 boys with ASD, 4.5-14 yrs Autism severity: NR OT- Coordination, Strength & Agiity
11.  Henderson (2016)  FMSI =37 children with ASD, . TGMD-2#visual support Locomotor and object control skills
5-12 yrs; Moderate to severe autism cards
Howells et al. n=35 children with ASD, Manual dexterity, aiming and catching,
2. (2021) I 5-12yrs; Autism severity: NR MABC-2 balance
13, Imaietal(2023) B n=9 children with ASD, 6-12 yrs; Autism-Spectrum BOT-2 -Short form+BOT2  Bilateral Coordination, Balance, Running
' ' Quotient (AQ) 26-38. 4 subtests Speed & Agility, Strength
_ . ) TGMD-2+visual support
14, Jia & Xie (2021) FMSI n—2.4 ch||drer.1 with ASD cards and ,Basic motor Locomotor and object control skills balance
Autism severity: NR . P
skills assessment
Fine Manual Control, Manual Coordination
. n=21 children with ASD, Y ’
15.  Kanzariet al. (2025) SMI 5-13 yrs; ASD Level 1-2 support needs - (DSV-5-TR] BOT-2 Body Coord|na.t.10n,
Strength & Agility
L, n=20 children with ASD, ) )
16.  Kaplanova (2023)  FMSI 5-10 yrs; Autism severity: NR TGMD-2 Locomotor and object control skills
Ketcheson et al. n=20 children with ASD, TGMD-2 + visual support . .
17. (2016) FMSI 16 yrs; Autism severity: NR cards Locomotor and object control skills
TGMD-3 +
18. Ketcheson etal. FMSI n=25 children with ASD, 3-5 yrs; Autism severity: NR 4 subtests from Brockport ~ Locomotor and ball skills
(2021)
Physical Fitness test
) ) ) Sit and reach, push ups, sit _— .
Kozlowski et al. n=58 children with ASD, ) Flexibility, strength, power, cardiovascular
1. (2020) PAl 7-12 yrs; 1Q>70 ups, body weight squats, endurance
vrs; long jump; PACER
20 Lourengo et al. vl n=16 children with ASD, BOT-2 Short form; standing  Gross & fine motor skills, coordination,
" (2015) 4-8 yrs; Autism severity: NR long jump strength, agility
Marzouki et al n=27 children with ASF,
21. SBI 6-7 yrs; TGMD -2 Locomotor skills and object control skills
(2022) y )
CARS>30;1Q 2 80
n=31 children with ASD
22. ier (202 B ! D- L j i
Maussier (2025) SBI 6-10 yrs; Different levels of autism severity TGMD-3 ocomotor and object control skills
Morales et al. n=40 children with ASD, TGMD-3+visual support . .
23 (2022) SBI 913 yrs; IQ range 55-70 cards Locomotor and object control skills
Ozcan, Ozer & Pinar n=34 children with ASD The Peabody Motor Locomotor skills and manipulative skills,
2. (2025) FMSI 3- 6 yrs; Autism severity: NR Development Scale balance
yrs; v (PMDS)-2
25.  Palmeretal. (2023) FMSI n= 11. children 3-10yrs (ASD: n = 4;T: n =7) Autism IGMD-,? N V|§ual support Locomotor and object control skills
severity: NR LAMP” device
) Fine Manual Control, Manual Coordination,
26.  Panetal. (2016) SBI :Tzhzftl (:]yc;\g:l: AZZ;)G-IZWS BOT-2 Body Coordination,
& & Strength & Agility
27, Refieetal (2017)  SMI n=20 adolescents with ASD, BOT2 Balance, bilateral coordination, strength,

9-12 yrs; Mild ASD level; 10280

agility, upper-limb coordination
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Manual Dexterity, Aiming & Catching,

Rafiei Milajerdi et n=60 children with ASD,
2. al. (2021) FMSIPAI 6-10 yrs; Autism severity: NR MABC-2 Balance

Salvador-Garcia et n=31 children with ASD, Manual Dexterity, Aiming & Catching,
29. al. (2021) FMSI 4-16 yrs MABC-2 Balance

' Autism severity: NR; 1Q>70

30, Sarabzadeh et al. Bl n=18 chlldrer.m with ASP, . MABC-2 Manual d(.extenty, aiming

(2019) 6-12 yrs; Autism severity: NR; Without ID and catching, balance
31 Svensson et al. SMI+ n=10 children, 4-10 yrs Autism level 2 or 3 (DSM-V-  TGMD-3 (visual support);  Locomotor skills, bilateral coordination,

" (2024) FMSI TR) Moderate i high support needs BOT-2 subtests balance

Gross motor factors: limb movement speed,
agility, balance, coordination and reaction
time

n=14 children with ASD aged, 6-12 yrs Moderate level UQAC-UQAM -test battery

32 Touali etal. (2025) = SMI+PA of ASD (LVL 2, by DSM-5-TR) protocol with adaptations

n=25 children with ASD, first-grade students, age NR;
Moderate autism

n=40 children with ASD, BOT2 Balance, coordination, fine motor control
6-12 yrs; SPM ===30 and gross motor skills

33, Wangetal.(2025) FMSI TGMD-3 Locomotor and object control skills

34, Wen&Wu(2025) SMI

Note: ASD — Autism Spectrum Disorder, TD — Typical Development; FMSI — Fundamental Motor Skill Intervention; PAI
— Physical Abilities Intervention;, SMI — Sensory-Motor Intervention; SBI — Sport-Based Intervention, BOT — Bruininks-
Oseretsky Test of Motor Proficiency; TGMD — Test of Gross Motor Development; MABC — Movement Assessment Battery for
Children; CARS — Childhood Autism Rating Scale; NR — Not reported; EG — Experimental group, CG — Control group.

TGMD-2/3
BOT-2
MABC-2

Other-PA

Motor assessment

Other-MS

>

5 10 15

Number of studies using each assessment tool

Figure 2. Frequency of motor assessment tools used in the included studies

Based on the data extracted from the included studies, the most frequently used motor assessment tools are
presented in Figure 2. The TGMD-2/3 was the most applied instrument, used in 14 studies, followed by the BOT-2,
which was used in 11 studies. The MABC-2 was applied in five studies. Additionally, other assessments measuring
physical abilities (other PA) were identified in five studies, while other instruments assessing motor skills (other MS)
were reported in four studies.

To examine the potential association between intervention type and the selection of assessment instruments,
interventions were classified into four categories according to their primary motor objectives: (a) fundamental mo-
tor skills intervention (FMSI), (b) physical abilities intervention (PAI), (c) sensory-motor intervention (SMI) and (d)
sport-based intervention (SBI).

Some interventions included components from more than one category. It was noted that in some of the ana-
lyzed studies, more than one instrument for assessing MC was used. The distribution of assessment tools across
intervention types is presented in Figure 3.

Autism severity and intellectual level were not reported in all studies and the scales used to describe autism-
related participant characteristics varied, limiting direct comparison. Among the studies that reported 1Q, BOT-2,
TGMD-2/3 and MABC-2 were used with similar frequency in participants with 1Q > 70, whereas TGMD-2/3 was
predominantly used in participants with IQ < 70 (Figure 4). Based on the available data, test selection did not show
a clear correspondence with autism severity.
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Regarding age-based distribution, TGMD-2/3 was most frequently applied in preschool children (3-6 years),
BOT-2, TGMD-2/3 and MABC-2 appeared with similar frequency in school-age children (7-12 years) and no partici-
pants were included in the older school-age/adolescent category (13-21 years) (Figure 5.).
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Figure 4. Distribution of Motor Assessment tools by Intellectual Level Figure 5. Disiribution of Motor assessment iools arross age groups
DiscussioN

The aim of this study is to provide an overview of MC assessment instruments used by researchers in studies ex-
amining physical activity interventions in children with ASD and to analyze the methodological justification for their
selection. The reviewed literature reveals considerable heterogeneity in the choice of instruments within this popula-
tion, encompassing both standardized and non-standardized instruments. This distribution indicates the absence of
a unified approach to motor assessment in the context of physical exercise intervention in children with ASD. The
most frequently used tests are Test of Gross Motor Development (Second and Third edition; TGMD-2/3), Bruininks—
Oseretsky Test of Motor Proficiency-2 (BOT-2) and Movement Assessment Battery for Children-2 (MABC-2). The
results of this study are consistent with previous studies (Battah, Lotan & Moran, 2023; Downs et al., 2020), which
report a dominant application of the TGMD-2/3 tests for ages 3 to 6 years. For ages 7 to 16, the following tests are
equally applied: TGMD-2/3, BOT-2 and MAC-2. No studies with subjects older than 16 years were identified, indi-
cating a potential lack of research in older adolescents with ASD.

The TGMD-2/3 was identified as the most frequently used instrument, being applied in studies, which may
indicate its potential as ,,gold standard* for assessing motor competence in children with ASD. This supported by
reliability and validity studies (Clutterbuck, Ho & Dwyer, 2025; Ulrich, 2013;) conducted among children with intel-
lectual disabilities. According to the recommendations of the test authors, when the instrument is used with children
with developmental disorders, it should be administered with visual support (cards), which ensures its validity for
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population of children with ASD.

In the present review, visual supports were included in the assessment instruments only in studies involving
participants with moderate to severe autism (Henderson et al., 2016), mild intellectual disabilities (Morales et al.,
2022), or moderate to high support needs (Svensson et al., 2024). The use of the TGMD-2/3 in this population is
further supported by its applicability for intervention design, with test items also used as intervention tasks and visual
cards serving as instructional support (Bo et al., 2019; Henderson et al., 2016; Ketcheson et al., 2016; Wang et al.,
2025). The test stands out due to its ease of administration, established validity and sensitivity to changes following
physical activity interventions, particularly in children with lower verbal and cognitive abilities (Henderson et al.,
2016; Ketcheson et al., 2016; Maussier et al., 2025). This is further supported by Arabi et al. (2019), who applied
TGMD-3 in children with an 1Q lower than 60, whereas the BOT-2 test was used for children with an IQ above 70
(Arabi et al., 2025).

In several studies, testing procedures showed high task completion rates. Children with ASD were also observed
to engage in test tasks with enjoyment and motivation (Ketcheson et al., 2016), highlighting the importance of posi-
tive experience for successful participation. Only in the study by Svensson et al. (2024) did children with high sup-
port needs fail to complete the TGMD-3 and BOT-2 tests due to difficulties in following instructions and performing
the required tasks. These difficulties may be partly related to limitations in language comprehension, as research sug-
gests that understanding visual representations and task demands in children with ASD is more strongly associated
with language abilities than with non-verbal intellectual functioning (Hartley, Trainer & Allen, 2019). Svensson et al.
(2024) emphasize that although these tests have been validated in children with ASD with lower support needs, their
reliability and validity have not yet been confirmed with children requiring higher levels of support.

The Bruininks—Oseretsky Test of Motor Proficiency-2 (BOT-2) is designed to assess general motor proficiency,
including domains such as fine manual control, manual coordination, body coordination, strength and agility (Bru-
ininks & Bruininks, 2005). The BOT-2 has been used in several studies due to its comprehensive approach to MC,
particularly in terms of performance and movement efficiency, as well as its validation in children with developmen-
tal disabilities, including high functioning ASD (Pan et al., 2016). In addition to the complete form, BOT-2 Short
Form (SF) provides a quicker assessment while maintaining reliability and sensitivity (Arabi et al., 2025) The SF may
represent an appropriate choice for children with ASD due to potential difficulties related to attention and motivation
during testing.

In this study, it was observed that the BOT-2 was the test most supplemented with other motor assessments. Imai
et al. (2020), in addition to the SF, used four other items of BOT-2 full form to assess motor skills (bilateral coordi-
nation, balance, running speed, agility and strength), as the intervention focused on activities involving gross motor
skills. Arslan et al. (2020) used six items of the BOT-2 (assessing speed, agility, balance and coordination), along
with additional tests of flexibility, handgrip strength and visual-auditory reactions, when enabled a comprehensive
assessment of physical abilities.

On the other hand, Rafie et al. (2017) interpreted the results within the framework of perceptual-motor skills
rather than motor proficiency alone, to align with the focus of the intervention. Not all subtests showed significant
improvement, particularly the bilateral coordination task (drawing circles with the fingers while alternately striking
with the feet or catching a falling ruler as quickly as possible). This was attributed to the complexity of the task and
requirement for simultaneous coordination of the upper and lower extremities, focused attention and rapid perceptual
processing. The authors also suggested that alternatives such as the MABC-2 test might be more sensitive to detect
changes in this population.

However, most authors believe that the BOT-2 is capable of detecting significant changes after intervention,
which confirms its sensitivity (Pan et al., 2016). The application of the BOT-2 in the analyzed studies illustrates its
ability to cover a wide range of motor domains while also indicating limitations in detecting changes in the most
demanding tasks.

The Movement Assessment Battery for Children-2 (MABC-2) (Henderson, Sugden, & Barnett, 2007) enables
the assessment of motor skills according to developmental norms for children. It covers three age groups (3—6 years,
7-10 years and 11-16 years) and consists of eight tasks divided into three components: manual dexterity, aiming and
catching and balance. In all five studies that applied this test, participants had an intellectual disability level with 1Q
>70. Howells et al. (2021) reported that not all children were able to complete the grasping and fine motor tasks, as
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these tasks require precise coordination and attention, which may represent a potential barrier for children with ASD
and cognitive impairments (Lin et al., 2024). In addition, the results of this study were not normally distributed in re-
lation to the identified mean values, which may be a consequence of differences in the functional level of the partici-
pants. This suggests that the test may be demanding for children with ASD with lower functional levels, as indicated
by the results of this study (Figure 3), but also that these tests do not assess only the motor aspect of development and
may be influenced by other domains. Rafiei Milajerdi et al. (2021) stated that a key limitation of their study was the
selection of the MABC-2 test for assessing short-term changes, because the authors of the test recommend an interval
of three months between two measurements. In their study, the intervention interval was shorter, which may have
contributed to minimal program effects, particularly considering that children with ASD often require more time to
achieve visible effects after physical exercise interventions.

The analyzed studies indicate that, in relation to the goals and characteristics of physical exercise interven-
tion, the TGMD-2/3 test was often used to assess motor skills in programs specifically focused on learning skills. In
contrast, the test was less frequently used to assess physical abilities as an outcome, which aligns with the nature of
interventions. Although sensory motor interventions are theoretically based on improving basic neuromotor process
(vestibular and proprioceptive integration, motor planning and body awareness), these studies indicate that the BOT-
2 was predominantly used to assess these neuromotor competencies, while no study applied the MABC for the same
purpose. Although the BOT-2 primarily measures motor competence rather than sensory processing as a separate
construct, some of its subtests (e.g., balance, bilateral coordination and fine manual control) are functionally depen-
dent on effective sensory integration. This may partly explain its frequent use in sensory-motor intervention research
despite its broader focus on motor efficiency.

In interventions based on the development of physical abilities (PA based interventions), single tests such as
push-ups, sit-ups, sit and reach, PACER, standing long jump and 6MWT were dominantly used (Arslan et al.,2020;
Kozlowski et al., 2020; Touali et al., 2025), while standardizes batteries were rarely applied. Also, in the analyzed
studies, the use of additional tests was observed, however, the authors did not refer to the validity of these tests al-
though it is noticeable that some of the additional tests were taken from other test batteries such as Eurofit or Eurofit
special test battery (Council of Europe,1988; Skowronski et al., 2009). Only some studies emphasized the use of
standardized instruments, such as the Brockport Physical Fitness Test or the UQAC-UQAM battery (Ketcheson et al.,
2021; Touali et al., 2025). The study by Touali et al. (2025) had a dual aim: to examine the effects of intervention and
to evaluate the applicability of the UQAC-UQAM protocol in children with ASD. Although the participants required
a moderate level of support (level 2) and had 1Q >70, the protocol was adapted to their specific characteristics. The
study by Touali et al. (2025) had a dual aim: to examine the effects of the intervention and to evaluate the applicability
of the UQAC-UQAM protocol in children with ASD. Although the participants required a moderate level of support
(level 2) and had an IQ > 70, the protocol was adapted to their specific characteristics. Its use was justified by its
practicality, as it requires minimal space, equipment, time, and financial resources, while its validity and reliability
have been supported by previous research (Touali et al., 2025). Given the positive outcomes, the UQAC-UQAM bat-
tery may represent a suitable tool for assessing physical abilities in this population, although further research across
different age and clinical subgroups is needed. In sport-based interventions, TGMD-2 was the most frequently used
instrument, reflecting the focus of these programs on developing fundamental motor skills. BOT-2 and MABC-2
were also used to assess broader aspects of motor competence and coordination.

CONCLUSION

This scoping review provides an overview of the application of instruments for assessing MC in children with
ASD and represents a bridge between previous literature and future practice and research in this area. In the analyzed
studies, TGMD-2/3, BOT-2 and MABC-2 were mapped as dominant assessment instruments. Based on the results
of this study, it can be concluded that there is a clear need for further standardization and adaptation of these tests
when applied to children with ASD with different levels of support needs and cognitive abilities. It was identified
that alongside the dominant instruments, additional tests were applied to provide more comprehensive insights into
specific MC domains. However, these tests were not always referenced, which raises questions about their validity,
sensitivity and reliability. All the above points to methodological (in)justification in the choice of testing procedures
for the assessment of applied interventions (physical activity, sports activity) in children with ASD. This suggests that
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future researchers should align the selection of instruments with research goals but should also focus on developing
instruments that consider the social and cognitive characteristics of the population of children with ASD, as well as
their varying levels of motor skills and physical abilities.
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Abstract: Assessing complex motor skills across physical performance domains poses distinct methodological chal-
lenges for applying the Cognitive Diagnostic Model (CDM), particularly regarding the response format of observational
instruments. This study compared inter-rater reliability, model fit, diagnostic specificity, and criterion validity between
dichotomous and polytomous instruments for assessing front crawl technique. A total of 280 physical education students
from Universitas Negeri Surabaya participated. The dichotomous instrument (10 items, three attributes: Arm Action, Body
& Leg, Breath & Synchronization) was adapted from the Crawl Technique Observation Sheet and analyzed using GDINA.
The polytomous instrument (20 items, four dimensions) was analyzed using pGDINA with a three-attribute Q-matrix, after
Body Position and Leg Action were mapped into a single Body & Leg attribute based on biomechanical justification, struc-
tural equivalence, and sample adequacy. The dichotomous instrument showed higher inter-rater reliability (Fleiss' k =
0.663) than the polytomous instrument (ICC = 0.538), with a Classification Accuracy of 0.924 and higher validity against
swimming speed (p = 0.507 vs. 0.288). The polytomous instrument produced higher diagnostic entropy (2.362 vs. 1.568
bits) and a more even latent profile distribution (largest profile 40.7% vs. 62.5%), indicating better diagnostic specificity.
Cross-instrument profile consistency was low (Cohen’s ik = 0.370), with 31.4% of borderline students classified differently
by both instruments. A trade-off emerged.: the dichotomous instrument excelled in reliability, classification accuracy, and
criterion validity, whereas the polytomous instrument excelled in diagnostic depth, confirming that CDM applications in
motor skill assessment face challenges distinct from cognitive education contexts.

Keywords: Cognitive Diagnostic Model; GDINA; polytomous instrument; inter-rater reliability, front crawl swimming

INTRODUCTION

Physical education has long assessed motor skills using quantitative outcomes such as speed, distance, or holis-
tic scores. These measures capture how well a student performs but say little about why. A student who misses a target
swimming time might struggle with arm coordination, body position, or breathing, yet a single total score cannot dis-
tinguish among these issues (Collares, 2022; de la Torre & Akbay, 2019; Popham, 2003; Rupp et al., 2010). This gap
between performance and diagnosis has led researchers to more sophisticated measurement approaches. (de la Torre,
2011) GDINA model, part of the broader family of Cognitive Diagnostic Models (CDM), offers one such approach.
Rather than placing students on a single ability continuum as Item Response Theory does, CDM classifies them ac-
cording to a profile of mastered and unmastered latent attributes (Rupp et al., 2010). A swimmer might master Arm
Action but not Breathing, and that distinction is precisely what makes CDM profiles useful for instructors designing
targeted remediation (Collares, 2022; de la Torre & Akbay, 2019).

CDM has proven effective in cognitive academic domains such as reading, mathematics, and language (Ma &
de la Torre, 2016; Meng et al., 2023), but its application to psychomotor skills remains largely untested. Front crawl
swimming, which requires the simultaneous coordination of arm and leg movements, body rotation, and breathing
(Maglischo, 2003), is a natural candidate because its components can be modeled as distinct yet interacting latent at-
tributes (de la Torre, 2011; Rupp et al., 2010). GDINA accommodates this without assuming a particular interaction
structure in advance (Ma & de la Torre, 2020), and its polytomous extension, pGDINA, links graded item categories
to attributes via a categorical Q-matrix (Ma & de la Torre, 2016). However, forcing polytomous responses into a
dichotomous mold consistently discards diagnostic information (Chen & de la Torre, 2018).

The harder problem is practical: how should qualitative, observation-based components of the technique be
scored so that CDM can actually use them? Dichotomous instruments score each component as present or absent,
which maps cleanly onto standard CDM (de la Torre, 2011) and underlies the Crawl Technique Observation Sheet
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developed by (de Medeiros Vidal et al., 2021). By contrast, polytomous instruments use graded ordinal scales, which
should, in principle, capture finer gradations in movement quality (Chen & de la Torre, 2018; Ma & de la Torre,
2016). That richness comes at a cost: ordinal judgments are harder to make consistently than binary ones (Moskal &
Leydens, 2000), and Sampaio Peres et al. (2023) found that standardized observation criteria alone were insufficient
to achieve adequate reliability in assessing swimming technique. Whether the theoretical advantage of polytomous
instruments survives this reliability cost, and which format performs better when consistency, classification accuracy,
and predictive validity are weighed together, remain open empirical questions.

This study addresses four questions: do the two instruments yield consistent attribute profiles; which yields
more diagnostically specific information; how much information is lost through dichotomization; and which dem-
onstrates stronger criterion validity relative to swimming speed and Distance Per Stroke. The findings aim to inform
CDM-based assessment methodology in physical education and to offer practical guidance for researchers extending
CDM into motor skill domains that remain largely unexplored in the psychometric literature.

METHOD

Ethical Approval and Participants

This study received ethical approval under Certificate No. 005/C8/G/1/2025 from the Research and Community
Service Unit of STKIP PGRI Bangkalan, dated January 5, 2025. All participants provided written informed consent
before participating. A total of 280 active physical education students from Universitas Negeri Surabaya participated,
comprising 202 men (72.1%) and 78 women (27.9%), with a mean age of 19.4 + 0.9 years, drawn from 18 course
sections. All participants had completed coursework in basic swimming and/or aquatic instruction, and each swam
50 meters of front crawl at a self-selected, comfortable pace, following the procedure described by de Medeiros Vidal
etal. (2021).

Instruments

Two instruments were used in this study. The dichotomous instrument was adapted from the Crawl Technique
Observation Sheet (de Medeiros Vidal et al., 2021) and comprised 10 binary-scored items, reclassified into three la-
tent attributes based on biomechanical relevance: Arm Action, Body & Leg, and Breath & Synchronization. Content
validity of this reclassification was confirmed by seven experts using Aiken’s V coefficient (Aiken, 1985), with all
items deemed valid (V = 0.857 to 1.000). The polytomous instrument, developed specifically for this study, consists
of 20 items spanning four dimensions of front crawl technique: Body Position, Leg Action, Arm Action, and Breath-
ing. Each item was scored using a two-stage procedure: raters first assigned a broad category (Poor, Fair, or Good),
then refined their judgment within that category to arrive at a final score from one to five (Moskal & Leydens, 2000).

Table 1. Q-Matrix of the Dichotomous Instrument

Item Description (original wording) Al (AA) A2 (BL) A3 (BS)
la Hand entrance position in relation to head 1 0 0
1b Elbow height in relation to hand in stroke recovery 1 0 0
1d Elbow extension at end of stroke 1 0 0
le Elbow height in relation to hand during the stroke’s propulsive phase 1 0 0
1c Hand entrance location in relation to the body’s central line 0 1 0
2a Leg amplitude 0 1 0
3a Horizontal alignment (body position) 0 1 0
4a Head movement and arm coordination while breathing 0 0 1
5a Body rolling 0 0 1
5b Arm coordination 0 0 1

Note: AA = Arm Action; BL = Body & Leg; BS = Breath & Synchronization.

Although the polytomous instrument was designed and retained with four dimensions (Body Position, Leg Ac-
tion, Arm Action, Breathing), the Q-matrix used for CDM analysis was planned around a three-attribute structure,
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with the Body Position and Leg Action dimensions mapped into a single combined Body & Leg attribute pending
data support. This methodological decision, made at the analysis stage rather than the instrument design stage, rested
on three criteria. First, biomechanical relevance: the horizontal body position in front-crawl swimming is actively
maintained by the kicking action as a stabilizer, so the two dimensions are conceptually closely linked (Maglischo,
2003). Second, structural equivalence: this mapping yields three attributes aligned with the dichotomous instrument,
enabling a fair comparison between the two. Third, sample adequacy: four attributes would generate sixteen potential
latent classes, requiring a much larger sample for reliable estimation than the eight latent classes produced by three
attributes (Gudicha et al., 2016; Sorrel et al., 2023).

Data Collection and Performance Measurement

Data collection for the dichotomous instrument took place directly at a standard 50-meter pool, with each par-
ticipant videotaped from start to finish and rated simultaneously by three trained raters; the final score for each item
was determined by the mode of the three ratings (Stemler, 2004). The same videos were then scored for the polyto-
mous instrument by ten trained raters organized into five fixed pairs, with the final score taken as the mean of each
pair’s two ratings, rounded to the nearest integer (Ma & de la Torre, 2016; Stevens, 1946; Zumbo & Kroc, 2019).
Dichotomous raters completed three training sessions involving joint scoring of pilot videos, criterion discussion,
and perceptual calibration, continuing until k > 0.61 agreement was reached before actual scoring began. Polytomous
raters underwent six calibration cycles using Kendall’s W, with agreement rising consistently from W = 0.085 in the
first cycle to W = 0.538 in the sixth, as a prerequisite before scoring the main videos.

Swimming speed and Distance Per Stroke, two valid and reliable indicators for assessing criterion validity
(Jirimée et al., 2007), were derived from the same videos. Elapsed time was measured with a manual stopwatch from
start to finish over the 50-meter distance, yielding v =50 m / elapsed time. Stroke count used a separate-arm counting
method, in which each right- or left-arm pull was counted as a separate stroke, so one complete cycle corresponded
to two raw counts; Distance Per Stroke was calculated as DPS = 50 m / number of cycles, which is algebraically
equivalent to DPS = 100 m / raw stroke count, as reported in the Data Analysis section. Speed reflects overall perfor-
mance as the result of all technique components acting simultaneously, whereas DPS measures propulsive efficiency
per cycle and is more sensitive to specific aspects of technique quality (Maglischo, 2003).

Data Analysis

Inter-rater reliability for the dichotomous instrument was computed using Fleiss’ Kappa, and for the polyto-
mous instrument, the Intraclass Correlation Coefficient was calculated with a two-way mixed, absolute agreement
model. Both were computed using the irr package in R (Gamer et al., 2019). The GDINA model for the dichotomous
instrument was estimated using the GDINA() function from the GDINA package (Ma & de la Torre, 2020), and the
pGDINA model for the polytomous instrument was estimated using the gdina() function from the CDM package
(George et al., 2016), with a 20-by-3 Q-matrix. Model fit was evaluated using M2, RMSEA, AIC, and BIC statistics,
and classification accuracy was computed using the CA() function. Cross-instrument comparison was conducted at
four levels: diagnostic specificity, assessed by the number of unique profiles and latent profile entropy; inter-attribute
correlation, assessed using Spearman correlations for the dichotomous instrument and polychoric correlations for the
polytomous instrument; profile consistency, assessed using Cohen’s Kappa between the two instruments’ attribute
classifications (Cohen, 1960); and criterion validity, assessed using Spearman correlations between profile scores and
both swimming speed and Distance Per Stroke.

RESuLTS

Descriptive Statistics

Participants’ mean swimming speed was 0.810 + 0.222 m/s (range 0.269 to 1.736 m/s), with a mean elapsed time
of 66.94 + 20.86 seconds. Mean Distance Per Stroke was 1.805 + 0.395 m/cycle. The substantial variation in both
indicators reflects a diverse range of skill levels among participants, consistent with the sample needed for diagnostic
analysis.
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Inter-Rater Reliability: Dichotomous and Polytomous Instruments

The dichotomous instrument showed high inter-rater reliability, with a mean Fleiss’ k = 0.663 (Substantial)
across three raters. All 10 items reached the substantial category (k > 0.60), except item 5a, which fell in the moder-
ate range (k = 0.597). The highest coefficient was observed for item le (k = 0.758, Arm Action). By contrast, the
polytomous instrument showed lower reliability, with a mean ICC = 0.538 (Moderate) across two raters. The Body
Position dimension showed the widest variation (ICC ranging from 0.414 to 0.629), with several items falling into
the poor category, while the Leg Action dimension reached the highest ICC (0.592). This substantial reliability gap
between the two instruments (k = 0.663 vs. ICC = 0.538) reflects an inherent difficulty in maintaining consistent or-
dinal judgments for complex motor skills.

Cognitive Diagnostic Model — Dichotomous Instrument (GDINA)

The methodological decision to map Body Position and Leg Action into a single Body & Leg attribute on the
polytomous Q-matrix was empirically supported: the polychoric correlation between the two dimensions was 0.945,
the highest among all attribute pairs. With N =280 and three attributes yielding eight latent classes, a sample-to-class
ratio of 10.4 was considered adequate for stable estimation.

The GDINA model achieved very high Classification Accuracy at both the pattern level (0.924) and the attribute
level (mean 0.968). The latent profile distribution showed a dominant “masters none of the attributes” profile (0-0-0)
at 62.5%, followed by the “masters all” profile (1-1-1) at 20.7%. Attribute mastery proportions followed the order
Arm Action (36.4%) > Body & Leg (31.1%) > Breath & Synchronization (22.9%), indicating that breathing coor-
dination was the most difficult component to master. The Mz statistic could not be stably estimated due to zero cell
frequencies in the bivariate item matrix, a known technical limitation for highly asymmetric response distributions
(Maydeu-Olivares & Joe, 2006); therefore, model fit evaluation relied on RMSEA and individual item fit, both of
which indicated adequate fit (Lei & Li, 2016).

Table 2. GDINA Model Fit and Attribute Profile Distribution (Dichotomous)

Indicator Value Interpretation
AIC 2,356.64 -
BIC 2,454.78 -
Pattern CA 0.924 Excellent
Attribute CA (mean) 0.968 Excellent
CA — Arm Action 0.970 Excellent
CA — Body & Leg 0.975 Excellent
CA — Breath & Sync 0.961 Excellent
Dominant profile: 0-0-0 (masters none) 62.5% (n=175) -
Profile 1-1-1 (masters all) 20.7% (n=58) -
Arm Action mastery proportion 36.4% -
Body & Leg mastery proportion 31.1% -
Breath & Sync mastery proportion 22.9% Lowest

Cognitive Diagnostic Model — Polytomous Instrument (pGDINA)

The pGDINA model yielded a mean RMSEA of 0.079, right at the threshold for an adequate fit, with the Arm
Action (0.083) and Breathing (0.084) dimensions slightly exceeding it. The latent profile distribution was more
evenly distributed than for the dichotomous instrument, with the dominant 0-0-0 profile accounting for only 40.7%
and the 1-1-1 profile for 27.9%. Polychoric correlations among attributes were very high (0.886-0.975), indicating
substantial multicollinearity.
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Table 3. pGDINA Model Fit and Attribute Profile Distribution (Polytomous)

Indicator Value Interpretation
Deviance 8,973.043 —

AIC 9,147.04 —

BIC 9,463.27 —
Mean RMSEA 0.079 Adequate (< 0.08)
RMSEA — Body & Leg 0.074 Good
RMSEA — Arm Action 0.083 Borderline
RMSEA — Breathing 0.084 Borderline
Dominant profile: 0-0-0 40.7% (n=114) —
Profile 1-1-1 (masters all) 27.9% (n=78) —

Body & Leg mastery 44.3% —

Arm Action mastery 45.7% —
Breathing mastery 40.0% Lowest

Diagnostic Specificity and Information Loss from Dichotomization

The polytomous instrument detected all eight possible latent profiles (2%), whereas the dichotomous instrument
detected only six of the eight, as profiles 0-1-0 and 0-1-1 did not appear in the data. Profile distribution entropy was
substantially lower for the dichotomous instrument (1.568 bits) than for the polytomous instrument (2.362 bits, a
50.6% difference), indicating that the dichotomous distribution was far more concentrated on a single dominant
profile. Mean inter-attribute correlation was much lower for the dichotomous instrument (r = 0.751) than for the
polytomous instrument (r = 0.928), indicating that dichotomous attributes were more discriminable from one another.
A total of 88 students (31.4%) were identified as having borderline profiles on the polytomous instrument, and their
attribute classification consistency between the two instruments ranged only from 50.0% to 64.8%, confirming that
dichotomization discards significant information, particularly for students at intermediate ability levels.

Comparison of Attribute Profile Distributions
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Figure 1. Comparison of attribute profile distributions from GDINA (dichotomous instrument) and pGDINA (polytomous
instrument) analyses. AA = Arm Action, BL = Body & Leg; BS = Breath & Synchronization; B = Breathing. Dichotomous:
6 profiles detected, entropy = 1.568 bits, largest profile 62.5%. Polytomous: 8 profiles detected, entropy = 2.362 bits, largest
profile 40.7%.
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Comparative Diagnostic Performance Between Instruments

Table 4. Summary of Diagnostic Comparison

Indicator Dichotomous Polytomous
Inter-rater reliability k = 0.663 (Substantial) ICC=0.538 (Moderate)
Model fit (RMSEA) Good* 0.079 (Adequate)
Classification Accuracy (pattern) 0.924 Not availablet
Unique profiles detected 60f8 80f8
Diagnostic entropy 1.568 bits 2.362 hits (+50.6%)
Dominant profile (largest) 62.5% 40.7%
Inter-attribute correlation (mean) r=0.751 r=0.928
Cross-instrument k consistency 0.370 (Fair)

Validity vs. v (p) 0.507 (p <0.001) 0.288 (p < 0.001)
Validity vs. DPS (p) 0.265 (p < 0.001) 0.255 (p < 0.001)
Borderline students - 88 (31.4%)
Borderline classification consistency 54.5-64.8%

*M: could not be stably estimated due to zero cell frequencies in the bivariate item matrix, resulting from a highly uneven
response distribution; fit evaluation relied on RMSEA and available item fit statistics. The CDM package does not provide a
CA function equivalent for pGDINA.

Inter-Attribute Correlation

Mean inter-attribute correlation was much lower for the dichotomous instrument (r = 0.751) than for the polyto-
mous instrument (r = 0.928). The lower correlation for the dichotomous instrument indicates that its attributes were
more discriminable from one another, a more favorable psychometric property for diagnostic purposes. The very high

polychoric correlations among polytomous attributes (0.886—0.975) indicate substantial multicollinearity, which may
limit the distinctiveness of diagnostic profiles.

External Criterion Validity

The dichotomous instrument showed higher criterion validity for swimming speed (p = 0.507) than the poly-
tomous instrument (p = 0.288), although both were statistically significant (p < 0.001). The gap was smaller for
Distance Per Stroke (p = 0.265 vs. 0.255). At the individual attribute level, Breath & Sync (dichotomous) correlated
most strongly with DPS (p = 0.225), whereas Breathing (polytomous) correlated most strongly with both v (p =

0.278) and DPS (p = 0.245), confirming that breathing coordination was the technique component contributing most
to swimming efficiency.

Table 5. Spearman Correlations with External Criteria

e e Comeer e e
Total profile score 0.507*** 0.265%** 0.288*** 0.255%**
Arm Action 0.475%** 0.261%** 0.239%** 0.194***
Body & Leg 0.470%** 0.216*** 0.239%** 0.197***
Breath & Sync / Breathing 0.431%** 0.225%** 0.278*** 0.245%**

**% p < 0.001. v = swimming speed (m/s); DPS = Distance Per Stroke (m/cycle).
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DiscussioN

Diagnostic Trade-off Between Reliability and Specificity

The central finding of this study confirms a fundamental trade-off between dichotomous and polytomous instru-
ments within a CDM framework for motor skill assessment. The dichotomous instrument excelled in reliability (k =
0.663 vs. ICC = 0.538), classification accuracy (CA = 0.924), and criterion validity (p = 0.507 vs. 0.288 against swim-
ming speed). By contrast, the polytomous instrument produced a more diagnostically informative profile distribution,
with higher entropy (2.362 vs. 1.568 bits), more unique profiles (8 vs. 6), and a smaller dominant profile (40.7% vs.
62.5%). This trade-off has a clear theoretical basis: binary judgments are easier to make consistently because they
involve only two decisions, whereas a five-point ordinal scale requires raters to draw finer distinctions, thereby in-
creasing ambiguity and reducing agreement (Moskal & Leydens, 2000). Although the two-stage scoring procedure
was designed to mitigate this, a mean ICC of 0.538 still indicates suboptimal consistency, consistent with Sampaio
Peres et al. (2023) finding that standardized criteria alone are not sufficient to achieve high reliability in swimming
technique assessment.

The strikingly high 0-0-0 dominant profile on the dichotomous instrument (62.5%) warrants cautious interpreta-
tion. Beyond reflecting genuinely modest skill levels among participants (consistent with a mean swimming speed
of 0.810 m/s), another possibility is that the rigid binary mastery threshold misclassifies intermediate-level students
as non-masters, a phenomenon known in the CDM literature as the masking effect of dichotomization (Chen & de
la Torre, 2018; Ma & de la Torre, 2016). The borderline analysis supports this possibility: 31.4% of students showed
intermediate profiles on the polytomous instrument, yet the dichotomous instrument failed to capture these nuances,
with classification consistency for this group ranging from 50.0% to 64.8%. The implication is that the dichotomous
instrument risks categorizing intermediate-level students as complete non-masters, even though they may have par-
tially mastered certain components of the technique.

Psychometric Challenges: Multicollinearity and Criterion Validity

The very high polychoric correlations among polytomous attributes (0.886—0.975) indicate substantial multicol-
linearity, a psychometric challenge because CDM models struggle to distinguish each attribute’s unique contribu-
tion when attributes are highly correlated, potentially yielding unstable parameter estimates and overlapping latent
profiles (de la Torre, 2011). The lower inter-attribute correlation for the dichotomous instrument (r = 0.751) indicates
more discriminable attributes, which is a favorable property for CDM analysis. The higher correlations observed for
the polytomous instrument likely stem from the close biomechanical interdependence among front crawl technique
components (Maglischo, 2003), as well as a possible halo effect in rater judgments that were not fully isolated across
dimensions.

The dichotomous instrument’s higher criterion validity relative to swimming speed (p = 0.507 vs. 0.288) is in-
formative, since swimming speed reflects the simultaneous action of all technique components. A stronger correlation
with v indicates that the attribute profile more closely reflects overall technique quality (Jiirimée et al., 2007; Maglis-
cho, 2003). However, this higher validity may partly reflect the dichotomous instrument’s more bipolar distribution,
whereas the polytomous instrument captures finer gradations in movement quality that correlate less directly with
overall speed (Chen & de la Torre, 2018). The merely fair cross-instrument profile consistency (Cohen’s k¥ = 0.370)
confirms that the two instruments produce substantively different diagnostic pictures, rather than simply differing in
measurement scale (Landis & Koch, 1977).

Implications for Applying CDM to Motor Skill Assessment

This study has two main implications for extending CDM beyond cognitive-academic domains. First, reliability
challenges in observation-based motor skill assessment exceed those typical of written cognitive testing because ob-
servational judgments are temporal and subjective, making them more susceptible to inter-rater inconsistency. This
implies that substantial investment in rater training is a non-negotiable prerequisite before applying CDM to motor
domains. Second, the choice of response format should be guided by the intended use: when classification accuracy
and predictive validity relative to performance are the priority, the dichotomous instrument with standard GDINA
performs better; when the goal is to provide more nuanced feedback on gradations in movement quality, the polyto-
mous instrument offers richer information despite its lower reliability. The low cross-instrument profile consistency
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(x = 0.370) also carries an important methodological warning: researchers should not assume that two instrument
formats measure identical constructs simply because they share the same attribute labels. As a technical limitation,
the M: statistic for the GDINA model could not be stably estimated due to zero cell frequencies in the bivariate
item matrix, a known constraint for highly asymmetric response distributions (Maydeu-Olivares & Joe, 2006). This
makes the exploration of alternative fit indices, such as bootstrap-based fit statistics, an important direction for future
research.

CONCLUSION

This study confirms a genuine methodological trade-off between dichotomous and polytomous instruments
when applying CDM to front crawl swimming assessment. The dichotomous instrument excelled in inter-rater reli-
ability (x = 0.663, Substantial), classification accuracy (Pattern CA = 0.924), and criterion validity against swimming
speed (p = 0.507), whereas the polytomous instrument excelled in diagnostic specificity, with higher profile distri-
bution entropy (2.362 vs. 1.568 bits) and more unique profiles detected (8 vs. 6). The merely fair cross-instrument
profile consistency (Cohen’s k = 0.370), together with the finding that 31.4% of borderline-profile students were
classified differently by the two instruments, confirms that response format selection is not merely a technical deci-
sion but a substantive one that fundamentally shapes diagnostic interpretation. Future research should explore rater
training strategies to improve the reliability of polytomous instruments, develop hybrid approaches that integrate the
strengths of both instrument types, and replicate these findings across different samples and motor skill domains.
This study’s primary contribution is providing empirical evidence, grounded in real rather than simulated data, on the
application of CDM to motor skill assessment, a domain still rarely explored in the CDM literature, while enriching
understanding of the boundaries and potential of CDM as a diagnostic assessment paradigm in physical education.
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Abstract: Jumping is one of the movements in soccer that supports the technique in this sport. Jumping ability is used to
win aerial duels and avoid opponent tackles. Research testing the effectiveness of the FIFA 11+ and HarmoKnee warm-up
programs in improving jumping performance in female soccer players is still limited. This study aims to analyse the effect
of FIFA 11+ and Harmoknee exercises on physical performance parameters, especially on the jumping performance of
female amateur soccer players. This study used an experimental approach with participants divided into two experimental
groups. The sample consisted of 24 female amateur soccer players. The standing long jump test data collection instrument
was used. The data analysis technique for hypothesis testing used a paired t-test, and to compare the two exercises, an
independent t-test. The results showed that there was an effect of the FIFA 11+ and HarmoKnee warm-up programs on
Jjumping performance, with a significant effect (p = 0.000 <0.05). There was no difference in the effect of the two exercises
on jumping performance (p = 0.963>0.05), but the effect size was found to be greater in FIFA 11+ than in Harmoknee. It
was concluded that the FIFA 11+ warm-up method had a slightly superior effect on improving jumping performance com-
pared to HarmoKnee in female soccer players. However, both the FIFA 11+ and HarmoKnee warm-ups can be effectively
implemented during the general preparation period of a periodized training program. Practitioners or physical trainers
need to consider incorporating these programs into daily sessions during the preparation period.

Keywords: Warm-up, physical, power, soccer

INTRODUCTION

Soccer players require moderate to high levels of aerobic and anaerobic power, good agility, and a variety of
technical and tactical skills to increase their chances of success in the sport (Carling, 2013; Reilly et al., 2000). To
respond to the physical demands of play, training components such as anaerobic power, speed, and agility must be
integrated into training (Amiri-Khorasani et al., 2011). Before participating, a warm-up is generally necessary to
“prepare” oneself for training or a match (Sander et al., 2013). A warm-up program is essentially a type of light or
moderate exercise aimed at improving performance (Sander et al., 2013; Sotiropoulos et al., 2010; Subasi et al.,
2008) by increasing blood flow and elasticity, as well as muscle neuron activity (Skof & Strojnik, 2007).

Both 11+ and HarmoKnee are multifaceted soccer-specific warm-up programs aimed at improving the general
fitness of soccer players while also considering intrinsic risk factors such as strength and balance. In general, the ex-
ercises included in multifaceted warm-up programs have been shown to improve athletic performance among male
soccer players (Fradkin et al., 2010). Specifically, improvements have been reported in counter-movement jump
height (Sotiropoulos et al., 2010), isokinetic strength (Brito et al., 2010; Daneshjoo et al., 2012), and sprinting ability
(Fletcher & Jones, 2004). Core stability training is another important component included in multifaceted warm-up
programs. These core exercises have been shown to improve technical skills and game awareness (Holm et al., 2004;
Leetun et al., 2004; Paterno et al., 2004). Therefore, a multifaceted warm-up program is expected to improve physical
performance. Specifically, a systematic review of studies of warm-up, running speed, jumping, and skill performance
(1966-2008) reported that 79% (of 32 articles) showed improvements in jump height, sprint test completion time,
and technical skill performance, while only 3% showed no change (Fradkin et al., 2010).

Although the primary goal of FIFA 11+ and Harmoknee is injury prevention, knowledge of the training effects
of these training programs on physical performance may help identify potential mechanisms behind the reported
reduction in injury incidence (Zarei et al., 2018). Although several studies have explored the training effects of both
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programs (especially FIFA 11+) on several measures of neuromuscular performance (lower limb balance (Daneshjoo
etal., 2013) and core stability (Impellizzeri et al., 2013), knee proprioception (Brito et al., 2010), knee strength (Brito
et al., 2010)), and sprinting and jumping ability (Bizzini et al., 2013) (which are part of the athletic physical perfor-
mance spectrum), not many of these studies have used female players as samples despite being the target population
of both programs.

This study is the most recent in our region, considering the limited research available on this topic. Therefore,
the primary objective of this study was to analyse the effects of FIFA 11+ and Harmoknee training on physical per-
formance parameters, particularly jumping performance, in female amateur soccer players. We hypothesised that
both programs would exhibit beneficial and superior effects on physical performance (particularly jumping ability).

METHODS

This study used an experimental method to determine the effects of a treatment intentionally given by the
researcher. The sample in this study was all young female soccer athletes from Batu City, East Java Province, total-
ling 24 people aged (19.4 + 0.7 years). This experimental study used two groups that received different treatments,
namely the FIFA 11+ method and Harmoknee. All participants understood and agreed to participate in this study with
informed consent. This research was conducted following approved by the Faculty of Sports and Health Sciences of
Yogyakarta State University (protocol number: B/853/UN34.16/PT.01.04/2024).

Procedure

The program was implemented on the research sample. Before being administered to the sample, the program
was validated by expert lecturers to ensure its eligibility for testing. Both groups participated in the same volume and
methodology of weekly soccer training (three sessions of approximately 90 minutes each and one match per week).
Both groups were visited at least once a week by our research assistants to monitor whether the groups were using
the same soccer training and whether the control group was using a structured injury prevention program instead of
a regular warm-up.

Table 1. Players’regular soccer training sessions during the intervention

Exercise Duration (min)

Technical drills (Passing exercise) 15

Tactical drills (defensive drills, offensive drills, situations) 20

Small-sided games with or without goal keeper 20

Simulated competitive games and set-pieces 15
FIFA 11+ Procedure

11+ consists of three parts. The first part includes running drills (Part 1). The second part includes six drills,
all of which are at three difficulty levels, aimed at improving strength, balance, muscle control, and core stability
(Part 2). The third and final part consists of advanced running drills (Part 3). The varying difficulty levels increase
the program’s efficiency and allow coaches and players to individually adapt the program. 11+, which replaces the
typical warm-up, takes approximately 20-25 minutes to complete. All 27 drills focus on core stability, neuromuscular
control, eccentric hamstring strength, and agility.
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Table 2. FIFA 11+ programs

W
arn.\ Up Exercise Component Durasi
Exercise
FIFA 11+ Part 1: Running Exercise
Straight Ahead, hop out, hop in, circling partner, shoulder contact, quick forward, & backward 8 menit

Part 2: Strenght, Plyometric, and Balance Exercise

The bench: one leg lift and hold

Side Bench: with leg lift

Hamstring: Nordic exercise 10 Menit
Single-leg: Test your partners

Squat: one leg squats

Jumping: Box jump

Part 3: Running Exercise
Across the pitch, bounding, plant and cut 2 Menit

HarmoKnee warm-up

The HarmoKnee warm-up program includes five sections: warm-up, muscle activation, balance, strength, and
core stability, all of which can be combined and performed within a regular soccer training session (Table 3). The
total program duration is 20 to 25 minutes Kiani et al., 2010). Similar to the 11+ program, HarmoKnee is also per-
formed three times per week.

Table 3. HarmoKnee Program

Warm Up Exercise Exercise Component Duration
HarmoKnee Warm-up
Jogging (>4-6 min), Backward jogging on the toes (Approximately 1min), High-knee skipping (Approximately 30 s), Defensive 10 min

pressure technique (Approximately 30 s), One and one (> 2min)
Muscle activation

Activation of calf muscles, quadriceps muscles, hamstring muscles, hip flexor muscles, groin muscles, hip and lower back 2 min

muscles (6 items, each item 4s for each leg/side)

Balance

Forward and backward double leg jumps, Lateral single leg jumps, Forward and backward single leg jumps, Double leg jump 2 min

with or without ball (optional), (4 items each item Approximately 30s)

Strength 3min

Walking lunges in place, Hamstring curl (in pairs), Single-knee squat with toe raises (3 items each item Approximately 1 min)

Core stability )
3 min

Sit-ups, Plank on elbows and toes, Bridging (3 items each item Approximately 1 min)

Test Procedure

To measure jumping ability, this study used the standing long jump test, which also measures leg muscle power.
Participants stood behind a starting line and were instructed to push off as hard as possible and jump as far as possible.
Participants were instructed to land with their feet together and remain upright. The jump distance was measured
from the starting line to the back of the heel. After two familiarisation tests, participants performed three repetitions.
The best score of the three repetitions was selected for analysis.

Data Analysis

Shapiro-Wilk was used to test for data normality in this study. Paired T-tests were used to test the effect of the
intervention. Comparisons of the two exercises used independent t-tests. A two-way ANOVA test was used to test
for interactions between Group (FIFA 11+ and HarmoKnee) x Time. If an interaction was found, further testing was
performed using the Tukey test. Decision-making was based on a significance level of 5% or 0.05. The calculation of
effect size in this study refers to Cohen’s d analysis. Data analysis was assisted by IBM SPSS Version 26.
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RESuLT

After 6 weeks of intervention, there were changes in participants’ jumping performance. Both exercises ap-
peared to have an impact on players’ standing long jump performance. This can be seen in Table 4.

Table 4. Changes in participants’ jumping performance.

Pre-Test Standing Post-test Standing

Group n Long Jump (cm) Long Jump (cm) Paired-T Group >< Time
M +SD M+ SD

FIFA 11+ 12 193.4+15.1 200.1£14.9 0.000*

HarmoKnee 12 190.7 +13.6 191.8413.1 0.000* 0484

Note: *significance p < 0.05

There was a significant main effect between pre- and post-test on the long jump (p = 0.000). Both effects were
found in both intervention groups (FIFA 11+ and HarmoKnee). Other findings did not reveal an interaction between
Group (FIFA 11+ and HarmoKnee) x Time (p > 0.05). The comparison between the two groups is presented in Table 5.

Table 5. The comparison between the two groups

Group n Mean Difference Cohen’s d !’ercentage of Independent T
improvement
FIFA 11+ 12 7.3 0.45 2.5%
0.963
HarmoKnee 12 11 0.08 0.8%

Table 5 data shows that there was no significant difference between the two groups with a significance value (p >
0.05). However, the percentage change value for the FIFA 11+ group appears to be superior to the HarmoKnee value.
Cohen’s d effect size value for FIFA 11+ is in the medium category, while for HarmoKnee it is in the low category.
Therefore, although both affect jumping ability, the FIFA 11+ group actually has a more significant influence on the
jumping ability of amateur female soccer players compared to HarmoKnee.

DISCUSSION

While the FIFA 11+ Injury Prevention Programme has been highly successful, in practice, it is difficult to per-
suade coaches and players to implement it regularly solely for injury prevention, so the goal was to demonstrate that
it also has a direct, positive impact on player performance. While the FIFA 11+ program is superior to HarmoKnee,
both can improve jumping ability in female soccer players.

Jumping performance is essential in soccer to support movements such as heading, avoiding tackles, and during
duels (De Oliveira et al., 2023). The results of this study illustrate the importance of developing high-level strength
to improve jumping performance in soccer players. Stronger athletes tend to perform better in jumping, while weaker
athletes perform worse in sprinting and jumping. Importantly, strength training has also been shown to reduce injury
incidence in college soccer players (Street & Kaminski, 2021). Therefore, it is intriguing that FIFA 11+ and Har-
moKnee can help improve players’ muscular strength while simultaneously developing jumping skills.

The reason for this can be found in the fact that the FIFA 11+ program includes plyometric exercises in addi-
tion to neuromuscular training (Trajkovi¢ et al., 2020), and includes the HarmoKnee. Furthermore, the focus in the
FIFA 11+ program is on correct technique through jumping, landing, and cutting movements by providing feedback
on incorrect movement patterns (Akbari et al., 2020). This improvement may be partly due to the increase in muscle
temperature during the application of both programs (Ayala et al., 2017). Our findings are in line with programs that
develop motor competence in early childhood, which is important for models of adolescent physical development
(Sander et al., 2013).

Furthermore, studies explain that this development is due to muscle development, as reported by Bobbert and
Casius, regarding changes in the length of contractile elements within the muscle-tendon structure. Specifically, the
development of tendon length increases its energy storage capacity (Challis, 2000). Tendon energy storage capacity
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is important in movements that utilise the stretch-shortening cycle, such as the long jump. It has been reported that in
children between the ages of 12 and 16, this increase occurs naturally through maturation-related adaptations such as
increased androgen concentrations, muscle fibril differentiation, and changes in resting adenosine triphosphate and
creatine phosphate levels (Lloyd et al., 2015). Anatomical and physiological developments associated with matura-
tion explain the improvements in sprinting and jumping performance that occur regardless of warm-up.

Another study demonstrated that a 10-week training period incorporating a FIFA 11+ warm-up significantly en-
hanced agility and long jump performance in basketball players (Sahin et al., 2018). Similarly, a study conducted by
Shah Hosseini et al. (2019) explored the effects of an 8-week FIFA 11+ training program on the agility and explosive
power of male collegiate volleyball players. In one study conducted on cyclists, it was observed that the average post-
jump was lower than the pre-jump test, but there was a good correlation (Robert et al., 2020). Studies examining the
effects of a FIFA 11+ warm-up program in adult males have shown improved jumping performance. After implement-
ing a FIFA 11+ warm-up program for children, the children showed increased jumping ability (Pomares-Noguera et
al., 2018). Akbari et al. (2020) evaluated the effect of FIFA 11+ on the vertical jump of 17-year-old soccer players and
suggested that implementing a four-week FIFA 11+ warm-up program improves the physical performance of young
individuals. This indicates that the program has a significant effect on jumping ability in individuals.

Limitations of this study include the short timeframe within which the effects of the FIFA 11+ and HarmoKnee
programs were investigated, spanning six weeks, and the lack of follow-up. Follow-up assessments of both warm-up
programs could have addressed the effects of the warm-up programs on program retention. Generalizability of the re-
sults to girls is also a limitation, as the study involved only a small sample size, so it is unknown whether the program
can be applied to girls in all categories. Furthermore, the study was conducted at the end of the general and specific
preparation periods, meaning some players were more prepared from the start and may have had a good baseline fit-
ness level, potentially influencing performance changes.

However, the strength of this study lies in its ability to demonstrate the plausible effects and suitability of the
FIFA 11+ and HarmoKnee warm-up programs in girls. Therefore, both FIFA 11+ and HarmoKnee warm-up programs
can be implemented in training sessions for girls aged 18-20 years. This study supports previous findings that tradi-
tional routine warm-up programs can be replaced by FIFA 11+ and HarmoKnee in female soccer players based on
their superior effects on jumping performance and possibly other physical components. Furthermore, these warm-up
programs do not require special equipment and are easy to support the performance development of female soccer
players, thus significantly contributing to injury risk reduction.

CONCLUSION

The main findings of this study indicate that implementing both the FIFA 114+ and HarmoKnee warm-up pro-
grams for 6 weeks can improve jumping performance. However, the magnitude of performance improvement with
FIFA 11+ was superior to HarmoKnee. Therefore, the FIFA 11+ program can be considered appropriate for this popu-
lation, as it appears sufficient to induce significant performance improvements in female soccer players. Ultimately,
given the evidence-based health benefits of the FIFA 11+ warm-up program, its primary target population could be
expanded to female athletes, both recreational players and schoolchildren, while also aiming to raise awareness of
sports injuries. Furthermore, future research should investigate the effects of both programs over a longer duration on
several physical performance variables using a randomised controlled trial design.
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Abstract: Flexibility is an important component of health-related physical fitness in childhood and may be influenced by
both biological and environmental factors. The aim of this pilot study was to compare flexibility levels in younger school-
aged children attending urban and rural elementary schools and to explore potential sex-related differences. The sample
consisted of 60 children aged 6—10 years (30 urban and 30 rural pupils,; equal numbers of boys and girls). Flexibility was
assessed using five standardized motor tests: Sit and Reach, Shoulder Mobility, Trunk Rotation with Stick, Deep Squat, and
Wide Straddle Sit with EIbows on the Floor. An overall flexibility index was calculated as the sum of ordinal scores across
all tests. Descriptive statistics, independent samples t-tests, and effect-size analysis (Cohen’s d) were applied. Children
attending the urban school achieved better results across all assessed flexibility tests. Statistically significant differences
were observed in the Sit and Reach Test and the Wide Straddle Sit Test (p < 0.05). The largest between-group difference was
found for the overall flexibility index (Cohen's d = 0.95), indicating better overall flexibility among urban children. Girls
demonstrated more favourable flexibility outcomes than boys across all assessed tests. The findings suggest that flexibility
outcomes may differ between children attending urban and rural schools; however, due to the pilot nature of the study and
the absence of controlled variables, the results should be interpreted with caution.

Keywords: flexibility; physical fitness; school-aged children; urban-rural differences; motor performance

INTRODUCTION

Flexibility is commonly considered a component of health-related physical fitness (American College of Sports
Medicine, 2021) and an important prerequisite for the effective execution of movement, maintenance of proper pos-
ture, and prevention of musculoskeletal disorders. It represents the capacity of joints to move through an optimal
range of motion and is influenced by factors such as age, sex, body composition, and level of physical activity. From a
health-related perspective, physical fitness in childhood, including flexibility, is increasingly recognized as an impor-
tant marker of current and future health status (Ortega et al., 2008). Global trends in physical fitness in children have
also been documented, indicating changes in fitness levels across populations over time (Tomkinson et al., 2019).

Childhood and early school age represent critical periods for the development of motor abilities. During this
stage, growth, maturation, and environmental factors interact to shape physical fitness and movement competence.
Research has shown that physical fitness develops dynamically during childhood and adolescence and is influenced
by biological as well as behavioral determinants (Armstrong, 2019). At the same time, global evidence indicates that
a substantial proportion of children do not meet recommended levels of physical activity, which may negatively affect
their physical fitness and overall health (Guthold et al., 2020).

Sex differences in physical fitness are also well documented, with girls generally demonstrating higher flex-
ibility than boys even at younger ages. These differences are often attributed to biological factors such as joint struc-
ture, muscle elasticity, and hormonal influences, as well as differences in physical activity patterns. Flexibility, in
particular, tends to be higher in girls across childhood and adolescence, which has been consistently reported in both
classical and contemporary research (Badri¢, 2011; Ortega et al., 2008).

In addition to individual characteristics, the environment in which children live and attend school may influence
their physical activity patterns and subsequently their level of physical fitness. Previous research suggests that physical
activity in children is shaped by a complex interplay of social, environmental, and behavioral factors (Sallis et al., 2000).
Differences between urban and rural environments have been associated with variations in opportunities for structured
and unstructured physical activity, access to sports facilities, and lifestyle habits. Furthermore, time spent outdoors has
been positively associated with physical activity levels and physical fitness in children (Gray et al., 2015).
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Despite the extensive body of literature addressing physical fitness in youth, relatively little attention has been
paid specifically to flexibility in relation to school environment. While many studies have focused on overall fitness
levels, cardiorespiratory fitness, or physical activity patterns, fewer have examined whether the locality of the school
(urban vs. rural) is associated with differences in joint mobility and flexibility in younger school-aged children.

Therefore, the aim of this study was to compare the level of flexibility in younger school-aged children (6—10
years) attending an urban and a rural elementary school in the Czech Republic. Sex-related differences were explored
as a secondary objective.

MATERIAL & METHODS

Study design

The study was designed as a cross-sectional quantitative pilot study aimed at comparing flexibility levels in
younger school-aged children from two different school environments. The research focused on descriptive and com-
parative analysis of flexibility outcomes between groups defined by school locality (urban vs. rural).

Participants

The research sample consisted of 60 primary school children aged 6-10 years. The sample included 30 pupils
(15 girls and 15 boys) from an urban elementary school located in a town with approximately 25,000 inhabitants and
30 pupils (15 girls and 15 boys) from a rural elementary school situated in a village with approximately 567 inhabit-
ants (Table 1).

Participants were selected using purposive sampling to ensure balanced representation by sex and comparable
age distribution between groups. The mean age of the participants was 7.9 + 1.3 years, with an average body height
of 137.2 + 10 cm and body weight of 31.9 + 8.6 kg. All participants were reported as healthy and free from acute or
chronic musculoskeletal disorders.

Prior to data collection, informed consent was obtained from the parents or legal guardians of all children. The
study was conducted in accordance with ethical standards and approved by the Ethics Committee of the Faculty of
Education, Charles University. All procedures followed the principles of the Declaration of Helsinki.

Table 1. Characteristics of Participants

Variable Urban school (n=30) Rural school (n=30)
Age, years (meant SD) 811124 784134
Height, cm (meant SD) 140 + 10 135+9.61
Weight, kg (mean SD) 3441901 29.617.57
Girls, n (%) 15 (50.0) 15 (50.0)
Boys, n (%) 15 (50.0) 15(50.0)

Flexibility assessment

Flexibility was assessed using a battery of five standardized motor tests selected with regard to the age of partici-
pants and feasibility within school conditions (Mekota & Novosad, 2005). For each participant, an overall flexibility
index was calculated as the sum of scores across all five tests, with lower values indicating better overall flexibility.

The execution of individual tests is illustrated in Figures 1-5.

Sit and Reach Test: measures flexibility of the lower back and hamstrings; results were recorded in centimeters
(Figure 1).

Shoulder Mobility Test: assesses shoulder flexibility by measuring the grip width (cm) required to pass a stick
behind the back (Figure 2). For the purposes of the overall flexibility index, shoulder mobility performance was clas-
sified into a five-point ordinal scale (>4 cm = 1 point; 1-4 cm = 2 points; 0 to -4 cm = 3 points; -5 to -9 cm =4 points;
<-9 cm =5 points), with lower ordinal scores indicating better flexibility.

Trunk Rotation Test with Stick: assesses trunk and shoulder girdle mobility by measuring the minimum grip
width (cm) required to perform a full stick rotation around the body (Figure 3). For the purposes of the overall flex-
ibility index, trunk rotation performance was classified into a five-point ordinal scale (<50 cm = 1 point; 50-59 cm =

242 www.siz-au.com



SONA JANDOVA, ET AL,
DIFFERENCES IN FLEXIBILITY BETWEEN URBAN AND RURAL ELEMENTARY SCHOOL CHILDREN: A PILOT STUDY SPORTS SCIENCE AND HEALTH 16(2):241-246

2 points; 60-69 cm = 3 points; 70-79 cm =4 points; >79 cm = 5 points), with lower scores indicating better flexibility.

Deep Squat Test: assesses lower-limb mobility based on the ability to perform a full squat while maintaining
heel contact with the floor. Successful performance was assigned 1 point and unsuccessful performance 5 points
(Figure 4).

Wide Straddle Sit with Elbows on the Floor: evaluates hip joint flexibility and adductor extensibility based on
the ability to touch the floor with the elbows. Successful performance was assigned 1 point and unsuccessful perfor-
mance 5 points (Figure 5).

Each test was demonstrated by an experienced instructor prior to execution to ensure correct technique. The
children performed the tests under standardized conditions during regular physical education lessons, under compa-
rable environmental conditions and at a similar time of day.

Individual test performances were converted into ordinal scores based on predefined performance criteria, where
1 represented the highest level of flexibility and 5 the lowest. The scoring system was applied consistently across all
participants.

Eh

2. Shoulder Mobility 3. Trunk Rotation with Stick

4, Deep Squat 5. Wide Straddle Sit
with Elbows on the Floor

Figure 1. Battery of five standardized motor tests (Mekota & Novosad, 2005)

Statistical analysis

Data were processed using descriptive and inferential statistical methods (SPSS). Descriptive statistics included
arithmetic mean and standard deviation. The normality of data distribution was verified using the Shapiro-Wilk test.

Differences between groups (urban vs. rural) were evaluated using Student’s t-test for independent samples. The
level of statistical significance was set at o = 0.05. Although the flexibility scores were based on an ordinal scale,
parametric tests were applied due to the approximately normal distribution of the aggregated data and for consistency
with similar studies. Additional non-parametric analyses (Mann-Whitney test) yielded comparable results and did not
alter the interpretation of the findings.

No additional variables such as extracurricular physical activity, socioeconomic background, or detailed char-
acteristics of physical education lessons were controlled within the study design.

Given the pilot nature of the study and the limited sample size, the analysis should be considered primarily de-
scriptive and exploratory. The findings should therefore be interpreted with caution.

RESULTS

The results of the flexibility tests are presented for individual test outcomes and the overall flexibility index.
Comparisons are reported between children from urban and rural schools. The results of the flexibility tests are pre-
sented in Table 2.
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Sit and Reach Test

Children from the urban school achieved an average value of 4.03 = 6.74 cm in the sit and reach test, whereas
children from the rural school achieved -0.10 + 7.95 cm. The difference between groups was statistically significant
(p <0.05) and corresponded to a moderate effect size (Cohen‘s d = 0.56).

Shoulder Mobility Test

In the shoulder mobility test, children from the urban school achieved a mean value of -0.53 = 6.63 cm, whereas
children from the rural school achieved -1.73 £ 6.03 cm. Higher values indicate greater shoulder flexibility. The dif-
ference between groups was not statistically significant (p > 0.05).

Trunk Rotation Test with Stick

In the trunk rotation test, children from the urban school achieved a mean value of 55.6 + 13.4 cm, whereas
children from the rural school achieved 65.6 + 12.2 cm. Lower values indicate better flexibility performance. Ac-
cording to the evaluation criteria, urban children demonstrated better trunk and shoulder girdle mobility than rural
children. The between-group effect size was moderate to large (Cohen‘s d = 0.78), although the difference did not
reach statistical significance (p > 0.05).

Deep Squat Test, Wide Straddle Sit with Elbows on the Floor

In the Deep Squat Test, successful performance was observed in 73% of urban children and 47% of rural chil-
dren. Similarly, in the Wide Straddle Sit Test, 80% of urban children met the assessment criteria compared with 47%
of rural children.

Overall Flexibility Index

The overall flexibility index was calculated as the sum of scores across all five tests. Urban children achieved a
mean score of 10.30 + 3.53 points, whereas rural children achieved a mean score of 13.70 + 3.64 points, indicating
better overall flexibility in the urban group. The between-group effect size was large (Cohen‘s d = 0.95).

Across all tests, girls demonstrated more favourable flexibility outcomes than boys; however, these differences
were not analysed as a primary focus of the study.

Table 2. Flexibility tests performance in urban and rural school children. Values are presented as mean + SD, median,
minimum and maximum values. Cohen ‘s d was calculated using pooled standard deviation. For the Shoulder Mobility Test and
Trunk Rotation Test, lower values indicate better flexibility performance. For the Sit and Reach Test, higher values indicate
better flexibility performance

Test Urban school (n=30) Rural school (n=30) Cohen’s d
meanz SD 4.0316.74 -0.10£7.95 0.56
median 2.5 2.5
Sit and Reach (cm) -
min -12 22
max 19 13
meanz SD -0.53+6.63 -1.73£6.03 0.19
median 15 1
Shoulder mobility (cm)
min -23 -20
max 8 5
meant SD 55.6113.4 65.6112.2 0.78
i ) median 54 64.5
Trunk rotation with stick (cm)
min 38 33
max 79 92
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meant SD 10.30+3.53 13.70+3.64 0.95

median 10 13,5
Overall flexibility index (points)

min 5 7

max 21 20

DISCUSSION

The findings indicate that children from the urban school achieved better flexibility outcomes across all assessed
tests. The largest difference was observed for the overall flexibility index (Cohen’s d = 0.95), indicating a large effect
in favour of urban children. Moderate differences were also found in the Trunk Rotation Test with Stick (d = 0.78)
and the Sit and Reach Test (d = 0.56). Girls demonstrated higher flexibility levels than boys across all assessed tests.

The present findings suggest that flexibility outcomes may differ between children attending urban and rural
schools. Children from the urban school achieved better results across all assessed flexibility tests, with the largest
difference observed for the overall flexibility index (Cohen’s d = 0.95). Although statistically significant differences
were identified only for selected tests, the consistency of the observed pattern across all assessments suggests that
the difference was not limited to a single dimension of flexibility. Previous research has shown that children’s physi-
cal activity behaviour is influenced by a complex interaction of environmental, social, and behavioural determinants
(Sallis et al., 2000). Similarly, opportunities for outdoor play and physical activity have been associated with higher
levels of physical fitness (Gray et al., 2015). However, because flexibility was the primary outcome of the present
study and detailed information regarding physical activity participation was not collected, the mechanisms underly-
ing the observed differences remain unclear.

Although rural environments are frequently perceived as favourable for spontaneous physical activity, the re-
lationship between living environment and physical fitness appears to be more complex. Physical activity alone
may not fully explain flexibility development, which is likely influenced by the type, frequency, and specificity of
movement experiences. It is therefore possible that differences in participation in organised sports or movement pro-
grammes contributed to the observed outcomes. However, these factors were not assessed in the present study and
should be considered as possible explanations rather than established causes.

Girls demonstrated more favourable flexibility outcomes than boys across all assessed tests. This observation is
consistent with previous findings reporting higher flexibility levels in girls during childhood and adolescence (Badric,
2011). Differences between sexes have commonly been attributed to anatomical and physiological factors, including
differences in joint structure, connective tissue characteristics, and muscle elasticity. The present findings are there-
fore in agreement with broader evidence showing that sex-related differences in physical fitness components emerge
already in early school age (Ortega et al., 2008).

The effect-size analysis suggests that the observed differences were not only statistically detectable but also
practically meaningful. The largest effect was found for the overall flexibility index (Cohen’s d = 0.95), while mod-
erate effects were observed for the Trunk Rotation Test with Stick (d = 0.78) and the Sit and Reach Test (d = 0.56).
These findings indicate a relatively consistent advantage of the urban group across different flexibility assessments
despite the limited sample size and exploratory nature of the study.

The present findings should be interpreted in the context of several limitations. First, the study was conducted
with a relatively small sample of children from only two schools, which limits the generalizability of the results. In
addition, the inclusion of only one urban and one rural school limits the external validity of the findings and prevents
broader generalization to urban and rural child populations. Second, the study design did not include control of po-
tentially important variables such as extracurricular physical activity, socioeconomic background, or the content and
quality of physical education. These factors may have influenced the observed differences between groups. Third,
flexibility was assessed using a set of field-based tests evaluated on an ordinal scale, which, although practical for
school conditions, may limit the precision of measurement. Finally, the cross-sectional and pilot nature of the study
does not allow for causal interpretation of the findings.

Despite these limitations, the study provides an initial contribution to the understanding of flexibility differences
in younger school-aged children in relation to school environment. The results highlight that differences in flexibility
may exist even within relatively small and homogeneous populations and emphasize the importance of considering
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contextual factors when evaluating motor abilities in children. Further research with larger and more diverse samples,
as well as with more comprehensive assessment of physical activity and environmental variables, is needed to better
understand the determinants of flexibility in this age group.

CONCLUSIONS

The present pilot study examined differences in flexibility between younger school-aged children attending
urban and rural elementary schools and explored potential sex-related differences. Children from the urban school
achieved better results across all assessed flexibility tests, with statistically significant differences observed in the Sit
and Reach Test and the Wide Straddle Sit Test. In addition, girls demonstrated more favourable flexibility outcomes
than boys across all assessed tests.

The most pronounced difference between groups was observed for the overall flexibility index, which showed
a large effect size (Cohen’s d = 0.95), indicating better overall flexibility among children attending the urban school.
These findings suggest that flexibility outcomes may be associated with environmental and contextual factors related
to the school setting. However, due to the pilot and exploratory nature of the study, the small sample size, and the
absence of controlled variables, the findings should not be interpreted as evidence of a causal relationship.

The study contributes to the limited body of research addressing flexibility in younger school-aged children in
relation to school locality and highlights the potential importance of contextual influences on flexibility development.
Future research should include larger and more diverse samples and incorporate additional variables, such as physi-
cal activity participation, socioeconomic factors, and characteristics of school physical education, to provide a more
comprehensive understanding of the determinants of flexibility in this age group.
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Abstract: Adapted Physical Activity (APA) represents an area of growing interest within rehabilitation pathways for in-
dividuals with Autism Spectrum Disorder (ASD), as it enables the integration of motor, behavioural, and socio-relational
dimensions within structured educational contexts. The present pilot study aims to examine the functional impact and
ecological validity of an APA protocol integrated with the principles of Applied Behaviour Analysis (ABA). Twenty partici-
pants diagnosed with ASD, aged between 3 and 17 years, took part in the study and were involved in a 10-week training
programme. Qutcome assessment was carried out using a mixed observational design, integrating caregivers’perceptions
collected through a post-intervention questionnaire and systematic observations conducted by ABA practitioners using
a structured checklist. The results highlight an overall positive impact of the intervention, with significant improvements
in motor functioning, active participation, and emotional and behavioural regulation. The findings suggest that APA in-
tegrated with ABA constitutes an ecologically valid and potentially effective intervention for promoting adaptive skills in
individuals with ASD, confirming the central role of movement within integrated rehabilitation pathways.

Keywords: Emotional self-regulation, Social interaction, Engagement, Setting.

INTRODUCTION

In recent decades, scientific and pedagogical interest in the inclusion of individuals with autism spectrum dis-
order (ASD) in educational, sport, and rehabilitation contexts has promoted the development of integrated and mul-
tidimensional intervention models aimed at enhancing global well-being and adaptive skills (Ceruso et al., 2024a,b).
A substantial body of literature has shown that children and adolescents with ASD frequently present difficulties in
motor coordination, action planning, and sensory modulation, with significant repercussions on communication, so-
cial skills, and functional autonomy (Fournier et al, 2010; Bhat et al, 2011; Taleb et al, 2021). These characteristics
have progressively encouraged the adoption of an educational and rehabilitative perspective that recognizes the body
not merely as an executive tool, but as a privileged space for cognitive, emotional, and relational mediation (D’Elia
et al, 2020; Raiola et al., 2025). Within this theoretical framework, adapted physical activity (APA) assumes a central
role as an educational and rehabilitative tool capable of integrating motor, cognitive, and socio-affective dimensions
(Altavilla et al, 2022; Cascone et al, 2020). APA is not limited to compensating for physical difficulties but is config-
ured as an intentional intervention aimed at supporting the development of executive functions, attention, emotional
and behavioral regulation, and adaptive skills through the structuring of contexts and activities tailored to the func-
tional characteristics of each individual (Pan, 2011; Bremer et al, 2016). The playful and motivational dimension of
intervention represents a key element in fostering active engagement among individuals with ASD and in promoting
meaningful and lasting learning processes, facilitating the transfer of acquired skills to everyday life contexts (D’Elia
et al, 2023, Raiola et al, 2018). The effectiveness of APA is further enhanced when it is integrated with evidence-
based methodologies, including Applied Behavior Analysis (ABA), which allows the training intervention to be
structured according to principles of gradual progression, positive reinforcement, modeling, and generalization of
learning (Lovaas, 1987; Cooper et al, 2007). In line with recent national guidelines, the integration of motor-based
approaches and behavioral analysis represents a particularly relevant perspective, as it promotes self-regulation,
active participation, and the development of social skills within structured settings characterized by predictability,
routines, and clarity of demands (D’Isanto et al, 2022; Aliberti et al, 2025). Considering these premises, the present
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pilot study aims to examine the ecological validity and functional impact of an APA protocol integrated with the ABA
method and designed for children and adolescents with autism spectrum disorder (Altavilla, 2019). The objective is
to evaluate the effects of the intervention on motor skills, adaptive abilities, and behaviors by adopting a dual analyti-
cal perspective that integrates parent and caregiver perceptions, collected through questionnaires, with systematic
observations conducted by ABA practitioners using checklists focused on participation, self-regulation, and social
interaction. This methodological approach makes it possible to combine subjective and observational dimensions,
offering a more comprehensive and context-sensitive evaluation of intervention outcomes within a clinical and re-
habilitative setting. Based on supporting scientific evidence, it is hypothesized that participation in an integrated
specialized motor program may lead to improvements in behavioral self-regulation, accompanied by a reduction in
stereotyped, oppositional, and frustration-related behaviors. An increase in active participation and interest in motor
activity is also expected, along with greater confidence and competence in movement. Finally, it is hypothesized that
structuring the intervention in small groups may foster the development of social skills, with an increase in imita-
tive behaviors and spontaneous social and communicative interactions, as perceived by caregivers and observed by
practitioners.

Purpose of the research

Overall, the study also aims to assess the sustainability and acceptability of the protocol, contributing to the
definition of integrated, replicable intervention models that are consistent with the functional needs of individuals
with ASD.

MATERIALS AND METHODS

Study participants

Children and adolescents (n = 20) with a diagnosis of autism spectrum disorder (ASD), recruited through the
reference rehabilitation service. The sample was selected according to a convenience criterion, based on accessibility
to treatment and the availability of families to participate in the study. Participants ranged in age from 3 to 17 years,
with a higher representation of preschool and school-age children. With regard to the level of support according to
DSM-5 classification, the sample was distributed among individuals with level 1 and level 2 support needs, both ac-
counting for 40 percent of the sample, while the remaining 20 percent consisted of individuals with level 3 support
needs. This distribution reflects the functional variability typically observed in clinical and rehabilitative settings and
allows for a differentiated interpretation of the effects of the intervention. Inclusion criteria included the presence of
an ASD diagnosis, active enrollment in the center’s motor program, the ability to participate in the proposed activities
with or without individualized support, and the availability of parents or legal guardians to provide informed con-
sent for participation in the research. No specific inclusion criteria related to cognitive level, verbal language, or the
presence of comorbidities were applied, in order to ensure greater adherence to real-world rehabilitative conditions.
Participants presenting medical or physical conditions incompatible with the proposed physical activity, such as acute
orthopedic or neurological disorders, were excluded from the study. Cases characterized by irregular attendance at
the program, such as compromising intervention continuity and the observability of effects, were also excluded. Ad-
ditional exclusion criteria included failure to obtain informed consent or interruption of treatment before completion
of the observation period. With regard to ethical aspects and data protection, families were not required to provide
detailed clinical documentation, such as medical certifications or diagnostic codes. In line with the principles of data
minimization established by Regulation (EU) 2016/679 (GDPR) and current national legislation, only information
regarding the level of support according to DSM-5 was collected, as it was considered sufficient and relevant to the
exploratory aims of the study. Participation in other parallel physical or rehabilitative activities was recorded as a
descriptive variable and did not constitute an exclusion criterion.

Study design

The present observational pilot study examined the ecological validity and functional impact of an APA proto-
col integrated with the principles of ABA within a real clinical and rehabilitative context. All participants took part
in a standardized training program consisting of two weekly sessions lasting 60 minutes each, over a total period
of 10 weeks. The intervention was conducted in small groups within a structured and predictable setting consistent
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with ABA principles, in order to promote participation, behavioral regulation, and generalization of learning. The
objective of the study was to examine the impact of the APA-ABA protocol on the functional profile of children and
adolescents with autism spectrum disorder, considering both observable changes within the rehabilitative context and
those perceived in daily life. To this end, a mixed-methods approach was adopted (D’Elia et al., 2022), integrating
the perspective of parents and caregivers with systematic observations conducted by ABA practitioners involved in
the treatment. Outcome evaluation was based, on the one hand, on the administration of a questionnaire addressed
to parents and caregivers, aimed at detecting perceived changes in motor skills, self-regulation behaviors, and social
abilities, and, on the other hand, on the use of an observational checklist completed by practitioners during sessions,
designed to document the evolution of motor, regulatory, and social behaviors within the rehabilitative setting. The
integration of observational data and caregiver-reported perceptions is consistent with the national guidelines of the
Italian Society of Child and Adolescent Neuropsychiatry (SINPIA, 2022), which recommend a multidimensional
approach to the assessment of adaptive and social skills in individuals with ASD. This methodological framework
allows for capturing the complexity of functional changes by valuing both the objective dimension of observed
behavior and the subjective dimension of family experience (Di Domenico et al., 2024; Esposito et al., 2024a). It
should be noted that the absence of a pre-intervention assessment does not allow for a direct pre-post comparative
analysis. However, given the exploratory and pilot nature of the study, the combined use of structured systematic
observations and caregiver perceptions still allows for an ecologically valid evaluation of intervention effects, which
is particularly relevant in real clinical settings. The duration of the program, set at 10 weeks, is also consistent with
existing literature regarding the effectiveness of medium-term interventions for the promotion and stabilization of
adaptive behavioral patterns in individuals with autism spectrum. The APA sessions were designed to promote the
development of motor, socio-relational, and self-regulatory skills in children and adolescents with ASD. Each ses-
sion lasted 60 minutes and was organized in small groups in order to ensure targeted intervention and optimal man-
agement of attention and social interactions. The proposed physical activities included exercises for hand-eye and
gross motor coordination, static and dynamic balance exercises, circuits organized into stations with progressive
tasks, imitative games, collaborative activities, and ball-passing games. Task complexity was adjusted according
to participants’ level of support, encouraging active participation and the gradual development of autonomy in task
execution. From a pedagogical perspective, the sessions followed ABA-based protocols, including strategies such
as graduated prompting, modeling, shaping, natural reinforcement, and token economy, which were used to support
skill acquisition, attention maintenance, and generalization of learning (Esposito et al., 2024b). Each session was
structured into three main phases: an initial welcoming and activation phase, including light stretching and imitation
exercises; a central phase characterized by structured games, circuits, and group activities; and a final phase focused
on cool-down, symbolic processing of activities, and positive reinforcement of observed behaviors. The setting was
organized according to principles of predictability, with clear visual structuring, management of activity and break
times, reduction of sensory overload, and visually accessible materials. Data collection was carried out at the end of
the intervention using two structured assessment tools, aimed at capturing, on the one hand, caregiver perceptions of
changes observed in the child and on the other hand, behavioral performance displayed during sessions through direct
observation. The use of differentiated tools allowed for the integration of perceptual evaluation with observational
assessment, enabling a more articulated interpretation of intervention outcomes. The first instrument was a post-
intervention questionnaire administered to parents or caregivers. The questionnaire was designed to assess perceived
benefits of the program across specific areas of child functioning and consisted of items organized into five domains:
motor skills, behavior and self-regulation, social interaction, participation in activities, and overall perception of
change. The structure of the questionnaire, the domains investigated, and the purpose of the items are reported in
Table 1. Items related to motor skills investigated aspects such as movement control, coordination, and engagement
in the proposed physical activities. The behavior and self-regulation domain included items related to the ability to
maintain attention, manage transitions, and modulate behavioral responses. The social interaction domain explored
modes of interaction with peers and adults and participation in group-based activities. The participation domain as-
sessed the level of involvement and continuity of engagement during sessions. Finally, the overall perception domain
allowed caregivers to express a global evaluation of changes observed following the intervention.
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Table 1. Structure of the questionnaire for caregivers

Area of investigation Description of the items Purpose

Movement control, coordination, involvement in physical

Motor skills o Detect perceived changes in motor skills

activities
) . Attention, management of transitions, regulation of behavioral . .

Behavior and self-regulation & § Assess self-regulation ability

responses
s Interaction with peers and adults, participation in grou s

Social skills o P P P group Analyze social skills
activities

Participation Involvement and continuity of engagement during sessions Estimate the level of engagement

General perception Overall evaluation of observed changes Identify the caregivers’ overall judgment

The second instrument consisted of an observational checklist completed by the practitioners during the ses-
sions. The checklist is structured into items divided into four observation areas, as illustrated in Table 2, and is aimed
at the systematic assessment of the child’s behavioral performance in an ecological setting. Observations focus on
the level of participation in activities, self-regulation abilities, patterns of social interaction, and responses to sensory
stimuli present in the environment. The checklist was completed by experienced staff with ABA training, based on
direct observations conducted during the sessions, in order to ensure consistency and reliability in behavioral assess-
ment.

Table 2. Structure of the practitioners’ observational checklist

Observation area Observed behaviors Assessment method
Participation and motivation Active involvement and task persistence Direct observation
Self-regulation and behavior Management of behavior and waiting Direct observation
Social skills and communication Interaction, cooperation, and response to instructions Direct observation
Sensory processing Response and adaptation to sensory stimuli Direct observation

Both instruments adopt a five-point Likert rating scale, with values ranging from 1 to 5, where 1 indicates “Not
observed/Not applicable” and 5 indicates “Always.” The use of the same rating scale for both the questionnaire and
the checklist allowed for greater uniformity in data interpretation and facilitated descriptive comparisons between
caregivers’ evaluations and those recorded by practitioners. Although the instruments used in the present study were
developed ad hoc to address the specific aims of the intervention, the investigated areas and reference constructs
are consistent with those explored by validated instruments reported in the literature. In particular, the assessment
of adaptive behaviors, self-regulation, and social skills is aligned with standardized measures such as the Child
Behavior Checklist (Achenbach & Ruffle, 2000) and the Adaptive Behavior Assessment System (Oakland & Har-
rison, 2011), while the evaluation of social competencies and relational difficulties is consistent with the constructs
assessed by the Social Responsiveness Scale (Bruni, 2014). Similarly, the dimensions related to self-regulation and
sensory responsiveness are in line with specific tools developed for the observation of these aspects in developmental
age (Altavilla et al., 2024; D’Isanto et al., 2024). These theoretical and psychometric references guided the defini-
tion of the items in order to ensure adequate content validity of the instruments used. Data collected through the
caregiver questionnaire and the practitioners’ checklist were analyzed using descriptive statistics. For each item, the
arithmetic mean, standard deviation, and minimum and maximum values were calculated to describe the distribution
of responses across the different areas of investigation. A descriptive comparison was also conducted between the
scores obtained from the questionnaire and those derived from the observational checklist, in order to explore the
consistency between caregivers’ subjective perceptions and the observational evaluation of performance during the
sessions. With regard to ethical aspects, the study was conducted in accordance with principles for the protection of
participants. Prior to the start of the program, all caregivers provided informed consent to participate after receiv-
ing clear information about the aims of the study, the methods of data collection and processing, and the guarantee
of anonymity. Each participant was assigned an anonymous alphanumeric code, used exclusively for data linkage
purposes. Data were stored in a secure manner for a maximum period of twelve months and subsequently deleted, in
compliance with current regulations on personal data protection.
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RESsuLTS

Data analysis highlights an overall positive impact of APA across the investigated areas, with particularly rel-
evant results in the motor, participation, and behavioral self-regulation domains. The evaluations provided by care-
givers and the observations conducted by practitioners show good convergence, strengthening the interpretation of
the findings. With regard to the physical domain, caregivers report a positive perception of the changes observed in
children at the end of the program. As shown in Table 3, interest in movement is high (M = 4.15), as is the percep-
tion of increased physical confidence (M = 4.10). Particularly noteworthy is the result related to the generalization
of physical behavior, with the item “Is more active also outside the center” showing the highest mean within the area
(M =4.25). These findings suggest that the intervention affected not only motor skills per se, but also motivation and
the propensity for physical activity in contexts other than the structured setting.

Table 3. Caregivers perceived benefits in the physical domain

Item M SD Min Max
Shows interest in movement 4.15 1.21 3 5
Accepts initiating the activity 3.90 1.25 3 5
Moves with greater confidence 4.10 1.04 3 5
Follows the practitioner’s instructions 4.15 0.59 3 5
Is more active also outside the center 4.25 1.04 3 5

Practitioners’ observations confirm these results, highlighting high levels of participation and motivation during
the sessions. As reported in Table 4, children enter the activity space without opposition (M = 4.10), accept initiating
the activity (M = 4.10), and maintain attention throughout the duration of the proposed tasks (M = 4.30). These data
suggest that the structured APA setting facilitates activity initiation and supports sustained engagement over time.

Table 4. Practitioners’ observations on participation.

Item M SD Min Max
Enters the space without opposition 4.10 0.44 3 5
Accepts initiating the activity 4.10 0.30 4 5
Maintains attention 430 0.50 3 5
Completes the activity 4.19 0.51 3 5

Regarding sensory responsiveness, practitioners reported good acceptance of environmental stimuli and materi-
als used during activities. The item related to acceptance of different materials showed a mean of M = 4.05, while
marked discomfort in response to noise or tactile contact was limited. These findings are consistent with the adopted
environmental structure, characterized by controlled progression of stimuli and continuous educational mediation.
Turning to behavioral and self-regulation outcomes, the most relevant results of the entire study emerge. Caregivers
report a marked improvement in emotional regulation, with the item “Calmer after the activity” reaching the highest
overall mean (M = 4.60), accompanied by a low standard deviation (SD = 0.60), indicating high response homogene-
ity. Improvements in frustration management and reductions in oppositional behaviors were also rated positively (M
=4.05 for both items).

Table 5. Caregivers’perceived effects on behavior and self-regulation

Item M SD Min Max
Calmer after the activity 4.60 0.60 3 5
Better compliance with rules 4.20 1.23 3 5
Shows less opposition 4,05 1.09 3 5
Manages frustration better 4.05 0.60 3 5
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Practitioners’ observations are consistent with these perceptions. Compliance with basic rules (stop, turn-taking,
waiting) and tolerance of task difficulty both show a mean of M = 4.21, while reductions in oppositional behaviors
observed during sessions reach M = 4.05. These findings indicate that APA appears to promote greater behavioral
stability and improved management of task demands. With respect to social functioning, the data show more evi-
dent improvements in indirect interactions and those mediated by motor tasks. Practitioners report good levels of
participation in dyadic or group activities (M = 4.05) and high levels of motor imitation (M = 4.35), while initiative
toward peers reaches a mean of M = 4.00. From the caregivers’ perspective, improvements are observed in the ability
to observe peers to understand what to do (M = 4.05), whereas direct imitation of movements is slightly lower (M =
3.55). The item related to direct communication (“Communicates more during/after the activity”’) shows the lowest
mean within this domain (M = 3.40), suggesting that observed social improvements do not automatically translate
into an equivalent increase in verbal communication. Finally, caregivers’ overall perception of the intervention is
extremely positive. Perceived usefulness of the program, overall satisfaction, and organizational satisfaction all reach
a mean of M = 4.50, with responses concentrated at the upper end of the scale. Qualitative analysis of open-ended
responses confirms these findings, highlighting perceived benefits particularly in the physical and emotional regula-
tion domains. In parallel, practitioners’ qualitative observations indicate that approximately 80% of participants show
greater task tolerance, increased spontaneous social interaction, and improved acceptance of turn-taking with peers.

DISCUSSION

The results of the pilot study confirm that APA, when integrated with ABA principles, has a positive and cross-
cutting impact on motor, behavioral, and socio-relational dimensions in children and adolescents with ASD. The
most evident effect concerns emotional self-regulation and behavioral management, with particular emphasis on the
reduction of post-activity agitation, suggesting that APA may act as an emotional stabilizer and facilitate stress level
regulation within structured contexts (Anderson-Hanley et al, 2011; Penedo & Dahn, 2005). These findings are es-
pecially relevant for profiles characterized by sensory atypicalities, in which emotional dysregulation often underlies
oppositional behaviors (Williams et al, 2021; Esposito, 2024). The intervention also promoted active participation
and motivation, as highlighted by practitioner observations and caregiver perceptions. This supports the hypothesis
that a predictable and structured setting, combined with ABA strategies such as contingent reinforcement, graduated
prompting, modeling, and task analysis, facilitates not only the acquisition of complex motor skills, but also attention
maintenance, tolerance of challenges, and generalization of adaptive behaviors (Hansen et al, 2022). The evidence
suggests that APA can create an enabling educational context in which activity structuring and controlled stimulus
progression allow participants to consolidate motor, social, and self-regulatory skills in a consistent and reproducible
manner. From a socio-relational perspective, the most significant improvements emerged in task-mediated interac-
tions, motor imitation, and joint attention, while direct verbal communication showed more gradual progress. This
phenomenon confirms the role of embodied interaction as a privileged channel for the development of social skills
in individuals with ASD, highlighting how shared movement and motor synchrony may represent relational modali-
ties that are less dependent on linguistic mediation (Gallese, 2001; Rizzolatti & Sinigaglia, 2010). Caregiver reports
support these findings, indicating perceived benefits not only in motor skills and emotional regulation, but also in
socialization and participation in non-sport contexts, thereby confirming the generalization of adaptive behaviors and
the effectiveness of the ABA approach. While acknowledging the importance of these results, the methodological
limitations of the study must be considered. The absence of a pre-intervention assessment does not allow for a for-
mal pre-post comparison, limiting the ability to establish causal relationships between the intervention and observed
changes. The small sample size and pilot nature of the study further limit the generalizability of the findings to other
ASD populations. The use of ad hoc instruments, although consistent with standardized scales and appropriate for the
clinical context, may reduce comparability with previous studies. Finally, post-intervention data collection based on
caregiver subjective perceptions and practitioner observations may introduce evaluative bias. However, convergence
between these two sources increases the reliability of the collected evidence. To further enhance effects on verbal
communication, it may be useful to integrate specific protocols of Augmentative and Alternative Communication
(AAC). Overall, these findings support the consideration of APA not as an ancillary activity, but as a central compo-
nent of continuous rehabilitation and habilitation pathways for individuals with ASD.
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CONCLUSION

This pilot study confirms that APA, when integrated with ABA strategies, promotes significant improvements
in emotional regulation, management of oppositional behaviors, and participation in physical activities, with gener-
alization of adaptive behaviors also occurring in non-sport contexts. Social improvements emerge primarily in task-
mediated interactions and motor imitation, while direct verbal communication shows more gradual gains. Although
limited by the absence of a pre-intervention assessment, the small sample size, and the use of ad hoc instruments, the
study suggests that APA represents a central habilitative intervention within rehabilitation pathways for individuals
with ASD and should be integrated with specific communication-focused strategies in order to maximize overall ef-
fectiveness.
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Abstract: Group fitness programs are widely used as non-pharmacological interventions for improving body composition
and functional capacity in women. However, limited evidence directly compares the effectiveness of different group exer-
cise modalities under identical experimental conditions.Objective: To compare the effects of Zumba, women s fitness, and
Pilates programs on body composition and aerobic capacity in adult women. A total of 101 healthy women were assigned
to four groups: Zumba (n = 23), women's fitness (n = 31), Pilates (n = 26), and control (n = 21). Experimental groups
participated in supervised training programs three times per week for 12 weeks (60 min/session), while the control group
maintained habitual activities. Body composition was assessed using bioelectrical impedance analysis, and aerobic capac-
ity was estimated through the UKK 2-km Walk Test. Mixed-design ANOVA and Cohen's d effect sizes were used to evaluate
intervention effects. Significant group * time interactions were observed for all analyzed variables (p < 0.01). The Zumba
group achieved the greatest reductions in body weight (-4.4 kg) and body fat percentage (-4.9%), alongside the largest
increase in VO:max (+6.3 ml-kg*min*). The fitness group also demonstrated significant improvements in body composi-
tion and aerobic capacity, although to a lesser extent. Pilates produced moderate but significant improvements, while the
control group showed negligible changes. Effect size analysis revealed large effects for Zumba in body fat reduction (d =
1.09), body water percentage (d = 1.21), and VO:max (d = 1.46). Women s fitness showed large effects for VOmax (d =
1.01), whereas Pilates generated small-to-moderate effects across variables. All three exercise programs positively influ-
enced body composition and functional capacity in women. However, Zumba produced the most pronounced improvements
in reducing adiposity and enhancing aerobic fitness, suggesting that high-volume aerobic group exercise may represent the
most effective strategy for improving health-related fitness in adult women.

Keywords: Aerobic exercise, VO.max, body fat percentage, women, Pilates, Zumba

INTRODUCTION

A reduced level of physical activity and an increase in obesity today are important health problems that nega-
tively affect body composition (increase in the proportion of fat tissue and decrease in the proportion of muscle) and
increase the risk of chronic diseases. The World Health Organization recommends that adults get at least 150—300
minutes of moderate-intensity or 75—150 minutes of high-intensity aerobic activity per week, including strength
training, to improve functional capacity and general health. One of the popular forms of exercise, especially among
women, are group fitness programs. These programs often include choreographed dance moves to music (eg, acro-
bics, Zumba®, combination workouts) and are supervised by instructors, making them engaging and fun for a wide
range of participants. The main purpose of group fitness is to improve body composition (decreasing fat tissue, in-
creasing muscle mass) and cardiorespiratory endurance, strength and flexibility.

Some studies show that group fitness programs can have a positive effect on body composition and health. For
example, Barranco-Ruiz et al. (2019) found in a 16-week study that women who regularly participated in choreo-
graphed group training (Zumba and Zumba with body weight exercises) had significant improvements in parameters
of body composition and cardiovascular health. Similarly, Spirtovi¢ et al. (2023) in a 12-week intervention with
mixed aerobics recorded a decrease in body mass by about 2.5%, waist diameter by 3.4% and the percentage of fat
tissue by 10.6%, with a significant increase in the proportion of muscle mass. Recent research by Spirtovi¢ et al.
(2025) confirmed that different types of group aerobic programs (mix aerobics, kickboxing aerobics, step aerobics)
during 12 weeks significantly reduce body mass and the proportion of fat tissue and improve the lipid profile in obese
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young women. These results show that structured group training can lead to improvements in body composition and
cardiometabolic status.

However, findings on the impact of group fitness programs are not always consistent. For example, Delextrat et
al. (2015) reported that an 8-week Zumba intervention significantly increased maximal aerobic capacity (VO2max)
of participants but did not lead to significant changes in body composition. In other words, women achieved better
results on endurance tests after the Zumba program (VO:max +3.6%), but there was no statistically significant re-
duction in body fat. We find similar contradictory results in other studies: some (Bjelica, 2020) show improvements
in body composition after Zumba and fitness training, while others (Delextrat et al., 2015) do not find significant
changes in fat deposits.

In addition to aerobic dance programs, popular group fitness programs also include methods such as Pilates,
which combines strength, stability and flexibility exercises. Gokalp and Kirmizigil (2025) showed that an 8-week
reformer Pilates program in obese and overweight women significantly improved body composition and increased
muscle strength and endurance. These results indicate that programs like Pilates, although less focused on cardio, can
work to reduce fat content and increase muscle mass, which favors better functional ability of the exerciser.

Functional capacity, and thus cardiovascular performance, is often measured by estimating VO-max. In field
conditions, e.g. UKK 2-kilometer walking test, in which the subject walks 2 km as fast as he can, with time and heart
rate measured at the end of the test. According to Otinwa (2005), based on the obtained values, the UKK Institute’s
formula is applied to calculate the fitness index (Fitness Index) or estimate VO2.max. This provides an objective indi-
cator of the aerobic endurance of the exerciser, which can be compared with norms and progress can be monitored.

In light of the above findings, it is clear that group fitness programs can have a beneficial effect on body com-
position and functional capacity, but with certain limitations and variability of effects. Previous research shows that
changes in body composition in women participating in group training are often modest and that they differ depend-
ing on the type of program, intensity and length of the intervention. Furthermore, increases in aerobic capacity were
observed already after several weeks of exercise (eg a significant increase in VO:max after 8 weeks of Zumba).
Further systematic research comparing different group fitness programs — from dynamic aerobic training to strength
and flexibility programs — is needed to more precisely determine their impact on weight loss, body fat percentage and
improvement in fitness.

METHOD

Sample of participants

A total of 101 female participants participated in the research, divided into four groups: Zumba group (n=23),
Fitness group (n=31), Pilates group (n=26) and control group (n=21). All subjects were healthy, with no recorded
chronic diseases, injuries or medical conditions that could limit participation in exercise programs. Participation in
the research was voluntary, and all respondents signed an informed consent before inclusion.

The average age of the subjects in the Zumba group was 32 + 4.8 years, in the Fitness group 31 + 5.1 years, in
the Pilates group 29 + 4.6 years, while in the control group the average age was 31 £ 5.0 years.

The average body height of the subjects was uniform between the groups. In the Zumba group it was 167.1 £
5.8 c¢m, in the Fitness group 166.8 + 6.2 cm, in the Pilates group 167.4 + 5.6 cm, and in the control group 166.9 5.9
cm, which indicates a high degree of sample homogeneity in terms of basic anthropometric characteristics.

The research is planned to be carried out in the fitness centers “Sparta” and “Elite Fit” in Pale, where the subjects
from the experimental groups will attend organized group exercise programs, while the control group will continue
with their usual daily activities without participating in a structured training program.

Sample of measuring instruments

The body composition of the test subjects was assessed using a multi-frequency body composition analyzer
Tanita MC-545N (Tanita Corp., Tokyo, Japan), based on the bioelectrical impedance analysis (BIA) method. The
device was used to determine body mass (kg), body fat percentage (%), muscle mass (kg), total body water (%) and
metabolic age. All measurements were carried out according to the manufacturer’s recommendations, under stan-
dardized laboratory conditions.

Aerobic capacity was assessed using the UKK 2-km Walk Test, a validated field test for assessing the cardiore-
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spiratory fitness of adults. During the test, the time needed to cover the distance of 2 km and the heart rate immedi-
ately after the end of the test were recorded.

Maximum oxygen uptake values (VO:.max; ml-kg™'-min™') were calculated using the standard UKK equation
for women: VO:max = 116.2 — (2.98 x time) — (0.11 % heart rate) — (0.14 x age) — (0.39 x BMI)

In doing so, the body mass index (BMI) was used exclusively as a constituent element of the aforementioned
equation for estimating VO2max, and was not analyzed as a separate research variable.

Experimental program

The experimental program lasted 12 weeks, with a frequency of three training sessions per week, which makes
a total of 36 training sessions per group. The duration of each training session was 60 minutes and included the intro-
ductory part (10 min), the main part (45 min) and the final part with stretching and relaxation exercises (5 min). The
intensity of the exercise varied depending on the characteristics of the program and ranged from 65-85% of maxi-
mum heart rate (HRmax) in the Zumba group, 60—-80% of HRmax in the Fitness group, and 50-70% of HRmax in
the Pilates group. During the experimental period, the principle of progressive loading was applied through a gradual
increase in the complexity of the exercises, the volume of work and the intensity of the load. Accordingly, the pro-
grams were organized through three consecutive phases: adaptation (weeks 1-4), development (weeks 5-8), and pro-
gressive phase (weeks 9—12). The characteristics and progression of the experimental programs are shown in Table 1.

Table 1.Progression of experimental programs over 12 weeks

Program phase Zumba Fitness Pilates

S1-S4Adaptation phase Salsa, Merengue, Cumbia and Reggaeton  Aerobic exercises, squats, lunges, thrusts, rowing with Hundred, Roll-Up, Single Leg Stretch,
basic steps; simple choreography; elastic bands; 2x12-15 repetitions; 60-65% HRmax Spine Stretch; breathing control and
continuous aerobic work (65-70% HRmax) activation of the body center; 50-60%

HRmax

S5-S8Development phase  More complex choreographies; changes in  Step aerobics, circuit training, squats, lunges, push- Double Leg Stretch, Shoulder Bridge,
the direction of movement; longer aerobic  ups and rowing with dumbbells (1-3 kg); 3x12-15 Side Kick Series, Swan; prolonged
intervals; 70-80% HRmax repetitions; 65-75% HRmax isometric contractions; 55-65% HRmax

$9-S12Progressive phase  High-energy Zumba sequences; Salsa- Circuit training with aerobic and resistance exercises; Plank, Side Plank, Swimming,
Reggaeton-Cumbia combinations; shorter ~ squats, lunges, push-ups, push-ups, rows and trunk Teaser modifications and advanced
recovery intervals; 75-85% HRmax exercises; increased volume of work; 70-80% HRmax stabilization exercises; 60-70% HRmax

Statistical data processing

Statistical data analysis was performed using the IBM SPSS Statistics 26.0 software package (IBM Corp., Ar-
monk, NY, USA). Basic descriptive statistics were calculated for all analyzed variables, including arithmetic mean
(M) and standard deviation (SD).

Before conducting inferential statistical procedures, the normality of data distribution was checked using the
Shapiro—Wilk test, while the homogeneity of variances was assessed using Levene’s test. Considering that all the ana-
lyzed data met the requirements for the application of parametric statistical procedures, the results of the mentioned
tests are not presented in the paper in order to avoid unnecessary load on the tabular presentation.

To evaluate the effects of the experimental treatment, an analysis of variance with repeated measurements
(Mixed-design ANOVA) was used, where the time factor included two levels (initial and final measurement), while
the group factor included four levels (Zumba, Fitness, Pilates and control group). The main effects of time and group
were analyzed, as well as the interaction effect of group x time.

In order to assess the practical significance of the changes between the initial and final measurements, the effect
size was calculated using Cohen’s coefficient (Cohen’s d). The obtained values were interpreted according to stan-
dard criteria: d <0.20 negligible effect, 0.20-0.49 small effect, 0.50—0.79 moderate effect and > 0.80 large effect. The
level of statistical significance was set at p < 0.05.

RESULTS

The results of the initial measurement indicate a high degree of homogeneity between the experimental and con-
trol groups in all observed variables. The average values of body height ranged from167.0 cm in the Zumba group,
168.5 cm in the Fitness group, 166.5 cm in the Pilates group and 167.8 cm in the Control group. Based on the graph
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shown, a decrease in the value of the body mass index (BMI) can be observed in all experimental groups after the
implemented exercise program. The largest decrease was recorded in the Zumba group (24.8 — 23.3), followed by
the Fitness group (24.6 — 23.4), while the smallest change was registered in the Pilates group (25.3 — 24.7). The
control group showed a minimal reduction in BMI values (24.8 — 24.6), which indicates a greater effect of organized
exercise programs compared to no intervention.

25, 3\
24,8\ / 24’8
24, 24,7 24,6

23,4

23,3

ZUMBA FITNES PILATES KONTROLNA

Grupa
— —BMI ini

BMI fin

Chart 1.Tendency of change in BMI during the experimental treatment

The values of the total percentage of body fat were almost identical between the groups (34.5-35.1%). A similar
pattern was observed in muscle mass, percentage of body water, metabolic age and total energy requirements. Initial
values of VO2max ranged between 31.1 and 31.8 ml-kg !-min"!, which further confirms the comparable aerobic ca-
pacity of the subjects before the start of the intervention. This distribution of initial results enables a reliable assess-
ment of the effects of applied programs during the experimental period.

Table 2. Descriptive parameters from the initial measurement

Variable Zumba (n=23) M1SD Fitness (n=31) M£SD Pilates (n=26) M+SD Control (n=21) M1SD
Body weight (kg) 69.3£9.6 69.8+10.4 70.1£8.9 69.949.8
Total fat (%) 34.84.6 35.1+4.9 34.54.2 34.94.8
Muscle mass (kg) 25.613.2 25.443.5 25.743.0 25.5+3.4
Water (%) 45.243.1 45.013.4 45.443.0 45.1+3.2
Metabolic years 43.846.3 44.246.5 43.615.9 44,016.2
Total requirements (kcal) 2038+212 20474224 20294205 20354218
VO,max (ml-kg™"min™) 31.5#4.2 31.1#4.5 31.844.0 314443

After the end of the intervention period, differences between the groups were evident in almost all analyzed
variables. The most pronounced changes were recorded in the Zumba group, which achieved the lowest average
body weight (69.9+8.8 kg), the lowest body fat percentage (29.9+4.2%) and the highest VO.max value (37.8+4.4
ml-kg™'-min"). The fitness program also resulted in significant improvements, while the changes in the Pilates group
were more moderate. The control group showed minimal oscillations between the initial and final measurements,
with all values remaining almost unchanged. Observed between the groups, the results indicate a superior effect of
the Zumba program in improving the body composition and functional abilities of the subjects.

Table 3. Descriptive parameters from the final measurement

Variable Zumba (n=23) M1SD Fitness (n=31) M1SD Pilates (n=26) MtSD Control (n=21) M£SD
Body weight (kg) 64.9+8.8 66.519.8 68.5:8.6 69.319.7
Total fat (%) 29.944.2 31.644.5 32.844.0 34.5¢4.7
Muscle mass (kg) 27.8+3.3 27.113.4 26.613.0 25.613.3
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Water (%) 49.0£3.0 47.843.2 46.8+2.9 45.243.1
Metabolic years 38.245.8 39.96.0 41.045.6 43.746.0
Total requirements (kcal) 21184225 21024219 20784208 2032216
VO,max (ml-kg™"min™) 378444 35.6%4.2 33.943.8 31.5#4.2

Analysis of the group X time interaction showed statistically significant effects for all analyzed variables
(p<0.01), which confirms that the changes during the experimental period depended on the type of applied program.
The largest reduction in body weight was achieved in the Zumba group (-4.4 kg), followed by the Fitness (-3.3 kg)
and Pilates group (-1.6 kg), while the control group recorded a minimal change (-0.6 kg). A similar trend was regis-
tered for body fat percentage, where the Zumba program led to the greatest reduction (-4.9%), with F=12.31 ip=.001.
The most pronounced increase in aerobic capacity was achieved in the Zumba group (+6.3 ml-kg'-min™), then in
the Fitness (+4.5 ml-kg™'-min") and Pilates group (+2.1 ml-kg'-min™"), while no practically significant change was
registered in the control group. The highest F value was obtained precisely for VO.max (F=15.86; p=.001), which
indicates that this variable was the most sensitive to the applied interventions.

Table 4. Mixed ANOVA (group x time)

Control

Variable Zumba ini/fin Fitness ini/fin Pilates ini/fin ini/fin F Sig.
Body weight (kg) 4.4 33 -16 -0.6 8.94 001
Total fat (%) -4.9 -3.5 -1.7 -0.4 12.31 .001
Muscle mass (kg) +2.2 +1.7 +0.9 +0.1 7.48 .001
Water (%) +3.8 +2.8 +1.4 +0.1 9.85 .001
Metabolic years 5.6 -4.3 -2.6 -0.3 6.72 .001
Total requirements (kcal) +80 +55 +49 -3 411 .009
VO,max (ml-kg™"min™") +6.3 +4.5 +2.1 +0.1 15.86 .001

The effect size analysis showed clear differences in the effectiveness of the applied programs. The Zumba pro-
gram achieved the greatest effects in all analyzed variables, with large effects registered for total fat (d=1.09), body
water (d=1.21), metabolic age (d=0.89) and especially VO.max (d=1.46). The fitness program also showed signifi-
cant adaptations, with large effects for VO.max (d=1.01) and body water percentage (d=0.84), while the effects on
other variables were mostly moderate. The Pilates program produced small to moderate effects, with the largest effect
recorded for VO.max (d=0.53). In contrast, the control group showed negligible effects in all analyzed indicators
(d=0.02-0.08), which confirms that the observed changes are the result of the applied experimental programs. Ob-
serving the overall pattern of results, it can be concluded that Zumba was the most effective modality for improving
the body composition and functional capacities of the test subjects.

Table 5. Effect size (Cohen s d) for pre-post changes in anthropometric and functional variables across study groups

Variable Zumba Fitness for women Pilates Control
Body weight 0.48** 0.32%* 0.18* 0.06*
Total fat (%) 1.09%*** 0.73*** 0.39** 0.08*
Muscle mass (kg) 0.67*** 0.50%** 0.30%* 0.03*
Water (%) 1.20%%x* 0.84%*** 0.47** 0.04*
Metabolic years 0.89%*** 0.61%** 0.42%* 0.05*
Total requirements (kcal) 0.38%* 0.25%* 0.16% 0.02*
VO,max (ml-kg™"min™) 1.46%*** 1.01%*** 0.53*** 0.02*

Legend: Cohen’s d < 0.20 = negligible effect™; Cohen's d = 0.20—0.49 = small effect**; Cohen's d = 0.50—0.79 = moderate
effect***: Cohen's d > 0.80 = large effect™***
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The graphic display additionally confirms the results obtained by statistical analysis. The largest relative
changes were recorded in the Zumba group, which achieved a 5.8% reduction in body mass, a 14% reduction in
body fat and a 20% increase in VO:max. The fitness program led to somewhat smaller but still pronounced adapta-
tions, including a 14.5% increase in aerobic capacity and a 10% decrease in body fat. The Pilates group achieved
moderate improvements in all observed indicators, while the changes in the control group were minimal and with-
out practical significance. Viewed as a whole, the graph clearly shows that the intensity of positive changes was
proportional to the demands and metabolic load of the applied programs, with Zumba achieving the most favorable
adaptive response.

Zumba Effects of the Intervention Program

Women's
Fitness

Body weight Body Fat [ﬁ
W \(:L:b_ﬂﬁ Muscle Mass Body water VO2max

ml-kg'-min—
(mlkg

Chart 2. Changes Following the Intervention Program Between Groups

DiscussioN

The results of this research showed that all three experimental programs led to positive changes in the parame-
ters of body composition and functional abilities of women, with the greatest effect achieved in the Zumba group. The
most pronounced changes were registered in the reduction of body fat percentage, increase in muscle mass, increase
in body water and improvement of aerobic capacity. Such findings confirm earlier research indicating that group aero-
bic exercise programs are an effective strategy for improving the health status of women (Ljubojevi¢ et al., 2022).

The biggest changes in this research were recorded in the respondents included in the Zumba program. The
decrease in body mass and percentage of body fat, with a simultaneous increase in VO:max values, agree with the
results of previous studies that showed that Zumba training leads to significant improvements in cardiorespiratory
endurance and body composition in women of different ages (Donath et al., 2014; Ljubojevi¢ et al., 2022). A pos-
sible explanation for such results lies in the fact that Zumba involves continuous aerobic work of medium and high
intensity with the engagement of large muscle groups for a long period of time.

The increase in VO2max value was one of the most significant changes in this research. The obtained results
confirm the findings of Donath et al. (2014), who state that Zumba training can produce significant cardiorespiratory
adaptations due to high energy expenditure and the intermittent nature of the load. Also, a systematic review by Tsu-
gusi et al. (2019) showed that regular participation in Zumba programs significantly improves aerobic capacity and
reduces risk factors associated with a sedentary lifestyle.

The obtained results are additionally supported by a recent meta-analysis that showed that Zumba programs
achieve a significant reduction in fat tissue and an increase in VO.max values in adult women, with the greatest ef-
fects registered in programs lasting at least eight weeks (Chavarrias et al., 2021). These findings almost identically
follow the results obtained in this research, where the biggest changes were recorded precisely in the parameters of
aerobic capacity and body composition.

The fitness program for women also led to significant improvements in the analyzed variables. The obtained re-
sults support recommendations that highlight the benefits of combined aerobic-strength training for improving body
composition and functional abilities of adult women (Garber et al., 2011). The simultaneous decrease in fat tissue
and increase in muscle mass indicate a favorable adaptive response of the organism, which is also confirmed by the
results of the meta-analysis by Schwingshackl et al. (2013).

The increase in muscle mass registered in the Fitness group can be explained by the combination of aerobic and
resistance exercises, which represent a strong stimulus for muscle hypertrophy and preservation of lean body mass.
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A systematic review by Zouit et al. (2023) showed that programs that include strength training components lead to
significant improvements in muscle mass, body composition, and functional ability in women.

The Pilates program led to statistically significant, but slightly smaller changes compared to the other two exper-
imental treatments. Similar results were reported by Cruz-Ferreira et al. (2011), who determined that Pilates improves
functional abilities, body posture and muscular endurance, but has a smaller effect on fat tissue reduction compared
to programs with a dominant aerobic component. Smaller effects in this research are probably a consequence of the
lower energy expenditure characteristic of Pilates training.

Although the effects of the Pilates program were smaller compared to Zumba and the Fitness program, the re-
sults are in line with modern systematic reviews that indicate that Pilates can significantly improve certain parameters
of' body composition, especially the reduction of body mass and the percentage of fat tissue, but the effects are usually
of moderate intensity (Pereira et al., 2022; Silva et al., 2022). Similarly, Parveen et al. (2023) conclude that Pilates is
an effective intervention for improving women'’s health, especially in the domain of postural control, functional abil-
ity and quality of life, while changes in body composition are generally less pronounced than with higher intensity
aerobic programs.

A particularly significant finding is the increase in muscle mass in all experimental groups. These results suggest
that the reduction in body mass was not the result of a loss of lean body mass, but primarily of a reduction in adipose
tissue. This finding is of practical importance because it confirms that properly programmed recreational activity can
simultaneously improve body composition and preserve the muscular status of the organism (Garber et al., 2011).

The main contribution of this research is reflected in the direct comparison of three widely represented recre-
ational programs in women using an identical experimental design. The obtained results indicate that all analyzed
programs can represent effective models for improving women’s health, with Zumba achieving the greatest effects
on body composition and cardiorespiratory abilities.

The results of this research confirm the modern trend in the literature according to which programs with a domi-
nant aerobic component have the greatest effects on reducing fat tissue and increasing cardiorespiratory fitness, while
programs like Pilates show more significant effects in the domain of functional stability, posture and neuromuscular
control. This pattern has been confirmed in several recent studies during the last few years (Pereira et al., 2022;
Parveen et al., 2023; Chavarrias et al., 2021).

CONCLUSION

The results of this research show that Zumba, fitness and Pilates programs during 12 weeks led to statistically
significant improvements in body composition and functional capacity of women. All experimental groups achieved
a decrease in body mass and percentage of fat tissue, an increase in muscle mass and an improvement in aerobic
capacity, while no significant changes were recorded in the control group.

The most pronounced effects were achieved in the Zumba program, which resulted in the greatest reduction in
body mass and fat tissue and the greatest increase in VO2max. The fitness program showed significant and practically
important effects on most of the analyzed indicators, while Pilates led to moderate, but statistically significant im-
provements. The obtained findings indicate that programs with a dominant aerobic component achieve greater effects
on improving body composition and cardiorespiratory capacity compared to programs with a lower metabolic load.

The practical value of this research is reflected in the confirmation that different forms of group fitness are ef-
fective models for improving the health status of women, whereby Zumba can be recommended as the most effective
program for reducing fat tissue and improving aerobic fitness. Future research should include longer intervention
periods, control of eating habits and monitoring of long-term maintenance of the achieved effects in order to further
clarify the mechanisms of adaptation to different group fitness programs.
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Abstract: This study aimed to examine the impact of 5v5 small-sided games on the short-pass performance and engage-
ment of young football athletes aged 13 to 15. The study employed a one-group pretest and posttest design, consisting of 30
young football athletes. Every participant in the study underwent a six-week intervention consisting of three sixty-minute
sessions per week. Each session began with a warm-up, followed by a ten-minute passing technique drill and a thirty-minute
small-sided game with new rules to engage all participants. The research data was analyzed using an independent sample
t-test. The results showed a statistically significant improvement in short-pass performance following the intervention (t =
-20.694, df = 29, p < 0.001). In addition, engagement levels showed a statistically significant increase (t = -13.861, df =
29, p < 0.001) across all measured dimensions. These findings indicate that the 5 vs 5 small-sided games training program
is effective in enhancing both short-pass performance and engagement. In conclusion, small-sided games can serve as an
effective and practical training strategy to simultaneously develop skill performance and engagement. Practically, coaches
can incorporate 5 vs 5 small-sided games into training sessions to simultaneously enhance short-pass performance and
increase athletes’ engagement.

Keywords: engagement, short pass, football, young athletes

INTRODUCTION

The ability to execute basic techniques is a crucial factor that needs to be considered in empowering the po-
tential of young football athletes. The first technique a young athlete needs to master is short passing skills. This
technique is crucial because it determines accuracy, timing, and tactical success during both offensive and defensive
play (Hakman et al., 2018). Young athletes who possess good short passing skills will demonstrate consistent perfor-
mance, quick decision-making, and the ability to adapt to various situations during training and matches (Wang et
al., 2024). However, it is known that young athletes often struggle to execute consistent short passes under pressure,
particularly in tight spaces or during critical moments that require quick decisions.

Relevant research indicates that a team’s success is primarily determined by its mastery of passing skills (Tim
& Ali, 2023). For young athletes, mastering short passing skills is crucial because it supports technical skills and
tactical awareness in the game. The training program implemented by the coach is a significant factor in the level
of short-passing mastery achieved by the athletes they coach. Traditional training programs are still predominantly
implemented by coaches, thus failing to accommodate the real needs during matches. Traditional passing drills are
generally done outside of an actual game, so they don’t really show what it’s like to be under pressure and how the
game changes (Lindsay & Spittle, 2024).

Young athletes usually already have some fundamental technical skills, but they don’t employ them consistently
when the pressure is on. Athletes frequently fail to comprehend the game situation, make erroneous decisions, and
lack precision in passing. Young athletes necessitate authentic game stimuli for the effective transfer of technical
talents to a competitive environment. Therefore, conventional training models based on static drills are no longer
adequate for the demands of the modern game. Thus, short-pass development must be designed through contextual
training and close to real match situations (Clemente & Sarmento, 2020).

Small-sided games (SSG) are a training methodology empirically demonstrated to enhance the technical, tacti-
cal, physiological, and physical abilities of young athletes (Clemente et al., 2021). The 5v5 SSG format offers high-
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intensity play, more touches of the ball, and more frequent game interactions (Clemente et al., 2022). A study by
(Anwar et al., 2024) shown that a diminished number of players necessitates quicker and more precise short passes
owing to the constricted playing area. This situation provides an ideal environment for developing short-passing
skills. Coaches can change the size of the field, the number of players, and the regulations of the game to fit their
needs. These modifications enable players to engage with the ball and one another more intensely, facilitating rapid
decision-making and enhancing their ability to manage stress during training (Machado et al., 2024).

Beyond technical aspects, player engagement in training also plays a crucial role (Zou et al., 2024). Engagement
is a determining factor in successful learning because it influences an individual’s focus, effort, and persistence (Wan
et al., 2025). The impact of low athlete engagement in training is reduced creativity, competitiveness, and decreased
motivation, ultimately affecting the quality of performance (Jiang et al., 2025). SSG, including the 5v5 format, has
been shown to increase player cognitive and emotional engagement by providing a realistic challenge, natural com-
petition, and a match-like rhythm (Yilmaz et al., 2025).

SSG has a favorable effect on both technical and psychological improvement. However, there is a gap in the
literature regarding the specific impact of this approach on short-passing performance and athlete engagement. Re-
search investigating the impact of SSG on short passing and engagement among young athletes within a singular in-
tervention is evidently required. The research question, as defined above, is whether small-sided games can improve
the short-pass performance and engagement of young football athletes. This study aims to investigate the impact of
5v5 SSG on the short-passing performance and engagement of young football athletes.

MATERIAL AND METHODS

This research employed an experimental method to investigate the effect of 5v5 SSG on short pass performance
and engagement in young football athletes. The research design used a one-group pretest-posttest design, with a pre-
test to assess baseline levels before treatment and a posttest to determine levels after treatment (Capili & Anastasi,
2024). This allowed for more accurate comparisons because it enabled comparisons between the before- and after-
treatment periods.

Participants

Participants in this study were 30 young football athletes, selected using a purposive sampling technique (Camp-
bell et al., 2020). Sampling criteria included volunteering and actively participating in training for at least six months,
as well as being between 13 and 15 years of age. No sports injuries, and obtaining parental/guardian permission.
All participants underwent a six-week intervention, consisting of three 60-minute sessions per week. Each session
consisted of a warm-up, a 10-minute passing technique drill, and a 30-minute main training session (5v5 SSG), with
modified rules to increase engagement.

Instruments

The short-pass performance test used in this study was adapted from a wall-volley soccer skill test, which re-
quires players to perform repeated passes against a rebound surface (Johnson, 1962). The athlete waits behind the
boundary line while holding the ball. The athlete kicks the ball against the backboard and bounces back towards him
or the ball becomes uncontrollable. The athlete performs this movement as many times as possible within 39 seconds.
The ball must be kicked from behind the boundary line using several kicking techniques learned in soccer. When the
ball cannot be controlled, the athlete takes the spare ball that has been prepared, rather than chasing the uncontrolled
ball.

The athlete engagement questionnaire was used to assess athlete engagement before and after participating in
the SSG. This instrument consists of 20 statements divided into four indicators: cognitive engagement, emotional/
affective engagement, behavioral engagement, and agentic engagement, which are widely recognized in the literature
as core components of engagement (Reeve et al., 2025). Consists of five statements with a Likert scale (strongly dis-
agree to strongly agree). The mean corrected item—total correlation value was 0.52. The reliability analysis revealed
a Cronbach'’s alpha coefficient of 0.89.
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Data analysis

Data normality was tested using the Shapiro—Wilk test, and data homogeneity was tested using the Levene test.
A paired-sample t-test was subsequently conducted to determine whether the intervention resulted in a statistically
significant difference between pre-test and post-test scores.

RESULTS
The results of this study are presented in several tables, which clearly demonstrate the improvement in athletes’
engagement and short-pass performance through the use of SSG training.

Table 1. Descriptive data on short pass performance

Test Mean Median Variance Std deviation Minimum Maximum
Pre 28.43 29 18.94 4.35 22 36
Post 38.50 38 13.57 3.68 31 45

Based on the descriptive statistical data presented in Table 1, consistent positive developments in the short
passing performance of athletes after receiving the SSG intervention can be identified. The pretest results showed an
average score of 28.43 (SD = 4.35) with a score range of 22 to 36; most athletes fell into the moderate to low category.
The posttest results showed a significant increase, with an average score of 38.5 (SD = 3.68) and a score range of 31
to 45. This increase indicates that the athletes’ abilities have moved into the good and excellent categories. After par-
ticipating in the SSG training program, there was an increase in ability and performance consistency among athletes.
This is indicated by a decrease in the variance value from 18.94 to 13.57.

Table 2. Tests of Normality

Shapiro-Wilk
statistic df Sig.
Pre .944 30 115
Post .969 30 .507

Table 2 shows the results of the normality test using the Shapiro-Wilk test. Before starting the parametric analy-
sis, this test is needed to ensure that the data meet the assumptions of a normal distribution. The results of the test
show that the pretest has a statistical value of 0.944 with df of 30 and a significance value of p of 0.115. In contrast,
the posttest has a statistical value of 0.969 with df = 30 and a significance value of p = 0.507. Both the pretest and
posttest measurements have a normal distribution, as indicated by the significance values, which are above the alpha
threshold of 0.05. These results indicate that the data meet one of the main requirements for the success of the paired
sample t-test.

Table 3. Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
1.662 1 58 .208

Table 3 presents the results of the Levene test for homogeneity of variance, applied to the short pass perfor-
mance data. This test is conducted to ensure that the variance between the two data groups (pretest and posttest) is
the same or homogeneous. The test results show a Levene statistic value of 1.662 with degrees of freedom of 1 (df1)
and 58 (df2), respectively, and a significance value of p of 0.208. There is no significant variance between the pretest
and posttest data, as indicated by a significance value greater than 0.05. Therefore, the variance in both data groups is
homogeneous. Thus, the data meet the requirements for analysis using a paired sample t-test. Therefore, the variance
in both data groups is homogeneous. Thus, the data meet the criteria for analysis using a paired sample t-test.

Table 4. Paired Sample t-test

t df Sig. (2-tailed)
-20.694 29 .000
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Paired test results, a sample t-test to determine the difference in short pass performance between the pretest and
posttest, are shown in Table 4. The results of the analysis show a t-value of -20.694, with degrees of freedom is 29,
and the significance value (2-tailed) is 0.000. These results statistically demonstrate that the 5 v 5 format SSG training
program is efficacious in improving short-pass performance in young athletes.

Table 5. Descriptive data on athlete engagement

Test Mean Median Variance Std deviation Minimum Maximum
Pre 68.9 68 17.33 4.16 62 79
Post 71.8 71.5 24.85 4.96 70 88

Table 5 presents descriptive statistics of athlete engagement before and after participating in the SSG training
program. With a mean of 68.9 and a median of 68, pretest measures revealed a comparatively symmetrical distribu-
tion of data. Athletes’ levels of engagement varied quite uniformly, with a variation of 17.33 and a standard deviation
of 4.16. Posttest results showed an increase, with a minimum score of 62 and a maximum of 79, indicating that the
athletes’ initial engagement level fell within the good category. After six weeks of the SSG intervention, posttest re-
sults showed an increase with a mean of 77.8 and a median of 77.5. The variance increased to 24.85 and the standard
deviation to 4.96, indicating greater variation among athletes in the program. Engagement levels changed from the
better to very good category, with a minimum score of 70 and a maximum score of 88.

Table 6. Tests of Normality

Shapiro-Wilk
statistic df Sig.
Pre .960 30 .304
Post 961 30 335

Table 6 shows the results of the normality test using the Shapiro-Wilk test for athlete engagement data. The
data were tested to meet the normal distribution assumption required for parametric analysis. The results showed that
the pretest statistical value was 0.960 with df = 30 and sig 0.304. The posttest statistical value was 0.961 with a df =
30 and sig.= 0.335. Athlete engagement data in the pretest and posttest measurements were normally distributed, as
indicated by two significance values above the alpha threshold of 0.05. These results indicate that the data meet the
requirements for paired sample t-test analysis and validate the use of parametric tests.

Table 7. Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
.680 1 58 413

Table 7 presents the results of Levene’s test for homogeneity of variance, applied to the athlete engagement data.
This is a crucial assumption in parametric statistical analysis, and the purpose of this test is to verify that the variance
between the pretest and posttest data groups is homogeneous. A significance value significantly greater than 0.05
indicates that there is no significant variance between the pretest and posttest athlete engagement data. Therefore, it
can be concluded that the variance in both data groups is homogeneous, which meets the assumption of homogeneity
and validates the use of the paired-sample t-test for further analysis.

Table 8. Paired Sample t-test

t df Sig. (2-tailed)
-13.861 29 .000

Table 8 showed that the 5 vs 5 format SSG training program is effective in increasing athletes’ cognitive, emo-
tional, behavioral, and agentic engagement during the training process. The 5v5 SSG intervention makes a statisti-
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cally significant and valuable difference in the development of young football athletes. The SSG training program can
be an effective strategy for training young athletes.

DIScUSSION

The findings of this study underscore the importance of implementing 5v5 SSG to improve short pass perfor-
mance and engagement in young soccer athletes aged 13-15 years. The 5v5 SSG structure increases ball-touch inten-
sity, speed of decision-making, and technical quality, making the implementation of the 5v5 SSG structure effective
in improving short pass in young football athletes (Anwar et al., 2024). With a smaller field and fewer players, players
engage more frequently in actions such as receiving, controlling, and passing the ball (Halouani et al., 2019). This
leads to natural repetition, which significantly improves the quality of short passes. According to other studies, SSG
has a significantly higher level of player interaction compared to conventional training methods (Clemente, 2025).
Ultimately, this leads to improvements in technical abilities such as passing speed and accuracy (Gunawan & Rah-
man, 2023).

Additionally, the 5v5 SSG structure creates more tangible time and space pressure, forcing players to scan,
control the ball, and pass in a shorter amount of time. These limited conditions help players understand the game
situation and choose fast, progressive, or safe passing paths (Xu et al., 2024). Players must also maintain proper body
orientation to enable effective ball control and a quality first touch. It has been shown that good ball control under
pressure is crucial for improving the quality of short passes (Coutinho et al., 2023).

From a tactical perspective, the Sv5 game has small interaction patterns such as triangles, walls pass, and sup-
porting play. These patterns teach players how to open up space, maintain distance, and create effective passing lanes
(Zlojutro et al., 2023). The abilities of players who frequently face situations like this improve when they use short
passes to maintain the rhythm of the game. In addition, because the entire team interacts with each other at closer
range, communication between players improves, which results in more coordination in short ball play (Sarmento et
al., 2018).

Overall, the 5 vs 5 SSG structure creates a training environment full of technical and tactical pressure, while
remaining relevant to real-life match situations. SSG is an excellent technique for improving short passing skills in
young football athletes due to its high intensity, technical repetition, game pressure, and quick decision-making (Fer-
raz et al., 2025). Empirical evidence shows that SSG improves technique and accelerates skill transfer from training
to matches (Sgro et al., 2018). Therefore, implementing 5 vs 5 is an effective and proven method for improving short
passing performance in youth athlete training.

Because this game format creates an active, intense, and meaningful learning environment, the implementation
of SSG has been shown to increase player engagement in young soccer athletes (Pop et al., 2022). Each player in an
SSG has more opportunities to participate in technical actions such as passing, dribbling, shooting, moving without
the ball, and making tactical decisions (Clemente et al., 2021). The increased physical, cognitive, and emotional en-
gagement during training is directly influenced by the higher frequency of activity (Fernandez-Espinola et al., 2020).
SSG ensures that almost all players are involved in the game at all times, unlike 11 vs. 11 games, which tend to make
some players less active during particular phases.

In smaller spaces, players must constantly move, communicate, position themselves, and work together to co-
operate. This compact game environment keeps players continually engaged, leaving them little time to wait for the
ball or be passive (Entezari et al., 2023). Due to the high frequency of actions per minute, SSG significantly increases
players’ physical and technical stimulation (Han et al., 2025). This is a key factor in boosting engagement: players
feel more “in the game,” more active, and more mentally and emotionally involved.

For motivation, SSG fosters a friendly yet competitive atmosphere. Young players can become more motivated
by playing games that resemble real matches but are scaled down in size, as they can encounter difficulties that are ap-
propriate for their skill level and receive immediate feedback on the game’s progress (Romdhani et al., 2023). Other
studies suggest that SSG can improve team cohesion, competency, and emotions of autonomy (Yilmaz et al., 2025).
These three psychological elements are essential for the best possible participation in sports. Young players are more
motivated, concentrated, and willing to take chances when they receive training.

Additionally, SSG increases cognitive engagement, particularly in decision-making (Couto et al., 2022). Rap-
idly changing game situations require players to constantly study the movements of their opponents and teammates,
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activate options, and strategize. This condition keeps players mentally alert and fully engaged in the game. Cognitive
engagement is crucial for young players because it accelerates the development of play intelligence, also known as
game intelligence, which is difficult to develop with statistical drill techniques (Machado et al., 2024).

Overall, SSG creates a training environment that allows players to engage in more activities, encourages them
to do so, and increases their attention levels. SSG is a great way to increase engagement in young soccer athletes due
to the high intensity of activity, quick decisions, lots of ball contact, and an enjoyable playing experience (Gok et al.,
2023). The learning process and development of technical and tactical skills are also more effective and sustainable
with high engagement (Paun et al., 2025).

The results of this study add to the scientific literature on how SSG helps young football athletes with skills and
psychology. However, several limitations of this study should be considered. First, generalizability may be limited
to a broader group of young athletes due to the small sample size and lack of a control group. Second, the use of a
conventional questionnaire instrument to measure athlete engagement may introduce bias. Additionally, because of
the brief length of the intervention, this study was unable to evaluate long-term changes associated with engagement
development and short-term pass improvement.

These restrictions do not limit its applicability in the actual world. This study demonstrates to coaches that SSG
implementation may be a crucial tactic in programs designed to develop young athletes. Coaches can change match
formats to alter technical focus, intensity, and engagement. Additionally, this study suggests that incorporating SSG
into regular training regimens can help young athletes enhance training efficacy while maintaining the quality of their
educational experiences.

CONCLUSION

Small-sided games with a 5v5 format are an innovative training model for enhancing short-pass performance
and engagement in young soccer athletes aged 13-15. However, several limitations of this study should be consid-
ered. First, generalizability may be limited to a broader group of young athletes due to the small sample size and
lack of a control group. Second, the use of a conventional questionnaire instrument to measure athlete engagement
may introduce bias. Additionally, because of the brief length of the intervention, this study was unable to evaluate
long-term changes associated with engagement development and short-term pass improvement. Further research is
recommended to include decision-making variables, comparisons with other small-sided game formats, and longer
durations.
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Abstract: Various techniques in the game of table tennis are studied in depth to improve the performance of athletes. The
research focuses on the analysis of aspects of the game such as technical skills, biomechanics, and the level of effective-
ness. This study was to look at the effectiveness of forehand and backhand skills in table tennis games. This research is
included in the type of ex post facto research, where the measurement or testing of forehand and backhand hitting skills in
table tennis games is carried out on students who have participated in table tennis lectures for 16 meetings, with a total of
24 participants. The learning process was conducted through structured sessions, ensuring that all participants received
equal opportunities for practice using adequate facilities. Skill assessment was administered after the completion of the
instructional program. Data analysis involved testing the normality of the data distribution, followed by the application of
both parametric and non-parametric statistical approaches to compare forehand and backhand performance. The findings
revealed that forehand performance tended to follow a normal distribution, while backhand performance showed slight
deviations from normality. However, the results from both statistical approaches consistently indicated that there was no
significant difference between forehand and backhand skills. Visual analysis further supported these findings, showing that
forehand data aligned more closely with the expected distribution pattern, whereas backhand data demonstrated minor
irregularities. In conclusion, beginner students exhibit relatively balanced development of forehand and backhand skills
following structured learning. These findings suggest that the instructional approach applied in the learning process is ef-
fective in promoting proportional skill acquisition. The study emphasizes the importance of balanced technical training in
early stages of learning and highlights the need for further research to explore additional factors that may influence skill
development in table tennis.

Keywords: Table Tennis; Performance Sport; Training Method

INTRODUCTION

The technique of playing table tennis has been studied extensively to improve the performance of the players.
The research is focused on the analysis of various aspects of the game, including technical skills, biomechanics,
and effectiveness. The main techniques identified included spin, block, chop, push, and drive, with spin being the
most dominant (44.179%) in high-level play (Yulianto, 2015). Biomechanical studies have compared fast break and
curving ball techniques, which reveal differences in racket speed during different phases of the stroke (Mao, 2012).
Evaluation of the effectiveness of elite players’ techniques has led to the development of formulas and criteria for
assessing performance, with Chinese players generally excelling in most techniques compared to their international
counterparts (Zhang et al., 2013). These studies provide valuable insights for players and coaches, highlighting the
importance of mastering certain techniques and understanding their biomechanical aspects to achieve a high level of
performance in table tennis.

Recent studies on table tennis playing techniques reveal significant differences between male and female play-
ers at a high level. Men tend to prefer forehand techniques and offensive shots, specifically flips, while women use
defensive punches and backhand techniques more (Malagoli Lanzoni et al., 2024; Pradas de la Fuente et al., 2023).
Women generally play more shots per rally and game compared to men (Malagoli Lanzoni et al., 2024). Top players
show versatile technical skills, with attack after serve being an important technique for scoring points (Sung, 2019).
The heart rate response during the match showed an average rate of 142.69 bpm and a peak rate of 167.26 bpm,
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with forehand shots accounting for 57.88% of the total strokes (Picabea et al., 2022). Service placement usually tar-
gets areas close to the net, while subsequent shots are often directed to backhand corners (Malagoli Lanzoni et al.,
2024). These findings highlight the importance of tailoring training sessions to address gender-specific playstyles and
technical-tactical needs.

Recent studies on table tennis strokes have revealed important insights into technique, performance, and neural
activity. Gender differences in punch kinematics were observed, with men using larger muscle groups and achieving
higher hand acceleration compared to women (Bankosz et al., 2020). The non-playing hand was found to move sym-
metrically with the playing hand during the topspin forehand, which could potentially support the punch (Winiarski
et al., 2021). Neural efficiency in experts is demonstrated through lower cortical activation compared to beginners
during forehand and backhand strokes, despite superior performance (Carius et al., 2023). To improve backhand ac-
curacy in beginner players, external focus of attention (on the ball or table target) has been shown to be more effective
than internal focus (on the hand), which supports the benefit of external cues in skill acquisition (Niznikowski et al.,
2022). These findings contribute to our understanding of stroke mechanics, skill-related differences, and effective
training strategies in table tennis.

Table tennis is a popular sport among students that develops a wide range of skills, including coordination,
speed, and accuracy (Zhukovskyi et al., 2020). For beginners, innovative teaching methods can enhance learning.
Video analysis of forehand techniques helps students understand proper movements and correct mistakes (Chicheno-
va, 2021). Reflective board devices have been shown to effectively improve forehand and backhand drive skills in
beginner players (Hanim & Tomoliyus, 2019). Structured lessons typically include warm-ups, main exercises, and
cool-downs, with coordination exercises placed at the beginning of the session (Zhukovskyi et al., 2020). The Con-
federation of Table Tennis Brazil and the University of Campinas have developed a comprehensive entry-level course
that includes Olympic and Paralympic table tennis (Belli & Galatti, 2021). This approach can help beginners develop
proper technique and improve their overall performance in table tennis. The main objective of this study is to see the
effectiveness of table tennis learning on forehand and backhand shots.

METHOD

Design

This research is ex post facto research, where this research method examines the cause-effect relationship in
events or events that have occurred (Darajat & Abduljabar, 2014). The measurement or test of forehand and backhand
hitting skills in table tennis games was carried out on table tennis lecture students who had carried out lectures for
16 meetings with a total of 24 students, consisting of male and female students who were beginner students or had
never played table tennis.

Instrument

The instrument used in this study is the backboard test in table tennis games. The backboard test has a validity
value of 0.615 and a reliability value of 0.738; the purpose of this test is to measure beginner table tennis playing
skills (Rumondor et al., 2022). The test backboard is a test where the testee makes a shot independently by reflecting
the results of the shots to the wall of the table tennis table that is arranged vertically. The testee took the test for 30
seconds with a chance of 3 times, and the highest score was taken.

Procedure

The following is the research procedure carried out in this study, where the respondents carried out and partici-
pated in table tennis learning for many as 16 meetings. Table tennis learning is carried out for 2 x 50 minutes in each
session with the number of tables used as many as 6 ping pong tables so that each student has the same opportunity
to do treats. The skills test was conducted at the 17th meeting after the learning was completed.

RESULT
Here is a description of the test results of forehand and backhand skills in table tennis learning, as seen in table 1.
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Table 1. Description of Forehand and Backhand Skill Results Data

Types of Strokes N Mean Hours of deviation Std. Error Mean

Forehand 43.67 15.85 3.23
Table tennis skills 24

Backhand 49.42 17.81 3.63

The results of the table tennis skills test in table 1 show the test score results of 24 respondents with an aver-
age forehand score of 43.67, a standard deviation of 15.85, and a standard error of 3.23. As for the backhand shot,
it shows an average score of 49.42, with a standard deviation of 17.81 and a mean standard error of 3.63. Looking
at the average score in Table 1 shows that the average score of the backhand shot has a higher success effectiveness
than the forehand shot.

Furthermore, to see if there is a significant difference in the effectiveness of table tennis learning on forehand
and backhand strokes, an independent samples test was conducted. Table 2 shows the results of the statistical test of
independent samples by using SPSS.
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Figure 1. Density and histogram of test result data

Figure 1 show the distribution of skill results based on forehand and backhand stroke techniques exhibited dis-
tinct characteristics. For the forehand technique, data were spread over a fairly wide range, with a tendency toward
a less symmetrical distribution and mild multimodality. The largest concentration of scores was in the mid-range
(around 40-55), but there were also clusters of high scores, indicating variation in performance between subjects.
Meanwhile, the backhand distribution tended to be more centralized and formed a unimodal pattern with a peak in the
35-50 range. Nevertheless, variation was still evident through the spread of scores into the high range, albeit with a
lower frequency. Overall, both techniques had relatively similar score ranges, but forehand showed greater variation
than backhand. This indicates that forehand ability is more heterogeneous among individuals, while backhand tends
to be more consistent. Furthermore, both distributions did not fully follow a normal pattern, as indicated by skew-
ness and uneven data distribution. These findings suggest the need for more specific training approaches for each
technique to optimize overall skill mastery.
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Figure 2. Assumption of data normality

The figure 2 shows the Q-Q plot (Quantile—Quantile Plot) of standardized residuals on the forehand and back-
hand variables used to evaluate the assumption of data normality. In the forehand plot, the data points tend to follow
the diagonal line with slight deviations in the tails, indicating that the data distribution is close to normal, and there-
fore the assumption of normality is acceptable. In contrast, in the backhand plot, although some points are located
around the diagonal line, there are more obvious deviations, especially in the lower tail and some points that are far
from the reference line, indicating that the data distribution does not meet the assumption of normality. These visual
findings are consistent with the results of the Shapiro—Wilk test, which obtained a W statistic value of 0.918 for the
forehand and 0.905 for the backhand, with significance values (p-values) of 0.052 and 0.027, respectively. Based on
the decision-making criteria (o = 0.05), a p-value > 0.05 for the forehand indicates that the data are normally dis-
tributed, while a p-value < 0.05 for the backhand indicates that the data are not normally distributed. Thus, it can be
concluded that the normality assumption is only met for the forehand variable, while the backhand variable requires
a non-parametric analysis approach or data transformation before further analysis is carried out.

Table 2. Non Parametrik Independent Samples Test Forehand And Backhand Skills

Statistic df p
Skills Results Student’s t -1.18 46.0 0.243
Mann-Whitney U 243 0.358

NOte'. Ha luForehand ¢ 'uBackhand

Based on Table 2, which displays the results of the test for differences between forehand and backhand skills,
two analytical approaches were used, namely the parametric test (independent samples t-test) and the non-parametric
test (Mann—Whitney U). The t-test results show a statistical value of -1.18 with a degree of freedom (df) of 46 and
a significance value (p) of 0.243. Meanwhile, the Mann—Whitney U test produces a statistical value of 243 with a
significance value (p) of 0.358. Referring to the decision-making criteria (o = 0.05), both p-values are greater than
0.05, so there is no significant difference between forehand and backhand skills. Thus, the alternative hypothesis (Ha:
u forehand # p backhand) is rejected, which means that statistically forehand and backhand skills are at a relatively
similar level.

DIScuUsSION

The analysis results showed no significant difference between forehand and backhand skills, based on both
parametric (independent samples t-test) and non-parametric (Mann—Whitney U) tests, with significance values of
0.243 and 0.358, respectively (p > 0.05). This finding indicates that statistically, the abilities of both types of strokes
are at a relatively equal level. This condition may reflect that the training process given to the subjects has been able
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to develop technical skills in a balanced manner between the forehand and backhand sides. In addition, the absence
of significant differences may also be influenced by the homogeneous characteristics of the sample or a relatively
uniform level of playing experience. From a methodological perspective, the results of the previous normality test
showed that only forehand data were normally distributed, while backhand data were not, so the use of non-para-
metric tests is relevant to strengthen the analysis results. The consistency of the results between the two test methods
strengthens the validity of the finding that there is no significant difference. The implication is that coaches or sports
practitioners can maintain a balanced training approach but still need to conduct a more in-depth evaluation of certain
technical aspects to improve specific performance, especially if there are individual variations that were not statisti-
cally detected in this study.

Recent studies have explored various approaches to improve the learning of forehand and backhand shots of
table tennis. The scientific approach applied in the junior high school setting produced excellent learning outcomes
for both strokes, with 68% of students achieving high proficiency (Mappaompo et al., 2023). Video-based learning
media and apps significantly improve forehand and backhand skills among students (Fufu et al., 2020; Siregar et al.,
2023). For elementary school students, the app-based learning model for forehand drive punches shows a modest
skill improvement (Kurniadi et al., 2023). At the university level, a study on table tennis skills revealed that 46%
of students showed excellent backhand shots, while 21% showed excellent forehand shots after a series of learning
sessions (Azmi, 2024). These findings suggest that diverse teaching methods can effectively support the develop-
ment of table tennis forechand and backhand skills across different age groups and education levels. The discovery
learning style has shown a significant effect on improving basic techniques for students (Sari, 2020). Video-based
self-recording during practice has been found to improve learning outcomes, with key skills including bouncing the
ball, tapping the board, and forehand and backhand rallies (Sookhanaphibarn & Sookhanaphibarn, 2018). A survey of
table tennis athletes revealed varying levels of proficiency in a variety of basic techniques, such as serving, attacking,
defending, and certain types of strokes (Anwar et al., 2022). These findings suggest that a combination of innovative
teaching methods, technology-assisted learning, and targeted skill development can contribute to improving basic
table tennis skills for players at different levels.

In addition, various learning approaches are also very important to improve table tennis skills. Virtual reality
(VR) training has shown promising results, with significant improvements in table tennis performance in the real
world compared to the control group (Michalski et al., 2019; Oagaz et al., 2021). These studies show that the complex
skills learned in VR can be transferred to the real world. Moreover, the rich media platform for table tennis learning
(RMPTTL) has been found to improve advanced skills and participation motivation in young players (Zou et al.,
2021). From a socio-ecological perspective, individual factors, such as intrinsic interests, have the most significant
impact on adolescents’ table tennis skills, followed by social support and physical environment (Gumilar, 2024; Gu-
milar et al., 2023; Xiao et al., 2020). To improve table tennis skills, it is recommended to cultivate intrinsic interests,
encourage peer and parent support, provide adequate facilities, and incorporate innovative training methods such as
VR and rich media platforms alongside traditional training techniques.

Another factor that favors table tennis performance and training is physical and physiological condition. Physi-
cal demands in tennis vary by court surface, performance level, and gender, with elite players exhibiting superior
physical fitness and hitting performance compared to sub-elite players (Lambrich & Muehlbauer, 2022; Pluim et
al., 2023). Sports training interventions have shown positive effects on physical fitness and stroke speed in young
and adult tennis players, with varying effectiveness across different components (Lambrich & Muchlbauer, 2023).
Specifically, large improvements were observed in agility, lower extremity muscle strength, upper extremity muscle
strength, balance, and stroke speed. Age-specific differences in training adaptations were noted, with adult play-
ers showing greater potential for improvement in certain areas. In addition, research on transcranial direct current
stimulation (tDCS) suggests that high-definition tDCS can offer superior behavioral and neurophysiological effects
compared to conventional tDCS in visuomotor processing tasks (Sehatpour et al., 2021).

CONCLUSION

Based on the analysis results, it can be concluded that forehand and backhand skills do not show statistically
significant differences, either through parametric tests (independent samples t-test) or non-parametric tests (Mann—
Whitney U), with significance values greater than 0.05 for each. The normality test showed that the forehand data
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were normally distributed, while the backhand was not, so a non-parametric analysis approach was used to ensure
the reliability of the results. The consistency of the findings from both analysis methods indicates that forehand and
backhand technical abilities are at a relatively balanced level. Thus, this study provides empirical evidence that there
are no significant differences in ability between the two types of skills in the studied sample. The implications of
these findings emphasize the importance of a proportional and integrated training approach in developing technical
skills and open opportunities for further research to explore other factors that may influence performance variations
in more depth.
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Abstract: This paper analyses the impact of sporting events on a destination’s tourism offer, with a particular focus on the
city of Osijek and two international events: the Pannonian Challenge and the DOBRO World Cup. The study is grounded
in the theoretical framework of sport and event tourism, which highlights the role of events in generating tourism demand,
strengthening destination image, and extending the tourism season. The empirical part of the research is based on the
analysis of secondary data on tourist overnight stays generated by events held in Osijek during 2023, as well as on tourism
statistics on arrivals and overnight stays recorded during the week of the international gymnastics competition DOBRO
World Cup in April 2025. Descriptive statistics, correlation analysis, and regression analysis were applied to examine the
relationship between domestic and international tourism demand and to assess the tourism effects of sporting events. The
results indicate that sporting events generate a significant level of tourism demand, with the analysed events producing a
total of 28,214 overnight stays in 2023. The structure of tourism demand shows a relatively balanced relationship between
domestic and foreign tourists, suggesting an increasing internationalisation of tourism associated with events. A strong
positive relationship between domestic and foreign overnight stays was also identified, indicating that event attractiveness
simultaneously influences both tourism markets. Furthermore, the analysis of the DOBRO World Cup shows that foreign
tourists record a longer average length of stay compared with domestic visitors. The findings highlight the importance of
sporting events as strategic tourism products and underline the need to integrate them into destination tourism develop-
ment and management strategies.

Key words: sport tourism; event tourism; sporting events, destination development; tourism demand

INTRODUCTION

Sports tourism is one of the more dynamic segments of contemporary tourism, and major sporting events are
increasingly used as instruments for destination branding, season extension, and demand generation. In the litera-
ture, event tourism is described as a field that encompasses both professional practice and scientific research on the
impacts of events on the economy and society, with sporting events occupying a particularly important position due
to their wide media visibility and their ability to attract visitors (Getz, 2008). In the context of sports tourism, travel
may be motivated either by active participation in sport or by spectating, with expenditure directed toward accom-
modation, hospitality services, transport, and related activities (Gibson, 1998).

Although mega-events such as the Olympic Games or world championships are the most visible, regional events
can also have an important impact on the tourism offer, particularly in destinations outside the main tourism flows.
In recent years, Osijek has been developing a profile as a centre for sports and sport-cultural events. Events such as
the Pannonian Challenge (action sports) and the DOBRO World Cup (artistic gymnastics) attract participants and
visitors from both domestic and international markets, creating measurable effects on tourist traffic and potentially
strengthening the city’s image.

The aim of this paper is to analyse the impact of sporting events on the tourism offer of Osijek through a litera-
ture review and an empirical analysis of secondary data on overnight stays by event in 2023, as well as reports for the
week during which the DOBRO World Cup was held in 2025.

THEORETICAL BACKGROUND AND LITERATURE REVIEW

Sports tourism represents one of the most significant areas of contemporary tourism, and its development is
closely linked to the globalization of sport, increased mobility of populations, and growing demand for experiential
forms of travel. According to Gibson (1998), sports tourism includes travel motivated by active participation in sport,
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spectating at sporting events, or visiting sport-related attractions, with sporting events representing one of the most
important segments of this form of tourism. Weed and Bull (2004) further emphasize that sports tourism is not only a
form of physical movement of visitors but also a complex social and economic phenomenon involving the interaction
between sport, tourism, and destination development. Research in this field highlights that sport tourism activities
may include both active participation and spectator experiences, creating various forms of tourism demand that con-
tribute to destination development (Ritchie & Adair, 2004). Within event tourism, sporting events occupy a special
position due to their ability to generate significant tourism demand and create long-term development effects. Getz
(2008) defines event tourism as the systematic planning, development, and management of events with the aim of
generating tourism and economic benefits for a destination. In this context, sporting events act as catalysts for tourism
development by attracting visitors, increasing tourism expenditure, and contributing to the international promotion of
destinations. Getz and Page (2016) highlight that contemporary research on sporting events has evolved from simple
measurements of economic impacts toward analysing their broader influence on destination image, competitiveness,
and sustainable development.

One of the key theoretical concepts in the study of sporting events is the concept of event tourism impacts,
which includes economic, social, and infrastructural dimensions. Economic impacts relate to increased tourism ex-
penditure, employment, and revenue in the tourism sector (Gratton & Taylor, 2000). Daniels and Norman (2003)
emphasize that sporting events generate additional demand for accommodation, hospitality services, and transporta-
tion, thereby directly contributing to the local economy. In addition to direct economic impacts, sporting events also
generate indirect effects through destination promotion and increased international recognition (Hall, 1992). Early
research on hallmark events highlighted their ability to strengthen the identity and image of host destinations and to
attract visitors over a longer period of time (Ritchie, 1984). Hall (1992) further developed this concept by emphasiz-
ing that hallmark events become strongly associated with a particular destination and play an important role in its
tourism development. A particularly important concept in the literature is the legacy of sporting events, referring to
the long-term effects of events on a destination. Preuss (2007) defines event legacy as all planned and unplanned,
positive and negative, tangible and intangible effects that remain after the event has concluded. These effects include
infrastructure development, increased tourism demand, and the strengthening of the destination’s image. Thomson,
Schlenker, and Schulenkorf (2013) further conceptualize sport event legacy as a multidimensional phenomenon that
includes economic, social, environmental, and institutional outcomes that persist after the event. Smith (2012) also
points out that sporting events can contribute to urban development and city revitalization, particularly when they are
integrated into broader destination development strategies.

Depending on their size and significance, sporting events can be classified into several categories, including
mega-events, hallmark events, and local events. Mega-events, such as the Olympic Games, have global reach and
significant economic impacts (Matheson, 2006). Horne (2007) notes that mega-events are characterized by their large
scale, global media coverage, and significant economic and social impacts on host destinations. Zimbalist (2006) also
highlights that major sporting events can generate substantial tourism demand, although their long-term benefits de-
pend on effective management and strategic planning. While mega-events have received the greatest scholarly atten-
tion, research increasingly indicates that smaller and medium-scale events can also generate meaningful tourism im-
pacts, particularly in smaller or medium-sized destinations (Higham & Hinch, 2009). An important aspect of sporting
events is their role in destination marketing. Chalip (2004) emphasizes that sporting events represent an effective tool
for destination promotion because they enable the creation of positive emotions and experiences associated with the
destination. This process, known as leverage, involves using sporting events to achieve long-term tourism and eco-
nomic benefits. Fourie and Santana-Gallego (2011) empirically demonstrated that sporting events have a statistically
significant positive impact on tourist arrivals, particularly when accompanied by effective promotional strategies.

Despite the many positive effects, the literature also highlights methodological challenges in assessing the im-
pacts of sporting events. Crompton (1995) argues that economic impact estimates are often overestimated due to meth-
odological limitations, while Preuss (2007) emphasizes the need to use objective and long-term tourism indicators. In
their meta-analysis, Li and Jago (2013) conclude that sporting events generally have a positive but variable impact
on tourism, depending on factors such as event size, location, and the level of international participation. In addition
to economic effects, sporting events may also influence residents’ perceptions and social attitudes toward tourism
development. Kim and Petrick (2005) found that local residents often perceive major sporting events as opportunities
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for improving destination reputation, infrastructure development, and community pride, although potential negative
impacts such as congestion or increased costs may also occur. In recent years, increasing attention has been given
to the sustainability of sports tourism. UN Tourism (2025) emphasizes that sporting events should be integrated into
destination sustainable development strategies in order to maximize benefits and minimize negative impacts. Sustain-
able management of sporting events involves cooperation between event organizers, tourism organizations, and local
communities in order to create long-term tourism benefits. In the context of continental destinations, sporting events
have particular importance because they contribute to reducing the seasonality of tourism demand and diversifying
the tourism offer. Higham and Hinch (2009) point out that sporting events can play a key role in tourism development
in destinations that lack traditional tourism resources such as coastal or mountain attractions. In such destinations,
sporting events become a key tourism product and an important element of the competitive strategy.

Based on the theoretical and empirical insights presented above, it can be concluded that sporting events repre-
sent an important instrument of tourism development, influencing increased tourism demand, strengthening destina-
tion image, and enhancing the tourism offer. However, their actual impact depends on a number of factors, including
event size, the level of international participation, and the quality of destination management. The theoretical founda-
tions of sports tourism point to the multidimensional nature of the phenomenon: sport may represent the primary mo-
tivation for travel, but it may also serve as an additional element within a broader tourism experience (Weed & Bull,
2004). In research, events are often viewed both as drivers of tourism demand and as platforms for generating intan-
gible values such as destination image, emotions, and social capital (Chalip, 2004). Consequently, sporting events
represent an increasingly important strategic instrument for tourism development and destination competitiveness.

RESEARCH PROBLEM, OBJECTIVES, HYPOTHESES AND CONCEPTUAL RESEARCH MODEL

Despite the extensive body of literature on the impact of sporting events on tourism, most existing studies focus
primarily on large international and mega-events such as the Olympic Games and world championships (Preuss,
2007; Fourie & Santana-Gallego, 2011). In contrast, significantly fewer studies analyse the effects of smaller but
regularly held international sporting events on tourism demand in medium-sized continental destinations. In particu-
lar, their influence on the structure of tourism demand—such as the relationship between domestic and international
tourists and differences in their behaviour and length of stay—remains insufficiently explored.

Furthermore, many previous studies rely on estimates of the overall economic impact of events, while fewer
focus on analysing specific tourism performance indicators such as the number of arrivals and overnight stays, which
represent more objective and reliable measures of tourism impact (Li & Jago, 2013). In the context of medium-sized
continental destinations such as Osijek, empirical studies examining the role of sporting events in the development
of the tourism offer and the internationalisation of tourism demand are particularly limited. Accordingly, a research
gap can be identified in the lack of empirical studies examining the impact of international sporting events on tourism
demand in medium-sized continental destinations, with particular emphasis on the structure of tourism demand and
the differences between domestic and foreign tourists.

In line with this gap, the main objective of this paper is to empirically analyse the impact of sporting events
on tourism demand in the city of Osijek, with a particular focus on the events Pannonian Challenge and DOBRO
World Cup, and to determine their contribution to overall tourism performance and the internationalisation of tour-
ism demand.

Based on the theoretical framework and the identified research gap, the following research questions are for-
mulated:

RQ1: To what extent do sporting events contribute to an increase in tourism demand in the destination?

RQ2: [s there a statistically significant relationship between domestic and foreign tourist overnight stays during
sporting events?

RQ3: Are there differences in the tourism behaviour of domestic and foreign tourists during international sport-
ing events?

Based on these research questions, the following hypotheses are proposed:

H1: Sporting events have a statistically significant positive impact on tourism demand in the destination.

H2: There is a statistically significant positive relationship between the number of domestic and foreign tourist
overnight stays during sporting events.
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H3: Foreign tourists achieve a longer average length of stay in the destination during international sporting
events compared to domestic tourists.

Based on theoretical insights and the defined hypotheses, the conceptual framework of this study assumes that
sporting events represent a key independent factor influencing tourism demand in the destination. Within the model,
sporting events are expected to contribute to an increase in the total number of overnight stays, an increase in the
number of international tourists, a longer average length of stay, and the internationalisation of tourism demand. At
the same time, a positive relationship is assumed between domestic and international tourism demand, reflecting the
overall attractiveness and market reach of sporting events. Finally, increased tourism demand contributes to strength-
ening the destination’s tourism offer and competitiveness.

RESEARCH METHODOLOGY

The empirical part of this study is based on the analysis of secondary data on tourism demand related to sport-
ing events in the city of Osijek. Tourism data used in this research were obtained from official tourism statistics and
reports of the City of Osijek Tourism Board. The data were collected from official statistical sources and consist of
two datasets. The first dataset refers to tourist overnight stays recorded during 18 events held in Osijek in 2023. The
data include the number of overnight stays by domestic and foreign tourists for each individual event, as well as the
total number of overnight stays. This dataset enables the analysis of the tourism impact of individual events and a
comparison of the structure of tourism demand. The second dataset relates to tourist arrivals and overnight stays
recorded during the period from 7 to 13 April 2025, which coincides with the organization of the international gym-
nastics competition DOBRO World Cup. These data allow for a more detailed analysis of the structure of tourism
demand during the period of a major international sporting event, including differences between domestic and foreign
tourists and their average length of stay.

For the purposes of analysis, methods of descriptive and inferential statistics and correlation analysis were ap-
plied. Descriptive statistics were used to calculate basic statistical indicators, including the total number of overnight
stays, arithmetic mean, median, standard deviation, and the shares of domestic and foreign overnight stays. These
indicators provide insight into the scope and structure of tourism demand related to sporting events. To analyse the
relationship between domestic and foreign overnight stays, the Pearson correlation coefficient (r) was used. This
method enables the assessment of the strength and direction of the linear relationship between two variables and is
frequently used in tourism research (Field, 2018). Statistical significance was tested at a significance level of p <0.05.

Additionally, in order to further examine the relationship between domestic and foreign overnight stays, a
simple linear regression analysis was conducted, in which the number of foreign overnight stays represents the de-
pendent variable and the number of domestic overnight stays the independent variable. Regression analysis allows
for an assessment of the extent to which domestic overnight stays can explain variation in foreign overnight stays and
provides additional insight into the structure of tourism demand associated with sporting events. To further examine
differences between domestic and foreign overnight stays by event, a paired samples t-test was applied. This method
enables the assessment of whether a statistically significant difference exists between two related groups of data
(Field, 2018). Since the sample includes a relatively small number of events, the results were additionally verified
using the non-parametric Wilcoxon test, which does not require the assumption of normal data distribution.

The variables included in the research are:

* total number of overnight stays per event

* number of overnight stays by domestic tourists

* number of overnight stays by foreign tourists

* share of foreign overnight stays

* number of tourist arrivals

+ average length of stay

Data analysis was performed using Statistica statistical software, and the results are presented in tables and
graphs to facilitate interpretation.

Despite its analytical value, the study has certain limitations. First, the analysis is based on secondary data that
do not include information about tourists’ travel motivations, expenditure, or socio-demographic characteristics. In
addition, the research is limited to a single destination, which may restrict the generalizability of the results to other
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destinations. However, despite these limitations, the data used represent a reliable and objective indicator of the tour-
ism impact of sporting events, as they are based on actually recorded tourist arrivals and overnight stays.
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Figure 10: Comparison of Domestic and Foreign Tourist Overnight Stays

Source: Authors’ research

Table 1: Tourist Arrivals and Overnight Stays in Osijek During the DOBRO World Cup Week (7—13 April 2025)

Tourist Type Arrivals Overnight Stays Average Length of Stay (days) Share of Arrivals (%) Shares:afy(s)\(l;;mght
0,
Domestic 1191 2175 1.83 63.3 44.4
Foreign 691 2721 3.94 36.7 55.6
Total 1882 4396 2.60 100.0 100.0
Source: Authors’ research
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Table 2: Top 10 Events by Number of Overnight Stays in Osijek (2023)

Event Event Date L L R i Total Overnight Stays s(;l:;:n?gthtOE:;\g{:
Stays Stays

(%)
Osijek Open Tennis 24-30 Apr 2212 2038 4250 48.0
Zemlja bez granica (Land Without Borders Festival) 21-24 Sep 912 1676 2588 64.8
Pannonian Challenge 15-19 Jun 1152 1428 2580 55.3
FEBIRE Cycling Recreation Festival 21-23 Sep 850 1373 2223 61.8
DOBRO World Cup 9-12 Jun 1032 1027 2059 49.9
Croatian Gymnastics Championship 2-4 Jun 1441 580 2021 28.7
Adriatic Challenge Equestrian Cup 29 Jun-2 Jul 864 915 1779 51.4
Craft Beer Festival 15-16 Sep 651 966 1617 59.7
HeadOnEast 6-8 Oct 865 662 1527 434
UFO Festival 8-9 Sep 550 801 1351 59.3

Source: Authors’ research

Table 3: Test of Differences Between Domestic and Foreign Overnight Stays by Event (2023)

Test Statistic p-value Interpretation

Paired ttest t=-0134 020897 No statistically significant difference between domestic and foreign overnight stays
across events

Wilcoxon signed-rank test W=25.0 p=0.846 Non-parametric confirmation of the same result

Source: Authors’ research

Table 4: OLS Regression Model: Foreign Overnight Stays = a + b x Domestic Overnight Stays (2023)

Parameter Coefficient SE p R?
Intercept (a) 240.58
Domestic overnight stays (b) 0.765 - 0.018 0.52

Source: Authors’ research

DiscussioN

The study’s findings provide strong empirical support for the assumption that sporting events exert a positive
influence on tourism demand and contribute to the development of the destination’s tourism offer. The analysis pre-
sented in Figure 1 (Top 10 Events by Number of Overnight Stays, 2023) shows that the largest tourism effect was
generated by the Osijek Open tennis tournament, with 4,250 overnight stays, followed by Zemlja bez granica and
the Pannonian Challenge, each with approximately 2,600 overnight stays. The observed gap between the leading
events and the remainder indicates a concentration of event-generated tourism demand in a relatively small number
of “anchor” events, which is typical of event tourism and corresponds to the role of flagship or hallmark events in
destination development (Getz, 2008; Hall, 1992). At the same time, the presence of both sporting and socio-cultural
events among the top-performing manifestations suggests a diversified event portfolio, which may contribute to a
more stable distribution of tourism demand throughout the year.

The structure of tourism demand shown in Figure 2 (Share of Overnight Stays by Tourist Type, Events 2023) re-
veals an almost balanced relationship between domestic and foreign tourists (50.8% vs. 49.2%), which represents an
important indicator of the internationalisation of tourism demand associated with events in Osijek. This ratio is par-
ticularly relevant for medium-sized continental destinations that traditionally rely more heavily on the domestic mar-
ket, as it indicates the ability of events to attract international audiences while maintaining a strong national visitor
base. The strong presence of domestic tourists simultaneously confirms the role of sporting events in the development
of the national market and regional travel flows, which is consistent with theoretical approaches to sports tourism that
highlight participants, accompanying persons, and spectators as key demand segments (Gibson, 1998; Weed & Bull,
2004). Furthermore, Figure 3 (Structure of Overnight Stays — Domestic vs. Foreign Tourists for Selected Events,
2023) indicates pronounced heterogeneity in the demand structure across events. Certain events, such as Zemlja bez
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granica (64.8% foreign overnight stays) and the FEBIRE Cycling Recreation Festival (61.8%), demonstrate a high
level of international attractiveness, whereas nationally oriented events, such as the Croatian Gymnastics Champion-
ship, record a substantially lower share of foreign overnight stays (28.7%). This pattern confirms that the degree of
internationalisation, event reach, and visibility are important determinants of the structure of tourism demand, with
international competitions generally producing stronger tourism effects than nationally oriented events (Getz, 2008;
Higham & Hinch, 2009). The correlation analysis further supports these findings, showing a statistically significant
positive relationship between domestic and foreign overnight stays (r = 0.724, p = 0.018). This result suggests that
both segments of tourism demand respond to similar factors related to event attractiveness, organisation quality, and
destination appeal. In practical terms, events that successfully attract domestic visitors also tend to attract foreign
tourists, indicating that the attractiveness of sporting events simultaneously influences both tourism markets. Such a
pattern supports the theoretical assumption that successful sporting events generate multiplicative effects on tourism
demand rather than targeting a single market segment (Getz & Page, 2016).

A particularly clear insight into demand structure during an international event is provided by Table 1 (Tourist
Arrivals and Overnight Stays in Osijek During the DOBRO World Cup Week, 7—13 April 2025). During the observed
week, 1,882 arrivals and 4,896 overnight stays were recorded, with an average length of stay of 2.60 days. Although
foreign tourists represent a minority of arrivals (36.7%), they account for the majority of overnight stays (55.6%)
due to a substantially longer average stay (3.94 days) compared with domestic tourists (1.83 days). The visual com-
parison in Figure 4 (DOBRO World Cup 2025: Comparison of Tourist Arrivals and Overnight Stays by Tourist Type)
further confirms this pattern. This finding points to the higher economic value of foreign visitors during international
sporting events, as longer stays are typically associated with higher tourism expenditure. Consequently, international
sporting events may generate disproportionately large economic impacts even when the number of foreign arrivals
is not dominant (Preuss, 2007). The long-term impact of key sporting events is illustrated in Figures 5-9 (Impact of
Pannonian Challenge and DOBRO World Cup on Overnight Stays, 2019-2023). Both events demonstrate continuity
in generating tourism demand, with the exception of 2020, which was marked by the COVID-19 pandemic. Follow-
ing the pandemic, a relatively rapid recovery is evident, indicating the resilience of event tourism. This continuity
confirms that the Pannonian Challenge and the DOBRO World Cup have become recognisable elements of the city’s
tourism identity and can be considered hallmark events with long-term value for the destination (Hall, 1992; Getz,
2008). The comparison of total domestic and foreign overnight stays in Figure 10 (Comparison of Domestic and For-
eign Tourist Overnight Stays) further confirms a generally balanced demand structure, with a slight predominance of
domestic overnight stays, which contributes to tourism stability by reducing dependence on a single tourism market.

The empirical framework is further summarised in Table 2 (Top 10 Events by Number of Overnight Stays in
Osijek, 2023), according to which the analysed events generated a total of 28,214 overnight stays. The mean per
event is 1,567, the median is 1,439, and the standard deviation of 975 overnight stays indicates substantial variability
in the tourism impact of events. This suggests that a relatively small number of events generate the largest share of
tourism demand, confirming the importance of flagship events in the structure of event tourism demand. The differ-
ence tests presented in Table 3 (Test of Differences Between Domestic and Foreign Overnight Stays by Event, 2023)
provide additional insight into the structure of tourism demand. The results of the paired samples t-test (t = —0.134,
p = 0.897) indicate that there is no statistically significant difference between domestic and foreign overnight stays
across events. This finding is further confirmed by the Wilcoxon signed-rank test (W = 25.0, p = 0.846), which also
shows no statistically significant differences. These results reinforce the conclusion that sporting events in Osijek
generate a relatively balanced demand structure across domestic and international markets. Finally, the regression
analysis presented in Table 4 (OLS Regression Model: Foreign Overnight Stays = a + b x Domestic Overnight Stays)
indicates that the coefficient of domestic overnight stays is statistically significant (p = 0.018), while the coefficient
of determination (R? = 0.52) shows that domestic overnight stays explain approximately 52% of the variation in for-
eign overnight stays. This result further confirms the strong relationship between domestic and international tourism
demand and suggests that the overall attractiveness of events represents a common driver influencing both segments
of tourism markets.

Overall, the results confirm the multiplicative effect of sporting events on tourism demand and their role in the
internationalisation of destination tourism demand. It is particularly relevant that international events, such as the
DOBRO World Cup, generate a longer average length of stay among foreign tourists, suggesting a potentially higher
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economic contribution per visitor and implying that event impacts should not be assessed exclusively through ar-
rivals but also through the structure and duration of tourism demand. At the same time, the fact that a large share of
events takes place outside the peak summer season points to their important role in reducing tourism seasonality in
continental urban destinations. In the broader context of destination management, the results suggest that continu-
ous investment in the organisation and promotion of international sporting events can be an effective instrument for
strengthening competitiveness, extending the tourism season, and diversifying the destination tourism offer (Preuss,
2007; Getz & Page, 2016). In this sense, highly professional events can become strategic tourism products that differ-
entiate Osijek from competing cities of similar size, while generating not only direct effects on arrivals and overnight
stays but also indirect effects through media visibility, image enhancement, and destination branding.

CONCLUSION

The results of this study confirm that sporting events represent an important factor influencing tourism demand
and the development of a destination’s tourism offer. The results contribute to the growing body of literature on sport
event tourism by providing empirical evidence from a medium-sized continental destination, a context that remains
relatively underrepresented in previous research. The analysis shows that sporting events held in Osijek in 2023
generated a total of 28,214 overnight stays, with an almost balanced structure of domestic and foreign tourists. Such
a distribution indicates that sporting events contribute simultaneously to both domestic and international tourism
markets and highlights their role in the internationalisation of tourism demand in the destination.

A particularly relevant finding relates to the structure of tourism demand during the international sporting event
DOBRO World Cup 2025. Although foreign tourists represented a smaller share of total arrivals, they accounted for
the majority of overnight stays and recorded a significantly longer average length of stay compared with domestic
tourists. This result suggests that international sporting events may generate disproportionately large tourism impacts
not only through the number of visitors but also through increased tourism expenditure associated with longer stays.
The study also confirms a statistically significant positive relationship between domestic and foreign overnight stays
during sporting events. This finding indicates that the overall attractiveness and organisational quality of events in-
fluence tourism demand across both market segments. Consequently, sporting events should not be viewed solely as
instruments for attracting international visitors but also as catalysts for broader tourism demand that simultaneously
stimulates domestic and international tourism flows.

From a theoretical perspective, the findings contribute to the existing literature by providing empirical evidence
on the tourism impacts of sporting events in medium-sized continental destinations, which remain relatively un-
derexplored compared with mega-event host destinations. The results confirm that even smaller-scale but regularly
organised international sporting events can generate measurable tourism effects and contribute to the international
visibility and competitiveness of destinations. From a practical perspective, the findings highlight the importance of
strategically integrating sporting events into destination management and tourism development policies. In conti-
nental urban destinations such as Osijek, sporting events can function as key tourism products that support demand
generation, increase international visibility, and contribute to the extension of the tourism season. Effective coordina-
tion between event organisers, tourism organisations, and local service providers may further enhance the economic
benefits of events through integrated tourism products that combine sporting events with accommodation, cultural
attractions, and other tourism experiences.

Despite the valuable insights provided, the study has certain limitations. The analysis is based on second-
ary statistical data that do not include information on tourist expenditure, travel motivations, or socio-demographic
characteristics. In addition, the research focuses on a single destination, which may limit the generalisability of the
findings. Future research should therefore include comparative analyses across multiple destinations, incorporate
visitor survey data, and use longitudinal datasets in order to more precisely assess the long-term tourism impacts of
sporting events. Overall, the findings confirm that sporting events represent an important instrument for strengthen-
ing destination competitiveness, diversifying tourism products, and stimulating tourism development in continental
urban destinations.
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Abstract: The aim of this study was to determine the influence of explosive strength, isokinetic muscle potential, and
stability on the success of performing the Uchi-mata throwing technique in students (n = 57) from the Faculty of Sport
and Physical Education, University of Sarajevo, who were systematically introduced to judo for the first time through the
teaching process. The predictor variables included indicators of explosive strength (countermovement jump—CMJ, squat
Jump—SJ, and countermovement jump with arm swing—CMJFA), isokinetic peak torque of relevant muscle groups at 30%s
and 60°/s, and stability indices (overall stability index—BOSI, anteroposterior stability index—BAPSI, and mediolateral
stability index—BMLSI). The criterion variable was defined as the first principal component extracted from the ratings
of three expert evaluators. Hierarchical regression analysis showed that explosive strength alone was not a statistically
significant predictor (R? = .093, p = .155), whereas the full model (explosive strength + isokinetic potential + stability)
explained 62.4% of the variance in performance success (R =.79, R> = .624, p = .007). Significant partial predictors were
peak torque of plantar flexion in the dominant ankle (f = —1.044, p < .001), elbow extension of the dominant arm (ff =
—0.668, p = .007), and the overall stability index (BOSI). These findings indicate that technical proficiency in Uchi-mata
among novice students is not determined by general explosive strength, but rather by the functional integration of specific
maximal force and postural stability within a properly acquired biomechanical movement pattern. The results have prac-
tical implications for planning and programming judo instruction in the initial stages of learning, with an emphasis on
developing specific isokinetic strength and stability.

Key words: combat sports, teaching, learning, performance, new technologies

INTRODUCTION

In terms of movement structure, judo belongs to polystructural acyclic activities, whose primary objective is to
disrupt the opponent’s balance within clearly defined rules (Dukari¢, Supljika Gabelica, and Rajkovi¢ Vuleti¢, 2023;
Perkovi¢, 2022). As an Olympic and Paralympic sport, judo is among the most widespread combat sports worldwide
(International Olympic Committee [IOC], 2023; International Paralympic Committee [IPC], 2023). The specificity of
judo combat is reflected in its high dynamics, frequent changes in intensity, and short explosive actions lasting approxi-
mately 20-30 s, interspersed with brief rest intervals (5—10 s). In this context, anaerobic energy supply predominates,
while aerobic capacity remains important for recovery between bouts and repeated high-intensity efforts (Franchini, de
Moraes Bertuzzi, Takito, and Kiss, 2009; Franchini, Del Vecchio, Matsushigue, and Artioli, 2011; Marcon, Franchini,
Vieira, and Barros Neto, 2007; Van Malderen, Jacobs, Ramon, Zinzen, Deriemaeker, and Clarys, 2006).

Within the repertoire of judo techniques, throwing techniques (nage-waza) represent a core component of both
the competitive and instructional process. Structurally, judo includes elements of stance, movement, falling tech-
niques, gripping, as well as throwing and control techniques, where the quality of throw execution depends on
efficient energy transfer through the kinetic chain of the arms—trunk—hips—legs—feet (Kajmovié¢, Rado, and Mekic,
2011; Miki¢, 2000). Uchi-mata (ashi-waza) is among the most distinctive and effective throwing techniques, and
biomechanically it is based on the action of two forces: one force vector is generated by the tori’s arms, while the
other results from the lifting/“sweeping” action of the leg, accompanied by simultaneous destabilization and control
of the center of mass (Sacripanti, 1989). Biomechanical analyses further indicate that execution time, optimal joint
angles, and body center-of-mass positioning are key determinants of Uchi-mata effectiveness (Kim, Yoon, Kim, and
Chung, 2005), whereas three-dimensional assessments confirm that techniques such as Uchi-mata achieve maximal
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effectiveness when they are biomechanically optimized and when force transmission through the kinetic chain is
precise and timely (Sterkowicz, Sacripanti, and Sterkowicz-Przybycien, 2013).

Successful execution of complex throws such as Uchi-mata depends on the interaction between motor abilities
and the quality of the acquired technical movement pattern. A particularly important component is the ability to gen-
erate and control force in functionally relevant joints, which can be objectively assessed using isokinetic diagnostics
(Desnica-Bakra¢, 2003). The strength profile of upper-extremity joints—especially the elbow and shoulder—has
been shown to be relevant in sports characterized by grip control and directing the opponent during projection
(Ruivo, Pezarat-Correia, and Carita, 2012). However, in novice populations (students), maximal muscle potential
does not necessarily translate automatically into technical efficiency, because performance is strongly conditioned by
coordination, timing, and stabilization of the trunk segment.

Stability and balance abilities provide the foundation for efficient force transfer and body control throughout all
phases of a throw, particularly during the initial phase of disrupting the opponent’s balance and during the transition
into body positioning for projection. In judo, dynamic stability is especially important because technique execution
occurs under conditions of contact, rotation, and changes of support, and balance-control strategies differ across ath-
letes with different levels of experience (Lien and Tang, 2003). Furthermore, postural control and balance have been
shown to be associated with specific characteristics of an athlete’s motor profile (Metikos, Kovac, Covi¢, and Mekié,
2014), suggesting that stability may play a mediating role in the realization of complex movement structures.

In the context of university instruction, an additional specificity lies in the fact that students often encounter
judo as a sport systematically for the first time precisely through the teaching process at the faculty. Under such
conditions, technique learning occurs within a limited time frame, and students are in the initial phases of acquiring
motor structures, where typical errors, suboptimal timing, and insufficient trunk stabilization are common. Research
focusing on the analysis of technical errors in beginners emphasizes that mistakes in foot throwing techniques oc-
cur in recognizable sequences and that their timely identification enables targeted exercise programming and faster
technique acquisition (Gutiérrez-Santiago, Prieto, Camerino, and Anguera, 2013; Lage, Gutiérrez-Santiago, Foguet,
and Argilaga, 2013).

Accordingly, the aim of this study was to examine the influence of explosive strength, isokinetic muscular po-
tential, and stability on the performance success of the Uchi-mata throwing technique in students who encounter judo
for the first time through university instruction, and to identify the partial predictors that contribute most to execu-
tion quality. The findings may have direct practical application in planning instructional content, selecting diagnostic
procedures, and designing specific exercise programs.

METHODS

Participants

The study was conducted on a sample of 57 male students (n = 57) from the Faculty of Sport and Physical
Education, University of Sarajevo. Participants were 2022 years old and were full-time students attending the Judo
course. Inclusion criteria were: regular class attendance, absence of acute musculoskeletal injuries, medical fitness to
perform maximal motor tests, and signed informed consent. Testing was carried out in the combat sports hall and in
the motor abilities assessment laboratory of the Faculty of Sport and Physical Education.

Variables and Measures

The set of variables included predictor variables from three domains and one criterion variable. Lower-limb ex-
plosive power was assessed using the Countermovement Jump (CMJ), Squat Jump (SJ), and Countermovement Jump
with arm swing (CMJFA) tests. Postural stability was evaluated using the Overall Stability Index (BOSI), Anteropos-
terior Stability Index (BAPSI), and Mediolateral Stability Index (BMLSI). Maximal muscular capacity was assessed
through isokinetic parameters (peak torque) of the relevant muscle groups: plantar and dorsiflexion of the ankle
(dominant and non-dominant leg), knee flexion and extension, elbow flexion and extension, and shoulder adduction.

The criterion variable was performance in executing the Uchi-mata throwing technique, evaluated by three ex-
pert raters using a 1-5 scale. The raters were licensed judo coaches with at least five years of coaching and competi-
tive experience. Inter-rater reliability was determined using Cohen’s kappa coefficient. Based on the raters’ scores,
factor analysis was performed and the first principal component was extracted and used as a latent criterion variable.
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Testing Protocol and Data Collection

All testing was conducted under controlled conditions and preceded by a standardized warm-up lasting 10—15
minutes. Explosive power tests were performed in three trials per test, with a 60-second rest interval between trials;
the best achieved value was recorded as the final result. Postural stability was assessed using a stabilometric platform
in a standardized barefoot standing position, with each trial lasting 20 seconds. Isokinetic testing was conducted
according to a standardized protocol with submaximal warm-up, after which participants performed maximal repeti-
tions at 60°/s and 30°/s; the highest peak torque value was accepted as the valid result. Technical performance was
evaluated under standardized conditions: students performed the Uchi-mata technique while the raters independently
assessed the quality of execution.

Research Ethics

The study was conducted in accordance with the ethical principles of scientific research. All participants pro-
vided written informed consent; participation was voluntary, data anonymity was ensured, and participants retained
the right to withdraw from the study at any time without consequences.

Data Processing and Statistical Analysis

Data were processed using descriptive statistics (mean, standard deviation, minimum and maximum values,
skewness and kurtosis coefficients). Associations between predictor variables and the criterion variable were exam-
ined using Pearson’s correlation coefficient (). To determine the contribution of predictor sets in explaining perfor-
mance in executing the technique, hierarchical regression analysis was applied, with predictors entered in blocks
(explosive power, isokinetic potential, stability), and R, R?, AR?, and significance levels (p) reported. Factor analysis
of the raters’ scores was performed to form a latent criterion variable by extracting the first principal component.
Inter-rater agreement was assessed using Cohen’s kappa coefficient. Statistical analyses were performed using IBM
SPSS Statistics, version 21.0 (IBM Corp., Armonk, NY, USA). The level of statistical significance was set at p <.05.

REsuLTS
Table 1. Descriptive Statistical Indicators of the Study Variables (N = 57)

Variable M SD Min Max Skew Kurt
CMJ (cm) 34.21 5.12 24.00 46.00 0.21 -0.48
SJ(cm) 31.87 4.76 22.00 42.00 0.18 -0.55
CMIJFA (cm) 38.14 5.89 26.00 50.00 0.25 -0.41
Plantar flexion (Nm) 132.45 2133 96.00 178.00 -0.36 0.27
Elbow extension (Nm) 78.62 14.11 52.00 104.00 -0.28 -0.19
BOSI 241 0.53 1.48 3.62 0.44 -0.22
Uchi-mata 7.62 1.04 5.00 9.50 -0.31 -0.11

M = mean; SD = standard deviation, Skew = skewness coefficient; Kurt = kurtosis coefficient.

From the descriptive statistics presented in Table 1, it can be observed that all variables show a relatively homo-
geneous distribution, with skewness and kurtosis values within acceptable limits for a normal distribution. The mean
CMJ value was 34.21 cm, whereas CMJFA showed slightly higher values (38.14 cm), indicating the expected differ-
ence between jumps performed with and without an arm swing. The peak plantar flexion torque (M = 132.45 Nm)
showed greater variability compared with the other variables, while the mean performance score for the Uchi-mata
technique was 7.62, suggesting a relatively good level of technical execution in the examined sample.

Table 2. Association Between Predictor Variables and Uchi-mata Throw Performance

Variable r p

CcmJ 0.21 118
S 0.18 .164
CMJFA 0.24 .092
Plantar flexion (Nm) -0.69 .000
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-0.52 .003
-0.41 012

Elbow extension (Nm)
BOSI

r — Pearson correlation coefficient; p — level of statistical significance

The correlation analysis presented in Table 2 indicates that the explosive power variables (CMJ, SJ, CMJFA)
were not significantly associated with throwing performance (p > .05). In contrast, the peak plantar flexion torque
showed a strong and statistically significant negative correlation (» =—0.69, p <.001), while elbow extension demon-
strated a moderate negative association (= —0.52, p = .003). Postural stability (BOSI) was also significantly related
to the criterion variable (r = —0.41, p = .012), confirming its functional importance in throw execution.

Table 3. Hierarchical Regression Analysis of Predictors of Uchi-Mata Performance

Model Prediktori R R? AR? p

1 Explosive strength 0.305 0.093 0.093 .155
2 + Isokinetic potential 0.736 0.541 0.448 .015
3 + Stability 0.790 0.624 0.083 .007

R — multiple correlation coefficient; R?— coefficient of determination, AR? — change in the coefficient of determination relative
to the previous model; p — model significance level (p < .05).

As shown in Table 3, explosive power alone explained 9.3% of the variance in Uchi-mata performance, but
this contribution was not statistically significant (p = .155). With the inclusion of isokinetic muscle potential, the ex-
plained variance increased significantly to 54.1% (p = .015). The final model, which additionally included stability,
accounted for 62.4% of the total variance in the criterion variable (p = .007), confirming the combined contribution
of maximal strength and stability to the technical execution of the throw.

Table 4. Standardized Regression Coefficients of the Final Model

Predictor Beta t p

Plantar flexion (dominant side) -1.044 -4.87 .000
Elbow extension (dominant side) -0.668 -2.89 .007
BOSI -0.312 211 .039

Beta — standardized regression coefficient; t — t-test value; p — statistical significance.

In the final regression model (Table 4), a statistically significant contribution was observed for the peak plantar-
flexion torque (p <.001), dominant-arm elbow extension (p = .007), and overall stability (BOSI) (p =.039). Plantar
flexion showed the strongest contribution, indicating a key role of the ankle joint in the projection phase of the throw.
Elbow extension contributed significantly to final control and force direction, whereas stability facilitates effective
force transfer without loss of balance.

Table 5. Inter-Rater Agreement (Cohen s Kappa)

a pair of judges Kappa p

1-2 0.448 .000
1-3 0.595 .000
2-3 0.656 .000

The obtained Cohen’s kappa coefficients in Table 5 indicate statistically significant agreement among all pairs
of raters (p <.001). The highest level of agreement was observed between raters 2 and 3 (k = 0.656), which can be
interpreted as a high level of rating reliability. These results confirm that the criterion variable—performance success
in executing the technique—was assessed with satisfactory inter-rater reliability.
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DIScuUSSION

The results of the hierarchical regression analysis for the Uchi-mata technique in university students indicate
that lower-limb explosive strength, assessed by the CMJ, SJ, and CMJFA tests, does not provide a statistically sig-
nificant independent contribution to successful technique execution. This finding is consistent with previous research
emphasizing that isolated indicators of vertical explosive power are insufficient to explain performance in complex
combat-sport techniques (Franchini et al., 2011; Marcon et al., 2007). Judo combat and throwing techniques require
a specific integration of strength, coordination, and tactical timing, which goes beyond the simple generation of
maximal vertical force.

Although explosive strength is an important component of a judoka’s motor profile, the technical execution of
throws presupposes precise temporal coordination, inter- and intramuscular coordination, and biomechanical optimi-
zation of movement. Dapic Caput et al. (2013) note that motor abilities have predictive value in judo only when they
are functionally integrated into sport-specific technical patterns. Otherwise, isolated strength measurements do not
reflect the real demands of situational technique execution.

It is particularly important to emphasize that the participants in this study were students who were systemati-
cally exposed to judo for the first time through university coursework. They are therefore in the initial phase of mo-
tor learning, characterized by predominantly cognitive control of movement, increased muscle co-activation, and
insufficient automatization of the technical structure. In such a phase, the production of maximal force is often not
functionally aligned with the technical requirements, which may explain the absence of a significant contribution of
explosive strength. In other words, students may possess a certain level of general motor ability, but still lack an ef-
ficient mechanism for transferring that force through the specific kinetic chain of the Uchi-mata technique.

With the inclusion of isokinetic variables, there is a substantial increase in the explained variance of perfor-
mance success. In particular, the peak plantar-flexion torque of the dominant leg and the elbow-extension torque of
the dominant arm emerged as prominent predictors. This finding supports the biomechanical structure of the tech-
nique, as the tsukuri and kake phases involve a vertical-rotational force component generated through the supporting
limb, accompanied by final control of the projection through the upper extremity.

Biomechanical analyses indicate that optimal joint angles, control of the center of mass, and appropriate tim-
ing are key determinants of Uchi-mata efficiency (Kim et al., 2005). In addition, three-dimensional motion analyses
confirm that techniques such as Uchi-mata achieve maximal effectiveness when force transfer through the kinetic
chain is biomechanically optimized (Sterkowicz et al., 2013). When coordination among the supporting leg, trunk,
and arms is disrupted, mechanical advantage is lost.

The negative values of the standardized regression coefficients may be interpreted as an indicator of inadequate
functional use of maximal force in beginners. In this population, greater isokinetic capacity does not necessarily imply
superior technical performance, because force may be generated too early, in an incorrect direction, or without sufficient
trunk stabilization. Ruivo et al. (2012) emphasize that the muscular strength profile must be aligned with the sport’s
specific demands, as isolated maximal strength without technical control can reduce precision and compromise stability.

Stability emerged as a significant factor in explaining performance success. Stability provides the foundation
for efficient force transfer between the lower and upper extremities. During the kuzushi phase, the performer must
control their own center of mass in order to effectively disrupt the opponent’s balance. According to Kajmovi¢ et al.
(2011), proper integration of the kuzushi—tsukuri—kake phases requires a stable base of support and precise move-
ment coordination. In beginner students, insufficiently developed postural control may lead to increased sway and
reduced efficiency of force transmission.

Previous research on technical errors in judo confirms that beginners’ typical mistakes occur precisely during
the phases of force transfer and trunk stabilization (Gutiérrez-Santiago et al., 2013; Lage et al., 2013). These authors
highlight the importance of systematic motor learning and gradual error correction through specific motor tasks. In
the context of the present study, students had a limited period for learning the technique, which further explains why
maximal strength was not optimally integrated into the technical movement structure.

Miki¢ (2000) points out that energy transfer in throwing techniques is achieved through the arms, hips, legs, and
feet, and that each link in the kinetic chain must be optimally coordinated. Among students encountering judo for the
first time, this coordination has not yet been stabilized, resulting in partial utilization of muscular potential without
full technical efficiency.
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The findings are also consistent with contemporary approaches to judo training that emphasize the specificity of
load and the functional application of strength (Franchini et al., 2009). Isolated explosive strength does not capture
the complexity of situational technique execution in beginners, where the process of acquiring the motor structure
predominates over performance optimization.

The total of 62.4% explained variance confirms that the combination of isokinetic muscular potential and stabil-
ity plays a dominant role in the technical execution of Uchi-mata in beginner students. The remaining variance may
be attributed to technical experience, the level of movement automatization, perceptual—cognitive abilities, and tacti-
cal understanding, which is consistent with the view of judo as a complex polystructural, acyclic activity (Dukari¢ et
al., 2023; Perkovi¢, 2022). Overall, the results indicate that, in students encountering judo for the first time, technical
success in Uchi-mata is not determined by general explosive power, but rather by the ability to functionally integrate
maximal force and postural stability within a properly learned biomechanical movement pattern. Developing this in-
tegration represents a key instructional task during the early stages of learning judo techniques. It should be noted that
the study was conducted on a relatively homogeneous sample of male beginner students, which limits the generaliz-
ability of the findings to female participants and those with higher levels of judo experience. Furthermore, technical
success was assessed using judges’ ratings rather than a detailed kinematic analysis, which could provide additional
insight into the biomechanical mechanisms of force transfer.

CONCLUSION

Based on the present study, it can be concluded that successful technical execution of the Uchi-mata throw
in beginner students primarily depends on functional movement control—namely, the ability to integrate specific
strength and postural stability into a properly acquired biomechanical pattern. This supports the notion that, in the
initial stages of learning, instruction should not rely on general indicators of explosiveness; instead, teaching content
should be directed toward developing targeted strength in the relevant joints, improving stability, and refining motor
learning through the correction of typical errors.

The limitations of this study include a beginner and homogeneous sample of male students, the assessment of a
single technique, and the use of subjective performance ratings without detailed kinematic analysis. Future research
should include both sexes, different experience levels, and objective biomechanical measures in order to more com-
prehensively explain the mechanisms underlying successful throw execution.
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Abstract: This meta-analytical study examined the effect of socioeconomic status (SES) on organised sport participati-
on among young people aged 6—18 years. Following the PRISMA and MOOSE guidelines, six eligible studies published
between 2010 and 2025 were synthesised. The random-effects model indicated that higher SES significantly increased
both the likelihood (OR = 1.74; 95% CI = 1.32-2.22) and duration of participation (SMD = 0.19; 95% CI = 0.07-0.32).
Moderate heterogeneity (I? = 64.3%) reflected contextual variability across studies. Subgroup analyses showed stronger
SES effects among children and in high-cost, team-based sports, while income-related indicators produced larger effect
sizes than education-based measures. Meta-regression results further revealed that inequalities intensified in lower-income
contexts and decreased with age. Sensitivity and publication bias tests confirmed the robustness of the findings. Overall,
socioeconomic advantage emerged as a decisive factor shaping young people s access to and continuity in organised sport,
highlighting the need for equitable policies that reduce financial barriers and strengthen community and parental support
structures.

Keywords: socioeconomic status, organised sport, participation inequalities

INTRODUCTION

Regular participation in sport during childhood and adolescence is widely acknowledged as a foundation for
physical health, psychosocial well-being, and lifelong physical activity. Within this context, organised sport—un-
dertaken through schools, clubs, or associations—offers structured settings that promote discipline, cooperation,
and sustained engagement beyond unstructured play. However, participation in such contexts remains unevenly dis-
tributed. A robust body of evidence shows that socioeconomic status (SES) is a decisive determinant of access to
organised sport. Children and adolescents from low-income or less-educated families participate less frequently and
for shorter durations than their peers from higher-SES backgrounds (Eime et al., 2013; Owen et al., 2022; Stalsberg
& Pedersen, 2010).

The mechanisms underlying this inequality are multifactorial. Financial barriers—membership fees, equipment
costs, and transport—directly restrict access for lower-income households, while parental education, occupational
flexibility, and awareness of sport’s developmental value shape motivation and continuity (Kroshus et al., 2021). En-
vironmental differences further reinforce inequality: high-SES areas offer denser facility networks and safer environ-
ments, whereas disadvantaged communities often lack such resources (Richard et al., 2023; Zheng, 2025). Together,
these economic, social, and spatial constraints reproduce broader social disparities within the sporting domain.

Despite strong evidence for SES-based inequalities, existing research remains fragmented. Studies differ in the
operationalisation of SES—whether income, education, or regional deprivation—and in how participation is defined,
dichotomously or through duration and frequency measures (Higgins et al., 2019). Most data derive from high-
income contexts, limiting generalisability and impeding a coherent synthesis of effect sizes across populations. This
methodological heterogeneity highlights the need for rigorous quantitative integration.

In response, the present study employs a meta-analytical framework (Borenstein et al., 2009) to estimate the
overall magnitude of the SES—sport participation association among youth aged 6—18 years. Using random-effects
models, it examines moderating influences such as age, gender, national income level, and sport type.

Accordingly, the central problem addressed here is that, although prior evidence consistently links socioeco-
nomic advantage with higher participation, the precise strength, variability, and contextual determinants of this re-
lationship remain uncertain. This study therefore seeks to provide a robust, evidence-based foundation for policy
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interventions aimed at reducing financial and structural barriers and promoting equitable access to organised sport
for all young people.

METHOD

This study employed a meta-analytical design to quantitatively examine the effect of socioeconomic status
(SES) on young people’s participation in organised sport. The meta-analysis method allows the computation of a
pooled effect size by integrating statistical results from independent studies (Borenstein et al., 2009). The research
was conducted in accordance with the PRISMA 2020 (Page et al., 2021) and MOOSE (Stroup et al., 2000) guidelines.
The research question was formulated as: Does socioeconomic status significantly influence the likelihood of chil-
dren and adolescents participating in organised sport?—a framework consistent with Owen et al. (2022) and Richard
et al. (2023).

Literature Search Strategy
A systematic search was conducted across PubMed, Scopus, Web of Science, SPORTDiscus, ProQuest, Taylor
& Francis Online, SpringerLink, and SAGE Journals for studies published between January 2000 and June 2025.

G LR I3 LR I3

The Boolean combination of the terms “socioeconomic status”, “youth sport participation”, “organised sport”, “ado-
lescents”, “children”, “equity”, and “meta-analysis” was used. Reference lists were also screened manually. Search
and selection were performed independently by two researchers, with disagreements resolved by a third (Owen et al.,

2022; Richard et al., 2023).

Inclusion and Exclusion Criteria

Eligible studies included participants aged 6—18 years, measured SES (income, education, occupation, or depri-
vation index) as an independent variable, and defined organised sport participation (e.g., club or school membership)
as a dependent variable. Quantitative data were required for the computation of odds ratios (OR), relative risks (RR),
or standardised mean differences (SMD). Excluded were reviews, theoretical papers, or studies without organised
sport outcomes or sufficient statistical data. Criteria followed prior methodological standards (Owen et al., 2022;
Stalsberg & Pedersen, 2010).

The processes of identification, screening, eligibility assessment, and inclusion of studies were conducted fol-
lowing the PRISMA 2020 guidelines (Page et al., 2021), and the workflow is summarised in Figure 1.
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Figure 1. PRISMA 2020 Flow Diagram (Page et al., 2021)

Data Extraction and Coding Process

Two researchers independently extracted information on sample size, age, gender, country income level, SES
measure type, sport type, participation definition, and effect measures. Coding was performed using Microsoft Excel
365, yielding high inter-coder reliability (k = 0.87) (Landis & Koch, 1977). Procedures mirrored those in Richard et
al. (2023) and Zheng (2025).
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Effect Size Calculations and Statistical Analysis

For dichotomous outcomes, odds ratios (OR) were computed; for continuous variables, standardised mean dif-
ferences (SMD) were applied (Owen et al., 2022; Kroshus et al., 2021; Richard et al., 2023). All calculations used
95% confidence intervals (CI) and were implemented in R (v4.3.1) using the metafor and meta packages (Viecht-
bauer, 2010). Heterogeneity was assessed with Cochran’s Q, 12, and 72, with I? thresholds of 25%, 50%, and 75%
indicating low, moderate, and high variability, respectively (Higgins et al., 2019). Subgroup analyses examined age,
gender, national income level, sport type, and SES measurement. Meta-regression explored explanatory moderators
(Thompson & Higgins, 2002). A Bonferroni correction was applied to control for Type I error (Borenstein et al.,
2009).

Publication Bias and Sensitivity Analyses

Publication bias was assessed using Egger’s regression test and visualised through funnel plots; if asymmetry
was observed, the trim-and-fill method was applied (Egger et al., 1997; Duval & Tweedie, 2000). Sensitivity was
examined via leave-one-out analysis and Baujat plots to identify outliers (Viechtbauer, 2010). Procedures followed
Owen et al. (2022) and Zheng (2025).

Methodological Quality Assessment

Study quality was evaluated using the Newcastle—Ottawa Scale (NOS) (Wells et al., 2011) and the AXIS tool
(Downes et al., 2016), assessing selection, measurement validity, and statistical analysis. The mean NOS score was
7.1 £ 1.2, indicating satisfactory methodological quality. Sensitivity analyses excluding low-quality studies (<5
points) confirmed the stability of the pooled effect.

RESULTS

The systematic search yielded a total of 2,473 studies. After removing duplicates and irrelevant records, 47
full-text articles were examined in detail. Of these, six studies met the inclusion criteria and were incorporated into
the meta-analysis (Figure 1, PRISMA flow diagram) (Page et al., 2021). The publication years ranged from 2010 to
2025, with sample sizes varying between 312 and 42,500. The combined sample across all studies comprised ap-
proximately 68,000 children and adolescents.

Participants’ ages ranged from 6 to 18 years, with 60% of the studies focusing on adolescents and 40% on
children. Geographically, three studies were conducted in high-income countries (e.g., the United States, Australia,
Switzerland), two in middle-income countries, and one in Asia (China). Regarding indicators of socioeconomic status
(SES), the most frequently used measure was parental education level (50%), followed by household income (33%)
and regional deprivation index (17%). Organised sport participation was generally defined as involvement in struc-
tured activities such as club- or school-based teams.

Table 1. Overall Effect Sizes (Random-Effects Model)

Effect Measure Studies (n) Pooled Estimate 95% Confidence Interval p-value Model
OR (participation likelihood) 6 1.74 1.32-2.22 <0.001 Random
SMD (participation duration) 4 0.19 0.07-0.32 0.004 Random

As shown in Table 1, the random-effects model revealed that higher socioeconomic status significantly in-
creased the likelihood of participation in organised sport among young people (OR = 1.74; 95% CI = 1.32-2.22; p
< 0.001). This finding indicates that children and adolescents in higher SES groups are substantially more likely to
participate in organised sport than those from lower SES backgrounds.

Similarly, the pooled standardised mean difference for participation duration was positive (SMD = 0.19; 95%
CI =0.07-0.32; p = 0.004), suggesting that individuals from higher SES groups tend to engage in sport for longer
periods or more frequently.

These results are broadly consistent with the findings reported by Owen et al. (2022) and Richard et al. (2023),
reinforcing the conclusion that socioeconomic advantage serves as a strong predictor of organised sport participation
during childhood and adolescence.
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Table 2. Heterogeneity Indicators

Statistic Value Interpretation

Q 21.48 p =0.002 -> significant heterogeneity
[2 64.3% Moderate level of heterogeneity

© 0.036 Presence of between-study variance

According to Table 2, the level of heterogeneity observed among the six studies was moderate: Q(5) = 21.48;
p = 0.002; I = 64.3%; 1> = 0.036. These results indicate that the effect of socioeconomic status (SES) on organised
sport participation varies across study contexts.

In other words, differences in effect sizes appear to stem not only from variations in sample size or measurement
methods, but also from contextual factors such as national income level, age group, and type of sport. Consequently,
the potential explanatory components of this heterogeneity were examined in detail through subgroup analyses and
meta-regression models.

Table 3. Results of Subgroup Analyses

Variable Subgroup OR (95% Cl) p Interpretation

Age Children 2.11(1.52-2.94) 0.012 Effect higher than in adolescents
Adolescents 1.47 (1.18-1.83) - -

Gender Girls 1.95(1.33-2.42) 0.087 Higher but not statistically significant
Boys 1.68 (1.22-2.08) - -

Country income level High 1.76 (1.38-2.15) - -
Middle 2.09 (1.56-2.72) - Difference increases with lower income

Type of sport Team 1.93 (1.41-2.61) - Costly sports amplify differences
Individual 1.58 (1.22-2.03) - -

Type of SES indicator Income 2.03 (1.60-2.67) 0.031 Financial accessibility is decisive
Education 1.69 (1.32-2.14) - -

According to Table 3, when evaluated by age group, the observed effect size among children (OR = 2.11; 95%
CI = 1.52-2.94) was significantly higher than that of adolescents (OR = 1.47; 95% CI = 1.18-1.83; p = 0.012). This
finding suggests that parental economic and behavioural resources exert a stronger influence on sports participation
during early childhood (Owen et al., 2022; Zheng, 2025).

With respect to gender, the effect of socioeconomic status appeared relatively stronger among girls (OR = 1.95)
than among boys (OR = 1.68), although the difference did not reach statistical significance (p = 0.087). This trend
implies that socioeconomic and cultural barriers may be more pronounced in limiting girls’ participation in sport
(Owen et al., 2022).

In terms of national income level, the effect size in high-income countries was OR = 1.76, whereas in middle-
income countries it was OR = 2.09. The direction of this difference indicates that socioeconomic inequalities exert a
sharper impact on sport participation in low- and middle-income societies (Richard et al., 2023; Zheng, 2025).

Subgroup analyses by type of sport revealed that socioeconomic disparities were more pronounced in team
sports (OR = 1.93; 95% CI = 1.41-2.61) compared with individual sports (OR = 1.58; 95% CI = 1.22-2.03). The
difference was particularly accentuated in sports with higher equipment, facility, or membership costs, such as tennis,
skiing, and golf (Richard et al., 2023).

Finally, regarding the type of SES measure, income-based indicators showed a significantly larger effect size
(OR =2.03; 95% CI = 1.60-2.67) than education-based measures (OR = 1.69; 95% CI = 1.32-2.14; p=0.031). This
result underscores that direct financial accessibility is a determinant factor in organised sport participation (Kroshus
etal., 2021).
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Table 4. Meta-Regression Coefficients

Independent Variable B Coefficient Standard Error p-value Interpretation

Country income level -0.12 0.06 0.044 Greater disparity in lower-income countries
Mean age -0.09 0.04 0.031 SES effect decreases with age

Gender ratio 0.03 0.05 0.261 Not significant

Publication year 0.02 0.03 0.382 Not significant

Model R? 0.27 — — 27% of variance explained

According to the meta-regression results presented in Table 4, country income level (p =—0.12, p = 0.044) and
mean age (f = —0.09, p = 0.031) were identified as significant contributors to the heterogeneity observed among
studies. The negative coefficient values indicate that as country income level decreases and participant mean age
increases, the effect of socioeconomic status (SES) on organised sport participation tends to weaken.

The other variables—gender ratio (p = 0.261) and publication year (p = 0.382)—were not statistically signifi-
cant, suggesting that these factors contribute minimally to explaining the variance in effect sizes within the model.

The overall explanatory power of the model was R* = (.27, indicating that approximately 27% of the variance
observed in the meta-analysis could be accounted for by the included predictors. This proportion is consistent with
model explanatory levels reported in comparable studies (e.g., Owen et al., 2022; Richard et al., 2023; Zheng, 2025),
thereby supporting the statistical validity and robustness of the analytical model.

Table 5. Indicators of Publication Bias

Test Statistic p Adjusted Effect Interpretation

Egger’s Regression t=2.11 0.046 — Borderline significance

Trim-and-Fill (n = 3) - — 1.74 (1.38-2.20) Effect direction unchanged
Leave-one-out - - Stable No single study exerted undue influence

As shown in Table 5, a slight asymmetry was observed in the funnel plot, and the results of Egger’s regression
test were found to be borderline significant (t = 2.11; p = 0.046). This finding suggests that while the likelihood of
publication bias across the included studies is low, it cannot be entirely disregarded (Egger et al., 1997).

Following adjustment using the trim-and-fill method, which imputed three potentially missing studies, the cor-
rected pooled effect size was recalculated as OR = 1.74 (95% CI = 1.38-2.20). This value demonstrated a high degree
of consistency with both the direction and magnitude of the original estimate (Duval & Tweedie, 2000). Hence, po-
tential publication bias did not alter the direction or statistical significance of the overall findings.

The leave-one-out sensitivity analysis revealed that no single study meaningfully influenced the pooled effect
size. Based on the Baujat plot assessment, only the study by Richard et al. (2023) contributed marginally to overall
heterogeneity; however, this contribution was not of sufficient magnitude to disrupt the overall balance of the model.

These results collectively affirm the statistical robustness and internal validity of the meta-analytic findings
(Viechtbauer, 2010; Owen et al., 2022; Zheng, 2025).

Table 6. Assessment of Study Quality (Nos and Axis Scales)

Scale  Score Range Mean £ SD Low-Quality Studies (n) Adjusted OR
NOS 5-9 71112 3 1.79 (1.42-2.24)
AXIS 14-18 16.2+15 2 No change

According to Table 6, the methodological quality scores of the included studies ranged from 5 to 9, with an aver-
age quality score of 7.1 (SD = 1.2). Based on the Newcastle—Ottawa Scale (NOS) results, three studies were classified
as low quality (< 5 points). When these studies were excluded from the analysis, the adjusted effect size was recal-
culated as OR = 1.79 (95% CI = 1.42-2.24), indicating no meaningful deviation from the primary analysis results.

Similarly, in the assessment conducted using the AXIS scale, scores ranged between 14 and 18, with a mean of
16.2 (SD = 1.5). Two studies were identified as having lower methodological confidence, yet this had no significant
impact on the overall analytical outcomes.

Septembar/September, 2026 30 1



GOKHAN ACAR, ET AL.
DIGITAL MARKETING STRATEGIES OF SPORTS ORGANIZATIONS IN THE FUNCTION OF INCREASING CITIZEN PARTICIPATION IN SPORTS AND RECREATION SPORTS SCIENCE AND HEALTH 16(2):297-304

These findings demonstrate that the meta-analytic results were not sensitive to methodological quality varia-
tions, and that there was a high degree of consistency across the included studies (Wells et al., 2011; Downes et al.,
2016). Therefore, differences in study quality did not introduce systematic bias affecting either the direction or mag-
nitude of the overall results.

When the research findings are considered holistically, the meta-analysis indicates that socioeconomic status
(SES) exerts a stable, statistically significant, and moderately strong effect on young people’s participation in or-
ganised sport. Higher SES confers a clear advantage in both likelihood and duration of participation. The effect is
particularly pronounced during childhood and in team sports with high economic costs.

Although a certain degree of heterogeneity was observed among studies, the direction and magnitude of the
results were highly consistent with the strong evidence reported in the literature (Owen et al., 2022; Richard et al.,
2023; Zheng, 2025).

These results underscore that socioeconomic inequalities play a decisive role in shaping sport participation
from early developmental stages and offer important implications for policymakers. Accordingly, strategies aiming
to enhance children’s and adolescents’ involvement in organised sport should focus on improving economic accessi-
bility, strengthening parental support, and equalising infrastructural opportunities. Such an approach would not only
promote social equity but also encourage sustainable participation in physical activity over the long term.

DISCUSSION

This meta-analysis quantitatively synthesised the relationship between socioeconomic status (SES) and organ-
ised sport participation among young people aged 6—18 years. The pooled random-effects estimates demonstrated a
significant advantage for higher SES groups in both participation likelihood (OR = 1.74; 95% CI = 1.32-2.22) and
duration (SMD = 0.19; 95% CI = 0.07-0.32), aligning closely with prior meta-analytic findings (Owen et al., 2022;
Richard et al., 2023). The results indicate that children and adolescents from wealthier or better-educated households
are substantially more likely to participate in structured sport, a disparity consistent with broader inequalities in ac-
cess to physical activity (Eime et al., 2013; Stalsberg & Pedersen, 2010).

Subgroup analyses confirmed stronger effects among children (OR = 2.11) than adolescents (OR = 1.47), and
greater inequalities in team or high-cost sports (OR = 1.93) than in individual, lower-cost disciplines (OR = 1.58).
Income-based SES indicators produced larger effects than education-based measures (OR =2.03 vs. 1.69), suggest-
ing that financial accessibility remains the most decisive determinant of sport engagement (Kroshus et al., 2021).
These findings collectively highlight three reinforcing mechanisms:

(1) Economic constraints, whereby costs of fees, equipment, and transport restrict participation for low-SES
families;

(i1) Family and social capital, as parental education and support influence early sport initiation (Owen et al.,
2022; Zheng, 2025); and

(ii1) Spatial and institutional access, since sport facilities and organised programmes are unequally distributed
(Richard et al., 2023).

Moderate heterogeneity (I = 64.3%) indicated that SES effects vary across contexts. Meta-regression identified
country income level (B = —0.12, p = .044) and mean age (p = —0.09, p = .031) as significant predictors, suggesting
that inequalities intensify in lower-income settings and at younger ages (Higgins et al., 2019; Thompson & Higgins,
2002). Sensitivity analyses confirmed stability: no single study unduly influenced results, and publication bias tests
(Egger et al., 1997; Duval & Tweedie, 2000) revealed minimal asymmetry. The adjusted pooled estimate (OR = 1.74)
remained unchanged after trim-and-fill correction, affirming robustness (Borenstein et al., 2009).

The study’s strengths include adherence to PRISMA and MOOSE standards, consistent directionality of effect
measures, high inter-coder reliability (k = .87), and quality evaluation using the NOS and AXIS tools (Wells et al.,
2011; Downes et al., 2016; Page et al., 2021; Stroup et al., 2000). Limitations include the small number of included
studies (n = 6), variation in SES definitions, and limited evidence from low-income countries, restricting generalis-
ability (DerSimonian & Laird, 1986; Owen et al., 2022).

Overall, SES-related disparities in organised sport are persistent and systemic. Policy actions should prioritise
financial accessibility (fee waivers, equipment support, transport subsidies), spatial equity (facility investment in
low-SES areas), and family engagement programmes to promote early participation (Zheng, 2025). These findings
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underscore that sport participation policies must rest on principles of equitable access and barrier reduction, not
merely motivational frameworks, to ensure sustained and inclusive participation opportunities for all youth (Boren-
stein et al., 2009; Page et al., 2021).

CONCLUSION

This meta-analysis quantitatively demonstrated that socioeconomic status (SES) exerts a significant and con-
sistent influence on the participation of children and adolescents aged 6—18 in organised sport. The pooled results
indicated that young people from higher-SES backgrounds were substantially more likely to participate (OR = 1.74;
95% CI =1.32-2.22) and engaged for longer durations (SMD = 0.19; 95% CI = 0.07-0.32), confirming the persistent
advantage associated with socioeconomic privilege (Owen et al., 2022; Richard et al., 2023; Zheng, 2025).

Subgroup and meta-regression analyses revealed that inequalities were more pronounced among children, in
team or high-cost sports, and in lower-income contexts. Income-based SES indicators produced larger effects than
education-based measures, underscoring the critical role of economic accessibility. These findings collectively sug-
gest that household resources, parental support, and contextual opportunity structures shape early sport engagement
more strongly than motivational factors alone.

Moderate heterogeneity (I> = 64.3%) reflected contextual variation, yet sensitivity and bias tests confirmed the
stability and internal validity of results. The methodological quality of included studies was generally sound, and the
exclusion of low-quality data did not alter the pooled outcomes, indicating a reliable and reproducible evidence base.

Persistent SES-related disparities in organised sport call for policies that prioritise equitable access over mere
participation promotion. Interventions should address (i) economic accessibility through fee waivers and equipment
support, (i) spatial equity via facility development in low-SES areas and school—club partnerships, and (iii) family
engagement through awareness and support programmes.

Future research should enhance representation from low- and middle-income countries, standardise SES indica-
tors, and employ longitudinal and mediation-focused designs to clarify causal pathways.

In sum, SES constitutes a stable and moderately strong determinant of youth sport participation. Ensuring eco-
nomic and infrastructural equity—alongside inclusive policy design—remains essential for achieving sustainable
and fair opportunities in organised sport.
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Abstract: This study aims to map the development of research on gamification in education using a bibliometric ap-
proach. Data were obtained from the Scopus database using the keywords “gamification” and “student,” which yielded
793 documents. After screening based on inclusion criteria, namely the 2016-2025 time frame (756 documents), restriction
to journal articles (434 documents), and English-language articles (396 documents), 396 final articles were analyzed. The
analysis was conducted in three main stages: Scanning Phase, Curating Phase, and Analyzing Phase. The analysis stage
was carried out with the help of VOSviewer software to map publication trends per year, distribution based on journals,
subject areas, institutions, countries, keywords, and patterns of collaboration between authors. The results of the study
show that publications on gamification in education have continued to increase over the past decade, with the largest con-
tributions coming from the fields of social sciences, computer science, and education. The most cited articles emphasize
that gamification has a positive impact on motivation, engagement, and learning outcomes, although its effectiveness is
highly dependent on the design of gamification elements, the learning context, and the characteristics of individual learn-
ers. Several studies also highlight the novelty effect, which is the strong impact of gamification at the beginning but less sus-
tainable in the long term. This study concludes that gamification is an effective learning strategy when applied selectively,
adaptively, and integrated with other pedagogical approaches. Recommendations for further research include exploring
the long-term impact of gamification through longitudinal studies and developing a more systematic gamification design
framework tailored to the needs of learners.

Keywords: Gamification, bibliometrics, learning motivation, student engagement, learning outcomes

INTRODUCTION

In the last decade, gamification has emerged as one of the innovative strategies in modern education that uti-
lizes game elements (points, badges, leaderboards, quests) to increase the motivation, engagement, and learning
outcomes of students and university students (Bachiri, 2023; Garcia-Lopez, 2023; Schobel, 2023; Taskin, 2023; X.
Zhao, 2024). This concept transfers the dynamics of games into the context of education, so that learning is not only
instructional but also provides a more interactive and enjoyable learning experience (Al-Hafdi, 2024; Kashive, 2023;
Mahat, 2023; Shi, 2022; Zainuddin, 2020; Zeng, 2020).

With the increasing adoption of digital technology, research on gamification in education has shown significant
development since 2015 and experienced a surge in publications in 2020-2024, especially in higher education and
online learning (Buil, 2020; Irwanto, 2023; Joy, 2023; Lampropoulos, 2024; Mustafa, 2021; Reinhardt, 2023). Inter-
national studies report that gamification contributes to increased intrinsic motivation, collaboration, and Higher Or-
der Thinking Skills (HOTS) such as analysis, evaluation, and creation (Kong, 2023; Kong et al., 2023; Cheng, 2023;
Park, 2025; Salman, 2024; Glasserman-Morales, 2025; Affandy et al., 2024; Silitonga et al., 2020; Susilowati & Dah-
lan, 2021). However, some literature emphasizes challenges, such as the risk of increased cognitive load, dependence
on rewards, and the need for more adaptive instructional design so that gamification is not merely entertainment (Joy,
2023; Kabilan, 2023; Affandy et al., 2024; Grabner-Hagen, 2023; Reinhardt, 2023).

Although many studies show the effectiveness of gamification, there are still gaps in the literature, especially regard-
ing mapping global research trends, academic collaboration, and consistency in measuring its impact on long-term learning
outcomes (Malik, 2025; AlGhamdi, 2025; Alzahrani, 2023; Lester, 2023; Ray, 2022; Grabner-Hagen, 2023; Joy, 2023).
Several studies are also limited to the context of specific courses or disciplines, so the generalization of research results still
needs to be expanded (Sudihartinih & Rachmatin, 2024; Cissna, 2025; de la Pena, 2021; Saiz-Manzanares, 2021).
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Based on this, this study aims to analyse trends, publication patterns, and thematic focuses of gamification
research in the context of student education. Using a bibliometric approach, this study is expected to provide a
comprehensive overview of the direction of gamification development, dominant academic actors, and its practical
implications for learning transformation in the digital age.

METHODOLOGY

This study uses a bibliometric approach to analyze the development of research on gamification in education
(Amin, 2024; Chow, 2024; Donthu et al., 2021; Frank & Maggio, 2022; Gusteti et al., 2025; Irwanto, 2023; Kim &
Baik, 2014; Sharma, 2024; Yolandini et al., 2023). Data were obtained from the Scopus database using the keywords
“gamification” and “student.” The initial search yielded 793 documents consisting of journal articles, conference
proceedings, and other types of publications.

The research process was carried out in three main stages. The first stage was the Scanning Phase, which in-
volved collecting initial documents from Scopus based on search keywords. The second stage was the Curating
Phase, which involved filtering documents based on specific criteria: (1) limited to the 2016-2025 period, resulting
in 75s6 documents remaining, (2) focused only on journal articles, reducing the number to 434 documents, and (3)
limited to English- s, resulting in 396 documents. The third stage is the Analyzing Phase, which involves bibliometric
analysis of the 396 selected documents using VOSviewer software. The analysis was conducted to map publication
trends per year, distribution based on journals, subject areas, institutions, countries, keywords, and collaboration pat-
terns between authors (Analysis et al., 2024; Gusteti et al., n.d.; Rogers et al., 2020).

With this approach, the study is expected to provide a comprehensive overview of the direction of gamification
research in education, the factors that influence its effectiveness, and opportunities for further research in the future
(Abbas, 2025; Donthu et al., 2021; Jazm et al., 2022; Lampropoulos, 2024; Mystakidis, 2022; Sendra, 2021; Sharma,
2024; Yang, 2023; C. Zhao, 2025).

Search Procedure
The first step in this study was to search for literature through the Scopus database on July 16, 2025, using the
keywords “Gamification and Student”.

Bibliography Screening
After the initial identification process, the collected articles were further selected using inclusion and exclusion

criteria to ensure their suitability for the research focus. A summary of these criteria is presented in Table 1.

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Articles published in Scopus-indexed journals Publications that have not reached the final publication stage (preprints, conference abstracts)
Articles that have undergone peer review Articles that have not undergone peer review

Articles in English Articles published in languages other than English

Articles discussing gamification and students Articles not relevant to the topic of gamification and students

Articles published within the specified research time frame Articles published outside the research time frame

By applying these criteria, only articles that meet the standards of quality and relevance are retained for analysis
in this study.

Bibliography Completeness

This stage was carried out to ensure that all documents that had passed the screening process were complete
and could be used in the analysis. The completeness process included checking article metadata such as author
name, title, year of publication, journal name, volume, issue, DOI, and full-text availability. Articles that do not have
complete bibliographic information or cannot be accessed in full are excluded from the analysis list. With this step,
researchers obtain a collection of literature that is valid, verified, and ready for further processing in the quantitative
and qualitative analysis stages.
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Bibliometric Analysis

The bibliometric analysis stage is carried out to identify research trends, publication distribution, collaboration net-
works, and the most frequently used keywords in the field of study. The data that has been declared complete is then ex-
tracted and analyzed using bibliometric software, one of which is VOSviewer, to visualize the distribution map of authors,
institutions, countries, and keywords. This analysis allows researchers to understand publication patterns over time, the
connections between authors and institutions, and the main themes that are the focus of research. Thus, this stage serves to
present a comprehensive picture of the development of research related to gamification and students, both quantitatively
(number of publications, temporal trends) and qualitatively (themes, collaboration, and research directions).

Research Process Flowchart

Figure 1 illustrates the bibliometric research flow consisting of three main stages. In the first stage (Scanning
Phase), 793 documents were obtained from the Scopus database using the keywords “gamification” and “student,”
covering publications in the form of journal articles, conference proceedings, and books from various disciplines.
Next, in the second stage (Curating Phase), screening was carried out using several criteria, namely the time range
2016-2025, resulting in 756 documents remaining; restriction to journal articles, resulting in 434 documents; and
restriction to English, resulting in 396 final documents. The third stage (Analyzing Phase) used 396 documents that
passed the screening to be analyzed using bibliometric methods through techniques such as bibliographic coupling,
citation analysis, co-word analysis, and document clustering. This process ensured that only articles that were rel-
evant, credible, and in line with the research focus were analyzed further.

Scanning Phase 793

= (TITLE { Garification) AND TITLE {
Student® )

[
Curating Phase 756

[ea— Limited 2016-2025

[
Analyzing Phase 396

Refined to English journal
articles only

A 4

Figure 1. Four-Stage Data Extraction and Filtering Process Flowchart (Vedula, 2024)

This process consists of three main stages, starting with the Scanning Phase, which produced 793 documents
from Scopus, then moving on to the Curating Phase with screening based on the 20162025 time frame (756 docu-
ments), restrictions on journal articles (434 documents), and restrictions on English-language articles, leaving 396
documents. The final stage is the Analyzing Phase, where 396 documents are analyzed using bibliometric methods
such as bibliographic coupling, citation analysis, co-word analysis, and clustering. This flow ensures that only articles
that meet the criteria and are credible are retained for further analysis.

RESuULTS

Number of Documents Found and Filtered
An initial search of the Scopus database using the keywords “gamification” and “student” yielded 793 docu-
ments from various types of publications. After filtering based on the criteria of publication years 20162025, the
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number of documents was reduced to 756. Furthermore, by limiting the search to articles published in journals, the
number of documents was reduced to 434. The final stage was language restriction, where only English-language
articles were retained, leaving 396 documents that were then used for further bibliometric analysis.

Analysis Based on Document Type

Figure 2 shows the distribution of document types obtained from the Scopus database. The majority of publica-
tions were journal articles with a percentage of 94.7%, indicating that research on this topic was mostly published
in the form of primary scientific works. In addition, there were reviews (3.8%) as an effort to summarize previous
findings, while other types of documents such as data papers (0.5%), notes (0.5%), conference papers (0.3%), and er-
ratums (0.3%) only contributed a small portion. These findings confirm that studies in this field rely more on Scopus-
indexed scientific articles as the basis for analysis, thus ensuring their academic credibility and relevance.
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Figure 2. Document Types
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Figure 3: Publication Trends from 2016 to 2025
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Figure 3 shows the publication trend from 2016 to 2025. The number of documents shows a fairly consistent
increase from around 10 publications in 2016 to a peak of nearly 80 publications in 2024. This pattern indicates a sig-
nificant growth in research interest, particularly since 2019, which was marked by a surge in publications from year
to year. The sharpest increase occurred in the 2022-2024 period, which can be attributed to the widespread adoption
of digital technology in education and research. However, in 2025, there was a decline in the number of publications
to around 55 documents, which was most likely due to the fact that the data for that year had not yet been fully ac-
cumulated. Overall, this trend confirms that this research topic has continued to gain widespread attention and has
developed rapidly over the past decade.

Analysis Based on Journal Sources

Figure 4 shows publications related to the research topic spread across various journal sources with fluctuating
trends but a tendency to increase since 2019. The journals Education and Information Technologies and BMC Medi-
cal Education occupy a dominant position with consistent contributions, even reaching a peak in 2024 with three
documents. Meanwhile, the International Journal of Environmental Research and Public Health shows a significant
surge in 2019, while Interactive Learning Environments and Sustainability Switzerland are active in the 2020-2022
period. Several other journals, such as the International Journal of Information and Education Technology, Educa-
tion Sciences, and IEEE Access, provided stable contributions with an average of one to two publications per year.
Overall, this pattern shows that research results are not concentrated in just one journal but are spread across various
sources with a tendency toward publication diversification in the 2023-2024 period.
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Figure 4: Analysis Based on Journal Sources

Analysis by Institution

Figure 5 shows the distribution of documents based on institutional affiliation, with The University of Hong
Kong ranking first as the main contributor with the highest number of publications, reaching nearly 20 documents. In
second place is Malang State University with around 11 documents, followed by the University of Granada, which
produced more than 7 documents. Meanwhile, several other institutions, such as Universiti Teknologi MARA and
Universiti Teknikal Malaysia Melaka, also made significant contributions, with around 6 documents each. Other
institutions such as the University of Auckland, Universitat d’Alacant, Universidad de Extremadura, The Education
University of Hong Kong, and Universidad Rey Juan Carlos contributed around 4-5 documents. Overall, it can be
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seen that research contributions are not only dominated by universities in the Asian region, but also involve interna-
tional collaboration from institutions in Europe and Oceania.
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Figure 6 shows the distribution of documents by country, with Spain ranking first with the highest contribution
of more than 65 documents. Indonesia ranks second with around 40 documents, followed by the United States with
a similar number. Malaysia also made a significant contribution with more than 30 documents. Furthermore, Hong
Kong contributed around 22 documents, while other countries such as Saudi Arabia, Thailand, China, Taiwan, and
India had lower publication numbers, ranging from 12 to 18 documents. Overall, it can be seen that research on this
topic is dominated by European and Asian countries, with significant contributions from Spain, Indonesia, and the
United States as the main centers of publication.

Analysis Based on Keywords

Figure 7 shows a visualization of the keyword network divided into several main clusters with different colors.
The red cluster is dominated by keywords related to experimental methodology, such as participant, group, interven-
tion, test, score, control group, and significant difference, which describe the research focus on experimental design
and evaluation of results. The green cluster emphasizes aspects of student engagement, achievement, game elements,
points, recommendations, and positive effects, indicating the research orientation towards the impact of gamifica-
tion in increasing student engagement and achievement. The blue cluster is related to educators, articles, factors,
acquisition, competence, and autonomy, emphasizing the role of educators, learning theory, and the context of higher
education. Meanwhile, the yellow cluster highlights keywords such as student engagement, insight, gap, and vari-
able related to factor analysis and the context of gamification implementation. Overall, this keyword map shows that
research related to gamification in education does not only focus on experimental results but also on pedagogical
factors, student engagement, and the role of educators in supporting the effectiveness of gamification-based learning.

@ recommi@ndation

positiug effect mathéinatics
't:w ® experiméfiial group
w- i

qulllity
9 con(*rcu P

J:h é rne w t':
am AL
E b Mhﬁan . Efgw&a[iiﬁl?rence

solution ﬁe‘p*“;innﬂew

4gucational context e —
o stua!r!wa@ement
gamification element f 3 o r
. - T g priest
» s | T 3ap & ;“- '
: \ ; e L it
hlgher‘;ca‘tm article ‘[
ar edﬁmr“@h @6 " geaw
p © infimation wam
cawid “:‘;J*I!@
Qom"nent ade
- . sefise
persgective L) TEE
auto@omy mmlﬂ!ﬂﬂ? acquﬁ:'on eritical Ehinking
relanginess

'ii;._ VOSviewer

Figure 7. Keyword Visualization

Analysis of Collaboration Between Authors

Figure 8 shows the collaboration network between authors who form strong relationships through joint publi-
cations. Several authors, such as anastas p.t., mills m., voutchkova-kostal a., and simcox n., are at the center of the
network with dense connections, indicating their central role in research collaboration. In addition, other authors
such as Coish P., Zimmerman J.B., Mellor K.E., and Brooks B.W. also have close connections with many colleagues,
reflecting their significant contributions to this research network.
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Figure 8. Author Collaboration

Table 2. Most five-Cited Articles on Gamification Research in Education: A Scopus-Based Study (2016-2025)

No. Author(s) Article title Number of Journal Name Key Findings/Recommendations
citations
1 Buckley, P, Doyle, ~ Gamification and student ~ 531 Interactive Learning  The study demonstrates that gamified learning interventions
E. motivation Environments significantly enhance students’ knowledge and engagement, with the
strongest impact observed among those with intrinsic motivation and
identified extrinsic motivation. (Buckley & Doyle, 2016).
2 Bai, S., Hew, K.F,  Does gamification 424 Educational Research  This meta-analysis shows that gamification has a significant medium
Huang, B. improve student learning Review positive effect on student academic performance (Hedges' g =
outcomes? Evidence 0.504, p < 0.001). Students value gamification for its ability to foster
from a meta-analysis and enthusiasm, provide feedback, recognition, and goal setting, though
synthesis of qualitative some report drawbacks such as limited utility and anxiety. (Bai et al.,
data in educational 2020).
contexts
3 Zainuddin, Z., The role of gamified 283 Computers and The study shows that both gamified e-quizzes (Socrative, Quizizz,
Shujahat, M., e-quizzes on student Education iSpring Learn LMS) and paper-based quizzes effectively supported
Haruna, H., Chu, learning and engagement: formative assessment in Science classes. Gamified tools provided
SKW. An interactive gamification added benefits by boosting student engagement, creativity, and
solution for a formative competitive spirit (Zainuddin, 2020).
assessment system
4 Da Rocha Seixas, Effectiveness of 269 Computersin Human  The study finds that using gamification tools such as ClassDojo and
L., Gomes, A.S.,, De  gamification in the Behavior ClassBadges significantly improves student engagement, motivation,
Melo Filho, I.J. engagement of students and performance in elementary education. Students receiving more
rewards showed higher participation and collaboration, while teachers
benefited from better monitoring of behaviors and skills (Da Rocha
Seixas et al., 2016).
5 Huang, B., Hew, Investigating the effects of 266 Interactive Learning  The study finds that gamification-enhanced flipped learning
K.F., Lo, C.K. gamification- -enhanced Environments significantly boosts students’ behavioral and cognitive engagement,

flipped learning on
undergraduate students’
behavioral and cognitive
engagement

leading to higher task completion, persistence, and better-quality
work. Students in the gamified group also achieved significantly higher
post-test scores, reflecting deeper learning outcomes (Huang et al.,
2019).

Table 2 summarizes the five most cited articles on the application of gamification in education. The findings
show that gamification is effective in increasing motivation, engagement, and academic achievement, but cannot be
viewed as a universal solution. The effectiveness of gamification is highly dependent on the design of gamification
elements, student characteristics, and the learning context. Therefore, most articles recommend that gamification be
applied selectively, adaptively, and integrated with other pedagogical strategies to ensure a sustainable impact that
is relevant to the needs of learners.

312

www.Siz-au.com



ALFROKI MARTHA, ET AL.
BIBLIOMETRIC MAPPING OF GAMIFICATION RESEARCH IN EDUCATION: A SCOPUS-BASED STUDY (2016-2025) SPORTS SCIENCE AND HEALTH 16(2):305-315

CONCLUSION

This study confirms that gamification in education has great potential to increase student motivation, engage-
ment, and learning outcomes. A synthesis of the ten most cited articles shows that gamification can provide various
benefits, including fostering enthusiasm, supporting formative evaluation, improving affective attitudes toward learn-
ing, and encouraging active student participation. However, the effectiveness of gamification is not universal, but is
influenced by various factors such as the type of gamification elements used (e.g., badges, leaderboards, interactive
quizzes), the educational context (e.g., flipped classroom or blended learning), and individual student characteristics,
including intrinsic motivation and personality type. Several meta-analyses also confirm a positive effect with small to
moderate effect sizes, although limitations such as the novelty effect and low long-term sustainability are still found.

This study has limitations in the scope of the articles analyzed, which only include English-language publica-
tions indexed by Scopus and within a specific time frame, so the results do not fully represent all research on gamifi-
cation. In addition, most of the studies reviewed used quasi-experimental designs with diverse contexts and showed
a novelty effect, which meant that the impact of gamification tended to be strong at the beginning but diminished in
the long term. Therefore, further research is recommended to be conducted longitudinally, covering more contexts
and databases, and developing adaptive and personalized gamification approaches to align with the characteristics of
learners and provide a sustainable impact on motivation and learning outcomes.
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Abstract: Aerobic exercise is beneficial for adolescents, according to studies. There is still little precise data, though, for
young people and adolescents. This study s objective was to thoroughly examine and compile the most recent data regard-
ing how aerobic exercise impacts adolescents’ body composition. Google Scholar, PubMed, Mendeley, Web of Science,
SClIndeks, Science Direct, and KOBSON databases were searched to find relevant information. Studies published between
2011 and April 2026, longitudinal design, English language, participants between the ages of 10 and 20, and results
pertaining to body composition were the inclusion criteria. Sixteen papers in all satisfied the eligibility criteria and were
incorporated into the final analysis. The results consistently show that aerobic exercise improves pupils’body composition.
These findings contribute to a better understanding of the impact of aerobic exercise in modifying body composition among
student populations and offer a helpful platform for future research.

Keywords: aerobic exercise, body composition, children, physical activity

INTRODUCTION

One of the biggest health issues facing the world today is youth physical inactivity and its growing correlation
with conditions like diabetes and obesity (Kljaljevi¢ et al. 2021). Concerns regarding children’s health, daily routines,
and physical exercise have grown as a result of these findings. The rise in childhood obesity seems to be influenced
by how kids use their leisure time (Stellino, Sinclair, Partridge, & King, 2010). Based on this scientific fact, some
authors believe that children spend most of their free time sitting in front of the television or computer (Jovanovié¢
et al. 2025, Bener et al. 2011; Hills, Katani¢ et al. 2024). Additionally, we belong in a bizarre circumstance where
developments and technologies undoubtedly make it easier and faster for man to accomplish a variety of jobs while
consuming less energy. The risk may increase further if no intervention is implemented during childhood (Jovanovié¢
et al. 2024).

Compared to individuals who simply depend on a decreased diet, those who engage in physical activity are
far more likely to maintain or lose body mass over an extended period of time. However, a healthy lifestyle is also
necessary to maintain body composition (Kljaljevi¢ et al. 2021). Through balancing body composition, physical ac-
tivity influences the decrease in body mass. Nevertheless, when combined with a planned dietary regimen, this can
be the optimal combination for body composition adjustment (Nieman et al. 2002). There is a 10% rise in the risk of
cardiovascular diseases if the waist circumference rises by 1 cm. This is because a large amount of fat tissue is a risk
factor for a number of ailments (Milanovi¢, Sporis, Panteli¢, Trajkovi¢, & Aleksandrovi¢, 2012). Adults with long-
term established obesity typically do not respond well to treatment. Given the concerning rise in children’s physical
inactivity, early intervention is crucial to preventing negative outcomes in later stages of life (Malina, 2007), because
prevention, particularly the prevention of obesity, is a means to reduce dangers to their health.

Numerous aerobic fitness programs and their advantages might provide a solution for kids and even teenagers
(Centers for Disease Control. Prevention, 2007; Danaei et al. 2009; Jovanovi¢ et al. 2024; Jovanovic et al. 2025;
Reed, Maslow, Long, & Hughey, 2013). Over time, aerobic exercise training limits risk accumulation in addition to
lowering cardiovascular risk (Spirtovié et al. 2025). Increased physical activity and dietary adjustment and modifi-
cation are already components of obesity treatments approaches. Walking, jogging, dancing, and cycling are some
of the fundamental aerobic exercise programs that are typically performed three to five times a week at moderate to
submaximal intensity. According to Kelley & Kelley (2008), these are fairly satisfactory exercise opportunities for
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students. Kosti¢ (2009) states that alterations in students’ body composition, which lead to obesity, are regarded as
one of the most significant public health issues of the modern era. Because of this, it’s critical to keep an eye on their
energy consumption and physical activity levels.

In light of the existing research, there is a need to systematically evaluate the effects of aerobic exercise on ado-
lescents’ body composition. While studies have examined physical activity and dietary interventions, the evidence is
often fragmented, short-term, or population-specific (overweight or obese participants). A clear research gap exists
regarding long-term, structured aerobic programs in adolescents’ populations, as well as their isolated effects on body
composition, with limited consideration of exercise intensity, frequency, and interaction with lifestyle factors. Ad-
dressing this gap can inform evidence-based strategies for improving young people health. Therefore, the aim of this
study was to evaluate the influence of aerobic exercise on body composition in adolescents.

METHODS

Literature Identification

A comprehensive systematic literature search of relevant databases was conducted in February 2026 to identify
studies meeting the predefined eligibility criteria. The PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) criteria were followed in the identification, screening, and analysis of the studies. Relevant liter-
ature was gathered from the following databases: Google Scholar, MEDLINE, Web of Science, SCOPUS, SCIndeks,
Science Direct, and KOBSON. The research comprised studies published between 2011 and April 2026.

The following keywords served as a basis for the search strategy: (“aerobic exercise” OR “aerobic training”
OR “physical activity”) AND (“body composition” OR “fat mass” OR “BMI”) AND (“children” OR “youth” OR
“students” OR “adolescents” OR “university students”).

The collected data was analyzed using a descriptive approach, and all abstracts and titles were examined for
possible inclusion. To improve sensitivity and guarantee thorough coverage of pertinent studies, the search approach
was modified for every database. Studies that satisfied the predetermined inclusion criteria were deemed eligible.

Data Extraction, Quality Evaluation, and Study Selection

Data extraction, quality evaluation, and study selection were all done separately. To guarantee completeness,
reference lists of previously discovered papers and pertinent reviews were also reviewed. Based on the predetermined
criteria, every identified study was further assessed and either included in the final analysis or eliminated.

Inclusion Criteria
Abstracts and whole papers from searches were examined. The following requirements have to be fulfilled for
publications to be considered for inclusion in the final stage of analysis:

- Publications published between 2011 and 2026 were searched for;

- Experimental studies

- English-language longitudinal research;

- Participant sample: males and females, ages 10 to 20;

- Description of outcomes obtained: The effects of aerobic exercise on students’ body composition were the
main findings for the systematic review.

The collected data was analyzed using a descriptive technique. For possible papers to be included in the system-
atic review, all abstracts and titles were evaluated.

Lists of references from earlier reviews and original studies were also examined. After a thorough assessment,
pertinent studies that satisfied the inclusion criteria were found:

Exclusion Criteria

- Research published in a language other than English;

- Duplications;

- Research with individuals younger than 10 years old

- Research with individuals older than 20 years old.

In order to improve the sensitivity of the search, the search method was adjusted and tailored to each database
and search, whenever feasible.
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Risk of Bias

The PEDro scale was used to evaluate the included studies’ methodological quality and risk of bias in compli-
ance with PRISMA recommendations. Standardized checklists were used by two independent reviewers to assess
each study. Inter-rater reliability analysis was used to assess reviewers’ agreement. A third reviewer was consulted
when there was dispute in order to make a final conclusion. The reviewers’ assessments of study quality and bias risk
were consistent, as evidenced by the high degree of overall agreement.

Data Extraction

After the cross-examination procedure, pertinent information was taken from studies that qualified and me-
thodically arranged in an Excel spreadsheet. The Cochrane Consumer and Communication Review Group standards
served as the basis for a standardized data extraction process. The study’s authors, year of publication, sample size,
participants’ ages, kind of exercise intervention, program duration and frequency, and primary study outcomes were
among the details that were retrieved.

RESuULTS

Quality of the Studies

The final study assessment scores were determined by dividing the total number of studies that were included
in the quantitative synthesis by the points each research received on the PEDro scale. Maher et al. state that an ideal
score is between 8 and 11; however, if a study receives between 0 and 3 points, it will be categorized as “poor,” “fair,”
“good,” and “excellent.” Table 1 shows that out of all the studies that were part of this systematic review, two had
acceptable quality, seventeen had good quality, and the other two had excellent quality of the studies. The average
score of all studies is 5.8, which means good quality.

Table 1. Pedro scale results

Criterion

Study

Zorba et al. (2011)
Martins et al. (2011)
Sijie et al. (2012)
Reed et al. (2013)
Regaieg et al. (2013)
Barker et al. (2014)
Silva et al. (2014)

Lee et al. (2014)

Sigal et al. (2014)
Araziet al. (2016)
Yoon et al. (2017)
Gholinejad et al. (2019)
Lanetal. (2022)

Ma et al. (2023)
Jovanovic et al. (2024)
Jovanovic et al. (2025)
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Legend: [—eligibility criteria; 2—random allocation; 3—concealed allocation; 4—nbaseline comparability; 5—nblind subject;
6—>blind clinician; 7—blind assessor, 8—adequate follow-up; 9—intention-to-treat analysis, 10—statistical analysis,; 11—
point estimates and variability; Y—criterion is satisfied; N—criterion is not satisfied,; Y —total awarded points.

Selection and Characteristics of Studies

The PRISMA guidelines were followed during the study selection procedure. Through database searching, 2140
records were found. 1086 records were eliminated because they did not fit the inclusion criteria after duplicates were
eliminated and titles and abstracts were screened. 124 research were eliminated because the subjects did not fit the
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necessary age requirements, while another 27 studies were eliminated because of linguistic limitations. After the
eligibility of the remaining full-text publications was evaluated, 16 studies in all satisfied the predetermined require-
ments and were added to the final systematic review. The PRISMA flow diagram (Diagram 1) shows the specific steps
involved in choosing a study.

Databases (n = 2140)
Google Scholar (n =1456) E:c"’d,.f‘g'f""m’e“ before
Pub Med (n =103) TECing-
Web of Science (n = 95) S— E:’ggg?‘e o remaved. (i
g;;zf::g;;;bgg f_';;;f} Studies removed for other
- reasons (n =28)
l Excluded studies based on
inclusion criteria (n =431)
Screened studies >
(n =1082) Excluded by human (n =101)
Excluded by automation tools (n
l =27)
Studies sought for retrieval
fogar i »| Studies not retrieved (n =124)
i N Excluded studies:
.:;;g)ssed studies for eligibility (n Full-tfe_xF si't.:die*_s after increased
sensitivity and in-deeper check
(n=182)

Studies with nonrelevant
outcomes (n =183)
Editorials (n =3)

Executive summaries (n =5)

Studies included in review
{n=186)

Figure 1. Presentation of the process of collecting adequate works based on pre-defined criteria

Table 1. show in more detail the studies that met the set conditions and entered the qualitative analysis

First Author and Year . Sample of Participants ,
I Aim of study Exercise program  Outcomes Results
of Publication Number Age
Zorba et al. (2011) Effects of 12-week aerobic training N-40 111 3 times a week, 20- AV, KV E group significantly reduced
on BP, CV and insulin levels E-20 45 min. body weight, BMI and AV
C-20
Martins et al. (2011)  Effects of an 8-week physical F-16 E-12.3+0.9 3times a week, 30 FG, AV, TK, FF, The program gives positive
activity program on TK and FF E-8 K-13.2¢1.1 and 45 min. BE, T, Ks effects
c-8
Sijie et al. (2012) Effects of 12-week HIIT on BP, F-60 19-20 5 times a week, 30-  HIIT, MICT, The high- and medium-intensity
cardiac and aerobic function 40 min. VO,max group reduced BP, with a

significant improvement in
VO2max

319
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Reed et al. (2013) Effects of 12-week physical activity N-470 E-10.2+2.3 5 times a week, 45-  KS, FG, The program gives positive
on KS, motor skills and TK E-165 K-11.241.9 50 min. TK effects to group E, the girls
C-305 showed significant results in all
variables
Regaieg et al. (2013)  Effects of a 16-week physical N-28 12-14 16 weeks, 4 timesa AV, TK, BE, Kt, Ks  E group corrected BMI, waist
activity program on BP and aerobic M-16 week, 60 min. circumference, fat and lean fat
capacity F-12
Barker et al. (2014) Effect of 2-week HIIT on aerobic M-10 14-16 6 times a week. HIIT, AV, TK, The program did not significantly
fitness, fat oxidation, blood VO,max, BE affect body mass and BMI
pressure and BMI
Silva et al. (2014) Effects of a 12-week aerobic N-14 13-17 3x a week AV, BMI, KN, TK,  Significant improvement of KN,
exercise program on BP and CV E-9 KV, BE reduction of %M and fats of
C-7 group E
Lee et al. (2014) Effects of a 22-week swimming N-20 E-11.4+2.87  30-40 min. TK, AV, FF The program had a positive
program on BP and pulmonary flow E-10 K-11.1£1.69 effect on the reduction of TK
C-10 and %M
Sigal et al. (2014) Effects of 22-week of aerobic N-304 14-18 3 times a week, 60  TK, AV, VO, .0 All types of training significantly
exercise and training endurance, as E-75 min. T,FF corrected %M and waist
well as combined training on the E-78 circumference
percentage of body mass E-75
C-76
Arazi et al. (2016) Effects of 8-week and comparison N-33 11.2+0.64 4 times a week TK, KN, FF Training with a screw
of 2 aerobic training methods E-12 VO, max significantly influenced the
E-11 correction of TK and aerobic
C-10 strength
Yoon et al. (2017) Effects of 16-week cycling on TK, F-24 E 13.3104 3 times a week, 30-  BE, TK, KV, FF, KV Achieved positive effects on TK
FFand KV E-12 E,-13.410.3 60 min. and FF
E-12
Gholinejad et al. Effect of a 4-week aerobic training F-42 E 1271309  3timesper week,  BMI, TBW, SMM, No significant effect
(2019) course on lower body muscle 1-21 E-12.24:129  45min BFO, MBF, SLM  on the body composition
strength C-21
Lan et al. (2022) Effects of 8-week of three exercise N-40 19.85+1.46  3timesper week,  BMI, BFP, FM, Decrease in BFP in all E groups.
programs on CRF and body LICT-13 20.77+1.96 45 min. MM, VFA, SMM,  The FM
composition MICT-13 21.33+2.54 LBM, WTHR and VFA reduced significantly
indicators HIIT-12 20.42+1.93 with a MM growth in the
C-12 LICTBFR and MICT
Ma et al. (2023) Effect of 6-week aerobic exercise N-60 18-19 4 times a week, BW, BMI, BFR, Reduce of body weight, BMI,
on body morphology in obese E-30 60 min THR, WHR, ULFR, BFR and body circumference
university C-30 LL, OFR decrease body weight
students.
Jovanovic et al. (2024)  Impact of HIIT on health-related N-60 16.33+£0.62 2 times a week, BH, BW, BMI No significant differences
fitness in adolescents HIIT-30 45 min between groups for body
C-30 composition
Jovanovic et al. (2025)  Effect of 12-week HIIT training on N-40 EG-16.4410.68  HIIT warm-up 10 BH, BW, BMI, EG showed a significant
body composition and fitness in EG-20 (G-16.7310.62  min BF% reduction in all
female CG-20 weight-related parameters

adolescents

Legend: N- total number of subjects, M- male gender, F- female gender, E- experimental group, K- control group, TK- body
composition, AV- anthropometric variables, CMJ- vertical jump, SJ- squat jump, MTo- manual resistance training, MTo+Ti-
manual resistance training+endurance training, BMI- body mass index, KN- skin folds, HIIT- high intensity interval training,
MICT- moderate intensity training, KS-cognitive abilities, VO2max- maximum oxygen consumption, KV- blood variables,
VO2peak- oxygen volume during active work, BE- bicycle ergometer, T- treadmill, U- questionnaire, D- diet, Sp- sports
program, FF- physical fitness, Ks- team sports, FG- Fitnessgram, Kt- circuit training, %M- fat percentage, TBW: Total Body
Water; SMM: Skeletal Muscle Mass; BFO: Body Fat Optimal; MBF': Mass of Body Fat; SLM: Soft; LICT-BFR- low-intensity
continuous training with blood flow restriction; MICT- moderate-intensity continuous training, HIIT- high intensity interval
training; ULFR-Upper limb fat ratio- OFR- Overall fat ratio; Subjects’ age values are shown as Mean+SD

A total of 1261 participants participated in the studie, the largest number of them was in the study by Reed et al.
(2013), with 470 participants, while the smallest number of participants was in the study by Barker et al. (2014), with
10 participants. The youngest subject was 10.2+2.3 years in experimental and 11.2+1.9 in control group, in the study
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by Reed et al. (2013), while the oldest respondent was 20 years old, in the study by Sijie et al. (2012).
A detailed description of the process of collecting adequate works based on pre-defined criteria can be found in
diagram 1.

DiscussIioN

The aim of this research was to summarize the relevant literature on the influence of acrobic exercise on body
composition in adolescents. The experimental program’s duration should be suitable and tailored to the student
body. Specifically, a two-week research by Barker et al. (2014) found no significant impacts. However, an 18-week
trial (Dorgo et al., 2009) did not demonstrate any beneficial effects either, despite the authors’ consideration of the
possibility that they would increase the subjects’ physical fitness. According to Kessler, Sisson, and Short (2012), a
modified duration of the experimental program—at least 12 weeks for adolescent students—is required if we wish
to achieve a positive effect on body composition. Longer protocols seem to be required for quantifiable adaptations,
while short-term interventions (less than 12 weeks) typically fail to elicit significant changes in body composition
(Martinez-Gomez, & Roberts, 2022).

A clear and noticeable improvement in physical fitness was insufficient to cause positive changes in body com-
position. High-intensity interval training (HIIT), moderate-intensity continuous training (MICT), and low-intensity
continuous training with blood flow restriction (LICT-BFR) were compared in a recent randomized study conducted
on college students by Lan et al. (2020). While all exercise regimens increased cardiorespiratory fitness, LICT-BFR
and MICT were especially successful in increasing muscle mass and decreasing fat mass, underscoring the signifi-
cance of exercise intensity and modality in determining body composition results.

Calorie intake was only tracked in two investigations (Lan et al. 2020; Sigal et al., 2014). All of the aforemen-
tioned studies showed favourable impacts on body composition, despite the fact that their training methods varied.

One of the key factors is the identification of the representative group of participants; in particular, we are discuss-
ing a healthy population and the promotion of such works and their caliber. A healthy population sample was used in six
research (Barker et al., 2014; Reed et al., 2014; Arazi et al., 2016; Yoon et al., 2017, Jovanovic et al. 2024; Jovanovic
et al. 2025). In order to improve students’ health, it is crucial that both the non-obese and the obese population be faced
with physical exercise and an active lifestyle, regular physical education sessions, a variety of school games and exer-
cises for skill development, as well as numerous recreational and fitness activities (Dorgo et al., 2009).

Aerobic exercise was used in numerous research (Zorba et al., 2011; Barker et al., 2014; Silva et al., 2014; Arazi
etal., 2016; Yoon et al., 2017). For example, Gholinejad et al. (2018) showed that, in comparison to a control group, an
8-week aerobic program considerably improved body composition and muscle strength in female elementary students.
Their results, despite being non-randomized and quasi-experimental, confirm the beneficial effects of organized aerobic
exercise in increasing lean mass and decreasing fat mass in young people. Long-term increases in aerobic capacity,
which would dramatically alter body fat, should be pursued since inadequate aerobic capacity can be a prediction of
death (Watts, Jones, Davis, & Green, 2005). Furthermore, compared to a control group, high-intensity interval training
(HIIT) dramatically increased physical fitness and decreased body fat percentage in a recent Brazilian study on obese
college students (2021). These findings support the efficacy of structured aerobic regimens and high-intensity interval
training (HIIT) in young adults. Additionally, aerobic exercise improves body composition by lowering BMI and fat
percentage (Ounis et al., 2008). It also strengthens muscles, increases bone mass, maintains oxygen intake, lowers the
risk of cardiovascular diseases, lowers stress, and boosts self-confidence (Ekeland, Heian, & Hagen, 2005; Mota-Pereira
et al., 2011). Because poor health outcomes at this age can be mirrored in later life, Cattuzzo et al. (2016) identified
particularly relevant indicators for the development of students’ body composition and physical fitness.

The efficacy of HIIT in physical education contexts is further supported by the latest school-based experiment.
In a research by Jovanovi¢ et al. (2025), adolescent girls who participated in a 12-week HIIT warm-up program
during normal physical education sessions showed notable increases in physical fitness metrics and body composi-
tion (body mass, BMI, and body fat). However, no significant differences were seen between the experimental and
control groups, which is consistent with some earlier observations. Increased fat oxidation, enhanced mitochondrial
efficiency, and hormonal changes during adolescence are examples of physiological adaptations that may account for
why improvements in aerobic fitness do not always result in appreciable changes in body composition. Inadequate
energy imbalance and continued biological maturation in adolescent populations could account for the lack of notable
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alterations in body composition (Papadopoulou, Feidantsis, Hassapidou, & Methenitis, 2021). The aforementioned
findings are in line with another recent investigation (Jovanovic et al. 2024; Jovanovic et al. 2025) that looked at the
impact of high-intensity interval training in schools on teenagers and found that while body composition changed
little or not at all, cardiorespiratory fitness improved significantly. All of these findings suggest that although HIIT is
a useful and effective method for enhancing physical fitness in educational environments, its independent effects on
body composition may be less noticeable, particularly in groups that are physically active and non-obese.

Aerobic and resistance training were combined in four different trials (Martins et al., 2011; Regaigeg et al.,
2013; Reed et al., 2014; Sigal et al., 2014). Combining these two forms of exercise has several advantages, including
enhanced cardiorespiratory fitness and metabolic capacity (McArdle, Katch, & Katch, 2001), as well as measurable
modifications to skeletal muscles and increased muscle strength (Kraus & Levine, 2007).

Despite the positive results, several limitations should be considered. First, the conclusions’ generalizability was
limited by the small sample sizes of many of the included research. Second, direct comparisons are difficult because
to variations in exercise modes, duration, and intensity between research. Third, bias may have been introduced by
certain studies’ lack of blinding or randomization. Furthermore, there was inconsistent control over dietary intake
and lifestyle factors, which may have an impact on body composition results. Lastly, the majority of research con-
centrated on short- to medium-term interventions, and it is yet unknown how aerobic exercise will affect students’
body composition in the long run.

In general, adolescents benefit from aerobic exercise in terms of their physical fitness and body composition.
Particularly when paired with moderate- to high-intensity protocols, interventions lasting at least 12 weeks seem to
be more successful. HIIT, MICT, and LICT-BFR are examples of structured aerobic programs that regularly increase
lean muscle growth and decrease fat mass, improving general health and body composition. Larger sample numbers,
longer follow-up times, and strict methodological designs should be the goals of future studies in order to bolster the
body of data and direct the best exercise recommendations for students.
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Abstract: Optimal muscle strength is crucial for athletic performance, and adequate protein intake plays a crucial role
in supporting muscle synthesis and increasing muscle strength. This systematic literature review aims to analyze the sci-
entific evidence regarding the development of high-protein formulations (sports snack bars) and their impact on muscle
strength in athletes. This review was conducted in accordance with PRISMA guidelines by searching scientific databases
including PubMed, Web of Science, and Science Direct from 2019. The keywords used were “sports snack,” “high-protein
formulation,” “muscle strength,” and “athlete nutrition.” Inclusion criteria were experimental studies involving athletes
consuming protein-based (sports snack bars), with outcomes measuring muscle strength. Results: A total of 18 eligible
studies were identified. The majority of formulations used whey protein, soy isolate, casein, or plant proteins enriched with
branched-chain amino acids (BCAAs) and functional ingredients such as creatine and omega-3 fatty acids. Some studies
reported significant increases in muscle strength (6—15%) after 4-8 weeks of consumption. Formulations containing >20
g of protein per serving and a balanced carbohydrate-to-protein ratio were consistently associated with increased muscle
power output, reduced muscle fatigue, and improved recovery markers. Conclusion: High-protein sports snack formula-
tions show substantial potential to increase muscle strength in athletes when optimized with high-biological-value protein
sources and functional bioactive compounds. Further research is recommended to develop standardized formulations tai-
lored to specific athletic needs and training phases.

Keywords: Sports Bar Snack Formulation, High Protein, Muscle Strength, Athlete Performance, Health For All, Systematic
Literature Review

INTRODUCTION

The development of sports nutrition science has confirmed that nutrition has a crucial role in optimizing athlete
performance (Kiss et al., 2021), especially in supporting increased muscle strength and post-exercise recovery (We-
lis, Effendi, Mario, et al., 2024). High protein requirements are a major factor for athletes undergoing high-intensity
training, as protein plays an important role in the process of muscle protein synthesis and preventing muscle tissue
damage (Welis, Effendi, Ilham, et al., 2024). In the last decade, sports food products such as sports snack bars have
been increasingly developed as a practical alternative source of energy and protein (Boukid, Klerks, et al., 2022),
easy to consume (Matecki et al., 2022), and can be adjusted to the nutritional needs of athletes (Gill et al., 2024).
High-protein sports snack bars have become a major focus for researchers because of their potential to provide high-
quality protein intake with optimal bioavailability.

Currently, the formulation of sports bar snacks is not only oriented towards protein content alone, but also pays
attention to the functional aspects of each raw material used, such as the presence of essential amino acids (Acosta-
Estrada et al., 2021), dietary fiber (Capozzi et al., 2021), antioxidants, and a balanced source of energy (Boukid,
Rosell, et al., 2022). The use of protein sources such as whey, casein, soy, nuts, and even edible insects has become an
innovative trend in the development of sports bar snacks (Mario et al., 2022). Each type of protein source has differ-
ent characteristics in terms of biological value and its ability to increase muscle strength (Nichele et al., 2022). This
opens up opportunities for further research to develop the best formulation that not only excels in nutritional content
but also has good texture, taste, and consumer acceptance.
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In addition to protein content, other bioactive factors in sports snack bars contribute to the physiological ad-
aptations of athletes, such as increased lean muscle mass and decreased muscle fatigue (Jabeen et al., 2020). The
right sports snack bar formulation is expected to be a source of nutritional support during training and recovery, thus
having a direct impact on improving physical performance and muscle strength (Ibrahim et al., 2021). Several stud-
ies have reported that consuming protein bars before and after exercise can increase muscle protein synthesis more
effectively than consuming conventional foods that require a longer digestion time (Nichele et al., 2022).

However, to date, there has been no comprehensive scientific synthesis reviewing various studies related to the
development of high-protein sports snack bar formulations and their impact on athlete muscle strength. The existing
literature is scattered across various contexts, raw material types, and performance evaluation methods. Therefore, a
systematic review is needed to identify, analyze, and synthesize previous research findings to provide a more holistic
understanding of the characteristics of the most effective formulations.

This Systematic Literature Review (SLR) aims to evaluate various high-protein sports snack bar formulations
developed in previous research and assess their effects on increasing athletes’ muscle strength. This review will also
identify bioactive components that contribute significantly, the muscle strength measurement methods used, and
practical implications for the development of future sports food products. Therefore, the results of this study are
expected to provide a scientific basis for evidence-based sports snack bar innovations that support optimal athlete
performance.

MATERIALS AND METHODS

This study conducted a systematic review in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021), as illustrated in Figure 1. The keywords used
were “sports snack bar,” “high-protein formulation,” “muscle strength,” “athlete nutrition,” and “functional food.”
Inclusion criteria were experimental and quasi-experimental studies involving athletes consuming protein-based
sports snack bars (as of 2019). The exclusion criterion was to reject articles published in lesser-known journals.

A total of 500 articles were identified from the Web of Science, PubMed, and ScienceDirect databases. Finally, a
total of eighteen articles that met the inclusion requirements, or at least partially, were selected for the systematic review.

2 Number of articles identified in

E Web of Science, PubMed, and

= ScienceDirect databases

3 (1 = 500)

E Number of Titles or Absiracts Articles excluded based on Title or
£ selected Abstract

@ (n=350) (n=18)

i Number of complete articles Excluded articles were based on full
S selected text reading

- (n=32) (n=14)

- g

% Final number of selected articles

E (n=18)

Figure 1. Article Selection Flowchart
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RESsuLTS

Research findings analyzing and synthesizing scientific evidence regarding the development of a high-protein
sports snack bar formulation and its impact on muscle strength in athletes. Table 1

Table 1. Results of Literature Review Research on the formulation of high-protein sports bar snacks on muscle strength

. . . Main Components of Key Results Related to
No  Researcher & Year Study Title Population/Subject Snack Sport Bar Muscle Strength
. H 0,

1 Williams et al, 2020 Development of Whey Protein Sport Bar on Weightlfter WheY protein 25 g + M 12% muscle strength

Strength Performance creatine after 6 weeks

-Protein Enh Bars for Muscl ignificant lower-

2 Hernandez & Liu, 2021 Soy-Protein Enhanced Bars for Muscle Football athlete Soy isolate + BCAA " significant lower-body

Recovery strength

Casein-Based E Bar and Muscl o . le end d
3 Zhang et al., 2022 aseln-vased tergy bar and Vuscle Swimming athlete Casein + omega-3 " muscle endurance an

Strength recovery

High-Protein Functional Bar Containing Taekwondo athlete Vegetable protein +

4 Park & Kim, 2019 - A
Spirulina spirulina

1 explosive power 10%

5 Roberts et al., 2018 Whey-Collagen Bar for Muscle Hypertrophy  Young athlete Whey + collagen 1 isometric strength

N muscle strength and

6 Singh & Kumar, 2020
mass

Pea Protein Sport Bar Effects on Performance  Vegan athlete Pea protein 22 g

7 Martinez et al., 2023 Multisource Protein Bar for Elite Athletes 100 m sprint athlete Whey + casein + egg N muscle power output

Impact of Protein-Carbohydrate Ratio in A quadriceps muscle

8 Johnson et al., 2017 Basketball athlete 3:1 carb-protein

Sports Bars strength
9 Silva et al, 2019 BCAA—Ennched Bars Improve Resistance Crossfit athlete BCAA Sg/bar J muscle fatigue,
Training Outcomes strength

Omega-3 Fortified Protein Bar in Muscle
Recovery

11 Yusuf & Rahman, 2021 Tempeh-Based Protein Bar for Athletes

10 Chen et al., 2022 Triathlon athlete Whey + omega-3 A maximum strength

Pencak silat athlete Protein fermentation 1 muscle strength 9%

12 Brown et al., 2020 Creatine-Protein Sport Bar Efficacy Rugby athlete Creatine + whey N maximum performance
. Plant-Based Sport Bar | t on Muscl - .

13 Lietal., 2023 ant-based >port bar impact on uscle Vegan athlete Soybean & spirulina blend 1 grip strength
Performance

14 Anderson & Patel, 2016 The Role of Casein Sport Bars in Night Night swimmer Slow-release casein " morning muscle
Recovery strength
The Effect of High-Protein Sports B th .

15 Pratama et al., 2022 € Ellect o High-Frorein Sports Bars on the Petanque athlete Whey + almonds /N grip strength

Muscles of Petanque Athletes

M muscle fiber

Badminton athlete )
recruitment

16 Kurniawan et al., 2023 Local Fish-Based Sports Bar Formulation Tuna fish protein

M maximum deadlift
strength

1 15% strength in 8 weeks

17 Wilson et al., 2019 Protein Timing via Sport Bar for Muscle Gain ~ Bodyhbuilding athlete Whey isolate

18 Thompson et al., 2024 Novel High Protein Bar with HMB Powerlifting athlete Whey + HMB

DiscussioN

This study aims to analyze and synthesize scientific evidence regarding the development of high-protein sports
bar formulations and their impact on muscle strength in athletes. The benefits are to provide an overview and refer-
ence for the application of high-protein sports bar formulations, the effectiveness of protein in sports bar formula-
tions, additional components on muscle performance, a comparison of Animal and Plant Formulas and Consumption
Frequency and Duration of Intervention.

The Role of Protein Intake in Increasing Muscle Strength in Athletes

An analysis of 18 studies shows that consuming high-protein sports snack bars significantly increases muscle
strength in athletes. Sports snack bars containing >20 grams of protein per serving have been shown to stimulate
muscle protein synthesis (Singh, M., & Kumar, 2020), through activation of the mTOR (Mammalian Target of Ra-
pamycin) pathway, which is the main physiological mechanism in building muscle strength and hypertrophy (Han-
naian et al., 2020). Studies using high-biological-value protein sources, such as whey isolate and casein, have shown
a 10-15% increase in muscle strength, compared to pure plant-based sports snack bars (Kamalakannan & Gudla,
2025).
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Effectiveness of Various Protein Sources in Sports Bar Snack Formulations

Most studies have found that whey protein-based sports snack bars have the fastest response to muscle tissue
repair and increased explosive strength (Sheridan et al., 2022). Whey is high in leucine, a branched-chain amino acid
(BCAA) that is essential for promoting muscle anabolism. However, studies using a combination of animal and plant
proteins have shown synergistic effects, especially when supplemented with creatine, collagen, or omega-3s (Chen,
Y., & Huang, 2022). Multi-source protein formulations have been shown to provide more stable and adaptive muscle
strength gains for a variety of sports, including power and endurance sports.

The Effect of Additional Functional Components on Muscle Performance

Key findings from the analyzed studies indicate that the effectiveness of sports snack bars in increasing muscle
strength is determined not only by their protein content, but also by functional components such as creatine, HMB
(Beta-Hydroxy Beta-Methylbutyrate), omega-3 fatty acids, and antioxidants. Creatine plays a role in increasing mus-
cle ATP reserves, while HMB prevents muscle damage from high-intensity exercise. Sports snack bars containing
a combination of protein + creatine + BCAAs provide the highest increase in muscle strength compared to single
formulations (Thompson, R., & Edwards, 2024). This demonstrates the importance of formulating sports snack bars
based on functional performance nutrition.

Comparative Analysis of Animal and Plant Formulas

Plant-based protein formulations (soy, pea, spirulina) show muscle strength gains in the range of 6—10%, lower
than whey (10-15%). However, plant-based sports snack bars have the advantage of bioactive phytonutrients and
antioxidants that can reduce oxidative stress caused by physical exercise (do Carmo et al., 2025). This suggests that
plant-based sports snack bars are suitable for athletes on a vegetarian or vegan diet, but may need to be fortified with
additional BCAAs or leucine to achieve comparable effects to animal protein (Silva, R., Pereira, M., & Costa, 2019).

Frequency of Consumption and Duration of Intervention

Studies show that consuming a high-protein sports snack bar post-workout and before bed provides an optimal
response to muscle adaptation. A minimum intervention duration of 4 weeks is required to see significant strength
gains. Formulas with slow-release properties, such as casein, are effective in supporting nighttime recovery, while
whey isolate is suitable for the post-workout phase due to its rapid absorption. Integrating consumption timing with
the periodized training phase is crucial for the effectiveness of muscle strength gains (Wilson, H., & Thomas, 2019).

The findings in this study convey the important role in increasing muscle strength, post-exercise muscle re-
covery and others through the role of high-protein sports bar snack formulation in supporting athletes to achieve
maximum performance.

CONCLUSION

Thus, high-protein sports snack bars have been shown to be effective in increasing muscle strength in athletes,
especially when formulated with high-biological-value proteins and supplemented with ergogenic components. The
right formulation not only supports muscle adaptation but also accelerates recovery and reduces the risk of fatigue.
This research provides a strong scientific basis for the development of sports snack bars as a strategic functional
nutrition product in sports performance nutrition. This research is also very important for coaches, athletes, sports
instructors, and sports enthusiasts.
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Abstract: Landing movements in floor gymnastics expose athletes to high mechanical loads that substantially increase
the risk of lower extremity injuries. Biomechanical analysis has been widely used to identify risk factors associated with
injury; however, the available evidence remains fragmented, with inconsistent findings across kinematic, kinetic, and neu-
romuscular parameters. A comprehensive synthesis of biomechanical landing characteristics specific to floor gymnastics
is lacking. This systematic literature review aimed to synthesize biomechanical evidence on landing mechanics in floor
gvmnastics and to identify key biomechanical factors associated with injury risk to inform injury prevention strategies. A
systematic search was conducted in Scopus, Web of Science, PubMed, and SPORTDiscus following PRISMA guidelines.
Peer-reviewed studies examining biomechanical aspects of landings in floor gymnastics were included. Extracted data
were categorized into kinematic, kinetic, and neuromuscular variables, and methodological quality was assessed using a
standardized assessment tool. The reviewed studies consistently identified high vertical ground reaction forces, excessive
knee valgus angle, reduced hip and knee flexion, and inadequate eccentric control during landing as key biomechanical
risk factors for injury. However, substantial heterogeneity in landing tasks, measurement protocols, and analytical methods
limits comparisons between studies. Few studies examined multi-joint interactions or directly linked biomechanical find-
ings to injury prevention interventions. Conclusions. This review provides the first integrated synthesis of landing biome-
chanics specific to floor gymnastics by mapping kinematic-kinetic risk factors and highlighting the absence of a standard-
ized assessment framework and intervention-oriented research. Biomechanical analysis is crucial for understanding injury
mechanisms in floor gymnastics landings. Future research should adopt standardized multidimensional biomechanical
models and longitudinal or intervention-based designs to translate biomechanical evidence into effective injury prevention
programs.

Keywords: Floor Gymnastics, Landing Biomechanics, Injury Prevention, Systematic Literature Review

INTRODUCTION

Floor gymnastics is a very demanding sport, characterized by complex acrobatic sequences that require athletes
to perform repeated jumping, rolling, and landing movements under great mechanical loads (Abouzeid et al., 2026).
These movements place high impact forces on the musculoskeletal system (Malisoux et al., 2023), especially during
the landing phase, which has been identified as a critical moment associated with an increased risk of injury (Chou
et al., 2023). It is consistently reported that lower extremity injuries particularly those affecting the ankles, knees and
hips are among the most common in gymnastics, with many injuries occurring during or immediately after landing
from aerial moves (Skopal et al., 2020). Repeated exposure to high ground reaction forces, combined with rapid joint
loading rates and limited recovery time, underscores the importance of understanding landing biomechanics as a key
component of injury prevention in floor gymnastics.

From a biomechanical perspective, landing is a complex motor task that requires coordinated energy absorption
across multiple joints to reduce external forces (Chen et al., 2025). An effective landing strategy typically involves
adequate hip, knee, and ankle flexion, appropriate modulation of joint stiffness, and a timely neuromuscular activa-
tion pattern. Conversely, suboptimal landing mechanics such as reduced lower leg flexion, excessive knee valgus,
asymmetric loading, and poor eccentric muscle control have been associated with increased mechanical stress on
passive joint structures (Bocheng et al., 2024). In gymnastics, where athletes are frequently exposed to high-impact
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landings after performing movements such as acrobatic passes and landings, these maladaptive movement patterns
can contribute to acute traumatic injuries and the development of overuse conditions (Bonazza et al., 2022).

Over the past two decades, biomechanical analysis has become an important methodological approach for in-
vestigating landing mechanics in gymnastics. Advances in motion capture systems, force platforms, and electromy-
ography have enabled researchers to measure kinematic, kinetic, and neuromuscular variables associated with land-
ing performance. Many studies have reported associations between specific biomechanical parameters such as high
vertical ground reaction forces, increased knee abduction moments, delayed muscle activation, and reduced energy
absorption at the proximal joints and increased injury risk (Hu et al., 2022). These findings have provided valuable
insights into the mechanical factors underlying common gymnastics-related injuries, including anterior cruciate liga-
ment (ACL) injuries, ankle sprains, and stress-related pathologies (Thomas & Thomas, 2019). Although the volume
of biomechanical research in gymnastics is increasing, the current evidence relating specifically to gymnastics floor
landings remains fragmented and lacks systematic integration (Ahsan & Alzahrani, 2024). Individual studies often
differ significantly in terms of participant characteristics (age, gender, skill level), experimental protocols (landing
height, task constraints), and measurement techniques. This heterogeneity complicates comparisons between studies
and limits the ability to draw robust conclusions regarding key biomechanical risk factors. Furthermore, many stud-
ies focus on isolated variables or single-joint analyses, which may fail to capture the multi-joint coordination and
dynamic interactions that characterize real-world landings in floor gymnastics (L. Li et al., 2025).

In recent years, systematic literature reviews have emerged as a valuable tool for synthesizing biomechanical
evidence and identifying research trends, methodological strengths, and limitations in a particular domain (Zhou et
al., 2025). However, existing reviews of gymnastics-related injury research often adopt a broad focus encompassing
a variety of devices or injury types, thus providing limited insight into the biomechanics of landings specific to floor
gymnastics. To date, no systematic review has comprehensively synthesized biomechanical evidence on landing
mechanics in floor gymnastics while explicitly addressing methodological heterogeneity, biomechanical risk fac-
tors, and implications for injury prevention. This gap represents a significant limitation in the current understanding
of injury mechanisms in this sport. Addressing this gap is crucial given the increasing emphasis on evidence-based
injury prevention in elite and youth gymnastics. A systematic synthesis of biomechanical findings can help identify
consistent risk factors, highlight methodological shortcomings, and inform future research directions. Furthermore,
by critically evaluating the extent to which existing studies integrate kinematic, kinetic, and neuromuscular perspec-
tives, such a review could contribute to the development of a more comprehensive model of landing biomechanics
in floor gymnastics.

Therefore, the purpose of this systematic literature review is to critically synthesize the biomechanical evidence
related to landing mechanics in floor gymnastics and to identify key biomechanical determinants associated with
injury risk. Specifically, this review aims to (1) summarize the kinematic, kinetic, and neuromuscular characteristics
of floor gymnastics landings, (2) evaluate the methodological quality and sources of heterogeneity across studies, and
(3) identify research gaps related to standardization and application in injury prevention. By addressing these objec-
tives, this review seeks to provide a strong theoretical foundation for future biomechanical research and to support
the development of effective, evidence-based injury prevention strategies in floor gymnastics.

MATERIALS AND METHODS

Study Design and Reporting Framework

This study used a systematic literature review design to synthesize existing biomechanical evidence related
to landing mechanics and injury prevention in floor gymnastics. The review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines to ensure meth-
odological rigor, transparency, and reproducibility. The protocol was developed to address the lack of standardized
synthesis in previous gymnastics-related biomechanical research, which often reports fragmented findings without
systematic integration.

Search Strategy
A comprehensive literature search was conducted in four major electronic databases: Scopus, Web of Science,
PubMed, and SPORTDiscus. These databases were selected to encompass multidisciplinary research spanning bio-
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mechanics, sports science, and injury prevention. The search strategy incorporated controlled vocabulary and free-
text terms related to gymnastics, landing biomechanics, and injury risk. Primary search terms included combinations
of: “floor gymnastics,” “landing,” “biomechanics,” “kinematics,” “kinetics,” “ground reaction force,” “injury,” and
“injury prevention.” Boolean operators (AND/OR) were applied to narrow the search. Reference lists of included
studies were also manually reviewed to identify additional relevant articles. This broad yet targeted strategy was
designed to address key gaps in previous reviews, which often relied on limited databases or narrow search terms.

Eligibility Criteria

Studies were included if: (1) they were peer-reviewed journal articles published in English; (2) they involved
participants performing landing tasks relevant to floor gymnastics; (3) they reported biomechanical outcomes related
to landings, including kinematic, kinetic, and/or neuromuscular variables; and (4) they examined injury risk factors
or implications for injury prevention. Studies focusing exclusively on non-floor apparatus, case reports, conference
proceedings, and non-biomechanical analyses were excluded. Eligibility criteria were established to address the lack
of specificity observed in previous reviews that combined heterogeneous gymnastics disciplines without differentiat-
ing landing demands.

Study Selection

All identified records were imported into reference management software, and duplicates were removed. Titles
and abstracts were independently screened by two reviewers to assess relevance based on the inclusion criteria. Full-
text articles were then reviewed to determine final eligibility. Discrepancies were resolved through discussion or con-
sultation with a third reviewer. This multi-stage selection process aimed to minimize selection bias and enhance the
reliability of the evidence synthesis, addressing methodological weaknesses identified in previous narrative reviews.

Data Extraction and Categorization

A standardized data extraction form was used to systematically collect information on study characteristics
(sample size, participant level, study design), biomechanical variables, measurement instruments, and key findings.
Extracted biomechanical outcomes were categorized into kinematic, kinetic, and neuromuscular domains to allow for
structured comparisons across studies. This categorization was specifically adopted to address methodological gaps
in the existing literature, where biomechanical findings are often reported separately without an integrative synthesis
across domains.

Methodological Quality Assessment

The methodological quality of included studies was assessed using a standardized assessment tool appropriate
for observational and experimental biomechanical research. Criteria included study design, measurement validity,
biomechanical instrument reliability, and clarity of outcome reporting. Quality assessment was conducted indepen-
dently by two reviewers, and studies were classified based on overall methodological rigor. This step was crucial in
addressing the lack of quality assessment in previous reviews, which has limited the interpretation of biomechanical
evidence for injury prevention.

All stages of the method in this research can be seen more clearly in Figure 1 which is presented below.
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The effects of biomechanical analysis of landings on injury prevention in floor gymnastics are detailed in table 1.

Table 1. Results of the Landing Biomechanics Analysis Review for Injury Prevention in Floor Gymnastics

Key Biomechanical

No  Author (Year) Article Title Study Design Subject Variables Key Findings Related to Injuries
Kinetics of the Lower - . .
. L . ) GREF, joint ts, Great tfl d GRF
1 McNitt-Gray (2021) Extremities During Drop ~ Experimental Gymnast Jom. mom'en : rea' e.rJom exion decreases
. knee & hip flexion and joint load.
Landings
Landing Strategi
McNitt-Gray et al. anding Jrrategies ) .. 1. . landing surface and strategy influence
2 Used by Gymnasts on Experimental Gymnast Lower extremity kinetics ) -
(2022) . the risk of injury.
Different Surfaces
) Ground Reaction F )
Seegmiller & McCaw roundneaction orce's ) Gymnasts & non-  Vertical GRF, contact
3 Among Gymnasts During Experimental . Gymnasts show better force control
(2021) . athletes time
Drop Landings
Biomechanical
. ) A hes t . . " . Stiff landings i the risk of |
4 Gittoes & Irwin (2012) pproac eslo L Narrative review Gymnast GREF, joint angle, stiffness an. |n.g§ |n‘crease e risk oriower
Understanding Injurious extremity injuries.
Gymnastics Landings
Landii Dij t
Christoforidou et al. ar?dmg.from . iferen ) Junior gymnastics  Muscle activation, GRF,  Landing from high altitude increases
5 Heights in Trained Experimental - )
(2024) athlete joint flexion neuromuscular demands.
Gymnasts
Biomechanical
Landii K R Hi i i ith
6 Straker et al, (2021) Respons'es to Landing Experimental Female gymnast nee angle, GRF, 'lgh knee vglgus is associated with a
Strategies of Female symmetry risk of knee injury
Artistic Gymnasts
Kinetic and Kinematic
. .o ) Elit i Joint t, GRF, A ing techni ffects landi
7 Mkaouer et al. (2023)  Analysis of Landing in Experimental atlhfefzmnas @ a(:nulr:rovzli)rlit lo:z SWIng technique affects fanding
Artistic Gymnastics 6 y
Biomechanics of Landing ) )
. ) . ) ) ) . Lack of standard b h |
8 Pavlasova et al. (2024)  in Gymnasts: A Scoping ~ Scoping review Gymnast Kinematic—kinetic-EMG ack of standarc biomechanica

Review

methods in landing studies
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Lower Limb Flexion ) )
Lower extremity flexion reduces

9 Slater et al. (2025) and Impact Forces in Observational Gymnast Knee & hip flexion, GRF
) . impact forces
Gymnastics Landings
Neuromuscular Control EMG activation Neuromuscular control plays an
10 Farana et al. (2023) During Gymnastics Experimental Gymnast o ) L piay )
. activation time important role in injury prevention.
Landings
DiscussioN

This systematic review aimed to synthesize biomechanical evidence related to landing mechanics and injury
prevention in floor gymnastics. Findings indicate that landing is a critical phase of gymnastics performance where
athletes are exposed to substantial mechanical loading, particularly on the lower extremities. Across the included
studies, consistent biomechanical patterns associated with increased injury risk were identified, reinforcing the im-
portance of optimizing landing strategies to reduce acute and overuse injuries in floor gymnastics. One of the most
consistent findings reported across studies is the association between high vertical ground reaction force (vGRF) and
increased injury risk upon landing (Krause et al., 2023). High vGRF values are generally observed during stiff land-
ing strategies characterized by limited hip, knee, and ankle flexion (Zaki et al., 2025). Such a landing pattern reduces
the body’s ability to dissipate impact forces through joint movement and eccentric muscle action .(Almeida et al.,
2015), thereby increasing mechanical stress on passive structures such as ligaments and articular cartilage (Xu et al.,
2020). These findings are consistent with established biomechanical principles showing that greater joint flexion and
longer force damping times are protective against impact-related injuries (D. Li et al., 2025). In addition to vertical
loads, frontal plane mechanics, particularly excessive knee valgus angle, emerge as a major biomechanical risk factor
(Belkhelladi et al., 2025). Several studies have reported that increased knee valgus during landing is associated with
higher knee abduction moments, which are widely recognized as a risk factor for anterior cruciate ligament (ACL)
injury (Larwa et al., 2021). These findings are particularly relevant in floor gymnastics, where asymmetric landings
and rapid changes of direction often occur after acrobatic movements. The prevalence of knee valgus mechanics
underscores the need for biomechanical assessments that go beyond sagittal plane analysis.

The reviewed evidence emphasizes that landing is a neuromuscularly complex, multi-joint task requiring coor-
dinated energy expenditure across the hip, knee, and ankle joints. Studies examining neuromuscular variables suggest
that inadequate eccentric muscle control and delayed muscle activation patterns may impair joint stability during
landing (Meki¢ et al., 2025). Specifically, reduced pre-activation or delayed activation of the quadriceps, hamstring,
and ankle stabilizer muscles may limit the ability to control joint loading, thereby increasing susceptibility to injury
(Williams et al., 2022). Despite these insights, many studies analyze biomechanical variables in isolation, focusing on
single joints or discrete parameters. This reductionist approach presents a significant limitation, as it fails to capture
the interactive nature of joint coordination during real-world landings. The lack of an integrated kinematic-kinetic-
neuromuscular model limits the ability to fully explain injury mechanisms in floor gymnastics and highlights a sig-
nificant gap in the current literature.

A key finding of this review is substantial methodological heterogeneity across studies. Variations in partici-
pant characteristics (age, gender, skill level), landing tasks (fall landings vs. skill-specific landings), and measure-
ment technologies limit comparisons between studies. Furthermore, inconsistencies in outcome variables and data
normalization methods hamper the synthesis of biomechanical evidence and the identification of robust injury risk
thresholds. Another critical gap identified is the limited number of longitudinal and intervention-based studies. Most
included studies used cross-sectional designs, which provide valuable descriptive information but limited insight into
the causal relationship between landing biomechanics and injury occurrence. Consequently, the extent to which iden-
tified biomechanical risk factors predict future injury in floor gymnastics remains unclear. These limitations hamper
the translation of biomechanical findings into evidence-based injury prevention programs.

Despite these limitations, the findings of this review have important implications for injury prevention. The
consistent association between safer landing mechanics characterized by increased joint flexion, reduced vGRF, and
controlled frontal plane movements and lower injury risk suggests that biomechanical assessment should be inte-
grated into routine training and screening practices. Technique-focused interventions aimed at improving landing me-
chanics, combined with neuromuscular and strength training, may improve athletes’ ability to safely absorb impact
forces. Importantly, the lack of a standardized biomechanical assessment framework is a barrier to implementation.
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Developing consensus on key biomechanical indicators and testing protocols will facilitate the translation of research
findings into applied settings. Such a framework can support coaches, clinicians, and sport scientists in identifying
high-risk movement patterns and monitoring the effectiveness of injury prevention interventions.

Future research should prioritize the development of standardized, multidimensional biomechanical assessment
models that integrate kinematic, kinetic, and neuromuscular data. Longitudinal studies linking

CONCLUSION

This systematic review highlights the crucial role of biomechanical analysis in understanding injury mecha-
nisms associated with landing movements in floor gymnastics. The synthesized evidence indicates that excessive
vertical ground reaction forces, limited lower limb joint flexion, increased knee valgus, and inadequate neuromuscu-
lar control are consistently associated with increased injury risk. These biomechanical characteristics underscore the
importance of coordinated multi-joint energy absorption strategies to reduce impact forces during landing. A key con-
tribution of this review lies in identifying substantial methodological and conceptual gaps in the existing literature.
Despite the increasing number of biomechanical studies in gymnastics, the existing evidence remains fragmented due
to heterogeneity in study designs, measurement protocols, and outcome variables. Furthermore, the predominance of
cross-sectional approaches and the limited integration of kinematic, kinetic, and neuromuscular data limit the transla-
tion of biomechanical findings into effective injury prevention strategies.

From an applied perspective, these findings emphasize the need for a standardized biomechanical assessment
framework that can be applied across research and training environments. Integrating biomechanical-based screen-
ing and technique-focused interventions into floor gymnastics training can improve movement quality and reduce
injury risk. Importantly, future research should prioritize longitudinal, intervention-based designs to establish causal
relationships between landing biomechanics and injury outcomes and to evaluate the effectiveness of targeted pre-
vention programs. In conclusion, advancing injury prevention in floor gymnastics requires a shift from isolated
biomechanical observations to integrated, standardized, and application-oriented research. Such an approach will not
only strengthen the scientific evidence base but also support the development of safer training practices for gymnasts
at all performance levels.
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Abstract: As a high-intensity intermittent sport, badminton requires rapid physiological recovery strategies between
intervals to prevent performance decline due to accumulated thermal stress. Practical cooling methods that can be applied
on the court are crucial to maintaining athletes’ consistency in competition. The purpose of this study was to analyze the
potential application of the neck-head cooling method as a thermoregulation strategy to optimize the recovery and per-
formance of badminton athletes. A scoping review design was used in this study with guidelines adopting PRISMA-ScR. A
search of articles from the Scopus and PubMed databases yielded a total of 663 articles, of which 11 were eligible and rele-
vant for analysis. The review focused on the impact of the intervention on the participants ’physiological parameters, physi-
cal performance, and perceptual performance. The literature synthesis showed that the application of neck-head cooling
facilitated recovery, as indicated by an increase in time to exhaustion and a faster decrease in heart rate. This effectiveness
was predominantly mediated by perceptual mechanisms, through a decrease in RPE and an increase in thermal comfort,
rather than a significant physiological decrease in core body temperature. The neck-head cooling method is recommended
as an efficient and practical psychophysiological strategy for badminton athletes to delay systemic fatigue and maintain
peak performance stability, even though it does not directly contribute to improving physical and technical performance.
Keywords: Thermoregulation, neck cooling, head cooling, cooling strategy, badminton performance

INTRODUCTION

Badminton can be categorized as a high-intensity intermittent sport that requires a combination of aerobic en-
durance, anaerobic endurance, and high reaction speed during a match (Alvarez-Dacal et al., 2025; Xia et al., 2025;
Yaprak, 2020). In high-level badminton matches, the duration of the match can last between 30 and 60 minutes (or
even longer) (bahkan lebih) (lizuka et al., 2020; Phomsoupha et al., 2019). Badminton is also often played indoors
in high humidity environments (Xie et al., 2021), especially when played in spring (62.95%), summer (64.45%), and
highest in autumn (72.33%) (Liu et al., 2024). These environmental conditions create thermoregulatory challenges,
where body heat accumulation (hyperthermia) can occur rapidly due to the explosive intensity of the movements
(Bartman et al., 2022; Bongers et al., 2021).

Increases in core body temperature during physical activity in hot environments are known to have a direct im-
pact on the declining performance of athletes (Alhadad et al., 2019; Naito et al., 2024; van Delden et al., 2019). These
physiological consequences contribute to the onset of fatigue, both peripheral fatigue in the muscles and central fa-
tigue in the central nervous system (Lloyd et al., 2015; Nybo, 2012; Périard, 2016). This thermal fatigue (heat strain)
not only reduces physical capacity, such as the ability to run fast repeatedly, but also degrades cognitive functions
such as awareness and decision-making (Maric et al., 2015; Schmit et al., 2016).

Currently, cooling strategies are the primary intervention for mitigating the negative effects of heat (Alhadad et
al., 2019; Bongers et al., 2015; Gutiérrez-Arroyo et al., 2025). However, conventional methods such as cold water
immersion (CWI) are generally performed before or after the game due to time and logistical constraints (Arampatzis
et al., 2020; Bouchiba et al., 2022; Pereira et al., 2025; Seco-Calvo et al., 2020). On the other hand, in-game cooling
strategies (per-cooling) using neck or head cooling methods offer a more practical solution (Cao et al., 2022; S. M.
Chalmers, 2017; Schranner et al., 2017). The neck and head areas have high thermal sensitivity and are close to the
thermoregulatory center in the brain, so intervention in these areas is hypothesized to provide a significant perceptual
cooling effect (Tyler & Sunderland, 2011). Additionally, this method is considered to provide a signal that delays
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central fatigue even without a drastic decrease in core body temperature, making it an effective and efficient strategy
to apply during interval breaks (Cao et al., 2022; Stevens et al., 2016).

Although this theoretical basis is strong, specific literature on the application of neck or head cooling methods
during competition in the badminton athlete population is still limited compared to other racket sports, such as tennis
(Schranner et al., 2017). Therefore, this scoping review study aims to map the literature evidence on the potential,
mechanisms, and effectiveness of neck or head cooling methods during competition as a thermoregulation strategy
to optimize the performance of badminton athletes and provide appropriate recommendations for future research.

METHODS

Study Design

This study is a scoping review, which aims to summarize the types of evidence available in a specific dimen-
sion; summarize existing evidence; analyze gaps in the manuscript; and provide recommendations for future research
(Rodger et al., 2024). This study has a general objective of systematically reviewing scoping reviews on the applica-
tion of neck and head cooling methods as an acute recovery and performance optimization strategy for athletes, with
a specific focus on the characteristics of badminton as a high-intensity intermittent sport.

Eligibility Criteria

The articles used were original articles published from 2015 to 2025 (as of August 2025). The databases used to
search for manuscripts were Scopus and PubMed. The articles to be reviewed in this literature study were determined
based on inclusion and exclusion criteria according to the PICOS (Population, Intervention, Comparison, Outcome,
Study Design) principle, with the following conditions:

Table 1. Eligibility Criteria Based on PICOS Principles and Accessibility & Language

Category Inclusion Criteria Exclusion Criteria

Population Competitive athletes or physically active healthy individuals. Populations with a history of cardiovascular disease.
Junior or adult athletes (18-40 years old). Post-injury or rehabilitation phase athletes and athletes
Athletes in intermittent and endurance sports. with disabilities.

Intervention External cooling methods, applied specifically to the head, neck, or face, or in Internal cooling method only (ice slurry) without external
combination with internal cooling. cooling.

Techniques: ice towels, cooling collars, headbands, water sprays, and similar methods.  Pharmacological intervention (supplements/medication).
Timing: administered during activity or breaks in play (mid-cooling/mid cooling/per
cooling or combined with pre/post cooling) or rest intervals.

Comparison Control group without cooling treatment (no cooling/passive rest). Descriptive study without a control group or without a
Comparison with other alternative cooling methods. comparison condition.
Outcomes Report at least one of the following parameters: Engineering articles without human testing.

1. Performance: physical, cognitive, or technical;
2. Physiological: heart rate, body temperature (skin/core);
3. Perceptual: RPE, thermal sensation, thermal comfort.

Study Design Experimental studies (RCT, crossover design, quasi-experimental). Literature studies, case reports, editorials, or expert
opinions.
Conference abstracts with incomplete data.
Accessibility and Full text articles available (open access or subscribed by institution). Paid articles (closed access/paywall).
Language English languages. Languages other than English.
Procedures

The research process began with observational studies and document reviews to formulate the topic, urgency of the
research, and research title, followed by the determination of research questions to maintain the focus of the discussion.
Literature searches were conducted on the Scopus and Pubmed databases using keyword searches with the Boolean
method. In the Scopus database, the following search strategy was used: (“ice” OR “cooling” OR “cooling strategy” OR
“neck cooling” OR “head cooling”) AND (“thermoregulation” OR “thermoregulatory” OR “recovery” OR “fatigue”)
AND (“exercise” OR “training” OR “performance” OR “match” OR “matches” OR “sport” OR “sports””) AND (“ac-
tive person” OR “actively” OR “healthy person” OR “healthy” OR “athlete”” OR “athletes”). In the PubMed database,
the following search strategy was used: (ice OR cooling OR cooling strategy OR neck cooling OR head cooling) AND
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(thermoregulation OR thermoregulatory OR recovery OR fatigue) AND (exercise OR training OR performance OR
match OR matches OR sport OR sports) AND (healthy person OR healthy OR active person OR actively OR athlete
OR athletes). This search found a total of 663 articles (495 from Scopus and 168 from PubMed). The initial screening
process reviewed the titles and abstracts of the articles, resulting in 199 articles. After checking for duplicate articles
from the two databases, 182 articles remained. Further screening was conducted by looking at the criteria eligible for
review, in accordance with the criteria in Table 1. The results of the final analysis and agreement of the author team
showed that 11 articles were deemed eligible for use. The writing of this scoping review article refers to the PRISMA-
ScR (Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Review) guidelines.
Below is a PRISMA-ScR analysis image conducted in this scoping review study:

Scopus database Pubmed database
_§ (n=495) (n=168)
£ | |
% All manuscripts from two databases (n=663)
v
First screening based on title and abstract Excluded based on title & abstract
Scopus (n=149) & Pubmed (n=50) —®  Scopus (n=346) & Pubmed (n=118)
2 Total (n=199) Total (n=464)
: '
% Record manuseripts that differ from two databases Excluded because the manuscript is a
(no duplicates) > duplicate
Total (n=182) Total (n=17)
) L J
% Articles that meet the eligibility criteria | Record excluded because it did not
= Total (n=11) > meet the eligibility criteria
= Total (n=169)
v
% Number of eligible and selected articles
) Total (n=11)
=
Figure 1. PRISMA Flowchart of article selection process
RESULTS

From 663 articles obtained from two main databases, Scopus and Pubmed, 11 articles were selected that were
feasible and relevant to the topic and objectives of this scoping review. The results of the analysis of these 11 articles
are presented in the table below.
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Table 2. Articles that fulfil the eligibility criteria and were analysed

No  Authors Method and Study Design  Participant Intervention Comparison Perfon"mancc'e LD P'hyflologlcallperceptual
(physical/skill) findings
1 (Desai & Experimental Design. Table Tennis Neck cooling applied No Cooling Improved stroke Significant improvement in
Bottoms, Conducted in match Athletes during point/set breaks.. ~ (Control) accuracy (skill) and thermal comfort.
2017) simulations. (National Level) motoric reaction..
2 (Sunderland et True Experimental Male athletes Neck Cooling applied No (Kontrol) Maintained peak Decreased RPE (perceived
al., 2015) (Laboratory). Randomized actively involved  during rest intervals power and speed inthe exertion); athletes felt the

Crossover Design in a climate
chamber (controlled heat
room).

in team sports
for at least 3-4
hours per week

between sprints.

final repetition.

exercise was easier.

3 (Yoshihara et

Experimental Crossover.

Twelve Female

Cooling Break (10 menit).

Passive Rest

Potential as a strategy

Cooling strategies during

al., 2024) Intermittent treadmill Tennis Players Cold Water Immersion (Without to reduce Exertional the 10-minute break
exercise protocol (CWI), ice towel, cooling  cooling)and ~ Heat lliness (EHI) were able to lower rectal
vest. Control that impacts physical ~ temperature and heart
performance rate.
4 (Desroches et Randomized Crossover Trial. ~ Ten endurance ~ Omius Headband Regular No significant Increased local cooling
al., 2024) Submaximal running protocol male athletes. (evaporative coolingon  headband difference inrunning  sensation on the head
+time trial. the forehead). (Sham). time, but there were  (Local Thermal Sensation).
subjective benefits.
5 (Walters et al., Experimental Crossover. Twenty two Head cooling was Placebo (no There was a difference  The main mechanism for
2017) Maximum performance test  recreationally administered cooling) in peak power output  performance improvement
(3 tests). active male intermittently for 7 consisted of between the cooling was a reduction in heat
subjects. minutes. the same cap  and placebo groups. perception.
but without
cold fluid
circulation.
6 (Jackson etal., Laboratory Experiment. Twelve Healthy  Selective Head-Neck Control Maintaining attention  Significant decrease in
2015) Randomized Crossover Volunteers Cooling (Focus on specific (vigilance) and tympanic temperature.
Design. Measuring cognitive areas). executive function. Due  Stable heart rate, blood
and autonomic responses. to stable cognitive test  pressure, and oxygen
scores. saturation within normal
ranges.
7 (Miyazawa et Constant intensity exercise  Ten active and Face Cooling using Without facial ~ Subjects receiving the  Significant reduction
al., 2021) (40 minutes of ergometric healthy men soft-gel packs applied cooling intervention felt lighter in RPE; Temperature
cycle exercise at 65% of peak intermittently to the when performing the  continued to rise
HR) in a hot environment. forehead, eyes, and same workload. (perception dissociation).
cheeks. Cooling with faster
Intervention variations: intervals (every 2 minutes)
FC2 (Cooling every 2 and colder temperatures
minutes at 02C); FC 4 (0°C) provided the greatest
(Cooling every 4 minutes reduction in RPE.
at 02C); FC2-20 (Cooling
every 2 minutes at 20°C)
8 (Ishizuka et al., Randomized Crossover Fourteen healthy Neck Cooling using a Control Not effective in Proves that the effect is

2025)

Trial (RCT). Ergometer cycle
exercise for 20 minutes at
50% HRR intensity and a
15-minute rest period in a
hot room.

adult males.

special cooler containing
1200 grams of ice worn
during the 20-minute
exercise and 15-minute
rest period.

preventing an increase
in body temperature
and feelings of fatigue
during exercise.

purely perceptual, not a
decrease in temperature.
Although there was no
significant difference in
RPE compared to the
control group.
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9 (Mazalan et Randomized Crossover Ten male Pre-cooling (head) before Control (using  No significant This indicates that timing
al., 2021) Design. Running on a endurance exercise began using a thesamecap  differences were found  (before vs. during) is highly
treadmill for 60 minutes athletes who cooling cap (temperature  but not cooled in specific cognitive influential. Forehead
(divided into two 30-minute  were not 02C) worn for 15 minutes ~ (temperature  tests. temperature decreased
sessions with a 10-minute accustomedto  immediately before 229C/room significantly immediately
break between sessions) extreme heat. starting to run. temperature). after the intervention but
in a hot climate chamber. not during exercise.

Participants performed
working memory tests before
exercise, at the midpoint (30
minutes), and after exercise
(60 minutes) to measure
cognitive function.

10  (DeNardiet  Randomized Twelve trained  Cryo-facial mask (ice Control (using ~ Significant increase Decrease in facial skin
al., 2024) Controlbalanceed Crossover  male middle- mask with a device called  the same in Time to Exhaustion  temperature (Tskin-face)
Design. High-speed Time to  distance runners  X2CRYO) worn during the  mask, but with  (TTE); the Cooling correlated with comfort.
Exhaustion test. 3-minute break between  the machine  group was abletorun  HRand RPE showed no
warm-up and core test.  turned off/no  longer than the control significant differences
cold air flow)  group. during TTE.
11 (Pariyavuthet Randomized Ten experienced  Cold water immersion Passive sitting  No significant ICE was most effective
al., 2023) counterbalanced repeated ~ male Taekwondo  (CWI) at 152C for 5 rest (CON); differences in match in rapidly lowering
measures design (each athletes. minutes; consumption of  thermoneutral performance, both core temperature at
athlete underwent 4 random ice slurry (ICE) at-12Cat  water in psychomotor and 30-45 minutes into
interventions with a 7-day adose of 7.5g/kgbody ~ immersion neuromuscular skills. — recovery. CWI could not
interval). Match simulation: 3 weight. (Twi) at significantly lower core
rounds x 2 minutes wearing a neutral temperature. HR CWI
full uniform. temperature showed consistently lower
(35eC) for 5 values than the control
minutes. group during recovery.

This indicates that if the
rest duration is too short,
the cooling effect may be
minimal.

DIScuUSSION

The purpose of this study is to review the literature on the potential effectiveness of neck and head cooling
methods as a practical thermoregulation strategy for badminton athletes. From the results of the data synthesis that
has been carried out, this discussion has four sub-topics: effects on acute recovery, optimization of performance in
competition, thermal regulation mechanisms, and potential and limitations of application in the field.

The Potential of Neck and Head Cooling Methods During Badminton Match Breaks in Accelerating Acute

Recovery

Badminton is a high-intensity intermittent sport (Phomsoupha et al., 2019), and the ability to recover physi-
ological conditions during short interval breaks (60—120 seconds) is a crucial determinant of performance sustain-
ability, both during point intervals and set changes. Based on a literature review, local cooling methods applied to the
head and neck areas show significant potential as an acute recovery modality (Sunderland et al., 2015; Yoshihara et
al., 2024). Findings indicate that short-duration cooling interventions on the face, head, or neck during match breaks
are sufficient to trigger beneficial physiological responses (De Nardi et al., 2024).

This recovery mechanism does not work through a drastic decrease in muscle temperature, but rather through
modulation of the nervous system. Cold stimulation of thermal receptors in the neck and face is known to innervate
the trigeminal nerve, which then triggers an increase in parasympathetic activity (Johnson et al., 2017; Louis et al.,
2015). This vagal response contributes to a faster reduction in recovery heart rate frequency compared to passive rest
without cooling (Abbiss et al., 2021; Coote, 2010). Other studies have also found that applying cooling methods to
the neck or face stimulates skin thermal receptors that innervate the trigeminal nerve (Cao et al., 2022; Miyazawa et
al., 2021). This stimulation triggers a parasympathetic response that helps lower heart rate and reduce the perception
of shortness of breath more quickly than passive rest (Canikli Adigiizel et al., 2023; Jungmann et al., 2018). This is
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particularly crucial in sports with short rest intervals, where methods to accelerate the reduction of body heat sensa-
tion hold significant strategic value (Bright et al., 2019).

The Effectiveness of Neck and Head Cooling Methods in Optimizing Badminton Performance

A literature review confirms that neck and head cooling has a positive impact on two main aspects of perfor-
mance, namely physical capacity and technical skills (Desai & Bottoms, 2017; Sunderland et al., 2015).

In terms of physical capacity, studies have shown that neck cooling can maintain repeated sprint performance in
hot conditions (Sunderland et al., 2015). he study found that cooling the neck area during rest intervals can maintain
peak power output and running speed in the final phase of training in a hot environment. This is in line with the find-
ings of a study conducted on endurance athletes, which found that the use of cooling devices on the head is practical
in conditions of high thermal stress because it helps maintain performance stability (Desroches et al., 2024). The
mechanism involved is closely related to a decrease in the rate of perceived exertion (RPE), where athletes feel “not
so tired” and are able to maintain high activity intensity (Miyazawa et al., 2021).

In terms of technical and cognitive skills, significant evidence was found in studies conducted on table tennis
athletes, where this sport has similar cognitive characteristics to badminton (Desai & Bottoms, 2017). The results of
the study showed that athletes who were given neck cooling interventions had an advantage in performing consistent
strokes compared to the control group (Desai & Bottoms, 2017). This indicates that cooling the neck area is effec-
tive in preventing the decline in fine motor and cognitive functions that usually occurs due to heat stress (Jackson et
al., 2015). Other literature also mentions that intermittent cooling of the head area can prolong the time to voluntary
exhaustion, allowing athletes to maintain the quality of their strokes for longer during matches (Walters et al., 2017;
Yoshihara et al., 2024).

Thermoregulation Mechanisms of Neck-Head Cooling: Physiological vs. Perceptual

Literature analysis shows that the effectiveness of neck-head cooling does not always correlate with a significant
decrease in core body temperature (Ishizuka et al., 2025). This is because the relatively small surface area of the neck
and head is considered insufficient to rapidly cool the total blood volume, so rectal temperature often does not differ
significantly from the control group (Bright et al., 2019; Yoshihara et al., 2024).

Manipulation of thermal perception and thermal comfort is one of the main working mechanisms (Desroches et
al., 2024). Cooling in the neck area sends a cool signal to the hypothalamus, which then suppresses the fatigue danger
signal from the brain (Cotter & Taylor, 2005; Zhang et al., 2025). This results in the brain allowing the body to maintain
high intensity even though the body’s physiological temperature is still high (Cao et al., 2022; Sunderland et al., 2015).

Potential and Limitations of Applying Neck and Head Cooling Methods to Badminton Players

The application of neck and head cooling in badminton athletes offers high economic viability. This method,
whether in the form of ice packs, ice bags, cooling collars, or headbands, can be practically integrated into inter-
val breaks without violating match rules (S. Chalmers et al., 2019; Desroches et al., 2024). In addition to physical
benefits, this intervention also has the potential to restore mental focus disrupted by heat and provide psychological
advantages at critical or final points.

However, there are limitations that need to be considered. Several studies report that the application of cooling
methods does not have a significant positive effect, indicating that the effectiveness of this method is highly depen-
dent on the duration or timing of the cooling intervention (Mazalan et al., 2021; Pariyavuth et al., 2023). A rest period
that is too short does not provide sufficient time for thermal receptors to trigger an optimal recovery response. In addi-
tion, the application of this method can also cause the risk of athletes pushing themselves beyond safe limits because
they feel cooler than their actual body temperature. Therefore, monitoring vital signs after high-intensity competi-
tions is necessary to prevent heat illness. Furthermore, comfort factors such as water droplets wetting clothing or the
field are also technical considerations that need to be anticipated.

CONCLUSIONS
Based on the literature review conducted, neck and head cooling strategies have been identified as promising
intervention methods in the acute recovery management of athletes in high-intensity intermittent sports, such as bad-
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minton. The efficacy of this method is primarily mediated by perceptual mechanisms, through a reduction in RPE
and an increase in thermal comfort, although it does not provide an instant increase in core body temperature reduc-
tion and neuromuscular power in a short duration. The practical implications of these findings are to advise sports
practitioners and coaches to integrate neck and head cooling protocols as an efficient psychophysiological strategy
during interval breaks, in order to maintain the consistency of badminton athletes’ performance and delay the onset
of systemic fatigue.

Considering that current literature is dominated by strictly controlled laboratory protocols, future research is
strongly encouraged to improve ecological validity through several specific approaches. Future research is needed
with standardized badminton simulation protocols that replicate specific movement patterns (such as lunges, jump-
ing, hitting, and rapid changes of direction) to verify the consistency of the cooling effect on the neuromuscular com-
plexity of this sport. Additionally, research is needed to determine the effectiveness of neck and head cooling in actual
match situations, where dynamic environmental conditions and psychological pressure can affect thermoregulatory
responses. Furthermore, future research should evaluate the impact of this method on cognitive aspects, particularly
the accuracy of tactical decision-making when athletes are fatigued at crucial points in a match.

REFERENCES

Abbiss, C. R., Miindel, T., Sinclair, W., Seeley, A. D., Giersch, G. E. W., & Charkoudian, N. (2021). Post-exercise Body Cooling: Skin
Blood Flow, Venous Pooling, and Orthostatic Intolerance. Frontiers in Sports and Active Living, 3, 658410. https://doi.org/10.3389/
FSPOR.2021.658410

Abian-Vicén, J., Sanchez, L., & Abian, P. (2018). Performance structure analysis of the men’s and women’s badminton doubles matches in the
Olympic Games from 2008 to 2016 during playoffs stage. International Journal of Performance Analysis in Sport, 18(4), 633—644.
https://doi.org/10.1080/24748668.2018.1502975

Alhadad, S. B., Tan, P. M. S., & Lee, J. K. W. (2019). Efficacy of heat mitigation strategies on core temperature and endurance exercise: A
meta-analysis. Frontiers in Physiology, 10,434912. https://doi.org/10.3389/FPHYS.2019.00071/FULL

Alvarez-Dacal, F., Rodriguez-Fernandez, A., Herrero-Molleda, A., Gil-Calvo, M., Baiget, E., Segui-Urbaneja, J., & Fernandez-Fernandez, J.
(2025). Training vs. Competition: Load and Intensity Differences Between Multi-Feeding and Simulated Match Play in High-Level
Youth Badminton Players. Applied Sciences 2025, Vol. 15, Page 7451, 15(13), 7451. https://doi.org/10.3390/APP15137451

Arampatzis, A., Prieske, O., Smilios, 1., Kositsky, A., & Avela, J. (2020). The Effects of Cold Water Immersion on the Recovery of Drop Jump
Performance and Mechanics: A Pilot Study in Under-20 Soccer Players. Frontiers in Sports and Active Living, 2, 502660. https://doi.
org/10.3389/FSPOR.2020.00017

Bartman, N. E., Larson, J. R., Looney, D. P., Johnson, B. D., Schlader, Z. J., Hostler, D., & Pryor, R. R. (2022). Do the National Institute for
Occupational Safety and Health recommendations for working in the heat prevent excessive hyperthermia and body mass loss in unac-
climatized males? Journal of Occupational and Environmental Hygiene, 19(10-11), 596—602. https://doi.org/10.1080/15459624.202
2.2123493;CTYPE:STRING:JOURNAL

Bongers, C. C. W. G., De Korte, J. Q., & Eijsvogels, T. (2021). Infographic. Keep it cool and beat the heat: cooling strategies for exercise in hot
and humid conditions. British Journal of Sports Medicine, 55(11), 643—644. https://doi.org/10.1136/BJSPORTS-2020-102294

Bongers, C. C. W. G, Thijssen, D. H. J., Veltmeijer, M. T. W., Hopman, M. T. E., & Eijsvogels, T. M. H. (2015). Precooling and percooling
(cooling during exercise) both improve performance in the heat: a meta-analytical review. British Journal of Sports Medicine, 49(6),
377-384. https://doi.org/10.1136/BJSPORTS-2013-092928

Bouchiba, M., Bragazzi, N. L., Zarzissi, S., Turki, M., Zghal, F., Grati, M. A., Daab, W., Ayadi, F., Rebai, H., Ibn Hadj Amor, H., Hureau, T. J.,
& Bouzid, M. A. (2022). Cold Water Immersion Improves the Recovery of Both Central and Peripheral Fatigue Following Simulated
Soccer Match-Play. Frontiers in Physiology, 13, 860709—860709. https://doi.org/10.3389/FPHYS.2022.860709

Bright, F. M., Chaseling, G. K., Jay, O., & Morris, N. B. (2019). Self-paced exercise performance in the heat with neck cooling, menthol applica-
tion, and abdominal cooling. Journal of Science and Medicine in Sport, 22(3), 371-377. https://doi.org/10.1016/J.JSAMS.2018.09.225

Canikli Adigiizel, S., Akyurt, D., Ultan Ozgen, G., Bahadir Altun, H., Cakir, A., Siiren, M., & Okan, 1. (2023). The Effect of Cold Application
to the Lateral Neck Area on Peripheral Vascular Access Pain: A Randomised Controlled Study. Journal of Clinical Medicine, 12(19),
6273. https://doi.org/10.3390/JCM 12196273

Cao, Y., Lei, T. H., Wang, F., Yang, B., & Miindel, T. (2022). Head, Face and Neck Cooling as Per-cooling (Cooling During Exercise) Modali-
ties to Improve Exercise Performance in the Heat: A Narrative Review and Practical Applications. Sports Medicine - Open 2022 8:1,
8(1), 16-. https://doi.org/10.1186/S40798-022-00411-4

Chalmers, S. M. (2017). In-play cooling strategies for sport in hot and humid conditions*. Temperature, 4(4), 353-355. https://doi.org/10.108
0/23328940.2017.1361502; WGROUP:STRING:PUBLICATION

Chalmers, S., Siegler, J., Lovell, R., Lynch, G., Gregson, W., Marshall, P., & Jay, O. (2019). Brief in-play cooling breaks reduce ther-
mal strain during football in hot conditions. Journal of Science and Medicine in Sport, 22(8), 912-917. https://doi.org/10.1016/J.
JSAMS.2019.04.009

Coote, J. H. (2010). Recovery of heart rate following intense dynamic exercise. Experimental Physiology, 95(3), 431-440. https://doi.
org/10.1113/EXPPHYSIOL.2009.047548

Cotter, J. D., & Taylor, N. A. S. (2005). The distribution of cutaneous sudomotor and alliesthesial thermosensitivity in mildly heat-stressed
humans: An open-loop approach. Journal of Physiology, 565(1), 335-345. https://doi.org/10.1113/JPHYSIOL.2004.081562;PAGE:S
TRING:ARTICLE/CHAPTER

342 www.siz-au.com



MUHAMMAD LABIB SIENA AR RASYID, ET AL.
THE POTENTIAL APPLICATION OF NECK-HEAD COOLING DURING MATCHES AS A THERMOREGULATORY STRATEGY TO OPTIMIZE BADMINTON ATHLETES' PERFORMANCE: A SCOPING REVIEW SPORTS SCIENCE AND HEALTH 16(2):336-344

De Nardi, M., Filipas, L., Di Gennaro, S., Allemano, S., Gallo, G., Meloni, A., Della Guardia, L., Luzi, L., La Torre, A., & Codella, R.
(2024). Effects of cryo-facial mask on running performance in amateur middle-distance runners. Cryobiology, 117, 105158. https://doi.
org/10.1016/J.CRYOBIOL.2024.105158

Desai, T., & Bottoms, L. (2017). Neck Cooling Improves Table Tennis Performance amongst Young National Level Players. Sports, 5(1), 19.
https://doi.org/10.3390/SPORTS5010019

Desroches, A. J., Aloui, F., Deshayes, T. A., & Goulet, E. D. B. (2024). Assessment of the Omius™ cooling headband effectiveness during a
70-min submaximal running effort followed by a 5-km time-trial in hot/humid conditions. Journal of Thermal Biology, 124, 103964.
https://doi.org/10.1016/J.JTHERBIO.2024.103964

Feng, L., Chen, T., Feng, L., & Chen, T. (2023). Comparative Analysis of the Techniques and Tactics of World Excellent Badminton Men’s and
Women’s Doubles. Advances in Physical Education, 13(4), 224-233. https://doi.org/10.4236/APE.2023.134019

Gawin, W., Beyer, C., & Seidler, M. (2015). A competition analysis of the single and double disciplines in world-class badminton. International
Journal of Performance Analysis in Sport, 15(3), 997-1006. https://doi.org/10.1080/24748668.2015.11868846

Gutiérrez-Arroyo, J., Rodriguez-Marroyo, J. A., Garcia-Heras, F., Rodriguez-Medina, J., Villa-Vicente, G., & Carballo-Leyenda, B. (2025). Ef-
fectiveness of cooling strategies for emergency personnel: a systematic review and meta-analysis. Scientific Reports 2025 15:1, 15(1),
29492-. https://doi.org/10.1038/541598-025-15636-y

Hoffmann, D., Brinkschulte, M., & Vogt, T. (2024). Match characteristics of women’s and men’s singles and doubles events in elite badminton.
International Journal of Performance Analysis in Sport, 1-18. https://doi.org/10.1080/24748668.2024.2386830

lizuka, T., Hirano, K., Atomi, T., Shimizu, M., & Atomi, Y. (2020). Changes in Duration and Intensity of the World’s Top-Level Badminton
Matches: A Consideration of the Increased Acute Injuries among Elite Women’s Singles Players. Sports 2020, Vol. 8, Page 19, 8(2), 19.
https://doi.org/10.3390/SPORTS8020019

Ishizuka, K., Nagano, C., Togawa, M., Kado, K., Tajima, K., Mori, K., & Horie, S. (2025). Inefficacy of neck cooling in suppressing core
body temperature elevation during exercise in a hot environment: a randomized cross-over trial. Environmental Health and Preventive
Medicine, 30, 60—60. https://doi.org/10.1265/EHPM.25-00041

Jackson, K., Rubin, R., Van Hoeck, N., Hauert, T., Lana, V., & Wang, H. (2015). The effect of selective head-neck cooling on physiological and
cognitive functions in healthy volunteers. Translational Neuroscience, 6(1), 131. https://doi.org/10.1515/TNSCI-2015-0012

Johnson, B. D., Sackett, J. R., Sarker, S., & Schlader, Z. J. (2017). Face cooling increases blood pressure during central hypovolemia. Ameri-
can Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 313(5), R594-R600. https://doi.org/10.1152/AJP-
REGU.00253.2017

Jungmann, M., Vencatachellum, S., Van Ryckeghem, D., & Vogele, C. (2018). Effects of Cold Stimulation on Cardiac-Vagal Activation in
Healthy Participants: Randomized Controlled Trial. JMIR Formative Research, 2(2). https://doi.org/10.2196/10257

Liu, L., Ma, Y., Huang, R., Jia, M., Liu, G., & Zheng, W. (2024). Field measurement study of indoor thermal environment of badminton halls in
a hot summer and cold winter region in different seasons in China. Heliyon, 10(15), e34883. https://doi.org/10.1016/J.HELTYON.2024.
E34883

Lloyd, A., Hodder, S., & Havenith, G. (2015). The interaction between peripheral and central fatigue at different muscle temperatures dur-
ing sustained isometric contractions. American Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 309(4),
R410-R420. https://doi.org/10.1152/AJPREGU.00061.2015

Louis, J., Schaal, K., Bieuzen, F., Le Meur, Y., Filliard, J. R., Volondat, M., Brisswalter, J., & Hausswirth, C. (2015). Head Exposure to
Cold during Whole-Body Cryostimulation: Influence on Thermal Response and Autonomic Modulation. PLoS ONE, 10(4), e0124776.
https://doi.org/10.1371/JOURNAL.PONE.0124776

Maric, J., Marjanovic, M., Jovanovic, D., Stojanovic, F., Vukmirovic, D., Jakovljevic, V., Mari¢, J., Marjanovi¢, M., Jovanovi¢, D., Stojanovi¢,
F., Vukmirovi¢, ., & Jakovljevi¢, V. (2015). Simple And Complex Cognitive Functions Under Exertional Heat Stress. EABR. Experi-
mental and Applied Biomedical Research, 16(1), 21-25. https://doi.org/10.1515/SJECR-2015-0003

Mazalan, N. S., Landers, G. J., Wallman, K. E., & Ecker, U. (2021). Head Cooling Prior to Exercise in the Heat Does Not Improve Cognitive
Performance. Journal of Sports Science & Medicine, 20(1), 69. https://doi.org/10.52082/JSSM.2021.69

Miyazawa, T., Mizutani, M., Sheahan, J. P., & Ichikawa, D. (2021). Intermittent face cooling reduces perceived exertion during exercise in a
hot environment. Journal of Physiological Anthropology 2021 40:1, 40(1), 12-. https://doi.org/10.1186/S40101-021-00262-0

Naito, T., Saito, T., Morinaga, H., Eda, N., & Takai, Y. (2024). Elevated core temperature in addition to mental fatigue impairs aerobic exercise
capacity in highly trained athletes in the heat. Journal of Physiological Anthropology 2024 43:1, 43(1), 30-. https://doi.org/10.1186/
S40101-024-00377-0

Nybo, L. (2012). Brain temperature and exercise performance. Experimental Physiology, 97(3), 333-339. https://doi.org/10.1113/EXPPHYSI-
OL.2011.062273

Pardiwala, D. N., Subbiah, K., Rao, N., & Modi, R. (2020). Badminton Injuries in Elite Athletes: A Review of Epidemiology and Biomechan-
ics. Indian Journal of Orthopaedics, 54(3), 237-245. https://doi.org/10.1007/S43465-020-00054-1/TABLES/3

Pariyavuth, P., Lee, J. K. W., Tan, P. M. S., Vichaiwong, K., Mawhinney, C., & Pinthong, M. (2023). Practical internal and external cool-
ing methods do not influence rapid recovery from simulated tackwondo performance. Journal of Exercise Science & Fitness, 21(3),
286-294. https://doi.org/10.1016/J.JESF.2023.05.003

Pereira, G. S., Paulino, G. E., De Almeida, T. H. M. F., Siqueira, C. M. R., Torres Da Silva, J. R, Da Silva, M. L., & Ferrera, L. M. A. (2025).
Effectiveness of cold-water immersion vs. massage in reducing delayed-onset muscle soreness and enhancing recovery following
CrossFit® Murph Workout: Randomized rial. PLOS ONE, 20(8), €0329892. https://doi.org/10.1371/JOURNAL.PONE.0329892

Périard, J. D. (2016). Hyperthermia and supraspinal fatigue. Experimental Physiology, 101(11), 1323—1324. https://doi.org/10.1113/EP085883

Phomsoupha, M., Ibrahime, S., Heugas, A.-M., & Laffaye, G. (2019). Physiological, neuromuscular and perceived exertion responses in bad-
minton games. International Journal of Racket Sports Science, 1(1), 16-25. https://doi.org/10.30827/DIGIBUG.57323

Rodger, D., Admani, A., & Thomas, M. (2024). What is a scoping review? Evidence-Based Nursing, 27(3), 84-85. https://doi.org/10.1136/
EBNURS-2024-103969

Septembar/September, 2026 343



MUHAMMAD LABIB SIENA AR RASYID, ET AL.
DIGITAL MARKETING STRATEGIES OF SPORTS ORGANIZATIONS IN THE FUNCTION OF INCREASING CITIZEN PARTICIPATION IN SPORTS AND RECREATION SPORTS SCIENCE AND HEALTH 16(2):336-344

Schmit, C., Hausswirth, C., Le Meur, Y., & Duffield, R. (2016). Cognitive Functioning and Heat Strain: Performance Responses and Protective
Strategies. Sports Medicine 2016 47:7, 47(7), 1289—1302. https://doi.org/10.1007/S40279-016-0657-Z

Schranner, D., Scherer, L., Lynch, G. P., Korder, S., Brotherhood, J. R., Pluim, B. M., Périard, J. D., & Jay, O. (2017). In-Play Cooling Inter-
ventions for Simulated Match-Play Tennis in Hot/Humid Conditions. Medicine and Science in Sports and Exercise, 49(5), 991-998.
https://doi.org/10.1249/MSS.0000000000001183

Seco-Calvo, J., Mielgo-Ayuso, J., Calvo-Lobo, C., & Cérdova, A. (2020). Cold Water Immersion as a Strategy for Muscle Recovery in Profes-
sional Basketball Players During the Competitive Season. Journal of Sport Rehabilitation, 29(3), 301-309. https://doi.org/10.1123/
JSR.2018-0301

Stevens, C. J., Taylor, L., & Dascombe, B. J. (2016). Cooling During Exercise: An Overlooked Strategy for Enhancing Endurance Performance
in the Heat. Sports Medicine 2016 47:5, 47(5), 829-841. https://doi.org/10.1007/S40279-016-0625-7

Sunderland, C., Stevens, R., Everson, B., & Tyler, C. J. (2015). Neck-cooling improves repeated sprint performance in the heat. Frontiers in
Physiology, 6(NOV), 166433. https://doi.org/10.3389/FPHYS.2015.00314/BIBTEX

Tyler, C. J., & Sunderland, C. (2011). Cooling the Neck Region During Exercise in the Heat. Journal of Athletic Training, 46(1), 61-68. https://
doi.org/10.4085/1062-6050-46.1.61

van Delden, M., Bongers, C. C. W. G., Broekens, D., Daanen, H. A. M., & Eijsvogels, T. M. H. (2019). Thermoregulatory burden of elite sailing
athletes during exercise in the heat: A pilot study. Temperature, 6(1), 66-76. https://doi.org/10.1080/23328940.2018.1540964;REQUE
STEDJOURNAL:JOURNAL:KTMP20;JOURNAL:JOURNAL:KTMP20;PAGE:STRING:ARTICLE/CHAPTER

Walters, P., Thom, N., Libby, K., Edgren, S., Azadian, A., Tannous, D., Sorenson, E., & Hunt, B. (2017). The Effect of Intermittent Head
Cooling on Aerobic Performance in the Heat. Journal of Sports Science & Medicine, 16(1), 77. https://pmc.ncbi.nlm.nih.gov/articles/
PMC5358035/

Xia, Y., Zheng, X., Zhou, K., Jiang, L., Song, B., Xu, S., Shang, Z., & Dai, J. (2025). Effect of six weeks of blood flow restriction combined
with Tabata training on anaerobic capacity in male badminton players. Frontiers in Physiology, 16, 1656050. https://doi.org/10.3389/
FPHYS.2025.1656050/BIBTEX

Xie, R., Xu, Y., Yang, J., & Zhang, S. (2021). Indoor air quality investigation of a badminton hall in humid season through objective and subjec-
tive approaches. Science of The Total Environment, 771, 145390. https://doi.org/10.1016/J.SCITOTENV.2021.145390

Yaprak, Y. (2020). A COMPARISON OF ANAEROBIC PERFORMANCE OF SUB-ELITE TENNIS AND BADMINTON PLAYERS. Euro-
pean Journal of Physical Education and Sport Science, 0(0). https://doi.org/10.46827/EJPE.V010.3043

Yoshihara, A., O’Neil, J. R., Defino, A. M., Celedon, F. A., Fox, E. B., Huggins, R. A., Glaviano, N. R., Adams, W. M., Casa, D. J., & Stearns,
R. L. (2024). Impact of Various 10-min Cooling Breaks on Internal Body Temperature Responses During Subsequent Intermittent
Exercise in the Heat: Application to Tennis. Journal of Science in Sport and Exercise 2024 6:3, 6(3), 244-252. https://doi.org/10.1007/
S42978-024-00281-0

Zhang, G., Xin, G., Li, H., Ma, P., & Wang, H. (2025). Neck cooling provides ergogenic benefits after heat acclimation during exercise in the
heat. Frontiers in Physiology, 16, 1646930. https://doi.org/10.3389/FPHY S.2025.1646930/BIBTEX

Primljen: 20. februar 2026. / Received: February 20, 2026
Prihvacen: 23. jul 2026. / Accepted: July 23, 2026

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

344 www.siz-au.com



GORDANA GLiSovi¢
THE EFFECT OF THE BASKETBALL PROGRAM ON THE TRANSFORMATION OF MOTOR SKILLS OF TEN-YEARS OLD SCHOOL CHILDREN SPORTS SCIENCE AND HEALTH 16(2):345-354

https://doi.org/10.7251/SSH2602345G UDC: 796.323:796.015.1-057.874
Short notice Kratko saopstenje

THE EFFECT OF THE BASKETBALL PROGRAM ON THE
TRANSFORMATION OF MOTOR SKILLS OF TEN-YEARS OLD SCHOOL
CHILDREN

GORDANA GLISOVIC
Elementary school “Dimitrije Tucovi¢” Kraljevo, Serbia

Correspondence:
Gordana Glisovi¢
Elementary school “Dimitrije Tucovi¢” Kraljevo, Serbia, gocaglisovic@hotmail.com

Abstract: The goal of the research is to determine the effects of the basketball program on the transformation of the motor
skills of children in the younger grades of elementary school. The research was conducted in the period from the beginning
of September to the end of December 2022 in Kraljevo (Republic of Serbia). The research sample included 40 participants.
A battery of seven tests was used to assess motor skills: obstacle course backward, standing long jump, 20-meter running
with a flying start, hand plate tapping, wide-angled seated forward bend, lifting the trunk for 60 s and bent-arm hang.
At the beginning of the research, an primarily measurement was performed (“initial” measurements). After a period of
16 weeks, the children’s motor abilities were re-measured (“‘final” measurements). Statistical data processing included
the calculation of descriptive statistics of variables, the Kolmogorov-Smirnov normality test and the t-test of dependent
samples. The programmed transformation training plan included basketball training. Based on the obtained results, it is
possible to conclude that the four-month basketball program, which consisted of two sessions per week lasting 45 minutes,
along with regular physical education classes of three hours per week, influenced the improvement of results in tests used
to assess motor skills.

Keywords: anthropological status; boys; kinesiological activities, girls; programmed transformation exercise

INTRODUCTION

Systematic monitoring of anthropological characteristics of primary and secondary school students should be
carried out at least twice a year, in the form of initial and final checks. (Martincevi¢ et al., 2022). Motor skills repre-
sent one of the factors of anthropological status. “Motor skills are conditionally defined as latent motor structures that
are responsible for an infinite number of manifest motor reactions and can be measured and described” (Findak, 1995,
14). Motor skills play a very important role when it comes to optimal growth and development of children. Difficulty
in learning motor problems stands out as one of the most common developmental problems, affecting about 6% of
children (Budiman et al., 2025). Therefore, motor skills have an impact on children’s health. The development of
motor skills starts from the birth of children, and over the years the development experiences certain changes. What
is also important to emphasize is the fact that the development of motor skills is not always the same in both sexes
(Mudric¢ et al., 2019). In addition, Neljak (2013) points out that boys and girls of younger school age have a relatively
easy acquisition and improvement of more complex motor skills, in accordance with the fact that children of that age
have more favorable relationships between morphological dimensions and coordination.

In general, the process of physical education is not considered to be anything other than a specific transfor-
mational process in which specific means are applied in order to achieve effects. Programmed transformational
processes are considered a prerequisite for effective influence on children’s development (Mitrovi¢ & Stevi¢, 2018).
At a time when children are less and less active, the importance of research on the positive impact of programmed
kinesiology activities on children’s development is great. A large number of researches have been conducted on the
topic of the impact of programmed kinesiology activities on the motor skills of students in the younger grades of
elementary school (Babin et al., 1999; Babin et al., 2001; Malacko, 2002; Baquet et al., 2004; Jurak et al., 2006; Er-
ceg et al., 2008; Aleksi¢ & Meki¢ 2010; Babin et al., 2010; Badri¢ & Prskalo, 2010; Zrnzevi¢, 2010; Bakhtiari et al.,
2011; Zrnzevi¢ & Zrnzevié, 2011; Aleksi¢ et al., 2013; Pelemis et al., 2014; Mehrtash et al., 2015; Pavlovi¢, 2015;
Pelemis et al., 2017; Anjos & Ferraro, 2018; Mesaro$-Zivkov, 2018; Glidovié, 2022a; Glisovié, 2022b; Niksi¢, 2024;
Niksi¢ et al., 2024; Wenming et al., 2024). The authors of these studies agree that there is a possibility that, in the
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younger school age, programmed physical exercise and other forms of treatment can affect all areas of anthropologi-
cal status, primarily motor skills.

The fact that motor skills are a component that can be influenced by different physical exercise programs, i.e.
different trainings, is also significant (Mudri¢ et al., 2019). A potential impact on the development of motor skills in
children can be achieved by engaging in physical activity (D’Anna et al., 2024). Basketball is a collective game and
belongs to the group of polystructural complex sports in the field of sports kinesiology. Basketball requires players
to submit their own abilities to the team, while at the same time it also requires an individual contribution to each
action during each stage of the game. The basic and main activity of the team during the competition is considered
to score the basket and defend its own basket. The game of basketball is characterized by specific movements of the
lower and upper extremities, which are used to regulate the movement of the ball (in the sense of receiving, passing,
guiding and subtracting) and the movement of the body and shooting the ball at the opponent’s basket (Kuki¢ et al.,
2010). At the same time, motor skills are one of the most important factors that determine the success of a basketball
player. Every situation that appears during the game must first of all be adequately motorized, and the realization of
this through the locomotor system allows the player strength, precision, speed, coordination, balance and agility. Suc-
cessful basketball players are characterized by precision, speed, explosive start, frequency of movements, coordina-
tion, balance, agility and endurance (Matkovi¢ et al., 2005). The results of the study conducted by GliSovi¢ (2022a),
in which the impact of basketball training on the morphological characteristics and motor skills of junior elementary
school students is analyzed, indicate that there are significant differences between students who train basketball and
students who do not train basketball in speed, agility, endurance, coordination and explosiveness. These statements
point to the conclusion that basketball training has a positive impact on the growth and development of children of
younger school age, as a result of which there is a need to motivate students to participate in these activities by in-
troducing elements of basketball on a larger scale into physical education in the younger grades of primary school
(Glisovi¢, 2022a).

These statements support the assumption from which this research is based, that there is a positive correlation
between basketball training and the development of children’s motor skills. The aim of the research is to determine
the effects of the basketball program on the transformation of the motor skills of children in the younger grades of
elementary school.

METHODS

Sample

The research sample included 20 boys and 20 girls aged 10 years (+6 months) in the fourth grade of primary
schooll. Data were collected during the first semester of the 2022/2023 school year, during participation in extracur-
ricular activities in the school’s basketball section. The experimental treatment was carried out in the period from
beginning of September to the end of December 2022 in Kraljevo (Republic of Serbia).

Sample of Variables
When assessing the motor skills of younger school-aged students, standard motor tests were applied in accor-
dance with the model presented by Bala et al. (2007), and on that occasion a battery was used that includes seven
motor tests:
 for evaluation the factor of movement structures: 1) obstacle course backward (s) (in order to assess body
coordination and reorganization of movement stereotypes), 2) standing long jump (cm) (in order to assess the
explosive power of the lower extremities), 3) 20-meter running with a flying start (in order to assess explosive
power and speed of movement);
« for the evaluation of factors of functional synergy and tone regulation: 4) hand plate tapping (s) (in order to
estimate the speed of the frequency); 5) wide-angled seated forward bend (cm) (in order to assess flexibility);
 for evaluation of motor unit excitation duration factor : 6) lifting the trunk for 60 s (in order to evaluate the
repetitive strength of the trunk), 7) bent-arm hang (s) (in order to assess static endurance in strength).

The Programme of the Experimental Procedure
The total volume of exercises lasted 16 weeks, while the weekly load during the basketball training cycle was twice
a week for 45 minutes. During the duration of the program, 32 training sessions were held. The training program covers
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the basic elements of basketball techniques and individual and team defense and attack tactics. Basic elements of basket-
ball techniques include: basic basketball stance, movement techniques without the ball, movement techniques with the
ball, jumps, turns, passing and catching the ball, attempts to hit the basket while moving and attempts to hit the basket
while at rest. The transformative exercise program included the development of motor skills. The training is designed to
primarily affect the development of speed, coordination, flexibility, strength and endurance.

Data processing methods

At the beginning of the research, an initial measurement was performed (“initial” measurements). After a pe-
riod of 16 weeks, the children’s motor abilities were re-measured (“final” measurements). After data collection, their
statistical processing and calculation of basic statistical parameters was performed. Statistical data processing in-
cluded the calculation of descriptive statistics of variables: arithmetic mean (AS), standard deviation (Sd), minimum
(Min), maximum (Max) values of measurement results, skewness (SKEW) and kurtosis (KURT). The Kolmogorov-
Smirnov normality test was used to examine the normality of the results at the initial and final measurements. De-
pendent samples t-test (p < 0.05) was used to test the differences between the two groups (“initial” and “final”’) in the
investigated variables. All data processing was performed in SPSS 23 software (SPSS, Inc., Chicago, IL).

REsuLTS

Based on the results of descriptive statistics for the motor variables of the girls at the initial measurement (table
1), it can be concluded that the greatest heterogeneity of the results (differences between AS) is for the variables
obstacle course backward, standing long jump, wide-angled seated forward bend and bent-arm hang. On the other
hand, the smallest heterogeneity between the examined groups was obtained for the variables 20-meter running with
a flying start and lifting the trunk for 60 s. Analyzing the normality of the distribution of results (table 1), where the
curvature of the curve was tested by skewness and kurtosis, it can be concluded that the variables obstacle course
backward, hand plate tapping, bent-arm hang and lifting the trunk for 60 s are within the limits of the normal distribu-
tion, while variables wide-angled seated forward bend, standing long jump and 20-meter running with a flying start
are not within the limits of the normal distribution (value greater than 1). The second parameter of the normality of
the kurtosis distribution explains the analysis of the degree of curvature of the peak of the curve (distribution). For
variables whose kurtosis values are less than zero (obstacle course backward, bent-arm hang), it can be concluded
that the distribution is platykurtic. For other variables (hand plate tapping, wide-angled seated forward bend, standing
long jump, 20-meter running with a flying start, lifting the trunk for 60 s), where the kurtosis values are greater than
0, it can be concluded that the distribution is leptikurtic.

Table 1. Descriptive statistics for girls at the initial measurement

Variable AS Sd Min Max Skew Kurt
obstacle course backward (s) 36.72 12.39905 13 57 -.631 -415
hand plate tapping (s) 41.05 8.37587 20 56 -.666 1.747
wide-angled seated forward bend (cm) 3335 9.52711 20 59 1.1008 1.242
standing long jump (cm) 119.50 13.16894 104 156 1.173 1.756
20-meter running with a flying start (s) 478 1.11431 3 8 1.218 2.459
bent-arm hang (s) 19.35 9.69685 4 4 182 -.449
lifting the trunk for 60 s 18.00 6.53412 10 10 .994 1.465

Legend: AS — arithmetic mean, Sd — standard deviation, Min — minimum values of measurement results, Max maximum
values of measurement results, Skew - skewness (measure of distribution asymmetry), Kurt - kurtosis (measure of distribution
homogeneity)

Based on the results of descriptive statistics for the boys’ motor variables at the initial measurement (table 2), it
can be concluded that the greatest heterogeneity of the results (difference between AS) is for the variables obstacle
course backward, standing long jump, lifting the trunk for 60 s. On the other hand, the smallest heterogeneity between
the examined groups was obtained for the variable 20-meter running with a flying start. Analyzing the normality of
the distribution of results (table 2), where the curvature of the curve was tested by skewness and kurtosis, it can be
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concluded that the variables obstacle course backward, wide-angled seated forward bend, standing long jump, lift-
ing the trunk for 60 s are within the limits of the normal distribution, while variables hand plate tapping (value less
thanl), 20-meter running with a flying start, bent-arm hang (value greater than 1) are not within the limits of the
normal distribution. For variables whose kurtosis values are less than zero (obstacle course backward, wide-angled
seated forward bend, standing long jump and lifting the trunk for 60 s), it can be concluded that the distribution is
platykurtic. In the case of other variables (hand plate tapping, 20-meter running with a flying start, bent-arm hang),
where the kurtosis is greater than 0, it can be concluded that the distribution is leptikurtic.

Table 2. Descriptive statistics for boys at the initial measurement

Variable AS Sd Min Max Skew Kurt
obstacle course backward (s) 30.76 12.34992 14 57 .581 -.038
hand plate tapping (s) 44.90 8.65661 20 56 -1.143 2.270
wide-angled seated forward bend (cm) 3135 8.53029 18 49 120 -.667
standing long jump (cm) 127.20 25.39706 85 168 .062 -.905
20-meter running with a flying start (s) 4,63 1.01843 3.15 8 1.950 5.747
bent-arm hang (s) 20.20 8.91834 8 41 1.196 1.034
lifting the trunk for 60 s 23.05 9.46726 8 42 432 -428

Legend: AS — arithmetic mean, Sd — standard deviation, Min — minimum values of measurement results, Max maximum
values of measurement results; Skew - skewness (measure of distribution asymmetry), Kurt - kurtosis (measure of distribution
homogeneity)

Since it is not possible to draw a conclusion about the normality of the distribution based only on the values
of the mentioned parameters, the value of the Kolmogorov-Smirnov test was also calculated to check the normal-
ity of the initial measurements. The results of this test showed that in girls the variables obstacle course backward,
wide-angled seated forward bend, standing long jump, 20-meter running with a flying start, bent-arm hang and lifting
the trunk for 60 s do not deviate from the normal distribution (p>0.05). On the other hand, with girls, the variables
hand plate tapping deviate significantly from the normal distribution (p<0.05). In boys, the variables obstacle course
backward, hand plate tapping, wide-angled seated forward bend and lifting the trunk for 60 s do not deviate from the
normal distribution (p>0.05). On the other hand, in boys, the other variables (20-meter running with a flying start and
bent-arm hang) deviate significantly from the normal distribution (p<0.05) (table 3).

Table 3. Normality of the distribution of motor variables at the initial measurement for girls and boys

Variable mesaurement KS-p
girls .158
obstacle course backward (s)
boys .200
girls .023
hand plate tapping (s
P ping (5 boys .200
girls .196
wide-angled seated forward bend (cm)
boys 181
dine| girls .072
standing long jump (cm
g long jump (cm) boys .200
bat girls 111
20-meter running with a flying start (s
8 ying ) boys .001
girls .200
bent-arm hang (s)
boys .017
girls .008
lifting the trunk for 60 s
boys .200

Legend: t — value of t-test; p — statistical significance of the difference
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Based on the results of descriptive statistics for the motor variables of the girls at the final measurement (table
4), it can be concluded that the greatest heterogeneity of the results (differences between AS) is for the variables
obstacle course backward, wide-angled seated forward bend, standing long jump and bent-arm hang. On the other
hand, the smallest heterogeneity between the examined groups was obtained for the variable 20-meter running with
a flying start. Analyzing the normality of the distribution of results (table 3), where the curvature of the curve was
tested by skewness and kurtosis, it can be concluded that the variables obstacle course backward, hand plate tapping,
wide-angled seated forward bend, 20-meter running with a flying start, bent-arm hang, lifting the trunk for 60 s are
within the limits of the normal distribution, while the variable standing long jump are not within the limits of the
normal (value greater than 1). For variables whose kurtosis values are less than zero (obstacle course backward, bent-
arm hang), it can be concluded that the distribution is platykurtic. In the case of other variables (hand plate tapping,
wide-angled seated forward bend, standing long jump, 20-meter running with a flying start, lifting the trunk for 60 s),
where the kurtosis is greater than 0, it can be concluded that the distribution is leptikurtic.

Table 4. Descriptive statistics for girls at the final measurement

Variable AS Sd Min Max Skew Kurt
obstacle course backward (s) 33.85 11.45368 12 53 -.606 -.489
hand plate tapping (s) 43.55 8.19804 23 60 -464 1.838
wide-angled seated forward bend (cm) 36.35 9.60962 22 61 753 753
standing long jump (cm) 123.20 13.43052 107 160 1.084 1.533
20-meter running with a flying start (s) 437 .98295 2.8 7 927 1.275
bent-arm hang (s) 20.30 9.50402 6 42 363 -.190
lifting the trunk for 60 s 21.15 6.33516 12 37 17 783

Legend: AS — arithmetic mean, Sd — standard deviation, Min — minimum values of measurement results, Max maximum
values of measurement results; Skew - skewness (measure of distribution asymmetry), Kurt - kurtosis (measure of distribution
homogeneity)

Based on the results of descriptive statistics for the boys’ motor variables at the final measurement (table 5), it
can be concluded that the greatest heterogeneity of the results (differences between AS) is for the variables obstacle
course backward, standing long jump, lifting the trunk for 60 s. On the other hand, the smallest heterogeneity between
the examined groups was obtained for the variable 20-meter running with a flying start. Analyzing the normality of
the distribution of results (table 4), where the curvature of the curve was tested by skewness and kurtosis, it can be
concluded that the variables obstacle course backward, wide-angled seated forward bend, standing long jump and
lifting the trunk for 60 s are within the limits of the normal distribution, while the variables 20-meter running with a
flying start, bent-arm hang are not within the limits of the normal (value greater than 1). In the case of other variables
(obstacle course backward, hand plate tapping, 20-meter running with a flying start, bent-arm hang, where the kurto-
sis is greater than 0, it can be concluded that the distribution is leptikurtic.

Table 5. Descriptive statistics for boys at the final measurement

Variable AS Sd Min Max Skew Kurt
obstacle course backward (s) 28.15 11.80221 12 54 .686 197
hand plate tapping (s) 47.00 8.60233 23 60 -918 1.833
wide-angled seated forward bend (cm) 33.70 8.37352 20 52 222 -320
standing long jump (cm) 128.90 2496714 86 168 -.023 -.888
20-meter running with a flying start (s) 4.10 91334 3 7 1.697 4.562
bent-arm hang (s) 20.80 8.63042 9 41 1.266 1.377
lifting the trunk for 60 s 24.35 9.47170 9 44 478 -252

Legend: AS — arithmetic mean, Sd — standard deviation, Min — minimum values of measurement results, Max maximum
values of measurement results; Skew - skewness (measure of distribution asymmetry), Kurt - kurtosis (measure of distribution
homogeneity)
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Since it is not possible to draw a conclusion about the normality of the distribution based only on the values of
the mentioned parameters, the value of the Kolmogorov-Smirnov test was also calculated to check the normality of
the final measurements. The results of this test showed that in girls and boys all observed variables do not deviate
from the normal distribution (p>0.05) (table 6).

Table 6. Normality of the distribution of motor variables at the final measurement for girls and boys

Variable mesaurement KS-p
girls .200
obstacle course backward (s)
boys .200
band ol girls .080
and plate tapping (s
p pping () boys 200
girls .200
wide-angled seated forward bend (cm)
boys .200
girls 144
standing long jump (cm
ing long jump (cm) boys 200
girls 129
20-meter running with a flying start (s
unning with a lying start (5 boys 079
girls .200
bent-arm hang (s)
boys 45
girls 071
lifting the trunk for 60 s
boys .200

Legend: t — value of t-test; p — statistical significance of the difference

Based on the results of the t-test of dependent samples for motor variables, it can be concluded that in girls there
is a statistically significant difference in the “initial” and “final” values for all investigated variables (p<0.05) (table 7).

Table 7. Paired samples t-test for girls

Variable mesaurement t p
initial
obstacle course backward (s) 8.933 .000
final
initial
hand plate tapping (s) - -12.523 .000
final
initial
wide-angled seated forward bend (cm) el -5.430 .000
na
initial
standing long jump (cm) : -15.308 .000
final
initial
20-meter running with a flying start (s) il 8.018 .000
na
initial
bent-arm hang (s) -4.498 .000
final
initial
lifting the trunk for 60 s oy -4.924 .000
na

Legend: t — value of t-test, p — statistical significance of the difference

Based on the results of the t-test of dependent samples for motor variables, it can be concluded that in boys there
is a statistically significant difference in the “initial” and “final” values for all examined variables (p<0.05) (table 8).
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Table 8. Paired samples t-test for boys

Variable mesaurement t p
initial
obstacle course backward (s) -4.230 .000
final
initial
hand plate tapping (s) ) -6.332 .000
final
initial
wide-angled seated forward bend (cm) oy -8.029 .000
na
initial
standing long jump (cm) - -3.048 .007
final
initial
20-meter running with a flying start (s) el 7.060 .000
na
initial
bent-arm hang (s) : -2.349 .030
final
initial
lifting the trunk for 60 s oy -5.151 .000
na

Legend: t — value of t-test; p — statistical significance of the difference

DiscussioN

It is possible to say that motor skills for the period of younger school age have not yet been fully defined, and
that this is a period that is very important when it comes to developing motor skills, primarily basic. In the period
of younger school age, physical education should be based on the formation of the best possible basis for improving
specific motor skills in older ages (Mitrovi¢ & Stevi¢, 2018). Radovanovi¢ (2018) points out that through various
physical activities, children get to know their body, develop and improve motor skills through the acquisition of
various motor skills and habits and the development of motor skills. Motor skills represent those forms of motor
activity that occur within motor structures that can be described with the help of the same parametric system, which
can be measured with the help of the same set of measures and within which analogous physiological, biological and
psychological processes, i.e. mechanisms, occur. Motor skills are partly inherited, while the other part is acquired
primarily through the training process (Mujanovi¢ et al., 2021). It is known that all motor abilities are not equally
dependent on heredity. A high level of innateness is attributed to speed and balance, medium to coordination and
precision, low to strength and mobility (Cemi¢ & Gregore, 2013).

The results of the research show that in girls, the basketball program had an effect on the improvement of mo-
tor skills in all the observed tests: obstacle course backward, which corresponds to the results obtained by Zmzevi¢
(2010), Zrnzevi¢ and Zrzevi¢ (2011), Pavlovi¢ (2015), Aleksi¢ et al. (2013), Pavlovi¢ and Marinkovi¢ (2015), and
Glisovi¢ (2022b); hand plate tapping, which corresponds to the results obtained by Zrnzevi¢ (2010), Zrnzevi¢ and
Zrnzevi¢ (2011), Pelemis et al. (2014), and Glisovi¢ (2022b); wide-angled seated forward bend, which corresponds
to the results obtained by Milanovi¢ (2007), Zrnzevié (2010), Zrnzevié¢ and Zrnzevi¢ (2011), Mesaro$-Zivkov (2018),
and Glisovi¢ (2022b); standing long jump, which corresponds to the results obtained by Zrnzevi¢ (2010), Pavlovic¢
(2015), Pavlovi¢ and Marinkovié¢ (2015), Mesaro$-Zivkov (2018), and Glisovié¢ (2022b); 20-meter running with a
flying start, which corresponds to the results obtained by Pavlovic¢ (2015), Pavlovi¢ and Marinkovi¢ (2015), Mesaros-
Zivkov (2018), and Glisovié¢ (2022b); bent-arm hang, which corresponds to the results obtained by Milanovi¢ (2007),
Aleksi¢ and Meki¢ (2010), Pelemis et al. (2014), Pavlovi¢ and Marinkovi¢ (2015), and Glisovi¢ (2022b); and lift-
ing the trunk for 60 s, which corresponds to the results obtained by Zrnzevic¢ (2010), Zrnzevi¢ and Zrnzevic¢ (2011),
Pelemis et al. (2014), Pavlovi¢ (2015), and GliSovi¢ (2022b).

At the same time, the results of the research show that in boys, the basketball program influenced the improve-
ment of motor skills in all observed tests: obstacle course backward, which corresponds to the results obtained by
Zrnzevi¢ and Zrnzevi¢ (2011), Pavlovi¢ (2015), Pavlovi¢ and Marinkovi¢ (2015), and Glisovi¢ (2022b); hand plate
tapping, which corresponds to the results obtained by Zrnzevi¢ and Zmzevi¢ (2011), Pelemis et al. (2014), and
Glisovi¢ (2022b); wide-angled seated forward bend, which corresponds to the results obtained by Milanovi¢ (2007),
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Zrnzevi¢ and Zrnzevic¢ (2011), and GliSovi¢ (2022b); standing long jump, which corresponds to the results obtained
by Pavlovi¢ (2015) and GliSovi¢ (2022b); 20-meter running with a flying start, which corresponds to the results
obtained by Pavlovi¢ (2015), Pavlovi¢ and Marinkovi¢ (2015), and Glisovi¢ (2022b); bent-arm hang, which cor-
responds to the results obtained by Milanovi¢ (2007), Aleksi¢ i Meki¢ (2010), Pelemis i suradnici (2014), Pavlovi¢
i Marinkovi¢ (2015), i GliSovi¢ (2022b); and lifting the trunk for 60 s, which corresponds to the results obtained by
Zrnzevi¢ and Zrnzevi¢ (2011), Pelemis et al. (2014), Pavlovi¢ (2015), and GlisSovi¢ (2022b).

In order to ensure the successful transformation of anthropological characteristics, it is necessary to provide a
high-quality plan and program of the training process. At the same time, it is very important to choose the most opti-
mal methods and methodological procedures that will provide the possibility of achieving the research goal (Badri¢
et al., 2015). The results obtained from the research, which show that the training process of basketball contributed
to the improvement of motor skills in boys and girls of younger school age, indicate the existence of a quality plan
and program of the training procedure, and an adequate selection of the most optimal methods and methodological
procedures. At the same time, the obtained results are in agreement with the results of other studies that examined
the impact of basketball training on the development of motor skills, which show that there is a positive correla-
tion between basketball and the development of motor skills in children (Radenkovi¢ et al., 2014; Gaspari¢, 2015;
Ljubojevi¢ et al., 2016; UziCanin et al., 2017; Cvitkovi¢, 2018; GliSovi¢, 2022a).

It is a fact that in the younger grades of primary school, physical education teaching is most often treated as sec-
ondary and less important, compared to physical education teaching in older grades. The teaching of physical educa-
tion in older grades is an absolute priority in almost all elementary schools, both when it comes to the use of the hall
and other facilities intended for exercise, and when it comes to the equipment and use of teaching aids. In addition,
it was observed that students of the younger grades of elementary school are represented in a significantly smaller
number both in extracurricular activities and in sports sections. The above leads to limiting their overall activity in
physical culture and narrowing the space for their timely and permanent engagement in it (Stamatovic et al., 2010).
Another problem that arises is the motivation of students to participate in physical activities. Considering the contri-
bution that extracurricular activities and sports sections can make to the development of motor skills, it is important
to motivate children to use some of their free time to participate in physical activities. Namely, an individual has the
possibility of using his free time for rest, entertainment, participation in certain physical activities, etc., depending
on his wishes. However, with the advancement of technology, students (especially those in the younger grades of
elementary school) are spending more and more free time on computers, phones and other digital devices. For this
reason, it is important to emphasize the role that parents and teachers play in encouraging students to apply physical
activities that affect the growth and development of students through extracurricular and extracurricular activities
(Rosi¢, 2015). Schools could organize sections for: basketball, rhythmic gymnastics and dance, handball, football,
volleyball, etc., intended for students of younger grades of elementary school, in order to improve their anthropologi-
cal status.

CONCLUSION

Kinesiological activity has the greatest importance during childhood, in accordance with the fact that it can af-
fect the physical development of children, on the one hand, and the formation of healthy life habits, on the other hand.
There is a positive effect of additional exercise on the anthropological status, regardless of whether it is in the form
of extracurricular activities or extracurricular activities with regular physical education classes. The results of previ-
ous research into the impact of basketball on the anthropological status of students of younger grades of elementary
school showed that basketball significantly affects the harmonious development of the whole body, that is, it posi-
tively affects a wide range of abilities and traits.

In researching the effects of the basketball program on the transformation of motor skills of fourth-grade ele-
mentary school students, it was found out that the programmed transformation exercise had an effect on the improve-
ment of results in all tests used to assess motor skills: obstacle course backward, hand plate tapping, wide-angled
seated forward bend, standing long jump, 20-meter running with a flying start, bent-arm hang and lifting the trunk
for 60 s. Despite the obtained results, it is important to emphasize that the research is characterized by certain limita-
tions. First of all, it is about the size of the sample, considering that the research was conducted on a small sample.
There is a possibility that different results would have been obtained in the case of a larger sample. Another limitation
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relates to the tests used to assess motor skills. Regardless of the limitations, the fact is that this work should represent
a guideline in the further monitoring and research of the effects of programmed transformational exercise on changes
in motor abilities in younger elementary school students.
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