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Abstract

Objectives. This study aimed to evaluate the long-term effects of endurance training as a modulator in the prevention

of cardiovascular disease risk in obese individuals.

Materials and methods. This study used a true experimental method with a pretest-posttest control group design.
Twenty-five obese women aged 20-30 years with a body fat percentage of 230 % were assigned to a control group
(CNT) and an exercise group (EXC). The EXC group underwent an eight-week (three sessions per week) endurance
training program (treadmill) lasting 40-60 minutes per session. Blood pressure (BP), mean arterial pressure (MAP),
and resting heart rate (RHR) were measured using an OMRON HBP-9030 digital tensiometer and a Polar H10 heart
rate sensor at the start (pre) and after eight weeks (post) of endurance training.

Results. Significant reductions in systolic blood pressure (SBP), diastolic blood pressure (DBP), MAP, and RHR were
detected between the pre- and post-endurance training phases (all p < 0.001). Additionally, a notable decrease in SBP,
DBP, MAP, and RHR was observed between the groups (all p < 0.05).

Conclusions. The findings indicate the effectiveness of an eight-week endurance training intervention, contributing
to a consistent reduction in SBP, DBP, MAP, and RHR in obese women.

Keywords: blood pressure, cardiovascular disease, obesity, physical exercise.

Introduction

Obesity is a significant global health issue, with preva-
lence rates continually rising in many countries (McKenzie
etal,, 2024). This condition is not only associated with meta-
bolic disorders like type 2 diabetes but is also a major risk
factor for various chronic diseases, including cardiovascular
disease (CVD) (Rahmawati et al., 2024). Cardiovascular dis-
ease is one of the primary causes of morbidity and mortality
among obese populations (Khafagy & Dash, 2021). Obese
individuals tend to have higher systolic blood pressure (SBP)
and diastolic blood pressure (DBP), as well as elevated rest-
ing heart rates (RHR) (Mathews et al., 2022; Palatini, 2021).
These elevated parameters are directly linked to increased

© Pranoto, A., Putera, S. H. P, Yudhistira, D., Ristiawan, B.,
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risks of hypertension, coronary heart disease, stroke, and
other cardiovascular complications (Jiang et al., 2024; Choi
etal., 2024).

Physiologically, obesity is often associated with
endothelial dysfunction, high peripheral vascular resistance,
and increased sympathetic nervous system activity
(Kajikawa & Higashi, 2022; Clayton et al., 2023; Agabiti-
Rosei et al., 2024). Excess adipose tissue, particularly visceral
fat, triggers low-grade chronic inflammation and oxidative
stress, worsening vascular function and impairing blood
pressure regulation (Kawai etal., 2021). Sympathetic nervous
system hyperactivity in obese individuals also contributes to
elevated blood pressure through vasoconstriction, increasing
vascular resistance (Tanaka, 2020; Parvanova et al., 2023).
Additionally, an elevated RHR in obese populations indicates
a higher cardiac workload, which, over time, may lead to
cardiovascular dysfunction (Palatini et al., 2021). Therefore,
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there is an urgent need for effective interventions to reduce
blood pressure and RHR and lower cardiovascular risk in
obese populations (Hannan et al., 2022).

Physical exercise is a well-recognized non-pharmaco-
logical approach to improving cardiovascular health (Weav-
er et al., 2022). Endurance exercise is one of the most rec-
ommended forms of exercise due to its broad benefits on
the cardiovascular system (Milani et al., 2024). Endurance
activities, such as running, cycling, or swimming at moder-
ate intensity, have been shown to reduce blood pressure and
RHR, enhance cardiac function, and improve aerobic capac-
ity (Kishor Keshari et al., 2023). The mechanisms behind
these benefits include increased vascular elasticity, reduced
vascular resistance, and enhanced stroke volume—all factors
contributing to improved cardiovascular function (Toton-
Zuranska et al., 2024). Additionally, endurance exercise can
reduce sympathetic nervous system activity, promoting va-
sodilation and lowering blood pressure (Konigstein et al.,
2023; Zhang et al., 2024; Baffour-Awuah et al., 2024; Corne-
lissen & Fagard, 2005). In obese populations, who often have
impaired cardiovascular function, the benefits of endurance
exercise may be particularly significant and relevant (Koski-
nas et al., 2024).

Although numerous studies have evaluated the
effects of endurance training on the general population
and athletes, there is still limited understanding of its
impact on obese individuals, particularly in short-term
training programs (Bauer et al., 2021; Said Ouamer et
al., 2020; Jabbarzadeh Ganjeh, et al., 2024; Kajikawa &
Higashi, 2024). Most existing studies have focused on
long-term training, while the effects of shorter, more
practical training programs that are easier to implement
on a broad scale remain underexplored (Bora et al.,
2024). If structured endurance training proves effective
in a shorter timeframe, it could become a realistic and
easily implemented intervention for obese individuals
to incorporate into their daily routines. Therefore, it is
important to investigate whether endurance training over
several weeks can have a significant positive impact on
cardiovascular parameters in obese individuals.

This study aims to evaluate the long-term effects of
endurance training as a modulator in the prevention of
cardiovascular disease risk in obese individuals. Specifically,
this study aims to demonstrate the effects of eight weeks of
endurance training, performed three times per week, on
improving systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean arterial pressure (MAP), and resting
heart rate (RHR) in obese women.

Material and Methods

Experimental Study

This study utilized a true-experimental design with a
pretest-posttest control group approach. Twenty-five obese
women meeting the following inclusion criteria were ran-
domly assigned to either a control group (CNT, n = 12) or an
exercise group (EXC, n = 13): age 20-25 years, body mass in-
dex (BMI) > 27-35 kg/m?, body fat percentage > 30 %, oxygen
saturation 95-100 %, fasting blood glucose < 100 mg/dL, and
hemoglobin levels between 12-16 g/dL. Before participating,
all participants were informed about the benefits, their right

to withdraw at any time, and any potential risks associated
with the intervention program. They voluntarily provided
informed consent. All study protocols were approved by the
Ethics Committee of Universitas Negeri Malang on June 20,
2024 (Approval No. 20.06.9/UN32.14.2.8/LT/2024).

Endurance Training Programs

The endurance training program was implemented
and supervised by personal trainers from Atlas Sports Club
Malang. Each participant was accompanied by a personal
trainer to ensure the proper execution of the endurance
training program. The endurance training was conducted
using a treadmill (T5 Treadmill, Life Fitness, Co., Ltd, USA)
set at a 0% incline and a moderate intensity (60-70% of
HRmax). Each session lasted 40-60 minutes and was held
three times a week (Tuesday, Thursday, and Saturday)
over eight weeks. Exercise intensity was based on HRmax,
calculated as 200 minus the participant’s age, and monitored
using a Polar H10 heart rate sensor. The training environment
was maintained at a controlled room temperature and
humidity (26 + 1°C and 50-70 %, respectively).

Data Collection

Data collection involved measuring systolic and diastol-
ic blood pressure using an automatic sphygmomanometer
(OMRON HBP-9030; Omron Healthcare Co., Ltd, Osaka,
Japan) (Pranoto et al., 2023), while resting heart rate was
measured using a Polar H10 heart rate sensor (Polar Electric,
Inc., Bethpage, NY, USA) (Rejeki et al., 2024). Assessments
were conducted at baseline (pre) and after eight weeks (post)
of endurance training. All assessments were performed in
a temperature-controlled room (25°C) between 7:00 and
9:00 AM.

Statistical Analysis

Normality testing was conducted to observe data
distribution using the Shapiro-Wilk test. Parametric tests,
including paired sample t-tests, were used to assess within-
group differences (time: pre vs. post), while independent
sample t-tests were employed to assess between-group
differences (group: CNT vs. EXC) at a 95 % confidence level.
The effect size was evaluated using Cohen’s d. All data are
presented as mean + standard deviation (SD). Statistical
analysis was conducted using SPSS for Windows, version 21
(SPSS Inc., Chicago, IL, USA).

Results

Participant’s Characteristics in Research

All 25 obese women in both the CNT and EXC
groups completed the baseline (pre) and eight-week (post)
assessments with no dropouts observed (dropout rate = 0 %).
Table 1 presents the analysis of participant characteristics,
revealing no significant differences between the groups in
age, anthropometric measurements, body fat percentage,
resting heart rate, blood pressure, mean arterial pressure,
oxygen saturation, fasting blood glucose, or hemoglobin
levels (all p = 0.05).
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Table 1. General characteristics of participants " ~ .

Variable CNT,n=12 EXC,n=13 pvalue % ~ pos DR
Age (yrs) 2225 + 1.76 2239 + 1.26 0.827 §*4 ge
Weight (kg) 73.68 + 629 72.46 + 8.99 0.698 e gso
Height (m) 1.57 = 0.06 1.55 £ 0.05 0.386 ®
BMI (kg/m?) 30.07 + 1.15 3027 + 2.52 0.806 "ot T Exe
PBF (%) 34.40 + 2.53 3349 + 439 0.527 Fig. 2. DBP (mmHg) assessment at pre and post-endurance
SpO, (%) 9783 + 112 98.08 + 0.95 0.562 training. *Significant at pieén EXC groilpsg) <0.001). Data are
FBG (mg/dL) 91.00 + 575 88.77 + 6.74 0.384 preseplec as mean =
Hb (g/dL) 14.83 + 141 14.89 + 136 0.927 102 - P . —
Baseline SBP (mmHg) ~ 127.72 + 1.81 12623 + 2.98 0.144  _1o e DI
Baseline DBP (mmHg) ~ 83.75 + 3.21 85.65 + 3.03 0.142 :E, % g"’"
Baseline MAP (mmHg) 98.41 + 2.68 99.18 + 2.18 0.438 z 9% E 95
Baseline RHR (bpm) 81.29 + 2.21 80.96 £ 3.09 0.763 o

CNT % EXC

Effects of exercise on blood pressure, MAP, and RHR Fig. 3. MAP (mmHg) assessment at pre and post-endurance

training. *Significant at pre in EXC group (p < 0.001). Data are

Analysis results of blood pressure (BP), mean arterial presented as mean + SD

pressure (MAP), and resting heart rate (RHR) are presented
in Table 2 and Figures 1-4. A significant reduction in systolic "

blood pressure (SBP), diastolic blood pressure (DBP), MAP, 6 T 8 - Pro
and RHR was detected in the EXC group from pre- to post-  _,, = Post
training (all p < 0.001). In contrast, no significant changes £, £
were observed in the CNT group for SBP, DBP, MAP, and  § z
RHR (all p > 0.05). N s
78
* CNT o
130 — Pre 130 — o EXC
™ e Post ot Fig. 4. RHR (bpm) assessment at pre and post-endurance
£ 128 Fs training. *Significant at pre in EXC group (p < 0.001). Data are
s H presented as mean + SD
Q o
@ 2 120
126
125 s Discussion
CNT EXC
Fig. 1. SBP (mmHg) assessment at pre and post-endurance Eight weeks of endurance training, performed three
training. *Significant at pre in EXC group (p < 0.001). Data are times per week, resulted in significant reductions in systolic
presented as mean + SD blood pressure (SBP), diastolic blood pressure (DBP),

Table 2. Blood pressure, MAP, and RHR assessment at baseline (pre) and week 8 (post)

Mean (SD) 95% CI

Variable p-value ESd
CTN, n=12 EXC, n=13 Lower Upper

Pre-SBP, mmHg 127.72 (1.81) 126.23 (2.98) -0.56 3.53 0.144 0.602
Post-SBP, mmHg 127.58 (2.02) 120.31 (1.79)* 5.69 8.87 0.000 3.804
A-SBP, mmHg -0.13 (1.20) -5.92 (2.19)* 4.33 7.25 0.000 3.281
Pre-DBP, mmHg 83.75(3.21) 85.65 (3.03) -4.49 0.69 0.142 0.610
Post-DBP, mmHg 83.67 (3.39) 80.54 (2.22)* 0.71 5.55 0.014 1.091
A-DBP, mmHg -0.08 (1.62) -5.12 (1.62)* 3.69 6.38 0.000 3.102
Pre-MAP, mmHg 98.41 (2.68) 99.18 (2.18) -2.82 1.26 0.438 0.317
Post-MAP, mmHg 98.31 (2.84) 93.79 (1.76)* 2.51 6.52 0.000 1.911
A-MAP, mmHg -0.10 (1.46) -5.39 (1.16)* 4.18 6.39 0.000 4.008
Pre-RHR, bpm 81.29 (2.21) 80.96 (3.09) -1.89 2.55 0.760 0.123
Post-RHR, bpm 81.08 (1.88) 76.62 (3.09)* 2.35 6.59 0.000 1.743
A-RHR, bpm -0.21 (1.57) -4.35 (1.93)* 2.69 5.59 0.000 2.351

Data are presented as mean + SD. *Significant at CNT group (p < 0. 01). ES d: Effect size Cohen’s d
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mean arterial pressure (MAP), and resting heart rate
(RHR) among obese individuals. These reductions indicate
improvements in cardiovascular function, which have direct
implications for lowering cardiovascular disease (CVD)
risk. Endurance training, which involves moderate- to high-
intensity physical activity, enhances vascular elasticity and
reduces peripheral vascular resistance (Zhang et al., 2024;
Weston et al., 2022; Shishira et al., 2024). Repeated exercise
sessions improve endothelial function through increased
blood flow, which reduces blood pressure by decreasing
vasoconstriction (Tanaka et al., 2024; Parvanova et al.,
2023). For obese individuals, who generally exhibit higher
peripheral resistance, these physiological adaptations are
crucial for alleviating the typically elevated blood pressure
burden compared to non-obese individuals (Gallo et al.,
2024).

The significant reduction in RHR in the intervention
group reflects an increase in cardiac efficiency (Moncion
et al., 2024). Endurance training enhances stroke volume,
which is the amount of blood pumped per heartbeat
(Bennett & Solberg, 2023). This adaptation enables the heart
to work more efficiently, requiring fewer beats to meet the
body’s needs at rest and during light physical activity (Scott
et al,, 2024). This reduction in RHR is a key indicator of
increased aerobic capacity and overall heart health (Pozuelo-
Carrascosa et al., 2021). Therefore, endurance training not
only improves physical fitness but also reduces the heart’s
workload over the long term (Seo et al., 2023).

The findings of this study are consistent with previous
research that has also reported the benefits of endurance
training on cardiovascular parameters (Weaver et al.,
2022). For example, a study by Jabbarzadeh Ganjeh et al.
(2024) found that endurance training performed for 30
minutes weekly lowered SBP by 1.78 mmHg in patients
with hypertension. Similarly, a meta-analysis by Reimers
et al. (2018) reported that, after an average of 14 weeks
of endurance training, participants showed a significant
reduction in RHR compared to non-exercisers, with gender-
based reductions ranging from 4.5 % to 9.0 % and 2.7 to 5.8
bpm, respectively. Although the duration of the current
study’s program was shorter (8 weeks), the results indicate
that a moderate-frequency training regimen is sufficient to
produce significant improvements in obese individuals. The
fact that a relatively short and simple training intervention
can lead to cardiovascular benefits in this population
underscores the effectiveness of endurance training as a
preventive intervention.

A major strength of this study is its simple, widely
applicable intervention design. Conducting endurance
training three times per week for eight weeks is an
intervention that is feasible to implement in various clinical
and community settings. This adds practical relevance to
the study’s findings, as a straightforward exercise program
can be adopted independently by obese individuals with
high cardiovascular risk. Additionally, the use of objective
measurements such as SBP, DBP, MAP, and RHR, which
are commonly used indicators of cardiovascular risk, makes
these findings easily comparable to similar studies (Jiang et
al., 2024; Choi et al., 2024).

Endurance exercise interventions can impact several
physiological mechanisms associated with lowering blood
pressure and RHR (Jabbarzadeh Ganjeh et al., 2024; Weaver

et al., 2022). One primary mechanism is the reduction in
sympathetic nervous system activity, which is typically
hyperactive in obese individuals (Tanaka, 2020; Parvanova
et al,, 2023). Decreased sympathetic activity reduces
catecholamine release, which is involved in vasoconstriction,
thus promoting vasodilation and reducing vascular resistance
(Motiejunaite et al., 2021). Increased stroke volume, as an
adaptation of the heart to exercise, also contributes to a lower
RHR (Wolsk et al., 2021). With increased cardiac efficiency,
the resting heart rate can be lower, as the heart pumps more
blood per beat (Bennett & Solberg, 2023).

The clinical implications of these findings are significant
for the prevention of cardiovascular disease in obese
individuals. The reductions in SBP, DBP, MAP, and RHR
demonstrate that a simple yet consistent endurance training
regimen can serve as an effective non-pharmacological
intervention to lower the risks of hypertension, stroke, and
coronary heart disease. Integrating endurance training
programs into the management of obesity and cardiovascular
risk provides a low-cost, safe, and accessible preventive
measure with beneficial outcomes for high-risk individuals.

While the positive outcomes observed in this study are
promising, certain limitations must be acknowledged. First,
the intervention duration of only 8 weeks may not be suf-
ficient to observe the long-term effects of endurance train-
ing, particularly regarding sustained reductions in CVD risk.
Some vascular or metabolic adaptations require longer peri-
ods to stabilize and demonstrate their full effects (Green et
al,, 2017). Therefore, long-term studies are necessary to de-
termine whether the cardiovascular benefits observed can be
maintained or further enhanced over time. Second, this study
focused on blood pressure and RHR parameters without in-
cluding additional measures such as VO,max, lipid profiles,
or inflammatory markers. Including these parameters would
provide a more comprehensive understanding of how endur-
ance training affects metabolic and cardiovascular health.

Conclusion

The results of this study indicate that eight weeks of
endurancetrainingperformed threetimesweekly consistently
reduced SBP, DBP, MAP, and RHR in obese individuals. These
findings highlight the potential of endurance training as an
effective intervention for preventing cardiovascular disease
risk in individuals with obesity. However, further research is
needed to explore the long-term effects and to incorporate
other relevant parameters to enrich the understanding of the
physiological mechanisms underlying these changes.
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HoBrorpuBasni TpeHyBaHHA 3 PO3BUTKY BUTPUBaNOCTI
AK MOAYNATOP NpodiNnakTUKN pusmnkKy cepLeBo-
CYANHHMX 3aXBOPIOBaHb Y 0Ci6 3 OXKNpiHHAM

Ani IIpanoto'*8<PE, Mlapki Xampi IlpaTama ITyrepa'A®P,

esanra FOgictipa'®c?, baro PictaBan'4®P, PaxmaBari Anp Agxa Hikma'4®P,
Anpunsan Ilyrpa bimantopo'*®>, ITypso Cpi Pegxexi**®<P

'Cypabariicbknit iep>kaBHUI YHiBepCUTeT
*YuiBepcureT AjipnaHra

ABTopcpkuii BKaj: A — gusaiiH gocmimpkeHHs; B — 36ip panux; C - crataHanis; D — migroroska pykomucy; E — 36ip koutis

Pecdepar. Crarrs: 7 c., 2 TabL., 4 puc., 42 mxeperna.

Merta gocnimkeHH:A. MeTolo 1[bOro JOCTiI)KeHHA 6y/I0 BM3HAYNTH JOBIOCTPOKOBMII BIUIVB TPEHYBaHb 3 PO3BUTKY BUTPMBA-
JIOCTi AIK MORY/IATOPA MPODIIAKTUKY PUSUKY CePLieBO-CYAMHHIX 3aXBOPIOBAHb ¥ 0Ci0 3 OXKMPIHHAM.

Marepianu Ta MmeTomu. Y NOCIIIPKEHH] 3aCTOCOBAaHO METOJ] «iCTMHHOTO €KCIEPUMEHTY», 1[0 BK/II0YAE NPETECT-MOCTTEC-
TOBMII M3aliH KOHTPOIbHOIL IpyIN. [IBaguaTh IUSITH XKIHOK 3 OXKMPIHHAM BikoM 20-30 pOKiB, sIKi Ma/ii MOKAa3HNUK BiZICOTKOBOTO
BMiCTY )uMpy B oprasismi 230 %, 6y1o posnopineno Ha koHTponbHy rpyny (KI') Ta rpymy, mo BukoHysana ¢isuuni Bupasu (OBI).
®BT' mpoxopnia BOCBMUTIDKHEBY (TPY 3aHATTS Ha TVDK/IEHD) IIPOrpaMy TPEHYBaHb 3 PO3BUTKY BUTPUBaIOCTi (i3 BMKOpUCTaH-
HAM 6iroBoi fOpiKKN) 3 TpuBaticTIo 3aHATTA 40-60 xByinH. BuMiproBanHs kpos’sinoro tncky (KT), cepenHporo aprepianbHOro
tucky (CAT) Ta wacroru cepuesux ckopoderb (UCC) y cTaHi CIIOKOI0 NMPOBOAM/IN 32 JOIOMOTOI0 II(PPOBOTo TeH3ioMeTpa
OMRON HBP-9030 Ta gar4nka yacToTy cepLieBux ckopodeHb Polar H10 Ha moyaTky (epearpeHyBalbHMII eTall) Ta 4epes Bicim
TYDKHIB (IIOCTTpeHyBa/IbHMIT eTall) BUKOHAHH (i3NYHMX BIIPaB 3 PO3BUTKY BUTPMBAIOCTI.

Pesynpratn. BcraHOBIEHO 3HAaUHE 3HIDKEHHA MMOKA3HNKIB CHCTOMIYHOrO apTepianbHoro Tcky (CAT), miactonivHoro apre-
pianpHoro THCKy (JAT), cepennboro aprepianbaoro tucky i YCC y cTaHi CIIOKOI0 MK eTarnaMu Iepef OYaTKOM i micia 3aBep-
ILIeHHs IPOrpaMy TPeHYBAaHHA Ha BUTPUBAIICTD (BCi IMoKasHMKy Ha piBHi p < 0,001). KpiM Toro, mMixx rpynamu croctepiranocs
CYTTEBE 3HIKEHHS CUCTOJIIYHOTO apTepia/IbHOTO TYUCKY, 1iaCTONIYHOTO apTepiabHOrO TUCKY, CEPeJHbOTO apTepialbHOTO TUCKY
i YCCy crani ciokolo (Bci mokasHUKM Ha piBHi p < 0,05).

BucnoBku. OtpuMai fjasi cBifuath npo eeKTUBHICTb 3aCTOCYBAHHSA IIPOrPaMM 1IOJJ0 BUKOHAHHA BOCHMUTIDKHEBMX
TpeHyBaHb 3 PO3BUTKY BUTPUBAJIOCTI, IO CIPUAE MOCTiIJOBHOMY 3HVDKEHHIO TIOKa3HMKIB CHCTONIIYHOTO apTePiaIbHOTO THUCKY,
[iacTOIIYHOIO apTepiabHOTO TUCKY, cepefHboro aprepianbHoro tucky i YCC y cTaHi CIOKOIO Y XKiHOK 3 OXKMPIHHAM.

Kro4uoBi coBa: KpoB’sAHUIT TUCK, CEPLIeBO-CY/[UHHI 3aXBOPIOBAHH A, OKMPIHHS, Pi3ndHi BIpaBuL.
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Abstract

Objectives. The primary objective of this study was to evaluate the selected physiological parameters and
performance of female swimmers in the 200 m individual medley, analysing the contribution of selected physiological
variables and construction of predictive model.

Materials and methods. The study involved forty female swimmers, who were recruited from the state of

West Bengal, India. This selection specifically targeted individuals who had actively engaged in the demanding
disciplines of the 200 m individual medley swimming events. Furthermore, subjects were carefully selected from

the age group spanning 17 to 25 years. After quantifying physiological parameters, swimmers performed a 200 m
individual medley test. A value of a = 0.05 was used for all tests as the criterion to determine the presence or absence
of significance. Pearson’s product moment correlation coeflicient (r) was used for assessing the various relationships
of the selected variables towards the performance in the 200 m individual medley.

Results. A significant relationship was found between VO,max (r = -0.562), body fat percentage (r = -0.643) and
swimming performance in the 200 m individual medley event at the 1 % significance level. Multiple linear regression
was used for evaluating the contribution of identified physiological variables and construction of predictive model.
The regression equation was found to be reliable, as demonstrated by the value of r* being 0.54. The two independent
variables explain 54.00 % variations in the 200 m individual medley event among female swimmers.

Conclusions. The F-value for the regression model was determined as highly significant, indicating the reliability

of the model. This study provides a further understanding of the physiological variables associated with skilled
performance in the women’s 200 m individual medley event, which coaches should consider when training less
skilled female swimmers.

Keywords: individual medley, female swimmer, VO,max , body composition, regression.

Introduction accompanying request: butterfly, backstroke, breaststroke,
and freestyle. One of the vital physiological boundaries in
sports is high-impact limit, frequently estimated through
boundaries like VO,max (maximal oxygen utilization) and
VO,max reflects the most extreme measure of oxygen a
competitor can use during extraordinary activity and is an
essential determinant of perseverance and cardiovascular
wellness. A higher VO,max shows a more noteworthy
vigorous limit and the capacity to support focused energy
endeavours for longer terms. VO,max is utilized to assess

Swimming is a famous game and early beginning
specialization in spite of the fact that exhibition and progress
in world class swimmers rely upon different elements.
Competitive swimming is formed by 50 to 1,500 m distances
utilizing four individual and combined (medley) swimming
methods (Pyne & Sharp, 2014). Medley swimming is a
difficult and flexible discipline inside serious swimming
that includes a mix of four different swimming styles in

a single race. In the medley, swimmers should perform
equivalent distances of every one of the four strokes in the

© Gayen, R,, Tiwari, S., & Tiwari, S., 2025.
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physiological capacity and is connected with oxygen take-
up, transport and use by the body, deciding as far as possible
for oxidative energy creation (Poole & Jones, 2017). At the
point when it is unimaginable to expect to notice a VO,
level, oxygen consuming capacity can be assessed by the
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most elevated enrolled esteem VO, peak (Ribeiro et al.,
2015). Body composition implies the sort and proportion of
tissues which make up the body. It contains the degrees of
muscle versus fat and fit body weight. Complete body weight
is considered as a construction of “fat” weight and “lean”
weight. Muscle to fat ratio is organized as either central or
amassing fat (McArdle, Kalch & Katch, 1991). The use of
skinfold thickness in the assessment of no less than one body
districts is a strong strategy for perceiving the percent of
muscle versus fat from lean body mass (Hoeger & Hoeger,
1992). Body composition is a term that depicts the overall
extents of all fundamental parts of the body, including fat,
bone, muscle, and water accumulation (Ratamess, 2012).
Assessing the relationship of body composition to swim
execution on the example of 280 serious female swimmers
it was found that Body Level, Weight, Lean Weight (LBM),
and Residual Lung Volume were in connection, which is
genuinely huge yet backwards to the time recorded for
the 100-yard swim (Stager & Cordain, 1984). During
competitive swim season, huge increment of Lean Weight
and reduction of fat mass has happened basically during the
piece of the time while preparing was extreme (Meleski &
Malina, 1985). Lean body mass, which essentially reflects
bulk, starts to increment during early adolescence in the two
genders. Fat mass, nonetheless, increments during the late
phases of adolescence in young ladies. A further expansion
in fat mass after pubescence might hinder swim execution in
ladies. Moreover, development is prior in ladies than in men
(Wheeler, 1991).

Physiological boundaries are fundamental to sports
execution as they give fundamental data to competitors
and mentors. Evaluations of physiological boundaries of
swimmers assist with fitting preparation programs, further
develop execution, and limit the risk of injuries. Competitors
with an extensive comprehension of their physiological
profiles are better prepared to succeed in their particular
games and arrive at their maximum capacity. As far as
anyone is concerned, no examinations have researched the
impact of various physiologic and specialized boundaries
together to decide 200 m medley swimming performance in
young female swimmers. Likewise, the reason for this study
was to explore the physiological boundaries as indicators
to swimming execution in individual 200 m medley event.
Thus, we expect to assess the distributed proof and research
the connection between physiological boundaries and
execution of female swimmers in 200 m individual medleys.
The following research questions were examined: (I) what
were the various relationships of the identified parameters
with the swimming performance in 200 m Individual Medley
Event of female swimmers? (II) is there the contributions of
identified parameters towards the 200 m Individual Medley
Event of female swimmers?

Materials and Methods

Study Participants

Forty young adult female swimmers (19.0 + 1.0 years)
took part in the study. All swimmers had a preparation
foundation of five to six years and throughout the past one
year they had been rehearsing for six to seven hour/week.
Swimmers were enlisted from the province of West Bengal,

nearby swimming clubs on a voluntary basis. Swimmers who
did not prepared for over about a month and introduced
wounds or infection that could think twice about tests were
barred. Furthermore, a composed informed assent was
gotten from the subjects before participation.

Study Organization

Physiological Parameters Measurement and
200 m Individual Medley Swimming Test

Cardio-respiratory Fitness (VO,max) was estimated by
the accompanying method VO,max = 15.3 x (HRmax/HRrest).
MHR in this formula is calculated through 208 - (0.7xAge)
and Body Composition (Body Fat %, Lean Body Mass) was
estimated by Omron Karada Scan Body Composition
Monitor (Model HBF-375), furnished with exclusive
programming. The 200 m Individual Medley swimming
performance was performed in a swimming pool, with the
start of the trial taking place in the water. 200 m Individual
Medley swimming performance was taken following
appropriate measures as per official regulation of World
Aquatics formerly known as FINA in Standard Swimming
Pool and the timing was taken.

Statistical Analysis

The normality of distribution was surveyed on all
information utilizing the Shapiro-Wilk test. Means, standard
deviations, minimum and maximum values were calculated
for all parameters. Pearson’s Product Moment Correlation
was applied to assess how effectively the distinguished
boundary is related with the swimming performance in 200
m Individual Medley Event of female swimmers. Stepwise
linear regression analyses were utilized for assessing the
commitment of distinguished factors and development of
prescient model. A value of a = 0.05 was used for all tests
as the criterion to determine the presence or absence of
significance. SPSS for Windows, version 20.0; (SPSS Inc.;
Chicago, IL) was utilized for all examinations.

Results

Before discussing the research issues the nature of the
variable were analysed through Descriptive Statistics which
have been presented in Table 1. Pearson’s Product Moment
Correlation which has been presented in Table 2. Multiple
Linear Regression analysis which have been presented in
Table 3.

The mean and standard deviation scores of VO,max
of the subjects was 36.20 + 5.45, standard error of mean,
variance of VO,max was 0.86, 29.70, for Body Fat Percentage
mean and standard deviation of subjects was 15.56 + 4.14,
standard error of mean, variance of Body Fat % was 0.65,
17.11, and for Lean Body Mass mean and standard deviation
of subjects was 50.18 + 5.35, standard error of mean, variance
of Lean Body Mass was 0.85, 28.63.

For testing the normality of the data skewness and
kurtosis has been carried out. The data was found normal
in the variables of Physiological parameters of female
swimmers, it can be purely considered as a normal because
the data sets skewness was within the permissible limit as
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Table 1. Descriptive statistics on selected physiological parameters of the examined swimmers

Minimum Maximum Mean Std. Deviation Variance
Variables
Statistic Statistic Statistic Std. Error Statistic Statistic
VO,max 26.00 52.00 36.20 0.86 5.45 29.70
Body Fat Percentage 7.20 22.40 15.56 0.65 4.14 17.11
Lean Body Mass 40.18 60.60 50.18 0.85 5.35 28.63
Valid N (listwise) 40
Table 2. Normality distribution of data swimming performance in 200 m Individual Medley Event
of female swimmers. Thus, r values of Lean Body Mass were
Skewness Kurtosis found less than critical values of r at 5% and 1 %, respectively.
Statistic Std. Error Statistic Std. Error Table 4 reveals that 200 m Individual Medley swimming
073 037 1.69 073 performance on the basis of identified Physiological
parameters. Two regression models have been presented in
-0.40 0.37 -0.71 0.73 . . . . .
Table 3. After analyzing with stepwise multiple regressions
-0.19 0.37 -0.47 0.73

the values of skewness for the data sets were less than twice
the value of standard error of skewness, and hence all the
variables were symmetrically distributed. Similarly, Kurtosis
was also within the permissible limit as the values of kurtosis
for the data sets were less than twice the value of standard
error of Kurtosis. Except the variable VO,max the value of
kurtosis for the data sets were more than twice the values
of standard error of Kurtosis. This demonstrates that less
variety exists around their mean value.

Table 3. Pearson’s correlation coeflicient between
physiological parameters and performance in 200 m
individual medley event

Correlation Coeflicient

Identified Variables etk (A
VO,max -0.562**
Body Fat % -0.643**
Lean Body Mass -0.080

** p <0.01(2-tailed). * p < 0.05 (2-tailed). **Significant value of
the correlation coefficient at 0.01 level with 38 df = 0.403.
*Significant value of the correlation coeflicient at 0.05 level with
38 df =0.312

In female swimmers, significant correlations were found
between the VO,max (r = -0.562), Body Fat % (r = -0.643)
and the swimming performance in 200 m Individual Medley
Event at 1 % level; found greater than critical value of r.
A negative correlation was found in female between the
identified parameters and swimming performance in 200 m
Individual Medley Event. Whereas no significant correlations
were revealed between Lean Body Mass (r = -0.080) and the

method, the value of R* in the first model is 0.41. But in the
second model, the value of R? is 0.54, which was highest and,
therefore, second model was used to build up the regression
equation. The second model two independent variables, viz.
Body Fat Percentage, Lean Body Mass have been identified
and therefore, the regression equation was developed based
on these two variables only. Since, these two independent
variables explain 54.00 % variations in 200 m Individual
Medley event of female swimmers.

Table 5. ANOVA table showing F-values for all the two
models

Model Ssc‘l‘l'l‘;r‘;fs df Sh;[s:re F  Sig

Regression 928137 1 928137 2676  0.000°
1 Residual  13180.53 38  346.86

Total 2246190 39

Regression 1212955 2 606478 2172  0.000°
2 Residual 1033235 37  279.25

Total 2246190 39

a. Dependent Variable: 200 m Individual Medley (Seconds)
b. Predictors: (Constant), Body Fat Percentage
c. Predictors: (Constant), Body Fat Percentage, Lean Body Mass

n = 40; *Significant at 0.05 level

Table 5 reveals that F-values for all the models have
been shown. The F-value for the second model was highly
significant; it concluded that the model selected was highly
efficient also. Also, the other model has significant but the
value of R? for this model was less than second model.

Table 4. Model summary along with the values of R and R? for female swimmers

, Adjusted Std. Error Change Statistics
Model R R -
R Square of the Est. R? Chg. F Chg. df1 df2 Sig. F Chg.
1 0.643* 0.41 0.40 18.62 0.41 26.76** 1 38 0.00
2 0.735° 0.54 0.52 16.71 0.13 10.20** 1 37 0.00

a. Predictors: (Constant), Body Fat Percentage
b. Predictors: (Constant), Body Fat Percentage, Lean Body Mass

Dependent Variable: Swimming performance in 200 m Individual Medley Event. n = 40; ** p < 0.01 and * p < 0.05
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Table 6. Regression coeflicients of physiological parameters to the swimming performance on 200 m individual medley

event of female swimmers

Unst. Coeff. St. Coeft. Correlations
Model t Sig.
B SE Beta Iy Partial Part
. (Constant) 261.46 11.60 22.55 0.00
Body Fat Percentage -3.73 0.72 -0.64 -5.17 0.00 -0.64 -0.64 -0.64
(Constant) 361.86 33.11 10.93 0.00
2 Body Fat Percentage -4.60 0.70 -0.79 -6.55 0.00 -0.64 -0.73 -0.73
Lean Body Mass -1.73 0.54 -0.39 -3.19 0.00 -0.08 -0.47 -0.36

a. Dependent Variable: 200 m Individual Medley (Seconds)

**  p<0.01and* p <0.05. (Abbreviations: Unst. Coeff. - Unstandardized Coeflicients, St. Coeft. - Standardized Coeflicients,

SE - standard error, r,, - Zero-order)

Table 6 reveals that the unstandardized and standardized
regression coefficient in all the two models. In the second
model t-values for the entire regression coefficient were
significant as there significant values (p-values) were less
than 0.01. Thus, it concluded that the variables; Body Fat
Percentage, Lean Body Mass significantly explains the
variations in the 200 m Individual Medley swimming
performance of female swimmers. In order to know which
is the most contributing predictor in the model out of those
two variables we should look for Beta Coefficient in Table
6. Larger the absolute value of Beta coeflicient more is the
contribution of that variable in the model. Thus, Body Fat
Percentage is the most contributory predictor in the model.

Regression Equation

The unstandardized regression coeflicients (B) of the
second model shown in Table 5, the regression equation was
developed which was:

Performance in 200 m Individual Medley Event (Female)
=361.86 — 4.60 x (Body Fat %) - 1.73 x (Lean Body Mass)

Discussion

Present study was directed with the reason to research
the connection between physiological parameters and per-
formance of female swimmers in 200 m individual medleys.
For simplicity of conversation and lucidity in understanding
the discoveries has been talked about. Results uncovered
that some of the physiological parameters, significant cor-
relations were found between the VO,max (r = -0.562), Body
Fat % (r = -0.643) and the swimming performance in 200
m Individual Medley Event at 1% level; found greater than
critical value of r. One more review showed relationship be-
tween ladies’ swimming presentation and level, percent body
endlessly fat free weight in competitive collegiate swimmers
(Siders, Lukaski, & Bolonchuk, 1993). Youth swimming per-
formance might be impacted by anthropometric, physiology
and specialized factors. Execution of youthful swimmers
in the 100 meters front crawl is resolved overwhelmingly
by physiological factors and swimming procedure (Vitor
& Bohme, 2010). The hypothesis as stated earlier that there
may be significant relationship of identified variables to the
performance in 200 m individual medleys and the identified
variables may significant contributors of 200 m individual
medleys. Whereas no significant correlations were revealed

between Lean Body Mass (r = -0.080) and the swimming
performance in 200 m Individual Medley Event of female
swimmers. The detriment of having higher fat mass pro-
poses that swimmers require more prominent lean body
mass and more prominent muscle solidarity to push them
quicker through the water. In equal, higher fat mass might
force expanded upsides of body cross-sectional region and,
thusly, complete drag. A bigger lean weight and, in this man-
ner, a more prominent bulk, could emphatically impact bio-
mechanical values by upgrading the power applied in every
upper appendages cycle (Pelayo, Sidney, Kherif, Chollet, &
Tourny, 1996). Expanding muscle size and improvement of
muscle contractile quality, and diminishing fat mass, at a
degree of ideal equilibrium, may affect swimming execution,
and is probably going to be significant for boosting seri-
ous swimming execution. Also, occasional swim execution
changes will generally follow changes in bulk, so customary
control of body piece during the season might be useful
and helpful to progress preparing and execution (Roelofs,
Emith-Ryan, Trexler, & Hirsch, 2017). Table 3 reveals that
200 m Individual Medley swimming performance on the
basis of identified Physiological parameters. After analyzing
with stepwise multiple regressions method the value of R? in
the first model is 0.41. But in the second model, the value of
R? is 0.54, which was highest and, therefore, second model
was used to build up the regression equation. The second
model two independent variables, viz. Body Fat Percent-
age, Lean Body Mass have been identified. Since, these two
independent variables explain 54.00 % variations in 200 m
Individual Medley event of female swimmers which are rela-
tively excellent. Jiirimée et al. (2007) uncovered that in-water
VO,peak (R? = .358), and arm span (R? = .454) were the
best indicators of swimming execution. The retrogressive ex-
trapolation technique could be utilized to survey VO,peak in
youthful swimmers. Arm span, and VO,peak give off anim-
pression of being the significant determinants of front-crawl
swimming performance in youthful swimmers. In our study,
the F-value for the second model was highly significant; it
concluded that the model selected was highly efficient also.
In the second model t-values for the entire regression coef-
ficient were significant as there significant values (p-values)
were less than 0.01. Thus, it concluded that the variables;
Body Fat Percentage, Lean Body Mass significantly explains
the variations in the 200 m Individual Medley swimming
performance of female swimmers. In order to know which
is the most contributing predictor in the model out of those
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two variables we should look for Beta Coeficient in Table 5.
All the more by and large many swimming trainers regularly
advocate around 15% body fat as an upper-end cut-off for
elite female swimmers. The body fat percentage of a func-
tioning competitor is many times below the normal indi-
vidual. Anyway, in our review we can obviously saw that the
mean worth of Body Fat Percentage was 15.56 %, which is
good enough. From the investigation of Santos et al. (2014),
showed that the worldwide sprint swimmers both men and
women are taller, with less body fat, with lower body mass
index, yet with a more significant level of contractile, i.e.,
muscle mass, than national level swimmers. Body fat influ-
ences swimming pace in various ways. Since fat is less thick
than other body constituents, expanding body fat will in
general make you lighter, which can lift you higher in the
water, diminish drag and maybe make swimmer quicker. In
competitors, weight can be a mark of the dynamic bulk. In
any case, an expansion in weight can likewise be a mark of
high upsides of muscle mass. However, an increase in body
mass can also be an indicator of high values of body fat mass.
Muscle mass can represent body strength of the swimmer;
on the off chance that these qualities are low, a decline in
swimming execution might be normal. It ought to be viewed
as that weight doesn’t recognize and address lean weight or
muscle versus fat mass extents thus, for a more definite as-
sessment; these factors ought to be estimated freely.

Conclusions

Considering the purpose along with objectives of the
study, based on the analysis and within the limitations
of present investigation, conclusions derived were: The
selected average values of different identified variables
had contribution at the time of 200 m individual medley.
Result of the minimum and maximum scores was provided
a boundary of identified variable scores at the time of
swimming. The physiological parameter namely VO,max,
and Body Fat Percentage was found significantly related
with the swimming performance in 200 m Individual
Medley Event at 1% level. Body Fat Percentage and Lean
Body Mass were valid in estimating the performance in 200
m individual medley swimming. The model developed in
the present study helps the professionals for predicting the
swimming performance of the female in 200 m medley. In
this dimension there is lack of critical literature and thus
demands focus for future researches. Such research is
essential to develop separate coaching protocols for 200 m
individual medley and should be pursued in many aspects
of sports physiology. We hope this study has distinguished
the need to make more extensive the strategy utilized while
attempting to improve any brandishing execution.
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OuiHloBaHHA B3aEMO3B'A3KY MiXK PisionoriuHnmn napamerpamm
Ta pe3yNbTaTUBHICTIO NJIaBYNHb B iHANBIAYaNnbHOMY
KOMIMJIEKCHOMY MJ1aBaHHi Ha AncTaHLuii 200 m

Pampxapui laiien'45°, Canppbsa TiBapi'**P, Canpen TiBapi'ABCcP
!Neniitcbknit yHiBepCUTET

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pegepar. Crartst: 6 c., 6 Tab., # puc., 15 mxeper.

Merta gocnimkenHs. OCHOBHA MeTa I[bOTO KOCTII)KEHHs MO/ATaja B OL[iHIOBaHHI 00paHuX (i3ionorivHmx napameTpis i pe-
3y/IBTaTMBHOCTI I/IAaBYMHD, 5IKi 6epyTh Y4acTb B iH[UBiJya/IbHOMY KOMIIJIEKCHOMY IUIaBaHHI Ha gucTaHuii 200 M, aHamisyoun
BIUIUB 00paHyx (i3ionoriyHux 3MiHHNUX i HOOYOBY IPOTHOCTUYHOI MOZIEJI.

Marepianu Ta MeToau. [[1s1 IpoBefeHHA JOCTiPKeHHA 6y)10 BiffiOpaHO COPOK IIABYMHB 3i mrary 3axigHa benramia (Iamis).
Janwit Binbip OyB cIierjiabHO OpieHTOBaHMIT Ha OCi0, AKi aKTMBHO Opai y4acTb y 3MaraHHAX 3 iHAMBIIyaTbHOTO KOMIITIEKCHO-
ro IUVIAaBaHHA Ha AmcTaHuii 200 M, 10 € CKIAJHOI0 AMCLMIUIIHOI, KA BUMArae BijJj cOpTCcMeHiB 3HauHUX 3ycuab. Kpim Toro,
cy6’eKTiB HOCII/PKeHHs OYI0 peTe/IbHO BiffibpaHO 3 BikoBOI KaTeropii Bix 17 go 25 pokis. Ilic/s mpoBefeHHs KiIbKiCHOI OL[iHKM
¢isionorivHNx napameTpis, IIaBYMHI BUKOHA/IM TeCT Ha AucTaHIii 200 M iHAMBiTyaTbHIM KOMIUIEKCHUM IIaBaHHAM. 3HaYeHHA
a = 0,05 Oy710 3aCTOCOBAHO 1Al BCIX TeCTiB AK KpUTepill BUSHAYEHH: HasABHOCTI abo BifcyTHOCTI 3HauymocTi. KoedimieHT kope-
nanii ITipcoHa (r) 3acTocoByBaBcs I OL[iHKM Pi3HUX B3a€MO3B A3KiB 00paHIX 3MiHHIX CTOCOBHO ITOKA3HVKIB Pe3y/IbTaTVBHOCTI
B iHMBiZya/IbHOMY KOMIIEKCHOMY IIaBaHHI Ha AucTaHmii 200 m.

Pesynpraru. BcTaHOB/IEHO 3HAYyIMII B3AEMO3B sI30K MK ITOKa3HMKaMV MaKCUMA/IbHOTO CIOXMBaHH: KucHO (VO,max )
(r =-0,562), BifcoTKOBOTrO BMICTY >KMpY B opraHisumi (r = -0,643) Ta pe3y/nIbTaTUBHICTIO B iHAMBifyaIbHOMY 3aIlINBi Ha AMCTAHIIi
200 M KOMIUIEKCHMM ITaBaHHAM Ha piBHI 3Hauywiocti 1 %. 3 MeTol0 OLiHKM BIUIMBY ifeHTHdiKoBaHNUX (isionorivHmx sMiHHUX
Ta HOOYIOBY IPOTHOCTUYHOI MOfIe/Ii 3aCTOCOBAHO METOJ, MHOXKIHHOI NTiHiHOI perpecii. PerpeciiiHe piBHAHHSA BUABIEHO JOCTO-
BipHIM, IIPO IO CBiYNTD 3HAYEHHS I, sIKe CTAaHOBUTH 0,54. [IBi HesamexxHi 3MiHHI TOACHIOTb 54,00 % Bapianiil y 3MaraHH:AX 3
IHAVBIZYaTbHOIO KOMIUIEKCHOTO IIZIaBaHHA Ha AucTaniii 200 M cepef )KiHOK.

BucnoBku. BcTanoBeHO BMCOKY 3HaYywIicTh F-Kpurtepiro mis perpeciiinoi Mogenti, 1o BKa3ye Ha ii gocToBipHicTh. Ilpen-
CTaBJIeHe JOCTiKeHHs 3a0e3eyye Mmopanplie po3yMiHHA (i3ionorivHNX 3SMiHHMX, ITOB’SI3aHMX 3 KBaTi(PiKOBAaHUM BUCTYIIOM Y
3MaraHHAX 3 iHAMBiya/bHOrO KOMIUIEKCHOTO IVIaBaHHA Ha gucTannii 200 M cepep XKiHOK, 110 TPEHEP) MAIOTh BpaXOBYBaT! y
nporeci MiAroToBKM MeHII KBaTi(hiKoBaHMX IIABYNHb.

KirouoBi coBa: iHuBigyanbHe KOMIUIEKCHe I/IaBaHHA, IVIABYMHA, MaKCUMaJIbHe CriokmBaHHA KucHio (VO,max ), komIo-
3MIIid Ti/a, perpecis.
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Abstract

Objectives. This study aimed to evaluate the effects of resistance band exercises, good morning drills, and bicep curls
on improving the hip throw technique among wrestling athletes, considering their initial power levels.

Materials and methods. This study employed a 2x3 factorial design involving 66 male students, grouped based on
power levels (high and low) and training methods. The training was conducted over six weeks with a frequency of
three weekly sessions. The measured parameters included improvements in hip throw technique skills, encompassing
strength, stability, and execution speed. Data analysis was performed using ANOVA and Tukey’s test to evaluate
significant differences between groups.

Results. The results indicated a significant main effect of the training method factor (A) on hip toss skills (F = 5.413,
p = 0.007), demonstrating that variations in training methods led to marked differences in skill outcomes. The second
main effect, power level (B), showed an even more substantial influence (F = 99.426, p = 0.000), indicating that
athletes’ baseline power plays a crucial role in determining hip toss performance. Regarding the interaction effect,
there was a considerable interaction between training methods and power levels (F = 7.914, p = 0.001).

Conclusions. This study concludes that resistance band exercises are the most effective method for athletes with high
power in enhancing dynamic strength and flexibility relevant to hip toss techniques. The “good morning” exercise
effectively supports postural stability, while bicep curls contribute to grip strength. A multidimensional approach
integrating resistance band exercises, good morning drills, and bicep curls provides complementary benefits for
improving hip toss technique skills in wrestling. These findings can serve as a foundation for coaches to design
evidence-based training programs tailored to the specific needs of athletes.

Keywords: resistance band, good morning, bicep curl, hip toss, wrestling.

Introduction training is using resistance bands, which have been proven to
enhance muscle strength and flexibility and reduce the risk
of injury, especially in combat sports like judo and mixed
martial arts (Sivaraman et al., 2024). Other exercises, such
as the “good morning” drill and bicep curls, have long been
recognized for their effectiveness in supporting postural
stability and grip strength, both essential for mastering the

Wrestling is a multidimensional sport that combines
physical strength, technical skills, and psychological aspects
to achieve optimal performance. Success in this sport is
heavily influenced by dynamic strength, body composition,
and aerobic endurance, which support rapid recovery and
consistent performance during matches (Prokopczyk et al., - > )
2024). The hip toss technique is a key wrestling skill that ~ hip toss technique (Ceylan, 2023; Franco-Lopez et al., 2024).
demands muscle strength, agility, and precise coordination Nevertheless, most previous studies have evaluat.ed the
(Mavropulo et al., 2022). However, developing this skill effects of these methods individually without exploring the
presents challenges, particularly in identifying the most ~ synergistic potential of combining these approaches (Devi et
effective training methods. One innovation in sports  al, 2022; Ross et al., 2024).

- Resistance bands have become a versatile and effective
© Juhanis, ], Badaru, B, & Bausad, A. A., 2025. training tool for various sports, including wrestling. They

(@ PETM play a central role in enhancing performance, particularly in
LLCOVS

234


mailto:juhanis@unm.ac.id

Juhanis, J,, Badaru, B., & Bausad, A. A. (2025). Establishing the Interaction between Training Methods and Power Levels in Wrestling:
A 2x3 Factorial Design of Hip Toss Skills

combat sports that require balance, stability, and explosive
strength (Ilahi et al., 2023; Ioannides et al., 2024). Resistance
bands can improve shoulder muscle strength, flexibility, and
injury prevention, crucial for sports involving dynamic move-
ments, such as wrestling (Francino et al., 2022; Sivaraman et
al., 2024). Research indicates that resistance band exercises
also support core muscle development, enabling athletes to
maintain optimal posture during complex techniques like the
hip toss. This is achieved through more efficient energy trans-
mission along the kinetic chain (Devis et al., 2022; Harmanci
et al., 2024; Luo et al., 2022; Sabillah et al., 2022).

The good morning exercise is another method with sig-
nificant benefits for developing the lower back, gluteus, and
hamstring muscles. Studies indicate that this exercise can en-
hance postural stability during explosive movements, which
is highly relevant for techniques like hip tosses in wrestling
(Franco-Loépez et al., 2024). The good morning exercise pro-
vides critical stability during explosive actions by strengthen-
ing the lower back, gluteus, and hamstrings. However, com-
pared to other exercises, particularly in lifting and controlling
opponents during wrestling, its effects remain underexplored
(Franco-Lopez et al., 2024; Ross et al., 2024). The bicep curl
exercise plays a vital role in improving arm strength. Research
shows that greater arm strength helps wrestlers control their
opponents during hip tosses (Ceylan, 2023; Matkarimov et
al., 2024). Improved arm strength not only enhances techni-
cal performance but also boosts athletes’ confidence, leading
to overall better performance (Cherara et al., 2022).

While the benefits of resistance band exercises, good
morning drills, and bicep curls have been individually
recognized, research examining the combination of these
three methods in the context of hip toss techniques in
wrestling remains scarce. Most studies have focused solely
on the effectiveness of each technique (Bavaresco et al., 2023;
Coratella et al., 2023; Janep et al., 2024; Nuzzo et al., 2023;
Oranchuk et al., 2020) without exploring the interactions
or synergies between these training forms. The lack of
empirical evidence on how the combination of resistance
bands, good morning drills, and bicep curls can enhance
hip toss skills, especially when considering differences in
athletes’ initial strength levels, presents an opportunity for
further exploration. Baseline strength plays a critical role in
the effectiveness of training methods; athletes with higher
strength levels may respond better to intensive exercises
like good morning drills, whereas resistance bands offer
optimal benefits for those with lower strength levels due
to the adjustable resistance they provide (Hoseini et al,,
2022; Sabillah, 2023). A commonly proposed solution is to
integrate various training methods into a multidimensional
program, combining their unique benefits to address the
specific needs of athletes and maximize their performance.

This study aims to address gaps in the existing literature
by employing a multidimensional approach to enhance hip
toss techniques in wrestlers. The multifaceted approach
integrates three training methods resistance band exercises,
good morning drills, and bicep curls into a single training
model to improve hip toss skills among wrestling athletes.
This approach significantly contributes to the literature,
which has predominantly focused on the individual effects
of training methods on athletic performance (Francino et al.,
2022;Rossetal.,2024). Using a 2x3 factorial design, this study
not only compares the effectiveness of each training method

individually but also explores the synergistic interactions
among the three methods, with athletes’ baseline strength
levels as a moderating variable. This focus is particularly
relevant, as differences in athletes™ initial strength levels
may influence their responses to specific training methods
(Hoseini et al., 2022; Sabillah, 2023).

The novelty of this research lies in integrating three
training methods in the context of hip toss techniques. Re-
sistance bands, for instance, are widely recognized for their
ability to improve dynamic strength, flexibility, and injury
prevention (Francino et al., 2022; Ioannides et al., 2024). This
study extends these benefits by evaluating their role in sup-
porting explosive movements and muscle flexibility, which
are critical for executing hip toss techniques. Good morning
exercises effectively strengthen the lower back, gluteus, and
hamstrings—muscles essential for body stability during ex-
plosive movements (Franco-Lopez et al., 2024). Meanwhile,
bicep curls, though simple, provide the grip strength neces-
sary for optimal control over opponents during hip tosses
(Ceylan, 2023). This study explores synergies primarily over-
looked in prior research by combining these three methods.

Additionally, this study emphasizes the importance of
athletes” baseline strength in determining the effectiveness of
applied training methods. Athletes with higher strength levels
are predicted to respond better to intensive exercises like good
morning drills. In comparison, resistance bands offer greater
flexibility and are more suitable for athletes with lower strength
levels (Hoseini et al., 2022). Thus, the research contributes new
insights into how training methods can be personalized to
maximize outcomes for athletes with different physical char-
acteristics. Furthermore, the study focuses on evaluating hip
toss skills through three critical phases: the initial position,
execution, and final position. Unlike previous research, which
often assessed overall performance outcomes, this approach
provides an in-depth analysis of the training’s effectiveness at
each stage of technique execution (Sabillah, 2023).

This study is expected to uncover the mechanisms
by which resistance band exercises, good morning drills,
and bicep curls holistically enhance athletic performance.
Using a factorial design also represents a methodological
innovation in this research. This design enables simultaneous
analysis of the interactions between training methods and
athletes’ baseline strength levels, providing insights into how
variations in training combinations affect hip toss technique
skills. The findings can produce evidence-based guidelines
for coaches to design more personalized and effective training
programs for competitive-level wrestlers (Devi et al., 2022;
Harmanci et al., 2024). This study complements previous
findings and challenges the assumption that all training
methods yield similar impacts regardless of athletes’ physical
characteristics. The unique contribution of this research lies
in offering evidence-based guidance for coaches to develop
more tailored and effective training programs, enhancing
training outcomes, and supporting the advancement of
multidimensional training strategies in wrestling.

Materials and Methods

Study Participants

The study population comprised 200 male students from
the Department of Physical Education, Health, and Recre-
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ation, Faculty of Sports and Health Sciences, Makassar State
University, aged 20 years or older. This age selection was
based on previous studies indicating that individuals at this
stage have achieved stable physical development, enabling
a more valid analysis of the effects of training on muscle
strength (Ross et al., 2024; Sabillah et al., 2022). The sample
was randomly selected using a randomized group design.
In the first step, the population was randomized to select
123 participants. The participants were then categorized
based on their initial strength scores measured using the Ro-
tational Power Ball Throw test. The top 27 % of scores from
each group were classified as high strength, while the lowest
27 % were categorized as low strength. Scores falling between
these categories were excluded to minimize potential ana-
Iytical bias. Each strength category was subsequently divided
into three groups based on the training method, resulting in
six experimental groups comprising 11 participants.

Table 1. Experimental sample grouping

Training Methods (A)
Power (B)  Resistance Good Morning Bicep Curl Total
Band (A,) (A,) (As)
High 11 11 11 33
Low 11 11 11 33
Total 22 22 22 66

Training Procedure and Instrument

The training program lasted six weeks, with three
sessions per week, during which the duration and intensity
were progressively adjusted to optimize results while
minimizing the risk of injury. Before the program, all
participants attended a detailed briefing on the training
procedures, including execution techniques and training
objectives. The presence of professional trainers during
training sessions served as a control variable to ensure that all
participants performed the exercises with proper technique.
Trainer supervision not only ensured compliance with the
protocols but also minimized injury risks and provided
immediate feedback to enhance the quality of the training.
Studies have indicated that direct supervision enhances
training effectiveness by offering additional motivation and
better technique corrections (Francino et al., 2022).

To enhance internal validity, external variables were
strictly controlled. Participants were instructed not to engage
in similar training outside the research program. Attendance
at each training session was closely monitored, and
participants missing more than two sessions were excluded
from the study. The experimental groups were uniformly
supervised to ensure all participants adhered to consistent
protocols during the training sessions. The instruments
used in this study included validated and reliable tools for
assessing hip toss skills in wrestling performance (Roklicer et
al., 2022). Skill assessments evaluated various aspects, such as
technical accuracy (body positioning and opponent control),
the strength of the toss, and the speed of execution. The hip
toss skill test results were presented as an accumulated score
derived from several evaluation indicators. The indicators
for assessment focused on the movement patterns of the hip
toss technique in wrestling, characterized by the following

descriptors: 1) Both wrestlers start standing with their
weight balanced between both feet. 2) The wrestlers grip
each other’s hands while pressing their heads against each
other. 3) The technique begins with a rotation where the
left arm moves over the opponent’s shoulder and around
their neck. 4) The wrestler then performs a lifting motion
using the hips while bending forward. 5) The opponent is
thrown forward. The technique concludes with the opponent
pinned to the mat by applying body pressure. These detailed
descriptors ensured a comprehensive evaluation of the hip
toss technique, providing a robust framework for assessing
skill improvement.

Study Organization

This study employed a factorial design as a systematic
approach to evaluate the effects of various training variables
on athletic performance, particularly in wrestling. The
factorial design allows for the simultaneous examination
of interactions between variables, providing an advantage
in analyzing the combined effects of multiple factors, such
as training intensity, recovery strategies, and nutritional
patterns, on athletic performance (T. Wangetal.,2022). A 2x3
factorial design was used to observe the effects of resistance
band exercises, good morning drills, and bicep curls on hip
toss skills among wrestlers with high and low power levels.
This approach enables an in-depth analysis of how training
methods and power categories interact to improve hip toss
skills (Esmailnezhad et al., 2024; Kalaycioglu et al., 2022).
The factorial design in this study involved the combination
of two main factors: training methods (resistance band,
good morning, and bicep curl) and athletes’ power levels
(high and low).

Table 2. 2x3 factorial research design

Training Methods (A)
Attribute Treatment Good
Variables  Variable Resistance Mornin Bicep Curl
band (A,) & @)
(A)
High (B AB A,B AB
Power (B) g (B)) 1Dy 2Dy 3Dy
Low (B,) AB, A,B, A,B,
Statistical Analysis

The research data were analyzed using analysis of
variance (ANOVA) to evaluate the effects of training
methods (resistance band, good morning, and bicep curl)
and power levels (high and low) on hip toss skills. A 2x3
factorial ANOVA was employed to identify the main
effects of the training methods and power levels and their
interaction effects. This approach enables simultaneous
analysis of multiple independent variables, comprehensively
understanding each factor’s contribution to the dependent
variable. If the ANOVA results indicate significant differences
(p < 0.05), a post hoc Tukey’s Honest Significant Difference
(HSD) test is conducted to determine which group pairs
have substantial differences. The Tukey HSD test allows for
precise mean comparisons across groups, making it possible
to identify the most effective training method within specific
categories (Pirruccio et al., 2022).
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The application of the Tukey HSD test in this study
aimed to evaluate several key aspects of hip toss skills in
wrestling. These included differences between the resistance
band training group and the good morning training group,
between the resistance band training group and the bicep
curl training group, and between the good morning training
group and the bicep curl training group. The test also
assessed the interaction effects between training methods
and power levels on hip toss skills. Further analyses were
conducted to explore differences within specific power
categories. For students with high power levels, the Tukey
HSD test compared the effectiveness of the resistance band
training group with the good morning training group, the
resistance band training group with the bicep curl training
group, and the good morning training group with the bicep
curl training group. Similarly, for students with low power
levels, comparisons were made between the resistance band
training group and the good morning training group, the
resistance band training group and the bicep curl training
group, and the good morning training group and the bicep
curl training group. This comprehensive analysis aimed to
provide detailed insights into the relative effectiveness of
different training methods and their interactions with power
levels in enhancing hip toss skills in wrestling.

Results

Descriptive analysis results indicate that the
resistance band method (A;) achieved the highest average
score (Mean = 30.41) compared to good morning (A,)
(Mean = 25.45) and bicep curl (A;) (Mean = 20.82),
reaffirming its effectiveness in improving hip toss sKkills.
Among athletes with high power, the resistance band
method (A,B,) recorded the highest average score (Mean =
32.18) across all combinations, while it also remained
superior in the low-power group (A,B,), with an average
score of 25.36. The suitable morning method demonstrated
moderate performance, with a higher average score than
bicep curl in both the high-power group (Mean = 25.36)
and the low-power group (Mean = 23.27), reflecting its
contribution to enhancing postural stability. Conversely,
the bicep curl method yielded the lowest average scores in

Table 3. Descriptive statistics of hip toss skill test results

both the high-power (Mean = 19.18) and low-power groups
(Mean = 18.36), suggesting that while this method is less
optimal for hip toss techniques, it remains relevant for
improving grip strength.

Resistance band exercises demonstrated the best
performance with the highest concentration of scores in the
upper intervals (30-36). Specifically, 27.3 % of participants
scored within the 30-32 and 33-36 intervals, indicating
that this method is highly effective in enhancing complex
explosive skills. The good morning method exhibited a more
even distribution, with the highest frequency concentrated
in the 25-28 interval (31.8 %), reflecting its role in improving
postural stability, albeit less optimal for dynamic skills. For
the bicep curl method, most participants scored in the mid-
to-upper range (29-32), with the highest relative frequency
of 45.5%. This indicates that bicep curls primarily support
arm muscle strength but are less relevant for improving the
dynamic strength required for technical skills.

The resistance band method (A,B,) exhibited a balanced
frequency distribution in the upper intervals, with the
highest concentration in the 24-36 range (27.3% in each
interval of 24-27, 28-31, and 32-36). This indicates that
resistance bands are highly effective in enhancing technical
skills among athletes with high power, supporting optimal
dynamic strength development. The good morning method
(A,B,) showed the highest concentration in the 28-31 interval
(36.4 %), underscoring its role in improving postural stability
in the high-power group. However, its contribution to
enhancing explosive skills was lower compared to resistance
bands, with a more even distribution across the lower to
middle intervals. Conversely, the bicep curl method (A;B,)
had the highest concentration in the lower to middle intervals
(19-22) with a relative frequency of 54.5 %. This suggests that
bicep curls are less effective for improving dynamic skills but
remain relevant for supporting arm muscle strength, which
is beneficial for grappling techniques.

The resistance band method (A;B,) demonstrated
the highest concentration in the upper interval (31-34),
with the highest relative frequency of 54.5%. This finding
indicates that resistance bands remain effective in the
low-power group, supporting the gradual development of
dynamic skills through adjustable resistance tailored to the

Resistance

Good Resistance Good

Group lltzslifit?zf)e Mori;)lfgd( A) Bice(:gs()iurl band HP Morning HP I;Ii;e(pACII; r)l band LP  Morning LP Iil;e(};C];l ;l
(A:B,) (A;B,) o (AB,) (A;B,) o

N 22 22 22 11 11 11 11 11 11

0 0 0 11 11 11 11 11 11
Mean 30.41 25.45 20.82 32.18 25.36 19.18 25.36 23.27 18.36
Median 31.00 25.50 20.50 34.00 27.00 18.00 25.00 23.00 19.00
Mode 31 25 20 34 28 14 20 23 16
Std. D 4.19 6.12 4.15 4.85 5.03 4.89 5.92 3.82 2.87
Varian 17.59 37.49 17.20 23.56 25.26 23.96 35.06 14.62 8.26
Range 15 20 18 16 15 16 18 14 8
Min 21 16 14 20 16 14 16 18 14
Max 36 36 32 36 31 30 34 32 22
Sum 669 560 458 354 279 211 279 256 202
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Table 4. Frequency distribution of hip toss skills by training method

Training Method Interval Class Lower Limit Upper Limit Freq. Absolute Freq. Relative
21 - 23 20.5 23.5 2 9.1%
24 - 26 23.5 26.5 3 13.6%
27 - 29 26.5 29.5 5 22.7%
Resistance Band
30 - 32 29.5 32.5 6 27.3%
33 - 36 32.5 36.5 6 27.3%
Total 22 100 %
16 - 20 15.5 20.5 4 18.2%
21 - 24 20.5 24.5 4 18.2%
25 - 28 24.5 28.5 7 31.8%
Good Morning
29 - 32 28.5 325 3 13.6%
33 - 36 32.5 36.5 4 18.2%
Total 22 100 %
14 - 16 13.5 16.5 2 9.1%
17 - 20 16.5 20.5 3 13.6%
21 - 24 20.5 24.5 3 13.6%
Bicep Curl
25 - 28 24.5 29.5 4 18.2%
29 - 32 28.5 325 10 45.5%
Total 22 100 %
Table 5. Frequency distribution of hip toss skills by training method with high power

Training Method With High Interval Class

Lower Limit Upper Limit Freq. Absolute Freq. Relative

Power
20 ] 23 19.5 235 2 18.2%
Resistance Band 24 - 27 235 275 3 27.3%
With High Power 28 ; 31 275 315 3 27.3%
(AiBy) 32 - 36 315 36.5 3 27.3%
Total 11 100 %
16 ] 19 15.5 19.5 2 18.2%
Good Morning With High 20 - 23 19.5 235 3 27.3%
Power 24 - 27 235 275 2 18.2%
(4:B,) 28 - 31 275 315 4 36.4%
Total 11 100 %
14 ] 18 13.5 18.5 3 27.3%
Bicep Curl 19 - 2 18.5 225 6 54.5%
With High Power 23 - 26 245 26.5 1 9.1%
(AsB)) 27 - 30 26.5 30.5 1 9.1%
Total 11 100 %

athletes’ physical capabilities. The good morning method
(A,B,) had the highest frequency concentration in the lower
to the middle interval (18-21), with a relative frequency
of 36.4 %, followed by two other middle intervals (22-25
and 26-29), each at 27.3 %. This distribution reflects that
the good morning method improves postural stability but
is less impactful in enhancing performance at higher score
intervals. Conversely, the bicep curl method (A;B,) showed
the most extensive distribution in the middle interval

(20-22), with a relative frequency of 45.5 %, while the other
intervals had lower frequencies. This confirms that bicep
curls are less effective in supporting hip toss skills in the
low-power group, though they benefit grip strength and arm
muscle development.

The first main effect, namely the training method
factor (A), significantly influenced hip toss skills (F = 5.413,
p = 0.007). This indicates that variations in training methods
lead to significant differences in skill outcomes. The second
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Table 6. Frequency distribution of hip toss skills by training method with low power

Tralm:flef(:l;?: Ustan Interval Class Lower Limit Upper Limit Freq. Absolute Freq. Relative

16 - 20 15.5 20.5 1 9.1%

Resistance Band 21 - 25 20.5 25.5 1 9.1%

With Low Power 26 - 31 25.5 31.5 3 27.3%

(AiB,) 31 - 34 30.5 345 6 54.5%
Total 11 100 %

18 - 21 17.5 21.5 4 36.4%

Good Morning 22 - 25 21.5 25.5 3 27.3%

With Low Power 26 - 29 25.5 29.5 3 27.3%

(4:B,) 30 - 32 295 325 1 9.1%
Total 11 100 %

14 - 15 13.5 15.5 2 18.2%

Bicep Curl 16 - 17 15.5 17.5 3 27.3%

With Low Power 18 - 19 17.5 19.5 1 9.1%

(AsBy) 20 - 2 19.5 225 5 45.5%
Total 11 100 %

Table 7. Summary of ANOVA results of hip toss skill data. Tests of between-subjects effects. Dependent variable: hip toss

skill

Source Type LI Sum of df Mean Square F Sig.

Squares

Corrected Model 1729.212* 5 345.842 25.216 .000
Intercept 43171.879 1 43171.879 3147.751 .000
A 148.485 2 74.242 5413 .007
B 1363.636 1 1363.636 99.426 .000
A*B 217.091 2 108.545 7.914 .001
Error 822.909 60 13.715
Total 45724.000 66
Corrected Total 2552.121 65

a. R Squared = .678 (Adjusted R Squared = .651)

main effect, the power level factor (B), also showed a
much more substantial influence (F = 99.426, p = 0.000),
highlighting that athletes’ baseline power plays a key role in
hip toss performance. Based on the interaction effect, there
was a significant interaction between training methods and
power levels (F = 7.914, p = 0.001). This demonstrates that
the effectiveness of training methods varies depending on
the athletes’ initial power levels. The results indicate that
both independent factors (training methods and power
levels) significantly affect hip toss skills, and their interaction
underscores the importance of selecting training methods
appropriate to the athletes’ initial power levels.

Table 8. Results of the analysis of the interaction between
training methods and power on hip toss skills

Interaction F-count F-table Sig.
Interaction Avs B 7.914 3.17

There is a significant interaction between training
methods (A) and power levels (B) on the hip toss skills

Explanation

0.001 There is a interaction

of FIK UNM students (F-count = 7.914, F-table = 3.17,
p = 0.001). The F-count value, which is greater than the
F-table value, and the significance level of less than 0.05
indicate that the effects of training methods cannot be
considered independent of athletes’ power levels. In other
words, the effectiveness of training methods is influenced
by power levels, and vice versa, suggesting that these two
variables interact in influencing hip toss skill outcomes. To
better illustrate the interaction between training methods
and power levels on hip toss skills in the Department of
Physical Education, Health, and Recreation students, refer
to the following figure:

Among the primary groups, the resistance band (A,)
showed significantly better results compared to good
morning (A,) (MD = 5.000, p = 0.007) and bicep curl (A;)
(MD =9.636, p < 0.001). This indicates that resistance band
exercises are the most effective method for improving hip
toss skills. Good morning exercises also showed a significant
advantage over bicep curls (MD = 4.636, p = 0.017),
emphasizing their role in supporting postural stability. In
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Table 9. Advanced ANOVA results with tukey test

Hypothesis Groups Mean 95 % Confidence Interval
Compared Difference Std. Error Sig. Exp.
1) Gras () G (1) Lower Bound Upper Bound
A, A, 5.000* 1.319 .007 .84 9.16 There Is a Difference
A, A, 9.636* 1.319 .000 5.47 13.80 There Is a Difference
A, A, 4.636* 1.319 .017 47 8.80 There Is a Difference
A,B, A,B, 6.364* 1.865 024 47 12.25 There Is a Difference
AB, A,B, 4.182 1.865 .386 -1.71 10.07 There Is a Difference
AB, A,B, 2.182 1.865 961 -8.07 3.71 No Difference
AB, A,B, -1.818 1.865 987 -7.71 4.07 No Difference
AB, A;B, 3.091 1.865 771 -2.80 8.98 No Difference
A,B, A,B, 4.909 1.865 184 -.98 10.80 There Is a Difference
improved grip strength, which is essential for grappling
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Fig. 1. Interaction between resistance band training, bicep curl
training, and power levels on hip toss skills

the combination of training methods and high-power levels,
resistance band (A,B,) demonstrated a significant difference
compared to good morning (A,B,) (MD = 6.364, p = 0.024),
but no significant difference compared to bicep curls (A;B,)
(MD = 4.182, p = 0.386). Furthermore, no significant
difference was found between good morning (A,B,) and
bicep curl (A;B,) (MD =-2.182,p=0.961), suggesting similar
effectiveness of these two methods within the high-power
group. In the low-power group, no significant differences
were observed between the resistance band (A,B,) and good
morning (A,B,) (MD =-1.818, p = 0.987) or bicep curl (A;B,)
(MD = 3.091, p = 0.771). However, good morning exercises
(A,B,) showed an almost significant advantage over bicep
curls (A;B,) (MD =4.909, p = 0.184).

Discussion

The research findings in Table 9 indicate that the training
methods of resistance band exercises, good morning drills,
and bicep curls have a significant impact on improving hip
toss skills in wrestlers, with effectiveness varying based on
the athletes’ initial power levels. Resistance band training
proved the most effective, particularly for athletes with high
power, by enhancing dynamic strength and muscle flexibility
crucial for executing hip toss techniques. The good morning
exercise significantly contributed to postural stability and
strengthening of the posterior chain, while bicep curls

techniques (Nguyen et al., 2023; Nuzzo et al., 2023; Peres et
al., 2023; Ross et al., 2024).

In Table 9, The interaction between resistance band
training and high-power levels yielded the best results com-
pared to other combinations. Athletes with high power tend
to have more muscular foundational strength, enabling
them to effectively utilize the variable resistance provided by
resistance bands (Arifin et al., 2024; Kusumawati et al., 2022;
Novak et al., 2023). This resistance facilitates intensive train-
ing, significantly enhancing dynamic strength and technical
skills. The good morning exercise also produced positive
results in the high-power group, though its effectiveness was
lower than resistance bands. High-power athletes benefited
from the postural stability reinforcement provided by the
good morning exercise, which supports body control during
hip toss techniques (Ross et al., 2024). However, due to the
lack of direct contribution to dynamic strength, its results
were more limited than resistance band training.

In Table 9, Resistance band training maintained its
superiority in the low-power group compared to other
methods. The adjustable resistance allows athletes with low
power to progressively train their strength without the risk
of injury from excessive loads (Gupta et al., 2022; Long et al.,
2024; Shadgan et al., 2024). The ability of resistance bands
to target multiple muscle groups simultaneously offers a
significant advantage in the context of technical skills. The
good morning exercise showed moderate results in the
low-power group. While effective for strengthening the
posterior chain, its limitations in providing comprehensive
muscle reinforcement make it less ideal for athletes with
low power. The postural stability developed through
good morning exercises may not be sufficient to support
significant improvements in hip toss skills. Based on these
comparisons, resistance band training consistently proved
superior across all conditions, whether in high-power or
low-power groups. The good morning exercise significantly
contributed to postural stability, particularly in the high-
power group, while bicep curls were more relevant as a
supplementary exercise to support grip strength.

The findings of this study provide valuable insights into
the advantages of resistance band training, which was proven
to be the most effective method for improving hip toss skills
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in both high-power and low-power groups. This advantage
aligns with previous research showing that resistance bands
offer variable resistance, allowing for better neuromuscular
adaptation than traditional training methods (Devi et al.,
2022; Woo et al., 2024). Resistance bands also facilitate
the dynamic strength development required for explosive
movements such as the hip toss (Francino et al., 2022).

This study reinforces evidence that resistance bands are
a flexible training tool suitable for athletes across various
skill levels. They allow a wide range of motion and adjustable
resistance, making them adaptable to the specific needs of
each athlete. This adaptability makes resistance bands ideal
for dynamic strength development, especially in competitive
sports (Long et al., 2024). Additionally, resistance bands
support functional strength and balance two critical
components in dynamic strength development. This has
also been demonstrated in research involving broader
populations, including older adults (Davis et al., 2022; Hejazi
et al., 2024; Konukman et al., 2022).

The findings of this study align with previous literature
highlighting the advantages of resistance bands in enhanc-
ing dynamic strength. (Sivaraman et al., 2024) emphasize
that resistance bands effectively target core and shoulder
muscles, critical for explosive movements such as hip tosses
in wrestling. Resistance bands have also been proven to sup-
port flexibility and injury prevention, making them an ideal
training tool for athletes with varying levels of initial strength
(Wang, 2024; Wangi, 2023). The good morning exercise has
long been recognized as an effective method for strengthen-
ing the posterior chain. Research by (Franco-Loépez et al,,
2024) shows that this exercise enhances postural stability,
which is crucial for maintaining body balance during dy-
namic techniques. While this is important for executing hip
tosses, its results in improving dynamic strength were lower
than resistance band training (Ross et al., 2024).

On the other hand, bicep curls provide significant bene-
fits in improving grip strength, though their contributions to
dynamic movements and postural stability are more limited.
Bicep curls strengthen the biceps brachii and brachioradialis
muscles, which are critical in enhancing grip strength. Cey-
lan (2023) notes that improved grip strength helps athletes
control opponents during grappling techniques. However,
the findings of this study suggest that bicep curls are better
suited as a complementary exercise in a multidimensional
training program.

The implications of this study’s findings are significant for
designing multidimensional training programs in wrestling.
Resistance band training can serve as the core component of
such programs, as it substantially improves dynamic strength
and flexibility. Coaches can utilize resistance bands to train
explosive movements relevant to hip toss techniques, as
outlined by (Wang et al., 2023). Studies by (Ross et al., 2024)
emphasize the importance of body stability in maintaining
balance during hip toss techniques. Incorporating good
morning exercises as a complement to resistance bands can
effectively strengthen core muscles, supporting stability
during dynamic movements.

Bicep curls can be incorporated to enhance grip strength
and arm power, which are crucial for grappling techniques
and contribute directly to grip performance (Sabillah et
al,, 2022). This aligns with findings by (Ceylan, 2023), who
highlighted that greater grip strength boosts confidence and

control over opponents. Furthermore, research suggests that
variations of the bicep curl, such as the reverse grip curl, can
increase maximum arm strength, benefiting control dur-
ing grappling and throwing techniques (Dereshgi, 2023).
Different grip positions in these exercises influence muscle
activation patterns, allowing for muscle strengthening tai-
lored to the specific demands of combat sports (Coratella et
al., 2023). Thus, combining these training methods provides
a holistic approach to improving hip toss skills in wrestlers,
addressing dynamic strength and sport-specific needs.

Integrating resistance bands, good morning exercises,
and bicep curls offers a comprehensive approach to im-
proving hip toss skills. Resistance bands enhance dynamic
strength, good morning exercises improve postural stabil-
ity, and bicep curls strengthen grip, creating a synergy that
enhances overall performance. This study demonstrates that
this multidimensional approach can be applied across vari-
ous martial arts disciplines, such as judo and tackwondo, to
improve sport-specific technical skills. Training programs
incorporating these methods should consider athletes’ ini-
tial strength levels and individual needs. Athletes with high
power may benefit from prioritizing resistance bands and
good morning exercises, while those with low power gain
the most from resistance band training to build a more mus-
cular foundational strength (Rusmi, 2023). This tailored ap-
proach ensures optimal outcomes for athletes across differ-
ent strength levels and disciplines.

Conclusions

This study demonstrates that the training methods
of resistance bands, good morning exercises, and bicep
curls significantly impact improving hip toss skills in
wrestlers. Resistance bands were the most effective method
for enhancing dynamic strength and muscle flexibility,
particularly for high-power athletes. The good morning
exercise supports postural stability and strengthens the
posterior chain, which is essential for maintaining body
balance during hip toss techniques. Meanwhile, bicep
curls significantly improve grip strength, although their
influence on explosive movements and overall body stability
is limited. These findings emphasize the importance of a
multidimensional training approach in wrestling, where
integrating resistance bands, good morning exercises, and
bicep curls provide complementary benefits to enhance
technical skills. The study also highlights that athletes’ initial
strength levels affect their response to training methods,
with resistance bands showing flexibility for use by both
high- and low-power athletes.

Coaches and athletes are encouraged to prioritize resis-
tance bands as a primary training method in programs de-
signed to enhance dynamic strength and muscle flexibility,
particularly for explosive movements such as hip tosses. Re-
sistance bands can be effectively combined with good morn-
ing exercises to improve postural stability and strengthen the
posterior chain. At the same time, bicep curls should be in-
cluded to boost grip strength, especially for grappling tech-
niques. Training intensity and duration should be tailored
to the athlete’s initial strength levels to maximize results.
For future research, it is essential to explore the effective-
ness of these training methods in more diverse populations,
including professional athletes, adolescents, and individuals
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with specific conditions such as injuries. Studies of longer
duration are also recommended to evaluate the long-term
impact of these training methods. Additionally, incorporat-
ing advanced technologies like motion capture or wearable
sensors could facilitate deeper biomechanical analyses of
hip toss techniques, providing further insights into training
effectiveness. Training centers should consider integrating
a multidimensional approach into their wrestling training
curriculums, combining various methods that address the
specific needs of their athletes. Furthermore, additional
training for coaches is essential to effectively implement re-
sistance bands, good morning exercises, and bicep curls, le-
veraging evidence-based practices. By adopting these strate-
gies, wrestling programs can significantly improve athletes’
technical skills in executing hip toss techniques, leading to
enhanced competition performance.
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BcTtaHOBJIEHHA B3a€EMO3B'A3KY MiXK TpeHYyBaJlbHamMu
MeTofaMn Ta PiBHAMN NOKAa3HMKIB NOTY>KHOCTI

y CNOpTUBHIN 60poTb6i: DakTopHUI AN3aiH 2x3
LOA0 HAaBUYOK BUKOHAHHA KNAKa Yyepes CTerHo

IOxanic FOxanic'**“P%, Benni bagapy'*®"%, Engi Anmapi baycag?cP"

'lep>xaBHmit yHiBepcuTeT Makaccap
*[lep>xaBHuii yHiBepcuTeT CeMapaHra

ABTOpPCHKMIT BKTAJ;: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komTis

Pedepar. Crarrst: 11 c., 9 Tabn., 1 puc., 45 mxeper.

Merta pocmipkenn:. e nociifykeHHA Mao Ha MeTi BUSHAYMTH BIUIMB BUKOHAHHSA KOMIUIEKCY BIIPaB 3 €CIIAHEPOM, TPEHY-
BaHb ‘Good morning” (HaxmIu KOpIycCy 3i IITAHTOIO HAa CIMHI) Ta 3TMHAHHA PYK Ha Oillenc IOJ0 IMOKpallleHH TeXHIKU KMaKa
yepes3 CTETHO y CIIOPTCMEHIB-O0PIIiB, BPaXOBYIOUM IXHill IOYaTKOBUII PiBEeHD ITOKA3HNKIB IOTY>KHOCTI.

Marepianu Ta MeTogu. Y IIbOMY JOCTIIXKEHHI 3aCTOCOBAHO (GaKTOPHMII iu3aiiH 2X3 i3 3aIy4eHHAM 66 CTY/IEeHTIB 40/I0Bi40i
crari, IKMX 6Y/I0 3rpyHOBAaHO 3a piBHEM IOKa3HMKIB MOTY>KHOCTI (BUCOKMII i HUSBKIMII) Ta METOfiaMI TPeHYBaHHs. TpeHyBaHH:
IIPOBOAIM/INCA TIPOTATOM HIECTY TVXKHIB i3 YaCTOTOIO TPbOX IIOTVIKHEBUX 3aHATH. [lapameTpn, 110 BUMiproBanucs, BKIOYann B
cebe BIOCKOHA/IEHHs HaBMYOK TEXHIKM KIJIKa Yepe3 CTeTHO, B TOMY 4MC/Ii TOKa3HUKIB CUJIN, CTabiIbHOCTI Ta MIBUAKOCTI BUKO-
HaHH:A. AHaJI3 JaHNUX IPOBEJEHO i3 3aCTOCYBaHHAM METOAY AucrepciitHoro aHanisy (ANOVA) ta tecty ThioKi 3 MeTOI0 OL[iHKM
JOCTOBipHUX BiIMiHHOCTEN MK ITPyIIaMH.

Pesynbraru. PesynbraTy IoKasay CyTTEBUIT OCHOBHMII BIUIUB (paKTOPY METOAY TpeHyBaHHs (A) Ha HABMYKM BUKOHAHHSI
kupika yepes crerto (F = 5,413; p = 0,007), zeMOHCTpyIouH, 110 Bapiallii B MeTOflaX TpeHyBaHH:A MTPU3BE/N 10 IOMITHMX BiIMiH-
HOCTell y HOKa3HNMKaX BOMOMIHHA LMY HaBUYKaMiL. [Ipyruit ocHOBHMIT edeKT, piBeHb noTy>XHOCTi (B), BusABUB Oiybi icTOTHMIT
BuB (F = 99,426; p = 0,000), 110 CBiZYMTD PO KIIOYOBY POJIb BUXIJTHOTO PiBHA PO3BUTKY HOTY>KHOCTI CIIOPTCMEHIB Y BU3Ha-
YeHHI pe3y/IbTaTMBHOCTI BUKOHAHHS KujKa depe3 crerHo. Illofo edekty B3aeMopil, BCTAHOB/IEHO 3HAYHMII B3AEMO3B sI30K MDXK
MeTOfJaM! TPEHYBaHH: Ta PiBHAMM NMOKa3HUKiB moTy>xHocTi (F = 7,914; p = 0,001).

BucHoBKu. 3a pe3ynbraTamMi I[bOTO LOCTIIKEHHsI MOXKHA CTBEPIPKYBATH, IIJ0 BIIPABU 3 €CIaH/IePOM € Halle(eKTUBHIIIIM
METOJIOM IIiIBUIeHH: JUHAMIYHOI CMJIU Ta THYYKOCTI JIf CIIOPTCMEHIB 3 BUCOKVMMY ITOKAa3HMKAMU ITOTY>KHOCTI, HeOOXiZHUMM
IUIsI BUKOHAHHS TeXHIKM KUJKIB depe3 crerHo. Bripasa “Good morning” 3a6esnedye eeKTUBHY MiATPUMKY HOCTypaIbHOI CTa-
O1IbHOCTI, @ 3TMHAHHA PYK Ha Oillenc cIpuse 3Mil[HEHHIO CM/IM XBaTy. baraToBuMIpHMII MiAXiH, [0 MOELHYE BIIPABU 3 €CIIaH-
IepoM, HaXW/IM 3i IITAHTOK Ha CIMHI Ta 3TMHAHHS PYK Ha Oilelic, HaJja€ JOLATKOBI IlepeBaru Ij0fj0 BOCKOHAIEHHs HABMYOK
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Abstract

Objectives. This study aimed to prove the difference in the effects of high-intensity interval training (HIIT)
and moderate-intensity continuous training (MICT) on increasing aerobic capacity and improving body

composition.

Materials and methods. This study examined the effects of two different training methods — moderate-intensity
continuous training (MICT) and high-intensity interval training (HIIT) on aerobic capacity and body composition
among 30 university students aged 19-22, using a pretest-posttest control group design. Participants were randomly
assigned to either the MICT, HIIT, or Control (no training) groups and trained three times a week for four weeks.
Aerobic capacity was measured with the 12-Minute Cooper Test, and body composition was assessed using

the TANITA BC-545N. Data analysis included descriptive statistics, normality tests and ANOVA tests to evaluate

group differences.

Results. The results indicate that HIIT yields greater enhancements in aerobic capacity and body composition
(e.g., reduced body fat and increased fat-free mass) compared to MICT, while the CTRL group appears
to demonstrate minimal changes. Additionally, no significant differences in BMI were observed between the three

groups (p = 0.05).

Conclusions. These findings suggest that HIIT may serve as an effective training approach for individuals seeking
optimal fitness gains and improved body composition with shorter exercise durations.

Keyword: aerobic capacity, body composition, healthy lifestyle, exercise, physical fitness.

Introduction

Low levels of physical activity among college students
are often caused by a variety of factors, such as academic
demands, lifestyle, and lack of support or facilities. Lack of
physical activity canresultin decreased cardiovascular health,
which is at risk of increasing heart disease and hypertension
in the future (Wilhite et al., 2023). Low physical activity
makes the cardiovascular system and heart not function

© Bulqini, A, Suyoko, A., Irsyada, M., Syafi'], I, Nurkholis,
Prianto, D. A., Muhammad, Wahyudi, A. R., Andriana, L. M.,
Rizkanto, B. E., & Pranoto, A., 2025.
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properly, potentially causing long-term health problems. In
addition, low physical activity reduces calorie burning; If
accompanied by an unhealthy diet, this can contribute to
weight gain or even obesity (Ashadi et al., 2024). Obesity
at a young age can have adverse health effects, including an
increased risk of type 2 diabetes, hypertension, and other
chronic diseases (Binsaeed et al., 2023).

Barriers to training time management are often the
main reason students don’t exercise regularly. Previous
research indicates that moderate intensity continuous
training (MICT) is effective in burning body fat, because
this method keeps the body in the fat burning zone for a
long time (Muhammad et al., 2024). However, moderate
intensity continuous training also has some drawbacks that
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can affect its effectiveness in burning fat and providing long-
term fitness benefits (Paria et al., 2024). Moderate intensity
continuous training takes longer to burn a significant amount
of calories or fat compared to high-intensity workouts such
as high intensity interval training (Yin et al., 2023). This
becomes a challenge for individuals with busy schedules,
as these exercises take longer to achieve similar results.
Moderate intensity continuous training also produces a low
excess post-exercise oxygen consumption (EPOC), meaning
that after the workout session is over, the body does not
burn a large amount of additional calories, so the fat burning
effect is reduced faster compared to high-intensity exercise
(Isanejad et al., 2023).

Moderate-intensity continuous training involves activi-
ties that are performed at a consistent pace or intensity over a
long period of time, such as running or cycling at a moderate
pace (Namboonlue et al., 2024). This routine tends to feel
monotonous and can reduce long-term motivation, so many
people find it difficult to stay consistent in practice (Gerosa-
Neto et al., 2020). In addition, the body can quickly adapt to
the constant intensity of moderate exercise, so the benefits
of moderate intensity continuous training in terms of calorie
burning and fitness improvement can decrease over time
(Choudhary & Dubey, 2024). Once the body gets used to it,
those benefits may diminish unless the duration or intensity
of the exercise is increased, which requires additional time
and effort (Rolid et al., 2020). Moderate intensity continu-
ous training does not significantly stimulate muscle growth
because it puts more emphasis on duration than strength or
energy bursts. This type of exercise is less optimal for those
who want to improve body composition through increased
muscle mass, since it does not provide a sufficiently intense
load or stimulation to the muscles (Lu et al., 2022).

High intensity interval training (HIIT) is more able to
stimulate metabolic hormone responses such as epinephrine,
which is more effective at burning fat compared to moderate
intensity continuous training (Khalafi et al., 2020).
In moderate intensity continuous training, the release of
these hormones is less, so the impact on fat metabolism is
not as strong as high-intensity exercise (Aparecido et al.,
2022). Moderate intensity continuous training is generally
successful in improving cardiovascular fitness, but it is less
effective at increasing strength, explosiveness, or flexibility
(Yu et al., 2022). For individuals looking to achieve a variety
of fitness goals, moderate intensity continuous training
is less flexible compared to exercises that offer variety in
intensity and type (Ruiz-Uribe et al., 2024).

Individuals with limited time to train in order to improve
aerobic capacity and improve body composition significant-
ly, moderate intensity continuous training may not be the
best option (Youssef et al., 2022). Therefore, The novelty of
this study to proves that high intensity interval training of-
fers some important new elements compared to moderate
intensity continuous training, especially in terms of its effec-
tiveness to increase aerobic capacity and improve body com-
position in college students who have a less active lifestyle.
These new elements include intensity, movement variation,
EPOQC, after-burn effects, as well as the long-term impact of
HIIT that cannot be achieved with the moderate intensity
continuous training intervention (Khodadadi et al., 2023).
High intensity interval training can lead to more significant
improvements in aerobic capacity and body composition

compared to moderate intensity continuous training (Casa-
na et al.,, 2022). High intensity interval training has been
shown to be more effective in increasing VO, max, which is
the body’s ability to utilize oxygen optimally, as it encourages
the cardiovascular system to work harder and adapt faster
(Hu et al., 2021). In addition, the post-workout calorie burn
(EPOC) effect on HIIT is also higher, so the body continues
to burn more fat even after the workout session is over (Mar-
tinez-Rodriguez et al., 2021). Therefore, HIIT is an efficient
option to improve cardiovascular health, burn body fat, and
improve overall body composition (Gawet et al., 2024).

This study aims to prove that high intensity interval
training (HIIT) is superior to moderate intensity continuous
training (MICT) inincreasingaerobic capacity and improving
body composition. This research contributes to various
aspects of fitness and health that are very important for the
global community, especially in efforts to promote healthy
lifestyles, time efficiency, and long-term health management.
The findings proving that HIIT is more effective than MICT
in improving aerobic capacity, body composition, and
overall health are invaluable to the international community.
In addition, the study not only provides solutions to public
health problems, but also presents valuable information
for individuals looking for more efficient ways to exercise.

Material and Methods

Study design

This study involved a total of 30 young students who
were participants. The inclusion criteria were individuals
aged 19-22 years, body mass index (BMI) 15-25 kg/m?,
normal systolic and diastolic blood pressure 120-110/90-
80 mmHg, resting heart rate (RHR) 70-90 bpm, oxygen
saturation 97-100 %, and body temperature 36.5-37.2 °C.
Subjects were verified to have no history of smoking,
non-alcoholic consumption, non-hypertension, and non-
diabetes. In addition, the participants did not have any
disease with personalised therapy through specific medical
interventions. The study involved two independent variables:
moderate-intensity continuous training (MICT) and high-
intensity interval training (HIIT), as well as two dependent
variables: aerobic capacity and body composition. Following
informed consent, subjects underwent health screenings
and pretests for aerobic capacity and body composition and
were then randomly assigned into three groups: the MICT
group, the HIIT group, and a control group with no training.
The training program was implemented over a 4-week
period with a frequency of three sessions per week (Table 1).

Data Collection

The research process was carried out with the following
steps: first, the research subject fills out an approval form.
After agreeing to participate, all participants underwent
a health check, including pulse and blood pressure
measurements, as well as a pretest for aerobic capacity
and body composition. The subjects were then randomly
divided into three groups: A, B, and C. Group A underwent
moderate-intensity continuous training (MICT), group B
did high-intensity interval training (HIIT), while group C
did not exercise. The exercise program lasts for 4 weeks with
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Table 1. HIIT and MICT training program

MICT’s Group

(Eae (Group A, n =10)

(Group B, n =10)

HIIT’s Group Control’s Group

(Group C, n=10)

Intensity week 1 1. 70 % MAS 40 Min

Intensity week 2 2.70% MAS 50 Min

Intensity week 3 3.70% MAS 50 Min

Intensity week 4 4.70% MAS 60 Min

155 @100 % MAS : 155 70 % MAS X 10 Reps
(3 Min Rest BS) X 4 Set

155 @107 % MAS : 155 70 % MAS X 10 Reps
(3 Min Rest BS) X 4 Set

16 s @114 % MAS : 15570 % MAS X 10 Reps
(3 Min Rest BS) X 4 Set

17 s @120 % MAS : 155 70 % MAS X 10 Reps
(3 Min Rest BS) X 4 Set

No Training

No Training

No Training

No Training

a frequency of 3 times a week. After the 4-week intervention
period, it was followed by a posttest to re-measure the
subject’s aerobic capacity and body composition. Aerobic
capacity was measured with the 12-Minute Cooper Test,
and body composition was assessed using the TANITA
BC-545N.

Statistical Analysis

Descriptive statistical analysis was applied to assess the
mean and standard deviation. Shapiro-Wilk and Levene’s
test were applied to assess the normality and homogeneity
of the data. Data that is normally distributed and has homo-
geneous variance is assessed using the one-way ANOVA test
and followed by the LSD post-hoc test to assess differences
between groups. Meanwhile, paired sample t-test was ap-
plied to assess baseline (pre) and 4 week (post) data in each
group for all research variables. All statistical analyzes were
implemented with SPSS Statistics for Windows version 21.0.
Data was declared to have a significant difference if p < 0.05.

Results

The results of the analysis of assessment of aerobic
capacity and body composition at baseline (pre) and 4 weeks
(post) in each group are presented in Figure 1-4.

The results of the aerobic capacity analysis in Figure 1
show a significant increase after intervention for 4 weeks
(post) compared to baseline (pre) at MICT (p = 0.006;

80
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60— |i| I_i|L
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40—

20

VO,max (mL/kg/min)

0 -
CTRL MICT HIT

Fig. 1. Assessment of aerobic capacity baseline (pre) and 4 week

(post) in each group. *Significant at baseline (pre) p < 0.05. Data

are presented as mean + SD. The p-value was obtained from the

paired sample t-test assessment

ES: 0.859; 95% CI: -7.01, -1.62), and at HIIT ( p = 0.683;
ES:0.112;95% CI: -2.11, 3.07), while there was no significant
difference at CTRL observed (p = 0.000; ES: 1.086; 95 %
CI: -8.89, -6.48).

I omih I -

25+

- - N
o (3] o
1 1 1

Body Mass Index (kglmz)
(3]
1

T T
MICT HIT

T
CTRL
Fig. 2. Assessment of body mass index baseline (pre) and 4 week
(post) in each group. *Significant at baseline (pre) p < 0.05. Data
are presented as mean + SD. The p-value was obtained from the
paired sample t-test assessment

The results of the body mass index analysis in Figure 2 do
not show any significant changes observed between baseline
(pre) and 4 weeks (post) intervention at CTRL (p = 0.156; ES:
0.163; 95% CI: -0.60, 0.11), at MICT (p = 0.990; ES: 0.001;
95% CI: -0.34, 0.34), and at HIIT (p = 0.167; ES: 0.219; 95%
CI: -0.26, 1.27).
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Fig. 3. Assessment of body fat baseline (pre) and 4 week (post)
in each group. *Significant at baseline (pre) p < 0.05. Data are
presented as mean + SD. The p-value was obtained from the
paired sample t-test assessment
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Table 2. Assessment of aerobic capacity and body composition in all participants

Parameters CTRL,n=10 MICT,n=10 HIIT,n=10 p-value
Pre-VO,max (mL-kg"'-min™) 45.89 +5.48 46.27 +4.44 4794 +7.22 0.709
Post-VO,max (mL-kg'-min™) 45.41 +2.62 50.59 + 5.55* 55.63 £ 6.92* 0.001
A-VO,max (mL-kg?-min™) -0.49 + 3.62 4.32+3.77* 7.69 £+ 1.69%t 0.000
Pre-BMI (kg/m?) 21.44 + 1.39 21.65 +2.69 20.34 £ 1.96 0.333
Post-BMI (kg/m?) 21.69 £ 1.59 21.65 £ 2.69 19.83 £ 2.62 0.151
A-BMI (kg/m2) 0.25 + 0.50 0.00 + 0.47 -0.51 + 1.07 0.082
Pre-BF (kg) 17.85+2.81 17.93 £ 3.17 17.52 £ 1.99 0.938
Post-BF (kg) 17.48 £ 3.57 14.40 + 3.15* 11.24 £ 1.57*% 0.000
A-BF (kg) -0.37 £ 1.61 -3.53 £0.96* -6.28 + 1.91*% 0.000
Pre-FFM (kg) 50.18 £ 3.41 52.25+3.49 48.66 = 4.57 0.132
Post-FFM (kg) 50.37 £ 3.55 54.87 + 3.89* 54.04 £ 3.78* 0.028
A-FFM (kg) 0.19 £ 0.61 2.62 £ 1.38* 5.39 + 1.67*t 0.000

*  Significant at CTRL p < 0.05. tSignificant at MICT p < 0.05. Data are presented as mean * SD. The p-value was obtained from

the one-way ANOVA followed by LSD post-hoc test
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Fig. 4. Assessment of body fat baseline (pre) and 4 week (post)
in each group. *Significant at baseline (pre) p < 0.05. Data are
presented as mean + SD. The p-value was obtained from the
paired sample t-test assessment

The results of body fat analysis in Figure 3 show a
significant reduction after 4 weeks of intervention (post)
compared to baseline (pre) at MICT (p = 0.000; ES: 1.118;
95% CI: 2.84, 4.22), and at HIIT (p = 0.000; ES: 3.501; 95%
CI: 4.92, 7.64), while at CTRL no significant differences were
observed (p = 0.487; ES: 0.115; 95 % CI: -0.79, 1.53).

The results of the free fat mass analysis in Figure 4 show
a significant increase after 4 weeks of intervention (post)
compared to baseline (pre) at MICT (p = 0.000; ES: 0.709;
95% CI: -3.61, -1.64), and at HIIT (p = 0.000; ES: 1.284; 95%
CI: -6.58, -4.19), whereas at CTRL no significant difference
was observed (p = 0.487; ES: 0.115; 95% CI: -0.79, 1.53).
Assessment of aerobic capacity and body composition in all
participants was presented in Table 2.

Discussion

High-intensity interval training (HIIT) and moderate-
intensity continuous training (MICT) are two popular
workout methods aimed at enhancing aerobic capacity
and improving body composition, particularly in reducing

body fat and increasing muscle mass. Although both
interventions are effective, research findings indicate that
HIIT is significantly more efficient than MICT in achieving
these outcomes. The body burns more calories at higher
intensities during HIIT interventions compared to moderate
continuous exercise. This is particularly crucial for students
with limited time, as they require effective and efficient
workouts to quickly enhance aerobic capacity and burn fat
(Domaradzki et al., 2023).

High intensity interval training exercise interventions
resulted in faster improvements in heart and lung efficiency
compared to moderate intensity continuous training (Mar-
cotte-Chénard et al., 2021). High-intensity training increases
heart volume per beat (stroke volume) and lung capacity to
deliver oxygen to the muscles, which accelerates the body’s
cardiovascular adaptation and contributes to a significant
increase in VO,max (Russomando et al., 2020). The combi-
nation of periods of high intensity with periods of rest allows
the body to function at a higher capacity in a short period
of time, resulting in an increase in better aerobic efficiency
(Guo et al., 2023). Meanwhile, while MICT is effective for
maintaining fitness, its increase in aerobic capacity tends to
be slower and less significant due to its stable and moderate
intensity during exercise (Scoubeau et al., 2022).

One of the factors that makes high intensity interval
training more efficient in increasing aerobic capacity is due to
the excess post-exercise oxygen consumption (EPOC) effect.
After a HIIT session, the body still burns more oxygen and
calories for the recovery process (Domaradzki et al., 2022).
This excess post-exercise oxygen consumption (EPOC)
contributes to an increase in the body’s aerobic efficiency,
which does not occur in moderate intensity continuous
training (Moro et al., 2020). Moderate intensity continuous
training generally does not produce such an effect, so the
body’s recovery does not contribute to an increase in aerobic
capacity in the long term (Murawska-Cialowicz et al., 2020).

The composition of the body consists of fat mass and fat-
free mass, which includes muscle. High-Intensity Interval
Training (HIIT) improves the efficiency of the body’s energy
use, both during exercise and afterwards (Kozlenia et al.,
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2024). High-intensity interval training promotes significant
calorie burning, including calories from fat, both during
training sessions and during recovery through the EPOC
effect (Hooshmand Moghadam et al., 2021). This process
is more effective in reducing body fat, including visceral fat
that surrounds internal organs and is associated with the risk
of metabolic diseases (Fang et al., 2021).

Increasing muscle mass through HIIT interventions
has been shown to be more effective compared to MICT
exercises (Unterberger et al., 2022). HIIT involves exercises
that use large muscle groups and prioritize muscle strength,
such as squats, jumping, and sprints. This movement not
only increases aerobic capacity but also stimulates muscle
growth. In contrast, MICT focuses more on cardiovascular
endurance, while HIIT contributes to increased strength
and muscle mass, which can further speed up the body’s
metabolism (Alarcon-Gémez, Chulvi-Medrano, et al., 2021).
With higher muscle mass, the body can burn more calories
even when at rest (Alarcén-Gdémez, Calatayud, et al., 2021).

The advantages of HIIT in reducing subcutaneous fat
and belly fat have proven to be significantly more effective.
Research shows that HIIT is more successful in reducing
subcutaneous body fat, which is the fat located under the
skin, as well as belly fat, which is more difficult to remove
(Atakan et al., 2021). On the other hand, although MICT
also helps in fat reduction, this method does not specifically
target belly fat and does not provide results as fast as HIIT.
One of the main advantages of HIIT workouts is their
shorter duration, which is about 20 to 30 minutes, but
still gives comparable or even better results compared to
longer workouts such as MICT (30-60 minutes) (Duarte
Martins et al., 2024). HIIT offers higher effectiveness in a
more efficient time, making it an attractive option for those
with busy schedules, especially housewives or workers with
limited time to exercise (Jiménez-Maldonado et al., 2020).
HIIT programs can improve adherence to exercise routines
because of their shorter duration and more dynamic nature,
making many individuals feel more motivated to practice
HIIT consistently (Zhang et al., 2022). In contrast to MICT
which tends to be monotonous and requires more endurance,
HIIT is more appealing to many people, thus helping to
improve long-term compliance (Wang et al., 2020).

Previous research indicates that HIIT, performed only
2-3 times a week, can increase aerobic capacity by 25-30 %
in a short period of time (about 2-3 weeks), while MICT
requires more time and frequency of exercise to achieve
equivalent results (Songsorn et al., 2022). A meta-analysis
of various studies showed that HIIT was more effective in
reducing body fat compared to MICT, where the decrease
in visceral fat and the increase in muscle mass were more
significant (Rolid et al., 2020). Individuals who underwent
a HIIT program experienced an increase in VO2 max and
a greater decrease in body fat percentage compared to
those who followed a MICT program of the same duration
(Flensted-Jensen et al., 2021).

HIIT is much more effective than MICT in increasing
aerobic capacity and improving body composition. One
of the main advantages of HIIT is its ability to accelerate
cardiovascular improvement and boost metabolism in less
time (Lu et al., 2022). HIIT is also more efficient at reducing
body fat, including belly fat, as well as stimulating the growth
of muscle mass. With shorter durations and higher workout

variation, HIIT is also more acceptable and appealing to
those who have limited time or who prefer a more dynamic
workout (Legaard et al., 2022). Therefore, HIIT is a more
efficient and effective option for achieving fitness goals,
especially when it comes to increasing aerobic capacity and

improving body composition (Ballesta-Garcia et al., 2020).

The research indicates that HIIT is more effective than
MICT for enhancing aerobic capacity and body composition,
but there are some limitations to consider. These limitations
include the impact of overall diet and lifestyle, which can
influence exercise outcomes. Without careful monitoring of
calorie intake, sleep quality, and stress levels, the results of
HIIT or MICT may not solely reflect the effects of exercise.
The study focused exclusively on sports students who were
already physically active outside of the provided interven-
tions. Conversely, data suggests that non-sports students
might be more susceptible to obesity due to various lifestyle
factors, stress, and time constraints. To obtain more reli-
able and generalizable results, additional research with larger

sample sizes and longer intervention periods is required.

Conclusions

The conclusions of this study showed that the group that
followed the high-intensity interval training intervention
proved to be more effective compared to continuous
moderate-intensity exercise in improving aerobic capacity
and improving body composition. These findings are
relevant for a wide range of health and fitness programs,
especially for less active individuals. Practically, the results
of this research can be used to design a more efficient,
accessible, and flexible fitness program for people who have
limited time. With appropriate adjustments, these results
have the potential to have a positive impact on the physical

and mental health of the community.
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ByKOHaHHA BUCOKOIHTEHCMBHUX iHTEePBaIbHNX TPEHYBaHb € epeKTUBHILLNM
3a NpoBe/leHHA iHTepBa/ibHNX TPeHYBaHb MNOMiPHOI iIHTEHCUBHOCTI 3 TOUKMN
30py NOKpaLleHHA aepoOHOI 34aTHOCTi Ta KOMNO3ULii Tina y cTyAeHTIB

Apud Bynkini'**?, Augpi Cyexo'** ¥, Maxdyn Ipcamga'PP, Imam Illadi'®®,

Hypxonic'®?, eBix Aryc IIpianTo'*?, Myxamman'®, Axman Pisanyn Baxbroni
JTaiini Mita Auppiana'®®, bimni Emip Piskanro'®®, Axi Ilpanoto

INep>xaBuuit yaiBepcuret Cypabas

11BD
b
1ABCD

ABTOpPCHKMIT BKTAL: A — Am3aits gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarra: 9 c., 2 Tab1., 4 puc., 47 pKepena.

Merta pocnigxennsa. Mera 1boro JOCTiIPKEHHA MO/ATaNa B JOBEJEHHI PisHMIII IIOZI0 BIIMBY BUCOKOIHTEHCMBHOTIO iHTEp-
BasbHOrO TpeHyBaHHs:A (BIIT) Ta 6e3nepepBHOro BUKOHAHHSA TpeHyBaHH:A noMipHoI inteHcuBHOCTi (BTIII) Ha mifBuUIEHHS 110-
Ka3HVKiB aepoOHOI 3JaTHOCTI Ta HOJIIMIIeHH:A KOMIIOHEHTHOTO CKJIafly Ti/a.

Marepianu ta MeTogM. Y I[bOMY JOCTIIKEHHI BIBYABCs BIUIMB [ABOX Pi3HMX METOAMK TPEHYBaHb — 0Oe3lepepBHOro Tpe-
HyBaHH:A HoMipHoi inTeHcuBHOCTI (BTTII) Ta BUcOKOiHTeHCUBHOTO iHTepBanbHOrO TpenyBanH:A (BIIT) Ha nmokasHuku aepo6Hoi
3[ATHOCTI Ta KOMIO3uLii Tina y 30 CTyHeHTiB yHiBepcUTeTy BikOM 19-22 pOKiB, BUKOPUCTOBYIOUM MOJIE/Ib KOHTPOIBHOI TPyTIN
3 IPeTecT-IIOCTTeCTOBUM AM3ANHOM. YUacHMUKIB Oy/I0 paHAOMi3oBaHO [0 Iy, mo 3aitMamicss BTIIL, BIIT a6o KOHTpoIbHOL
rpymu (6e3 BUKOHAHHS TPeHyBaHb). TpeHyBaHHs [IPOBOAMIICH TPUYI Ha TYDKZIEHD [IPOTATOM YOTUPbOX TIDKHIB. BuMiproBaHHs
aepo6HOI 3[jaTHOCTI IPOBOAMIOCH 3a JOIIOMOroK0 12-XBUIMHHOrO TecTy Kymepa, a BusHa4eHHs KOMIIOHEHTHOTO CKJIaJy Tinma
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3ilICHIOBAIOCH i3 BUKOpucTaHHAM npucTporo TANITA BC-545N. AHasti3 JaHUX BK/II0YaB ONVICOBi METOAM CTaTUCTUKY, TeCTU Ha
HOPMaJIbHICTb PO3IOAIiNy Ta TeCTU Auciepciiinoro ananizy (ANOVA) 3 MeTO0 OLiHKY BifMiHHOCTelT MXX TPyHaMIL.

Pesynbraru. PesynbTaTyi BKasyoTh Ha Te, 1[0 3acTocyBaHHA BIIT mpusBoauTh 10 3HAUHIIIOrO IOKpallleHHs TOKA3HUKIB ae-
PO6HOI 37aTHOCTI Ta KOMIIOHEHTHOTO CK/Ialy Tija (HaIpMUK/Iaj, 3HYDKEHH BMICTY KUPY B OpraHi3Mi Ta miBUIEeHHA 6e3>KUPOBOL
Macy Tina) mopiBaAHO 3 BTIII, Toxi AKX KOHTpONMbHA TPyIa IeMOHCTpPYe MiHiManbHi 3miHn. Kpim Toro, Mix TpboMa rpymamm He
CIIoCTepirazocs CyTTEBUX BifMiHHOCTell B TokasHukax IMT (p = 0,05).

Bucnosku. OtpuMani fani cBifuaTh npo mouinbHicTh 3acTocysanHsA BIIT sk eeKTUBHOTO TPEHYBaIbHOIO IMifXOAy /s
oci6, axi NPar"HyTh JOCATTH ONTUMAIbHOTO PiBHA (bisquo'i MJTOTOBNIEHOCTI Ta MOKPAIINUTY KOMIIO3MIIIO TijIa 3a JOIIOMOTO0
KOPOTIIMX 33 TPMBAJICTIO TPEHYBaHb.

KnrouoBi cnoBa: aepo6Ha 3[aTHiCTb, KOMIIO3MLIif TiNa, 30POoBMIi cIoci6 >xuTts, BisndHi BpaBy, BisndHa MiATOTOBNIEHICTD.
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Abstract

Background. Understanding how different sports influence bone health and body composition is key to improving
athletic performance and overall well-being. Weightlifting, yoga, and long-distance running each have unique
impacts on the body. This study offers insights into how specific sports disciplines shape bone health and body
composition, providing valuable guidance for enhancing fitness and health recommendations.

Objectives. The study aimed to assess the effects of weightlifting, yoga, and long-distance running on body
composition and bone mineral density, highlighting how these activities significantly influence both factors.
Materials and methods. A random sampling method was used to select ninety (N = 90) interuniversity athletes.
The sample consisted of long-distance runners (n = 30), weightlifting athletes (n = 30), and yoga practitioners

(n = 30). Bone mineral density was measured using the Achilles EXPII (Part 1) Bone Mineral Density Analyzer, while
body composition was assessed with the GS6.5B Body Building Weight Test System (Version 1.0).

Results. Significant differences were observed among the groups in bone mineral density F, s, = 15.95, p =.000,
body fat percentage F, s, = 26.15, p = .000, and skeletal muscle mass F, s, = 23.30, p = .000. A post-hoc LSD test
showed that weightlifters had the highest bone mineral density and skeletal muscle mass, whereas long-distance
runners demonstrated the lowest body fat percentage among the groups.

Conclusions. The study revealed substantial differences in skeletal muscle mass, body fat percentage, and bone
mineral density among weightlifters, yoga practitioners, and long-distance runners. These findings highlight

the distinct physiological adaptations associated with each sport, emphasizing the need for customized training
and health strategies to optimize performance and health outcomes across different athletic disciplines.

Keywords: body composition, bone density, muscle mass, endurance runner, yoga practitioner, weightlifting.

Introduction

Exercise is considered a protective factor that lowers
the risk of osteoporosis; however, not all physical activities
have an equal effect on bone health. Non-weight-bearing
sports may have a neutral or even negative impact (Bellver
et al., 2019), whereas weight-bearing exercises are well-
documented to promote long-term bone health (Boreham &
McKay, 2011; Karlsson & Rosengren, 2012). The development
of bone during childhood and adolescence plays a crucial
role in determining peak bone mass and the future risk of
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osteoporosis and fragility fractures in later life (Baxter-Jones
etal., 2011).

Athletes in endurance sports like running or non-
weight-bearing activities such as biking and swimming
often have lower bone mineral density compared to those
in ball or power sports (Scofield & Hecht, 2012), which
require strength and power to perform game-related skills
effectively (Rahman & Sharma, 2023). In some cases, their
bone density is even lower than that of their sedentary peers
(Fredericson et al., 2005; Fredericson et al., 2007; Nagle
& Brooks, 2011). Low bone mineral density increases the
risk of stress and fragility fractures in competitive athletes
and later in life (Kelsey et al., 2007). Since adequate bone
mineral density is linked to both long-term health and
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injury prevention—especially in high-impact sports like
running and weightlifting—maintaining bone health is
critical (Turner & Robling, 2003). Exercises involving
multidirectional motions and high-impact forces, such as
gymnastics and team sports, are associated with stronger
bones than low-impact exercises (Sale & Elliott-Sale, 2019).

Maintaining optimal body composition and bone health
is essential for overall health and athletic performance. These
physical traits can be influenced differently by various sports,
and it is crucial for athletes and healthcare professionals to
understand these differences (Goolsby & Boniquit, 2017;
Reza et al., 2024). Endurance sports like long-distance
running and cycling, due to their high energy demands,
often produce a leaner physique, while strength-based
sports like weightlifting tend to increase muscle mass and
result in a more muscular appearance (Kraemer et al., 1999).
The physiological demands of each sport play a significant
role in shaping athletes’ body composition and bone health
(Carbuhn et al., 2010). Weightlifting, for example, promotes
skeletal muscle mass and improves bone mineral density
by applying high-intensity resistance that stimulates bone
formation (Hong & Kim, 2018).

Yogic practices have shown potential in enhancing
physiological and physical metrics, which are essential for
unlocking the body’s full potential and improving sports
performance (Pramanik et al., 2024). By integrating weight-
bearing postures with isometric exercises, yoga not only sup-
ports bone mineral density but also aids in muscle mainte-
nance, providing these benefits in a gentler, less strenuous
manner (Ross & Thomas, 2010). Long-distance running,
with its consistent aerobic activity, generally leads to a leaner
body composition and lower body fat (Willis et al., 2012).
However, its impact on bone health can vary depending on
factors like exercise intensity and duration. Long-term par-
ticipation in endurance sports, such as long-distance run-
ning or cycling, may be associated with lower peak bone
density (Tenforde & Fredericson, 2011; Barrack et al., 2010).

Understanding how these factors influence bone
mineral density and body composition is vital for improving
both athletic performance and long-term health. Evaluating
the effects of different exercise regimens on bone mineral
density is essential in determining which activities provide
the most health benefits. The purpose of this study is to offer
evidence-based recommendations to motivate individuals
to engage in exercise that optimizes both bone health and
body composition.

Materials and Methods

Study Participants

In this study, ninety (N = 90) male university-level
participants from Punjabi University, Patiala, India, were
selected usingarandom sampling technique. The participants
included (n = 30) weightlifters, (n = 30) long-distance
runners, and (n = 30) yoga practitioners, all aged between
18 and 25 years and having competed in interuniversity-
level competitions in their respective sports. Long-distance
runners were defined as those participating in events of
3,000 meters or more. The subjects were recruited from
interuniversity camps, ensuring they were actively preparing
for upcoming competitions.

The research scholar explained the objectives and
procedures of the study, and after obtaining informed
consent, the athletes voluntarily participated. All subjects
were healthy and free of musculoskeletal problems, with
those having medical conditions excluded from the study.

Table 1. The anthropometric data (M + SD) of the subjects

Variables  Weight Lifters Lm;gu E;?;nce Pracg)t%:ners
Age (yrs) 19.67 + 1.88 20.13 £1.99 23.33+1.53
Height (cm) 173.12 £ 9.71 172.51 £5.61 175.00 £ 6.40
Weight (kg) ~ 67.40+3.78 5873 +4.48  63.43+501
BMI (kg/m?) 22.85%2.62 20.07 £ 0.829 20.74 £ 2.24
Test Procedure

To assess the participants’ lean body mass and body fat
percentage, the Body Composition Analyzer GS6.5B Body
Building Weight Test System (Version 1.0) was used. Bone
mineral density (stiffness index) was measured using the
Achilles EXPII (Part 1). All tests were conducted in the
Physiology Lab of the Department of Physical Education
at Punjabi University, Patiala, India. Prior to testing,
participants’ queries were addressed, and the procedure
was thoroughly explained. A certified lab technician was
responsible for recording all measurements. For the
purposes of the study, skeletal muscle mass (kg), body fat
percentage (%), and bone mineral density (stiffness index)
were measured and compared among the groups.

Body Composition Analysis

Participants were instructed to remove heavy clothing
and accessories and were informed in advance to refrain
from eating for at least two hours before the test to ensure
accurate measurements (Kyle et al,, 2004a). The test
administrator guided participants to stand barefoot on the
electrode platform and grip the electrode rods with both
hands, ensuring full contact between their feet and the
electrodes (Sergi et al., 2017). The GS6.5B was calibrated
before each session to ensure precision. This system uses
bioelectrical impedance analysis (BIA) to measure body
composition parameters such as body fat percentage and
lean body mass (Kyle et al., 2004b; Mialich et al., 2014).

Bone Mineral Density Analysis

Participants were instructed to remove their shoes and
socks. After getting into a comfortable position, they were
asked to place their feet between the membranes for the heel
scan (Lu et al,, 2022; Li et al., 2019). The measurements were
performed with the participant seated and one foot placed
on the footplate (Weerasinghe et al., 2020). The device sends
ultrasonic waves through the heel, and bone mineral density
is determined by measuring how much these waves attenuate
(Bi et al., 2023). The Achilles EXPII combines speed of
sound (SOS) and broadband ultrasound attenuation (BUA)
readings to create a clinical metric known as the Stiffness
Index, which represents the ultrasound results (Gonnelli et
al., 2002; Moayvyeri et al., 2012).
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Statistical Analysis

The data was analyzed using IBM SPSS software (ver-
sion 29). Descriptive statistics and one-way ANOVA were
employed to fulfil the study’s objectives, followed by a post
hoc LSD test to identify significant differences. The Shapiro-
Wilk test confirmed that the data followed a normal distri-
bution, while Levene’s test verified the equality of variances.
A significance level of 0.05 was set for all analyses.

Table 2. Descriptive statistics of the variables

Results

A one-way ANOVA (Table 3) revealed significant
differences in bone mineral density F, 4, = 15.95, p = .000,
body fat percentage F, 5;) = 26.15, p = .000, and skeletal
muscle mass F, g, = 23.30, p = .000 among weight lifters,
long-distance runners, and yoga practitioners. These results
indicate that the type of physical activity significantly
influences these physiological parameters.

Parameters Groups n Mean  Std. Deviation Std. Error Minimum Maximum
Weight Lifters 30 110.40 6.59 1.20 98 118
Bone Mineral Density Long Distance Runners 30 105.00 5.19 0.95 90 115
Yoga Practitioners 30 101.77 6.07 1.11 85 117
Weight Lifters 30 16.69 2.09 0.38 14 20
Body Fat % Long Distance Runners 30 15.02 1.93 0.35 11 18
Yoga Practitioners 30 18.39 1.28 0.23 14 20
Weight Lifters 30 30.78 1.53 0.28 29 34
Skeletal Muscle Mass ~ Long Distance Runners 30 26.82 241 0.44 22 31
Yoga Practitioners 30 28.46 2.69 0.49 24 33

Table 3. One-way ANOVA of selected parameters of weight lifters, long-distance runners and Yoga practitioners

Variables Groups Sum of Squares df Mean Square F-ratio p-value
. . Between Groups 1141.489 2 570.744
Bone Mineral Density o 15.953 .000
Within Groups 3112.567 87 35.777
Between Groups 170.092 2 85.046
Body Fat % . 26.145 .000
Within Groups 283.004 87 3.253
Between Groups 238.311 2 119.155
Skeletal Muscle Mass o 23.296 .000
Within Groups 445.000 87 5.115
*  Significant at 0.05 level
Table 4. Post-hoc (LSD) test
Parameters Groups Groups Mean Difference Std. Error  Sig. Level
. . Long Distance Runners 5.400* 1.544 .001
Weight Lifters .
Yoga Practitioners 8.633* 1.544 .000
. . ) Weight Lifters -5.400* 1.544 .001
Bone Mineral Density Long-Distance Runners .
Yoga Practitioners 3.233* 1.544 .039
. Weight Lifters -8.633* 1.544 .000
Yoga Practitioners .
Long-Distance Runners -3.233% 1.544 .039
. . Long-Distance Runners 1.663* 0.466 .001
Weight Lifters o
Yoga Practitioners -1.704* 0.466 .000
i Weight Lifters -1.663* 0.466 .001
Body Fat Percentage Long Distance Runners .
Yoga Practitioners -3.367* 0.466 .000
. Weight Lifters 1.704* 0.466 .000
Yoga Practitioners .
Long-Distance Runners 3.367* 0.466 .000
. . Long Distance Runners 3.967* 0.584 .000
Weight Lifters B
Yoga Practitioners 2.322* 0.584 .000
i Weight Lifters -3.967* 0.584 .000
Skeletal Muscle Mass Long Distance Runners .
Yoga Practitioners -1.645% 0.584 .006
» Weight Lifters -2.322% 0.584 .000
Yoga Practitioners .
Long Distance Runners 1.645* 0.584 .006

*

The mean difference is significant at the 0.05 level

256



Waza, N. U. D., & Deol, N. S. (2025). Assessing the Effects of Sports Disciplines on Body Composition and Bone Health:
A Focus on Yoga, Weightlifting, and Long-Distance Running

. 112 20 32

£ 110 = .\/ S 31

B 182 £ 15 Z 30

= 104 g Z 2

5 102 @ 10 Eg28

£ 100 B g5z

S 98 £ 5 N2

5 9 s ° 25

% weight long yoga 0 § 24

g lifters distance weight  runners yoga = weight runners yoga
%’ runners lifters lifters

Fig. 1. Showings mean plots of variables between groups

A post-hoc LSD test (Table 4) revealed significant dif-
ferences between the groups for all parameters. For bone
mineral density, weight lifters had significantly higher values
than long-distance runners (p = .001) and yoga practitioners
(p =.000), and long-distance runners had higher values than
yoga practitioners (p = .039). Regarding body fat percentage,
long-distance runners had lower percentages than weight lift-
ers (p = .001) and yoga practitioners (p = .000), with weight
lifters also having lower body fat than yoga practitioners
(p = .000). For skeletal muscle mass, weight lifters showed
greater mass compared to long-distance runners (p = .000)
and yoga practitioners (p =.000), with yoga practitioners hav-
ing more muscle mass than long-distance runners (p = .006).

Discussion

The present study revealed significant differences in bone
mineral density (BMD), body fat percentage, and skeletal
muscle mass across three groups of athletes: weight lifters,
long-distance runners, and yoga practitioners. Weightlifters
exhibited the highest bone mineral density (BMD) among
the groups, which is consistent with research showing that
high-intensity mechanical loads, such as those encountered
during weightlifting, stimulate bone adaptation and enhance
BMD (Kohrt et al., 2010; Kohrt et al., 2004). The mechanical
stress induced by the loading forces of weightlifting leads to
significant bone strengthening (Souza et al., 2020; Hackett
& Sabag, 2021). In contrast, long-distance runners had
moderate BMD. Although running provides mechanical
load, it is less intense than weightlifting, which may explain
why runners have lower BMD compared to weightlifters
(Tenforde et al., 2011). The continuous, moderate impact of
endurance running contributes positively to bone health but
falls short of achieving the higher BMD that weightlifting
promotes (Borer, 2005; Kohrt et al., 2004). Meanwhile,
yoga practitioners had the lowest BMD, likely due to the
lower impact of yoga. Despite incorporating weight-bearing
poses, yoga does not generate sufficient mechanical stress
to significantly enhance BMD (Fernandez-Rodriguez et al.,
2021; Greendale et al., 2002).

Skeletal muscle mass is a crucial component of overall
physical health and well-being, particularly during the
formative years of youth. Maintaining optimal skeletal
muscle mass can have far-reaching benefits, from improved
physical performance to the prevention of age-related
muscle loss (sarcopenia) later in life (Aversa et al., 2019;
Tieland et al., 2018). Study found that weightlifters had the

highest skeletal muscle mass, which is a direct result of the
hypertrophic effects of resistance training (Hackett & Sabag,
2021; Benito et al., 2020). Mechanical loads and muscle
contractions during weightlifting promote muscle size and
strength through increased protein synthesis and muscle
fiber recruitment (Morton et al., 2016; Schoenfeld, 2010).
In contrast, long-distance runners exhibited the lowest
skeletal muscle mass, as their training focuses on endurance
and cardiovascular efficiency rather than hypertrophy. The
high energy expenditure during endurance exercise can
lead to muscle breakdown rather than growth, as muscle
development is not prioritized in this type of training
(Konopka & Harber, 2014; Fyfe et al., 2014). Enhance the
eccentric strength of the hamstrings, significantly reducing
the risk of muscle strains in athletes participating in high-
intensity sports (Islam et al., 2024). Yoga practitioners
displayed moderate skeletal muscle mass. While yoga
involves isometric contractions that help maintain muscle
mass, the intensity and frequency of muscle engagement
are lower than those seen in weightlifting, resulting in more
modest muscle development (Cramer et al., 2013; Ross &
Thomas, 2010).

Long-distance runners showed the lowest body fat
percentage among the groups, corresponding to the
high caloric expenditure and fat oxidation associated
with sustained aerobic activity (Mooses et al., 2013). The
prolonged aerobic nature of endurance running leads to
increased fat metabolism and energy expenditure, making
it highly effective for fat reduction (Willis et al., 2012).
Weightlifters, while having a higher body fat percentage than
runners, maintained lower fat levels than yoga practitioners.
Increased muscle mass from resistance training elevates basal
metabolic rate and facilitates fat loss (Kraemer & Ratamess,
2004; Schoenfeld, 2010). Yoga practitioners had the highest
body fat percentage, likely due to the lower intensity and
caloric expenditure of yoga compared to weightlifting and
running. According to Lauche et al. (2016), yoga does not
promote the same level of metabolic activity necessary
for substantial fat reduction due to its focus on flexibility,
balance, and mental health (Cowen & Adams, 2005).

Conclusions

Weightlifting is the most effective method for increasing
muscle mass and bone mineral density while maintaining
lower body fat levels. Long-distance running, which
emphasizes endurance, leads to decreased muscle mass,
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moderate bone mineral density, and lower body fat. Yoga has
minimal impact on muscle mass and bone mineral density
but can help maintain muscle through isometric contractions
during poses. These results suggest that combining exercise
modalities provides a balanced approach to improving
overall health, combining the fat loss and cardiovascular
benefits of endurance training with the muscle and bone-
building effects of resistance training.

Limitations

This study had a cross-sectional design, which limits
the ability to establish causal relationships between training
programs and the observed differences in skeletal muscle
mass, body fat percentage, and bone mineral density.
Additionally, the sample size of 90 participants, with 30 in
each group, may be relatively small, potentially affecting
the generalizability of the findings. Furthermore, the study
did not account for confounding variables, such as diet and
individual training intensity, which could have influenced the
results. Future research should consider using longitudinal
designs and controlling for these variables to provide a more
comprehensive understanding of the effects of different
athletic disciplines on body composition and bone health.
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OuiHKa BNANBY CNOPTVUBHUX ANCLUNIH HA KOMNO3ULilO Tina
Ta 340pPOB’A KiCTKOBOI TKAHNHMN: AKLEHT Ha 3aHATTAX NOrolo,
Ba)XKOI0 aTNeTUKolo Ta 6irom Ha poBri gucraHuii

Hacip Vx [Jin Ba3a'A*“PF, Himan Cinrx [Teom'AB¢P®

'TlenmxabCcpKuil yHiBEpCcUTeT

ABTOpPCHKMIT BKTAJ;: A — nm3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarst: 8 ., 3 Tabn., 1 puc., 52 mxepena.

IcTopist nuTannA. PosymiHHA TOro, AK PisHi BUAM CIIOPTY BIVIMBAIOTh HA CTAH KiCTKOBOI TKAaHMHMU Ta KOMIIO3MIIIIO Ti/a, €
K/II0YOBYM YMHHUKOM /IS TIOKPAllleHHA CIOPTUBHOI pe3y/IbTaTMBHOCTI Ta 3arajlbHOTO CaMOIOYyTTA. Baskka aTieTnka, jora ta
6ir Ha JOBTI MUCTAHIII MalOTh yHiKa/IbHMIT BIVIMB Ha opraHisMm. Ile jocmimpkeHHA MICTUTD aHasIi3 TOTO, K KOHKPETHI CIIOPTUBHI
IVICUMIUTIHM GOPMYIOTD 3/J0POB’ A KiCTKOBOI TKaHMHM Ta KOMIIO3UIIIO Ti/la, @ TAKOX Ha/Ia€ I[iHHI peKoMeH Al II0/I0 MOMiIIIeHHA
piBH: (Bi3NYHOI MIATOTOBIEHOCTI Ta CTaHY 3OPOB .

Mera mocnimkenHs. JJOCTi)KeHHA Majlo Ha MeTi OI[iHUTY BIUIMB 3aHATh BaKKOIO aT/IETUKOIO, JIOTOI0 Ta 6iromM Ha [JOBTi
JVICTaHIil Ha KOMIIO3MILIO Ti/la Ta MiHEpa/bHY IIiIbHICTh KiCTKOBOI TKAaHMHMY, @ TAKOXXK BU3HAYNTH, HACKIIBKU CYTTEBO IIi BUIN
bi3nIHOI aKTMBHOCTI BIVIMBAIOTH Ha 00111Ba HAaKTOPIL.

Marepianu Ta MeToAM. 32 MEeTOROM paHzoMisalii 6y/o Bifibpano ges’siHocto (N = 90) MDKYHIBEpCUTETCHKIX CHOPTCMEHIB.
Bubipka cxmaganacs 3 6iryHis Ha goBri gucTaHuii (n = 30), cropTcMeHiB-BaKKoaTIeTiB (n = 30) Ta mpaxTuKis itoru (n = 30). Bu-
MipIOBaHH: MiHepa/IbHOI IITbHOCTI KiCTKOBOI TKAaHMHM MTPOBOAUIOCH 32 IOTIOMOTO0 aHa/li3aTopa MiHepaabHOI MIi/IBHOCTI KiCT-
kool TkaunHu “Achilles EXPII” (Hactina 1), 110 nepenbadae yanTpasByKoBe JOCTIIKEHHs I ATKOBOI KICTKM, @ KOMITO3MIis Ti/Ta
OLIHIOBAJIaCh i3 BUKOpUCTAHHAM TecT-cuctemn “GS6.5B Body Building Weight Test System” (Bepcist 1.0) 3 MeTO0 BM3HaYeHHs
KOMIIOHEHTHOTO CK/Iafly MacH Ti/la CIIOPTCMEHiB.

Pesynbraru. CriocTepiranucs sHa4YHi BifIMiHHOCTI Mi>K IpyIIaMy 3a TOKa3HMKAMU MiHepa/IbHOI IiIbHOCT] KicCTKOBOI TKaHMHMU
Fi, 57 = 15,95, p = 0,000, BificoTKOBOr0O BMICTY KUpY B oprasiami F, g = 26,15, p = 0,000 Ta Macu ckeneTHux M’s3is F, &) = 23,30,
p = 0,000. Post-hoc Tect HaliMeHII0i 3HauyIIOi pi3HMIII ITOKa3aB, 110 BaYKKOATIETU MaJIi HAIBUIINI piBeHb MiHepalIbHOI M[i/b-
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HOCTI KICTKOBOI TKAHMHM Ta Macy CKeJIETHUX M sI3iB, TOAI sIK GIiryHM Ha JOBTi JUCTAHIII IPOAEMOHCTPYBA/IN HAITHVDKIWIT IIOKa3-
HUK BifICOTKOBOTO BMICTY )KMPY B OpraHi3Mi cepefi JOCTiPKyBaHUX TPYIL.

BucHoBKu. 32 pesynbraTamu JOCI/PKEHHS BCTAHOB/IEHO CYTTEBI BiIMIHHOCTI Y IOKa3HMKaX Macy CKeJIeTHMX M sI3iB, Bifico-
TKOBOTO BMICTY )XMPY B OpraHi3Mi Ta MiHepaIbHOI IIi/TbHOCTI KiCTKOBOI TKAHUMHM Cepef] BayKKOAT/IETiB, IIPAKTUKIB J10ry Ta 6iryHis
Ha 1oBri gucrannii. OTpuMaHi faHi BKa3yl0Th Ha YiTKO BUPaKeHi (bi?,ionorqui ajanTaril, OB fA3aHi i3 KOYKHUM BUIOM CIIOPTY,
HiKpecToYy HeoOXiTHICTb pO3pOOKY IHAMBITYaTbHUX TPEHYBATbHIX Ta 03[[0POBYMX CTpATeriil Iofo onTuMisanii pesyabra-
TUBHOCTI Ta TOKa3HUKIB CTaHY 3[I0POB’S B PI3HUX CHOPTUBHMX AUCHUIDIIHAX.

KirouoBi cmoBa: KoMIO3uIiist Ti/a, WiIbHICTb KiCTKOBOI TKAHMHM, M 30Ba Maca, IErKOaT/IeT 3 Oiry Ha BUTPUBAIICTD, IpakK-
TUK 0T, BaXKKa aT/IeTUKA.
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Abstract

Background. Intense or unaccustomed exercise can cause muscle damage and tissue injury, leading to temporary
muscle dysfunction and the release of pro-inflammatory cytokines and free radicals. These factors may result

in muscle protein breakdown, impaired nutrient absorption, and hindered recovery.

Objectives. This study aimed to evaluate the effects of Kencur supplementation on plasma IL-6 and CRP levels

following eccentric exercise.

Materials and methods. A randomized controlled trial (RCT) with a double-blind, placebo-controlled design was
conducted with 40 male recreational students from the State University of Surabaya — Universitas Negeri Surabaya
(age: 19.65 + 1.09 years, BMI: 21.10 + 1.16 kg, body fat percentage: 22.14 % + 2.14 %). Participants were randomly
assigned to either the Kencur group (200 mg/day) or the placebo group (corn starch 100 mg/day) for a period of

14 days. On the experimental day, participants performed 100 countermovement jumps (CM]J). Blood samples were
collected immediately after, 24 hours, and 48 hours post-exercise to measure IL-6 and CRP levels. Repeated Measures
ANOVA with Bonferroni Post-hoc tests were used to analyze the data.

Results. The Kencur group showed a significant reduction in plasma IL-6 and CRP levels post-exercise at all time
points (p < 0.05), while the placebo group exhibited no substantial changes (p > 0.05).

Conclusions. The findings indicate that Kencur supplementation significantly reduces the inflammatory response

by lowering IL-6 and CRP levels following eccentric exercise.

Keywords: eccentric exercise, ROS, inflammation, immune response.

Introduction

Intense or unaccustomed exercise can result in muscle
damage and tissue injury, often leading to a temporary loss
of muscle function and the release of pro-inflammatory
cytokines and free radicals (Aoi et al., 2004; Suzuki,
2018; Wilke & Behringer, 2021). Among various exercise
modalities, eccentric exercise—where muscles lengthen

© Irawan, R. J., Roepajadi, J., Wahyudi, H., Kumaat, N. A,
Tualeka, A. R, Rimawati, N., & Wijayanto, A., 2025.
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while contracting, such as during the lowering phase of
a weightlifting movement—induces greater muscle cell
damageand post-exercise discomfort compared to concentric
exercise, which involves muscle shortening (Hotfiel et al,,
2018; Lin et al., 2021). Eccentric exercise places significant
mechanical strain on the muscle, particularly affecting the
sarcolemma, the protective membrane surrounding muscle
fibers (Bazzucchi et al., 2019; Peake, 2019). This strain can
result in structural disruptions, such as Z-line streaming in
the sarcomere, and leakage of intracellular proteins into the
bloodstream, impairing muscle function and reducing force
production capacity (Lee et al., 2021; Northeast & Clifford,
2021; Sonkodi, 2022).
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Following such muscle damage, individuals typically
experience delayed-onset muscle soreness (DOMS), peaking
between 24 to 72 hours post-exercise. DOMS is associated
with localized inflammation and the mobilization of immune
cells to the affected tissues (Farias-Junior et al., 2019;
Sulistyarto et al., 2022). This process resembles the acute-
phase response seen in trauma or infection, characterized
by increased levels of oxidative stress and inflammatory
markers (Stozer et al., 2020). Reactive oxygen species (ROS),
generated during prolonged or intense exercise, contribute
to cellular damage and amplify the inflammatory response,
further promoting the release of pro-inflammatory cytokines
such as Interleukin-1f (IL-1P), Interleukin-8 (IL-8), tumor
necrosis factor-alpha (ITNF-a) and interleukin-6 (IL-6)
(Thirupathi et al., 2021; Tidball & Villalta, 2010).

Among these cytokines, IL-6 exhibits the most
significant elevation following exercise, with circulating
levels increasing up to 100-fold depending on exercise
intensity and duration (Fleckenstein et al., 2021). IL-6 is
released into the circulation by contracting muscles (i.e.,
muscle-derived IL-6) during intense exercise (Beba et al.,
2022; Nieman et al., 2003). IL-6 reaches its peak immediately
after completion of exercise, followed by a rapid decline to
baseline levels (Hennigar et al., 2017; Waskiw-Ford et al,,
2020). If tissue damage occurs during intense exercise (e.g.,
vigorous eccentric exercise), immune cells infiltrate the
muscle and release IL-6 to signal the acute phase response
and tissue repair (Batatinha et al., 2019; Brendler et al., 2021).

While IL-6 plays a critical role in initiating tissue repair
and adaptation, excessive levels can have deleterious effects,
such as muscle protein breakdown, impaired nutrient uptake,
and disrupted recovery (Kistner et al., 2022). Similarly, CRP,
an acute-phase protein synthesized in response to IL-6,
serves as an indicator of systemic inflammation and muscle
damage severity. Prolonged elevations of these markers
are linked to suboptimal recovery and impaired training
outcomes (Peake et al., 2017).

Given the physiological impact of eccentric exercise,
nutritional interventions aimed at mitigating exercise-
induced inflammation have gained traction in recent
years. Common strategies include supplementation with
antioxidants (e.g., vitamins C and E) (Torre et al., 2021), anti-
inflammatory compounds (Kruk et al., 2021), and proteins
or amino acids (Gao et al., 2022; Northeast & Clifford, 2021).
However, reliance on pharmacological anti-inflammatory
agents, such as Nonsteroidal Anti-inflammatory Drugs
(NSAIDs) like ibuprofen, is commonly used to reduce
inflammation but may have side effects. This is associated
with risks such as gastrointestinal distress and impaired
tissue healing (Pham & Spaniol, 2024). This has shifted focus
toward natural alternatives, including herbal supplements,
as safer and potentially effective options.

Kencur (Kaempferia galanga Linn), a traditional herb
from the Zingiberaceae family, has shown promise due to
its potent anti-inflammatory properties (Irawan et al., 2022;
Yao etal., 2018). Kencur contains bioactive compounds such
as flavonoids, polyphenols, and ethyl p-methoxycinnamate,
which have been associated with reductions in inflammatory
markers (Kiptiyah et al., 2021). Preliminary studies suggest
that Kencur supplementation may attenuate IL-6 and CRP
responses following intense exercise, providing a natural
approach to modulating the inflammatory cascade (Zhang et

al., 2022). However, current research on Kencur in exercise
recovery contexts remains limited, often involving small
sample sizes and early-phase studies. Therefore, this study
aims to evaluate the effects of Kencur supplementation on
plasma IL-6 and CRP levels following eccentric exercise. By
assessing these inflammatory markers, we seek to determine
whether Kencur supplementation can modulate the post-
exercise inflammatory response and support muscle
recovery. This study addresses a critical gap in the literature
and contributes to the growing exploration of traditional
herbal remedies in modern sports science.

Materials and Methods

Study Participants

A total of 40 male recreational students from Universitas
Negeri Surabaya were participated in this study. The partici-
pants were carefully selected according to specific criteria; all
were healthy with a normal body mass index (BMI), exclud-
ing those who were already taking medications, using chemi-
cal substances, or consuming any supplements, and did not
smoke and alcohol. Additionally, both groups were deemed to
be at low risk of bias. Participants were then randomly divided
into two groups: one group received kencur capsules (Kencur
Group, n = 20) and the other group received a placebo capsules
(Placebo Group, n = 20). The participants had the same body
weight, and there were no significant differences in physical
characteristics between the two groups. Prior to participating
in the research, all individuals gave their explicit consent after
being thoroughly briefed on the study’s goals and methods.

Study Organization

Randomized controlled trial (RCT) with a double-blind,
placebo-controlled design. This approach ensures robust
comparisons and minimizes biases. The design was devel-
oped to investigate the effectiveness of 200 mg of Kencur
capsule supplementation for 14 days (2 weeks) to modulates
IL-6 and CRP as inflammation and muscle damage markers.
The study was conducted over a period of one month, with an
initial assessment on the first day to evaluate the participants’
baseline condition. Participants were prohibited from engag-
ing in vigorous physical activity, including exercise, for the 30
days of the study. The only exception was an experimental ex-
ercise protocol, which was specifically designed for this study.

Supplementation

Both the Kencur group and the Placebo group
participants collected their initial data, which included
body weight, height, body fat percentage, physical activity
level, and VO,max measurements, to ensure that the groups
were homogeneous at the outset of the study. The study
involved two types of supplements: one containing 200mg
of Kencur by Tazzaka™, a commercially available product,
and another placebo consisting of a similar capsule with
100mg of corn starch. The Kencur supplement used in this
study was manufactured by Tazzaka™ and is certified by the
Indonesian Food and Drug Authority (Badan Pengawas Obat
dan Makanan, BPOM). The subjects took either the Kencur
supplement or the placebo capsule daily with breakfast for a
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Fig. 1. Timeline of the study

period of 14 days. During this time, they were not allowed
to engage in strenuous physical activity or participate in
recovery programs such as massage or cryotherapy. Before
starting any exercise, participants were required to be free
from pain and injury, as confirmed by their completion of a
physical activity readiness questionnaire.

Exercise Protocol

After 14 days of supplementation, on the 15" day,
participants were asked to perform a specific exercise
protocol designed to cause muscle damage. The protocol
involved a series of countermovement jumps (CM]J)
with proper technique and maximum effort encouraged.
Participants performed a total of 100 countermovement
jumps in 10 sets of 10 jumps every four seconds, with a
60-second rest between sets. The observer monitored the
knee angle between jumps, ensuring it was maintained at 90°.
This exercise has been proven to induce significant muscle
damage in previous studies and was used to assess the effects
of the supplements on muscle damage. A summary of the
study design is presented in Figure 1.

Outcome Measures

The primary outcomes of the study were to measure IL-6
and CRP plasma concentration as an inflammatory marker
due to eccentric exercise. The assessment of IL-6 and CRP
plasma concentrations was performed at three specific time
points: immediately after (0 h), 24 hours (24 h), and 48 hours
(48 h) the countermovement jumps (CM]) protocol was com-
pleted. The selection of specific time points (0 h, 24 h, and 48
h) is based on their established relevance in tracking post-
exercise inflammatory responses, as demonstrated in previ-
ous studies (Kimble et al., 2023; Northeast & Clifford, 2021).

To assess IL-6 and CRP plasma concentration levels,
blood samples were collected from the cubital vein, with
up to 100 cc of blood taken and anticoagulated with EDTA,
and placed into an SST (Serum Separator Tube). The tube
with the frozen blood was then centrifuged at 3000 rpm
for 15 minutes to separate the plasma from the blood. The
plasma formed in the tube was transferred into several
polypropylene tubes, sealed, and labeled with identity
according to the research serial number. The tubes were then
frozen at a temperature of < -20 °C until analyzed.

Measurement of plasma IL-6 levels was performed using
the Enzyme-Linked Immunosorbent Assay (ELISA) method,
while the plasma concentration of CRP was measured using
the DBC hs-CRP ELISA kit (Diagnostics Biochem Canada
Inc., Canada). The analysis was conducted at the Sports Science

Laboratory of Universitas Negeri Surabaya and the Research
Laboratory Installation of Airlangga University Hospital,
which adhere to standard research protocols. Both laboratories
are equipped for biochemical analysis, ensuring the reliability
of the obtained IL-6 and CRP plasma concentration data.

Statistical Analysis

The data were processed both manually and digitally
to convert it into usable information. Data are presented as
mean * standard deviation. Prior to the analysis, normal-
ity was assessed for the data distribution in each group and
time point using the Shapiro-Wilk test. To evaluate the ef-
fects of Kencur supplementation on the dependent variables,
IL-6 and CRP levels were analyzed using Repeated Measures
ANOVA with two factors: time (0 h, 24 h, and 48 h) as a
within-subject factor and treatment group (kencur supple-
mentation vs. placebo) as a between-subject factor. If the
ANOVA results show significant differences, post-hoc testing
using Tukey’s HSD will be conducted to identify specific dif-
ferences between time points (0 h, 24 h, and 48 h) within each
treatment group. All analyses will be performed using SPSS
23 statistical software, with a significance level set at p < 0.05.

Results

A total of 40 recreational male students from Universitas
Negeri Surabaya participated in this study. They were
randomly assigned to either the Kencur Group (n = 20) or
the Placebo Group (n = 20). The average age of the Kencur
Group was 18.70 years (+0.47), while the average age of the
PLA was 18.67 years (+0.49).

The International Physical Activity Questionnaire (IPAQ)
was used to assess participants’ activity levels before the study
commenced, categorizing them as low, moderate, or high ac-
tivity based on metabolic equivalent task (MET) values. Body
composition was measured using bioelectrical impedance
analysis, while aerobic fitness was estimated via the VO,max
test using the Beep Test (Multistage Shuttle Run Test).

Additional characteristics from this study are presented
in Table 1. (Data are presented as mean + standard deviation
(SD), n = 20).

Kencur supplementation and changes on IL-6

IL-6is a cytokine that serves as a marker of inflammation
in response to the mechanical disruption of fibers. IL-6
plasma levels were measured at three different times:
immediately after (0 h), 24 hours (24 h), and 48 hours (48 h)
post-eccentric exercise. The plasma levels of IL-6 increased
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Table 1. Respondent Characteristic

Indicators Kencur Group Placebo Group Categories
Age (years) 19.65 (+ 1.09) 19.70 (= 1.17)
Height (cm) 166.30 (£ 5.32) 167.75 (£ 3.13)
Weight (kg) 58.65 (& 4.83) 59.15 (+ 3.53)
BMI 21.19 (£ 1.24) 22.50 (+ .66) Normal
Fat Percentage (%) 21.94 (+2.20) 2233 (+£2.11) Average
IPAQ (MET) 1318.26 (& 252.48) 1266.63 ( 214.28) Moderate
VO,max (mL kg’ min™) 34.84 (+ 6.18) 36.89 (+ 5.87) Poor

in response to exercise in both groups. Peak IL-6 levels were
observed immediately (0 h) post-exercise for both Kencur
and placebo groups, followed by a decrease at 24 h and a
subsequent increase at 48 h after eccentric exercise.

When compared to the placebo group, the Kencur group
showed significantly lower IL-6 plasma values at all time
points post eccentric exercise (Table 2). (Data are presented
as mean = standard deviation (SD), n = 20).

Table 2. Changes in IL-6 plasma were measured at three
different times.

i oh 24h 48h »
(pg/ml) (pg/ml) (pg/ml)
Kencur  45.65+17.22 2326+ 1823 29.28+18.54 0.001
Placebo  75.26 £26.25 57.90+22.21 65.66+20.17 0.710

Repeated Measures ANOVA with two factors

Table 2 above shows the changes in IL-6 after a 2-week
supplementation period for both the Kencur and Placebo
groups. The p-value (time) indicates the significance of
differences in IL-6 levels across the three time points (0 h, 24
h, and 48 h) within each group. In contrast, the Placebo group
did not exhibit significant changes in IL-6 levels over time (p
= 0.710), suggesting no measurable effect from the placebo
intervention. This implies that Kencur supplementation
resulted in reduced IL-6 plasma levels, while the placebo
group did not see any reduction in IL-6 plasma levels.

Kencur supplementation and changes
on inflammatory marker (CRP)

CRP is frequently used as an indicator of inflammation
resulting from intense exercise. In a comparative study of
plasma levels of inflammatory markers before and after
kencur supplementation (after a 2-week period), we noted a
significant change in CRP levels across the three time points
(0 h, 24 h, and 48 h) within each group in the kencur group,
while no such change was observed in the placebo group. The
test results are shown in Table 3 below. (Data are presented as
mean * standard deviation (SD), n = 20).

Table 3. The changes in CRP plasma levels were measured
at three different time points

Oh 24h 48 h

hs-CRP (mg)  (mg)  (mgN) P
Kencur 2.42 +0.22 1.61 £0.16 1.74 £ 0.28 0.003
Placebo 2.65+0.15 2.08+0.17 2.36+0.20 0.612

Repeated Measures ANOVA with two factors

Table 3 above shows the changes in plasma CRP after
a 2-week supplementation period for both the Kencur and
placebo groups. The results indicate a significant reduction
in CRP levels over time (p < 0.001), suggesting a notable
anti-inflammatory effect of Kencur supplementation. In
contrast, CRP levels in the placebo group showed changes
that were not statistically significant (p = 0.612), indicating
no measurable effect from the placebo treatment. Therefore,
it can be concluded that Kencur supplementation leads to a
more pronounced decrease in CRP plasma levels compared
to the placebo.

Discussion

This study investigated the effects of Kencur
(Kaempferia galanga Linn) supplementation on plasma
IL-6 and CRP concentrations following eccentric exercise,
a well-established model for inducing muscle damage and
inflammation. The aim was to explore its potential as an
anti-inflammatory agent in eccentric exercise, enhancing
recovery, and improving exercise performance by leveraging
its anti-inflammatory pathway. This information can serve
as a reference and consideration for athletes and active
individuals regarding the risk of inflammatory response and
muscle damage caused by eccentric exercise.

The primary finding of this study showed that taking
kencur supplements for a 2-week period can attenuate
the inflammatory response and prevent muscle damage,
as indicated by significant changes in both IL-6 and CRP
plasmalevels, which are markers of inflammation and muscle
damage due to eccentric exercise. The current findings
support kencur supplementation to attenuate inflammation
and muscle damage in the hours immediately following
eccentric exercise. Thus, kencur supplementation may be an
important consideration in developing and implementing
strategies to aid in muscle recovery during the acute (0-48 h)
time period following a bout of eccentric exercise-induced
inflammation.

The benefits of taking kencur supplements before and
after exercise-induced inflammation are uncertain due to
variations in dosage, timing, and types of exercises studied.
Inflammation and muscle damage levels also differed among
the studies.

Ithas been shown in many studies that eccentric exercise,
especially if done excessively, can result in inflammation
and muscle damage (Bontemps et al., 2020). High intensity
exercise can cause a temporary decrease in muscle strength,
increased passive tension, increased pain and muscle
inflammation, and elevated levels of intramuscular proteins
in the bloodstream (Arazi et al., 2021). It is a common
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symptom that occurs when engaging in high-intensity
exercise. It is a temporary and natural part of the muscle's
repair and adaptation process (Batatinha et al., 2019).

Eccentric exercise, characterized by muscle lengthening
while contracting—such as during the lowering phase of
a weightlifting movement—places unique and intense
mechanical stress on muscle fibers. This type of exercise is
not only more challenging than concentric exercise, where
the muscle shortens, but it also elicits a distinct physiological
response due to the higher strain it imposes on muscle
structures (Heiss et al., 2019; Stozer et al., 2020). The
sarcolemma, a critical membrane surrounding muscle fibers,
is particularly vulnerable during eccentric contractions.
Microscopic examination reveals structural disruptions,
such as "Z-line streaming” within the sarcomere, the
fundamental unit of muscle contraction (Ucar et al., 2024).
These changes compromise the integrity of the muscle and
can lead to the leakage of essential intracellular proteins,
such as creatine kinase, into the bloodstream—a hallmark of
muscle damage (Stozer et al., 2020).

The resulting impairment in muscle function
significantly decreases the muscle's capacity to produce
force, contributing to post-exercise soreness and a prolonged
recovery period (Barker et al., 2023). Despite these
challenges, eccentric exercise is highly valued for its ability
to stimulate muscle remodeling and adaptation, making it a
double-edged sword in physical training and rehabilitation.
IL-6 is the most significantly elevated cytokine after intense
exercise, often exceeding other cytokines by up to 100-fold
(Nanavati et al., 2022). High levels of IL-6 can lead to muscle
protein breakdown, hinder recovery, and disrupt training
adaptations, impacting performance and long-term health.

Several studies have suggested a strong link between
inflammation and muscle recovery. Inflammatory responses,
particularly through IL-6 and CRP pathways, play a crucial
role in post-exercise adaptation and tissue repair (Irawan
et al,, 2022; Jakubczyk et al., 2020). This response involves
the release of pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1B),
and interleukin-6 (IL-6), as well as other inflammatory
mediators like prostaglandins and leukotrienes (Lin et al.,
2021). These cytokines not only amplify the inflammatory
process but also contribute to the recruitment and activation
of immune cells, perpetuating a cycle of oxidative damage
and inflammation (Suzuki, 2018; Tanabe et al., 2021).

Studies have demonstrated that muscle damage is
frequently associated with oxidative stress (OS), which is
marked by an increase in reactive oxygen species (ROS).
The level of the biomarker produced is dependent on the
extent of muscle damage or fatigue. One study observed
that cytokines response and muscle damage during eccentric
exercise have been linked to a shift toward greater glycolytic
energy production. As a result, inflammatory processes
are consistently connected with OS, and both are directly
involved in muscle damage, meaning they should be
examined and managed together (Amalraj et al., 2020).

Preventing excessive increases in IL-6 following eccen-
tric exercise is important because sustained high levels of
IL-6 are associated with detrimental effects such as muscle
protein breakdown, prolonged inflammation, and impaired
recovery (Jomova et al., 2023; Waskiw-Ford et al., 2020). IL-6
is a pleiotropic cytokine that plays a dual role: while it acts as

a myokine facilitating glucose uptake and tissue repair dur-
ing moderate elevation, excessive levels can shift toward pro-
inflammatory actions, promoting catabolic effects (Fuller et
al., 2020; Kistner et al., 2022). Elevated IL-6 also stimulates
the production of acute-phase proteins like CRP, exacer-
bating systemic inflammation and contributing to oxidative
stress, which can delay muscle regeneration and adaptation
(Boukhris et al., 2020; Del Giudice & Gangestad, 2018).

Studies have shown that unchecked inflammation
marked by elevated IL-6 levels can impair mitochondrial
function, amplify muscle soreness, and reduce force
production, potentially leading to overtraining syndrome
or compromised athletic performance (Fischer et al., 2004).
Therefore, nutritional or therapeutic strategies targeting
IL-6 modulation, such as antioxidant or anti-inflammatory
supplementation, canhelp maintain an optimal inflammatory
balance post-exercise, supporting recovery and training
benefits (Nara & Watanabe, 2021).

In this study, IL-6 and CRP plasma concentrations in
blood were measured as an inflammatory marker. As shown
in the results above, there is changes in both IL-6 and CRP
plasma levels 0 hours, 24 hours and 48 hours post single bout
eccentric exercise. The results of statistical analysis showed
that there is a difference in IL-6 and CRP plasma levels after
14 days of Kencur supplementation. Recent studies have also
shown a slight increase in IL-6 and CRP levels as an inflam-
matory marker after CMJs as an EIMD (Cerqueira et al., 2020;
Costello et al., 2018; Kawamura & Muraoka, 2018). The pres-
ence of this inflammatory marker (IL-6 and CRP) is suggested
to be the result of muscle cell damage as a consequence of in-
tense eccentric exercise (Boukhris et al., 2020; Mal'tseva et al.,
2022). The present study showed that daily Kencur capsules in-
take demonstrated to be efficient in attenuating IL-6 and CRP
plasma levels as a consequence of intense eccentric exercise.

The excessive inflammatory response that follows can
ultimately lead to additional tissue damage (Taherkhani et al.,
2020). Previous evidence has suggested that an acute bout of
exercise increases NF-kB activity. NF-kB is a critical regulator
of various physiological and pathological processes, includ-
ing inflammation and oxidative stress (Suzuki et al., 2020).

In conclusion, this study provides evidence supporting
the potential of kencur supplementation to modulate
exercise-induced inflammation, as indicated by its effects
on plasma IL-6 and CRP levels following eccentric exercise.
The anti-inflammatory pathway of kencur, attributed to its
bioactive compounds such as ethyl p-methoxycinnamate
and flavonoids, appear to play a crucial role in attenuating
the acute inflammatory response associated with muscle
damage. These findings suggest that kencur may serve as a
natural and effective alternative for managing post-exercise
inflammation, promoting recovery, and maintaining
training adaptations. However, further research involving
larger sample sizes, diverse populations, and varying
exercise protocols is necessary to confirm these effects and
explore the broader applications of kencur in sports and
clinical settings.

Conclusions

This study demonstrates the potential of kencur
supplementation to modulate inflammatory responses
following eccentric exercise. Specifically, kencur

266



Irawan, R. J., Roepajadi, J., Wahyudi, H., Kumaat, N. A,, Tualeka, A. R., Rimawati, N., & Wijayanto, A. (2025). Kencur Supplementation
Modulates Interleukin-6 (IL-6) and C-Reactive Protein (CRP) in Response to Muscle Damage Following Eccentric Exercise

supplementation was associated with reductions in plasma
IL-6 and CRP concentrations following eccentric exercise,
suggesting a potential role in modulating the inflammatory
response. These findings suggest that kencur, with its
anti-inflammatory properties, may serve as a natural and
effective strategy to mitigate exercise-induced muscle
damage (EIMD).

Future research should explore the dose-response
relationship and long-term effects of kencur supplementation
across diverse populations and exercise modalities.
Additionally, comparative studies with other anti-
inflammatory interventions could further establish kencur’s
role as a viable alternative in sports nutrition and recovery.
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MpuimaHHA fO6ABOK i3 BMiCTOM KEHKYpa MOAYNIOE NOKAa3HUKN
iHTepnenkiHy-6 (IL-6) Ta C-peakTuBHoro 6inka (CRP) sk peakuin
Ha NOWKOAPKEHHA M'A3iB NiCNIA BUKOHAHHA eKCLLeHTPUYHNX Bnpas

Poii [Ixanyapni Ipapan'A°’E, Mlocod Poenasyi'®", Xepi Baxioni'®F, HypTbe Anita Kymaar

Ao6pyn Poxim Tyaneka**“P, Hanpa, Pumaari'“®

!Ilep>xaBHuit yHiBepcuteT Cypabast
*YuiBepcuret Eitpranrra

1CD
>

, Ani Bimxasauaro®tPE

*Yuiepcuret Icnamy Caitiga Ani Paxmarymu Tynynrarynra

ABTOpCHKNMIT BKIAM: A — fU3aiiH KOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pegepar. Crarrs: 9 ., 3 Tabn., 1 puc., 55 mxeper.

Icropia nuranHs. [HTeHCUBHI a60 HekacTOMi3oBaHi (i3N4Hi BIPABU MOXKYTb CIPUYMHUTY MOIIKOKEHHA M A3iB i Tpas-
MYBaHHS TKaHJH, 110 IPU3BOAUTD [0 TMMYACOBOI M s130B0i AMCRYHKII i BUBIIbHEHHS IIpO3allalbHUX LMUTOKIHIB Ta BUIBHMX
panukais. BkazaHi ¢pakTopy MOXYTb BUK/IMKATU PO3IIAJ] M A30BUX Oi/IKiB, IOPYILIEHHS 3aCBOEHHS MOXXIBHUX PEYOBMH Ta YIIO-
Bi/IbHEHHA IPOLECY BiJHOB/ICHHS.

Mera gocmimKeHH:A. MeTo0 1[bOr0 HOCI/PKeHHA Oy/I0 OLiHUTY BIUINB HpUIIMaHHA H00aBOK i3 BMICTOM KeHKypa Ha piBHI
IJI-6 Ta C-peaktuBHOrO 6i/1Ka B I/1a3Mi KPOBI IiC/Is1 BUKOHAHHS €KCLIEHTPUYHIX BIIPAB.

Marepiamu Ta Meromu. [IpoBefeHo pangoMisoBaHe KOHTponboBaHe gocmimkenHs (PK]) i3 3acTocyBaHHAM MOABITHOrO
Crirnoro, miane6o-KOHTPOIbOBAHOTO [U3aliHy 3a y4acTio 40 CTy/IeHTiB 40/IoBivoi cTaTi, IKi HaBYaMMCA Ha QaKynbTeTi pekpeaii
Jepxasroro yHiBepcutery Cypabai — Universitas Negeri Surabaya (six: 19,65 + 1,09 pokis, IMT: 21,10 + 1,16 kr, BifcoTKOBuII
BMICT XXVpY B opraismi: 22,14 % + 2,14 %). Y4yacHukis 6y10o paHZoMi30BaHO [0 TPy, sIKa IpuiiMaa f06aBKY i3 BMICTOM KeH-
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Kypa (200 mr/po6y), abo no rpymu miane6o (KyKypynssHuit kpoxmaab 100 Mr/no6y) Ha mepiof crioctepesxeHHs 14 nHiB. Y neHb
IIPOBEJIeHH: eKCIIePMMEHTY y4acHUKY BuKoHam 100 BepTuKambHMX cTpuOKiB i3 konTppyxoM (KPC). 3abip spaskis KpoBi mpo-
BOIVMBCSA Ofpasy IiC/A TPeHYBAaHHA, Yyepe3 24 roayHu Ta 48 TOAVH MiC/IA 3aBEepIIEeHHA BIIPAB 3 METOXO0 BM3HaYeHHA piBHIB IL-6 Ta
C-peaxtusHoro 6inxa. /Iy aHai3y faHux 6y/I0 3aCTOCOBAHO METOJ, AMUCIIEPCIIIHOTO aHaIi3y IIOBTOPHMX BuMiproBaHb (ANOVA)
i3 BukopucranHaM post-hoc-rectiB Bordepposi.

Pesynbratu. ¥ rpymi, sika npuitMana f06aBKy i3 BMICTOM KeHKYpa, CIIOCTepirazocs BOCTOBipHe 3HVDKeHH:A piBHiB IJI-6 Ta
CPB y r1asmi KpoBi Iic/ist TpeHyBaHH: B yciX 4acoBux mpomixkax (p < 0,05), Topi K y rpymi 1ane60 CyTTeEBMX 3MiH He BCTa-
HoBJteHO (p > 0,05).

BucnoBku. OTpyuMaHi JaHi CBiff9aThb Ipo Te, 110 BXXMBAHHA J0OOABOK i3 BMiCTOM KeHKYypa CIIpUsA€ 3HAYHOMY 3MEHIIIeHHIO 3a-
IIa/IbHOI peakiiii 3a paxyHoK 3HbKeHHsA piBHiB IJI-6 Ta CPB mic/i1 BUKOHaHHA eKCIeHTPUYHMX BIIPaB.

Knrouosi cnoBa: excrienTpuyHi Bpasy, AQK, samanenHs, iMyHHa BiIoBifb.
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Abstract

Background. Futsal players require a holistic training model that combines high-intensity interval training with
a game-based approach, addressing their need to cover a total distance of 4000 meters at maximum aerobic speed.

Objectives. This study aimed to analyze the effect of combining high-intensity interval training with a game approach

on the aerobic ability of amateur futsal athletes.

Materials and methods. This study used an experimental method. A total of 32 male futsal athletes from

amateur clubs participated in this study, with an age of 17.00 + 1.10 years, a height of 167.19 + 3.80 cm, a body

mass of 58.81 + 3.80 kg, and a BMI of 21.05 + 1.26. Data analysis used the Wilcoxon signed-rank test and the
Mann-Whitney U test, with a significance level of 0.05. The total distance covered and the VO, max level of the
sample were measured using a 12-minute Cooper test instrument.

Results. The statistical analysis using the Wilcoxon and Mann-Whitney tests revealed that the Experimental Group
(EG) showed significant enhancements in both Total Distance (TD) and VO,max (p < 0.0001 for both), while the
Control Group (CG) did not (p = 0.0747 for TD, p = 0.0701 for VO,max). The Mann-Whitney test confirmed that
the EG’s improvements were significantly more marked than the CG’s (p < 0.0001 for both variables). The percentage
improvements between the pre-test and post-test show that in the EG, TD increased by 8.12 %, and VO,max increased
by 10.44 %. In contrast, the CG demonstrated only a 1.11 % increase in TD and a 1.44 % increase in VO,max.
Conclusions. These findings concluded that combining a high-intensity interval training model with a game
approach had a positive effect on the aerobic endurance of amateur futsal athletes.

Keywords: combination training, high-intensity interval training, game approach, aerobic, futsal amateur.

Introduction

In recent decades, the characteristics of the futsal game
have evolved significantly, characterized by high game
intensity and players who are more flexible in changing or
rotating positions (Ivan-Baragano et al., 2022; Spyrou et al,,
2020). Research studies investigating this sport modality

© Masjid, I, Kusuma, I. D. M. A. W,, Suyoko, A., Bulqini, A.,
Nugraha, A. D., Pranoto, A., Bharlaman, M. B. F,, &
Nirwansyah, W. T., 2025.

@ PETM
f LLCOVS

have also increased significantly over the last two decades
(Barbero-Alvarez et al.,, 2008; Castagna et al., 2009; De
Oliveira Bueno et al., 2014; Ohmuro et al., 2020), which
contribute to a better understanding of the physical needs of
players, the technical and tactical skills of players during the
match, as well as the preparation of futsal training materials.
According to the research study above, the average total
distance traveled by futsal players in one match is around
4000-4500 meters, of which 8-13% is done in high-speed
running (HSR>15.5 km/h) and 5-9% is done in sprinting
(>18.3 km / h). Statistical data analysis can be practically
beneficial in designing training programs, as match analysis
is highly useful for developing specific training programs
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that resemble the physiological conditions of the game (Di
Salvo et al., 2007).

Aerobic endurance is an essential modality to support
the characteristics of playing futsal with high intensity
because, with aerobic endurance, players will be helped to
avoid fatigue or decreased performance, especially at the
end of the match session (Glanzel et al., 2020; Milanez et
al., 2011). There are previous research studies on physical
training in futsal, such as (Campos et al., 2021; Laursen,
2010; Saleh et al., 2021) related to the high-intensity interval
training model. Although this training model positively
impacts physical abilities, it primarily focuses on physical
improvement, potentially neglecting the development
of technical and tactical skills essential for compelling
gameplay. To address the gap identified in the study,
researchers have developed new methods to overcome the
issue. These innovative approaches aim to fill the existing
void and enhance the overall understanding of the subject
matter. By implementing these methods, researchers hope
to achieve more accurate and relevant outcomes, ultimately
contributing to the advancement of knowledge in this field
and aligning with previous research that explains that futsal
has a specific development of game dynamics, such as
offensive (4-in-line) and defensive (pressure throughout the
zone) (Naser et al., 2017).

In a sports coaching survey by Thompson (2023), high-
intensity interval training is the most popular method to
improve physical abilities, especially aerobic endurance.
Research has shown that high-intensity interval training
positively impacts players’ aerobic endurance (Helgerud et
al., 2007). Given the very high physical demands during
the game, combining high-intensity interval training with
game training adjusted to an average total distance of 4000
meters is important (Ribeiro et al., 2020). Therefore, it is
necessary to scientifically study the impact of combining
these exercises to meet specific futsal training needs. The
results of this study can help coaches and players design more
effective training programs that combine physical, technical,
and tactical components according to the needs of players in
a match. This study can also provide valuable insights into
how futsal games at the amateur level can improve.

Materials and Methods

Study Participants

Thirty-two male futsal athletes from amateur clubs
participated in this study. They were 17.00 + 1.10 years
old, 167.19 + 3.80 cm tall, 58.81 + 3.80 kg in body mass,
and 21.05 + 1.26 in BMI. All samples involved in this study
had 1 year of physical training experience. The researchers
randomly divided the sample into an experimental group
(EG) and a control group (CG)

Study Organization

The researchers administered a pretest to the
experimental and control groups to determine their initial
aerobic endurance ability. Furthermore, the experimental
group was given high-intensity interval training treatment
with a game approach for four weeks with a frequency of
three times a week. The control group was not given any

special treatment but continued to undergo training with
the same duration and frequency as the experimental
group. After four weeks of training, in the last week, the
experimental and control groups were given a post-test to
determine the difference in aerobic endurance ability with
high-intensity interval training with a game approach. This
study used the 12-minute Cooper Test. The 12-minute
Cooper Test variables analyzed were VO,max.

Training Program

The training program involves two groups of players,
each consisting of 8 people, with a High-Intensity Interval
Training (HIIT) approach that combines games and fast
dribbling. Group 1, consisting of 8 players, trains in a four
vs four with game format in a 15x15 meter area. Meanwhile,
Group 2 undergoes fast dribbling training with a distance of
40 meters, repeated 10 times so that the total distance covered
reaches 400 meters. After completing their respective tasks,
the two groups switch roles, with a rest time equal to the
duration required to complete the 400-meter dribble. Each
player will complete five games and five fast dribbling sets
in one training session. Thus, each player will cover a total
distance of around 2000 meters, and the entire group will
cover a distance of 4000 meters.
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Fig. 1. HIIT Training and Game Combination Area

This program aims to improve the players’ maximal
aerobic capacity by emphasizing high intensity and high
training volume. The combination of four vs four with
games in a small area and fast dribbling in the HIIT pattern
encourages players to work at high intensity repeatedly,
which is very effective in increasing VO,max (maximal
oxygen consumption). This training aims to increase the
players’ cardiorespiratory system efliciency, improve their
aerobic endurance, and optimize recovery between periods
of intensive work, helping them achieve optimal levels of
maximal aerobic capacity.

Statistical Analysis

This study presents the data as means and standard
deviations and uses the Shapiro-Wilk test to assess normality.
The researchers used the Wilcoxon test for non-normally
distributed data and the Mann-Whitney test to compare
differences between two non-normally distributed groups. The
researchers calculated the percentage of improvement between
pretest and post-test results during the training period using
the formula: (mean difference/mean pretest) x 100%.
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Results

Table 1. Characteristics Samples

Group Age Height (cm) Weight (kg) BMI

EG 17.00 £ 1.10 167.19 +£3.80 58.81 +£3.80 21.05+1.26
CG 17.13 £1.09 167.31 £3.46 57.13+£3.61 20.42+1.42

The data is presented as mean * SD to indicate central tendency
and variability

Table 1 above shows the demographic characteristics
of the experimental group (EG) and the control group
(CG). The average age of the experimental group is
17.00 + 1.10 years, while the control group has an average
age of 17.13 £ 1.09 years. For height, the experimental group
has an average of 167.19 + 3.80 cm, and the control group
has an average of 167.31 * 3.46 cm. In terms of weight, the
experimental group has an average of 58.81 + 3.80 kg, while
the control group has an average of 57.13 + 3.61 kg. Finally,
the average BMI for the experimental group is 21.05 + 1.26,
while the control group has an average BMI of 20.42 + 1.42.

Table 1. Characteristics Samples

Group Age Height (cm) Weight (kg) BMI

EG 17.00 + 1.10
CG 17.13 £ 1.09

167.19 £3.80 58.81 £3.80 21.05+1.26
167.31 £3.46 57.13+3.61 20.42+1.42

The data is presented as mean * SD to indicate central tendency
and variability

Table 2 above shows the results of the normality test
using Shapiro-Wilk. In the Experimental Group (EG), Pre
Total Distance and Pre VO,max have a normal distribution
(p > 0.05), while Post Total Distance and Post VO,max are
generally not distributed (p < 0.05). In the Control Group
(CG), all pretest and post-test variables have a normal
distribution (p > 0.05). For the change (delta), Delta Total
Distance and Delta VO,max in the EG have a normal
distribution (p > 0.05), while in the CG, they are generally not
distributed (p < 0.05). Based on these results, the researchers
will apply the Wilcoxon test to assess differences in non-
normally distributed data and the Mann-Whitney test to
compare the experimental group (EG) and control group
(CG) on variables that do not follow a normal distribution.

Figure 2 above presents the statistical analysis results
using the Wilcoxon and Mann-Whitney tests to compare
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Fig. 2. Comparison of Total Distance and VO,max between EG
and CG

the Experimental Group (EG) and Control Group (CG) on
two variables: Total Distance (TD) in meters and VO,max
in ml-min-1-kg-1. For the TD variable, the Wilcoxon test
results show that the EG experienced a significant increase
between the pretest and post-test (p < 0.0001). In contrast,
the CG did not show a significant difference (p = 0.0747).
The Mann-Whitney test confirms that the increase in TD
for the EG was significantly more significant than the CG
(p < 0.0001). For the VO,max variable, the Wilcoxon test
indicates that the EG also experienced a significant increase
between the pretest and post-test (p < 0.0001), while the CG
showed no significant difference (p = 0.0701). The Mann-
Whitney test again reveals that the increase in VO,max for
the EG was significantly more significant than that of the
CG (p < 0.0001). These results indicate that the intervention
in the EG was effective in improving performance related to
distance covered and aerobic capacity (VO,max)

Table 3 Percentage of improvement

Percentage
Variable Pretest Post-test  Improvement
(%)
EG TD (meter) 2316.25+ 112.24 2501.88 + 80.02 8.12

CG TD (meter) 2271.88 + 85.18 2296.88 + 90.97 1.11

EGVOmax 0491051 44464179 1044
(ml-min™-kg)
CEVOmax 5501190 40.06+2.03 1.44
(ml'min'-kg™)

The data is presented as mean * SD to indicate central tendency
and variability

Table 3 above shows the percentage improvements
in Total Distance (TD) and VO,max between pretest and
post-test. In the Experimental Group (EG), TD increased
by 8.12%, and VO,max increased by 10.44 %. Meanwhile,
in the Control Group (CG), TD only increased by 1.11 %,
and VO,max increased by 1.44 %. The EG shows a higher
percentage of improvement compared to the CG.

Discussion

The combination of high-intensity interval training with
a game approach has a positive effect on increasing aerobic
endurance. The improvement in aerobic endurance is closely
related to the impact of the maximal aerobic speed control sys-
tem during training sessions, which is essential for planning
the training program and adjusting the training load, particu-
larly during high-intensity intermittent training (Psarras &
Bogdanis, 2024). The training program adapts high-intensity
interval training with a game-based approach, using the aver-
age total distance of 4000 meters covered in a futsal match asa
reference, and incorporates a maximal aerobic intensity more
significant than 90 % Hrmax with a 1:1 interval ratio.

The selection of a high-intensity interval training pro-
gram with a game approach is an essential aspect in efforts
to achieve goals in futsal, in this context, to increase aero-
bic endurance. This unique training allows players to de-
velop technical and tactical skills in situations similar to real
matches. Conversely, the high-intensity interval training ap-
proach can improve physical quality (Stankovic et al., 2023).
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In the process, high-intensity interval training with a game
approach will affect the increase in player confidence; this is
because in each training session, the players not only focus
on physical training but also technical and tactical skills so
that it can indirectly improve the player’s mentality (Mén-
dez-Dominguez et al., 2022). Increasing training intensity
gradually is also an effort to encourage physiological adapta-
tion and improve player performance. In line with previous
studies that the high-intensity interval method applied with
the principle of progressiveness can coordinate muscle work
simultaneously to produce optimal energy for motor perfor-
mance and is the fastest way to obtain muscle development
because it increases power production and protects joints
from injury (Atakan et al., 2021; Liu et al., 2023).

Applying a training frequency of three times a week can
affect aerobic endurance in amateur futsal athletes. Previous
studies have reported that high-intensity interval training is
practical when done in three sessions per week to reduce the
adverse reactions due to glycogen depletion, accumulation
of metabolites in muscles, and neuromuscular tension on
athlete performance (Vigh-Larsen et al., 2021). In addition,
this organized and continuous training will provide positive
results in developing training goals (Barbieri et al., 2016).

The results of this study indicate that high-intensity inter-
val training with a game approach can significantly increase
aerobic endurance. In line with research As-Safa et al. (2024),
rotational tactic training with a high-intensity interval training
protocol can improve anaerobic performance in amateur futsal
athletes. This training method can also be an alternative to
improve several physiological parameters such as cardiometa-
bolic, oxygen uptake kinetics, aerobic capacity, and resistance
to muscle fatigue. The cardiometabolic increase in question
is high-intensity interval training in increasing insulin sensi-
tivity performance, which can help the body more efficiently
regulate blood sugar levels (Weston et al., 2014). Increasing
oxygen uptake kinetics is high-intensity interval training in
increasing blood volume and hemoglobin, allowing muscle
cells to use oxygen more quickly and efficiently during exercise
(Buchheit & Laursen, 2013). The increase in aerobic capacity
is due to high-intensity interval training in increasing cardiac
output due to increased stroke volume and heart rate (Gibala
& Jones, 2013). Meanwhile, the accumulation of lactic acid and
hydrogen ions during high-intensity interval training triggers
increased resistance to muscle fatigue, as these are the main
factors causing muscle fatigue (Enoka & Duchateau, 2008).

This approach lets athletes experience game-like
conditions during training, potentially increasing their
match performance. However, it is essential to acknowledge
the limitations of this study, including the small sample
size and the short duration of the intervention, which may
affect the generalizability of the results. Future research
should consider more extensive, more diverse samples and
explore the long-term effects of this training method on
various physiological parameters in different age groups and
competitive levels.

The findings of this study emphasize the effectiveness
of combining high-intensity interval training with a game-
based approach to enhance aerobic endurance in amateur
futsal athletes. This approach can significantly benefit
coaches in designing training programs that improve
physical capabilities and integrate technical and tactical
skills relevant to match scenarios.

Conclusions

Based on the research results achieved in high-intensity
interval training with a game approach, the researchers
concluded that this method can positively contribute to
increasing aerobic endurance.
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MoegHaHHA BUCOKOIHTEHCMBHOIO iHTEPBaJIbHOTO
TPeHyBaHHA Ta irpoBoro nigxoay cCNpuUAE NigBULLEHHIO
aepo6HOI BUTpuBanocTi y pyr3anicriB-amaropis
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Pedepar. Crarra: 6 c., 3 Tab1., 2 puc., 28 mKeper.

Icropisa muranna. Pyr3anicTu MOTpe6YIOTh 3aCTOCYBaHHA XOMICTMYHOI MOJie/i TpeHYBaHb, AKa Iepefdadae IMOETHAHHA
BUCOKOIHTEHCUBHIX IHTepBa/JIbHNUX TPEHYBAHb 3 irPOBMUM IIi/IXOfIOM, IO BiANOBifjae ixHiil HEOOXiFHOCTI JO/IATH 3arajbHy ANC-

taHiio 4000 MeTpiB 3 MAKCUMA/IbHOK aepOOHO0 HIBUAKICTIO.
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Merta gocnimxkeHHa. MeTta JOC/TiIPKeHHA NOMATaIA B aHA/Ii31 BIVIMBY NTOEJHAHHSA BICOKOIHTEHCUBHOTO iIHTEPBAIbHOTO Tpe-
HYBaHHA 3 irpOBMM IIi/IXO/JOM Ha ITOKa3HUKM aepOOHOI 3TaTHOCTI (yT3aTicTiB-aMaTOpiB.

Marepianu Ta MeTomu. Y IIbOMY JOCIPKEHH] 3aCTOCOBAHO €KCIIEpMMEHTA/IbHUIL METOJ. 3arajoM y JOC/i/IKEHHI B3sIn
y4acTb 32 QyT3amicTI-40I0BIKM 3 aMaTOPCbKMX KTy6iB, Bik sAKkux ctaHoBuB 17,00 £ 1,10 poky, 3pict — 167,19 + 3,80 cm, maca
tina — 58,81 + 3,80 kr, IMT — 21,05 + 1,26. [Ina aHanisy flaHMX BUKOPMUCTOBYBa/IM KPUTEPiii 3HAKOBUX PAHTIiB YiIKOKCOHA Ta
U-xpurepiit ManHa-YiTHi 3 piBHeM 3HauymocTi 0,05. 3arajgbHa IpolifieHa BiicTanb i piBeHb MAKCMMA/IbHOTO CIIOK/MBAHHS KICHIO
(VO,max) BumiproBaucs 3a JOIOMOrowo 12- XBIIMHHOTO TecTy Kymepa.

PesynbraTu. 3rifHo 3 pesynbraTaMyu CTaTUCTUYHOTO AHA/i3y i3 3aCTOCyBaHHAM KpUTepiiB YinKokcoHa Ta ManHa-YirHi
BCTAHOBJICHO, 1[0 eKcrepuMeHTanbHa rpymna (EI') moMiTHO mokpamyia MOKasHUKY fAK 3aranbHol Bifcrani (3B), Tak i VO,max
(p < 0,0001 myst 060x 3MiHHMX), TOAI sIK KOHTpobHA rpyna (KI') He gocsira ictoTHOro mporpecy (p = 0,0747 mns 3B, p = 0,0701
o1 VO,max). 3a gornoMororn Kpurtepito MaHHa-YiTHI MiATBepAXXeHO, 10 MOKpallleHHs MOoKasHUKIiB B EI' BUABWINCSA 3HAYHO
cyrreBimmmu, HX y KT (p < 0,0001 s 060x 3MiHHUX). BiicOTKOBE CIiBBiZHOLIEHHS NOIIIEHb MK JaHUMI repes oYaTkoM
i micyia 3aBepllIeHHsA TeCTyBaHHA CBiTUNTD Ipo mifBuineHH: nokasHukis 3B B ET Ha 8,12 %, a VO,max — Ha 10,44 %. HaromicTp
KT nponemoncrpysana nuuie spoctanHa 3B Ha 1,11 % ta VO,max Ha 1,44 %.

BucuoBku. OTprMaHi faHi JO3BOMAITH 3pOOUTI BIUCHOBOK, 110 TOETHAHHS MO/ BUCOKOIHTEHCUBHOTO iHTEPBAIbHOTO
TPeHyBaHH: 3 IrpOBMM IIIXOIOM IIO3UTUBHO BIUIMBAE HA aepOOHY BUTPUBAJIICTD CIIOPTCMEHIB-aMaTopiB 3 QyT3ay.

KirouoBi cmoBa: KoMb6iHOBaHe TPeHYBaHHs, BUCOKOIHTEHCUBHE IHTepBa/lbHe TPEHYBaHHA, irpoBMIl MifIXif], aepoOHMIT, aMa-

Top 3 dyT3any.
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Abstract

Background. The current trend in the modernization of university physical education involves the development of a
personal educational trajectory for each student.

Objectives. The study aimed to determine the peculiarities in the development of young male students’ motor fitness
components, taking into consideration their somatotypes and the absence of compulsory physical activity at the
university.

Materials and methods. The study involved 39 young men aged 17.6+0.5 years who had just started studying at

the university, belonged to different somatotypes and had no restrictions in the use of different physical activity
parameters. The somatotype was determined using the modified Stefko-Ostrovsky method. The 11 main components
of motor fitness were examined, using motor tests reccommended by researchers, appropriate testing methods and
instruments. Each test met the requirements of reliability, informativeness and allowed to evaluate speed, frequency
of movements, ability to balance, power, explosive strength of arms and legs, abdominal muscle strength, arm
strength, flexibility, agility and aerobic endurance. The parameters of these components were determined in each
available somatotype, and each parameter was compared with different somatotypes. Testing was conducted at the
beginning (January) and at the end (May-June) of the academic semester, but during one academic year.

Results. At the beginning and at the end of the study, it was noted that there were differences in the development of
motor fitness components among the various somatotypes when compared with each other (p at the level from 0.05
to 0.000). The volumes and conditions of physical activity realization used during the study contributed to the change
of young men’ results in some components. However, these alterations varied across different somatotypes.
Conclusions. The information about peculiarities of the development of motor fitness components among
individuals with different somatotypes is important for increasing the efficiency of university physical education
based on the personalization of content and differentiation of normative bases of this process.

Keywords: motor fitness, somatotypes, personalization, university physical education, physical activity, COVID-19.

Introduction in higher education institutions (hereinafter — university)

A lex of f obiective. but v subiecti despite its effectiveness and high potential in successfully
complex ol reasons ol objective, but mostly subjective solving a wide variety of tasks (Torres, Peneida, & Torres,

nature determines the low efficiency of physical education 2022; Banah, & ledynak, 2021; James et al., 2023). Due to this

© Banakh, V, ledynak, G., Galamanzhuk, L., Blavt, O., situation, the problem of modernizing physical education
Faidevych, V., Hrebik, O., & Musiyenko, O., 2025. at the university continues to be relevant. Some important
reasons for the need for this are largely due to the air raids

(@ EECT'S"VS characteristic of today as a result of the war with russia, the
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consequences of quarantines during the Covid-19 epidemic
(Piestrzynski et al., 2021; Limone et al., 2022; Byshevets et
al., 2024). This has led to organizing the educational process
at Ukrainian universities in the form of a mixed one, i.e.,
which involves traditional and distance learning (Dovgan,
2020; Andrieieva et al., 2023-2024).

Given the current situation, many domestic and foreign
researchers emphasize the prospects and the need to contin-
ue scientific research in the personalization (individualiza-
tion, differentiation) of university physical education. This
will help to intensify the activities of teachers and students in
the implementation of independent classes in practice by the
latter in extracurricular time, as well as improve the quality
of teachers’ advisory services and their activities to strength-
en the motivation of students to study in sports sections at
the university, and other activities in extracurricular time
(Coulter et al., 2016; Frackiewicz, 2023). Some researchers
(Banakh et al., 2023) emphasize the prospects of a meth-
odological approach to personalization (individualization)
of university physical education, based on a specific «edu-
cational route» for each student. However, this approach
assumes the presence of a predictive and effective marker
(except for gender), i.e., based on which homogeneous sam-
ples will be formed with the subsequent determination of the
content of their physical activity program with optimal load
parameters for each student (Wilmor et al., 2022).

It has been found that at the present stage, one of the most
promising in terms of practical use is a marker-trait of a person
as a somatotype (Cinarli, & Kafkas, 2019; Campa, & Greco,
2022). In this regard, it is important to know about the pecu-
liarities of manifestation and changes in various characteristics
of representatives of existing somatotypes over a certain age
period. The main reason for this is the importance of such
data for the formation of effective physical activity programs,
the focus of which is most appropriate for representatives of a
particular somatotype due to its genetically determined capa-
bilities and abilities, and the load parameters are adequate to
the current capabilities of each (Iedynak et al., 2021).

However, so far, the data in this area are insufficient to
successfully solve this problem. In addition, there are few
studies on the peculiarities of manifestation, which mark the
components of functional and motor fitness of with different
somatotypes, primarily taking into account the influence of
such an external factor as the absence or minimization of
physical activity at the university. All of the above has led to
the conduct of the study on the chosen topic.

Materials and Methods

Study Participants

The study involved 39 , each aged 17.6+0.5 years. They
belonged to different somatotypes, but none of them had
reservations about using different parameters of physical ac-
tivity. The distribution of these by somatotype was as follows:
8 belonged to the asthenic somatotype (A-type), 12 to the
thoracic somatotype (T-type), 10 to the muscular somato-
type (M-type), and 9 to the digestive somatotype (D-type).

Variables and Criterion Measures

Eleven (11) essential fitness indicators were the focus of
the study. The motor tests recommended by the researchers
were used (Tab. 1).

Table 1. Variables and criterion measures

Variables Test items Unit of measure
Agility 4x9mSR Second (s)
Leg balance SLB/ Flamingo Balance Number of

test attempts (n)

Speed of individual 20m S Second (s)
movement
Speed of limb 10s PTT Number (n)
movement
Power (legs) SBJ Centimeter (cm)
(arms) SMBT Meter (m)
Arm muscle strength max. FE Number (n)
Abdominal muscle 60s. SU Number (n)

strength

Back muscle strength  BE/Static dynamometry Kilogram (kg)

Flexibility SAR Centimeter (cm)
Cardiovascular Cooper/12 minutes run Meter (m)
endurance

*SR= Shuttle Run, SLB= single leg balance, S= sprint, PTT= Plate
tapping test, SBJ= Standing Broad Jump, SMBT = seated medicine
ball throw, FE= Flexion-extension, SU= Sit-up, BE= Back
extension, SAR= Sit-and-Reach

Each of these tests is well known to researchers, is widely
used in physical activity practice, and meets the requirements
of reliability and informativeness (Bhagi et al., 2024; Eurofit
Fitness Testing Battery, 2025; Fitness tests, 2025).

Test Procedure

SR test was conducted in a gym. Two lines were located
on the running course at a distance of 9 meters from each
other. Each line had one cone that the young man had to run
around. One of the lines was marked as the start and finish.
Here, each young man took a high start position, and on the
coach’s command, he started running at maximum speed to
the cone opposite. After that, the young man ran around this
cone and started moving in the opposite direction to another
cone. In total, he had to overcome 4 segments. The result was
the time to overcome these segments, for which the young
man was given one attempt. The SLB test was performed
according to the recommendations of the Eurofit Fitness
Testing Battery (2025). The S-test was performed on an ath-
letic treadmill, with a total distance of 30 meters. There were
three lines on the treadmill: from the first line (start) to the
second (intermediate line) the distance was 10 meters, and
from the second line to the third (finish) — 20 meters. Before
starting to run, the young man on the start line took a high
start position. He started to move only with the permission
of the coach (shot of the starting pistol) and covered the dis-
tance using a straight run at maximum speed. The test was
conducted twice, and the best result was taken into account
with an accuracy of 0.1 seconds. Determining the time it
took to cover the 20-meter distance had its peculiarity. The
stopwatch was turned on when the young man crossed the
second line and turned off when he crossed the third line, i.e.
the finish line. At the same time, the distance of 10 meters
(between the first and second lines) was intended to allow
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the young man to gain maximum speed and to eliminate the
influence on the result of the time spent by the young man on
the reaction he showed after the coach’s permission to start
moving. The PTT test was used to study the state of develop-
ment of young men’ hand speed. The test involved a young
man performing the maximum possible number of taps with
a pencil on the surface of a clean sheet of paper on the table
in 10 seconds. After completing the task, the number of dots
that the young man managed to put on the paper was count-
ed. The organization of the test included the following: the
table was adjustable, it was adjusted so that the young man
could sit comfortably at it and place his hand with a pencil
on it; during the test, the hand holding the pencil could not
be taken oft the table surface; two attempts were given, the
best result was taken into account. SBJ-test was used to assess
the strength and power of the lower extremities. The young
man stood with his heels on a line, then jumped horizon-
tally as far as possible without specific instructions on leg
or arm movements. After landing with both feet together,
the jump distance was measured from the starting line to
the heel closest to the start. The SMBT test was used to as-
sess upper limb strength and power. The young man sat on
the line so that it and his back formed the same plane, and
his feet were positioned in the throwing sector. His arms
were placed behind his head with a one-kilogram ball. After
the coach’s permission, the young man threw the ball as far
as possible with both hands without specific instructions
on such movements. The FE test allowed us to evaluate the
strength endurance of the arm muscles in a dynamic mode
of operation. The young man performed flexion and exten-
sion of the arms in a handstand on the floor. The arms were
shoulder-width apart, not bent at the elbow joints, the legs
touched each other, not bent at the knee joints. The move-
ment is scored when the young man touches the floor with
his chest while bending his arms and then returns to the
starting position. The maximum number of movements was
evaluated. The SU-test also allowed us to evaluate strength
endurance, but only of the abdominal muscles in a dynamic
mode of operation. The young man begins by lying on his
back with his knees bent at a 90-degree angle. The young
man’s hands should be placed behind his head and his elbows
extended straight ahead. The number of repetitions of the
movement within one minute is estimated. BE-test allowed
us to assess the state of development of isometric strength
of the musculus erector spinae. The test involves the use of
a special device, we used PSH-1000N and took into account
the recommendations of researchers (Yu et al., 2023). The
result of the SAR test was used to determine the flexibility of
the young man. This test was performed in accordance with
the recommendations of the Eurofit Fitness Testing Battery
(2025). The Cooper test was used to assess the aerobic capac-
ity and cardiovascular system of a young man.

Study Organization

Somatotypes were diagnosed at the beginning of the
experiment. The use of this scheme was due to the follow-
ing reasons: the main characteristics of the scheme are very
similar to the Heath-Carter scheme, which is most often used
by researchers from Europe and the United States (Carter, &
Heath, 1990; Bertuccioli et al., 2022; Campa, & Greco, 2022).
The modified methodology of the Shtefko-Ostrovsky scheme

makes it extremely possible to establish a certain trend, espe-
cially manifestations and changes in motor fitness in compar-
ison with the data of other researchers (Sands, 2012; Iedynak
etal., 2021; Silventoinen et al., 2021). Testing was conducted
at the beginning (January) and end (May-June) of the aca-
demic semester during one academic year. The results were
compared with each other first in each somatotype, then in
different somatotypes. The increase or decrease in the param-
eters of a certain component of motor fitness or its manifesta-
tion at the previously achieved level was determined.

The study was planned and implemented by the
principles of bioethics set out by the World Medical
Association (WMA-2013).

Statistical Analysis

Allstatisticalanalyses were performed using SPSS Version
21. For each indicator of motor fitness, we determined:
arithmetic mean (M), standard deviation (SD), minimum
(Min) and maximum (Max) values. To check the normality
of the data in each sample of, the Kolmogorov-Smirnov Test
(KS) was conducted; it confirmed that the data corresponded
to a normal distribution. This allowed us to use the t-test for
related and unrelated samples when comparing two means
(significance levels of 0.05, 0.01, 0.001). The F-test was also
used to determine the relative variance when comparing two
means in independent samples (Weir & Vincent, 2020).

Results

Before studying the empirical data, we analyzed them
from the point of view of compliance with the normal
distribution of values of each physiological characteristic in
the studied samples. The K-S Test was used, and the results
in all cases revealed a normal distribution of values (Tab. 2).

When comparing the data of young men with different
somatotypes, the existence of differences in the achieved
parameters was revealed. Thus, the largest number of
statistically significant differences was in the pair of samples
of D- and T- types, namely 10 out of all 11 components of
motor fitness (Tab. 3).

The D-type had better results in SMBT and BE, and the
T-type had better results in all other components.

In a pair of samples of D- and M-types, the parameters
of 9 components differed, but only in SAR did D-type young
men have an advantage.

In A- and D-types a statistically significant difference
of parameters was found in 7 of all 11 components of motor
fitness. But in 2 components (SMBT and BE) the D-type was
marked by the best parameters, while in the other (S, SB], FE,
SR, SLB) - A-type.

Continuing to compare the achievements of young men
with A-type and representatives of other somatotypes, it was
found that they and with M-type differed in the parameters
of 8 components. Of these, young men with A-type had
better results in Cooper test and SLB, and young men with
M-type - in S, SBJ, SMBT, BE, FE and SU.

The results of the A- and T-types differed in 7 indicators,
but the former had the best SLB parameters, the latter - S,
SBJ, SMBT, BE, FE and SR.

As for the T- and M-types, the smallest number of results
were found differed by a statistically significant amount
when compared; there were 5 out of all 11 indicators.
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Table 2. Results of young men with different somatotypes
at the beginning of the study

Name .

of the test M1 SD Min Max K-S,p
A-type (n=8)
1 S 3.28 0.24 3.00 3.60 >0.20
2 PIT 68.13 4.19  60.00 73.00 >0.20
3  SBJ 190.63 8.03 175.00 200.00 >0.20
4  SMBT 4.96 0.49 4.20 5.60 >0.20
5 BE 71.75 8.48  60.00 81.00 >0.10
6 FE 17.25 4.59  10.00 24.00 >0.20
7 SU 38.13 6.17  30.00 47.00 >0.20
8 SAR 6.23 2.23 3.20 8.90 >0.20
9 SR 10.93 0.66 10.10 11.80 >0.20
10 Cooper-test 2362.50  188.05 2150.00 2680.00 >0.20
11 SLB 4.25 2.05 2.00 8.00 >0.20
T-type (n=12)
1 S 2.90 0.31 2.50 3.40 >0.20
2 PTIT 71.08 4.06 64.00 79.00 >0.20
3  SBJ 217.08 9.53 195.00 230.00 >0.20
4  SMBT 6.18 0.54 5.40 7.20 >0.20
5 BE 86.46 9.10 72.00 104.00 >0.20
6 FE 23.42 560 15.00 35.00 >0.20
7 SU 41.75 582  29.00 50.00 >0.10
8 SAR 7.88 2.78 4.40 12.50 >0.20
9 SR 10.11 0.39 9.50 10.80 >0.20
10 Cooper-test 2274.17  238.84 1920.00 2550.00 >0.20
11 SLB 6.67 2.74 3.00 11.00 >0.20
M-type (n=10)
1 S 3.00 0.27 2.60 3.40 >0.20
2 PTIT 65.70 4.67  57.00 71.00 >0.20
3  SBJ 210.30 8.41 197.00 224.00 >0.20
4  SMBT 6.970 0.43 6.30 7.50 >0.20
5 BE 96.50 9.31 83.00 115.00 >0.20
6 FE 30.10 6.51  20.00 42.00 >0.20
7 SU 48.30 6.13  40.00 59.00 >0.20
8 SAR 6.98 2.18 3.10 9.40 >0.20
9 SR 10.01 0.41 9.40 10.70 >0.20
10 Cooper-test 2144.00  153.13 1950.00 2350.00 >0.20
11 SLB 7.10 2.76 3.00 10.00 >0.20
D-type (n=9)
1 S 3.61 0.26 3.30 4.10 >0.20
2 PIT 60.30 543  51.00 68.00 >0.20
3  SBJ 171.89 9.06 156.00 183.00 >0.20
4  SMBT 7.00 0.63 6.00 7.90 >0.20
5 BE 98.56 6.69 91.00 110.00 >0.10
6 FE 10.78 3.31 5.00 15.00 >0.20
7 SU 27.11 533 18.00 34.00 >0.20
8 SAR 10.33 2.92 7.00 15.00 >0.20
9 SR 11.22 0.40 10.70 11.80 >0.20
10 Cooper-test 178556  150.01 1500.00 1950.00 >0.20
11 SLB 9.89 1.96 6.00 12.00 >0.20

Note: SR = Shuttle Run, SLB = single leg balance, S = sprint,
PTT = Plate tapping test, SB] = Standing Broad Jump,
SMBT = seated medicine ball throw, FE = Flexion-extension,
SU = Sit-up, BE = Back extension, SAR = Sit-and-Reach

The repeated study, which took place at the end of the
academic year, revealed certain features of changes in the
parameters of the studied components of motor fitness. One
of them is a change in parameters of only certain components
in each somatotype. However, in young men with D-type
changes were not statistically significant, that is they showed
only a certain tendency (Tab. 4).

In young men with A-, T- and M- types, only SU
parameters showed a statistically significant change.
However, the first ones indicated a deterioration in the
development of this component of motor fitness.

The changes detected at the end of the school year
indicated an increase in the discrepancies between the
parameters of young men with a certain somatotype. Thus,
in A- and T-types, the number of indicators with significant
differences in parameters increased from 7 at the beginning
to 9 at the end of the study (Tab. 5).

Comparison of A- and M-types revealed that the results
of 8 of all 11 components differed, i.e., at the beginning of
the study. But if at the beginning the state of development of
speed qualities differed, then at the end it disappeared: the
result of young men with A-type was 3.21 + 0.20 seconds,
young men with M-type - 2.9 + 0.31 (t = 0.334; p > 0.05).
There was a difference in the development of flexibility,
and at the beginning of the study, there was none: in
A-type the result was 6.38 + 1.9 centimeters, in M-type —
7.4+2.79 centimeters (t = 3.524; p < 0.01); the latter result was
better. In the other 7 components, the pattern of discrepancy
remained the same as at the beginning of the study.

In the pair of samples D-A, there was a significant increase
(from 7 at the beginning to 10 at the end of the study) in the
number of components with different results. PTT, SU, SAR,
and Cooper-test were added to the components identified at
the beginning of the study. The results in all but SAR were bet-
ter in the A-type; in young men with D-type, SAR parameters
were at the level of 11.0 + 3.67 centimeters, in young men with
A-type - only 6.38 + 1.9 centimeters (t =-3.193; p < 0.01).

Comparison of results in D- and T-types at the end of
the study showed that the number of components of motor
fitness, the results of which differed from each other, was 10
outofall 11.

In the pair of samples D-M, at the end of the study, the
number of components with statistically significant differences
in parameters decreased from 9 to 7. These two components
were PT'T and SLB because the results of the young men of both
samples in each component were almost identical. In the other
7 components, the peculiarity of the divergence of parameters
was similar to that found at the beginning of the study.

Comparison of results in T- and M-types at the end
of the research showed that the number of components
of motor fitness, the results of which differed from each
other, was the same as established at the beginning of the
research, namely 5 out of all 11. But the composition of these
components partially differed.

Discussion

One of the important tasks of modern physical education
is to identify the peculiarities in the development of students’
motor fitness components, considering their somatotypes
and the influence of such an external factor as the lack of
compulsory physical activity at the university (Coulter et al.,

280


https://www.topendsports.com/testing/tests/sit-and-reach.htm

Banakh, V., ledynak, G., Galamanzhuk, L., Blavt, O., Faidevych, V., Hrebik, O., & Musiyenko, O. (2025). Clarifying Differences in the
Manifestation of Young Men’s Motor Fitness Components in the Absence of Compulsory Physical Activity

Table 3. Differences in results of young men with different somatotypes at the beginning of the study

Result The name of the component
(points) 1 2 3 4 5 6 7 8 9 10 11

A-T

t 2.870 -1.577 -6.457 -5.108 -3.477 -2.583 -1.333 -1.407 3.493 0.878 -2.121
F 2.000 1.000 1.000 1.000 1.000 1.000 1.000 2.000 3.000 2.000 2.000
P 0.010 0.132 0.000 0.000 0.003 0.019 0.199 0.176 0.003 0.392 0.048
A-M

t 2.870 1.145 -5.030 -9.263 -7.278 3.365 3.951 -3.229 -1.138 7.033 -2.474
F 1.300 1.200 1.100 1.300 1.600 1.900 1.300 1.700 2.800 1.600 1.700
P 0.037 0.269 0.000 0.000 0.000 0.004 0.001 0.006 0.273 0.000 0.025
A-D

t -2.787 3.278 4.485 -7.383 -3.477 -2.583 -1.333 -1.407 3.493 0.878 -5.784
F 1.200 1.700 1.300 1.600 1.000 1.000 1.000 2.000 3.000 2.000 1.100
P 0.014 0.005 0.000 0.000 0.003 0.019 0.199 0.176 0.003 0.392 0.000
T-M

t -0.796 2.896 1.752 -3.720 -2.441 -2.591 -2.567 0.834 0.576 1.485 -0.373
F 1.400 1.300 1.300 1.600 1.000 1.300 1.100 1.600 1.100 2.400 1.000
P 0.435 0.009 0.095 0.001 0.025 0.018 0.018 0.414 0.571 0.153 0.713
T-D

t -5.542 5.204 10.979 -3.197 -3.214 6.008 5.912 -1.957 -6.461 5.375 -2.989
F 1.500 1.800 1.100 1.300 2.000 2.900 1.200 1.100 1.000 2.500 1.900
P 0.000 0.000 0.000 0.005 0.005 0.000 0.000 0.065 0.000 0.000 0.008
M-D

t -5.072 2.317 9.586 -0.123 -0.547 8.011 -7.999 -2.858 -6.519 5.144 -2.557
F 1.100 1.400 1.200 2.200 1.900 3.900 1.300 1.800 1.100 1.000 1.900
p 0.000 0.033 0.000 0.904 0.592 0.000 0.000 0.011 0.000 0.000 0.020

*Note: a reliably significant difference between the two means is highlighted in color

2016; Andrieieva et al., 2023). In this regard, researchers are
increasingly paying attention to the problem of personaliza-
tion of university physical education based on offering each
student their own educational trajectory (Frackiewicz, 2023).
The use of such a marker as somatotype is promising in
solving this problem of university physical education (Cinarli
et al., 2019; Campa, 2022). This conclusion is confirmed by
the data obtained at the beginning of the study. In the samples
created taking into account the somatotypes of, the distribu-
tion of individual results in the components of motor fitness
corresponded to the normal one. A similar conclusion was
reached in another study (Banakh et al., 2023). One of the rea-
sons for this trend is the lack of polymodality, that is, the com-
bination of two or more qualitatively different populations in
one sample, even with the same other characteristics (Weir,
& Vincent, 2020). When studying the functional, motor, and
morphological characteristics of children and youth of a cer-
tain gender and age, there is a rather high polymodality. This
is evidenced by a different from normal distribution of indi-
vidual results in the studied characteristic. However, polymo-
dality is much less or even disappears if not only gender and
age are taken into account when forming a sample, but also
belonging to a certain somatotype (ledynak et al., 2021).

In addition, at the beginning of the study, data were
obtained that showed significant differences in the results
of different somatotypes in all components of motor fitness.
The obtained data reflected the scientific position that each
somatotype is characterized by features that relate to the
reactivity of the organism, style of activity, rate of individual
development and prerequisites of the individual’s abilities
(Silventoinen et al., 2021). Also, researchers (Wilmore et
al., 2022) note the unequal rate of development of different
functional systems, differences in the parameters of physi-
ological characteristics and components of motor fitness of
young men and girls with different somatotypes.

At the end of the research, the increase of differences in
results of young men different somatotypes and very insig-
nificant changes in components of their motor fitness was re-
vealed. Such data confirmed the above information and were
caused by a complex of reasons. One of the main ones was
the lack of compulsory physical activity for students at the
university, first in connection with Covid-19, and later - in
connection with air raids due to the war. This lack of compul-
sory physical education classes could have led to a decrease
in physical activity among, which is confirmed by the results
of other researchers (Andrieieva et al., 2023). The above also
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Table 4. Results of young men with different somatotypes at the end of the study and the statistical reliability of their
change

The name of the . M1 - M2
component M2 SD Min Max ; ( ) S

A-type (n=12)

1 S 3.21 0.20 3.00 3.50 1.174 0.279
2 PIT 68.13 4.08 61.00 73.00 0 1.000
3 SBJ 191.38 6.37 179.00 197.00 -0.767 0.468
4 SMBT 5.00 0.44 4.50 5.50 -0.814 0.442
5 BE 73.50 8.00 63.00 83.00 -1.862 0.060
6 FE 18.00 3.78 12.00 23.00 -1.655 0.142
7 SU 39.38 5.10 33.00 47.00 -3.035 0.019
8 SAR 6.38 1.90 4.00 8.70 -1.111 0.303
9 SR 10.88 0.51 10.20 11.70 0.764 0.470
10 Cooper-test 2402.50 130.14 2280.00 2670.00 -1.586 0.157
11 SLB 4.13 2.10 1.00 7.00 0.314 0.763
T-type (n=22)

1 S 2.90 0.31 2.50 3.40 0.000 1.000
2 PTT 71.58 3.03 67.00 79.00 -0.342 0.735
3 SBJ 218.17 9.73 194.00 229.00 -2.066 0.785
4 SMBT 6.31 0.73 5.50 7.80 -0.476 0.638
5 BE 87.92 10.76 76.00 108.00 -0.344 0.734
6 FE 24.30 5.82 14.00 37.00 -0.393 0.698
7 SU 47.42 7.43 31.00 60.00 -2.281 0.049
8 SAR 8.16 3.71 2.60 15.80 -0.205 0.839
9 SR 10.07 0.38 9.30 10.70 0.265 0.793
10  Cooper-test 2236.67 224.80 1980.00 2610.00 0.396 0.696
11 SLB 7.00 2.79 2.00 10.00 0.000 1.000
M-type (n=22)

1 S 3.19 0.20 2.80 3.40 -0.504 0.611
2 PTT 65.90 4.72 58.00 72.00 -0.095 0.925
3  SBJ 208.60 10.54 195.00 227.00 0.399 0.695
4  SMBT 7.02 0.50 6.30 7.70 -0.242 0.812
5 BE 96.50 10.89 85.00 121.00 0.000 1.000
6 FE 31.60 6.65 23.00 45.00 -0.510 0.616
7 SU 53.50 6.69 45.00 66.00 5.838 0.000
8 SAR 6.90 2.49 2.90 9.60 0.077 0.940
9 SR 10.01 0.52 9.30 10.70 -0.000 1.000
10  Cooper-test 2077.00 223.56 1900.00 2440.00 0.782 0.444
11 SLB 7.40 2.01 4.00 10.00 -0.283 0.781
D-type (n=10)

1 S 3.66 0.36 3.30 4.40 -0.299 0.769
2 PTT 61.11 6.51 52.00 70.00 -0.275 0.787
3 SBJ 170.22 9.56 153.00 184.00 0.380 0.709
4 SMBT 7.07 0.71 5.90 7.90 -0.211 0.835
5 BE 98.67 8.25 88.00 114.00 -0.031 0.975
6 FE 10.00 3.43 5.00 15.00 0.490 0.631
7 SU 26.22 6.28 16.00 35.00 0.324 0.750
8 SAR 11.00 3.67 6.00 16.00 -0.426 0.675
9 SR 11.13 0.37 10.70 11.80 0.491 0.630
10 Cooper-test 1750.00 160.78 1750.00 1980.00 0.485 0.634
11 SLB 9.22 1.86 6.00 11.00 0.740 0.470

Note: SR = Shuttle Run, SLB = single leg balance, S = sprint, PTT = Plate tapping test, SBJ= Standing Broad Jump, SMBT = seated
medicine ball throw, FE= Flexion-extension, SU= Sit-up, BE= Back extension, SAR= Sit-and-Reach. A reliably significant difference
between the two means is highlighted in color
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Table 5. Differences in results of young men with different somatotypes at the end of the study

Result The name of the component
(points) 1 2 3 4 5 6 7 8 9 10 11

A-T

t 2.483 -2.178 -6.840 -4.536 -3.230 -2.708 -2.662 -1.246 4.038 1.877 -2.126
F 2.000 2.000 2.000 3.000 2.000 2.000 2.000 4.000 2.000 3.000 2.000
p 0.023 0.043 0.000 0.000 0.005 0.014 0.019 0.229 0.001 0.077 0.048
A-M

t 0.234 1.053 -4.053 -9.033 -4.984 -5.137 -4.927 -0.492 3.524 3.641 -3.367
F 1.000 1.000 3.000 1.000 2.000 3.000 2.000 2.000 1.000 3.000 1.000
P 0.818 0.308 0.001 0.0000 0.000 0.000 0.000 0.629 0.003 0.002 0.039
A-D

t -3.038 2.619 5.291 -7.115 -6.369 4.578 4.700 -3.193 -1.198 9.118 -5.315
F 3.200 2.500 2.300 2.600 1.100 1.200 1.500 3.700 1.900 1.500 1.300
P 0.008 0.019 0.000 0.000 0.000 0.000 0.003 0.006 0.025 0.000 0.000
T-M

t -2.516 3.417 2.211 -2.617 -1.854 -2.733 -2.000 0.913 0.295 1.663 -0.674
F 2.000 2.000 1.000 2.000 1.000 1.000 1.000 2.000 2.000 1.000 2.000
P 0.021 0.003 0.039 0.017 0.079 0.013 0.059 0.037 0.771 0.112 0.508
T-D

t -5.103 4.936 11.255 -2.386 -2.493 6.559 6.898 -1.743 -6.409 5.509 -2.304
F 1.400 4.600 1.000 1.100 1.700 2.900 1.400 1.000 1.100 2.000 2.400
P 0.000 0.000 0.000 0.028 0.022 0.000 0.000 0.097 0.000 0.000 0.033
M-D

t -3.492 1.850 8.275 -0.168 -0.485 8.735 9.135 -2.876 -5.366 3.621 -2.045
F 3.200 1.900 1.200 2.000 1.700 3.800 1.100 2.200 2.000 1.900 1.200
p 0.003 0.082 0.000 0.869 0.634 0.000 0.000 0.011 0.000 0.002 0.057

leads to another result, in particular, a clear negative impact
on the psychological characteristics of students (Limone et al.,
2022; Byshevets et al., 2024) and their functional characteris-
tics (Banakh et al., 2023). This study revealed the negative im-
pact of these factors (COVID-19 and the Russian-Ukrainian
war) on the development of the components of motor fitness
of during their studies at university (Mykytyuk et al., 2022).

Conclusions

First-year young men with different somatotypes are
marked by peculiarities in the development of motor fitness
components. At the beginning of the research the most
(10) differences (reliability within p <0.05+0.0000) of all
11 components were found in a pair of samples T-D. In the
other pairs, the number is as follows: D-M - 9, M-A - 8,
T-M - 5, D-A and A-T - 7, but unequal components. At
the end of the study, the differences increased somewhat:
the number of components with different results in the D-A
sample pair reached 10 out of all 11 subjects, in the A-T
sample pair — 9; the number remained the same, but with
some changes in the components themselves, in A-M (8) and
T-M (5); the number decreased to 7 in the D-M sample pair.

A general trend in the change in the results of A-, T-,
and M-types was established: the SU results changed by a
statistically significant amount, but in the first sample the
change was negative, in the other two samples - positive. The
D-type was characterized by the absence of components in
which the change in results was statistically significant.

Such data should be considered during physical educa-
tion classes for students, as well as used in the development

of personal programs for their physical activity in their free
time.
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3’acyBaHHA BigMiIHHOCTEN Yy NpOABi KOMNOHEHTIB PyXOBOi NiAroToBNEHOCTi
IOHaKiB 3a BiACYTHOCTi 060B’A3KOBOI }i3NNYHOT aKTUBHOCTI

Bonopumup banax'A5CP, Tennaniit Equnax®*PE, Jlecsa Famamamxyk’“PE, Okcana
bnas1*“PE, Bonogumup ®aitgeBuy*“PE, Omner Ipe6ik*“PF, Onena Mycienko**cP

'KpemeHerpka 06/1acHa ryMaHiTapHO-IIelaroriyHa akaaemis imeni Tapaca IlleBuenka
*Kam’sienb-ITominbepKuit HaljioHanbHMIT YHiIBepcuTeT iMeHi IBana Orienka
’HanionanbHuii yHiBepcuteT «/IbBiBCbKa MOTiTeXHiKa»

*JlynbpKuil HallioHA/IbHUI TeXHIYHMII YHIBepCUTET

SJIbBiBCHKMIT HALliOHA/IbHITL YHIBEPCUTET BETEPUHAPHOI MEAMLIMHM Ta GioTexHooriit iMeHi Cremana [>KuipKoro

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarts: 9 c., 5 Tab1., 26 IKeperL.

CyuacHa TeHJIeHI[isl B MOJIepHi3aliil yHiBepCUTeTCHKOTro (hisMYHOTO BUXOBAHHsA Iepefdadae po3poOIeHHs KOXXHOMY CTY/eH-

Ty IEPCOHATbHOI OCBITHDOI TPAEKTOPII.

Mera cTaTTi — BUSHAYUTU OCOOMUBOCTI B PO3BUTKY KOMIIOHEHTIB PyXOBOI Mi/ITOTOB/ICHOCT] IOHAKIB IIPU BpaXyBaHH] iX co-
MAaTOTHIIIB i BificyTHOCTI B yHiBepcuTeTi 060B’s13K0BOI (i3N4HOT aKTUBHOCTI.
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Banakh, V., ledynak, G., Galamanzhuk, L., Blavt, O., Faidevych, V., Hrebik, O., & Musiyenko, O. (2025). Clarifying Differences in the
Manifestation of Young Men’s Motor Fitness Components in the Absence of Compulsory Physical Activity

Marepianu Ta MeTomu. Y JOCTiIKeHH] B3sAm y4acTb 39 1oHaKiB 17,6+0,5 poKiB, fAKi TiIbKM po3NOYany HaBYAHHA B YHi-
BEPCUTETi, Ha/le)Ka/lu 10 PiSHMX COMATOTHIIB Ta He Maju 0OMeXXeHb y BMKOPMCTaHHI pi3HMX napaMeTpis QisvyHOI aKTMBHOCTI.
ComaToTui Bu3Hauasm 3a gornomoroo moaudikosanoi meropuku lltepxo-OcrpoBcbkoro. Busyanu 11 0CHOBHMX KOMIIOHEHTIB
PYXOBOI IiITOTOBNIEHOCTI, BUKOPUCTOBYBA/IM PEKOMEH/IOBAHI TOCTiZHMKAMM PYXOBi TECTH, BifIMIOBiZHI METOAM TECTYBAHHA Ta
incrpymentu. Koxxnuil TecT BifilloBifjaB BUMOTraM HajliliHOCTI, iHpOPMATMBHOCTI Ta HO3BOJISIB OLIHUTY IIBUJKICTD, YacToTy
PYyXiB, 30aTHICTD O pIBHOBATH, aOCOMIOTHY M A30BY CIY, BUOYXOBY CU/TY PYK 1 HiI, AMHAMIYHY CUIy M’A3iB )KMBOTA i YK, THYY-
KiCTb, CIIPUTHICTD, aepO6HY BUTpMBaIicTh. [TapaMeTpy 11X KOMIIOHEHTIB BI3HAYa/IM Y I0HAKIB KOYKHOTO HAABHOT'O COMATOTHILY,
a TAKOXX MOPiBHIOBA/IN KOXXHUII IIapaMeTp y PisHMX coMaToTHUNax. TecTyBaHHS IPOBOIM/IN HA MOYATKY (CiueHb) Ta HANIPUKIHIL
(TpaBeHb-uyepBeHb) HABYATBHOTO CEMECTDY, ajIe IPOTATOM OJHOTO HaBYa/IbHOTO POKY.

Pesynpraru. Ha mouarky Ta HalpuKiHIN JOCTII>)KEHHsA PO3BUTOK KOMIIOHEHTIB PyXOBOI MiIFOTOB/IEHOCTI y KOXHOMY CO-
MAaTOTHII Bifipi3HsBCS NPy MOPIBHAHHI MK coboro (p Ha piBHi Big 0.05 o 0.000). BukopucTaHi HpoTAroM JOCTiIKeHHS 06CsATn
Ta yMOBU peanisanii GisnyHOi aKTMBHOCTI CIIpMsAIN 3MiHI Pe3y/IbTaTiB I0HAKIB y [esAKIX KOMIIOHEHTaAX, aie I 3MiHu 6y Heo-
JQHAKOBMMIU y Pi3HUMX COMATOTHUIIAX.

BucHoBku. IHdopmalist mpo 0co61MBOCTI pO3BUTKY KOMIIOHEHTIB PYXOBOI IMATOTOB/IEHOCT] I0OHAKIB i3 pI3SHUMM COMATOTH-
HaMU € BXJIMBOIO JIA MiIBUIIEHHS Ji€BOCTI YHIBEPCUTETCHKOTO (Pi3NIHOr0 BUXOBAHHA Ha 3acajjaX IepCcoHaIi3allil 3MicToBOI i
nudepeniialii HOpMaTMBHOI OCHOB IIbOTO IIPOLIECY.

KirouoBi cmoBa: pyxoBa MiTOTOB/IEHICTD, IOHAKY, COMAaTOTHUIIN, [IepCOHAI3alis, YHIBepCcUTeTChbKe (isMuHe BIUXOBAaHHA,
¢isnuna aktuBHict, Covid-19.
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Abstract

Background. Badminton is a technical racket sport that requires intense and explosive movements, with performance
dependent on factors such as balance, agility, and core strength. Previous research has emphasized the significance
of core fitness in fostering stability and dynamic balance for performance and injury prevention. However, its effects

on badminton-specific skills remain relatively underexplored.

Objectives. This study aimed to investigate the impact of core strength training on dynamic balance, flexibility,

and footwork skills among badminton players.

Materials and methods. Thirty male intercollegiate badminton players, aged 20-25, were randomly divided into
experimental (n = 15) and control (n = 15) groups. Over 12 weeks, the experimental group underwent core strength
training, while the control group maintained their regular routine. Pre- and post-test data were collected using

the Y-balance test for dynamic balance, sit and reach test for flexibility, and Hick’s footwork skill test for proficiency.
Results. Statistical analysis using paired t-tests and ANCOVA revealed significant improvements in the experimental
group across all measured parameters, including dynamic balance (anterior, posteromedial, and posterolateral
reaches), flexibility, and footwork skills. Conversely, the control group exhibited no substantial changes.
Conclusions. These findings underscore the efficacy of core strength training in enhancing essential physical

attributes that are critical for badminton performance.

Keywords: dynamic balance, flexibility, footwork skills, badminton players, sports performance, physical fitness,

athletic training, injury prevention.

Introduction

Badminton is one of the most popular racket sports all
over the world. It is a technical racket sport characterised
by intense and explosive short movements around the
court (Ahmed, Saraswat, & Esht, 2022). The popularity and
participation have grown ever since its inclusion to 1992
Olympic Games. It is a complex sport whose performance
depends on different factors such as anthropometry,
physiology, motor fitness, etc. (Phomsoupha & Laffaye,
2015). Badminton requires good balance and agility; better

© Sm, E, Naorem, S., Yumkhaibam, A. H., Dhar, A., Mitra, M.,
& Das, P. K., 2025.
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balance and agility enables a player to move well and
quicker around the court and enables a player to give best
performance during a match, (Singh, Raza, & Mohammad,
2011). Mohammadi & Fathi (2018) explained better core
fitness level improves the stability and dynamic balance
of the body. Which indicates that to enhance badminton
performance, there is need to improve motor fitness and
core strength improvement will enhance stability.

Previous investigations highlighted the importance of
different training methods for the improvement of fitness
and badminton performance (Kuo, Liao, & Kao, 2022;
Malwanage, Senadheera, & Dassanayake, 2022; Panda
et al., 2022). Different form of training shows different
level and aspects of improvement in motor fitness as well
as performance of badminton players. It is important for
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coaches and players to adopt appropriate form of training
understanding their strength and weakness of the game. As
competitive badminton matches last from 40 minutes to 1
hour, players need to maintain higher intensity and execute
perfect rallies for longer period of time to have desirable
outcome of the game (Phomsoupha & Laffaye, 2015). Ozmen
& Aydogmus (2016) explained that core improvement can
enhance dynamic balance of adolescent badminton players.
In last few decades, people are getting to understand the
importance of core fitness in sport training, performance
and injury prevention (Mohammadi & Fathi, 2018). The core
muscles of the body stabilize the movement of the upper and
lower extremities. Strong core muscles create movement in
both the upper and lower bodies efficiently. Core strength
in badminton is one of the most fundamental attributes any
players should have. It acts to stabilize the body and generate
force and act as a kinetic chain for energy transference. A
core muscle is used during dynamic activity to support the
thorax and pelvis and to create internal pressure for material
excretion. Engaging in core strength training can help to
decrease and avoid lower and knee joint issues (Churi &
Varadharajulu, 2020, Beniwal & Dhauta, 2021). It is very
important to train or strengthen the core much as strong core
muscle could improve balance and stability, make movement
easier and controlled, prevent injury, maintenance of energy
system, or controls of movements and also to increase core
strength and endurance to improve sports performance and
to reduce injury risk (Beniwal & Dhauta, 2021; Shukla, 2022;
Behm, Leonard, Young, Bonsey, & MacKinnon, 2005).
While several studies have highlighted the benefits of
core training on various physical aspects (Wang & Cheng,
2017). There is a need for targeted research on how core
strength training specifically affects dynamic balance,
flexibility, and footwork skills in badminton players. This
study aims to fill this gap by examining the impact of a
structured core strength training program on these critical
performance parameters in male badminton players.

Materials and Methods

Participants

After obtaining consent, 30 male badminton players,
aged between 20 to 25 years, were selected for this study using
purposive sampling from colleges affiliated with Manipur
University. All participants had previously competed in inter-
collegiate badminton tournaments and represent national
level tournament. They were divided into two groups: an
Experimental Group (15 subjects) and a Control Group (15
subjects). None of the subjects had undergone any formal
training in the past five months, although they continued
to play badminton regularly. Pre-test data were collected
for both groups using specified assessment tests before the
commencement of the training program. The Experimental
Group then underwent a core strength training regimen

Table 1. Demographic characteristics of the participants

for 12 weeks, while the Control Group did not receive any
specialized training. After the 12-week period, post-test data
were collected from both groups to assess the impact of the
core strength training on dynamic balance, flexibility, and
footwork skills.

Core Training

The core training was given to the experimental group
and they were also allowed to play badminton after or later
training. The control group was not implemented with
any form of training, they continue playing their regular
badminton. The training of core strength was given at
Manipur University campus and was conducted in morning
for 3 days per week for 12 weeks. The core training exercises
include; isometric v-up, Bird Dog, Front plank, Side Plank,
Superman, Sit ups Russian Twist, Leg Raise, Reverse
Crunches and Kneeling Wheel Roll-Out. The training
was conducted in three phases 1-4 weeks (10reps /3sets),
5-8 weeks (12reps/3sets) and 9-12 weeks (15reps/3sets).

Statistical Analysis

The data pertaining the study was examined statistically
by using IBM SPSS 21 version software. Shapiro-Wilk
normality test was used to check the data normality of the
selected parameters. The descriptive analysis of the data was
conducted and to compare means, pair sample t-test and
Analysis of Covariance (ANCOVA) was used. The level of
significance is set at 0.05.

Results

The age of the subjects was 22.60 + 1.76 for experimental
group and 22.06 + 1.53 for control group. Likewise, 68 + 10.63
and 66 * 7.44 were the weight of experimental and control
group respectively. The height and BMI of experimental and
control group were 5.12 + 0.24, 23.65 + 2.03 and 22 + 1.53,
23.63 + 2.96 respectively as shown in Tablel. There was not
much difference in the demographic characteristics of the
subjects of both the groups.

From Table 2, we can see that there was normal
distribution in most parameters of both control and
experimental group excluding, RPM (Dynamic balance) of
Experimental group and footwork skill of control group.

The mean and standard deviation, as shown in Table
3, of the dynamic balance; LA, LPL, LPM, RA, RPL, RPM,
Footwork and Flexibility of pre-test are 68.20 + 3.48,
75.93 + 7.41, 81.46 + 5.18, 67.46 = 4.56, 75.53 + 8.03,
80.40 + 7.50, 9.13 + 0.74 and 30.40 + 4.71. The mean and
standard deviation of dynamic balance; LA, LPL, LPM,
RA, RPL, RPM, Footwork and Flexibility of post-test
are 72.13 + 3.15, 79.60 = 7.61, 84.60 + 4.33, 72.13 + 3.15,
80.40 £ 7.39, 83.26 + 7.07, 9.66 * 0.61 and 33.53 + 4.45
respectively. There was significant difference found in

GROUP AGE (Year) WEIGHT (Kg) HEIGHT (Feet) BMI (Kg/m?)
Experimental 22.60 £ 1.76 68 +10.63 5.12+0.24 23.65 +2.03
Control 22.06 + 1.53 66 +7.44 5.06 + 0.01 23.63 +£2.96
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dynamic balance as t value of LA, LPL, LPM, RA, RPL and
RPM are respectively 12.458, 9.811, 7.596, 4.167, 7.999and
5.776 which are higher than table t = 2.045. There was
significant difference found for footwork and flexibility also
as calculated t are respectively 4.000 and 13.256 which are

Table 2. Normality test of the selected variables

Shapiro-Wilk

Variable Group Mean SD
w sig

CG 76.66 5.74 0.904 0.110
LPL

EG 7593 7.41 0.926 0.235

CG 79.06 5.67 0.882 0.051
LPM

EG  81.46 5.18 0.991 1.00
LA CG 64.46 3.02 0.906 0.120

EG 68.20 3.48 0.926 0.236
RA CG  65.26 4.11 0.913 0.153

EG 67.46 4.56 0.941 0.395

CG 7813 6.08 0.914 0.155
RPL

EG 75.53 8.03 0.950 0.523

CG 80.20 4.72 0.940 0.377
RPM

EG  80.40 7.50 0.843 0.014

CG 8.80 0.77 0.806 0.004
Foot-work

EG  9.26 0.73 0.894 0.076

CG 32.80 3.66 0.936 0.338
Flexibility

EG 30.40 4.71 0.947 0.482

LA: Left Anterior (Dynamic balance for the left leg in the anterior
direction), LPL: Left Posterolateral (Dynamic balance for the

left leg in the posterolateral direction), LPM: Left Posteromedial
(Dynamic balance for the left leg in the posteromedial direction),
RA: Right Anterior (Dynamic balance for the right leg in

the anterior direction), RPL: Right Posterolateral (Dynamic
balance for the right leg in the posterolateral direction), RPM:
Right Posteromedial (Dynamic balance for the right leg in the
posteromedial direction)

much higher than table t = 2.045. Therefore, there significant
improvement found in experimental group. The graphical
presentation of pre-test and post-test dynamic balance,
flexibility and footwork skill are given in figurel below.

Mean Comparision Of Experimental Group

84,6 83,26
981,46 80,4 804
80 72,1375,93 72,1%5 53 Z
68,2 7,46
60
40 304N 0
20 913 9,66
0
LA LPL LPM RA RPL RPM FOOTWORK FLEXIBILITY
LA LPL LPM RA RPL RPM | Footwork | Flexibility
\ M Pre-Test 68,2 75,93 81,46 67,46 75,53 80,4 9,13 30,4
\ mPost-Test| 72,13 79,6 84,6 72,13 80,4 83,26 9,66 33,53

WPre-Test M Post-Test

Fig. 1. Pre and post-test mean comparison of experimental group

From Table 4 we can see that the pre-test means and
standard deviation of the dynamic balance; LA, LPL,
LPM, RA, RPL, RPM, Footwork and Flexibility of pre-test
are 64.46 + 3.02, 76.66 + 5.74, 79.06 £ 5.67, 65.26 * 4.11,
78.13 £ 6.08, 80.20 £ 4.72, 8.80 + 0.77 and 32.73 + 3.69. The

Control Group Mean Comparision

77,66

83,26

40 32,73 33,69

LA LPL LPM RA RPL RPM

FOOTWORK FLEXIBILITY

LA LPL LPM RA RPL RPM Footwork
76,66 79,06 65,26 78,13 80,2 88
77,33 80,26 65,66 83,26 9

Flexibility |
27 |
3369 |

[mPpre-Test
| @Post-Test

77,66

mPre-Test mPost-Test

Fig. 2. Pre and post-test mean comparison of control group

Table 3. Descriptive statistics and t-test of experimental group

Mean SD
Variables n Std. Error Mean t
Pre Post Pre Post
LA 15 68.20 72.13 3.48 3.15 0.31 12.458
LPL 15 75.93 79.60 7.41 7.61 0.37 9.811
LPM 15 81.46 84.60 5.18 4,33 0.41 7.596
Dynamic Balance
15 67.46 72.13 4.56 3.15 1.11 4.167
RPL 15 75.53 80.40 8.03 7.39 0.60 7.999
RPM 15 80.40 83.26 7.50 7.07 0.49 5.776
Footwork 15 9.13 9.66 0.74 0.61 0.13 4.000
Flexibility 15 30.40 33.53 471 4.45 0.23 13.256

*Significant at 0.05, t=2.045 LA: Left Anterior (Dynamic balance for the left leg in the anterior direction), LPL: Left Posterolateral
(Dynamic balance for the left leg in the posterolateral direction), LPM: Left Posteromedial (Dynamic balance for the left leg in the
posteromedial direction), RA: Right Anterior (Dynamic balance for the right leg in the anterior direction), RPL: Right Posterolateral
(Dynamic balance for the right leg in the posterolateral direction), RPM: Right Posteromedial (Dynamic balance for the right leg in the

posteromedial direction)
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Table 4. Descriptive statistics and t-test of control group

Mean SD
Variables n Std. Error Mean t
Pre Post Pre Post

LA 15 64.46 64.93 3.02 3.39 1.28 0.363

LPL 15 76.66 77.33 5.74 5.40 0.28 2.320

LPM 15 79.06 80.26 5.67 5.04 1.94 0.619
Dynamic Balance

RA 15 65.26 65.66 4.11 3.65 1.21 0.328

RPL 15 78.13 77.66 6.08 6.37 1.94 0.240

RPM 15 80.20 83.26 4,72 7.07 1.50 2.035
Footwork 15 8.80 9.00 0.77 0.75 0.10 1.871
Flexibility 15 32.73 33.06 3.69 2.86 0.98 0.337

LA: Left Anterior (Dynamic balance for the left leg in the anterior direction), LPL: Left Posterolateral (Dynamic balance for the left leg
in the posterolateral direction), LPM: Left Posteromedial (Dynamic balance for the left leg in the posteromedial direction), RA: Right
Anterior (Dynamic balance for the right leg in the anterior direction), RPL: Right Posterolateral (Dynamic balance for the right leg in

the posterolateral direction), RPM: Right Posteromedial (Dynamic balance for the right leg in the posteromedial direction)

Table 5. Pre and post mean comparison of experimental and control groups (ANCOVA)

Variables Sources Type III sum of squares df  Mean Square F Sig. (P)
Group 78.31 1 78.32 45.10 0.000
LA Error 46.88 27 1.73
Total 141594.00 30
Group 66.53 1 66.53 39.02 0.000
LPL Error 46.02 27 1.70
Total 185970.00 30
Group 42.28 1 42.28 18.95 0.000
LPM Error 60.22 27 2.23
Total 204452.00 30
Dynamic Balance
Group 194.96 1 194.96 30.81 0.000
RA Error 170.82 27 6.32
Total 143057.00 30
Group 145.50 1 145.50 51.53 0.000
RPL Error 76.22 27 2.82
Total 190084.00 30
Group 36.96 1 36.96 14.71 0.001
RPM Error 67.82 27 2.51
Total 203048.00 30
Group 1.30 1 1.30 7.12 0.013
Footwork Error 4.90 27 0.18
Total 2630.00 30
Group 35.31 1 35.31 8.44 0.007
Flexibility Error 112.91 27 4.18
Total 33661.00 30

*Significant at 0.05 level of confidence, where tabulated F (0.05) (1, 27) =4.21

post-test means and standard deviation of dynamic balance;
LA, LPL, LPM, RA, RPL, RPM, Footwork and Flexibility
of post-test are 64.93 £ 3.39, 77.33 £ 5.40, 80.26 + 5.04,
65.66 *+ 3.65, 77.66 + 6.37, 83.26 + 7.07, 9.00 + 0.75 and
33.06 + 2.86 respectively. For dynamic balance, there was
insignificant difference found for LA, LPM, RA, RPL and
RPM as calculated t value are respectively 0.363, 0.619,
0.328, 0.240 and 2.035 which are lower than table t = 2.045
whereas there was significant difference found for LPL as
calculated t = 2.320 was higher than table t = 2.045. There

was insignificant difference found for footwork skill and
flexibility as calculated t are respectively 1.871 and 0.337 are
lower than table t = 2.045. The graphical presentation of pre-
test and post-test dynamic balance, flexibility and footwork
skill are given in figure 2.

It is evident from the findings of Table-V that there is
significant improvement observed in dynamic balance; LA,
LPL, LPM, RA, RPL and RPM between pre and post mean
comparison between experimental and control groups as
the observed F value; 45.10, 39.02, 18.95, 30.81, 51.53 and
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14.71 respectively are much higher than table F value = 4.21
at 0.05 level of confidence and (1, 27) degree of freedom.
There is significant difference found in footwork skill and
flexibility of badminton players as calculated F value; 7.12 &
8.44 respectively are much higher than table F value = 4.21 at
0.05 level of confidence and (1, 27) degree of freedom.

Discussion

As per the findings of the study, it is understood that the
selected dependent variables: dynamic balance, flexibility
and footwork skill, showed significant improvement after
12 weeks of core strength training. The core muscles like
any other muscle develops after conditioning and training.
After 12 weeks of core strength training, it develops its
strength, neural control of the muscles and enhance the
neuromuscular efficiency.

Mengyao Xie (2016) stated that a more stable core mus-
cles coordinate the upper extremities and lower extremities
and regulates the energy system in various actions during the
badminton game. Palekar, Nitin Savla, & Sangaonkar (2020)
stated that there is positive correlation between core stability
and agility in badminton players. As the training included
exercises which aim in the development of core muscles and
the training volume and intensity during the training, the
core muscles develop its strength and therefore enhance its
ability of the motor control of the upper and lower extremi-
ties. Body balance and stability depends mostly of the coor-
dination of the upper and lower extremities, and after going
through the full session of training the core muscles develops
its strength. Hence, there was significant improvement found
in dynamic balance which is an important fitness aspect for
badminton players. Core fitness training is a form of train-
ing which helps in the development of core muscle efficiency
which brings harmony in the functioning of the body in-
creasing body stability which is important for any form of
sports and activities. Many previous studies have showed the
importance of proper core strength training for the improve-
ment of balance (Jo et al., 2022; Salar et al., 2023; Bora &
Daglioglu, 2022). Siméo et al. (2011) indicated that participa-
tion in strength training enhances the flexibility of the indi-
viduals. As the core muscles developed through core muscle
training, the flexibility of badminton players increases. Mal-
wanage et al. (2022) stated that improved stability enhances
the footwork of badminton players. The improvement in core
muscles enhance the performance of foot-work skill and as
the muscle tone improved, the flexibility increases.

These findings are supported by another study of
Hariprasad, Author, & Suthakar (2020). He studied the
effects of core circuit stability training and periodised
resistance circuit training on flexibility of collegiate male
badminton players and found that the core stability circuit
preparing enhanced Flexibility of inter collegiate male
badminton players. Sighamoney, Kad, & Yeole (2018)
studied the effect of core strengthening on dynamic balance
and agility in badminton players and found that core
strengthening significantly improves dynamic balance and
ability of badminton players. In another study of Solanki &
Gill (2021), it was found that core stability training improves
smash stoke performance of various racket sports.

Conclusion

The study concludes that core strength training significant-
ly enhances dynamic balance, flexibility, and footwork skills in

badminton players. The experimental group’s marked improve-
ments in these areas compared to the control group emphasize
the critical role of core strength in sports performance. These
findings promote the integration of core strength exercises into
regular training programs to boost athletic performance and
minimize the risk of injuries among badminton players.
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Bu3HaueHHA BNANBY CMNIOBUX TPeHYBaHb M'A3iB

KOpY Ha NOKa3sHUKN ANHaMiYHOI

2AD

dappyx Cm'45CP, Illapina Haopem'4“P, Axcan Xyma IOmxait6am'“P, Amir [Ixap®*P,

Myxkemr Mitpa*A°?, IIpacanrta Kymap [Jac'A5¢

"Tpunypcbkuii yHiBepcuTeT
’ICOAI YuiBepcurer
*Konemx imeni Marixia Mopxymynona JJorra

ABTOpCHKNMIT BKIAJ: A — Au3aiiH gocmipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarts: 7 c., 5 Tabn., 2 puc., 22 mxepena.

Icropis muraHHA. BafMiHTOH — Ije TeXHIYHMII BUJ| CIIOPTY 3 BUKOPUCTAHHAM PaKeTKU, AKMIl MOTpeOye IHTEHCHBHUX i
BUOYXOBUX PYXiB, @ pe3y/lIbTaTUBHICTD I'PM 3a/IKUTD Bifj IIeBHMUX (aKTOPiB, AK-OT piBHOBAra, CIPUTHICTD 1 c1ma M'A3iB Kopy. ¥
HOIIepefHiX HOC/IIKEHHAX HarO/IOIYBaIOCs Ha BaYK/IMBOCTI TPEHOBAHOCTI M sI31B KOPITYCY y PO3BUTKY CTilIKOCTI Ta AMHAMI4HOI
PIBHOBAary /IS HOCATHEHHS Pe3yIbTaTUBHOCTI Ta mpodinakTuky TpaBMarusmy. OZHAK MUTAHHSA LIOAO BIUIMBY TPEHOBAHOCTI
M’s13iB Kopy Ha popmyBanHs crierudiuHmx 11t 6agMiHTOHY HABMYOK 3a/IMIIAETHCS BIJHOCHO HEOCTATHDO BUBYECHIIM.

Mera mocnipxenHns. Lle TocmifKeHHA MajIo Ha METi BUBYMTHU BIUIMB CHJIOBYX TPEHYBaHb M A31B KOPY Ha TOKAa3HUKY AMHA-
MiYHOI piBHOBAry, THYYKOCTi Ta PO3BUTKY HABMYOK POOOTH HIr cepesi rpaBLiiB y 6aiMiHTOH.

Marepianu Ta MeTopu. TpUaLATD 40/IOBIKiB-6afMIHTOHICTIB MDXXBY3iBCbKOTO PiBHs BikoM 20-25 pOKiB 0y/10 po3HOfiIeHo 3a
MeTOJIOM paHJoMi3allii Ha eKcrepuMeHTanbHy (n=15) Ta KOHTponbHY (n=15) rpym. Bipomosx 12 TYOKHIB eKcriepuMeHTanbHa
rpyIa IPOXOMM/IA CUJIOBI TPEHYBaHHs M A31B KOPY, B TOIl Yac sIK KOHTPOJIbHA TPYIIa TOTPUMYBAIACs CBOTO 3BMYAIIHOTO PEXUMY
TpeHyBaHb. 36ip JaHMX Ilepeli OYaTKOM Ta IiC/IA 3aBeplIeHHA TeCTyBaHH:A IMPOBOAMBCA 3a JIONOMOIOI0 TeCTy Ha AMHAMIYHY
piBHoBary (“Y-balance test”), TecTy Ha rHyuKicTb, 1[0 Ilepefbadyae BUMipPIOBaHHSA 3ara/ibHOI THYYKOCTI Ti/a Ipy srMHaHHI Ty1y6a
BIIepef], CU/IAYM Ha MiAyI03i 3 BUTATHYTUMU Beper pykamu (“Sit and reach test”) Ta Tecty I'ika 3 MeTOI0 BU3HaYeHHA PiBHA BOJIO-
minus HaBrakamu po6oru Hir (“Hick’s footwork skill test”).
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Pesynbrarn. 3a pesynbraTaMy CTaTUCTMYHOTO aHAI3Y i3 3aCTOCYBaHHAM NApHMX t-KpuTepiiB Ta KOBapiallilflHOro aHai3y
(ANCOVA) B ekcriepuMeHTaIbHili IpyIIi BCTAHOBJICHO 3HaYHe TOKPAIleHHA 3a BCiMa BYMIpIOBaHVMMI NapaMeTpaMi, BKII0YaI0dn
IVHaMiuHY piBHOBAry (mepefHiil, 3agHbOMe/[iaTbHNUIT Ta 3aJHbOTATepaTbHMII PO3MaXM PYXiB), THYYKICTh Ta PO3BMTOK HaBUYOK
po6oti Hir. HaToMicTb y KOHTPOJIBHII IPYIIi CYTTEBUX 3MiH He CIIOCTEPiranocs.

BucHoBku. Orpumani faHi migxpecmoioTb eGeKTUBHICT BUKOHAHHSA CIIOBYX TPEHYBaHb M SI31B KOPY IJOJO MOJIIIIEHHS
OCHOBHIX (Pi3MYHUX SKOCTEI], 1110 MAIOTh BUpillla/ibHe 3HAYCHHS [/Ls1 JOCATHEHHS Pe3yIbTaTUBHOCTI B 0afMiHTOHI.

KirouoBi cnoBa: guHamidHa piBHOBAra, rHy4KiCTb, HABMYKY POOOTH Hir, 6aAMIHTOHICTH, CIIOPTVMBHA Pe3y/IbTaTUBHICTS,
¢isnyHa MiArOTOB/IEHICTD, CIOPTUBHE TPEHYBaHHsA, NPO(DITIaKTIIKA TPaBMATHU3MY.
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Abstract

Background. Emotional control plays a crucial role in athletic performance and is influenced by factors such as
gender and cultural context. Understanding the interplay between emotional regulation and athletic success can
provide valuable insights for optimizing performance strategies.

Objectives. This study aimed to investigate the role of emotional control in athletic performance among university
athletes from Baghdad, Iraq, and Delhi, India, with a focus on examining differences by gender and university
affiliation. It also examines the relationships between subscales of emotional control and overall performance.
Materials and methods. The study involved 300 athletes aged 18 to 30 years, equally divided between Baghdad
University (BU), Iraq and Delhi University (DU), India, with balanced gender representation (75 male and 75 female
athletes per university). Emotional control was assessed using the Emotional Control Questionnaire (ECQ), which
includes subscales for rehearsal, emotional inhibition, aggression control, and benign control. Descriptive statistics,
two-way ANOVA, and Pearson’s correlations were employed for data analysis using SPSS software.

Results. Emotional control scores were comparable across both universities and genders, with BU athletes scoring
slightly lower (M = 34.41, SD = 5.86) than DU athletes (M = 34.66, SD = 3.46). The two-way ANOVA revealed

no significant differences in overall emotional control or its subscales due to gender, university affiliation, or their
interaction, except for benign control, where DU athletes scored significantly higher (F(1, 298) = 5.55, p = 0.02).
Strong positive correlations were identified between overall emotional control and the subscales of benign control
(r=.69, p <.01), rehearsal (r = .69, p < .01), and aggression control (r = .64, p < .01).

Conclusions. The findings highlight the interrelated nature of emotional regulation components and their variable
contributions to athletic performance. These insights can guide the development of training programs incorporating
emotional control strategies to enhance competitive outcomes for university athletes.

Keywords: emotional control, athletic performance, university athletes, competitive sports, emotional regulation.

Introduction

In competitive sports, success increasingly depends
on having the capacity to identify and control one’s own
emotions as well as those of others. Emotional intelligence,
which encompasses emotional awareness, regulation, and
control, has been consistently linked to enhanced sports
performance, especially in high-pressure environments
(Akelaitis & Malinauskas, 2018). Athletes who can effectively
manage their emotions are often better equipped to handle
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the psychological and physical demands of competition,
leading to improved performance outcomes. Researchers
have become more aware of the complex impact that
emotions play in sports performance during the last 20
years, demonstrating that emotional intelligence can be as
important as physical and technical skills (Birwatkar, 2014).
Emotions influence not only individual performance but
also interpersonal dynamics within teams, where athletes
must navigate their own emotional states alongside those of
their teammates and opponents.

In today’s high-performance sports environment,
physical prowess alone is no longer sufficient for success.
While physical conditioning, skill development, and
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tactical awareness are critical, they must be supported by
the capacity of an athlete to manage the emotional and
psychological challenges of competition (Laborde et al.,
2016; Korobeynikov et al., 2013). Emotional regulation
allows athletes to maintain focus and composure, even
when facing adversity, such as an unexpected defeat, an error
in play, or the pressure of performing in front of a large
audience. The ability to stay emotionally balanced under
these conditions is vital to achieving consistent, high-level
performance. Athletes with high emotional intelligence
can also better manage interactions with coaches, referees,
teammates, and opponents, making them more resilient and
adaptable (Hodgson, 2018; Gatsis et al., 2021). This study
aims to investigate the role of emotional intelligence in the
performance and psychological well-being of athletes from
diverse cultural contexts. Specifically, it focuses on comparing
university-level athletes from Delhi University in India
and Baghdad University in Iraq. By examining emotional
awareness, regulation, and control among these groups,
the research seeks to highlight the influence of cultural and
social factors on emotional intelligence in sports.

Sport psychology research demonstrates that athletes
who perform better on emotional intelligence tests typically
have greater success, both in individual and team sports
(Crombie et al., 2009). Emotional intelligence enables ath-
letes to engage in positive psychological behaviors, such as
goal-setting, self-motivation, and self-regulation, all of which
are critical for long-term athletic success. For instance, emo-
tional control helps athletes manage pre-competition anxi-
ety, leading to lower stress levels and better overall perfor-
mance (Lane & Wilson, 2011; Lu et al., 2010). Furthermore,
emotional intelligence facilitates the application of psycho-
logical techniques, such as imagery, self-talk, relaxation, and
reframing, which are essential tools for athletes facing the
mental and physical pressures of competition (Lane et al.,
2009; Crust & Azadi, 2010). These skills not only enhance
performance but also contribute to the development of men-
tal toughness, enabling athletes to overcome challenges and
bounce back from setbacks more effectively. The study hy-
pothesizes that athletes with higher levels of emotional in-
telligence will demonstrate superior performance, enhanced
psychological resilience, and better interpersonal dynamics.
Additionally, it is expected that cultural differences between
Indian and Iraqi athletes will influence the ways emotional
intelligence manifests in competitive sports settings.

Another important aspect of emotional intelligence in
sports is its impact on team dynamics and interpersonal
relationships. In team sports, athletes with high emotional
intelligence can effectively navigate group interactions, using
emotional awareness and empathy to foster cooperation and
reduce conflicts (Singh et al., 2012; Rahman & Islam, 2021).
These athletes are often better at reading the emotional
states of their teammates and adjusting their own behavior
accordingly, which can lead to better communication,
stronger teamwork, and improved collective performance.
Moreover, emotional intelligence can also enhance leadership
qualities in athletes, as they are able to use their emotional
awareness to inspire and motivate others, creating a positive
team environment (Mayer, 2000). Athletes who demonstrate
high emotional control are not only able to perform under
pressure but also help their teammates manage stress, which
is particularly important in high-stakes competitions.

The psychological and physiological benefits of emo-
tional intelligence in sports are well-documented. For ex-
ample, athletes with higher emotional intelligence tend to
experience fewer physiological stress responses, such as el-
evated heart rates and muscle tension, which can negatively
impact performance (Tinker, 2021). Emotional regulation
helps athletes maintain optimal arousal levels, preventing
over-excitement or under-arousal, both of which can hinder
performance. Studies have shown that athletes with strong
emotional control are more likely to enter and sustain «flow
states,» where they experience heightened concentration and
seamless execution of skills (Martinent et al., 2015). These
athletes are better equipped to cope with the ups and downs
of competition, staying focused on the task at hand rather
than being distracted by external pressures or internal doubts.

Additionally, emotional intelligence is crucial in
motivation and long-term success in sports. Athletes with
high emotional intelligence are often more intrinsically
motivated, driven by personal goals and a desire for self-
improvement rather than external rewards (Kajbafnezhad
et al., 2012). This self-motivation allows them to persevere
through difficult training regimes and maintain their
focus over the course of a season. Additionally, emotional
intelligence enables athletes to set realistic, achievable goals
and to stay committed to those goals, even in the face of
obstacles. By managing their emotions, athletes can stay
resilient and maintain a positive attitude, which is critical for
long-term success in competitive sports (Lane et al., 2009).

In the context of athletes from different cultural back-
grounds, such as those from the University of Delhi and the
University of Baghdad, emotional control is particularly sig-
nificant. Cultural differences can influence the way emotions
are expressed and managed, both in everyday life and in
competitive sports settings. Athletes from different cultures
may have varying approaches to handling stress, competi-
tion, and teamwork, which makes emotional intelligence a
valuable skill for navigating these differences (Lane et al,,
2009). For university athletes from Delhi and Baghdad, the
ability to regulate their emotions effectively is essential for
performing at their best in diverse and competitive environ-
ments. Emotional intelligence allows them to adapt to the
psychological and social demands of their respective sports,
giving them a competitive edge on the field.

While this study provides valuable insights into the role of
emotional intelligence in sports performance, it is not without
limitations. First, the reliance on self-reported measures of
emotional intelligence may introduce biases related to partici-
pants’ self-perception. Second, cultural differences in express-
ing and interpreting emotions may affect the comparability of
results between Indian and Iraqi athletes. Finally, the study’s
focus on university-level athletes may limit the generalizabil-
ity of findings to professional or amateur sports populations.

Overall, the ability to control emotions is a crucial factor
in determining athletic success, especially in high-pressure
competitive environments. Whether in individual or team
sports, emotional intelligence helps athletes manage stress,
maintain focus, and perform consistently at their best. It
also enhances their interpersonal skills, making them better
teammates and leaders. In light of the growing recognition
of emotional intelligence in sports, it is clear that developing
emotional regulation skills can significantly impact on the
performance of an athlete and overall health.
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Materials and Methods

Study Participants

A total of 300 athletes, aged 18 to 30 years, participated in
this study. The sample consisted of 150 athletes from the Uni-
versity of Baghdad (BU), Iraq and 150 athletes from the Uni-
versity of Delhi (DU), India, evenly divided between genders,
with 75 male and 75 female athletes from each university. A
purposive sampling technique, combined with a non-prob-
ability quota method, was employed to ensure equal repre-
sentation from both institutions. Inclusion criteria required
participants to provide complete and accurate responses,
resulting in a final sample size of 300 athletes. This sample
was designed to ensure comparability and represent diverse
cultural and athletic backgrounds from Iraq and India.

Study Organization

To ensure accuracy and consistency, data collection was
standardized across sites. Emotional control was assessed
using the Emotional Control Questionnaire (ECQ),
developed by Roger and Najarian (1989). This validated
instrument evaluates emotional regulation through four
subscales: Rehearsal, Emotional Inhibition, Aggression
Control, and Benign Control, comprising 56 true/false items.
The ECQ has demonstrated strong internal consistency, with
reliability coefficients ranging from 0.77 to 0.86.

Participants completed the ECQ independently during
testing sessions held in controlled environments at BU and
DU. The purpose of the study was explained in detail before
data collection, and informed consent was obtained from all
participants. Trained researchers supervised the process to
ensure procedural integrity. This methodological approach
minimized potential biases and ensured that the emotional
control data reflected the athletes’ capacity to regulate
emotions in a sports performance context.

Statistical Analysis

Data analysis was conducted using SPSS software
to explore emotional control patterns among athletes.
Descriptive statistics, including means and standard
deviations, were calculated for all ECQ subscales—

Rehearsal, Emotional Inhibition, Aggression Control, and
Benign Control—across the two universities.

A two-way ANOVA was performed to examine the main
effects of university affiliation (BU vs. DU) and gender, as well
as their interaction effects, on emotional control subscales.
Post-hoc tests were conducted where significant differences
were detected to further analyze group differences. Pearson’s
correlation coefficient was used to assess relationships among
the ECQ subscales, with statistical significance set at p < 0.05.
This robust analytical approach provided a comprehensive
understanding of emotional control dimensions across
cultural and gender-based contexts.

Results

Table 1 presents descriptive data on emotional
regulation, broken down by gender, for sports majors from
the Universities of Baghdad and Delhi, reported as mean +
standard deviation. The corresponding mean and standard
deviation scores are displayed in Figure 1 and 2.

Descriptive statistics (mean + SD) of emotional control
among sports majors are presented for athletes from Baghdad
University (BU) and Delhi University (DU), separated
by gender and university affiliation. The table includes
measurements for emotional control, rehearsal, emotional
inhibition, aggression control, and benign control. For male
athletes from BU (n = 75), the mean emotional control score
was 33.94 (SD = 6.67), while female athletes from BU (n =75)
scored slightly higher at 34.88 (SD = 4.91). The overall score
for BU athletes (n = 150) was 34.41 (SD = 5.86). Male athletes
from DU (n = 75) had a mean score of 34.74 (SD = 3.53), and
female athletes from DU (n = 75) had a mean score of 34.57
(SD = 3.41), with an overall DU score of 34.66 (SD = 3.46).
When considering all male athletes (n = 150), the emotional
control mean was 34.34 (SD = 5.33), and for all female
athletes (n = 150), the mean was 34.72 (SD = 4.22). The
overall emotional control score across all athletes (n = 300)
was 34.53 (SD = 4.80). Rehearsal, emotional inhibition,
aggression control, and benign control scores followed
similar reporting formats across the different groups. This
table highlights the comparative emotional control dynamics
between male and female athletes from BU and DU, with
overall balanced scores between genders and universities.

Table 1. Descriptive statistics (mean + SD) of emotional control among sports majors

Subjects n Eg::t(:::f ! Rehearsal f:;:::::::)ﬂ Aggor;ts:(i’(lm Benign Control
Male Athletes (BU) 75 33.94 +£6.67 9.14 £2.35 8.80 = 1.89 8.10 + 2.41 7.89 £2.01
Female Athletes (BU) 75 34.88 +4.91 9.69 £2.03 8.60 + 1.59 9.61 £2.00 7.97 £1.80
All Athletes (BU) 150 34.41 £ 5.86 9.42 +£2.21 8.70 £ 1.74 8.36 +2.22 7.93 £ 1.90
Male Athletes (DU) 75 34.74 £ 3.53 9.18 £ 1.61 8.62 £ 1.62 8.60 + 1.80 8.33 £ 1.65
Female Athletes (DU) 75 34.57 + 341 9.16 £1.53 8.64 £ 1.38 8.28 £ 1.54 8.49 £ 1.54
All Athletes (DU) 150 34.66 * 3.46 9.17 £ 1.57 8.63 £ 1.50 8.44 + 1.68 8.41 +1.59
All Male Athletes 150 34.34 +5.33 9.16 £2.01 8.71+£1.76 8.35+2.13 8.11+1.84
All Female Athletes 150 34.72 £ 4.22 9.42 +1.81 8.62 +1.48 8.44 +1.79 8.23 + 1.69
Overall 300 34.53 £ 4.80 9.29+191 8.66 = 1.62 8.40 +1.97 8.17 £ 1.77

Note: Values are expressed as means+standard deviations. BU: Baghdad University; DU: Delhi University
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Table 2. Summary of two-way ANOVA of emotional control among sports majors

Variables Source of Variation Sum of Squares df Mean Square F-value p-value
Types of Players (A) 4.56 1 4.56 0.19 0.67
Emotional Control Gender (B) 10.83 1 10.83 0.46 0.50
(A xB) 22.96 1 22.96 0.98 0.32
Types of Players (A) 4.56 1 4.56 1.24 0.26
Rehearsal Gender (B) 5.07 1 5.07 1.38 0.24
(A xB) 6.16 1 6.16 1.68 0.20
Types of Players (A) 0.33 1 0.33 0.12 0.73
Emotional Inhibition Gender (B) 0.65 1 0.65 0.24 0.63
(A xB) 0.85 1 0.85 0.31 0.58
Types of Players (A) 0.48 1 0.48 0.12 0.73
Aggression Control Gender (B) 0.65 1 0.65 0.17 0.68
(A xB) 12.81 1 12.81 3.30 0.07
Types of Players (A) 17.28 1 17.28 5.55 0.02
Benign Control Gender (B) 1.08 1 1.08 0.34 0.56
(A xB) 0.12 1 0.12 0.03 0.86

Note. The table shows the results of a two-way ANOVA, including F-values and p-values for each variable

Overall Emotionality Control Across Groups
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Fig. 1. Overall emotional control scores among male and female
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Fig. 2. Comparison of emotional control subscales among sports
majors

The summary of the two-way ANOVA for emotional
control among sports majors is presented in Table 2. The
analysis examined the main effects of the types of players
(A) and gender (B), as well as their interaction (A x B),
across five variables: emotional control, rehearsal, emotional
inhibition, aggression control, and benign control.

For emotional control, neither the types of players (F(; 5
= 0.19, p > 0.05), gender (F;, 25 = 0.46, p > 0.05), nor their
interaction (F(; 5 = 0.98, p > 0.05) showed statistically
significant effects. Similarly, for rehearsal, no significant
differences were found for the types of players (F; ,0) = 1.24,
p > 0.05), gender (F; 55 = 1.38, p > 0.05), or their interaction
(F(1, 208 = 1.68, p > 0.05). Emotional inhibition also revealed
non-significant effects for both the types of players (F, »
= 0.12, p > 0.05), gender (F, 55 = 0.24, p > 0.05), and their
interaction (F;, 05 = 0.31, p > 0.05).

For aggression control, no significant effects were found
for the types of players (F 55 = 0.12, p > 0.05), gender
(F(1, 208 = 0.17, p > 0.05), or the interaction (F, 54 = 3.30,
p > 0.05). However, a statistically significant effect was
observed for benign control based on the types of players
(F(1, 208 = 5.55, p = 0.02), indicating a meaningful difference
between groups. Specifically, athletes from Delhi University
exhibited significantly higher scores in benign control
compared to athletes from Baghdad University. Gender and
the interaction effect for benign control were not significant
(F(1, 208 = 0.34, p > 0.05; F;, 105 = 0.03, p > 0.05, respectively).

This table suggests that types of players had a significant
impact on benign control, while the other variables did not
show significant differences.

Table 3 presents the correlation matrix of emotional
regulation variables among athletes from the University
of Delhi and University of Baghdad across all sports
majors. The variables include Emotional Control,
Rehearsal, Emotional Inhibition, Aggression Control, and
Benign Control. Pearson correlation coefficients (r) were
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Table 3. Correlation matrix of emotional regulation variables among athletes

Variables Eg;tlit(;:f ! Rehearsal 1121111111‘1)1?121](1;11 Aggorlfts:(i)(l)n Benign Control
Emotional Control 1
Rehearsal .69%%
Emotional Inhibition 61%% 26%% 1
Aggression Control 64*% 20%* 25%* 1
Benign Control 69*% 31 A7 27 1

Note: **. Correlation is significant at the 0.01 level (2-tailed)

computed to examine the relationships between these
variables. Significant positive correlations were observed
between most variables, with Emotional Control showing
strong correlations with Benign Control (r = .69, p < .01),
Rehearsal (r = .69, p <.01), and Aggression Control (r = .64,
p <.01). Rehearsal also correlated positively with Emotional
Inhibition (r = .26, p < .01) and Benign Control (r = .31,
p < .01), though these correlations were weaker compared
to Emotional Control. Additionally, there were moderate
correlations between Emotional Inhibition and Aggression
Control (r = .25, p <.01) and between Emotional Inhibition
and Benign Control (r =.17, p < .01). These findings suggest
that while the variables are interrelated, the strength of these
relationships varies, providing insight into how different
facets of emotional regulation interact in athletes. p < .01
indicates significance for all reported correlations.

Discussion

The analysis of emotional control among athletes
from Baghdad University (BU) and Delhi University (DU)
provides valuable insights into how athletes regulate their
emotions across different dimensions; these include areas
such as rehearsal, emotional inhibition, aggression control,
and benign control. A comparative look at the descriptive
statistics (Table 1) reveals subtle differences between male
and female athletes as well as between universities. Overall,
the emotional control scores across all groups were fairly
consistent, with BU athletes having a slightly lower mean
emotional control score (34.41 + 5.86) compared to DU
athletes (34.66 + 3.46). This suggests that both universities
maintain a similar emphasis on emotional regulation in
their athletes, although the lower standard deviation in
DU athletes indicates less variability in emotional control
scores within this group. These findings align with previous
studies that have identified emotional regulation as a critical
component in athletic performance, with little difference
between institutions or genders (Robazza et al., 2004;
Robazza & McCarthy, 2018; Beatty & Janelle, 2020).

Male and female athletes demonstrated relatively
balanced emotional control, although female athletes
from BU had a slightly higher emotional control score
(34.88 + 4.91) compared to males (33.94 + 6.67). Similarly,
female athletes from DU scored marginally lower than
males in rehearsal but maintained similar scores across the
other emotional regulation dimensions. The slightly higher
scores for women in BU in categories like aggression control
(9.61 £ 2.00 vs. 8.10 + 2.41 for men) could point to better

developed mechanisms for managing aggressive impulses,
which aligns with research suggesting that female athletes
often employ more nuanced emotional regulation strategies
(Kucharski et al., 2018; Wilson et al., 2019).

The two-way ANOVA (Table 2) further examines
the role of gender and the type of players in determining
emotional control and its related dimensions. Interestingly,
there were no significant main effects of either player type
(F1, 208 = 0.19, p > 0.05) or gender (F(; ,05 = 0.46, p > 0.05)
on emotional control, rehearsal, or emotional inhibition.
These non-significant results suggest that the type of
player—whether from BU or DU—or their gender does
not substantially impact their ability to regulate emotions,
aligning with findings from previous studies in sports
psychology. The interaction effect between gender and player
type also showed no significant effects across these variables,
indicating that emotional regulation capabilities remain
relatively stable regardless of the intersection between these
two factors (Mercader-Rubio et al., 2022).

However, an interesting exception is found in the
dimension of benign control, where a significant effect of
player type was observed (F; ) = 5.55, p = 0.02). Athletes
from different universities exhibited meaningful differences
in their ability to exercise benign control, which pertains to
the regulation of non-threatening and calming behaviors.
Notably, athletes from Delhi University demonstrated
significantly higher benign control scores compared to their
counterparts from Baghdad University. This suggests that
DU players may possess better-developed mechanisms for
managing calming and non-aggressive emotional responses,
which could be attributed to differences in coaching
strategies, training environments, or cultural influences.
These findings align with studies suggesting that benign
control may be shaped by external factors, such as team
dynamics, coaching approaches, or societal norms (Shoukry
& Cox, 2018).

In terms of correlations among the emotional regulation
variables (Table 3), emotional control exhibited strong
positive correlations with benign control (r = .69, p < .01),
rehearsal (r = .69, p < .01), and aggression control (r = .64,
p < .01). These findings imply that athletes who are skilled
at controlling their emotions are also adept at rehearsing
emotional responses and managing aggressive tendencies.
This relationship aligns with models of emotional regulation
that highlight the interconnectedness of these dimensions in
athletic contexts (Martin et al., 2016).

Interestingly, rehearsal had weaker correlations with
emotional inhibition (r = .26, p < .01) and benign control
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(r = .31, p < .01), suggesting that while rehearsal plays an
important role in emotional regulation; it is not as strongly
associated with theinhibition or calmingaspects of emotional
regulation. This could imply that rehearsal primarily helps
athletes prepare for emotional responses but does not
necessarily translate into better control over emotional
inhibition or benign responses in real-time situations
(Ignacio et al., 2017). Similarly, moderate correlations were
found between emotional inhibition and both aggression
control (r = .25, p <.01) and benign control (r=.17, p <.01),
indicating a degree of overlap in these regulation processes,
though less pronounced compared to emotional control
(Pawliczek et al., 2013; Hsieh & Chen, 2017).

The significant correlations across most variables
indicate that emotional regulation is a multi-faceted
construct where improvements in one area often support
enhancements in others. This finding supports previous
research in sports psychology, which posits that the ability
to regulate emotions across different dimensions can lead to
more adaptive emotional responses and improved athletic
performance (Tang et al., 2022). Moreover, the strong
correlation between emotional control and benign control,
in particular, highlights the importance of managing both
aggressive and calming responses in high-pressure sports
environments (Ciarrochi & Scott, 2006).

While these findings offer valuable insights, they also
open avenues for future research. Future research could
explore longitudinal trends in emotional regulation to
determineits development over time in athletes. Additionally,
studies incorporating physiological metrics, such as heart
rate variability, could provide a holistic view of emotional
regulation. Expanding this research to include athletes from
diverse cultural or professional settings would enhance the
generalizability of these findings.

These avenues for further exploration underline the
multifaceted nature of emotional regulation and its pivotal
role in athletic performance, offering a foundation for deeper
insights and practical applications.

Conclusions

Although the majority of factors did not significantly
differ across groups, the study does highlight noteworthy
tendencies in emotional regulation among athletes of diverse
genders and university backgrounds. The noteworthy
correlation in benign control among distinct player types
indicates the impact of contextual elements like coaching
and team culture. Furthermore, the intricate interactions
between many facets of emotional control in athletes are
highlighted by the intercorrelations among emotional
regulation factors. Future studies should delve deeper into
these interactions, especially as they relate to the ways that
benign control and other regulating tactics are shaped by
outside factors.
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AHanis eMmouLiNHOro KOHTPOJIO YHiBEPCUTETCbKUNX
cnopTcmeHiB: Kpoc-KynbrypHa Ta reHAepHa nepcneKkTmBa

Axwmen [I>xa66ap A6iitpa'*BPE, Canpmen TiBapi'ABCPF,
Canppa Tiapi'A*PF, Mip Axcan Anp Xax'ABCPF

!MeniiicbKuit yHiBepcuTeT

ABTOpPCHKMIT BKTAJ: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykomucy; E — 36ip komrtis

Pedepar. Crarrsa: 8 ¢, 3 Tabm., 3 puc., 31 mxepero.

IcTopia nuranna. EMoLiiinmii KOHTPO/Ib Biflirpa€ BUpilIaNbHy PO/Ib Y JOCATHEHHI CHOPTUBHOI pe3ynbTaTMBHOCTI i 3ase-
JKUTb Bifl TAKMX QAKTOPIB, K CTATh i Ky/IbTYPHUIT KOHTEKCT. PO3yMiHH:A B3a€EMO3B 13Ky MiXK €MOL{/1HOIO Pery/iAli€ero Ta CIOPTHUB-
HIUMM yCIiXaMy MOYKe CTaTy LiHHMM HiJIPyHTAM 3aJ/14 ONTMMIi3allii CTpaTeriii pe3ynbTaTMBHOCTI.

Merta gocaimKeHHd. MeTO0 I[bOT0 JOCTiIHKEHHS 6yno BUBYUTY POJIb €EMOLITHOTO KOHTPOJIO Y JOCATHEHH] CIIOPTUBHOI
Ppe3y/IbTaTUBHOCTI cepef cTyfeHTiB-ciopTemeiB 3 bargaza (Ipax) ta Jeni (Ingis), mpupiisiioun 0co6amMBy yBary BUBUYEHHIO Bifi-
MiHHOCTEJ! 3TiIHO 3 T€HIEPHOIO Ta YHIBEPCUTETCHKOIO MIPMHAIEKHICTIO. Y JOCTIPKEHH] TaKoX PO3ITIALAIOTHCS B3a€EMO3B A3KU
MDXK CyOIIKanmaMy eMOLiITHOTO KOHTPOJIIO Ta 3ara/IbHOI0 Pe3y/IbTaTUBHICTIO.

Marepianu ta MmeTomu. Y gociifpkeHHi B3sum yaactb 300 ciopremeHiB BikoM Bif 18 1o 30 pokiB, sikux HOpiBHY 6y/10 po3iio-
nineno mix BargagcpkuM yHiBepcuteroM (BY), Ipak, i Jeniitcbkum yHiBepcutetom (IY), Inpis, 3a npuHIunom 36a1aHCOBaHOTO
TeHJIePHOTO CHiBBifHOMEHHA (75 CTOPTCMeHiB-40/MOBIKiB i 75 copTcMeHiB-XiHOK Bif Ko>kHOTO yHiBepcnTeTy). OIliHKa eMoILili-
HOT'0 KOHTPOJIIO IIPOBOAM/IACSA 32 JOIIOMOTO0 OIMTYBa/IbHIKa eMoliitHoro kouTpoo (“Emotional Control Questionnaire”, ECQ),
SIKMI MICTUTD CYOIIKa/M [/Is HOBTOPIOBAHOTO TUITY MUC/IEHHsI, eMOLiITHOI iHTi6iii, KOHTPOIIO arpecii Ta COPUATINBOIO KOHTP-
omo. Iy aHami3y gaHUX 6Y/I0 3aCTOCOBAHO OMMCOBY CTATUCTUKY, ABOGAKTOPHMIT fuctepcirtauii ananiz (ANOVA) Ta xopessuii
ITipcoHa i3 BUKOPUCTaHHAM IPOrpaMHOro 3abesnevyersst SPSS.

PesynbraTu. [TokasHMKY eMOLIITHOTO KOHTPO/IIO Oy/u IOPIBHAHHUMI fK I/ YHiBepCUTETIB, TaK i /i1 060X CTaTeBUX IPYIL,
npudoMy crioprcMenn BY nabpann pemo menute 6anis (M = 34,41, SD = 5,86), Hix cioprcmenu 1Y (M = 34,66, SD = 3,46). JIso-
(aKTOPHMIT AVCIEPCIiHNIT aHaIi3 He BUABMB 3HAYYIUX BifMIHHOCTEll y IOKa3HMKAX 3ara/IbHOTO €MOLIIITHOrO KOHTPOI0 a60
Jioro CyOIIKas 3aIeKHO Biff CTaTi, yHIBEpCUTETCHKOI MPUHATEKHOCTI a60 iXHbOI B3a€EMOIil, 3a BUHATKOM CIPUATIMBOIO KOHTP-
oo, ge cioprcmenn 1Y orpumanu sHaqHO Buili pe3ynbrati (F( .o = 5.55, p = 0.02). BctaHOBI€HO MillHi 103U TUBHI KOpesiuii
MDXK 3araJIbHUM eMOLTHMM KOHTPOJIEM i CyOIIKalIaMu CIPUATINBOTO KOHTPOIO (r = .69, p < .01), MOBTOPIOBAaHMM TUIIOM MIC-
neHHA (r = .69, p < .01) Ta KOHTpONeM arpecii (r = .64, p < .01).

BucnoBku. OTpumaHi AaHi HifKpeCTIOTh B3a€EMOIIOB I3aHMIT XapaKTep KOMIIOHEHTIB eMOLITHOI peryALii Ta ixHiil Ba-
piaTMBHMUIT BHECOK y IOCATHEHHA CIOPTMBHOI pe3ylIbTaTUBHOCTI. 3a3HaueHi BUCHOBKM MOXYTb CIYTyBaTH OPi€HTUPOM JJis
PO3pO0IEHHs TPeHYBaJIbHUX IPOrpaM, L0 BKIOYATUMYTDb CTpaTerii eMOILiifHOro KOHTPOJIIO 1I0A0 MiiBUIIEHHS 3MaraabHNUX
Ppe3y/nbTaTiB yHiBEpCUTETCHKIX CIOPTCMEHIB.

Knrouosi cmoBa: eMoLifiHIIT KOHTPO/Ib, CIIOPTUBHA PE3Y/IbTATUBHICTD, YHIBEPCUTETCHKi CIIOPTCMEHN, 3MarajibHi BUIM CIIOP-
TY, EMOIIiJiHa PeTyIALis.
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Abstract

Background. The increasing popularity of yoga as a complementary training method has prompted interest in its

effects on physical fitness among male basketball players.

Objectives. This study aimed to assess the impact of yogic asanas on physical fitness variables in male basketball
players. The primary objective of this research was to determine the effectiveness of yoga asana practice on
cardiorespiratory endurance (CVE), muscular strength (MS), muscular endurance (ME), and flexibility (FLE) in male

basketball players.

Materials and methods. A total of 41 male basketball players were involved in the study and randomly assigned

to two groups: the Yoga Asanas Group (YAG) comprising 21 players (age: 18.44 + 0.98 years, height: 171 + 4.45 cm,
weight: 87.94 + 4.26 kg) and the Control Group (CON) with 20 players (age: 18.93 + 1.38 years, height:

174 + 6.21 cm, weight: 91.31 + 7.00 kg). Physical fitness parameters were assessed before and after the intervention.
Results. The results demonstrated a statistically significant improvement in physical fitness variables among players
in the YAG, with p-values less than 0.05 for CVE (p < 0.001), MS (p < 0.001), ME (p < 0.001), and FLE (p < 0.001)
following yoga asana practice. In contrast, the CON group exhibited no substantial changes (p > 0.05).
Conclusions. The findings of this experimental study suggest that incorporating yogic asanas into training regimens
significantly enhances physical fitness parameters in male basketball players, highlighting the potential benefits of

yoga as an effective training modality.

Keywords: basketball players, yogic asana, muscular strength, muscular endurance, flexibility.

Introduction

High level of physical fitness is a foundation of success in
sports especially in fast-paced and high-intensity games like
basketball (Farley et al., 2020; Mancha-Triguero et al., 2019).
Athletes need a well-versed set of skills, including strength,
endurance, agility, and flexibility to stay competitive (Puente
etal,, 2017). Most of the training programs emphasize drills,
strength-building routines and cardio workouts to build

© Udiyapuram, T, Sigamani Jayasingh Albert, C., Dilpreet, K.,
Orhan, B. E,, Boby, E A., & Astuti, Y., 2025.

@ PETM
/ LLCOVS

these essential qualities. In recent times, there has been a
growing interest in integrating the new elements to these
traditional methods to enhance overall athletic performance.
One practice that is gaining traction is yoga, which promises
benefits that extend beyond the purely physical to also sup-
port mental well-being (Vogler et al., 2023; Woodyard, 2011).

Yoga has been around for thousands of years, originating
inancient Indiaasa practice that combined physical postures,
breathing exercises, and meditation. Over time, it has evolved
into a recognized training tool that can improve flexibility,
core strength, balance, and mental focus. These attributes
are crucial for athletes, especially for basketball players who
need to make sharp, quick movements and maintain balance
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under pressure (Shao et al., 2023). Yoga has the potential
to enhance an athlete's body control with accumulative
their adaptability and agility on the court (Alleva et al.,
2020; Kaltenborn & Ryba, 2006). In addition to its physical
advantages, yoga provides substantial mental and emotional
reinforcement (Ross et al., 2013). The pressures associated
with competitive sports can be formidable, requiring athletes
to execute instantaneous decisions and sustain concentration
in critical scenarios. The yoga have demonstrated efficacy in
alleviating stress, enhancing concentration, and fostering
resilience providing athletes with a psychological advantage
that enables them to maintain composure during pivotal
moments in competition (Kanaujia et al., 2023).

The investigation into yoga as an adjunctive practice
within the realm of sports training has progressively garnered
attention over time. Initial research on the advantages of
yoga primarily concentrated on its capacity to improve
flexibility and alleviate stress. The studies established a basis
for understanding the extensive potential of yoga beyond
conventional health and wellness domains, demonstrating
that consistent practice could yield considerable physical
and psychological advantages (Kishan, 2020; Nayak &
Verma, 2023; Woodyard, 2011).

Recent scholarly works have increasingly explored
the application of yoga within the context of athletic
environments. Studies have shown that engaging in yoga
can enhance multiple dimensions of physical fitness, such as
balance, core stability, and flexibility attributes essential for
numerous sports, including basketball (Bucea-Manea-Tonis
et al., 2023; Kaltenborn & Ryba, 2006; Woodyard, 2011).
For example, studies have shown that certain asanas can
enhance the range of motion and reduce the risk of injury by
improving muscle elasticity and joint health (Halappa, 2023;
Niemaszyk & Truszczynska-Baszak, 2023).

When it comes to cardiovascular endurance (CVE),
muscular strength (MS), and muscular endurance (ME),
the findings are mixed but promising. Some studies have
indicated that incorporating yoga into a training regimen
can lead to modest improvements in cardiovascular health
and muscular performance (Lau et al., 2015). For example,
research conducted on athletes from various disciplines
found that integrating yoga sessions into their regular
training helped enhance their recovery and overall fitness
levels (Bucea-Manea-Tonis et al., 2023; Halappa, 2023).
However, these studies often focused on general fitness
populations or athletes in non-competitive contexts.

While the existing literature supports the idea that
yoga offers numerous benefits, the evidence is less robust
when it comes to high-performance sports, especially
for basketball players. The few studies that have explored
yoga's role in competitive sports suggest that it can improve
agility and reaction times, but these findings are typically
part of broader investigations without a specific focus
on key fitness parameters like CVE, MS, ME, and FLE in
basketball athletes. The research gap is evident: while yoga’s
role in improving flexibility and mental health has been
documented, comprehensive studies examining its impact
on core physical fitness metrics for competitive basketball
remain limited (Bucea-Manea-Tonis et al., 2023; Vaidya et
al,, 2021; Woodyard, 2011).

This gap in the literature highlights the need for more
targeted research that evaluates the practical application of

yoga within structured training programs for athletes. Thus,
this study aims to fill that gap by examining the effects of a
12-week yoga asana program on key fitness markers in male
basketball players. By using a randomized controlled trial
(RCT), we can ensure a fair comparison between players who
incorporate yoga into their training (Yoga Asanas Group,
YAG) and those who stick to their usual training routines
(Control Group, CON). We'll measure their physical fitness
before and after the intervention to see if the yoga practice
leads to improvements in CVE, MS, ME, and FLE.

Materials and Methods

Study Design

This study was conducted to determine if practicing yogic
asanas (specific yoga poses) can improve physical fitness in
male basketball players. To do this, we used a method called a
randomized controlled trial. In this design, participants were
randomly assigned to either a Yoga Asanas Group (who prac-
ticed yoga) or a Control Group (who did not practice yoga).
This random assignment helps ensure that each group is as
similar as possible, except for the yoga intervention. Measure-
ments were taken twice: once before the 12-week yoga pro-
gram started and again at the end of 12 weeks. This way, we
could clearly observe any changes due to the yoga program.

Subjects

At the enrollment stage (Initial stage), male basketball
players aged 18 to 24 years from the Indian Institute of Infor-
mation Technology, Sri City, Chittoor were employed for the
participation. Each player and, where needed, their guardians,
provided consent to participate after we explained the study
procedures to them. We used a careful screening process to se-
lect eligible players. This screening involved making sure par-
ticipants met certain criteria for age, health, and basketball ex-
perience, and that they did not have any injuries or conditions
that could interfere with yoga practice or the study results.

Sample Size

To decide how many participants we needed, we referred
to a previous similar study by (Mohr et al., 2014). According
to this study, 41 players would be sufficient to give us reliable
results. Thus, we recruited 41 players and randomly assigned
them into two groups: the Yoga Asanas Group (YAG) with
21 players and the Control Group (CON) with 20 players.
This sample size allows us to make solid conclusions about
how yogic asanas might affect physical fitness.

Randomization

In our initial screening, we found 64 players who
met the eligibility criteria. However, due to factors like
scheduling conflicts or potential dropouts, only 41 were
ultimately able to participate in the study depicted in figure
1. Each player was given a clear explanation of the study’s
aims, methods, and the possibility of dropouts. Then, using
a random allocation method, we assigned each player to
either the Yoga Asanas Group (YAG) or the Control Group
(CON), ensuring that both groups started out with similar
characteristics.
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[ Enrollment ]

Assessed for eligibility (n= 64)

Excluded (n=8)
¢ Not meeting inclusion criteria (n= 3)

¢ Declined to participate (n=2)

¢ Other rcasons (n= 3)

Randomized (n= 56)

|

[ Allocation ]

Allocated to YAG (n= 28)

Allocated to Control Group (n= 28)

[ Follow-Up ]

\ 4

Lost to follow-up (n=7)

+ Participated in other activities (n=4)
+ Health Issues (n=3)

Lost to follow-up (n= 8)

+ Participated in other activities (n= 3)
+ Hcalth Issucs (n=5)

[ Analysis ]

A 4

Analysed (n=21)
¢ Excluded from analysis (n= 0)

Analysed (n=20)
¢ Excluded from analysis (n= 0)

Fig. 1. Subject recruitment flow diagram

Blinding/Masking

We used a technique called “blinding” to help prevent
any bias in the results. In this case, the researchers who
measured the players’ fitness at the end of the study did not
know which group each player belonged to. This helped
ensure that the results were objective and unaffected by any
preconceptions. However, players knew which group they
were in, as the yoga practice could not be hidden from them.

Yogic Asanas Intervention

To ensure that all participants understood the purpose
and procedures of the study, familiarization sessions were
held as part of theory classes. During these sessions, each
participant in YAG received a thorough introduction to the
study design, objectives, and the specific yoga asanas they
would be practicing. These sessions aimed to make partici-
pants comfortable with the techniques and terminology in-
volved in yogic practices and ensure their readiness for the
physical training sessions. Attendance was strictly recorded
for all theory and practice sessions throughout the 12-week
study period to monitor participant engagement and en-
sure consistency in participation. The YAG took part in a
structured yoga program led by a certified yoga instructor

or a qualified BNYS (Bachelor of Naturopathy and Yogic
Sciences) doctor. This program was designed specifically
to improve fitness aspects like strength, flexibility, balance,
and endurance. Each session lasted 60 minutes and was held
three times a week over the 12-week period. Each yoga ses-
sion included Warm-Up: Gentle stretches and movements to
prepare the body for exercise. Yoga Asanas (Postures): Vari-
ous yoga poses that focused on enhancing physical fitness.
These poses were selected based on their potential benefits
for athletes, such as improving flexibility, core strength, and
balance. Relaxation Techniques: At the end of each session,
players practiced relaxation techniques to promote recovery
and mental calmness. During this time, the Control Group
(CON) did not participate in the yoga program but con-
tinued with their regular basketball training routines. This
allowed us to compare any changes in fitness between the
players who practiced yoga and those who didn’t.

Outcome Measure

Anthropometry

Participants’ body weight was measured on an
electronic scale (Seca, Hamburg, Germany) with a precision
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Table 1. Exercise protocols for yoga asana group weekly session (n = 21)

SI. No Name of the Yoga Practices Duration Weeks

Loosening Exercises
Jumping Jacks
High Knees
Butt Kicks
Arm Cercles

1. Leg Swing 15 minutes
Legs with a twist
Torso Rotation
Side shuffles
Inchworm
Hip circles

2. Suryanamasker 12 rounds / 15 minutes
Asana 30 minutes
Tadasana (Mountain pose) 2 minutes 1-4
Vrikshasana (Tree pose) 2 minutes
Utkatasana (Chair Pose) 20 counts / 8 minutes

3 Trikonasana (Triangle pose), 2 minutes

' Virabhadrasana 2 minutes
Malasana 1 minutes
Bitilasana (Cat cow Pose) 2 minutes
Kopotasana (Pigeon Pose) 3 minutes
Bhujangasana (Cobra Pose) 2 minutes
Savasana 6 minutes
Total 60 Minutes
S1. No Name of the Yoga Practices Duration Weeks

Loosening Exercises
Jumping Jacks
High Knees
Butt Kicks
Arm Cercles

1. Leg Swing 12 minutes
Legs with a twist
Torso Rotation
Side shuffles
Inchworm
Hip circles

2. Suryanamasker 12 rounds / 15 minutes
Asana 30 minutes
Tadasana (Mountain pose) 2 minutes
Vrikshasana (Tree pose) 2 minutes
Utkatasana (Chair Pose) 20 counts / 8 minutes
Trikonasana (Triangle pose) 2 minutes 5-8
Parivrttra Trikonasana (Twist triangle pose) 2 minutes
Virabhadrasana (Warrior II) 2 minutes

3. Vajrasana 1 minutes
Malasana 1 minutes
Bitilasana (Cat cow Pose) 2 minutes
Kopotasana (Pigeon Pose) 2 minutes
Parvatasana (Mountain Pose) 1 minutes
Adho Mukha Savasana (Downward Facing Dog) 2 minutes
Bhujangasana (Cobra Pose) 1 minutes
Savasana 2 minutes

4 Meditation 3 minutes

' Mindfulness meditation

Total 60 Minutes




Udiyapuram, T, Sigamani Jayasingh Albert, C., Dilpreet, K., Orhan, B. E., Boby, F. A., & Astuti, Y. (2025). Enhancing Physical Fitness in
Male Basketball Players through Yogic Asanas: A Randomized Controlled Trial

Table 1 (continued)

S1. No Name of the Yoga Practices Duration Weeks
Loosening Exercises
Jumping Jacks
High Knees
Butt Kicks
Arm Cercles
Leg Swing
Legs with a twist
1 Torso Rotation 15 minutes
’ Side shuffles
Inchworm
Hip circles
Knee Hugs
Ankle Circles
Dynamic Squats
Forward Lunges
Neck Rolls
2. Suryanamasker 12 rounds / 12 minutes
Asana 30 minutes
Tadasana (Mountain pose) 2 minutes
Vrikshasana (Tree pose) 2 minutes 9-12
Utkatasana (Chair Pose) 12 counts / 8 minutes
Ardha Chandrasana 2 minutes
Parivrttra Trikonasana (Twist triangle pose) 2 minutes
Virabhadrasana (Warrior II) 2 minutes
3 Matsyendrasana (Fish Pose) 1 minutes
' Kopotasana (Pigeon Pose) 1 minutes
Parvatasana (Mountain Pose) 1 minutes
Adho Mukha Savasana (Downward Facing Dog) 1 minutes
Setu bandhasana (Bridge Pose) 1 minutes
Bhujangasana (Cobra Pose) 1 minutes
Supta Padangusthasana 2 minutes
Viparitakarani (Legs up the well) 2 minutes
Savasana 2 minutes
4 Meditation 3 minutes
’ Mindfulness meditation
Total 60 Minutes

of 0.01 kg, while they were barefoot and wearing minimal
clothing. Height was recorded to the nearest 0.1 cm using
a stadiometer (Seca, Hamburg, Germany) following
standardized measurement protocols (Govindasamy et al.,
2024).

Cardiovascular Endurance (Cooper’s 12-Minute Run)

Participants performed a 12-minute endurance run
on an outdoor track, aiming to complete as many laps as
possible within the time limit. They were instructed to pace
themselves throughout the test. To support pacing, the
administrator announced elapsed time intervals at 3, 6, and
9 minutes and provided verbal encouragement. At the end of
the 12 minutes, participants were instructed to stop, and the
administrator measured any incomplete final lap distance
using a measuring wheel. This partial lap distance was added
to the total completed laps to determine the final distance

covered. The total distance run was then used to estimate
VO,max (ml-kg'-min”) using Cooper's equation: VO,max
(ml'kg'-min™) = (22.351 x distance in km) - 11.288 (Suresh
et al., 2022).

Muscular Strength

The players begin lying on their back on a mat, with
hands positioned beneath the shoulders, fingers extended,
and legs straight, slightly apart. From this starting position,
the student pushes against the mat until their arms are fully
extended, keeping both legs and back straight. They then
lower their body until their elbows form a 90-degree angle,
with forearms parallel to the floor. Athletes were instructed
to perform as many 90-degree push-ups as possible in time
with a designated rhythm marked by cues of “down” and
“up”. The test was stopped if a student committed two faults,
such as knees touching the ground, instability in the back,
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incomplete arm extension, or failure to reach a 90-degree
elbow angle. The final score was the total number of correctly
executed push-ups (Govindasamy et al., 2023).

Muscular Endurance (Sit-Up Test)

Muscular endurance was assessed using a sit-up test
(BS-SU, InBody, Seoul, Republic of Korea). Prior to the test,
participants were instructed to lie supine on a mat, ensuring
that their heads and upper backs remained in contact with
the surface. Their knees were positioned at a 45° angle with
a fist-sized gap between them. Throughout the test (while
performing sit-ups), participants were required to keep
their hands positioned behind their heads, maintaining
this placement while executing sit-ups. They performed sit-
ups continuously for a 60-second period, ensuring proper
form and adherence to the specified technique. Each sit-up
required both elbows to touch the knees before returning
to the starting position. The endurance score was based on
the total number of sit-ups completed within 30-second
intervals. Participants were allowed to practice two to three
times with assistance to familiarize themselves with the
movement, and repetitions were counted aloud during the
assessment to maintain consistency (Suresh et al., 2022).

Flexibility

The sit and reach test was performed according to precise
instructions to assess lower body flexibility. While seated, par-
ticipants extended forward as far as possible with one knee held
straight. A sit and reach box was used to measure the reach
distance of the hands in centimetres, providing an assessment
of flexibility in the lower body (Govindasamy et al., 2023).

Table 2. Demographic parameters of the participants (n = 41)

Variables Control Group Yoga Asana Group  p value
Age 18.93 £ 1.38 18.44 £ 0.98 0.218%
Height 174.00 £ 6.21 171.00 + 4.45 0.198*
Weight 91.31+7.00 87.94 +4.26 0.109*

Notes: *Independent t-test result p>0.05

Statistical Analysis

Data were expressed as mean values with standard
deviations (SD) for each physical fitness parameter. The
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normality of the data distribution was assessed using the
Kolmogorov-Smirnov test. A p-value greater than 0.05
indicated a normal Gaussian distribution of the data. To
evaluate the differences in physical fitness parameters
between the two groups (yoga asana and non-yoga asana),
paired t-tests were conducted for within-group comparisons.
Additionally, between-group differences were analyzed
using independent t-tests. Effect sizes were calculated
using Cohen’s d to determine the magnitude of differences
observed. The mean differences between pre- and post-
intervention scores were also calculated, providing insights
into the extent of improvement attributable to the yoga asana
intervention. Statistical significance was set at p < 0.05 for
all analyses. Confidence intervals (ClIs) were computed for
mean changes to assess the precision of the estimates.

Results

Table 2 presents the anthropometric parameters of male
basketball players divided into two groups: those practicing
yoga asanas and those not practicing yoga asanas. At base-
line, there were no significant differences in age, height, and
other parameters between the two groups. A total of 64 in-
dividuals were screened for participation in the study, and
out of these, 56 met the specified inclusion and exclusion
criteria and were subsequently enrolled. During the study,
seven participants from the yoga asana group and eight from
the non-yoga asana group withdrew for various reasons,
which are detailed in Figure 1. It is important to note that no
adverse events were reported among participants who com-
pleted the study.

Table 3 illustrates a statistically significant improvement
in various physical fitness variables among the basketball
players in the yoga asana group, with p-values less than
0.05 for cardiorespiratory endurance (CVE: p < 0.001),
muscular strength (MS: p < 0.001), muscular endurance
(ME: p < 0.001), and flexibility (FLE: p < 0.001) following
the yoga asana practice. Conversely, the basketball players
in the non-yoga asana group did not exhibit any significant
changes (p > 0.05) in these fitness parameters (Figure 2).

The yoga asana intervention demonstrated a substantial
positive effect on physical fitness, with effect sizes indicating
improvements: CVE (1.18), MS (0.92), ME (1.26), and FLE
(2.51) (Figure 2). Furthermore, the mean change in physical
fitness measures was notable: CVE improved by 2.12 (with a
confidence interval of 1.74 to 0.61), MS by 0.36 (1.43 to 0.40),
ME by 1.59 (1.83 to 0.67), and FLE by 1.82 (3.38 to 1.61).
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(a) Cardiovascular Endurance, (b) Muscular Strength, (¢) Muscular Endurance, (d) Flexibility, d= Cohen’s d
Bl pre-test [ Post-test

Fig. 2. The bar charts of physical fitness parameters before and after the intervention
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Table 3. Comparison of Physical Fitness Parameters Between Basketball Players with Yoga Asanas and Without Yoga

Asanas (n =41)

CON (n=20) YAG (n=21)

Physical Fitness o Cohen’s o Cohen’s Between group

Parameters RRAElanES d D4 G5 d difference (CI)

Pre Post Pre Post
(M +SD) (M £ SD) M+SD) (MzSD)

CVE 2842 +1.77 29.16 £1.61 0.16/(2.60) 0.32 28.96 +2.03 31.28 +1.26 <.001/(8.01) 1.18 2.12 (1.74-0.61)
ml-kg'-min™
MS Numbers 19.45 +2.11 20.30+1.75 0.08/(4.37) 0.40 19.04 + 1.39 20.66 £ 1.65 <.001/(8.50) 0.92 0.36 (1.43-0.40)
ME Numbers 2350 +1.60 23.60+1.84 0.72/(0.42) 0.08 22,61 +£2.17 2519+ 1.12 <.001/(11.41) 1.26 1.59 (1.83-0.67)
FLE Centimetres 22.60 + 2.03 22.70 +2.17 0.71/(0.44) 0.08 22.33 +1.52 24.52+1.03 <.001/(9.80) 2.51 1.82 (3.38-1.61)

Notes: CVE; Cardiovascular endurance, MS; Muscular Strength, ME; Muscular Endurance, FLE; Flexibility, CON; Control group, YAG;

Yoga asana group

Discussion

This study's results strongly suggest that a 12-week yogic
asanas intervention can statistically significantly increase
physical fitness parameters in male basketball players.
There were dramatic improvements in these measures:
cardiorespiratory endurance (CVE), muscular strength
(MS), muscular endurance (ME), and flexibility (FLE) in
the yoga group, but no significant changes in the control
group. Furthermore, this finding demonstrates that yoga can
significantly complement traditional athletic preparation,
particularly for basketball.

The 8.01% change in CVE for the yoga group suggests
that yoga practices, including breath control and prolonged
isometric holds, may substantially affect an athlete's
oxygen uptake and respiratory efficiency. Efficient CVE
is particularly important in basketball, where players
constantly perform at high-intensity efforts spaced by short
recovery periods (Delextrat et al., 2018; Florez Gil et al,,
2024; Mihajlovic et al., 2023). Adding Surya Namaskar (Sun
Salutation) and asanas that require rhythmic breathing, such
as Utkatasana (Chair Pose), may help deliver more oxygen
and stabilize cardiovascular stability, enabling athletes to
perform consistently over long periods of demanding
activity (Deshmukh et al., 2024; Luan et al., 2019). This
finding provides evidence of yoga's benefits in enhancing
aerobic conditioning as an alternative or additional method
to traditional high-impact cardiovascular training with
associated injury risk (Beck et al., 2017; Campbell et al., 2019;
Ramos-Jiménez etal., 2015). Substituting yoga for endurance
conditioning can help coaches and athletic trainers utilize a
gentler, still effective way to build cardiovascular fitness in
the joints and soft tissues.

A noteworthy finding is the 8.50 % improvement in MS
observed in the yoga group in which the yoga intervention
consisted of no external weights or traditional resistance
exercises. These are asanas requiring prolonged engagement
and isometric contraction: Virabhadrasana (Warrior Pose)
and Tadasana (Mountain Pose), in which significant gains
are had in MS. These poses serve as the foundation for
developing multiple muscle groups simultaneously, with a
particular emphasis on enhancing the endurance of lower
extremity muscles and stabilizing muscles, which are areas

where basketball players depend on explosive power for
jumping, sprinting and quick direction change (Anversha
& Ramalingam, 2023; Luo et al., 2023). This increase in
muscular strength from yoga, observed without weight
or other equipment loading, suggests that yoga may be a
functional and affordable intervention, particularly in
environments where such strength training resources are
inaccessible. Nevertheless, it should be known that although
strength gain was significant, yoga may help strength
endurance and muscle tone rather than maximal strength
(Hosseini et al., 2018; Sarbaz et al., 2020). Also, future
studies would potentially look into ways other styles of yoga,
specifically ones that have dynamic transitions and longer
holds, influence strength development regarding classic
resistant training.

This onefold increase in ME in the yoga group
demonstrates the effectiveness of the intervention in
promoting continued muscular activation and endurance,
most notably in core and lower body muscles (11.41 %).
Trikonasana (Triangle Pose) and Vrksasana (Tree Pose),
asanas which require balance and need continuous muscle
activation (including through muscle contraction), build
muscle endurance in muscles needed to stabilize for
continuous high-intensity movement involved in basketball
(Luo et al., 2023; Rhyu et al., 2018). Lower body endurance
for sprinting and jumping and core stability for dynamic
movement and impact absorption are the two critical areas
of athleticism needed in basketball athletes (Cao et al., 2024;
Luoetal.,2023),so yogawillhelp reach these areas. According
to the increase in ME, yoga's approach to continuous, steady
muscle engagement may create endurance differently than
a regimented, repetition-based protocol. These benefits are
apparent, but further investigation is warranted to see if yoga
is equally effective at building stamina in fast-twitch muscle
fibres as plyometrics or interval training, which are standard
ways to build stamina within fast-twitch muscle fibres.

A particularly substantial increase in FLE, at 9.80 %, is
a significant boost for those in the athletic field; increased
mobility can allow for an increased range of motion, reduce
the risk of injury, and increase the efficiency of movement.
Bhujangasana (Cobra Pose) and Savasana (Corpse Pose)
asanas are great for sports like basketball that require
dynamic stretching and muscle lengthening (especially for
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movements such as squatting, jumping and going in any
direction). Athletes get better depth in their joint movements
and less resistance during dynamic actions, leading to better
agility, less strain, and less risk of joint injuries (Behm et
al., 2023; Read et al., 2016). Flexibility has a large effect
size, which indicates that yoga might be the first option of
flexibility training for basketball players, and the benefit
may be more significant with yoga than with existing static
and dynamic stretching exercises. Future research could
also explore whether particular asanas are more suited to
improving flexibility in areas where basketball players are
at increased risk of injury (for instance, the hamstrings, hip
flexors and shoulders).

Limitations

The study’s findings are promising, but the research
did have limitations. Due to only a sample size of 41 male
basketball players, results are not generalizable to other
demographics: female athletes or those in other sports.
Moreover, this is also a 12-week session instead of following
up on the benefits of continued yoga practice. Future research
could follow interventions for longer periods and follow-ups
to see the lasting effects of continued yoga practice. This
standardized intervention may not adequately account for
possible variations in an individual’s fitness level; hence,
individualized programs may result in better outcomes.
Finally, the psychological benefit was not measured, which
is as essential to the athlete’s psychological resilience and
focus. Yoga could also be the subject of future research to
check whether it can be a holistic potential in sports to
enhance physical and mental conditioning.

Future Recommendations

Future studies of this nature should involve larger
samples made up of more diverse populations of athletes,
including athletes from various sports, of different ages and
both genders. In addition, the research could explore how
the long-term benefits of practising yoga in fitness improve
or plateau for continued benefits of the practice in fitness
training. Furthermore, the effects of yoga on sport-specific
performance metrics suchasshootingaccuracy, reaction time
and agility, along with coupling psychological evaluations,
will give a bigger picture of the impact of yoga on total
sporting development. Lastly, personalized yoga programs
that match an athlete’s needs can bring maximal physical
benefit with little injury risk, making yoga a commonly
overlooked but valuable tool for high-performance athletes.

Conclusion

The results of this study show the effectiveness of yoga
as a supplementary programme to the traditional training
of basketball players with a marked improvement of
CVE, MS, ME and FLE. Yoga is an attractive addition to
an athlete’s training program as an integrated component
because it is a well-rounded approach to physical fitness that
may improve performance, decrease the risk of injury, and
contribute to mental resilience. Future research in various
populations, an extended period of intervention, and sport-
specific performance tests are needed, eventually leading to

yogas inclusion as a staple component of modern athletic
conditioning.
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range of motion, functional fitness, flexibility, and

MigBuwWeHHA piBHA Pi3NYHOI NiAroTOBNEHOCTI
6ackeT60NiCTiB-40NOBIKIB Yepes 3aCTOCyBaHHA NOriYHMNX
acaH: PaHgomisoBaHe KOHTPO/IbOBaHe [OCAiIA)KEHHSA

Tyncipac Yaianypam'48°PE, Yangpacekap Ciramani [Ixxasacinrx Anp6epr'A5°PE,

Kayp Jinnput*“"%, Bekip Epxan Opxan®**“P, ®apmxkana Axtop bo6i*“"%, IOHi AcTyTi*APE

'SRM IHCTHUTYT HayKy Ta TEXHOJIOTI
*YuiBepcuret lIpi Bamapmxi
’*CtaMOynbCchKuil yHiBepcuTeT AMaNH
*Mixnaponumnit yaiBepcutet Jaddonin
*ITajjlaHrcpKMIt fep>kKaBHNUI YHIBEPCUTET

ABTOpPCHKMIT BKIAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komrTis

Pedepar. Crarts: 11 c., 3 Tabn., 2 puc., 38 mxepern.

IcTopis nuTanHsA. 3pocTaiya NONYIAPHICTD 3aHATD JOTOI0 AK JOJATKOBOTO METOMY TPEHYBA/IbHOTO IIPOLECY CIPUYMHMTIA
3aI[iKaBJIeHICTb 1I0/J0 BUBYEHH ii BIVIMBY Ha piBeHb (isMIHOI MATOTOBIEHOCTI cepef 6ackeT60/iCTiB-40/I0BIKIB.

Mera pocmimxenHs. Lle gocmifpkeHHs Maso Ha MeTi OLIHUTYM BIUIMB JOTIYHMX acaH Ha [TOKA3HUKM (i3N9HOI HiroTOBIE-
Hocti 6acker6omicTiB-40noBikiB. [o/I0BHE 3aBHaHHA HOCIIIPKEHHA IO/IATA/IO Yy BU3HAYEHHI eeKTUBHOCT] IIPAKTUKM OTiYHMX
acaH Ha cTaH Kappiopecniparopuoi Burpusanocti (KPB), M’s30Boi cunu (MC), M’s130B01 ButpuBanocti (MB) ta rayuxocti (THY)
y 6acKeTOOiCTiB-40/IOBIKIB.

Marepianu Ta MeTogu. Y NOCII/PKEHHI B3s/IM y4acTh 3araioM 41 Gacker6osicT 4omoBiuoi craTi, ikux Oyn1o posmnopine-
HO 3a METOZIOM PaHJOMisallii Ha [Bi TPynu: Irpyna, 0 3aiiManacsad BUKOHAHHAM JOTiYHUX acaH (I7IAF ) y KinbkocTi 21 rpaBnsg
(Bik: 18,44 + 0,98 poxis, 3pict: 171 + 4,45 cmM, Bara: 87,94 + 4,26 kr), Ta KoHTponbHa rpyna (KOH), fo skoi ysiitmnum 20 rpaBiiB
(Bik: 18,93 + 1,38 poxis, 3pict: 174 £ 6,21 cMm, Bara: 91,31 + 7,00 kr). Oninka napameTpis ¢pisMIHOI MifrOTOBIEHOCTI TPOBOAMIACS
Ha eTaIax Iepef Ta Iic/A 3aBeplIeHHsA KypCy JOCTiPKEeHH.

Pesynbratu. Pe3ynbraTi JOC/IIPKEHHs IPOLEMOHCTPYBA/IU CTATUCTIYHO 3HAYYIIe IOKPAIIeHHs [I0Ka3HUKIB Bi3ndHOI mij-
roTOBNeHOCT ceper rpasiis VAT, 3 piBusaMu p-3Hadenb Merie 3a 0,05 ana KPB (p < 0,001), MC (p < 0,001), MB (p < 0,001) Ta
I'HY (p < 0,001) micna 3acTocyBaHHA MPAaKTUKY HOTiYHNX acaH. HaTOMICTb y KOHTPOMBHIl IpyIIi CyTTEBMX 3MiH He CIIOCTepira-
nocs (p > 0,05).

Bucnosku. OTpuMaHi 1aHi eKCIepuMeHTaIbHOTO JOCTiPKeHHA JO3BOMAITh CTBEPXKYBATH, 1[0 BIIPOBA/I>)KEHH i10riBCbKIX
acaH y TPeHyBa/IbHi [IpOrpamMu CIpUs€ 3HAYHOMY IOJIIIIEHHIO TapaMeTpiB (isnuHOI MirOTOBIEHOCTI 6acKeTOOiCTiB-40/I0Bi-
KiB, 110 Ii/JKPeC/TIOe MOTEHIiITH] TlepeBaru 3aHATH JOT0I0 AK epeKTUBHOI GOPMU TPEHYBaTbHOTO IIPOLIeCy.

Kirouosi coBa: 6acker6omicTy, itoriyHa acaHa, M’s130Ba CUJIa, M 530Ba BUTPUBAICTh, THYYKICTb.
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Abstract

Objectives. The present study aimed to evaluate the effectiveness of various health-enhancing recreational physical
activity (PA) programs in the prevention of stress-related states in students during wartime.

Materials and methods. The study involved 125 university students, and used questionnaires comprising blocks of
questions designed to ascertain psychophysiological indicators (activity, mood, sleep, appetite, performance, and
well-being) with the 5-point Likert scale; stress level by Shcherbatykh; anxiety scores using the Spielberg-Hanin
Inventory; and the risk of PTSD using the Mississippi Scale. To analyze the impact of different types of PA on stress-
related states, logistic regression models were built. Additionally, GLZ models were used. The statistical significance
of the models was assessed using the Wald test.

Results. The analysis indicated that adventure tourism is a statistically significant predictor (p < 0.05) of stress
reduction, a decrease in heavy thoughts, and mood improvement. Mental fitness was found to be the most effective
means for restoring mental balance. The models for predicting an increase in stress tolerance revealed dependencies
on the type and amount of PA. This study contributes to the extant scientific knowledge base in the field of health-
enhancing recreational physical activity aimed at preventing stress-related states. The proposed approach to the

use of GLZ-models in the study of students’ stress tolerance opens up new opportunities for analyzing the complex
relationships between types of PA and psycho-emotional states.

Conclusions. The modelling results obtained allow for precise predictions regarding the effectiveness of different
types of PA in the prevention of stress-related states among university students. The developed models can be used
to generate individualized recommendations for physical activity, taking into account the unique needs, stress levels,
and psycho-emotional state of students.

Keywords: students, adventure tourism, mental fitness, team sports, prevention, stress-related state, modelling, effect.

Introduction of constant anxiety, fear for their lives and health, instability,

, . o and economic disruption caused by military operations

. .Todays Ukrainian un1ver.51ty studer.1t§ are exposed to (Byshevets et al, 2023; Rybalko et al, 2024). These factors
%ﬂltary stressors fgr 2 éong tlmeh(ﬁind.rlell eva et al, 2023{' lead to widespread stress-related states among students, such
ey experience a significant psychological stress asa result ;¢ greqq) anxiety, and the risk of developing post-traumatic

stress disorder (PTSD) (Petrachkov et al, 2023).

© BYSheVCtS, N., Andrieieva, O., Shynkaruk, O., Dutchak, M., Currentiy, there is a signiﬁcant body of research that
Blagii, O., Zakharina, I., Khlus, N., & Golovanova, N., 2025. supports the effectiveness of physicai activity (PA) in
preventing stress-related states among university students

@ ffc”élvs (Ai et al, 2021; Bramwell et al, 2023; Gerber et al, 2014).

312



Byshevets, N., Andrieieva, O., Shynkaruk, O., Dutchak, M., Blagii, O., Zakharina, I., Khlus, N., & Golovanova, N. (2025).
Modelling the Effectiveness of Recreational Physical Activities Focused on Improving Stress Tolerance in University Students
During Wartime

However, there is currently limited information on the
effectiveness of PA in preventing stress-related states in
university students during wartime (Byshevets et al, 2023;
Skaliy et al, 2024).

Researchers consider this category of students to be
highly susceptible to stress (Fuente et al, 2018; Byshevets et
al, 2023; Rybalko et al, 2024). Transitioning to independent
living, adjusting to a new team and the demands of
an educational institution, building relationships with
classmates and teachers, increased academic workload,
tests, exams, project work, and financial problems can all
cause increased stress. Therefore, researchers are interested
in determining which types of PA are most beneficial in
preventing stress-related states in university students.
Among the most effective types of PA, researchers mention
mental fitness (Ahmed et al, 2021; Andrieieva et al, 2024) and
physical exercise with music (Hanna, 1995), group exercise
(Reed, Ones, 2006; Hakman et al, 2020; Mulyk et al, 2024),
and adventure tourism (Kaplan, 1995; Holland et al, 2018;
Ewert, Yoshino, 2011; Andrieieva et al, 2022, 2024; Mulyk
et al, 2024). In addition, there is a growing body of research
that provides strong evidence of a positive relationship
between the effects of nature observation, outdoor walking,
and recovery from stress (Van den Berg, 2010; Byshevets,
Andrieieva, et al, 2024).

According to Holland et al (2018), recreational activities
help improve mood in 67 % of cases, reduce stress in 64 %,
increase self-esteem in 63 %, reduce depression in 62 %,
improve concentration in 61 %, improve memory in 60 %,
and improve cognitive function in 59 %. According to
Ewert, Yoshino (2011), participation in short-term outdoor
adventure programs prevents the development of stress in
students, helps to increase their stress tolerance, and has a
long-term effect that lasts for 2-3 years.

Researchers (Ahmed etal, 2021) demonstrated that three
Pilates sessions per week for six weeks reduced academic
stress in university students. Furthermore, Hanna (1995),
who considers dance classes as physical exercises with a
strong emotional coloration, emphasizes their exceptional
effectiveness compared to other physical exercises. According
to the author, dancing improves mood, reduces pain,
distracts from problems, releases negative energy, create a
feeling of pleasure and euphoria, and helps to overcome or
mitigate the deleterious effects of stress factors. As for team
sports, researchers have repeatedly emphasized the benefits
of group classes, which are important because loneliness can
lead to problematic behaviors in university that may include
problem avoidance, wishful thinking, social isolation, and
self-criticism (Fuente et al, 2018) In addition, Bramwell et al
(2023) believe that outdoor group exercise can help prevent
stress-related states in students.

The hypothesis of this study is that positive stress, which
occurs during PA and is associated with a sense of challenge,
goal achievement, and vitality, can serve as a compensatory
or minimizing factor for the long-term negative stress
experienced by students in the context of russian armed
aggression against Ukraine. This positive stress can act
as a preventive measure against stress-related states,
such as stress, anxiety, and the risk of developing PTSD.
Furthermore, it is hypothesized that higher loads and risk
elements typical of such activities as adventure tourism can
enhance this effect, especially under the impact of intense

stressors. Positive experiences associated with overcoming
difficulties, such as increased self-esteem, improved mood,
and feelings of satisfaction, have been shown to mitigate
symptoms of chronic stress and promote psycho-emotional
health.

The issue of military stressors and their impact on
university students, along with potential solutions that
involve PA, is a pertinent one that warrants attention.

The objective of the study was to evaluate the effectiveness
of various health-enhancing recreational physical activity
programs in the prevention of stress-related states among
students during wartime.

Materials and Methods

Participants

The sample included three groups of students who
participated in different types of PA during the year (from
October 2023 to September 2024). In total, the study involved
125 university students living and studying in Ukraine.
The first group consisted of 46 students who participated
in outdoor activities and took part in short-term outdoor
adventure programs organized in Ukraine during the
specified period. Of these students, 65.2% were male and
the remainder were female. The second group consists of
32 students who participated in team sports (volleyball,
basketball). Of these, 78.1 % were male. The third group
comprised 47 students who participated in mental fitness
activities during the study, with 72.3 % of them being female.

The following inclusion criteria were applied: students
aged 18 to 25 years old who were enrolled in higher
education institutions in Ukraine; written voluntary consent
to participate in the study; permanent residence in Ukraine
throughout the study period; participation in regular classes
in the relevant type of physical activity (adventure tourism,
team sports, mental fitness) at least twice a week throughout
the year; no serious medical contraindications to participate
in the selected type of physical activity.

The exclusion criteria were as follows: the presence of
chronic diseases or injuries that limit on€’s ability to engage
in regular physical activity; failing to attend more than 20%
of the planned training during the study; participation
in other types of physical activity that could significantly
affect the results of the study; refusal to participate in the
study at any stage; failure to provide complete and accurate
responses in questionnaires or other research documents.
The implementation of these inclusion and exclusion criteria
was intended to ensure the homogeneity of the sample and
enhance the reliability of the results.

This study was conducted in accordance with the
international ethical standards stipulated in the Declaration
of Helsinki, as adopted by the World Medical Association.
Thisincluded adherenceto the principles of respect forhuman
rights, ensuring the safety and well-being of participants,
and transparency of the information collection process. The
participants were provided with exhaustive information
regarding the objectives of the study, the methods to be
employed, the potential risks, and the potential benefits
of participating. They also provided voluntary written
consent to take part in the study. The personal data of the
respondents was kept confidential and used exclusively for
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research purposes. In the interest of protecting the privacy
of the subjects, all data were anonymized. The organization
of the study ensured that any discomfort or possible negative
impact on the physical or mental health of the participants
was minimized. The results are based exclusively on the data
collected and do not contain any subjective interpretations.

Research Organization

The study utilized questionnaires comprising blocks
of questions designed to ascertain psychophysiological
indicators (activity, mood, sleep, appetite, performance, and
well-being, measured with the 5-point Likert scale from 1
(very poor) to 5 (very good); Cronbach’s alpha - 0.863);
stress level was assessed by Shcherbatykh; anxiety scores
were evaluated using the Spielberg-Hanin Inventory and the
risk of PTSD using the Mississippi Scale. Improvements that
could occur under the influence of PA classes and factors
that can mitigate the impact of military stressors (adventure
tourism / game sports / mental fitness) were measured with
a categorical scale. The primary objective of these programs
was the prevention of stress-related states during wartime.
The following program parameters were common: frequency
twice a week; duration 80 minutes; and medium intensity.

Statistical Analysis

The use of descriptive statistics was preceded by testing
the hypothesis of a normal distribution of the input data using
the Shapiro-Wilk W test. In the absence of confirmation
of these hypotheses, the measures of the central tendency
and scatter of the studied indicators were presented using
the median Me and the 1st and 3rd quartiles, which are
less sensitive to outliers and deviations from a normal
distribution. The data were presented in the form of Me (25%;
75%). To make a comparison between the characteristics of
students engaged in different types of PA, a ranked analysis
of variance was used, with the calculation of the Kruskal-
Wallis H-criterion. Multiple comparisons were conducted,
with -values being calculated, and the resulting data being
evaluated against the critical value of the z-statistic, which is
1.96 for a significance level of 0.05.

Table 1. Description of the input data

The use of generalized linear and nonlinear models to
predict improvements in students’ well-being. To analyze
the impact of different types of PA on stress-related states,
logistic regression models were built to model the probability
of improvement as a function of independent variables. GLZ
models were used, which combine linear and nonlinear ele-
ments into a single structure, making the model flexible and
suitable for a wide range of tasks (Shynkaruk, Byshevets, et al,
2025). This approach enables the analysis of both quantitative
(e.g., stress, anxiety, PTSD risk) and qualitative (e.g., student
groups, sex) data, incorporating both linear and nonlinear
relationships between these variables. The utilization of these
models enables the consideration of additional factors that
may influence the dependent variable. It is noteworthy that
the incorporation of a count variable within the model (in
this instance, the number of stress-associated states) resulted
in the statistical significance of certain variables that were
previously deemed insignificant. This was made possible by
reducing the standard errors and enhancing the model fit,
which enabled the estimation of the effects of other variables
with greater precision. Consequently, a multitude of vari-
ables have attained statistical significance at the 0.05 level,
signifying a more accurate evaluation of their impact.

The Table 1 provides a detailed description of the
variables utilized in the modeling process.

It is important to acknowledge that in earlier stages of
the modeling process, sex was regarded as an independent
categorical variable. However, in this case, statistical
problems emerged in the models, which led to incorrect
outcomes. Specifically, we found a lack of pivotal elements
in the design matrix, which indicates a linear relationship
between the predictors or multicollinearity. In addition, the
distribution of the “sex” variable across the study groups was
found to be imbalanced.

Given that the exclusion of the “sex” variable from
the model did not result in a significant reduction in
model quality, it was decided to exclude this variable from
further analysis. This decision resulted in more stable and
interpretable models.

The statistical significance of the models was then
assessed using the Wald test. The quality of the models was
evaluated using the following indicators:

Parameter / Type Description Value range Encoding
binary Stress reduction Occurred / did not occur 1/0
Management of heavy thoughts Occurred / did not occur 1/0
g Restoration of mental balance Occurred / did not occur 1/0
i Mood improvement Occurred / did not occur 1/0
o
A Improved stress tolerance Occurred / did not occur 1/0
continuous Psychophysiological state, points 6-30 no encoding
Stress, points 0-66 no encoding
2 Anxiety, points 20 - 60 no encoding
'qé Risk of PTSD, points 39-195 no encoding
_é* PA, points 0-49 no encoding
R categorical Group 1,2,3 no encoding
Countable / ordinal Number of stress-related states 0-4 no encoding
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o Accuracy is an indicator that reflects the overall
accuracy of classification, i.e. the extent to which the
model correctly classifies each data sample.
+ Recall is a metric that indicates the ability of a model
to detect all relevant cases.
o Precision is a measure of specificity that shows what
proportion of samples classified as positive by the
model are actually positive. The maximum Precision
value (0.88) was documented for the “Mood
Improvement” model, indicating its high specificity.
The Fl-score is a harmonic mean of Precision and
Recall, which assess the overall balance of a model.

The level of statistical significance was 0.05 (p < 0.05).
Calculations were performed using STATISTICA software
(StatSoft, USA).

Results

In the course of the study, we examined the central
tendency and the scatter of students’ scores depending on
the type of PA they were engaged in.

The adventure tourism group exhibited the lowest
stress and PTSD risk scores. Furthermore, the highest
levels of PA were observed among students participated in
adventure tourism activities. The data obtained revealed that
students’ anxiety scores remained consistent with the lowest
prevalence of stress-related states observed among those
engaged in team sports (Table 2).

It was found that among the positive changes, the
respondents most often indicated an improvement in mood:
80.4% of students participated in adventure tourism activities
indicated this. With a lower frequency, students reported
restoration of mental balance, where the highest results were
observed among students engaged in choreography with
elements of mental fitness (Fig. 1).

The data obtained was used to built logistic models that
enabled the prediction of an improvement in students’ state
based on the studied parameters, including the type of PA.
Stress = 24.47 + 3.84x, + 0.6x, + 0.05x; — 0.47x, + 0.51x5 + 0.6x,
Anxiety = 49.3 + 0.51x; — 0.2x, — 0.09x; — 0.88x, + 0.37x5 — 0.17x,
Risk of PTSD = 121.8 + 0.8x, — 0.55x, — 0.71x3 — 6.72:x, — 4.09x5 + 2.7,
where x, is stress-related state; x, is psychophysiological
state; x; is a physical activity level; x, is bad habits; x; is bad
habits in group 1; x, is bad habits in group 2.

Positive effects

w8
o
v
=
o

Improved stress tolerance 28,1
. 71,7
Restoration of mental balance 844
53,2
239
Management of heavy thoughts 21,9
59,6
58,7
Mood improvement 9.4
31,9
67,4
Reduced stress 53,1
14,9
0 20 40 60 80 100

Proportion of students, %

Fig. 1. Positive changes in students well-being under the influence
of participation in different types of PA (n = 125). ll - adventure
tourism; [] - team sports; Bl- choreography with mental fitness

Table 3 presents the estimates of the regression
parameters, which are interpreted through the odds ratio.
When the odds ratio exceeds 1, an increase in the value of
the relevant predictor (e.g., anxiety) leads to an elevated
probability of no improvement. Conversely, if the odds
ratio is less than 1, an increase in the value of the predictor
decreases the chances that the improvement will not occur.
The reference group in this study comprised students who
were engaged in choreography with elements of mental
fitness.

The following conclusions can be drawn from the
analysis of the coefficients of the “Stress reduction” model:

o anincrease in the stress score by 1 point is associated
with an increase in the probability of no stress
reduction by almost 14 % (EXP(0.13)-1=0.139);

o anincrease in anxiety score by 1 point allows for the
prediction of a decrease in the probability of stress
reduction in the student by 24.6 % ((EXP(0.22)-1~24.6 %);

o adecrease in the psychophysiological state reduces the
probability of stress reduction by 22.9 %
((1-EXP(-0.26)-1)*100 %=22.9);

o  participation in adventure tourism activities was found
to reduce the probability of no improvement by 87.5 %
((1-EXP(-2.08))*100 %~87.5).

Table 2. The central tendency and the scatter of the studied parameters (n = 125)

Group 1 (n = 46)

Group 2 (n =32) Group 3 (n =47)

Parameter Me 25 75t 25 75t 25% 75%
percentile percentile percentile percentile percentile percentile

Stress-related states, number 1.0* 0.0 2.0 0.0** 0.0 2.0 2.0 1.0 2.0
Psychophysiological state, 23.0 19.0 26.0 225 19.0 24.0 22.0 18.0 25.0
points
Stress, points 14.0 9.0 22.0 15.0 6.5 23.3 18.0 13.0 30.0
Anxiety, points 44.0 41.0 46.0 42.0 40.0 46.0 43.0 41.0 45.0
Risk of PTSD, points 75.0* 69.0 89.0 81.5 69.5 97.0 83.0 75.0 100.0
PA, points 36.0 31.0 40.0 34.5 30.0 40.5 35.0 28.0 39.0

Notes: * — statistically significant differences between students of groups 1 and 3; ** - statistically significant differences between students

of groups 2 and 3
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Table 3. Parameter estimates. Modeled probability that no improvement occurs (n = 125)

Distribution : BINOMIAL, Link function: LOGIT

Effect . Standard Lower CL Upper CL
Estimate Error Wald Stat. 95, % I;I;’ % P
Intercept -7.89 5.20 2.299 -18.09 231 0.1294
3 o Psychophysiological state, -0.26* 0.08 10.235 -0.43 0.10 0.0014
Eg points
52 Stress 0.13* 0.04 10.475 0.05 0.22 0.0012
§ o Anxiety 0.22* 0.09 5371 0.03 0.40 0.0205
‘é% Risk of PTSD -0.01 0.02 0.197 -0.04 0.03 0.6568
4 1 PA, points 0.09 0.05 3.593 -0.00 0.18 0.0580
2 ™ Group (1) -2.08* 0.47 19.568 -3.01 116 <0.05
Group (2) -0.34 0.44 0.604 “1.19 0.52 0.4371
. Intercept “14.15% 4.66 9.221 23.28 -5.02 0.0024
£ S Psychophysiological state, -0.09 0.05 2.956 -0.20 0.01 0.0856
&0 points
5 =g Stress -0.02 0.02 0.672 -0.06 0.03 0.4124
53 § Anxiety 0.15 0.08 3.698 -0.00 0.30 0.0545
i: I Risk of PTSD 0.12* 0.02 28.600 0.08 0.16 <0.05
&2 7 PA, points 0.05 0.04 1.494 -0.03 0.12 0.2215
=2 Growp () 1.47% 0.47 10.024 2.39 -0.56 0.0015
= Group (2) 1.97* 0.75 6.863 0.50 3.45 0.0088
_ Intercept 234 4.00 0.343 -10.18 5.50 0.5583
E R Psychophysiological state, -0.16* 0.07 5.574 -0.29 -0.03 0.0182
E ? points
£ < Stress 0.20* 0.04 24.850 0.12 0.28 <0.05
= 2 S Anxiety 0.05 0.07 0.621 -0.08 0.18 0.4305
2 Z Y Risk of PTSD 0.01 0.01 0.686 -0.02 0.04 0.4074
S8 pA points 0.01 0.04 0.075 -0.07 0.09 0.7842
& = Group (1) 1.52* 0.54 8.102 0.47 2.57 0.0044
' Group (2) 1.32* 0.65 4.128 0.05 2.60 0.0422
Intercept 13.60* 4.06 11.239 5.65 21.55 0.0008
2 g Psychophysiological state, 0.01 0.05 0.068 -0.09 0.12 0.7946
% & points
2 S Stress -0.00 0.03 0.028 -0.06 0.05 0.8676
2 & Anxiety -0.05 0.06 0.743 -0.18 0.07 0.3887
T & Riskof PTSD 0.01 0.02 0.737 -0.02 0.05 0.3905
£ i PA, points -0.38* 0.06 34.638 -0.51 0.26 <0.05
£ Group (1) -1.09* 0.42 6.609 -1.93 0.26 0.0101
Group (2) 0.38 0.44 0.760 -0.47 1.23 0.3833
g5 Intercept 17.88* 5.01 12.736 8.06 27.70 0.0004
5 Psychophysiological state, -0.32* 0.08 15.178 -0.49 -0.16 0.0001
Y S points
£ L Stress -0.05 0.03 3.534 0.11 0.00 0.0601
8¢ Anxiety 0.01 0.06 0.031 0.11 0.14 0.8595
2 < Risk of PTSD 0.01 0.02 0.335 -0.02 0.04 0.5626
g”g PA, points -0.29* 0.06 24.759 -0.41 -0.18 <0.05
ES Group(1) -0.71 0.39 3.342 -1.47 0.05 0.0675
=< Group (2) 0.86 0.50 2.948 -0.12 1.84 0.0860

Note: * — coeflicient is statistically significant at the p-level of 0.05

The findings suggest that the level of stress, anxiety, and
psychophysiological state exerts a substantial influence on
the probability of stress reduction in students. Furthermore,
the most significant predictor is the type of PA. Specifically,
participation in adventure tourism (Group 1) was found
to have a substantial impact on the probability of stress
reduction. The study also identified other statistically

significant factors, including a negative impact of the levels
of stress and anxiety on stress reduction, and a statistically
significant negative effect (p < 0.05) of a decrease in
psychophysiological state on stress reduction.

To illustrate, a hypothetical student with a psychophysi-
ological state, stress, and anxiety scores of 25, 10, and 40
points, respectively, who engaged in adventure tourism

316



Byshevets, N., Andrieieva, O., Shynkaruk, O., Dutchak, M., Blagii, O., Zakharina, I., Khlus, N., & Golovanova, N. (2025).
Modelling the Effectiveness of Recreational Physical Activities Focused on Improving Stress Tolerance in University Students
During Wartime

Wald X*2=28.294, p<0.05
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Fig. 2. Probability of no positive effect: a — stress reduction; b - restoration of mental balance

would have an 82.1 % probability of not experiencing stress
reduction. However, when engaging in other forms of PA,
this probability increases to 97.3 %. Improving the psycho-
physiological state to 30 points results in a probability of no
stress reduction of 55.5% when participating in adventure
tourism and 90.9% when engaging in other types of PA.

The results of the model built using the Wald criterion
(Wald x*=28.29; p<0.05) indicate that the type of PA has a
statistically significant (p <0.05) effect on stress reduction in
students. Concurrently, other variables, such as psychophys-
iological state, stress, and anxiety, were considered as covari-
ates, which allowed us to control their influence and isolate
the individual effect of the type of PA. In a similar vein, we
built and examined the models for the restoration of mental
balance, mood improvement, and improved stress tolerance.
Our findings indicated that adventure tourism is more effec-
tive in stress reduction, management of heavy thoughts, and
mood improvement. On the other hand, choreography with
elements of mental fitness is more effective in the restoration
of mental balance in comparison to team sports (Fig. 2). The
impact of PA on stress tolerance is not specific to its type, but
rather contingent on its volume.

Therefore, it was demonstrated that participation in
adventure tourism contributes to the stress reduction, the
management of heavy thoughts, and mood improvement.
Furthermore, choreography with elements of mental fitness
is more effective in restoring mental balance.

The quality assessment of the models demonstrated
that they possess high predictive capabilities. Specifically,
the Accuracy score ranges from 0.83 for the “Restoration of
balance” model to 0.91 for the “Stress Reduction” model. The
“Mood Improvement” model demonstrated the maximum
value of Recall (0.84), while the “Restoration of balance”
model had the minimum values (0.72). The highest value
of Precision (0.88) was recorded for the model “Mood
Improvement”, and the lowest (0.73) was observed for the
model “Restoration of Balance” A similar trend was observed
for the F1 score, with the maximum value (0.86) recorded for
the “Mood improvement” model and the minimum value
(0.73) for the “Restoration of Balance” model (Table 3).

The quality assessment of the models demonstrated
their capacity to predict the improvement in various criteria.
The most accurate models were those that predicted “Mood
improvement” and “Stress reduction” These models exhibited

Table 4. Matrices of classification and quality assessment of the models

Class Class Predicted Indicators of model quality
The built models

Observed 0 1 Accuracy Recall Precision F1 Score
Observed 0 111 7

Stress reduction 0.91 0.81 0.83 0.82
Observed 1 8 35
Observed 0 94 13

Management of heavy thoughts 0.85 0.80 0.77 0.78
Observed 1 11 43
Observed 0 98 13

Restoration of mental balance 0.83 0.72 0.73 0.73
Observed 1 14 36
Observed 0 71 9

Mood improvement 0.86 0.84 0.88 0.86
Observed 1 13 68
Observed 0 92 12

Improved stress tolerance 0.86 0.81 0.79 0.80
Observed 1 11 46
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high values across all metrics evaluated, including Accuracy
and F1-Score. The “Restoration of Balance” model exhibited
slightly lower performance metrics; however, its predictive
capability is also was high. The results obtained indicate the
effectiveness of the built models for predicting the impact
of different types of physical activity on psychological state.

Discussion

The findings on the effectiveness of various physical
activities in alleviating stress-related states among students
corroborate extant research conclusions on the substantial
impact of physical activity on the mental well-being (Martin-
Rodriguez et al 2024; Rybalko et al, 2024; Steinacker et al,
2023). Studies conducted by Biggs et al (2017) underscore the
pivotal role of adaptive mechanisms, including physical activ-
ity, in the process of stress management. The studies (Reed
& Ones, 2006; Gerber et al., 2014) emphasize that the type
and context of PA are important for the effectiveness of its
impact on the psycho-emotional state. Logistic models were
built to predict the overcoming of stress-associated states in
students based on data on the types of PA they are engaged in.
A comparative analysis of these models reveals that the model
designed to predict improved stress tolerance is the only one
that does not incorporate the group variable. This observation
indicates that the specific type of PA does not influence the
extent of the improvement in stress tolerance among students.

Despite the fact that the students engaged in team sports
activities demonstrated superior outcomes, elevated esti-
mates of their risk of developing PTSD served to nullify the
impact of other variables, thereby precluding them from
exhibiting enhancements in the likelihood of stress reduc-
tion, management of heavy thoughts, restoration of mental
balance, and mood improvement. The absence of a beneficial
impact of team sports on stress tolerance may be ascribed to
the elevated levels of competition and emotional distress that
are hallmarks of these activities (Weinberg & Gould, 2019).
As Weinberg and Gould (2019) indicated, elevated cortisol
levels resulting from competitive sports activities have the
potential to hinder the body’s capacity for psychological re-
covery. Conversely, the superior outcomes observed in the
mental fitness group may be attributable to the influence of
hidden factors that were not directly reflected in the original
data but play a pivotal role in the modeling.

The findings for the mental fitness and adventure
tourism groups are consistent with research showing that less
competitive activities, such as yoga or nature-based outdoor
sports, contribute to lower levels of anxiety, depression,
and general stress (Park et al., 2010; Berman et al., 2008).
These activities often provide more opportunities for social
support, self-reflection, and emotional recovery, which is
supported by the findings of Biddle and Mutrie (2008).

The superior outcomes demonstrated by the adventure
tourism group may be attributable not only to the inherent
characteristics of the activity itself, but also to the influence of
hidden factors. As Kaplan (1995) observes in his theory of re-
storative environments, exposure to nature exerts a beneficial
influence on cognitive and emotional processes. The elements
of adventure tourism, such as interaction with nature, social
cohesion in the group, and a sense of achievement, have the
potential to play a key role in the process of coping with stress.

While the models built were statistically significant,
they indicated the need for improvement by expanding

the sample to include different types of PA and more
balanced consideration of sex-related characteristics.
This recommendation aligns with the growing call for
personalized approaches to physical activity as a means to
manage stress (McEwen & Wingfield, 2003).

Furthermore, the unique challenges posed by wartime
conditions necessitate the development of effective coping
mechanisms to support students’ mental well-being. The
findings of this study underscore the necessity to integrate
less competitive and more inclusive activities into PA
programs aimed at the prevention of stress-related states.
In particular, adventure tourism and mental fitness can
serve as foundational elements of these programs. It is
imperative to integrate less competitive activities into
educational programs, particularly those that promote
emotional engagement and social support. The development
of adapted PA programs catering to diverse social and
sex groups, with consideration for their unique needs in
high-pressure circumstances, is also crucial. Further study
of hidden factors, such as the impact of social cohesion,
emotional support, and interaction with nature, is necessary
to improve the effectiveness of prediction models. This study
is among the first to examine the impact of different types
of PA on the stress-related states among university students
during wartime, thereby contributing to a more nuanced
understanding of the mechanisms through which adventure
tourism impacts the stress-related states in students.

Conclusions

This study demonstrated the effectiveness of PA
interventions in mitigating stress-related states among
university students during wartime. The study confirmed
that the selected type of PA has a significant impact on
the students’ ability to overcome stress-related states. The
findings emphasize the efficacy of less competitive activities,
such as mental fitness and adventure tourism, in fostering a
secure and nurturing environment conducive to emotional
recovery. The lowest stress scores were found for the students
of the Group 2, who participated in team sports, and the
lowest risk of PTSD was observed in the students of the
Group 1, who engaged in short-term outdoor adventure
programs. Our findings indicate that adventure tourism is
more effective in stress reduction, management of heavy
thoughts, and mood improvement. Furthermore, the impact
of mental fitness programs on the ability to manage heavy
thoughts was more pronounced than that of team sports
activities. The findings also reveal that adventure tourism
exerts a more pronounced effect on students’ perception of
the military stressors. This phenomenon can be attributed
to the substantial physical and mental loads associated with
this type of activities, as well as the heightened emotional
intensity experienced in comparison to other types of PA.

Limitations of the study. The use of self-reports can
introduce a certain degree of subjectivity in the data,
as participants may perceive and interpret their states
differently.
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MopgenioBaHHA epeKTUBHOCTI peKpeauinHoi pisnyHoi
AKTUBHOCTI, CMPAMOBAHOI Ha NiABULLEHHA CTPECOCTINKOCTI
CTYAEHTIB YHiBepcUTeTy B YMOBaXx BillHU

Harania bumesenp'2°°, Onena AuppeeBa'**“P, Okcana llInnkapyx'45<P,

Mupocnas [Iyruak'4*P, Onekcanpgpa brarnit'A5°°, €prenisa
3axapina*®cP, Harania Xmyc* 8P, Haranis TonoBanoBa'A*“P

'HauionanbHuii yHiBepcuteT (isN4HOrO BUXOBAHHA i CIOPTY YKpaiHu

*HarnionanpHmit yHiBepcuTeT «3aropisbka IojiTexHika”

*InyxiBcbKMit HalliOHA/IBHNIL Nefaroriyamit yHiBepcuret iMeni Onekcanpapa JJoxeHka

ABTOpCBHKMIT BKIA;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E - 36ip komtis

Pedepar. Crarrs: 10 c., 3 Tab1., 2 puc., 38 mKeper.

Merta gocnifKeHHs — OLiHNTU e()eKTUBHICTD BIUIVBY Pi3HMX IIPOIPaM 03[J0pOBYO-peKpealiiiiHol pyXoBoi aKTMBHOCTI y IIpO-
¢dimaxTuIi crpec-acoliffoBaHUX CTaHIB y CTYIeHTiB B yMOBaX BOEHHOTO Jacy.

Marepianu ta MeTopu. Y JOCTiPKeHH] B3simu yyacTb 125 306yBadiB B0l ocBiTi. Bukopucrano aHkeTn, 1o Mictunu 6710-
KJ IIUTaHb, CIPSAMOBAHI Ha BU3HAUYEHHs: ICMX0]i310/I0riYHMX OKA3HUKIB (aKTMBHICTb, HACTPIi, COH, AIIETUT, IPalle3qaTHICTb,
CaMOIIOYYTTsI; BUMIpIOBaHHs — 5-6anpHa mkasa Jlaiikepra Big 1 (gy»xe morano) o 5 (myxe gobpe); anpda Kponbaxa — 0,863);
OL[{HKM CTpPecCy, TPMBOIYM 3a onuTyBanbHuKoM Crinbepra-Xanina; pusuky IITCP 3a Micicincpkoro 1mkanoto. [ aHami3y BIVIMBY
Pi3HUX BUJIB PyXOBOI aKTMBHOCTI Ha cTpec-acoliitoBani crany Oyo mobynoBaHo noricTuyHi perpeciitai Mogeri. Bukopucrano
GLZ-mopeni. CTaTucTUYHA 3HAYYILiCTh MOZIesIeil epeBipsIacs 3 JOIIOMOTro KpuTepito Banbpa.

PesynpraTi. AHai3 1mokasas, 110 NPUTORHUIBKNI TYPU3M € CTATUCTUYHO 3HAYYIIMM IpeguKkTopoM (p<0,05) mis mpo-
THO3YBaHH 3HIDKEHHS PIBHA CTPECY, 3MEHIIEHHs HaB A3/IMBMX JYMOK i OKpAIlleHHs HaCTPOIO, MEHTa/IbHMII (piTHEC BUABUBCSA
HaiOiIbII e(PeKTUBHNM ISl BiJHOBJIEHHSI IICUXIYHOTO crany. Mogeni MporuosyBaHHs HiJBULIEHHA CTPECOCTIIKOCTI BUABWU/IN
3aJIKHOCTI Bifl BUAY Ta 00CATY PyX0BOI aKTUBHOCTI. JJOC/Ii/[)KEeHHs JOIIOBHIOE Cy4acHY HayKOBY 6asy 3HaHb y cepi 03T0pOBYO-
pekpealiliHoi pyxoBoi aKTUBHOCTI, CIIpAMOBaHOi Ha MPOdINTaKTNKy CTpec-acolLifloBaHMX CTaHIiB. 3aIpOIOHOBAHMI MifXiA mO
BukopuctanHa GLZ-mopeneit y HOCTIIKeHHI CTPECOCTIMIKOCT] CTY[eHTiB BifKp1Bae HOBI MOXIMBOCTI [JIA aHATI3y CKIAIHUX
3aJIEKHOCTEN MK BUJJaMJ PYXOBOi aKTMBHOCTI Ta IICMXOEMOLIIIHMMI CTaHaAMM.

BucHoBKu. Pe3y/ibraTyi MOe/TIOBaHHs JO3BOJIAIOTD 3 BUCOKOIO TOYHICTIO IIPOrHO3yBaTH e(peKTUBHICTD Pi3HUX BUJB PyXo-
BOI aKTUBHOCTI /1A MPOQINMaKTUKN CTPec-acoliffoBaHNX CTaHiB y 37006yBaviB Bumoi ocity. OTpuMaHi Mofeni MOXYyTb 6yTH
BUKOPMCTaHI I/ pO3poOKM MepCcOHani30BaHNX peKOMEH/ALiil I[0fj0 PyXOBOI aKTMBHOCTI [/Is CTYAEHTIB 3 ypaxyBaHHAM iXHIX
iHAVBITyaNbHUX IOTPeO, PIBHA CTPECY Ta ICUXOEMOLIITHOTO CTaHY.
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Abstract

Background. The development of long service skills in badminton is one of the important components to improve
game performance. The low variety of badminton long service training models is considered as a problem in training
beginner players, which has an impact on the mastery of this technique.

Objectives. This study aimed to develop and determine the effectiveness of a long service training model based on
target games in enhancing the long service skills of beginner badminton players.

Materials and methods. The research design used was a research and development method by following the Borg

& Gall model, involving ten stages ranging from needs analysis to effectiveness testing. The research subjects were
beginner players at the Faculty of Sport Sciences, Medan State University, with a sample of 42 players divided into
experimental and control groups. Data collection used a pre-experimental pretest-posttest design. Data analysis was
assisted by the SPSS application and used the paired-sample t-test and independent samples t-test.

Results. Based upon the validation results, 18 variations of exercise models were deemed feasible for large-scale
trials with an average feasibility percentage of 77 %. These outcomes were obtained after minor revisions based

on suggestions to increase the intensity and duration of the exercises. However, the models were overall deemed
feasible without significant changes. The results showed a substantial difference between the group using the target
games-based training model and the group using the conventional training model (p < 0.05). The target games-based
training model has proved to be more effective in improving the long service ability of beginner players.
Conclusions. According to the findings, it can be concluded that the target games-based long service training model
provides significant efficacy in improving the long service skills of beginner players. This model is also considered
feasible to be applied more widely in coaching beginner badminton players.

Keywords: training model, badminton, long service, beginner athletes, target games.

Introduction

Badminton is one of the most popular sports because it
is easily played by children, teenagers and adults (Cabello-
Manrique et al., 2022). This badminton game can be played
using a racket and a small ball called a shuttlecock either
in single, double, mixed double or mixed double (Liu et al,,
2020). As according to Ardiantoro & Sunarmi, (2020) that

© Hasibuan, N, Siregar, S., Ginting, A., Samosir, A. S., Ratno, P,
Suganda, M. A,, Suryadi, D., & Haidar, M. D., 2025.
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badminton is a sport that is favoured by various levels of soci-
ety ranging from early childhood to the elderly, both men and
women. Then according to Soemardiawan et al., (2019) There
are many reasons why badminton is popular, for example, it
can improve physical and mental health, has a fairly low risk
of injury, is easy to play, the rackets used are very durable
and most importantly, all ages can play this sport. It can be
played by everyone from children to the elderly, both male
and female players (Kusnadi et al., 2019). Furthermore, ac-
cording to Santoso et al., (2019) stated that Indonesia is one of
countries which has achievements in world level badminton
sports. Indonesia is one of countries which has achievements
in world level badminton sports (Sholicha & Wahyudi, 2022).

322



Hasibuan, N., Siregar, S., Ginting, A., Samosir, A. S., Ratno, P, Suganda, M. A,, Suryadi, D., & Haidar, M. D. (2025). Developing a Target
Games-Based Long Service Training Model in Badminton for Beginner Athletes

Achievements in badminton are achieved because
athletes can play badminton well. According to Edmizal
& Maifitri, (2021) stated that in order for someone to play
badminton well, each individual must be able to hit the
shuttlecock from above and from below. The types of shots
that must be mastered include service, lob, dropshot, long
service, netting, underhand and drive (Ma et al., 2021). Thus,
long service and dropshot shots are basic techniques that
must be mastered by a badminton player or athlete (Singh &
Mishra, 2020). As according to Ayuningrum et al., (2021) that
this long service also has an important role in singles play.

Long serve shots are often made by players in competing
in singles games (Ruslan et al., 2021). This long service shot is
difficult for beginners because they have to hit the shuttlecock
as high as possible and fall near the back line of the oppo-
nent’s court (Suryadi et al., 2023). Efforts made by the coach
to master this long service shot by practicing long service with
difficult targets and individually and alternately (Aini et al.,
2023). So, the visible effect of the results of beginner long ser-
vice shots is still low, and the variety of training models used
by the coach is also still minimal, causing boredom and bore-
dom during training (Bimantara et al., 2022). As said Suryadi
et al. (2023) stated that for sports activities that have minimal
elements of variation will make athletes quickly feel bored in
doing so. Boredom in training will be detrimental to the prog-
ress of his achievements. Therefore, to eliminate boredom and
boredom when practicing while at the same time being able
to improve the results of beginner long service shots must
have an element of variation in many training models (Ismik,
2022). The variety of training models to be created must also
be interesting, easy to implement and can eliminate bore-
dom (Herman, 2019). Variations of training models for long
service hitting abilities planned by researchers in the form
of training models based on target games (Gultom, 2019).
The target game that will be delivered has a new nuance that
aims to improve the ability of basic techniques of long service
shots for beginner players (Ruslan et al., 2021).

Thus, the variation of badminton long service training
model based on target/target games is believed to be suitable
to be trained in badminton long service training for students
who practice badminton at FIK Unimed. As said Ramadhan
& Hidasari, (2020) that there is an effect of target games
training on the accuracy of the backhand short serve of
badminton extracurricular participants. Likewise according
to Hrom¢ik et al., (2019) Target games have an influence
on the accuracy of forehand style serves. Thus, the target
games-based badminton long service training model can
be used as a solution to overcome the above problems.
Variations of the training model will be packaged by
considering the knowledge and abilities of beginners. Based
on this background, this research is focused on researching
the development of a target game-based badminton long
service training model (target games) to improve the ability
of beginner players’ badminton long service shots.

Materials and Methods

Study Participants

The target population for this research is all students
who practice badminton, especially taking badminton
courses. The research subjects for the small-scale test were

12 people and 34 subjects for the large-scale trial. The Effec-
tiveness Trial was 84 subjects consisting of 42 subjects for the
experimental group and 42 subjects for the control group.

Table 1. Sample in research

Group Number of Subjects Indicator
Small Scale Test 12 1th Semester Students
Large Scale Test 34 1th Semester Students
Experiment Group 42 3th Semester Students
Control Group 42 5th Semester Students

Organization Studies

The design used in this research is the Research and
Development (R & D) method (Purba et al., 2024; Tanri
et al., 2023). The development of the long service training
model is based on 10 (ten) stages, consisting of the results
of needs analysis, planning, expert validation, small scale
test, small scale test revision, large scale test, large scale test
revision, effectiveness test, effectiveness test revision, and
dissemination of research results.

In practice, the development of the badminton long
service training model developed has 3 stages, namely:
(1) an easy category stage training model consisting of
6 training models with floor value and the shuttlecock must
pass through a rope stretched 2.05 metres high using 2 (two)
poles placed parallel to the front service line; (2) a medium
category stage training model consisting of 6 training
models with a floor value target and the shuttlecock must
pass through a rope stretched 2.30 metres high using 2 poles
placed 1.5 metres from the front service line; (3) a difficult
category stage training model consisting of 6 training
models with a floor value target and the shuttlecock must
pass through a rope stretched 2.55 metres high using 2 poles
placed 3 metres from the front service line. The following is
a picture of the field design in conducting the initial test and
final test for long service and dropshot shots.

Instruments

The instrument to test the ability of badminton long
service, the researcher uses a badminton long service ability
test which is guided by the opinion of the researcher Singh
& Mishra, (2020), namely by doing 10 long service shots. In
addition, researchers collected data using questionnaires,
interviews and documentation.

Fig. 1. Initial test and final test for long service
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Table 2. Scoring of badminton long service test assessment

Badminton Long Service Test Scoring

Name
Class
School :
Keterangan : Berilah Tanda Centang ) pada Kolom Nilai Jatuhnya Shuttlecock
No Long Service Test Shuttlecock Fall Value Acquisition
1 2 3 4 Value
1 Long Service Test 1
2 Long Service Test 2
3 Long Service Test 3
4  Long Service Test 4
5  Long Service Test 5
6  Long Service Test 6
7  Long Service Test 7
8  Long Service Test 8
9  Long Service Test 9
10 Long Service Test 10
Total Value
1 2 3. 4 5

Fig. 2. 18 variations of long service training models
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Table 3. Recapitulation of expert assessment results

Badminton Expert

No Indicators ¥x Xxi %  Description
1 Feasibility 56 72 78 worth
2 Ease 55 72 76 worth
3 Safety 57 72 79 worth
4 Attractiveness 57 72 79 worth
Total 225 288 78 worth

Coaching Expert

No Indikators ¥x Xxi %  Description
1 Feasibility 54 72 75 worth
2 Ease 54 72 75 worth
3 Safety 55 72 76 worth
4 Attractiveness 56 72 78 worth
Total 228 288 76 worth

Game Expert

No Indikators ¥x Xxi %  Description
1 Feasibility 55 72 76 worth
2 Ease 55 72 76 worth
3 Safety 56 72 78 worth
4 Attractiveness 56 72 78 worth
Total 218 288 77 worth
Overall Assessment Category 77 worth

Data Collection Technique

This research includes questionnaires, observation,
documentation, and badminton long service ability tests.
The questionnaires were given to media experts, material
experts, teachers, as well as students taking General Physics
courses, in accordance with the opinions of the teachers
Saadah & Wahyu, (2022). Observations were made non-
systematically without using observation instruments, while
documentation was in the form of photographs during the

research. Badminton long service ability test was conducted
based on the opinion of Singh & Mishra, (2020) by hitting 10
long service shots. Researchers also collected data through
interviews and additional documentation.

Analysis Statistics

This study uses the research and development (R&D)
method of the Borg and Gall model with 10 stages. The
target games-based long service training model consists
of 18 variations with different levels of difficulty. The
requirements needed in variance analysis are data normality
test and homogeneity test. As for further tests, the t-test was
used using the Independent Sample Test. The analysis was
assisted with the SPSS 22 application.

Results

The target games-based badminton long service training
model for beginners was developed using the Borg & Gall
model which consists of 10 stages, including needs analysis,
planning, expert validation, small-scale test, revision,
large-scale test, revision, effectiveness test, revision, and
dissemination. Interviews with coaches and questionnaires
to students at the Faculty of Sport Sciences, Medan State
University revealed that coaches find it difficult to train long
service due to the lack of variations in training models. As
many as 85% of players agreed to be given additional training
variations. Based on the results of the needs analysis, a three-
stage training model was developed, (1) Easy category: 6
training models with shuttlecocks passing through a rope as
high as 2.05 metres, (2) Medium category: 6 training models
with a 2.30 metre high rope, (3) Difficult category: 6 training
models with a 2.55 metre high rope.

Researchers developed an initial draft of a long service
training model based on target games, involving one
badminton expert coach and two expert lecturers. The
validation results showed that 18 variations of the training
model were declared feasible to be tested on a small scale,
with an average feasibility percentage of 77%.

At the small group trial stage on FIK UNIMED students
conducted on 12 novice players, the results showed a feasi-
bility percentage of 75%, and the model was declared feasible
to be tested to a large-scale group after minor revisions.

Table 4. Evaluation results and feedback from badminton experts

Easy Items Medium Aitem Difficult Items Description
Model I Lefteasy Long Service (I Model I Leftmedium Long Service Model I Leftdifficult Long Service
LeLS) (I1LmLS) (1 LdLS)
Model I Righteasy Long Service (I Model I Rightmedium Long Model I Rightdifficult Long
ReLS) Service (I RmLS) Service (I RALS)
. Model Lmedium Long Service Model Ldifficult Long Service
Model Leasy Long Service (LeLS) (LmLS) (LdLS)
Model Jmedium L Servi Model Jdifficult L Servi Can be implemented
. odel Jmedium Long Service odel Jdifficult Long Service
Model Jeasy Long Service (JeLS) (JmLS) (JdLS)
. Model Umedium Long Service Model Udifficult Long Service
Model Ueasy Long Service (UeLS) (UmLS) (UdLS)
. Model Nmedium Long Service Model Ndifficult Long Service
Model Neasy Long Service (NeLS) (NmLS) (NdLS)
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Table 5. Recapitulation of data from small group trial
results

No  Indicator ¥x rxi %  Description
1 Ease 678 864 78 worth
2 Attractiveness 647 864 75 worth
3 Usability 619 864 72
worth
4 Security 656 864 76 worth
Total 2600 3456 75 worth

Revisions to the results of the small-scale trial were made
to improve the training model based on suggestions during
the trial to better suit the research objectives. Furthermore, a
large-scale group trial was conducted on 34 beginner players
using 18 variations of the training model, and the results
showed that the model could be applied well. After the large-
scale test, minor revisions were made based on suggestions
to increase the intensity and duration of training, but overall
the model was declared feasible without major changes.
The effectiveness test using a pre-experiment design with
pretest-posttest showed that the long service training model
based on target games was effective in improving the ability
of novice players, as evidenced by the t-test on pretest and
posttest data.

Table 6. Data recapitulation of large group trial results

No Indicator Xx Xxi %  Description
1 Ease 1925 2448 79 worth
2 Attractiveness 1890 2448 77 worth
3 Usability 1837 2448 75 worth
4 Security 1834 2448 79 worth
Total 7586 9792 77 worth

To measure the effectiveness of the model, a one group
pretest-posttest pre-experiment was conducted on 42 novice
players (experimental group) who used the new training
model, and compared with 42 players in the control group
who used the long service training model. Data from the
pretest and posttest results were analysed using normality
tests and t-tests.

The pretest and posttest data for both groups were tested
using the Kolmogorov-Smirnov test to ensure normality,
as well as the Levene test to test data homogeneity. The
normality test results showed that the data were normally
distributed with a significance value greater than 0.05.
Meanwhile, the homogeneity test showed that the data of
both groups were homogeneous with the following results:

Based on the Kolmogorov-Smirnov test results, the
data from both groups were normally distributed with a
significance value greater than 0.05. While the homogeneity
test shows that the data from both groups are homogeneous,
so it can be used in parametric statistical analysis. Results
can be seen in table 8 and 9.

The Paired-Sample T-Test results for the experimental
group showed a significant increase in badminton long
service ability. The score difference between the pretest
and posttest was -19.57, with a t value = -114.529 and Sig.
(2-tailed) = 0.000. This indicates that the new training model

Table 7. Description of the analysis results of long service
ability

Experimental Group  Control Group
Data Description

Pretest Posttest  Pretest Posttest
N 42 42 42 42
Mean 7.79 27.36 7.83 21.36
Standart Deviation 3.61 2.63 3.635 2.63
Variance 13.05 6.918 13.215 6.918
Skor Minimum 1.00 22.00 1.00 16.00
Skor Maksimum 15.00 33.00 16.00 27.00
Total Score 327 1149 329 897

Table 8. Long service ability data normality test results

Kolmogorov-Smirnov

No. Variables Description
Statistics df  Sig.

Pretest Experimental 0094 42 0200 Normal
. Group

Posttest 0.102 42 0200 Normal

Experimental Group

Pretest Control 0122 42 0125  Normal
5 Group

Posttest Control 0.102 42 0200 Normal

Group

Table 9. Results of homogeneity test of long service ability
data

Levene Statistic df1 df2 Sig.
0.000 1 82 1.000

makes a positive contribution in improving long service
skills. As for the control group, the difference in pretest and
posttest scores was -13.52, with a t value = -77.470 and Sig.
(2-tailed) = 0.000. Although there was an increase in ability,
the results were not as great as the experimental group.
Results can be seen in table 10 and 11.

Furthermore, the results of the Independent Samples
T-Test showed that the target games-based long service
training model was more effective than the old training
model, with a t-value = 10.454, df = 82, and p-value <0.05.
This indicates that there is a significant difference between
the two groups. Results can be seen in table 12.

Then the effectiveness test was carried out on the target
games-based badminton long service training model using
the N-Gain test. After the effectiveness test, the long service
training model based on target games was declared quite
effective, with the results of the N-Gain test showing an
average score of 0.61, which is included in the category
quite effective in improving the long service skills of novice
players. This final product is declared feasible without the
need for further revision and is ready for dissemination. As
a final step, this training model has been disseminated in the
ICIESC international forum and published in the national
journal Sports Science, so that it can be used more widely by
coaches and beginner badminton players.

326



Hasibuan, N., Siregar, S., Ginting, A., Samosir, A. S., Ratno, P, Suganda, M. A,, Suryadi, D., & Haidar, M. D. (2025). Developing a Target
Games-Based Long Service Training Model in Badminton for Beginner Athletes

Table 10. Results of the paired-sample t test for the experimental group

Paired Samples Test
Paired Differences
95 % Confidence sig
Std. Std. Error Interval of the t df (2-tai ’
. 2-tailed)
Mean Deviation = Mean Difference
Lower Upper
Pre test data long service kel
Pair 1 eksprimen - Post test datalong ~ -19.57143 1.10747 0.17089  -19.91654 -19.22632 -114.529 41 0.000
service kel eksprimen
Table 11. Results of the paitred-sample t test for the control group
Paired Samples Test
Paired Differences
95 % Confidence Sig
Std. Std. Error Interval of the t df (2-tai ’
. 2-tailed)
Mean Deviation Mean Difference
Lower Upper
Pre test data long service kel
Pair 1 kontrol - Post test data long -13.52381 1.13133 0.17457  -13.87636 -13.17126 -77.470 41 0.000

service kel kontrol

Table 12. Differential test results of experimental group and control group

Independent Samples Test

Levene’s Test for

t-test for Equality of Means

Equality of Variances
i 95 % Confidence Interval
E sig. . Sig. Mean Std. Error Rt N T a—
(2-tailed) Difference Difference

Lower Upper
Equal vari

qUaTVATIANCES 4000 1.000 10454 82 0.000 6.0 057396 485820  7.14180
Long service post assumed
test results ;

Equal variances 10454 82 0.000 6.0 057396 485820  7.14180

not assumed

Discussion

This study aims to develop and test the effectiveness of a
target games-based badminton long service training model
for beginner players. In the context of sport, long service
is an important technique that greatly affects the quality of
badminton play. By improving players’ long service ability,
it is expected to contribute to their overall performance
on the court. Through the development of this model, the
researcher wants to provide a solution to the challenges faced
by coaches in training long service, as well as providing more
interesting and effective training variations.

The findings showed that the target games-based
long service training model, when combined with players’
motor skills, significantly improved the long service ability
of beginner badminton players (Wacono & Janiarli, 2021).
The second hypothesis states that players trained using
a target games-based training model will show better long
service skill improvement compared to players trained using

a conventional training model. This hypothesis is supported
by the average long service skill score achieved by players
in the experimental group. In line with the research results
Ismik (2022) structured and varied training methods such
as target games can contribute to the improvement of basic
badminton skills, including long service.

The variety of exercises presented allows players to train
in a more enjoyable and less monotonous way (Rossi et
al., 2022). This is important to maintain player motivation
and interest, especially for beginners who often experience
boredom. In addition, the model is designed with varying
levels of difficulty in mind, so coaches can tailor the exercises
to each player’s ability (Ichsan et al., 2023). As such, players
can experience more significant development and feel more
confident when playing.

In addition, the application of a long service training
model based on target games has a positive influence on
both players and coaches (Liang, 2022). For players, the use
of this model not only improves their technical skills, but also
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improves tactical understanding in the game. Players trained
with this model will be better able to control the shuttlecock
well and provide more strategic service. On the other hand,
coaches also benefit from the development of this training
model. With clear and structured guidelines, coaches can
more easily design effective and efficient training sessions, as
well as maximise training time (S. Ma et al., 2024).

It is hoped that this training method can be an effec-
tive tool to improve their skills. Players are expected to not
only see it as a physical exercise, but also as an opportunity
to learn and develop. By applying varied and fun exercises,
players can enjoy the learning process and love badminton
even more. This expectation aims to create a generation of
players who are not only skilled, but also have a deep under-
standing of the game. Overall, this research makes a signifi-
cant contribution in the world of badminton, particularly in
the development of more innovative and effective training
models. With proper implementation, this training model
has the potential to improve the quality of training and over-
all performance of beginner badminton players.

Conclusions

This study successfully developed and evaluated the
effectiveness of a target-game-based training model for
improving badminton long serve skills in beginner players.
Through a series of trials and refinements, the model
demonstrated its ability to enhance long serve techniques
in an engaging and varied manner. The findings revealed
that the newly developed training approach significantly
improved players’ long serve abilities and proved more
effective than traditional training methods. Additionally,
novice players not only showed increased proficiency in
executing long serves but also displayed greater motivation
to practice. The structured design of the training model
provides clear guidance for coaches, enabling them to tailor
the intensity and difficulty levels according to the individual
needs of players. This approach fosters a more effective
and enjoyable learning environment. The study aspires for
this training model to be widely adopted by coaches and
players across different skill levels. Furthermore, it aims
to serve as a foundation for future research exploring
innovative badminton training techniques. By offering
practical solutions for coaching, this research contributes
to the cultivation of higher-quality badminton talent
and encourages the continued advancement of training
methodologies.
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Merta pocnigxeHHsa. MeTta foC/iyKeHHA TIO/IATaNa y p03p06neHHi Ta BU3HAYEeHHi e(’peKTMBHOCTi MOJIeJTi TP€HYBaHHA JOBIMX
[I0fia4 Ha OCHOBI LII/ThOBYX irop 11070 MOIIMNIIIeHH s HABMYOK BUKOHAHHSI JOBTUX [OfIad 6afMiHTOHICTiB-TI0YaTKiBIIiB.

Marepianu Ta MeTogu. Y paMKax /JaHOI HayKOBOI IIpalli 3aCTOCOBAHO METOJOJIOTII0 JOCTIKEHD i PO3p0o6OK 3a MOZIE/II0
Bopra i lanna, 1m0 nepenbadae gecATh eTaliB, SKi BKIIOYAIOTD B cebe aHasi3 morped i recTyBanHs edextnBHOCTI. Cy6’eKTamMu 1o-
CITiHKeHHS 6ym/[ TpaBIi-NIOYaTKiBIl, AKi HABYaIMCA Ha (’paKy)IbTeTi CIOPTUBHMX HayK MeaHChKOTO Iep)KaBHOTO YHiBEPCUTETY,
BubipKa cxmafanacs 3 42 rpaBliiB, PO3IOAIIEHNX Ha eKCIIEPMMEHTA/IbHY Ta KOHTPOIbHY rpynu. Iy 360py AaHUX BUKOPUCTOBY-
BaBCs METOJ], IIepefleKCIIePMMEHTA/IbHOTO IIPeTeCT-IOCTTECTOBOrO I3aliHy. AHajIi3 JaHUX IPOBO/IMBCA 32 JOIIOMOI'OI0 IIPOrpaM-
Horo 3abesnedyeHHs SPSS i3 3acTocyBaHHAM t-KpuUTepito MapHUX BUOIPOK Ta t-KpuTepilo /I He3ame>KHMX BUOIPOK.

PesynpraTu. [pyHTYIOUMCh Ha pe3y/bTaTax Balifalii, 18 Bapiauiit Mogereli Bpas 0y/10 BU3HAHO KOLLIbHUMI A7 IPOBEIEH-
HS IIMPOKOMACIITAOHNX BUIIPOOYBaHb i3 cepenHiM BicoTKoM 3ailicHeHHOCTI 77 %. Taki IOKa3HMKM OTPMMAHO IIiC/Isl BHECEHHSA
He3HaYHMX 3MiH Ha OCHOBI IIPOIO3MIIili 11070 30i/IbIIIeHHS IHTEHCUBHOCTI Ta TPUBAIOCTI BIpaB. OfHAK 3arajloM BU3HAYEHO JI0-
LiTIbHICTD 3aCTOCYBaHHS 3a3HAYEHMX MOfieriell 6e3 CyTTeBUX 3MiH. Pesy/braTy IIoKasamy iCTOTHY PiSHMINIO MK IPYIIO, y SIKii
3aCTOCOBYBAJIAChH I[i/IbOBA MOJIe/Ib TPEHYBAHHA Ha OCHOBI irop, i rpyIoo 3 TpafuiliiiHOI MOJIEJUII0 IPOBeeHHA TPeHyBaHb (p <
0,05). [loBeneHo eheKTMBHICTD 3aCTOCYBAHHS I1/IbOBOI MOJE/Ii TPEHYBaHHS Ha OCHOBI irop 110710 IOKpAIeHHs BMiHHS BIKOHAH-
HA JOBI'MX I10[ja4 IPaBLiB-II0YaTKiBIIiB.

BucHoBku. 3rifHO 3 pesynbTaTaMy JOCTIIXKEHHs, MOKHA CTBEP/PKYBATH, 1O 1iboBa MOJe/Nb TPEHYBaHHsA JJOBIMX II0OfA4
Ha OCHOBI irop 3a6esmedye sHauHy e(DeKTUBHICTD 3 TOYKM 30PY BJOCKOHAIEHHS HABUYOK BIKOHAHHSA JOBIYX II0Jja4 IPaBIIiB-TI0-
YaTKiBLiB. [JOLIbHMM TaKO)X BBa)KAEThCA MIMPIIE 3aCTOCYBaHHA 3a3HAYEHOI MOJENi Y TPEHEPChKill JiAMbHOCTI 3 MiTOTOBKMI
6aIMiHTOHICTiB-11I0YaTKiBIIiB.

KmrouoBsi cmoBa: Mofiens TpeHyBaHH:A, 6aiMiHTOH, JOBTa MOja4a, CIIOPTCMEHM-I0YaTKiBII, I[iTbOBi irpu.
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Abstract

Background. The onset of menopause and the perimenopausal period is often associated with the manifestation

of psychological and physical symptoms that can adversely affect a woman’s quality of life. Yoga has been identified
as a promising non-pharmacological intervention for alleviating these symptoms.

Materials and methods. This randomized controlled trial assessed the effects of a 12-week Hatha Yoga intervention
on psychological well-being and quality of life in 100 perimenopausal women (yoga group: n = 50; control group:

n = 50). The participants in the yoga group engaged in Hatha Yoga practices, while the control group received

no intervention. The psychological outcomes, including depression, anxiety, sleep quality, stress, climacteric
symptoms, and self-esteem, were measured using standardized scales before and after the intervention. Hormonal
analysis and anthropometric measures were also collected.

Results. The yoga group demonstrated significant improvements in all psychological parameters compared to the
control group. Depression and anxiety scores reduced by 6.3 points (p = 0.001, d = 0.78) and 6.8 points (p < 0.001,
d = 0.82), respectively, while perceived stress, sleep quality, climacteric symptoms, and self-esteem improved
significantly (p < 0.01). The study also revealed a substantial increase in quality of life in the yoga group (p < 0.001,
d = 0.86), along with a reduction in neuroticism scores (p < 0.001, d = 0.79). In contrast, the control group exhibited
minimal changes across all measures.

Conclusions. These findings highlight yoga’s effectiveness in alleviating psychological distress and enhancing quality
of life among perimenopausal women. Yoga serves as an accessible and holistic approach to managing menopausal
symptoms and promoting mental well-being. It is recommended that further research should focus on investigating
the potential long-term benefits and physiological mechanisms underlying these positive alterations.

Keywords: anxiety, climacteric symptoms, depression, perimenopausal, self-esteem, sleep quality.
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Introduction

Menopause marks the cessation of menstruation and
the end of a woman’s reproductive years, typically occurring
between the ages of 45 and 55 (Davis et al., 2015). However,
the transition to menopause, known as perimenopause,
often begins several years before the last menstrual period
and is characterized by fluctuating levels of estrogen and
progesterone (Hale & Burger, 2009). These hormonal
fluctuations can lead to a variety of symptoms such as hot
flashes, night sweats, mood swings, irritability, depression,
anxiety, sleep disturbances, and reduced quality of life
(Woods et al., 2021). These symptoms can severely impact
the psychological well-being and overall health of women
during this stage (Ambikairajah et al., 2022).

The conventional management of perimenopausal
symptoms often includes pharmacological interventions like
hormone replacement therapy (HRT) and antidepressants
(Jeong & Park, 2022). While these treatments are effective
in managing some symptoms, they are associated with
potential side effects such as weight gain, increased risk
of cardiovascular events, and breast cancer, especially
with long-term use (Gatenby & Simpson, 2024). This has
prompted the exploration of alternative and complementary
therapies that offer fewer side effects and more holistic
benefits (Ninot, 2021).

One promising non-pharmacological intervention is
yoga, a mind-body practice that combines physical postures,
controlled breathing, and meditation techniques (Wankhar
et al., 2024). Yoga has gained increasing recognition for its
role in improving mental health and physical well-being
(Ghosh et al., 2024; K.S. et al., 2023). Previous studies have
suggested that yoga can alleviate symptoms such as anxiety,
depression, and sleep disturbances, all of which are com-
monly experienced by perimenopausal women (Padmavathi
et al., 2023). For instance, a systematic review and meta-
analysis of randomized controlled trials (RCTs) conducted
by Gangadharan et al. (2024) found that yoga significantly
reduced menopausal symptoms and improved overall qual-
ity of life in menopausal women (Gangadharan et al., 2024).
Similarly, a study by Nayak et al. (2014) demonstrated that
yoga therapy had significant effects on psychological health,
vasomotor symptoms, and overall quality of life, especially
for women in the perimenopausal phase (Nayak et al., 2014).
Moreover, a study by Khadka et al. (2022) found that yoga
practice significantly increased serum levels of estrogen and
progesterone in perimenopausal women, suggesting that
yoga may have beneficial effects on hormonal balance dur-
ing the transition to menopause (Khadka et al., 2022). In
a recent study by Susanti et al. (2022), yoga was shown to
improve sleep quality and reduce menopausal symptoms in
postmenopausal and perimenopausal women, further sup-
porting the efficacy of yoga in addressing the psychological
and physical challenges of menopause (Susanti et al., 2022).

Despite these promising findings, there is a lack of
comprehensive studies specifically focusing on the effects
of Hatha Yoga on both the psychological and physiological
parameters in perimenopausal women. This gap in the
literature highlights the need for further investigation into
how yoga can impact various aspects of perimenopausal
health, including hormonal regulation, psychological well-
being, and overall quality of life.

Materials and Methods

Study Design

This study employed a parallel-group randomized con-
trolled trial design conducted over 12 weeks. Participants
attended sessions five days per week (Monday through Fri-
day), with each session lasting 75 minutes. The study includ-
ed an experimental group that received a yoga intervention
and a control group that did not receive any intervention.

/ Assessed for eligibility \
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~N

Participants excluded (n=9)

« Acute depression (n= 1)

« Undergoing with HRT (n=1)

« Those who unable to sit on the
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Fig 1. Semantic repetition of the research study

Participants

The study targeted perimenopausal women aged
40-55 years residing in Thane City, India. Participants
were required to be from urban areas and to have follicle-
stimulating hormone (FSH) levels of 15 or higher on the
sixth day of their menstrual cycle. Women with acute
depression (n = 1), those undergoing hormone replacement
therapy (HRT) (n = 1), individuals unable to sit on the floor
(n = 5), and those with severe backache, osteoarthritis,
hypertension, diabetes mellitus, or surgical menopause
(n = 2) were excluded. Semantic representation and sample
sizes in various stages of research were presented in Figure 1.

Sample Size and Randomization

A statistical calculation with a 95% confidence level
and 80% power determined the total sample size to be 100
participants, with 50 allocated to the experimental group
and 50 to the control group. Participants were selected
through simple random sampling from a pool of eligible
women visiting a renowned gynecologist in Thane City.

Ethical Considerations

The study was approved (MMCH&RI IEC/PhD/20/
JAN/23) by the Institutional Ethics Committee of Meenakshi
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Table 1. Yoga practices for 12 weeks

. Duration
Component Practice (Minutes) Purpose

Warm-Up Joint rotations, gentle stretches Prepare the body, improve flexibility, and prevent injury.
Tadasana (Mountain Pose) Improve posture and balance.
Trikonasana (Triangle Pose) Stretch and strengthen muscles, enhance hormonal

10 balance.

Asanas . . . . s
Bhujangasana (Cobra Pose) Stimulate adrenal glands and improve spinal flexibility.
Baddha Konasana (Bound Angle Pose) Enhance pelvic health and hormonal function.
Shavasana (Corpse Pose) Induce deep relaxation and reduce fatigue.
Nadi Shodhana (Alternate Nostril) Balance energy and calm the mind.

Pranayama 25
Bhramari (Bee Breathing) Reduce anxiety and improve concentration.

Meditation Mindfulness meditation 15 Promote emotional stability and reduce stress.

Relaxation Yoga Nidra (Guided Relaxation) 10 Foster mental calmness and improve sleep quality.

Academy of Higher Education and Research. Detailed
informed consent forms were provided to participants in
both English and Marathi to ensure clear understanding
of the study’s purpose, procedures, risks, and benefits.
Participant confidentiality was maintained throughout the
study, and all ethical guidelines were strictly adhered to.

Intervention

The intervention consisted of a structured 12-week yoga
program specifically designed to address the hormonal and
psychological challenges faced by perimenopausal women.
Participants in the experimental group attended yoga sessions
five days a week, with each sessionlasting 75 minutes. The yoga
practice incorporated a combination of asanas (postures),
pranayama (breathing techniques), dhyana (meditation), and
relaxation techniques, focusing on improving physical and
mental well-being. The sessions were led by certified yoga
instructors and adapted to suit the needs of perimenopausal
women. Warm-up exercises were followed by a sequence
of postures to enhance flexibility, hormonal balance, and
strength, breathing exercises to promote relaxation and
improve lung capacity, and meditation to reduce stress and
anxiety. Each session concluded with guided relaxation to
foster mindfulness and calmness.

Outcome Measures - Psychological Parameters

Hamilton Depression Rating Scale (HDRS): The
Hamilton Depression Rating Scale (HDRS) is a 17-
item clinician-administered assessment tool measuring
depression severity. Each item is rated on either a 5-point
scale (0-4) or a 3-point scale (0-2), with a total score range of
0-52. Scores of 0-7 indicate normal mood, 8-13 suggest mild
depression, 14-18 indicate moderate depression, 19-22 show
severe depression, and scores =23 represent very severe
depression. The scale evaluates key symptoms including
mood, guilt, suicide ideation, insomnia, work/activities,
psychomotor retardation/agitation, anxiety, and somatic
symptoms (Hieronymus et al., 2021).

Pittsburgh Sleep Index (PSQI): The Pittsburgh Sleep
Index comprises 19 self-rated questions and 5 questions rated

by a bed partner or roommate (if available). These questions
are combined to form 7 component scores: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medication, and daytime
dysfunction. Each component score ranges from 0-3. The
sum of these 7 component scores yields a global PSQI score
ranging from 0-21. A global score >5 indicates poor sleep
quality, with higher scores representing progressively worse
sleep quality (Zitser et al., 2022).

Greene Climacteric Scale: The Greene Climacteric
Scale consists of 21 items measuring various menopausal
symptoms across four domains: psychological (11 items),
somatic/physical (7 items), vasomotor (2 items), and sexual
(1item). Each symptom is rated on a 4-point scale from 0 (not
at all) to 3 (extremely). The psychological domain is further
divided into anxiety (items 1-6) and depression (items 7-11)
subscales. Total scores range from 0-63, with higher scores
indicating more severe symptoms. Domain scores can be
calculated separately: psychological (0-33), somatic (0-21),
vasomotor (0-6), and sexual (0-3) (Greene, 2008).

Perceived Stress Scale (PSS): The Perceived Stress Scale
is a 10-item instrument measuring the degree to which
situations in one’s life are appraised as stressful. Items are
rated ona 5-point Likert scale from 0 (never) to 4 (very often).
Four items (4, 5, 7, and 8) are positively stated and must be
reverse scored. Total scores range from 0-40, with scores of
0-13 indicating low stress, 14-26 suggesting moderate stress,
and 27-40 representing high perceived stress levels (Chan &
La Greca, 2020).

WHO Quality of Life Questionnaire (WHOQOL-
BREF): The WHOQOL-BREF contains 26 items, with
24 items across four domains: physical health (7 items),
psychological health (6 items), social relationships (3 items),
and environment (8 items), plus 2 individual items assessing
overall quality of life and general health. Each item is rated
on a 5-point Likert scale from 1-5. Domain scores are scaled
in a positive direction (higher scores indicate better quality
of life) and are transformed to a 0-100 scale. Three items (3,
4, and 26) must be reverse scored before calculating domain
scores (Krageloh et al., 2011).

Rosenberg’s Self Esteem Scale (RSES): The Rosenberg Self-
Esteem Scale is a 10-item scale measuring global self-worth.
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Items are answered on a 4-point Likert scale from strongly
disagree (0) to strongly agree (3). Five items (2, 5, 6, 8, 9) are
negatively worded and must be reverse scored. Total scores
range from 0-30, with scores below 15 suggesting low self-
esteem, 15-25 indicating normal self-esteem, and scores above
25 representing high self-esteem (Martin-Albo et al., 2007).
NEO’s Big Five Inventory (BFI): The NEO’s Big Five In-
ventory consists of 44 items measuring five personality di-
mensions: Extraversion (8 items), Agreeableness (9 items),
Conscientiousness (9 items), Neuroticism (8 items), and
Openness (10 items). Items are rated on a 5-point scale from 1
(disagree strongly) to 5 (agree strongly). Sixteen items are re-
verse scored. Each personality dimension is scored separately,
with higher scores indicating stronger presence of that trait.
Raw scores are converted to T-scores (mean = 50, SD = 10) for
interpretation against population norms (Fossati et al., 2011).

Data Collection

Psychological assessments were conducted before
and after the 12-week intervention period. Participants
completed all questionnaires under supervision to ensure
proper understanding and accurate responses. The research
team maintained standardized testing conditions for all
assessments to minimize variability.

Statistical Analysis

Data analysis was conducted using paired t-tests to
evaluate within-group changes and independent t-tests for
between-group comparisons of psychological parameters
before and after the intervention. The mean differences
(MD) were calculated to quantify the magnitude of changes
for each parameter. Effect sizes (Cohen’s d) were also
computed to assess the practical significance of the observed
differences, with thresholds of 0.2, 0.5, and 0.8 indicating
small, medium, and large effects, respectively (Kumar et
al., 2024). A significance level of 0.05 was set to determine
statistical significance for all tests. Statistical analyses were
performed using IBM SPSS Statistics software (version
25). Results are presented as mean + standard deviation,
along with mean differences and effect sizes to provide a
comprehensive understanding of the intervention’s impact.

Results

Baseline Characteristics

The baseline characteristics of the study participants
in the yoga and control groups were comparable, with
no statistically significant differences observed across
demographic, anthropometric, or clinical parameters
(Table:2). The mean age of participants was 46.5 + 4.2 years
in the yoga group and 47.1 + 3.9 years in the control group (p
=0.56). Other variables, including BMI, symptom duration,
blood pressure, resting heart rate, and menstrual cycle
length, were also similar between groups (p > 0.05p > 0.05),
indicating homogeneity in baseline profiles.

Changes in Psychological Variables

Significant improvements in psychological and
quality-of-life parameters were observed in the yoga group

compared to the control group following the intervention
(Table 3). Depression scores (Hamilton Depression Rating
Scale) in the yoga group decreased by 6.3 points (p = 0.001,
d = 0.78), while the control group showed minimal change.
Anxiety scores (Hamilton Anxiety Rating Scale) were
reduced by 6.8 points in the yoga group (p <0.001, d = 0.82),
with negligible change in the control group. The yoga
group also demonstrated marked improvements in sleep
quality (Pittsburgh Sleep Index, —5.4-5; p < 0.01, d = 0.76),
climacteric symptoms (Greene Climacteric Scale, —9.4;
p < 0.001, d = 0.84), and perceived stress (Perceived Stress
Scale, -7.2; p =0.001, d = 0.75). Notable gains were observed
in self-esteem (Rosenberg’s Self-Esteem Scale, +5.6; p <0.001,
d = 0.77) and quality of life (WHO Quality of Life Scale,
+14.4; p < 0.001, d = 0.86), along with reduced neuroticism
scores on the NEO Big Five Scale —9.6; p < 0.001, d = 0.79).
Figures 2 and 3 provide the graphical representations of
the effect size, mean, and standard deviation on outcome
measures (psychological parameters).

Table 2. Baseline characteristics of perimenopausal women

Control
Yoga Group
Parameters (n = 50) Group p-value

(n=50)
Age (years) 46.5+42 47.1+39 0.56
Height (cm) 158.3+56 157.8+59 0.73
Weight (kg) 654+83 649+78 0.81
BMI (kg/m?) 26.1+32 263+34 0.82
Duration of symptoms (months) 18.5+7.4 17.9+8.1 0.77
Menstrual cycle length (days) 352+68 34.8+72 0.83
Systolic BP (mmHg) 126.5+84 1258+9.1 0.75
Diastolic BP (mmHg) 823+62 819+65 0.8
Resting heart rate (bpm) 74.6 £58 752+6.1 0.69

The control group showed negligible changes in all
measured parameters, highlighting the efficacy of yoga
therapy in improving psychological well-being and quality
of life in perimenopausal women.

Discussion

The findings from this study provide compelling evi-
dence of the significant psychological and physiological
benefits of yoga therapy for perimenopausal women. Par-
ticipants in the yoga group demonstrated substantial im-
provements across various psychological measures, includ-
ing reductions in depression, anxiety, perceived stress, and
climacteric symptoms. These improvements were accom-
panied by enhancements in sleep quality, self-esteem, and
overall quality of life, all of which were statistically signifi-
cant with moderate-to-large effect sizes. These results high-
light the clinical relevance of yoga as a non-pharmacological
intervention for alleviating the mental and emotional bur-
dens commonly associated with the perimenopausal phase.

The observed reductions in depression and anxiety, as
measured by the Hamilton scales, underscore yoga’s potential
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Fig 2. Graphical representation of means and SD on psychological parameters: (a) Hamilton Depression Rating Scale, (b) Hamilton
Anxiety Rating Scale, () Pittsburgh Sleep Index, (e) Greene Climacteric Scale, (f) WHO Quality of Life, (g) Rosenberg’s Self Esteem

Scale, (h) NEO's Big Five (Neuroticism)

Table 3. Changes in the psychological variables before and after intervention

Post-

Pre-intervention . Mean Effect Size
Outcome Measure Group intervention . t-value  p-value X
Mean (SD) Mean (SD) Difference (Cohen’s d)
Yoga (n=50) 18.6 (4.2) 123 (3.8) 6.3 4.82 0.001* 0.78
Hamilton Depression Rating Scale
Control (n=50)  18.2 (4.1) 17.8 (4.3) 0.4 0.23 0.84 0.10
Yoga (n=50) 22.4(5.1) 15.6 (4.2) 6.8 514 <0.001% 0.82
Hamilton Anxiety Rating Scale
Control (n=50)  22.1 (5.0) 21.8(5.2) 0.3 0.19 0.86 0.06
Yoga (n=50) 12.8 (3.2) 7.4 (2.6) -5.4 4.96 <0.001* 0.76
Pittsburgh Sleep Index
Control (n=50)  12.5 (3.1) 122 (3.3) 0.3 0.21 0.83 0.09
Yoga (n=50) 28.6 (6.4) 19.2 (5.1) -9.4 5.32 <0.001* 0.84
Greene Climacteric Scale
Control (n=50)  28.3 (6.2) 27.9 (6.3) 0.4 0.28 0.81 0.05
Yoga (n=50) 25.4 (5.8) 18.2 (4.6) 72 4.78 0.001* 0.75
Perceived Stress Scale
Control (n=50) 25.1 (5.7) 24.8 (5.9) -0.3 0.20 0.85 0.05
Yoga (n=50) 58.2 (12.4) 72.6(112)  14.4 546  <0.001* 0.86
WHO Quality of Life (Overall)
Control (n=50) 58.5(12.2) 59.1(12.3) 0.6 0.28 0.81 0.05
Yoga (n=50) 16.8 (4.2) 22.4(3.8) 56 492 <0.001* 0.77
Rosenberg’s Self Esteem Scale
Control (n=50)  16.5 (4.1) 16.8 (4.2) 0.3 0.22 0.84 0.07
, Yoga (n=50) 62.4 (8.6) 52.8 (7.4) -9.6 4.88 <0.001* 0.79
NEO’s Big Five (Neuroticism)
Control (n=50)  62.1 (8.4) 61.8 (8.5) 0.3 0.18 0.87 0.04

in regulating mood and mitigating emotional distress during
this life stage. Similarly, improvements in sleep quality, as
measured by the Pittsburgh Sleep Quality Index, and self-
esteem, assessed via the Rosenberg Self-Esteem Scale,
suggest that yoga not only fosters a sense of well-being but
also supports better sleep patterns, which are often disrupted
during the menopausal transition. The significant reduction

in neuroticism scores further emphasizes yoga’s role in
enhancing emotional resilience during perimenopause.

In contrast, the control group showed negligible changes
across all measured variables, reinforcing the notion that
the positive effects observed in the yoga group were specific
to the structured mind-body practice. This outcome aligns
with previous research, which suggests that the multifaceted
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nature of yoga—including physical postures, breathing
exercises, meditation, and relaxation techniques—acts
synergistically to regulate hormonal imbalances, improve
autonomic nervous system functioning, and promote
emotional well-being. The physiological changes observed
in this study, such as reductions in stress and menopausal
symptoms, support the idea that yoga may play a crucial
role in managing the hormonal fluctuations and emotional
challenges associated with perimenopause.

Further supporting the efficacy of yoga during
menopause, a study by Nayak et al. (2014) found that a
12-week yoga program significantly improved physical,
psychological, vasomotor, and sexual symptoms in
perimenopausal women. In that study, yoga participants
exhibited superior improvements in overall quality of life
compared to those in an exercise group. The findings indicate
that yoga is not only a safe and cost-effective intervention
for managing menopausal symptoms but also provides a
holistic approach to enhancing women’s well-being during
this transitional period (Nayak et al., 2014).

A study by Khadka et al. (2022) further examined the
hormonal impact of yoga, revealing that yoga practice led
to significant increases in serum estrogen and progesterone
levels in perimenopausal women, suggesting that yoga may
have a beneficial effect on hormonal regulation. Conversely,
no significant changes in luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) levels were observed.
These results suggest that yoga may help mitigate some
of the hormonal fluctuations associated with menopause,
particularly those that contribute to symptoms such as hot
flashes, mood swings, and sleep disturbances (Khadka et al.,
2022).

Additional evidence supporting the role of yoga
in managing menopausal symptoms is provided by a
randomized controlled trial by Susanti et al. (2022),
which found that yoga significantly reduced menopausal
symptoms and improved sleep quality in postmenopausal
and perimenopausal women, with the most notable effects
observed in the postmenopausal group. After 20 weeks
of yoga practice, participants experienced improvements
in sleep quality and menopausal symptoms, even after
controlling for social support, depression, anxiety, and
stress. Interestingly, no such improvements were noted
in premenopausal women, highlighting the particular

relevance of yoga for women in the later stages of menopause
(Pratima G. Suryawanshi et al., 2023).

Furthermore, the results of a study by Jorge et al. (2016)
investigating Hatha Yoga in postmenopausal women found
similar benefits, with yoga participants showing significant
reductions in menopausal symptoms, stress, and depression,
as well as improved quality of life when compared to control
and exercise groups. Hormonal analysis revealed decreased
levels of FSH and LH in the yoga and exercise groups,
further suggesting that yoga may help balance hormonal
fluctuations during menopause (Jorge et al., 2016).

In a broader systematic review of yoga interventions for
menopausal women, Gangadharan et al. (2024) synthesized
the findings from 10 randomized controlled trials involving
1463 participants. The review confirmed that yoga is a
safe and effective intervention for managing menopausal
symptoms, offering improvements in mood, sleep, and
overall quality of life without significant adverse effects.
The evidence supports the integration of yoga into clinical
practice as a non-pharmacological strategy for enhancing
the well-being of menopausal women (Gangadharan et al,,
2024).

Collectively, these studies provide strong evidence
that yoga is an effective, safe, and accessible intervention
for managing both the psychological and physiological
challenges of menopause. The evidence suggests that regular
yoga practice can alleviate symptoms such as depression,
anxiety, and stress, improve sleep quality, and enhance
overall quality of life. Given its wide-ranging benefits,
yoga presents a promising complementary therapy for
menopausal women and should be considered an essential
part of any holistic approach to managing this life stage.
Healthcare providers are encouraged to incorporate yoga
into care plans for menopausal women to optimize their
physical and emotional well-being during this transitional
phase.

Limitations

Despite its strengths, the study has several limitations.
First, it relied on self-reported questionnaires for
psychological assessments, which may introduce response
bias. Second, the generalizability of the findings may be
limited as participants were drawn from a single urban area.
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Third, the lack of a placebo or active control group means
that the observed benefits cannot be definitively attributed
solely to the yoga intervention. Future studies could address
these limitations by including larger, more diverse samples
and incorporating objective measures of physiological and
hormonal changes.

Conclusions

This study demonstrates that a 12-week structured yoga
intervention is an effective non-pharmacological approach
for improving psychological well-being and quality of life
in perimenopausal women. The significant reductions in
depression, anxiety, stress, and climacteric symptoms,
coupled with enhanced sleep quality and self-esteem,
suggest yoga’s potential as a holistic therapy to address the
multifactorial challenges of perimenopause.
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Ta AKICTb XXUTTA XKiHOK Y nepioa nepuMmeHonaysu:
PaHaomizoBaHe KOHTPOJZIbOBaHe AOCNiAKeHHA
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Icropisa nuranHA. [ToyaToKk MeHOIAy3! Ta IePUMEHOIAy3a/IbHOTO IIepiofy 4acTo IIOB s3aHMI i3 IPOABOM IICHXOIOTYHMX
i GisMYHMX CUMIITOMIB, 1110 MOKYTb HEraTMBHO BIUTMHYTY Ha AKICTb SKUTTS KiHKM. Vlora BUSHAYAETHCA AK TIEPCTIEKTUBHMI He-
(hapMaKoIOTiYHMII CIIOCi6 [TO/TerIeHHs 3a3HaYeHNX CUMIITOMIB.

Marepianu Ta MeToau. B paMKax 11bOro paH/IoMi30BaHOTO KOHTPO/NIbOBAHOTO IOCTI/KEHHA OL[iHIOBABCA BIUIMB 12-TIKHe-
BUX 3aHATD XaTXa-JOTOK Ha CTAH IICUXOIOTIYHOr0 6aronomyvds ta sikicts xutts 100 xXiHOK y nepiop mepumeHonaysu (rpyma
3aHATD 110r010: N = 50; KOHTPOJIbHA Tpyma: n = 50). YuacHMIli ZOCIIPKYBAaHOI TPy 3aiiMa/IiCs MIPAKTUKOIO XaTXa-1o0rn, TOAl AK
KOHTPOJIbHA TPyl He 3a/ydanaca [0 XKOJNHMX iHTepBeHLii. IIcuxonoriyai NoKasHUKY, BKIIOYA04M JENPECiio, TPUBOTY, AKICTb
CHY, CTpeC, KMiMaKTEePUYHi CUMIITOMI Ta PiBEHb CAMOOL[iHKM, BUMIPIOBa/INICA 3a JJOTIOMOTOX CTAaHJaPTU30BAHNX IIKaJl Ha eTalax
Iepey OYaTKOM Ta MiC/Isi 3aBeplueHHs iHTepBeHii. KpiM Toro, mposexeno 36ip faHNX TOPMOHA/IBHOTO aHAJII3Y Ta aHTPOIIOMe-
TPUYHUX BUMiPIOBaHb.

Pesynprarm. [pyna, mo sajiiManach 10roo, IpoJeMOHCTPYBaa 3Ha4Hi IOKPaIleHHA 3a BCiMa IICUXO/IOTiYHMMY ITapaMeTpaMu
HOPIiBHAHO 13 KOHTPOJIbHO Ipymoo. IlokasHuKy menpecii Ta TpuBorn sHu3mmncs Ha 6,3 6ana (p = 0,001, d = 0,78) Ta 6,8 6ana
(p < 0,001, d = 0,82) BinmOBifHO, TOAI AK CIPUIHATTA CTPECY, AKICTb CHY, KIIMaKTepPU4Hi CMIITOMY Ta CaMOOLIiHKa CyTTEBO
nonmimumcsd (p < 0,01). Takox [OCTPKeHHS BUABIIO 3HAYHE IBUIEHHsS SIKOCTI XXUTTS B TPy 3aHATH Jioroto (p < 0,001,
d =0,86), a TakO>X 3HIDKEHH: MOKa3HMKIB HeBpoTn3My (p < 0,001, d = 0,79). HaToMicTb y KOHTpPO/IbHIlI Py criocTepiranucs
MiHiMa/IbHI 3MiHM 3a BCiMa IOKa3HMKAMU.
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BucHoBku. OrpuMani gaHi migKpecmooTb eGeKTUBHICTh 3aCTOCYBAHHS JIOTM 3 METOIO HOJIETIIEHHS IICUXO/IOTiYHOTrO AMC-
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Abstract

Objectives. This study aimed to validate the Physical Educators’ Attitude Toward Teaching Individuals with
Disabilities IIT (PEATID III) instrument in the context of physical education in Indonesia, especially in Pekanbaru

City.

Materials and methods. This study involved 120 physical education teachers in Pekanbaru City who were selected by
purposive sampling. Inclusion criteria for respondents included teachers who had experience teaching students with
disabilities in regular classes and were willing to participate in this study. To examine Physical Educators’ Attitudes
Toward Teaching Individuals with Disabilities III (PEATID III) in the context of physical education, this instrument
consists of 12 statements that measure three aspects of teacher attitudes, namely: (i) outcomes of teaching students
with disabilities, (ii) impact on student learning, and (iii) need for additional training.

Results. All items’ Content Validity Ratio (CVR) values were over 0.60, indicating high relevance to Indonesian
social and cultural environment. Construct validity was tested using confirmatory factor analysis (CFA) and found

a satisfactory model fit (x*/df = 2.31; CFI = 0.93; RMSEA = 0.06). The instrument’s Cronbach’s alpha coefficient was
0.88, indicating strong internal consistency. Descriptive analysis showed that physical education teachers’ attitudes
towards teaching students with disabilities tended to be positive (M = 3.87; SD = 0.64). Teachers with more than five
years of experience and additional training had more inclusive attitudes.

Conclusions. This study makes a significant contribution in providing a reliable instrument to evaluate teachers’
attitudes towards inclusive education, supporting the development of policies and training programs relevant to local
needs. The findings also provide a basis for further research that focuses on strengthening inclusive education in
Indonesia through a more comprehensive and representative approach.

Keywords: validation, PEATID III, physical education, inclusive education.

Introduction

Inclusive physical education has become a crucial
component in creating an equal and supportive learning
environment for all students, including those with disabilities
(Nurul et al., 2024; Zhang, 2024). The principle of inclusion
demands collaboration between policy, infrastructure, and

© Sari, M., Nazirun, N., Purwanto, S., Rahmadani, A.,
Omar-Fauzee, M. S., & Abdullah, N. M., 2025.
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educator readiness (Donaire, 2024). Physical education
teachers play a strategic role in creating meaningful
learning experiences for students with diverse abilities
(Al Yaqoubi, 2024). However, challenges such as a lack of
training, unprepared facilities, and negative attitudes toward
students with disabilities are often significant barriers to the
implementation of inclusive physical education (Greguol
et al., 2018; Rekaa et al., 2019). Teachers also often feel
unprepared and lack confidence in their ability to effectively
include students with disabilities (Greguol et al., 2018;
McGrath et al.,, 2019).
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Teachers’ attitudes toward teaching students with
disabilities are one of the factors that influence the success
of inclusive education (Bandyopadhyay & Dhara, 2021; Van
Steen & Wilson, 2020). However, attitudes can vary based
on factors such as gender, age, training, and experience with
students with disabilities (Amka, 2020; Vaz et al., 2015).
Teacher self-efficacy, perceived school support, and religious
beliefs also play a role in shaping attitudes (Amka, 2020; Vaz
etal., 2015). Training in inclusive education has been shown
to positively influence teacher attitudes (Lika, 2016). The type
and severity of disability can affect teachers’ attitudes, with
some disabilities being viewed more favorably than others
(Bandyopadhyay & Dhara, 2021). Researchers emphasize
the importance of providing teachers with ongoing support
and resources to promote positive attitudes toward inclusive
education (Gonzalez-Rojas & Triana-Fierro, 2018).

Positive attitudes can encourage the implementation
of adaptive and participatory learning strategies (Bertills
& Bjork, 2024), while negative attitudes can be a barrier
for students to have an optimal learning experience (Yolak
et al., 2020). Therefore, measuring teachers’ attitudes is an
important step to understand and improve their readiness
to face these challenges. One widely used instrument in
measuring physical education teachers® attitudes towards
teaching students with disabilities is the Physical Educators’
Attitude Toward Teaching Individuals with Disabilities III
(PEATID III) (Casebolt & Rizzo, 2004). This instrument
has been widely used by researchers in various countries
(Antala et al., 2022; Reina et al., 2021). The use of PEATID
I helps in identifying attitudinal aspects that need to be
improved through training and professional development.
In addition, the measurement results can be used to design
more effective interventions in creating an inclusive and
supportive learning environment.

The PEATID III instrument developed by Rizzo (1993)
is a measurement tool based on the Theory of Reasoned Ac-
tion (Al-Suqri & Al-Kharusi, 2015). This theory emphasizes
that attitudes and subjective norms can predict behavioral
intentions, which in turn influence actions. In the context of
physical education, PEATID III measures three main aspects:
(i) the outcomes of teaching students with disabilities in regu-
lar classes, (ii) the impact on overall student learning, and (iii)
the need for further academic preparation to teach students
with disabilities (Folsom-Meek & Rizzo, 2002). The validity
and reliability of this instrument have been tested in various
countries, showing that PEATID III is a reliable measurement
tool to assess teacher attitudes (Antala et al., 2022; Reina et al.,
2021). The use of PEATID III also enables comprehensive data
collection for cross-cultural analyses to understand teacher
attitudes across various educational contexts. In addition, the
resulting findings can serve as a basis for designing training
policies that better suit the needs of teachers in each country.

However, to date, no research has validated the PEATID
III instrument in Indonesia, especially in the context of
physical education. In fact, Indonesia has a diverse cultur-
al, social and educational system that influences teachers’
perceptions and attitudes towards students with disabilities.
Validating this instrument in Indonesia is important to en-
sure its relevance and reliability in the local context. Thus,
the results of the study can serve as a basis for developing
more effective inclusive education training and policies. In
addition, local validation allows for a more accurate mea-

surement of the influence of cultural factors on teachers’
attitudes, as revealed in studies in various countries (Antala
et al., 2022; Reina et al., 2021). Validation studies in Indo-
nesia can make a significant contribution to enriching the
literature on the adaptation of teacher attitude instruments
to disability in developing countries (Rofiah, 2022).

This study focused on validating the PEATID III
instrument for physical education teachers in Pekanbaru
City. This city was chosen because it reflects the dynamics
of inclusive education in urban Indonesia. The validation
included testing component structure, internal reliability,
and cultural relevance so that the results could provide a
comprehensive picture of teachers’ readiness to implement
inclusive physical education. The main objective of this
study was to test the validity and reliability of PEATID III
in Indonesia. In addition, this study also aimed to identify
factors that influence teachers attitudes toward teaching
students with disabilities. By understanding these attitudes,
it is hoped that appropriate interventions can be designed
to improve teachers’ competence and confidence in
implementing inclusive physical education.

The results of this study are expected to contribute
significantly to the development of policies and teacher training
programs in Indonesia. In addition, the validation of this
instrument can also serve as a foundation for future studies that
explore more deeply the relationship between teacher attitudes,
education policy, and the implementation of inclusive physical
education. Through this, inclusive education in Indonesia can
progress further, providing equal opportunities for all students
to develop and reach their full potential.

Materials and methods

Participants

This study involved 120 physical education teachers in
Pekanbaru City who were selected by purposive sampling.
Inclusion criteria for respondents included teachers who had
experience teaching students with disabilities in regular class-
es and were willing to participate in this study. Participation
was done voluntarily by signing the consent form after receiv-
ing an explanation regarding the purpose and procedures of
the study. The composition of respondents included 65% male
and 35% female with an age range of 25 to 55 years (Table 1).

Instrument

The main instrument used in this study was “Physical
Educators’ Attitude Toward Teaching Individuals with
Disabilities III” (PEATID III), adapted from Rizzo (1993).
This instrument consists of 12 statements that measure three
aspects of teacher attitudes, namely: (i) outcomes of teaching
students with disabilities, (ii) impact on student learning,
and (iii) need for additional training. Each statement was
rated using a 5-point Likert scale (1 = strongly disagree to 5
= strongly agree). In addition, adaptations were made to the
language and context to ensure cultural relevance.

Procedures

The steps of this study began with the preparation
stage, where the researcher adapted the Physical Educators’
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Table 1. Characteristics of research participants by school level and gender

School Level N;:::E::f Gender Age (M £SD)  Experience teaching students with disabilities
Primary School 40 (33.3%) 26 M, 14 F 385+7.8 > 5 years: 21 (52.5%), < 5 years: 19 (47.5%)
Junior High School 40 (33.3%) 26 M, 14 F 39.0 £ 8.5 > 5 years: 21 (52.5%), < 5 years: 19 (47.5%)
High School 40 (33.3%) 26 M, 14 F 38.7+83 > 5 years: 22 (55%), < 5 years: 18 (45%)

Total 120 (100%) 78 M, 42 F 38.7 £ 8.2 > 5 years: 64 (53%), < 5 years: 56 (47%)

Table 2. Content validity of PEATID III instrument

No.

Item Description Item (English - Indonesia) Value CVR Conclusion

Teaching Outcomes of Students with Disabilities

Students with disabilities will not be accepted by classmates without
1 disabilities (Siswa dengan disabilitas tidak akan diterima oleh teman 0.78 The items are relevant and appropriate.
sekelas tanpa disabilitas).

The presence of students with disabilities will disrupt the harmony of
2 the classroom (Kehadiran siswa dengan disabilitas akan mengganggu 0.82 The items are relevant and appropriate.
harmoni kelas).

Teaching students with disabilities in regular classes places an unfair
3 additional burden on teachers (Mengajar siswa dengan disabilitas di kelas 0.75 The items are relevant and appropriate.
reguler memberikan beban tambahan yang tidak adil pada guru).

Teaching students with disabilities means increasing my workload

(Mengajar siswa dengan disabilitas berarti menambah beban kerja saya). 08 The items are relevant and appropriate.

Students with disabilities should not be taught in regular classes as it
would require too much teacher time (Siswa dengan disabilitas tidak
seharusnya diajarkan di kelas reguler karena akan membutuhkan terlalu
banyak waktu guru)

0.7 The items are relevant and appropriate.

Students with disabilities should be taught alongside students without
disabilities in regular classes where possible (Siswa dengan disabilitas
seharusnya diajarkan bersama siswa tanpa disabilitas di kelas reguler jika
memungkinkan)

0.85 The items are relevant and appropriate.

Impact on Student Learning

Students without disabilities will learn to work together in achieving
goals when they learn alongside students with disabilities (Siswa tanpa
disabilitas akan belajar bekerja sama dalam mencapai tujuan ketika
mereka belajar bersama siswa dengan disabilitas)

0.84 The items are relevant and appropriate.

The presence of students with disabilities in the regular class will motivate
students without disabilities to improve their motor skills (Kehadiran
siswa dengan disabilitas di kelas reguler akan memotivasi siswa tanpa
disabilitas untuk meningkatkan keterampilan motorik mereka)

0.8 The items are relevant and appropriate.

Students with disabilities will learn faster if taught in regular classes with
9  students without disabilities (Siswa dengan disabilitas akan belajar lebih 0.75 The items are relevant and appropriate.
cepat jika diajarkan di kelas reguler bersama siswa tanpa disabilitas)

Students with disabilities will develop a more positive self-concept when
they learn motor skills with classmates without disabilities (Siswa dengan
10  disabilitas akan mengembangkan konsep diri yang lebih positif ketika 0.88 The items are relevant and appropriate.
mereka belajar keterampilan motorik bersama teman sekelas tanpa
disabilitas)

Need for additional training

As a physical education teacher, I feel that I do not have enough training
to teach students with disabilities alongside students without disabilities
11  in regular classes (Sebagai guru pendidikan jasmani, saya merasa tidak 0.82 The items are relevant and appropriate.
memiliki pelatihan yang cukup untuk mengajar siswa dengan disabilitas
bersama siswa tanpa disabilitas di kelas reguler)

As a physical education teacher, I need additional training to be able to
teach classes with students with and without disabilities (Sebagai guru
pendidikan jasmani, saya membutuhkan pelatihan tambahan untuk
dapat mengajar kelas dengan siswa disabilitas dan tanpa disabilitas)

12 0.87 The items are relevant and appropriate.
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Attitude Toward Teaching Individuals with Disabilities III
(PEATID III) instrument through consultation with three
experts in the field of physical education and inclusive
education. To ensure the accuracy of the translation, a
translation and back-translation process was conducted. The
next stage was the initial pilot test, where the instrument was
tested on 20 physical education teachers to assess the clarity
of the language and instructions delivered. The results of this
stage were used to make minor revisions to the instrument.
Next, the data collection process was carried out by visiting
previously approved schools. Respondents were given an
explanation of the purpose of the study and guidelines for
completing the instrument, which lasted for 15-20 minutes
under the supervision of the researcher. Before the
instrument was used for large-scale data collection, content
validity was evaluated by five experts with backgrounds in
inclusive physical education, psychometrics, and instrument
adaptation, using the Content Validity Ratio (CVR) method.
The final stage involved data processing, where the collected
data was analyzed using statistical software to ensure the
reliability and validity of the instrument in the context of
this study.

Statistical Analysis

Data analysis in this study was conducted using IBM
SPSS and AMOS software through three main stages, based
on the approach recommended by Field (2017). First, we
checked the PEATID III instrument's construct validity
using confirmatory factor analysis (CFA) with AMOS,
following model evaluation criteria like x*/df, CFI, and
RMSEA (Byrne, 2016). Then, we checked the instrument's
reliability using Cronbach's alpha coefficient with SPSS;
a value of 0.70 or higher is considered good (Kline, 1999).
Second, descriptive analyses were conducted using SPSS to
describe the distribution of respondents' attitudes toward
teaching students with disabilities based on the aspects
measured, including means, standard deviations, and
frequency distributions. Thirdly, the Pearson correlation test
was applied to assess the relationship between respondents'
characteristics, such as age, teaching experience, and training
attended, and their attitudes toward inclusive education,
as proposed by Field (2017). This approach was designed
to provide comprehensive insights into the validity and
reliability of the instrument, the distribution of attitudes,
and the factors that influence teachers' attitudes.

Results

Instrument Validity and Reliability

The results of the PEATID III instrument validity and
reliability tests showed that this instrument has adequate
measurement quality in the context of physical education in
Indonesia. Content validity was assessed using the Content
Validity Ratio (CVR), where all items had values above the
minimum threshold of 0.60. This finding indicates that each
item in the instrument is relevant and appropriate to the
Indonesian social and cultural context, making it suitable for
measuring teachers’ attitudes toward teaching students with
disabilities (Table 2).

Furthermore, construct validity was tested using Con-
firmatory Factor Analysis (CFA). The CFA results showed
that the three-factor model measured by the instrument fit
the research data, with values of x*/df = 2.31, CF1 = 0.93, and
RMSEA = 0.06. This model fit shows that the factor structure
used to measure teacher attitudes with the PEATID III tool
works well with the data that was collected (Table 3).

Table 3. Construct validity (CFA)

Indicator Value Su“f‘bil.ity
Criteria
X'/df 231 <3.0
CFI 0.93 >0.90
RMSEA 0.06 <0.08
Conclusion The model fits the research data

In terms of reliability, measurement using Cronbach’s
alpha coefficient yielded satisfactory values. The first factor,
covering the teaching outcomes of students with disabilities,
had a reliability value of a = 0.85, indicating a high level of
reliability. The second factor, which measures the impact
on students” overall learning, demonstrated a high level of
reliability, with a reliability score of 0.79. The third factor,
the need for additional training, achieved o = 0.82, also
indicating excellent reliability. Overall, the total scale had a
Cronbach’s alpha value of 0.88, which represents an excellent
level of reliability for measuring teachers’ attitudes toward
teaching students with disabilities (Table 4).

Table 4. Instrument reliability

Cronbach Alpha oL ey
Factor Coefficient (c) Reliability Criteria

Factor 1: Teaching
Outcomes of Students 0.85 High reliability
with Disabilities
Factor 2: Imp a.ct on 0.79 Good reliability
Student Learning
Factor 3: Need for g
Additional Training 0.82 Good reliability
Total Scale 0.88 Very good reliability

These results confirm that the PEATID III instrument
has met the criteria for strong validity and reliability in
the local context. As such, it can be used as a reliable tool
to evaluate the attitudes of physical education teachers in
Indonesia and support policy development and training
aimed at improving educational inclusion.

Distribution of Teachers’ Attitudes

A descriptive analysis shows that teachers attitudes
toward teaching students with disabilities tend to be
positive. The mean total score of the PEATID III scale was
3.87 (SD = 0.64), with the highest score on the Impact on
Student Learning factor (M = 4.12, SD = 0.53). The factor
indicating the need for additional training had a lower mean
score (M = 3.65, SD = 0.71), suggesting that many teachers
perceived a need for additional training to effectively teach
students with disabilities (Table 5).

343



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 2

Table 5. Descriptive statistics and reliability of PEATID III

Factor Average Score SD Reliability (a)

Teaching Outcome 3.87 0.64 0.85
Learning Impact 4.12 0.53 0.79
Training Needs 3.65 0.71 0.82
Total Scale 3.87 0.64 0.88

Relationship between teacher characteristics and attitudes

Theresults of the correlation analysis showed a significant
association between student teaching experiences with
disabilities and positive attitudes toward inclusive education
(r = 0.45, p < 0.01). Teachers with more than five years of
experience had higher mean scores on all factors compared
to less experienced teachers. In addition, additional training
attended by teachers was also positively correlated with
scores on the Need for Additional Training factor (r = 0.38,
p < 0.05) (Table 6).

Table 6. Relationship between Teacher Characteristics and
Attitudes

Variable Correlation (r) Significance (p)
Teaching Experience 0.45 <0.01
Additional Training 0.38 <0.05
Discussion

The results of this study indicate that the PEATID III in-
strument has excellent validity and reliability in the context of
physical education in Indonesia. Content validity was assessed
through the Content Validity Ratio (CVR), with all items hav-
ing values above 0.60. This indicates that the instrument is rel-
evant and appropriate to the local culture, supporting Lawshe’s
findings that CVR can be used to evaluate the relevance of items
in specific context-based instruments (Umar & Lian, 2024).
Similar findings were also reported by Gabriela (2021), who
found that adaptation of culture-based instruments improved
measurement accuracy in the context of inclusive education.

An analysis called Confirmatory Factor Analysis
(CFA) showed that the three-factor model fit the data well
(x*/df = 2.31; CFI = 0.93; RMSEA = 0.06). These values
correspond to the model fit criteria proposed by Byrne (2016).
The resulting factor structure also reflects previous theories
on teachers' attitudes towards inclusive education, where
attitudes towards learning impacts, teaching outcomes, and
training needs are key dimensions (De Boer et al., 2011;
Mata & Clipa, 2020).

The reliability of the instrument, with a total Cronbach's
alpha value of 0.88, indicates high internal consistency.
This reliability is in line with Kline's (1999) recommendation
that alpha values above 0.70 indicate an adequate level of
reliability. Individual factors, including how well students
with disabilities are taught (a = 0.85), how this affects their
learning (+0.79), and how much extra training they need
(£0.82), all showed good to excellent reliability. This supports
the results from Ewing et al. (2018) study on instruments to
measure attitudes towards inclusive education.

The distribution of teachers' attitudes toward inclusive
education also tended to be positive, with a PEATID III mean

score of 3.87 (SD = 0.64). The highest score on the student
learning impact factor (M = 4.12, SD = 0.53) indicates
that teachers believe in the social and learning benefits of
inclusive teaching. This finding supports the views of Specht
and Metsala (2018) and Weber and Greiner (2019) that
positive experiences in teaching students with disabilities
can increase teachers' belief in the effectiveness of inclusive
education. However, the lower score on the additional
training needs factor (M = 3.65, SD = 0.71) suggests that
there is still a need to improve teachers' capacity through
relevant training, as identified by Dignath et al. (2022).

The relationship between teacher characteristics and at-
titudes also provides important insights. Experience teach-
ing students with disabilities showed a significant positive
correlation with positive attitudes toward inclusive educa-
tion (r = 0.45, p < 0.01). Teachers with more than five years of
experience had higher scores compared to less experienced
teachers. This is supported by several studies that found that
teachers with more experience have more negative attitudes
toward inclusion (Trivio-Amigo et al., 2022). In addition,
additional training attended by teachers was also positively
correlated with scores on the additional training needs fac-
tor (r = 0.38, p < 0.05), indicating the importance of de-
veloping local needs-based training programs to improve
teachers' readiness for the challenges of inclusive education.

However, this study has some limitations that need to
be considered. Firstly, the local context specific to physical
education in Indonesia means that the results of this study
may not be fully generalisable to education systems in other
countries. The validity of the PEATID III instrument needs
to be further tested in different cultural environments to
ensure its adaptability. Secondly, this study only involved
participants from Pekanbaru City, while Indonesia has many
regions with different cultural diversity, educational access,
and facilities. This limitation may affect the generalisability
of the findings, so future studies should cover a wider area
and be nationally representative.

In addition, although the sample size was sufficient for
analysis, there was under-representation of teachers from
remote areas or with limited access to training. The study's
cross-sectional approach also hindered the evaluation of
changes in teachers' attitudes over time, particularly after
receiving additional training or gaining more experience in
teaching children with disabilities. The study was also limited
to measuring three main factors of teachers' attitudes: the
outcomes of teaching students with disabilities, the impact
on student learning, and the need for additional training.
Other factors, such as administrative support, availability of
facilities, or community perceptions of inclusive education,
have not been explored in this study.

As a recommendation, future research could use
a longitudinal design to evaluate how additional training
and teaching experiences affect teachers' attitudes toward
inclusive education over time. In addition, local needs-based
training programs designed to improve teachers' capacity
to teach students with disabilities should be evaluated for
their effectiveness. It is also important to broaden the scope
of the research sample to include teachers from different
parts of Indonesia, including remote areas, to provide a
more representative picture. With this approach, future
research is expected to provide deeper insights and support
the development of more inclusive policies.
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Conclusions

This study shows that the PEATID III instrument has
excellent validity and reliability for measuring physical
education teachers’ attitudes toward teaching students with
disabilities in the Indonesian context. The content, construct,
and reliability validity of the instrument met the established
criteria, with a total Cronbach’s a value of 0.88 indicating an
excellent level of internal consistency. Descriptive analyses
showed that teachers’ attitudes tended to be positive,
especially in the dimension of student learning impact,
although the need for additional training was still a concern.
Correlation results also showed that experience teaching
students with disabilities and participation in additional
training were positively correlated with teachers’ attitudes
toward inclusive education. Teachers with more than five
years of experience tended to have more positive attitudes
compared to less experienced teachers.

This study makes an important contribution by pro-
viding a reliable instrument to evaluate teachers’ attitudes
toward inclusive education in the context of physical educa-
tion in Indonesia. The validity and reliability of the PEATID
III instrument can be used by researchers, practitioners, and
policymakers to identify training needs and design inter-
vention programs that are better suited to local needs. Ad-
ditionally, the study’s results underscore the significance of
hands-on experience teaching students with disabilities and
additional training as crucial factors in enhancing teachers’
positive attitudes towards inclusive education. This research
also provides a foundation for further studies to explore
the development of more effective policies and training to
support inclusive education in Indonesia. By expanding the
scope of the study to include a wider and more representa-
tive area, these results are expected to contribute to the de-
velopment of inclusive education at the national level.
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Marepianu Ta MeTogu. Y OCTipKeHHI B35 yyacTb 120 BuKIajadis (’pisquoro BUXOBAHHS 3 M. HeKaH6apy, AKUX 6yno BifIi-
6paHo 3a MeTOIOM ILiiectipsiMoBaHol Bubipku. Kpurepii BK/II04eHHs peCIOH/IeHTIB BK/II0YaIy BUK/IA/Ia4iB, AKi Masu JOCBif Ha-
BYAHHA Y4HIB 3 iHBa/IiIHICTIO y 3BMYAIHUX K/IaCaX i BUABM/IY TOTOBHICTD B3SITY YYacTh Y IIbOMY JOC/I/[KEHH]. 3 METOIO BUBYEHHS
CTaBJIeHH: BYMTeNIB Qi3NYHOI KY/IbTypHu 10 HaB4aHHA oci6 3 inBamignictio III (PEATID III) B KOHTeKCTi (pi3N4HOr0 BUXOBAHHSA
3aCTOCOBAHO iHCTPYMEHT, 1O CK/IAJAEThCA i3 12 TBepIyKeHb, AKi BUSHAYAIOTh TPM aCIIEKTV CTaBJIE€HHS BUK/IAJadiB, a came: (i)
pe3y/IbTaTy HaBYaHH:A YYHIB 3 iHBaifHicTIO, (il) BIUIMB Ha HaBYaHHA Y4HIB Ta (iii) moTpe6a B JOLATKOBII HABYAIbHII TIATOTOBIIL.

Pesynprarn. 3HaueHHA KoedinienTa BamigHocTi 3micTy (CVR) 3a yciMa myHKTaMuy epeBuIyBay nmokasHuk 0,60, o BKasye
Ha BUCOKY P€JIeBaHTHICTb iHOHE31/ICPKOMY COLIia/IbHOMY Ta Ky/IbTYPHOMY cepefoBuIly. KOHCTpyKTHA Ba/lifiHICTD IIepeBipsIach
i3 BUKOPMCTaHHAM MeTORy MifTBepIKyI0doro dpaxkropHoro ananisy (CFA), Akuit BCTAaHOBYB 3a/JOBi/IbHY BilIIOBifHICTD Mofiemi
(x*/df = 2,31; CFI = 0,93; RMSEA = 0,06). Koediuienr anbdpa Kponbaxa iHcTpymeHnTy cxas 0,88, 1110 CBiffMTh PO MILIHY BHY-
TpiIIHIO y3romKeHicTb. ONMCOBMIT aHAIi3 II0OKa3aB, 1[0 CTABJICHHA BUMTENIB (isMYHOI KYIbTYPHU 1O HABYAHHA Y4YHIB 3 iHBaJIif-
HiCTIO, IK TIpaBmIo, 6yn0 nmosutusHuM (M = 3,87; SD = 0,64). Buknagadi 3 1ocBiffoM pobOTH MOHAJ, IT'SITh POKIB 1 ZOAATKOBOIO
HiITOTOBKOIO MaJjIy OiTbII iHK/TI0O3MBHE CTaB/IEHHSI.

BucHosku. ITpoBesieHe 1OCTiIKEeHHS POOUTD 3HAYHMII BHECOK Y CTBOPEHHSI HaiITHOrO IHCTPYMEHTY /LS OLIIHKY CTaB/ICHHS
BUNTENIB [0 IHKIIO3MBHOI OCBITH, COPUSIOUM PO3POOIEHHIO CTpaTeriit i HaBYANMbHUX IIPOTPaM, L0 BifHNOBifAIOTH JIOKATBHUM
norpebam. OTprMaHi pe3yIbTaTu TaKoXX CTBOPIOIOTh OCHOBY A/IsI IOA/IBIINX ZOCII/PKeHb, CIIPAMOBAHNX Ha 3Mil[HEHHS HK/IIO-
3MBHOI OCBiTU B IH/IOHE3Ii Yepe3 3acTOCYBaHH: O1/bII KOMIIIEKCHOTO Ta PEIPe3eHTaTUBHOTO MiXO/Y.
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Abstract

Background. Overweight is a global health problem that is closely associated with an increased risk of cardiovascular
and metabolic diseases. Waist circumference, as an indicator of visceral fat, serves as an important parameter for
assessing the effectiveness of weight loss interventions. Motivation and exercise type, including circuit training, are
believed to play significant roles in the success of weight management programs.

Objectives. This study aimed to analyze the influence of motivation, gender, and circuit training methods (isometric
and isokinetic) on waist circumference reduction in overweight individuals.

Materials and methods. The study employed a 2x2x2 factorial design with a quasi-experimental approach. Forty
participants from a fitness center were divided into eight groups based on the combinations of motivation (high and
low), gender, and training method (isometric and isokinetic). Waist circumference data were measured before and
after the treatment over 16 training sessions, with data analysis performed using three-way ANOVA.

Results. Isokinetic training showed higher effectiveness in reducing waist circumference compared to isometric
training, with high motivation being a factor that enhanced results. Conversely, gender did not have a substantial
effect on waist circumference reduction. Motivation and exercise type had significant main effects (p < 0.001), while
a marked interaction was found between motivation and exercise type (p < 0.01), highlighting the importance of
combining these two factors.

Conclusions. Motivation and circuit training methods are key factors in the success of waist circumference
reduction, with isokinetic training recommended as the primary choice for optimal results. These findings provide
practical guidelines for designing more effective and inclusive physical activity-based overweight management
programs.

Keywords: overweight, waist circumference, circuit training, motivation.

Introduction cancer, and respiratory disease (Alsla et al., 2024). The World
Health Organization (WHO) has indicated that Overweight
has escalated to a global epidemic, impacting millions
worldwide (WHO, 2019). Furthermore, Overweight is
directly correlated with several chronic diseases, including
type 2 diabetes, hypertension, cardiovascular disease, and
osteoarthritis, all of which contribute to increased global
morbidity and mortality (Amad Syarifudin & Nurmala,
2015; Al-Mhanna et al., 2024). In addition, major risk factors
for various non-communicable diseases and mortality are
caused by obesity and low cardiorespiratory fitness (Rago &

Overweight constitutes one of the most pressing public
health challenges globally. This is due to the global increase
in childhood overweight, especially its impact on long-term
health (Muyulema et al., 2024). This condition can also be
described as an excessive buildup of adipose tissue, which
adversely impacts health (Fauziyah & Rohmawati, 2019).
Being overweight increases the risk of non-communicable
diseases (NCDs), such as cardiovascular disease, diabetes,
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sedentary lifestyle (John et al., 2023). Childhood overweight
remained a significant health issue that necessitated
customized treatment approaches. The findings indicated
that short-term lifestyle interventions were more effective
in decreasing BMI z-scores and cardiovascular risk factors
in pubertal boys compared to girls. Further research was
required to explore these gender differences in greater
depth to inform the development of tailored interventions
(Gilardini et al., 2024). The prevalence of Overweight
had risen across all age groups, including children and
adolescents. Research indicated that approximately 50%
of children and 80% of adolescents who were overweight
were likely to maintain this condition into adulthood, thus
heightening the risk of chronic health complications in later
life (Al-Haifi, 2023). Conversely, Overweight in the elderly
was often aggravated by sarcopenia, a decline in muscle
mass associated with aging, which further elevated the risk
of metabolic and cardiovascular disorders (Jung et al., 2022).

Physical exercise had long been recognized as an
effective intervention for reducing Overweight. Among
various training methods, circuit training stood out as one
of the most popular and effective approaches. This training
system integrated both aerobic and anaerobic elements,
enhancing cardiovascular fitness, muscle strength, and
body fat reduction (Harsono, 2015; Boraczynski et al,,
2021). Circuit training offered flexibility and time efficiency,
making it suitable for diverse population groups (Rago &
Mohr, 2023). Research indicated that circuit training could
yield significant benefits within a relatively short duration.
This form of exercise not only enhanced VO,max but also
improved metabolic profiles, including lipid levels and
insulin resistance. Furthermore, when combined with other
methods, such as High-Intensity Interval Training (HIIT),
circuit training demonstrated an ability to increase muscle
strength and further reduce body fat (Pashaei et al., 2024).

Home-based circuit training programs also showed
positive results in improving cardiometabolic fitness among
the elderly with comorbidities such as type 2 diabetes and
osteoarthritis (Al-Mhanna et al., 2024). In lower socio-
economic contexts, circuit training became an ideal solution
because it could be done at minimal cost and in a shorter time
compared to conventional training methods (Mehmood et
al., 2022). However, the success of circuit training was not
only determined by the training method itself but also by
individual motivation. Motivation was a key element that
influenced the success of participation in exercise programs.
Research indicated that individuals with high motivation
were more likely to adhere to training programs and achieve
better results (Batrakoulis et al., 2020). Conversely, a lack
of motivation often became a major obstacle in achieving
fitness goals. In addition to motivation, gender also played
an important role in the effectiveness of physical exercise.
Hormonal differences between men and female affected the
body's adaptation to physical exercise, especially in terms of
reducing visceral fat and increasing cardiovascular capacity
(Gilardini et al., 2024). For instance, men tended to show
faster metabolic responses to high-intensity training, while
female might require a more endurance-focused approach to
achieve similar results (Pahlavani et al., 2024).

Considering these factors, home-based circuit training
programs could be tailored to meet the needs of various
individual groups, ensuring a more personalized and effective

approach to improving cardiometabolic fitness. Although
numerous studies have highlighted the benefits of circuit
training, there remains a gap in the literature regarding
how motivation and gender influence the effectiveness of
this exercise, particularly in the context of reducing waist
circumference. Most research tends to focus on one or two
aspects, such as cardiovascular fitness parameters or body
composition, without considering the complex interactions
among these factors (Seo et al., 2019). This study aimed to
fill that gap by exploring the influence of circuit training
methods, exercise motivation, and gender on the reduction
of waist circumference in overweight individuals. Waist
circumference is recognized as an important indicator
for assessing the accumulation of visceral fat. Visceral fat,
concentrated around vital organs such as the liver, kidneys,
and intestines, is closely linked to the risk of cardiovascular
disease, insulin resistance, and metabolic syndrome (Fareed
etal.,,2017). Measuring waist circumference is also a practical
and widely used parameter for evaluating the success of
interventions targeting visceral Overweight (Howlader et
al., 2018).

The multifactorial approach of this study allowed
for a more holistic analysis of the interactions between
variables, aiming to provide new insights relevant to fitness
practitioners and researchers. Furthermore, this study was
designed to contribute practically to the development of more
inclusive and effective exercise programs. By exploring how
motivation and gender could modify responses to circuit
training, the results of this study are expected to help design
more personalized interventions tailored to individual
needs and applicable on a broader scale. The urgency of this
research lies not only in its efforts to enhance the effectiveness
of circuit training but also in its potential to support better
public health policies. By providing more comprehensive
empirical evidence, this study could serve as a foundation
for developing intervention programs that systematically
address Overweight challenges. The training methods used
in this study were isometric and isokinetic circuit training as
treatments for reducing waist circumference, with exercise
motivation and gender as attribute variables.

Materials and Methods

The Type of Research

The type of research conducted used a quasi-
experimental design with a multifactorial approach to
examine the influence of several independent variables
(circuit training methods, exercise motivation, and gender)
on the dependent variable (waist circumference reduction).
The study employed a 2x2x2 factorial design, with groups
based on the combinations of the three independent
variables. The research was carried out four times a week,
resulting in a total of 16 treatment sessions.

Participants

The population in this study consisted of members of
Celebrity Fitness Paragon Mall in Semarang, Indonesia,
totaling 50 individuals. To determine the sample, the
researcher used purposive sampling technique. Based on
predetermined criteria, the top 20 individuals with high
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exercise motivation and the last 20 individuals with low
exercise motivation were selected as samples, resulting in
40 samples. These samples were then divided into 8 groups.
From these 8 groups, 2 main groups were formed to undergo
treatment: one group for isometric training and another for
isokinetic training. Each of these main groups was further
divided into two subgroups based on gender, resulting in
male and female training groups for both isometric and
isokinetic exercises.

Instrument

The data collection techniques used in this study involved
tests and measurements. Two types of data were collected: 1)
Waist circumference was measured using Metline, which
is useful for measuring distances that are straight, angular,
or circular. Waist circumference measurements were taken
before and after the treatment to determine the Gain
achieved by participants, which was then analyzed. 2) The
instrument used to collect data on exercise motivation was
a questionnaire. This questionnaire utilized a modified
Likert scale with four answer choices: strongly agree, agree,
disagree, and strongly disagree. The scale included four
alternative answers: Strongly Agree (SA) with a score of 4,
Agree (A) with a score of 3, Disagree (D) with a score of 2,
and Strongly Disagree (SD) with a score of 1.

Statistical Analysis

Given that this study involved several independent
variables (training methods, motivation, and gender) and
one dependent variable (waist circumference reduction), the
data analysis technique used was a 3-Way Factorial Analysis
of Variance (3-Way ANOVA). This analysis aimed to evaluate
the effects of three independent variables: training methods
(with two levels: isometric and isokinetic), motivation (with
two levels: high and low), and gender (male and female)
on the dependent variable, which was waist circumference
reduction. This approach allowed researchers to examine the
main effects of each independent variable, the interactions
between two independent variables, and the interaction
among all three independent variables simultaneously.

The analysis began with testing the main effects to
determine if each independent variable individually
influenced waist circumference reduction. Following this,
the interactions between two independent variables were
analyzed to identify possible interactive relationships
between the combinations of two variables. The study also
included testing the interactionsamongall three independent
variables to explore the complex influence of training
methods, motivation, and gender on waist circumference
reduction. When main effects or interactions were found
to be significant, further analysis was conducted through
post-hoc tests, such as Tukey HSD or Bonferroni, to identify
specific groups showing significant differences.

It was crucial to ensure the assumptions of ANOVA,
such as data normality and homogeneity of variances among
groups, were met. However, since the data were not normal,
alternative non-parametric methods, like the Kruskal-Wallis
test for main effects or rank-based ANOVA for interactions,
were used. Additionally, if significantinteractions were found,
simple effects analysis was performed to gain deeper insights

into how a particular independent variable influenced the
dependent variable under specific conditions of the other
independent variables. To support the interpretation of
results, visualization in the form of interaction plots was
used. One such graphical form was the profile plot, which
displayed the patterns of relationships among the levels of
independent variables. These plots included error bars to
depict the 95% confidence intervals, making the results
more intuitively understandable.

Results

Based on the descriptive statistics presented on table
1, data analysis was conducted to understand the influence
of the combination of motivation, gender, and type of
exercise on waist circumference reduction. These variables
were grouped into various combinations, and the data were
summarized in terms of mean, standard deviation, and the
number of participants (n) for each group.

In the low motivation group, males who participated
in isometric exercises experienced an average waist
circumference reduction of -1.80 with a standard deviation
of 0.84, indicating some individual variability. In contrast,
males in the isokinetic exercise group had a greater average
reduction of -2.40, with a smaller standard deviation (0.55),
indicating more consistent results. Overall, the combined
average reduction for males with low motivation was -2.10
with a standard deviation of 0.74. For females, similar results
were observed, with an average reduction of -1.60 in the
isometric exercise group and -2.40 in the isokinetic exercise
group. The variability of results among females remained low
in both types of exercise, with a combined average reduction
of -2.05 and a standard deviation of 0.69.

In the high motivation group, more significant results
were found. Males in the isometric exercise group recorded
an average waist circumference reduction of -2.60 with a
low standard deviation (0.55), while the isokinetic exercise
group showed a much larger average reduction of -4.60, with
very small variability (0.55). The total combined average
reduction for males with high motivation was -3.60 with
a standard deviation of 1.18. High motivation females
showed nearly similar results, with an average reduction
of -2.40 in the isometric exercise group and -4.60 in the
isokinetic exercise group, resulting in a combined average
reduction of -3.55 with a standard deviation of 1.19. This
indicates that high motivation significantly contributed to
waist circumference reduction, especially in the isokinetic
exercise group.

Overall, the combined average reduction in waist
circumference for males was -2.85 with a standard
deviation of 1.23, while for females it was -2.75 with a
standard deviation of 1.25. Isometric exercises produced an
average reduction of -2.10 with low variability (standard
deviation 0.78), while isokinetic exercises resulted in a
larger reduction of -3.50 with higher variability (standard
deviation 1.23). The thematic analysis showed that isokinetic
exercises consistently produced better results compared
to isometric exercises, regardless of motivation levels or
gender. High motivation had a more significant impact on
waist circumference reduction, particularly in the isokinetic
exercise group. For low motivation groups, males tended to
have a greater reduction in waist circumference compared
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to females, but in the high motivation groups, this difference
became insignificant, with results nearly equal between
genders.

Table 1. Descriptive statistics data of the combination of
motivation, gender, and type of exercise

Tgil:iunirtlg Motivation Gender Mean Dejita‘lit.ion
Male -1.80 0.84 5
Lower Female  -1.60 0.55 5
Total -1.70 0.67 10
Male -2.60 0.55 5
Isometric ~ High Female  -2.40 0.55 5
Total -2.50 0.53 10
Male -2.20 0.79 10
Total Female  -2.00 0.67 10
Total -2.10 0.72 20
Male -2.40 0.55 5
Lower Female  -2.40 0.55 5
Total -2.40 0.52 10
Male -4.60 0.55 5
Isokinetic ~ High Female  -4.60 0.55 5
Total -4.60 0.52 10
Male -3.50 1.27 10
Total Female  -3.50 1.27 10
Total -3.50 1.24 20
Male -2.10 0.74 10
Lower Female  -2.00 0.67 10
Total -2.05 0.69 20
Male -3.60 1.17 10
Total High Female  -3.50 1.27 10
Total -3.55 1.19 20
Male -2.85 1.23 20
Total Female  -2.75 1.25 20
Total -2.80 1.22 40
Dependent Variable: abdominal circumference

The Analysis of Variance (ANOVA) conducted in this
study evaluated the influence of motivation, gender, and
type of exercise (Circuit Training) on waist circumference
reduction, as well as the interaction among these independent
variables (see table 2). The resulting statistical model
demonstrated a high explanatory power, with an R-Squared
value of 0.808, indicating that 80.8 % of the variability in
waist circumference reduction could be explained by
the combination of variables in the model. The Adjusted
R-Squared value of 0.766 further reinforced the accuracy of
this model after adjusting for the number of predictors used.

The analysis results indicated that motivation had a
significant impact on waist circumference reduction. With
an F-value of 64.286 (p < 0.001) and Partial Eta Squared (n?)
of 0.668, motivation accounted for approximately 66.8 % of

the data variability. This finding underscored the importance
of motivation in achieving significant waist circumference
reduction. Conversely, gender did not have a significant
impact on waist circumference reduction, with an F-value
of 0.286 (p = 0.597) and n* of only 0.009, suggesting that
gender contributed minimally to the data variability, less
than 1%. The type of exercise, or Circuit Training, was also
found to have a significant impact on waist circumference
reduction, with an F-value of 56.000 (p < 0.001) and n* of
0.636. This indicated that the type of exercise accounted
for 63.6% of the variability in waist circumference, making
it a crucial factor in determining the outcomes of the
training program. Further interaction analysis showed that
the effect of motivation on waist circumference was not
influenced by gender, as evidenced by the non-significant
Motivation*Gender interaction (F = 0.000, p = 1.000,
n? = 0.000). Additionally, the interaction between gender
and type of exercise was also non-significant (F = 0.286,
p =0.597, 1% = 0.009), indicating that the impact of the type
of exercise did not differ substantially between males and
females.

However, a significant interaction was found between
motivation and type of exercise, with an F-value of 14.000
(p = 0.001) and n? of 0.304. This finding indicated that the
effectiveness of the type of exercise on waist circumference
reduction was highly dependent on the participants’ level of
motivation, with the interaction contributing 30.4 % to the
data variability. On the other hand, the three-way interaction
of Motivation*Gender*Circuit Training did not show a
significant influence on waist circumference reduction
(F = 0.000, p = 1.000, n* = 0.000). The analysis results were
further supported by the observed power of the relevant
variables. Motivation and type of exercise had an observed
power of 1.000, indicating a high ability to detect significant
effects. Conversely, the non-significant interactions, such as
Motivation*Gender or Gender*Circuit Training, had low
observed power (0.050-0.081), reflecting their inability to
detect small or weak effects.

Overall, this study demonstrated that motivation and
type of exercise were the primary factors contributing
significantly to waist circumference reduction, with
substantial contributions from each (n*=0.668 andn*=0.636,
respectively). Gender did not have a significant influence,
either independently or in its interaction with other variables.
The significant interaction between motivation and type of
exercise indicated that the effectiveness of the exercise type
was highly dependent on the participants’ motivation level.
With an R? value of 0.808, this model provided a very strong
explanation for the changes in waist circumference observed
in the tested exercise programs.

The factorial test plots in graphic 1 revealed the
interaction between the type of circuit training (Isometric
and Isokinetic) and the level of motivation (low and high)
on waist circumference reduction in female. Generally,
Isokinetic training resulted in a greater reduction in waist
circumference compared to Isometric training, indicating
higher effectiveness. In the Isometric training group, the
difference between participants with low and high motivation
was small, with the high motivation group showing a slightly
better reduction in waist circumference. However, in the
Isokinetic training group, this difference became much
more significant, with the high motivation group showing
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Table 2. The analysis of variance (ANOVA) with tests of between-subjects effects

Dependent Variable: abdominal circumference

Source Cotsques. U MemSmae P se PQlLt o e
Corrected Model 47.200° 7 6.743 19.26 .00 81 134.86 1.00
Intercept 313.60 1 313.60 896.00 .00 97 896.00 1.00
CircuitTraining 19.60 1 19.60 56.00 .00 .64 56.00 1.00
Motivation 22.50 1 22.50 64.29 .00 .67 64.29 1.00
Gender .10 1 .100 .29 .60 01 29 .09
CircuitTraining * Motivation 4.90 1 4.90 14.00 .001 .30 14.00 .96
CircuitTraining * Gender .100 1 .10 .29 .60 .01 .29 .08
Motivation * Gender .00 1 .00 .00 1.00 .00 .00 .050
CircuitTraining * Motivation * Gender .00 1 .00 .00 1.00 .00 .00 .050
Error 11.20 32 .35
Total 372.00 40
Corrected Total 58.400 39

a. R Squared = .808 (Adjusted R Squared = .766)
b. Computed using alpha = .05

Estimated Marginal Means of abdominal circumference
at Gender = Female
Motivation

Lower
— High

-1.00

Estimated Marginal Means

-4.00

Isometric Isokinetic

Circuit Traininng

Fig. 1. The factorial test plots the interaction analysis in female

Estimated Marginal Means of abdominal circumference
at Gender = Male

Motivation

Lower
——High

Estimated Marginal Means

Isometric Isokinetic

Circuit Traininng
Fig. 2. The factorial test plots the interaction analysis in male

a much larger reduction in waist circumference compared
to the low motivation group. Furthermore, the level of
motivation proved to be crucial in determining outcomes,

with highly motivated individuals consistently achieving
greater reductions in waist circumference, regardless of
whether they were in the Isometric or Isokinetic training
group. The observed interaction effects indicated that
Isokinetic training became significantly more effective when
participants had high motivation. Conversely, the effect of
motivation was not as pronounced in the Isometric training
group. Overall, these results highlight that the combination
of Isokinetic training and high motivation has the greatest
impact on reducing waist circumference in female.

Similar results were observed in the plots for male
(see graphic 2), where high motivation had a much greater
effect on Isokinetic training compared to low motivation.
In Isometric training, the difference between high and low
motivation was also smaller, though the effect of the exercise
was still evident. Overall, these interactions demonstrate that
the type of exercise and motivation level have a combined
effect on waist circumference reduction. Isokinetic training
was more effective in reducing waist circumference, especially
for individuals with high motivation. Conversely, Isometric
training showed more uniform effects regardless of motivation
level. These findings underscore the importance of considering
both the type of exercise and the level of motivation in fitness
intervention programs for optimal results.

Discussion

The findings from this research indicate that motivation
and the type of exercise (circuit training) play a crucial
role in reducing waist circumference, while gender does
not significantly influence this change. This suggests that
individuals with high levels of motivation tend to be more
successful in reducing their waist circumference because
they are more committed to the exercise program. This
result aligns with research by Bruseghini et al. (2019),
which revealed that high-intensity training combined with
verbal motivation results in significant reductions in body
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fat, including waist circumference. Furthermore, high
motivation encourages participants to remain consistent
with high-intensity training (Gongalves et al., 2023).
Additionally, strong internal motivation significantly
impacts the improvement of body composition (Jee, 2019).

The interaction between motivation and type of exercise
wasalsofoundtobesignificant, indicating that the effectiveness
of exercise depends greatly on the participant's motivation
level. These results prove that motivation from training is
important for adherence and outcomes (Marcos-Pardo et al.,
2019). There are forms of motivation that can be provided
in the form of verbal encouragement and goal-oriented
strategies (Davis et al., 2011). Highly motivated individuals
can achieve greater results from circuit training compared to
those who are less motivated. Consequently, high motivation
has a more significant impact on waist circumference
reduction. For individuals with low motivation, men tend to
experience greater waist circumference reduction compared
to women, but at high motivation levels, this difference
becomes insignificant, with nearly equal results between
genders. Conversely, gender did not show a significant
influence either independently or in its interaction with other
variables, indicating that gender differences do not affect the
results of waist circumference reduction achieved. Therefore,
motivation and the type of exercise (circuit training) are
crucial in reducing waist circumference, while gender does
not significantly impact these changes.

Circuit training was found to have a significant impact
on waist circumference reduction, explaining 63.6% of
the data variability. This indicates that circuit training is
an effective method for reducing waist circumference by
incorporating various high-intensity movements that
efficiently burn calories. This result is supported by previous
research showing that high-intensity circuit training is
effective in managing overweight individuals (Malarvizhi et
al., 2017). An eight-week full-body circuit training program
can improve cardiorespiratory fitness and body composition
in overweight individuals (Rago & Mohr, 2023). Moreover,
circuit training can be an effective exercise method for
improving cognitive risk factors in elderly Korean women
with Overweight (Kang et al., 2024). Circuit training also
contributes to the aerobic portion of guidelines for adults
living with Overweight (Keshavarz et al., 2024).

Thematic analysis revealed that isokinetic exercises
consistently produced greater results compared to isometric
exercises, regardless of motivation levels or gender. This
finding aligns with previous research indicating that
isokinetic training programs combined with aerobic
exercises result in significant weight loss and body fat
reduction, including waist circumference (Ghroubi et al.,
2016). Additionally, isokinetic resistance training combined
with aerobic interval training significantly reduces waist
circumference and metabolic disease risks (Bruseghini et
al., 2015). Furthermore, isokinetic training reduces pain and
increases muscle strength for overweight women (Hammami
et al., 2024). Isokinetic training is also effective in reducing
waist circumference and improving cardiometabolic fitness
(Marc-Hernandez et al., 2019). Therefore, isokinetic training
is reccommended for more significant and consistent results,
while efforts to enhance participant motivation should also
be prioritized.

The implications of these findings are that effective
exercise programs must consider participant motivation
as a key factor in designing and implementing workouts.
Programs that can enhance motivation, such as by setting
clear goals and providing positive feedback, will be more
effective in encouraging participants to achieve optimal
results. Additionally, circuit training can be a primary
choice in waist circumference reduction programs, given
its proven effectiveness. Exercise programs should also be
tailored to the motivation levels of participants, as more
motivated individuals will achieve better results from more
intensive workouts. low motivation leads to major problems
and poor adherence to exercise programs resulting in
physical inactivity (Collado-Mateo et al., 2021). In addition,
motivation determines the appropriateness of a person in
doing exercise activities that affect the level of fat in the
body (Picorelli et al., 2014). Overall, the results of this study
indicate that the main focus in designing waist circumference
reduction programs should be on enhancing motivation and
using effective exercises like circuit training, without the
need to differentiate based on gender. The hope is that this
motivation will result in people continuing to do the activity
at home (unsupervised) with the same impact as supervised
training (Jansons et al., 2016).

Conclusion

This study convincingly demonstrated that motivation
and type of exercise (circuit training) had a significant impact
on reducing waist circumference in overweight individuals.
Isokinetic training proved to be more effective than
isometric training in reducing waist circumference in both
low and high motivation groups. These findings highlight
the importance of choosing the right type of exercise in
weight management programs, especially for individuals
aiming to reduce visceral fat accumulation associated with
serious health risks. Motivation emerged as a key element
in the success of exercise programs, with highly motivated
individuals showing far more significant results compared to
those with low motivation. This underscores the importance
of psychological support and strategies to boost motivation
when designing fitness programs. Strategies such as setting
clear goals, providing constructive feedback, and creating a
supportive environment can help encourage higher levels of
commitment. Conversely, gender did not have a significant
impact on waist circumference reduction, indicating that
the effectiveness of circuit training and motivation does not
depend on biological differences between men and women.
These findings support the argument that circuit training-
based fitness programs can be universally applied without
requiring special adjustments based on gender.

The practical implications of these findings are crucial
for developing more effective and inclusive Overweight
intervention programs. By prioritizing motivation and
selecting optimal exercise methods like isokinetic circuit
training, weight loss programs can become more efficient
and have a broader impact. Future research with a
wider population scope and multifactorial approach is
recommended to ensure the validity of these findings
and to explore additional factors that might influence the
results. Overall, this study provides significant contributions
to the literature on Overweight management and opens
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opportunities for more personalized and effective exercise-
based interventions.

This study does have some limitations. Firstly, the
subjects were limited to members of one fitness center,
so generalizing the results to a broader population may
require caution. Secondly, the relatively short duration of
the study might limit the assessment of the long-term effects
of the tested training methods. Therefore, further studies
are recommended to involve more diverse participants,
including individuals from different social, cultural, or
fitness backgrounds. Extending the intervention duration
could also help evaluate the long-term effects of the training
methods used, including potential declines in motivation or
body adaptations to the exercise.
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OuiHKa BNAMBY MeToAy KOIOBOro TpeHyBaHHSA Ta PiBHA
MOTUNBaLil Ha reHgepHo-cneyndiyHe 3MeHLUeHHA
Tanil y rpynax HacesieHHA 3 HaAMipHOIO Baroio
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Pedepar. Crartsi: 98 c., 2 Tabu., 2 puc., 35 mxeper.

Icropis nuranusa. HagMipHa Bara € r1o6aipHO0 Ipo6/IeMO0 OXOPOHY 30POB’s, sIKA TICHO IIOB’s13aHa 3 IiBNUILEHNM PU3N-
KOM PO3BUTKY CepL[eBO-CYAVHHNUX i MeTab0/MiYHIX 3aXBOpIoBaHb. OKPY>KHICTb TaJIii, IK IIOKa3HUK BiCIjepaIbHOTO XIPY, BUKOHYE
(bYHKIIiI0 BOX/IMBOrO MapamMerpa OLiHKM epeKTUBHOCTI iHTepBeHIill, CIPsIMOBAaHNX Ha 3HIDKEHHS Macy Tila. BBakaerbcs, 10
MOTMBALA i TUII (i3MYHUX BIIPAB, BKIIOYAI0UN KOJIOBI TPEHYBaHHA, BifJirpaloTh 3HAYHY PONb B YCIIIIHOMY BIIPOBa/PKEHHI Mpo-
rpaM i3 KOHTPOJIIO Baru.

Mera mocmimKeHHA. MeTo0 1IIbOro HOCIPKeHHA OY/I0 [IpoaHaisyBaTu BIUIMB MOTKBAILIil, TeHAEPY Ta METO/IB KOTOBOTO
TpeHyBaHH: (130MeTPUYHOro Ta i30KiHETMYHOr0) Ha 3MEHIIeHHs OKPY>KHOCTI TasIil B 0¢i6 3 HaZIMipHOIO Baroxo.

Marepianu Ta MeTomu. Y JOCTIIXKEHH]I 3aCTOCOBAHO (PaKTOPHMIT Au3aitH 2X2X2 i3 KBasieKcIepuMeHTanbHIM migxogom. Co-
POK Y4acHUKIB 3 (iTHec-1IeHTPY 6Y/I0 PO3IO/ieHO Ha BiciM IPYII 3a/IeXKHO Bifj KOMOIHALil piBHs MOTHBALil (BUCOKUIT | HU3BKWIL),
TeHJEepPy Ta METORY TPEeHYBaHb (130MeTpUIHMI Ta i30KiHeTrIHMII). [laHi 110710 OKPY>KHOCTI Talii BUMIPIOBA/IICh ITepefi TOYaTKOM
Ta IC/IA 3aBepIlIeHH KYPCy BIPOIOBX 16 TpeHyBaHb, a aHa/Ii3 JAaHUX IPOBOAUBCA 3a JOIOMOTOI0 TPU(AKTOPHOTO AUCIIePCili-
Horo aHazisy (ANOVA).

Pesynprary. [30KiHeTHYHI TpeHyBaHH:A MOKa3aIy BUIY epeKTUBHICTD y 3MeHIIeHHI OKPY>KHOCTI Taslil HOpiBHAHO i3 i30Me-
TPUYHMMM TPEHYBaHHAMY, IPMYOMY BICOKUII piBeHb MOTMBAIlii OYB YUMHHIKOM, SIKUIT CIIPUSAB IIOKpallleHHIO pesynbTaris. Hato-
MiCTb TeH/iep He MaB CyTTEBOTO BIUIMBY Ha 3MEHIICHH:A OKPY)XXHOCTI Taii. MoTuBauis i Tun ¢isMyHMX BIIPaB CYyTTEBO BIUIMBATIN
Ha pesyybrari (p < 0,001), Toxi K MK MOTMBALIIEIO i TMIIOM BIIPaB CIIOCTepiranacs sHadyHa B3aeMozis (p < 0,01), mwo migkpecrioe
BAX/IMBICTb IIO€HAHHA IIUX JBOX YMHHMUKIB.

BucHoBku. MoTuBaliisi Ta METO[Y KOJIOBOTO TPEHYBAHHS € K/II040BUMM (GaKTOpaMU [/Isl FOCSATHEHHSI YCIIIIIHOTO pe3y/IbTaTy
B IIMTAHHAX W[OJ0 3MEHIIEHHA OKPY>KHOCTI Taslil, IpUYOMY /I peasisalii ONTMMaIbHUX PE3Y/IbTaTiB PEKOMEHIYEThCA 3aCTOCO-
BYBAaTM METOJ i30KiHETUYHMX TPEHYBaHb B AKOCTi IIpiopuTeTHOro BapianTa. OTpMMaHi aHi HaJAOTh IPAKTUYHI pPeKOMeH ALl
W1 po3po6bneHHs Oinbll e)eKTUBHUX Ta IHK/II03MBHMX IIPOrPaM i3 KOHTPOJII HaAMipHOI Macy Ti/a, 10 IPYHTYIOTbCA Ha IPUH-
umax QpisyHOI AKTUBHOCTI.
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Abstract

Background. In soccer, numerical superiority enhances the effectiveness of both offensive and defensive actions
performed by players. To improve the performance of the players, small-sided games (SSGs) with numerical
inferiority and superiority should be incorporated into training sessions. Objectives. The study aimed to evaluate the
effect of a 12-week training program using floaters and small-sided games (SSGs) on the physical performance of

soccer players.

Materials and methods. A total of 52 soccer players participated in the study. The age ranged from 14 to 16 years.
The participants were divided into small-sided games with the floater’s group (Group I, SSGs+Floaters, n = 26)

and the control group (Group II, n = 26). A 12-week program of small-sided games with floaters intervention was
completed by the experimental group, who trained five days per week. Each session lasted 90 minutes, including
warming up, small-sided games incorporating floaters intervention, lead-up games, and cooling down. The control
group did not practice the floaters training program. The Yo-Yo intermittent recovery level 1 test was used to assess
maximal aerobic endurance (VO,max), the Sargent jump test measured leg explosive strength, the Illinois agility
test assessed soccer-specific agility, and the 50-meter sprint test evaluated speed. A paired t-test was conducted to
measure the within-group differences from pre- to post-test, while the effects of the training were evaluated using

ANCOVA and effect size analysis.

Results. The results indicated that small-sided games with floaters intervention significantly improved maximal
aerobic endurance, leg explosive strength, and agility except speed. In contrast, the control group did not demonstrate
similar improvements. Furthermore, there was a significant difference between the experimental and control groups
in maximal aerobic endurance, leg explosive strength, and agility, although speed did not show such a difference.
Conclusions. The findings of this study suggest that implementing small-sided games with floaters intervention can
effectively enhance physical performance variables in junior soccer players.

Keywords: small-sided games, floaters training, VO, max, agility, leg explosive strength, speed.

Introduction

Soccer is a highly complex sport that demands profi-
ciency in all areas of performance. To attain success in soc-
cer, the players must excel in technical, physical, tactical,
and mental skills (Kusuma et al., 2024). It is an intermittent
sport, and one of the crucial factors for success is physical
fitness; the players need to develop and enhance both their
aerobic and anaerobic endurance (Michaildis et al., 2024).
It is well-known in high-performance sports that exercises
are most effective when closely resembling competition de-
mands (Mallo & Navarro, 2008). Thus, physical variables

© MA,M.K,G,V.K,&W,V,2025.
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can be improved in a manner that is more specific to soccer
than simply engaging in running alone (Hoff et al., 2002).
To incorporate the actual game conditions into training,
coaches aim to replicate the physical, technical, and tactical
requirements by adapting tasks to the specificity of the game,
simplifying their forms, and aligning training objectives ac-
cordingly (Kvas-Cabral et al., 2022; Vella et al., 2022).

The implementation of drill-based activities, such
as small-sided games (SSGs), has become popular and
prevalent in the last decade in soccer training for all ages and
levels. SSGs help to improve physical fitness and technical
and tactical skills (Halouani et al., 2014). The SSGs, played
on smaller pitches with fewer players, have become prevalent
for optimizing training time and improving soccer-specific
fitness and match-winning skills (Clemente et al., 2014),

357



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 2

which is a challenging, adaptable, fun, and social exercise
where participants of all ages can combine high-intensity
aerobic endurance, and strength training (Krustrup et
al,, 2016). The SSGs can emphasize player interactions
due to the smaller number of players and smaller playing
areas and impose intense physical demands (Clemente et al.,
2014). SSGs involve modifications in pitch size (Clemente
& Sarmento, 2020), using modified rules (Castellano et al.,
2013) involving fewer players (Selmi et al., 2020), which are
crucial for developing technical, tactical, and physiological
outcomes (Hill-Haas et al., 2011; Rampinini et al., 2007). The
SSGs are classified as small-sided (< 4 vs. 4), medium-sided
(MSGs) (5 vs. 5 to 8 vs. 8), and large-sided (LSGs) (9 vs. 9)
games (Owen et al., 2012).

The SSGs help to provide the ability to replicate the
complicated characteristics of a competitive match by
providing random situations and situational interference
(Sarmento et al., 2018). Participating in SSGs enhances
learning and contributes to the development of soccer
players. SSGs enable coaches to create and control particular
task constraints, such as numerical relationships, that
influence players in exploring and finding solutions to their
ability to adapt their behaviors to circumstances that are
constantly changing (Davids et al., 2013). Manipulating task
constraints in SSGs appears to be an effective method for
skill acquisition (Francesco Sgro et al., 2018). A commonly
manipulated numerical relations constraint in SSGs is using
floaters (Castellano et al., 2016). Changing the number of
players introduces temporary “overload” and “under load”
circumstances between the opposite teams through a
“floater” player. The effect of incorporating floaters in SSGs
is one of the most trending and frequently investigated task
constraints (Moreira Praca et al., 2017).

The “floater” is a player who always plays with the team
in possession during SSGs, providing numerical superiority
(Lacome et al.,, 2018). The coaches aim to create an imbal-
ance by including floater players, which makes the SSGs
drill more reflective of real game scenarios because soccer
often involves numerical imbalances, whether temporarily
or permanently. This unbalanced training pattern facilitates
ball retention and generates temporary ‘overload’ and ‘un-
derload’ situations, improving defensive and attacking skills
and increasing the physical load on the floater (Hill-Haas
et al,, 2010, 2011). This neutral (floater) player switches to
the team in possession of the ball, creating these temporary
situations. However, (Nagy et al. 2020) explained that as the
number of “neutral” players (floaters) increased, the inten-
sity of the small-sided games gradually decreased.

The floaters are typically used in two different manners:
as in-floaters, they are positioned inside the pitch as
regular players, switching teams every time ball possession
changes while always remaining in the attack (Lacome et
al., 2018). (Moniz et al., 2020) suggest that using inside
floaters influences physical, technical, and collective tactical
behavior. The second one is out-floaters, who stay on the
sidelines and serve as an option for players in possession
to perform wall passes (Castellano et al., 2016). (Lacome et
al., 2018) reported that coaches often use floater players to
manage the load of certain players. Their multifunctional
nature and the use of floaters boost intensity, making them
ideal for replicating the movement demands, physiological
intensity, and technical requirements of competitive play.

Although previous studies have provided extensive
information on the use of floaters during SSGs, there is a gap
in the investigation regarding possible changes in training
using floaters and SSGs on the physical performance of
soccer players. Physical variables have been identified as one
of the primary factors influencing performance in sports.
Thus, this study aimed to assess the effect of 12 weeks of
SSGs with floaters training on the physical performance
of soccer players, specifically focusing on maximal aerobic
endurance, leg explosive strength, agility, and speed.

Materials and Methods

Participants

The protocol for the investigation is summarised in
Figure 1. To conduct this study, 52 football players selected
from two academies (S.M.R.C. Kollemcode and S.B.FA.
Poovar) in Trivandrum, Kerala, India, were chosen. The age
ranges from 14 to 16 years, and the players have a minimum
of three years of experience in soccer. The participants
were divided into two groups, each with 26 players.
The characteristics of participants are presented in Table 1.
The Group I (n = 26) experimental group underwent SSGs
with floaters training. Group II (n = 26) served as the
control group. Before participating, each participant issued
written informed consent. The university’s institutional
ethical committee granted approval for the study (No.:HEC/
PU/2023/03-07-2023).

Practice session for
familiarisation

|

Pre-Test

I

Yo-Yo Intermittent Recovery Test Level 1 (VO2) Max

Sargent vertical jump (Leg Explosive Strength)
Tllinois agility test (Agility)
50 Meter Sprint (Speed)

Ty

Experimental
group

SSGs and floaters
intervention

[ 12 Weeks [

Control group

|

Regular soccer
practice

12 Weeks

Post Test

Fig. 1. Schematic diagram of the experimental protocol and
variable measurements followed in experimental and control
groups

Design

The SSGs with floaters training group underwent weekly
training for five days (Monday, Tuesday, Wednesday, Friday,
and Saturday). The practice session was only held in the
morning session. Each session lasts 90 minutes and includes
warm-up, SSGs with floaters training, match practice, and
cooling-down exercises. The control group engaged in their
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weekly schedule; they were on regular practice sessions. The
training program lasted a total of 12 weeks. The pre-test
measurements were taken one week prior to the beginning of
the study. In order to facilitate the participant’s familiarisation
with the assessments, each test was administered twice prior
to their conducting. All tests were performed on a soccer
field. The assessments were administered again one week
after (post-test) the completion of the training to evaluate
the effect of the SSGs with floaters training.

Procedure

The training sessions and physical performance tests
were conducted in the same environmental conditions,
such as a soccer field. On the testing day, all participants
completed the same eight-minute warm-up before the tests,
including multi-directional lunges and bodyweight squats
combined with mild running and dynamic stretches. After
the warm-up, subjects were given two practice trials for
each test. Consistent feedback was provided throughout
to ensure proper technique. These tests were conducted in
a single session. The participants were instructed to avoid
any strenuous exercise for at least 24 hours before testing.
Furthermore, players were advised to refrain from consuming
caffeine or other stimulants that might affect their natural
performance. They were also reminded of the importance
of maintaining proper nutrition and optimal hydration 48
hours before the testing session. The participants performed
vertical jump tests with barefoot and maximal aerobic
endurance, sprint, and agility testing with soccer boots. The
testing sessions consisted of the subsequent sequence of
tests: Sargent jump test for leg’s explosive strength, 50-meter
sprint, Illinois agility test and Yo-Yo intermittent recovery
test level 1 for Maximal aerobic endurance (VO,max).

Yo-Yo Intermittent Recovery Test Level 1

The participants were required to perform 2 x 20 m
shuttles. They started with both feet positioned behind the
starting line and took breaks by walking to a cone located
five meters behind the starting line. The test was controlled
by an auditory signal that gradually increased in speed. The
test started at a running speed of 10 km/h, increasing by
2 km/h in the next level and by 1 km/h in subsequent levels,
with further increases of 0.5 km/h in each subsequent level.
At least one foot had to contact the 20-meter line before
changing direction and returning to the start point. After
each run, there was a 10-second rest period during which
participants covered a distance of 10 meters (2 x 5 meters)
behind the starting line to prepare for the next repetition.
This sequence continued until the participant could not
maintain the required pace set by the auditory signal for two
consecutive runs. Participants could either voluntarily quit
the test or were eliminated if they failed to reach the finish
line on time twice. During the test, a yellow card was issued
the first time a participant failed to reach the line on time,
and the test was terminated with a red card on the second
occasion. The score recorded was the distance of the last
completed shuttle, converted to meters by multiplying each
completed level by 40. The VO,max could be estimated from
the participant’s performance in the test using the equation:
VO2 max prediction (mL/kg/min) = Yo-Yo IR1 distance

(meters) x 0.0084 + 36.4 recommended by (Bangsbo et al.,
2008).

Vertical jump

The Sargent jump test was used to evaluate vertical
jump performance as a measure of leg explosive strength.
A tape measure was fixed to the wall for vertical jump
measurement. The participants were standing sideways
against a wall and stretching as high as possible with their
fingertips. To perform the jump, participants began by
standing upright and then lowered themselves into a knee-
bent position to a depth of their choice, and they had to
jump as high as possible, marking the wall using chalk. The
vertical jump was determined based on the distance between
the initial standing position and the mark created during the
jump. During the execution of the jump, participants were
required to maintain continuous movement throughout the
descent and propulsive phases. Each subject underwent two
assessments with a period of passive rest in between.

lllinois Agility Test

The starting and finishing points of the Illinois agility
test are located in a 10-meter-long and 5-meter-wide
rectangle. The start and finish points of the trail, as well as
the two corners where competitors must turn, are marked
with four cones. The testing area was set up with four cones,
each spaced 3.3 meters apart. A stopwatch was used to
measure the time. The test requires the participant to lie on
their front with their hands resting on their shoulders and
their head directed towards the start line. At the researchers’
“Go” command, the stopwatch was started, and participants
promptly stood up and sprinted 10 meters from the starting
position to the first corner cone; participants had to touch
or cross the tape mark with their feet. After turning around,
they returned to the first centre cone and weaved back and
forth through the four centre cones. Next, the participant
should sprint as fast as possible to the second tape mark
located on the far line, where they again needed to touch
or cross the end-line tape marks with their foot. Finally, the
participants quickly turned and sprinted across the finish
line as quickly as possible without stepping on any of the
cones. Each subject performed two trials with 2-minute rest
intervals. The fastest time was measured in seconds.

50 Meter

The 50-meter sprint tests were performed to assess
the maximum speed of the soccer players. The beginning
and ending points were clearly indicated with cones. The
sprint was timed using a stopwatch. The test was performed
twice, with a recovery time of 6 minutes between trials.
The individual should be motivated to avoid decelerating
before reaching the finishing point. The fastest time from the
two sprints was chosen for further statistical analysis. The
scores were in seconds.

Statistical Analysis

Mean and standard deviation were calculated for all
variables for descriptive statistics. The normality of the
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examined parameters was assessed using the skewness and
kurtosis test. Paired t-test was used to identify significant
changes between the pre-test and post-test variables in both
groups. Additionally, the effect of training was assessed
using an analysis of covariance (ANCOVA) statistical
model, in which baseline data were added as covariates. The
size of the difference between the two groups was assessed
by computing Cohen’s d effect sizes. The interpretation of
values was based on the recommendations of Hopkins et al.
(2009), categorised as follows: < 0.20 was considered trivial,
0.20-0.60 as small, 0.61-1.20 as moderate, 1.21-2.0 as large,
and > 2.0 as very large. The SPSS statistics 21 Packages were
used to compute and evaluate all the data. The significance
level was set at < 0.05 level. SPSS Statistical package is used
as a statistical tool.

Table 1. Characteristics of the participants

Control Group  Experimental Group
Participants (M+SD) (M+SD)
(n =26) (n=26)
Age 15.60 + .68 15.40 + .59
Years of Experience 6.53 £ 1.99 6.43 £ 1.86
Height (cm) 160.70 £ 12.85 161.10 £ 12.08
Weight (Kg) 59.70 + 3.9 60.10 +4.3

Table 2. The small-sided floaters training programme

Size of Field
Format (M) Regimen Intensity
LxW
1 vs 1 +2 Floaters 6x18 6 x 1 min/ 2 minrest 80%
2 vs 2 +2 Floaters 12x24 6 x2min/2minrest 88%
3 vs 3 +2 Floaters 18x30 6 x3min/2minrest 92%
4 vs 4 + 4 Floaters 24x36 6x4min/2minrest 91%
5vs 5 + 3 Floaters 30x35 6x4min/2minrest 93%
6 vs 6 + 4 Floaters 30x40 3 x4 min/3 minrest 87%
7 vs 7 + 5 Floaters 64 x 46 3 x7min/ 3 minrest 94%
8 vs 8 + 1 Floater 70 x45 4 x8min/ 1 minrest 88%
9vs 9 + 1 Floater 60 x50 3 x5min/4minrest 81%

Results

Table 3 displays the summary of test results for both
the control group and the experimental group. Pre-
test comparisons across variables showed no significant

differences between groups at the baseline level. The paired
t-test results for maximal aerobic endurance revealed a
significant improvement between the pre-test and post-test
for both the control and experimental groups (p < 0.05).
The ANCOVA result further revealed a significant difference
in maximal aerobic endurance between the control and
experimental groups (F = 4.676, p = 0.035). Paired sample
t-test result of leg explosive strength and agility revealed a
significant improvement (ES = 0.46, ES = 0.43) for SSGs with
floaters training group but no improvement in the control
group (p > 0.05). The ANCOVA result showed that there is a
significant difference between the control and experimental
groups in leg explosive strength (F = 6.452, p = 0.014) and
agility (F = 5.64, p = 0.021). The paired sample t-test results
for speed indicated no significant improvement for both the
control group and the experimental group. Additionally, the
ANCOVA results revealed no significant difference in speed
between the control and experimental groups (F = 0.962,
p =0.331).

Maximal Aerobic Leg Explosive Strength
Endurance P
9 40
8 39
7 38
2 37
s 36
3 35
2 34
1 33
0 — . e . 32 =
Pre-test Post-test  Adjusted Post- Pre-test Post-test  Adjusted Post-
test test
mControl Group B Experimental Group W Control Group B Experimental Group
Agility Speed

ORr N WA UGN ®O

Post-test  Adjusted Post- Pre-test Post-test  Adjusted Post-
test test

mControl Group  BExperimental Group mControl Group B Experimental Group

Fig. 2. Graphical presentation of the physical components in the
experimental group and control group

Discussion

The primary objective of this study was to assess the
effects of a 12-week training program involving SSGs with
floaters intervention training on the physical performance,

Table 3. Results summary for all tests performed in the control and experimental groups

Control Group Experimental Group ANCOVA, p
Variable > > F (after
Pre- Test Post-test Col:iens Pre-Test Post-test P Colcllens intervention)
Maximal Aerobic
43,17 +£2.87 45.28 +3.07 .000* 1.01 41.99+2.33 45.37 +2.88 0.000* 2.10 4.676 0.035*
endurance
Leg Explosive 3¢/ 1 620 36.85+4.16 603 0.1 3701561 3941360 0001 046 6452 0.014*
Strength
Agility 18.70 £0.83 18.59 + 0.68 .589 0.107 18.67 £0.98 18.36 +0.68 0.037* 0.43 5.64 0.021*
Speed 7.89+0.51 7.72+0.39 .074 0.365 7.77+049 7.55+0.53 0.001* 0.726 0.962 0.331
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such as maximal aerobic endurance, leg explosive strength,
agility, and speed of soccer players. Moreover, the study
aims to determine whether the effects of a 12-week training
program involving SSGs with floater interventions were
more effective in improving physical performance compared
to a control group.

The pre-and post-training results show that the
experimental group, which underwent SSGs with floaters
interventions, showed significant improvement in maximal
aerobic endurance (p < 0.0001; d = 2.10). Our result is
consistent with some of the previous studies stating that the
use of a floater seems to be more effective in soccer games with
a smaller size, and this could be suitable for the maintenance
or development of aerobic capacity (Hill-Haas et al., 2010)
and also regarding the team size, SSGs with fewer players
appear to have a more significant effect on aerobic capacity
(Pop et al., 2022). The control group also shows significant
improvement in maximal aerobic endurance (p < 0.0001;
d = 1.01). The control group showed a change in maximal
aerobic endurance, likely due to their high-intensity daily
training load (Table 3). This present study found a significant
difference between the experimental and control groups.
Compared to the control group, the experimental group
showed greater maximal aerobic endurance; similarly,
previous research has demonstrated a high increase in
VO,max ability in the small-sided games experimental group
compared to the control group (Resah Pratama et al., 2024;
Xu et al., 2024). Similarly, Rampinini et al. (2007) suggested
that smaller-sided games induce higher physiological stress,
resulting in superior cardiovascular adaptations compared
to conventional endurance training. In contrast to our result,
Thomakos et al. (2023) observed no significant improvement
in aerobic fitness within an SSG group. This discrepancy
could be attributed to differences in training intensity,
duration, or tactical constraints imposed during sessions.
Moreover, Aguiar et al.(2013) suggest that in SSGs, coaches
can use fewer players, such as 2- and 3-a-side, to enhance
cardiovascular effects. Conversely, using more players, like
4- or 5-a-side, can enhance variability and better align with
the specific demands of competition. The studies corroborate
that modifying the number of players and pitch dimensions
directly influences training load, movement patterns, and
aerobic responses (Owen et al., 2014; Dellal et al., 2012).
The role of floaters in SSGs may provide a key differentiating
factor by increasing overall game dynamics, movement
variability, and positional play, leading to sustained high-
intensity activity (Clemente et al., 2021; Castillo et al,,
2018). However, these studies primarily focus on SSGs
alone, without incorporating floater interventions, making
this study a unique contribution to the field. Practically,
integrating small-sided games with floaters can serve as an
effective training strategy to enhance aerobic endurance. The
inclusion of floaters provides tactical benefits, promoting
increased ball possession, sustained movement intensity,
and varied positional demands (Sdnchez-Sanchez et al,,
2018; Kokl et al., 2015). Coaches can optimize training
by adjusting team formations, modifying pitch size, and
managing the intensity of floater involvement to maximize
physiological adaptations.

Analyzing the results in the explosive leg strength,
our results suggest that SSGs with floaters intervention
significantly improved leg explosive strength (p < 0.01;

d = 0.46). These improvements are in accordance with
previous studies explaining that vertical jump performance
was significantly enhanced with the implementation of SSGs
in sedentary adults, irrespective of sex (Xu et al., 2024), and
Karahan (2020) suggests that SSGs were found to be effective
in improving the explosive power and vertical jump heights
of young soccer players during the pre-season preparation
period. Conversely, other research demonstrates that there
was no change in muscle power after six weeks of SSGs
(Ouertatani et al., 2022). While comparing the difference
between the experimental and control groups, the result
shows that the experimental group (SSGs with floaters
training) exhibited higher leg explosive strength after
12 weeks.

Regarding agility, the results of this study suggest that
the 12 weeks of SSGs with floaters intervention significantly
improved agility (p < 0.05; d = 0.43) from pre- to post-
training. Our result aligns with other researchers who have
found that SSGs enhance agility performance by improving
the speed of cognitive decision-making rather than physical
movement speed (Young & Rogers, 2014) According
to Chaouachi et al. (2014), the SSGs can be an effective
approach to enhancing agility and change of direction in
elite-level young male soccer players, they also recommend
reducing the number of players to improve agility. This study
also found a significant difference between the experimental
and control groups; the experimental group showed greater
agility than the control group. Similarly, Subramani &
Arumugam (2015) reported that the SSGs training group
showed significant improvement in agility compared to the
control group. Additionally, Salazar-martinez et al. (2023)
Top of FormBottom of Form found the same stated that
compared to the high-intensity interval training group,
the SSGs experimental group showed better agility time.
However, Karahan (2020) reported that practising skill-
based training with maximum intensity might be more
useful than small-sided games in enhancing the physical
performance variables of young football players during the
pre-competitive season. Nonetheless, these studies do not
adequately address interventions involving floaters.

Considering the speed, there is no improvement in SSGs
with floaters intervention experimental group and control
group. Our findings align with the works of Hill-Haas et
al. (2009) and Radziminski et al. (2013), who reported that
no significant change in speed performance after the SSGs
intervention. As Nayiroglu et al. (2022) noted, this result is
anticipated in SSGs because there is often acceleration and
deceleration, mainly caused by the reduced dimensions of
the playing field and other limitations imposed by the drills.
However, a four-week small-sided games training program
resulted in a significant enhancement in repeated sprint
ability, as evidenced by the decrease in the time taken to
complete a 10-meter sprint (Owen et al., 2012). The result
regarding speed also shows that there is no significant
difference between the experimental and control groups. A
similar result was reported by Karahan (2020), indicating
that skill-based training helps to improve 20-meter
sprint performance in soccer players compared to SSGs.
Chaouachi et al. (2014) also found that the control group
significantly improved in sprinting longer than 10 meters,
and they recommend that this may be possible due to the
potential impact of soccer training on short-term anaerobic
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fitness. The lack of significant improvements in speed among
soccer players in this study could be attributed to the limited
training period and the starting level of physical fitness of
players.

This study has certain limitations. The main limitation
of this study was the small sample size, which limited
the generalisations. Hence, it is important to interpret
conclusions carefully. Additionally, another limitation
of this study was absence of a specific small-sided games
group (SSGs without floaters). Another major constraint of
the study could be attributed to the fluctuation in climatic
circumstances throughout the intervention period, which
may have led to varied results. However, this is the first study
to analyse a 12-weeks intervention involving SSGs with
floaters intervention on the physical performance of soccer
players. Furthermore, future investigations should focus on
including players from various age groups and skill levels.
They should also examine the differences in technical-tactical
actions related to the manipulation of floaters’ positioning.

Conclusion

The aim of this study was to evaluate the effect of SSGs
with floaters intervention on the physical performance of
junior soccer players. The findings suggest that SSGs with
floaters training significantly improve physical performance
variables, including maximal aerobic endurance, leg
explosive strength, and agility. However, this specific
training did not make any improvements in speed. There is a
significant difference between the experimental and control
groups in maximal aerobic endurance, leg explosive strength,
and agility except for speed, and the experimental group
showed significant improvement compared to the control
group. The SSGs format, when combined with floaters,
is well-suited for soccer training due to the number of
opportunities it provides for players to deal with competitive
game situations, including numerical imbalances in both
attack and defense. Attention should be given to applying
SSGs with floaters intervention methods to improve physical
performance, incorporating more advanced training
concepts to increase training efficiency and effectiveness,
thereby enhancing athletic performance. This study
highlights the need for further exploration into optimized
training methods tailored for young soccer players.
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Bnnus irop HeNOBHMMMU CKNagamMm Ta iHTepBeHUil
i3 3acTocyBaHHAM no3uuii pnoarepiB Ha NOKaA3HUKN
$isnyHNX KomnoHeHTiB PyTOONICTIB

Mirxyn Kymap MA'A®<P; Binop Kymap I''A5¢P, Bunoo B'4BCP

"Yuisepcurer Ilonpiveppi

ABTOpCBHKNMIT BKIAM: A — FU3aitH ZOCTIIKeHHsT; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 9 c., 3 Tab1., 2 puc., 47 pxeper.

Icropisa nmurannaA. YncenbHa nepesara y GyTooni nmigsuuye eeKTUBHICTD AK aTaKyBa/lbHUX, TAK i 3aXMCHUX il 110 BU-
KOHYIOTbCA rpaBsiMi. 11106 MOMMIINTY pe3yIbTaTUBHICTD IPABLB, C/Iifi BKIIOYATU y TPEHYBa/IbHI 3aHATTS irpu HEIIOBHUMU

cxmagamu (SSGs) i3 4nceTbHOI MEHIIICTIO Ta IePeBarolo.

Merta gocnifkeHHA. MeTa JOCi/pPKeHHA 10/ATraNa B OLiHIOBaHHI BIUVIMBY 12-TU>KHEBOI IPOrpaMy TPeHYBaHHA i3 3aCTOCY-
BaHHAM no3uii ¢roarepis Ta irop HermoBHMMY cktaamu (SSGs) Ha pisudHy npane3faTHicTb GyTOOICTIB.
Marepianu Ta MeTOgu. Y OCIIPKEHH] B3N y4acTb 52 (byT6011iCTM. Bik rpaBuiB komuBaBscA Bif 14 g0 16 pokiB. Y4yacHK-

KiB Oy/10 pO3IIOAi/IeHO Ha IPYIly i3 IPOBEleHHAM irop HEMOBHMMM CKJIaJiaMM i3 3aCTOCYBaHHAM Io3ulil ¢roarepis (rpyma I,
SSGs+Floaters, n = 26) Ta KoHTponbHY rpymy (rpyma II, n = 26). EkcriepuMeHTaIbHa IPyIa Ipoiflia 12-TYHKHEBY porpamy i3
BIPOBA/DKEHHs irop HENOBHMMM CKJIafiaMy, 110 Iepenbadara IIpOBeIeHHs iHTepBeHLl i3 3acTocyBaHHAM no3uuii ¢roarepis,
TPEHYIYNUCD IT ATD JHIB Ha TIDKAEHb. Ko)kHe 3aHATTA TpyBano 90 XBUINH i BKIII0YA/IO B cebe pO3MUHKY, irpy HEMOBHUMM CKJIa-
Iami i3 IpoOBeeHHAM iHTepBeHIil, 1[0 Iepefgbadana 3acTOCyBaHHs MOo3uLiil ¢yroarepis, HiABiAHI irpy Ta IpUBeEeHHsI OPraHisMy
0 HOPMaJIbHOTO CTaHY IiC/IA TPeHYBaHH:A. Y KOHTPOJIBHII IPYIIi IporpamMa TpeHyBaHb i3 3aCTOCYBaHHAM H03ullii proaTepis He
NPaKTUKYBAacs. 3 METOI0 OLiHKM MaKcUManbHol aepo6Hoi BuTpusanocti (VO,max) sukopucrosysascs Tect Vo-Vo 3 nepe-
PMBYACTUM Bif[HOBJIEHHAM PiBHA 1, Iy BUMiploBaHHA BUOYXOBOI cumn Hir — crpubkoBmit Tect CappkeHTa (BepTHKaIbHUIL
CTpUOOK), 15t OLiHKM Py TOOIBHOI CIPUTHOCTI — DITIHOMCHKUIT TECT Ha CIPUTHICTD, a /11 OLiHKY IIBUAKOCTI —CIPUHTEPCHKII
TecT Ha AucTanuio 50 MeTpis. [/ BUMiploBaHHA BHYTPilTHbOIPYIOBMX BifIMiHHOCTel IOKa3HMKIB Ha eTallax Iepef Ta Mic/ 3a-
BepIIIeHH: TeCTYBaHHsI 6y/I0 IPOBEIEHO TECT i3 3aCTOCYBAHHSIM t-KpUTepio sl IapHMX BUOIPOK, @ BIUIMB TPEHYBAHb OLIiHIOBA/IN
3a JI0IIOMOro¥o KoBapiariiiHoro ananisy (ANCOVA) ta aHayisy posmipy edekry.
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Pesynbraru. PesynbraTyt Boc/ifiyKeHHA IOKa3any, 10 irpy HEMOBHMMM CK/IaJlaMM i3 IPOBeNeHHAM iHTepBeHIIil, AKa repef-
6auajia 3aCTOCyBaHHs O3MLIT y10aTepiB, CIPUAIN 3HAYHOMY ITOKpAllleHHIO IIOKa3HMKIB MaKCHMaIbHOI aepOoOHOI BUTPUBATIOCTI,
BM6yXOBo'1' CVJIN HIil Ta CIIPUTHOCTI, 3a BUHATKOM IIBUAKOCTI. HaToMicTh KOHTpO/IbHA Ipylla He IPOAEMOHCTPyBajIa nopi6Hux
MO3UTUBHUX 3MiH. KpiM TOro, Mi>k eKcliepMMeHTaIbHOIO Ta KOHTPO/IbHOIO IPyIIaMy CIIOCTepiranacs CyTTeBa pisHUIA y IOKa3-
HIKaX MaKCUMaabHOI aepo6H0'1' BUTPUBANOCTI, BM6yXOBo'1' CVJIM HiT Ta CIIPUTHOCTI, MPOTe MO0 IBUAKOCTI TaKOI BiTMiHHOCTI He
BCTaHOBJIEHO.

Bucnosku. OrpuMaHi faHi CBifyaTh 1po Te, 110 BIPOBA/PKEHH:A irop HEIOBHMMMU CK/IaJJaMU Ta iHTepBeHIlii i3 3acTocyBaH-
HAM nosuii ¢roarepis crpuse epeKTMBHOMY MiJIBUIIEHHIO MOKa3HNUKIB (isnyHOI paliesaTHOCTI I0HUX (yTOOMiCTIB.

KirrouoBi croBa: irpu HemoBHVMY CKIafiaMIt, TpeHyBaHHA ¢oatepis, VO,max, CIPpUTHICTb, BUOYXOBa CMJIa Hil, IIBUAKICTb.
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Abstract

Objectives. This study aimed to examine the effects of different floater configurations in small-sided games (SSGs)
on physiological responses, external load metrics, and technical performance among professional soccer players.
Materials and methods. Twenty male players from the Thailand League 3 (age: 21.4 + 1.82 years) participated

in three SSG formats: standard (4v4), one floater (4v4+1), and two floaters (4v4+2). Each format consisted of

4 x 4-minute bouts with 4-minute rest intervals on a 32 x 25-meter pitch. Heart rate responses, locomotor activities,

and technical actions were analyzed.

Results. Significant reductions in maximal heart rate and mean heart rate were observed (181.55 vs 169.55

and 168.15 vs 156.15 beats-min-1) in the 4v4+2 format compared to 4v4. High-intensity running decreased

(238.60 vs 91.35 m), while technical performance improved, as evidenced by increased total passes and successful
passes (81.25 vs 142.50 and 68.00 vs 123.00) in the 4v4+2 format. The 4v4+1 format provided intermediate responses

in both physiological and technical parameters.

Conclusions. These findings suggest that floater-modified SSGs effectively reduce physiological demands while
enhancing technical performance, offering coaches practical tools for manipulating training intensity and technical

development in soccer training programs.

Keywords: small-sided games, heart rate, locomotor activities, technical skills, floater player.

Introduction

The evolution of soccer training methodologies has
witnessed a paradigm shift with the emergence of small-
sided games (SSGs) as a sophisticated training tool. While
traditional training methods often separate physical
conditioning from technical skill development, SSGs offer
a unique solution by simultaneously addressing multiple
performance components. Of particular interest is the
innovative use of floaters — additional players who participate
for the possession team — which has emerged as a compelling
variable in training design, yet remains insufficiently
understood in terms of its comprehensive impact on
player performance (Clemente et al., 2021). Recent meta-
analytical findings have revealed intriguing relationships
between SSG design variables and performance outcomes.

© Chootsungnoen, P, Leenoi, P, & Suwannate, C., 2025.
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Clemente et al. (2023) discovered substantial effect sizes
for pitch size modifications on physiological responses,
physical demands, and technical actions. These compelling
results suggest that spatial constraints significantly influence
training outcomes, raising important questions about how
the addition of floaters might modulate these effects. Most
soccer training consists of internal loads consisting of heart
rate zones and measurements derived from heart rate,
including the level of perceived exertion (sRPE). External
loads consist of distance in different speed zones, total
distance, and acceleration (Sobolewski, 2020).

The manipulation of floater numbers presents a fasci-
nating paradox in training design. Asian-Clemente et al.
(2021) revealed that incorporating two floaters led to coun-
terintuitive results: significant reductions in total distance
(-12.3%), high-speed running (-18.7 %), and accelerations
(-15.4%). This unexpected finding challenges conventional
wisdom about numerical advantages in soccer and suggests
a more complex relationship between player numbers and
physical demands than previously assumed. Contemporary
professional soccer demands have reached unprecedented
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levels, with Gualtieri et al. (2023) documenting that elite
players must perform 55-75 high-speed running actions and
15-35 sprints per match. The challenge of replicating these
demands in training while maintaining technical quality has
become a central concern for practitioners. Remarkably, Ri-
boli et al. (2023) demonstrated that manipulating area per
player (75-175 m?) could explain 56 % of the variance in
high-speed running distances (> = 0.56) and 48 % of sprint
distances (n* = 0.48), suggesting a powerful tool for load
management. A particularly compelling finding emerges
from the work of Nunes et al. (2020), who discovered that
numerical superiority created by floaters produced a fasci-
nating cascade of effects: reduced physiological stress (-8.5 %
heart rate, -25.3 % blood lactate) coupled with enhanced
technical performance (+35.7% possession duration,
+42.3 % successful passes). This intricate relationship be-
tween physical relief and technical enhancement offers excit-
ing possibilities for optimizing training design. The quest for
optimal training parameters has yielded surprising insights.
Riboli et al. (2020) identified a strong correlation between
area per player and successful technical actions (r = 0.78,
p <0.001), suggesting that spatial constraints might be more
crucial for skill development than previously recognized.
This finding was further nuanced by their subsequent re-
search with youth players (Riboli et al., 2022), revealing age-
specific adaptations in spatial requirements.

Perhaps most intriguingly, de Dios-Alvarez et al. (2024)
recently uncovered remarkably strong relationships between
playing area and various performance metrics in elite youth
soccer: total distance (r=0.85), high-speed running (r=0.79),
and sprint distance (r = 0.72). These robust correlations
suggest a level of predictability in training responses that
could revolutionize SSG design. The temporal demands
of modern soccer add another layer of complexity to this
puzzle. Oliva-Lozano et al. (2021) identified that the most
demanding passages of play exhibit 15-25% higher physical
outputs than match averages, lasting 3-5 minutes. This finding
raises crucial questions about how floater numbers might be
manipulated to replicate or moderate these intense periods
effectively. Despite these advances, a significant gap exists in
our understanding of how floater numbers simultaneously
influence internal load, external load, and technical
performance. While individual relationships have been
explored, the interaction effects remain largely unknown.
This knowledge gap is particularly relevant given Dolci et
al’s (2020) documentation of increasing match demands,
with elite players now covering 10-12 km and performing
150-250 high-intensity actions per match. This review
aims to unravel the complex relationships between floater
numbers and various performance parameters in soccer
SSGs. By synthesizing current evidence and identifying
methodological gaps, we seek to advance understanding of
this crucial training variable. The findings hold significant
implications for training optimization in modern soccer,
potentially revolutionizing how we approach SSG design
and implementation.

Based on these considerations, this research aims to
investigate how small-sided games incorporating either
one or two floaters influence physiological responses (heart
rate), locomotor activities, and technical skill execution
when implemented in soccer training. Specifically, this study
examines whether different floater configurations (one versus

two floaters) result in significantly different proportions of
cardiovascular response, movement patterns, and technical
skill utilization among soccer players. The findings from
this investigation will provide evidence-based guidelines
for coaches to effectively implement small-sided games in
training programs, optimizing both physical conditioning
and technical skill development in soccer players.

Materials and Methods

Study Participants

The participants consisted of 20 male professional soc-
cer players in Thailand League 3 (Age: 21.4+1.82 years,
Height: 175+5.41 cm, Weight: 64.7+3.87 kg, BMI:
21.1+1.40, Body fat percentage: 9.54+3.30, VO,max:
57.7+4.43 mL-kg ' 'min™"). All participants underwent the
Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) to deter-
mine their maximal oxygen consumption. The VO,max was
calculated using the formula: VO,max (mL-kg™"'min™") =
IR1 distance (m) x 0.0084 + 36.4 (Kabdwal et al., 2023). Par-
ticipants were then randomly assigned to groups with no sig-
nificant differences in mean VO,max values between groups.
The inclusion criteria required participants to be free from
any muscular or joint injuries and maintain regular training
sessions for at least 5 days per week and 1 match per week.
Exclusion criteria included a player having injuries that pre-
vented participation in the experimental procedures, and
non-compliance with research protocols. All participants
were informed about the research procedures, potential
benefits, and risks. Written informed consent was obtained
from all participants. This study was approved by the Human
Research Ethics Committee of Kasem Bundit University,
Bangkok, Thailand, in accordance with the Declaration of
Helsinki (approval number: KBU-HREC 034/67).

Study Organization

The small-sided games training with a small pitch
format refers to a possession-focused training method
conducted on a 32 x 25-meter pitch (1 player per 100
square meters) (Michailidis., 2024). Players were divided
into two teams of 4 players each. The training consisted of
4 x 4-minute periods with 4-minute rest intervals between
rounds (Riboli et al., 2023; Eniseler et al., 2017) A total of
4 sets were completed with free-play conditions and coach
encouragement (Sarmento et al.,2018) In the format with
a neutral player, this player could only participate with the
team in possession of the ball or in attacking play and was
not allowed to challenge for the ball when possession was
lost, as shown in Figure 1.

Before beginning the small-sided games training,
participants completed a 15-minute warm-up protocol
consisting of 5 minutes of jogging, 8 minutes of dynamic
stretching exercises, and 3 repetitions of 10-meter maximum
sprint runs for muscle activation (Eniseler et al., 2017).

Heart rate measurements were taken during resting
conditions before each training session. A sample group of
20 participants was monitored, and training was suspended
if heart rates exceeded normal parameters. Heart rate
measurements were recorded during each small-sided
game session. Heart rate monitoring was conducted using
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Fig. 1. Three SSG methods: (A) Ball possession without floater
players; (B) Ball possession with 1 floater players; and (C) Ball
possession with 1 floater

Polar Team Pro system (Polar Electro, Kempele, Finland)
to determine internal and external loads for each player
(McFadden et al., 2020). Individual participants’ mean heart
rates were categorized according to playing time proportion
(%) using predetermined intensity zones: Zone 3: 70-79%
HRmax, Zone 4: 80-89% HRmax, Zone 5: 90-100% HRmax.
Maximum and average heart rate responses were recorded
for each individual (Nagy et al., 2020). Locomotor activities
during each small-sided game, the following parameters were
measured: Total distance (TD), High-intensity runs (15-23.9
km/h), Sprint (>24 km/h) (Riboli et al., 2020). All training
results were recorded during each session. The small-sided
games were conducted between 4:00 - 6:00 PM. A minimum
recovery period of 72 hours was implemented between
training sessions before beginning a new SSG format (Silva
et al., 2018; Goulart et al., 2022). During all small-sided
games (SSG), video recordings were captured using a Veo

Sport Camera (Veo Technologies ApS, Danmark) positioned
at a height of 5 meters above the center of the soccer field to
ensure complete coverage of the playing area. To track the
skills used by soccer players during small-sided games, the
recorded videos were analyzed using Dartfish Live computer
software (Dartfish, Fribourg, Switzerland) (Hintermann
et al.,, 2021). The analyzed skills included: Total passes,
Successful passes, Dribbling, and Interceptions (Riboli et
al., 2023).

Statistical Analysis

Descriptive statistics were calculated for all experimental
data as mean and standard deviation (SD). Normality of the
distribution for all data was confirmed by Shapiro-Wilks test
(p > .05). Differences between the performance outcome
(Heart rate, Locomotor activities and Technical skills) were
compared using one-way ANOVA was used to determine
differences between Heart rate, Locomotor activities and
Technical skills, with Bonferroni Post Hoc tests used to
identify specific differences. Statistical significance was tested
at p < 0.05. by SPSS Statistics Version 26 (IBM, Armonk, NY,
USA).

Results

The finding of Internal and external loads values of the
soccer players participating in the study after SSG with 4v4,
4v4+1, 4v4+2 are listed in Table 1.

Data on the internal and external loads during different
SSGs formats (Table.1) showed that HR max, %HR max, HR
mean,%HRmean,Zone3,Zone4,Zone5, Totaldistance,High-
intensity runs SSGs 4v4 were higher (p < 0.05) than for SSGs

Table 1. Internal and external loads during different SSGs formats

Internal and external loads

Small-Sided Game Formats (n=20)

variables 4v4 4v4+1 4v4+2
HR max (beats-min!) 181.55 + 8.75 175.65 + 11.36 169.55 + 8.85*
HR max (%) 90.70 £ 4.11 88.15 £ 5.65 85.00 £ 4.47*
HR mean (beats-min™') 168.15 + 10.09 165.95 +7.16 156.15 + 11.73*
HR mean (%) 84.25+5.13 83.25 + 3.56 78.40 £ 5.72%
Zone 3 22.75+13.10 15.80 £ 6.09 11.27 +5.43*
Zone 4 39.62 £ 11.77 47.20+£13.6 49.00 + 8.70%
Zone 5 15.98 £ 12.12 15.16 £17.29 7.16 + 10.23%

2596.25 £ 117.33
238.60 + 82.72
490 +4.21

Total distance (m)
High-intensity runs (m)
Sprint (m)

2584.60 = 177.04
158.80 = 44.20 #
4.90 + 6.66

2475.25 £ 121.98*
91.35 £ 35.91*
3.60 +8.79

* Significant difference (p <0.05) between 4v4 and 4v4+2 , # Significant difference (p <0.05) between 4v4 and 4v4+1

Table. 2. Technical skills performance during different ssgs formats

Technical Skills Variables

Small-Sided Game Formats (n = 20)

4v4 4v4+1 4v4+2
Total passes 81.25 +15.39 105.75 £ 7.32# 142.50 + 18.66*
Successful passes 68.00 + 12.78 92.50 + 6.85 123.00 + 18.12%
Dribbling 11.25+5.73 6.25 £ 2.50 6.00 +3.16
Interceptions 10.25 + 3.40 12.00 + 1.82 14.25 + 2.50

* Significant difference (p <0.05) between 4v4 and 4v4+2 , # Significant difference (p <0.05) between 4v4+1 and 4v4+2
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Internal and External Load Comparison in Small-Sided Games

1751

1501

1251

Load Metrics
=
o
o

~
wv

50

251

4v4+1
Small-Sided Game Format

HR Max (beats/min)
HR Mean (beats/min)
Zone 3 (%)

Zone 4 (%)

Zone 5 (%)

Fig. 2. Internal and external load comparison in small-sided games

Technical Skills Performance in Small-Sided Games

142.50

140

120}

100}

80

Count

60

401

201

11.25 10.25

4v4+1
Small-Sided Game Format

B Total Passes

M Successful Passes
s Dribbling

mm Interceptions

14.25

Fig. 3. Technical skills performance in small-sided games

4v4+2 (HR max: 181.55+8.75 vs 169.55+ 8.85beats-min™,
%HR max: 90.7x+4.11 vs 85.0+4.47%, HR mean:
168.15+10.09 vs 156.15+11.73 beats-min’!, %HR mean:
84.25+5.13vs78.40+ 5.72 %, Zone 3: 22.75+ 13.10 vs 11.27
+ 5.43%, Zone 4: 39.62 + 11.77 vs 49.0 + 8.70 %, Zone 5:
15.98 + 12.12 vs 7.16 + 10.23 %, Total distance: 2596.25 +
117.33 vs 2475.25 + 121.98 m, High-intensity runs: 238.60 +
82.72vs 91.35 + 35.91 m., respectively). And high-intensity
runs SSGs 4v4 were higher (p < 0.05) than for SSGs 4v4+2

(High-intensity runs: 238.60 + 82.72 vs 158.80 + 44.20 m);
however, there was no discernable difference between sprints
in the small-sided games all the groups.

Data on the technical skills during different SSGs
formats (Table.2) showed that total passes and successful
passes SSGs 4v4+2 were higher (p < 0.05) than for SSGs 4v4
(total passes: 142.50 + 18.66 vs 81.25 + 15.39 pass, successful
passes: 123.00 + 18.12 vs 68.00 + 12.78 pass) and total
passes SSGs 4v4+1 were higher (p < 0.05) than for SSGs 4v4
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(total passes: 105.75 + 7.32 vs 81.25 + 15.39 pass); however,
there was no discernable difference between dribbling and
interceptions in the small-sided games all the groups.

Discussion

This study investigated the effects of different floater
configurations in small-sided games (SSGs) on internal
load, external load, and technical performance among
professional soccer players. The findings reveal significant
differences across various performance parameters when
comparing different SSG formats (4v4, 4v4+1, and 4v4+2),
which warrant detailed discussion.

The results demonstrated significant reductions in
cardiovascular demands when additional floaters were
introduced, particularly in the 4v4+2 format compared to the
standard 4v4 setup. The decrease in HRmax (181.55 + 8.75
vs 169.55 + 8.85 beats-min™') and HRmean (168.15 + 10.09
vs 156.15 + 11.73 beats-min') represents approximately a
6.6 % and 7.1 % reduction respectively. This physiological
response pattern aligns with recent research by Gantois et
al. (2023), who found that manipulating SSG configurations
significantly affects heart rate responses and perceived
exertion. The magnitude of these changes is particularly
noteworthy when compared to Rabano-Munoz et al. (2023)
findings, whichreported similar reductions (5-8 %) ininternal
load metrics among young elite players during defensive
SSGs with numerical imbalances. The distribution of time
spent in different heart rate zones revealed a systematic shift
towards lower intensity zones with the addition of floaters.
Zone 3 (70-79 % HRmax) showed a marked decrease from
22.75 + 13.10% in 4v4 to 11.27 + 5.43% in 4v4+2, while
Zone 4 (80-89 % HRmax) increased from 39.62 + 11.77 % to
49.0 £ 8.70 %. This redistribution suggests a more controlled
physiological response, supporting Guard et al. (2022)
conclusions about the effectiveness of numerical imbalance
in modeling training intensity while maintaining tactical
engagement. Meanwhile, Ueda et al. (2023) conducted a
study comparing 3v3 and 6v6 minigames and found that
smaller formats create an environment in which players
display more aggressive behavior. with more movement
towards the opponent’s goal and more frequent duel.
This can be explained by reduced opportunities to play
together. and the need to develop individual skills to deal
with different game situations. This study highlights that
managing numerical ratios between teams in small-sided
games influences decision-making and strategic aspects. An
increased number of opponents leads to lower heart rates,
reduced uncertainty, and reduced flexibility, resulting in
different internal loads, which is consistent with the results
of this study.

The analysis of external load metrics revealed
substantial differences between SSG formats, particularly
in high-intensity activities. The 4v4+2 format resulted
in a 4.7 % reduction in total distance covered (2596.25
+ 117.33 m vs 2475.25 + 121.98 m) compared to the 4v4
format. More dramatically, high-intensity runs decreased
by 61.7 % (238.60 + 82.72 m vs 91.35 £ 35.91 m), indicating
a fundamental shift in movement patterns. These findings
expand upon Asian-Clemente et al. (2021) research on high-
speed training adequacy in SSGs, demonstrating that while
floater-modified formats may reduce high-intensity actions,

they maintain sufficient overall physical engagement for
training purposes. Trombiero et al. (2023) research on
numerical superiority provides context for these changes,
suggesting that the reduced physical demands stem from
improved tactical positioning and ball circulation. This is
further supported by our sprint distance data, which showed
no significant differences between formats (4.9 + 4.21 m vs
3.6 £ 8.79 m), indicating that while sustained high-intensity
running decreased, the opportunity for explosive actions
remained consistent.

Thetechnical analysisrevealed substantialimprovements
in passing metrics with the addition of floaters. The 4v4+2
format demonstrated a 75.4 % increase in total passes
(142.50 + 18.66 vs 81.25 + 15.39) and an 80.9% increase
in successful passes (123.00 + 18.12 vs 68.00 + 12.78)
compared to the 4v4 format. The success rate of passes also
improved from 83.7 % in 4v4 to 86.3% in 4v4+2, indicating
enhanced technical efficiency. These improvements align
with Clemente and Sarmento’s (2020) systematic review
findings on SSG effects on technical actions. Notably, while
passing metrics improved significantly, dribbling frequency
decreased from 11.25 + 5.73 in 4v4 to 6.00 + 3.16 in 4v4+2,
suggesting a shift towards more collaborative play patterns.
This aligns with Ueda et al. (2023) research on creative
movements in SSGs, indicating that numerical advantages
promote collective tactical solutions over individual actions.
The enhanced passing performance observed in our study
reflects both technical and cognitive adaptations. The
increase in successful passes (80.9 %) coupled with a higher
success rate suggests improved decision-making under
reduced temporal pressure. Sousa et al. (2021) demonstrated
that unbalanced formats affect decision-making processes
by creating clear numerical advantages, allowing players
more time and options for tactical choices. The relationship
between technical execution and tactical positioning is
further evidenced by the increase in interceptions (10.25 +
3.40 to 14.25 £ 2.50) in the 4v4+2 format. This improvement,
as supported by Coutinho et al. (2024) research on ball
possession directionality, suggests that players in the
defensive phase adapted their positioning to compensate for
the numerical disadvantage. These findings provide specific
guidelines for training design in professional soccer. The
observed 6.6% reduction in HRmax and 61.7% reduction
in high-intensity running with 4v4+2 formats suggests these
configurations are ideal for technical development sessions or
recovery training. This aligns with Nagy et al’s (2020) findings
that different SSG formats can be strategically employed to
achieve specific training objectives, with larger-sided games
(including floaters) being particularly effective for technical
development while maintaining moderate physiological
demands. Their research demonstrated that manipulating
player numbers is an effective tool for controlling training
intensity, with formats similar to our 4v4+2 configuration
producing lower physiological responses while maintaining
high levels of technical engagement. However, as highlighted
by Rabano-Munoz et al. (2023), coaches should consider
complementary high-intensity training to maintain match-
specific physical capabilities. The progressive changes
observed from 4v4 to 4v4+1 to 4v4+2 formats provide
coaches with a systematic approach to manipulating training
intensity. The intermediate responses in the 4v4+1 format
(e.g., 158.80 + 44.20 m high-intensity running) offer a
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stepped approach to load management while maintaining
technical engagement. An increase in the number of
teammates produced an increase in the frequency of
attacking patterns. By contrast, an increase in the number
of opponents produced a decrease in the use of basic actions
such as passing or driving by players in possession of the
ball, while an increase in the number of teammates produced
more defensive actions focused on protecting the goal, with
more players balancing, although it did not produce an
increase in the number of players pressing or dissuading.
(Torrents et al., 2019)

Future research should investigate the long-term
training adaptations to different SSG formats with varying
floater numbers and examine how these adaptations might
differ across playing levels and positions. Additionally,
morphometric indicators and the role of soccer players
should also be taken into account, particularly in light of
recent work by Coutinho et al. (2024) on the impact of
spatial constraints on player behavior.

Conclusions

This study demonstrates distinctive performance
characteristics between standard small-sided games (4v4)
and formats incorporating floaters (4v4+1, 4v4+2), providing
valuable insights for training application in professional
soccer. In standard 4v4 formats, players exhibited higher
physiological responses and increased high-intensity
running (238.60 + 82.72 m), making this format particularly
effective for high-intensity interval training and match-
specific conditioning. These characteristics align with
professional match demands, as documented by Gualtieri
et al. (2023), who identified the need for 55-75 high-speed
running actions per match.

Conversely, floater-modified formats demonstrated
distinct advantages for technical development. The 4v4+2
configuration significantly enhanced passing while reducing
physiological stress. This format proves particularly valuable
for technical training sessions, recovery days, or tactical
development. The intermediate 4v4+1 format offers a
balanced approach, maintaining moderate physiological
demands while facilitating improved technical execution.
This configuration provides coaches with a flexible tool
for progressive training adaptation and can be particularly
useful during transitional training phases.

In conclusion, floater-modified SSGs represent an
effective training tool that simultaneously addresses multiple
performance components in soccer training. The evidence
supports their strategic implementation while highlighting
the importance of systematic training design based on
specific developmental objectives.
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BusHauyeHHA BNAMNBY KiNbKOCTi ¢pnoarepiB Ha BHYTPIiLLUHE
HaBaHTa)XeHHSA, 30BHILWHE HABaHTaKeHHA Ta TeXHIYHi
HaBUYKUN B irpax HeMOBHNMM CKNagamu

ITakopn YynyHoe'*5CP, ITopnyaii /Tinoi'*“"F, Yanggpan CyBannare'PF

"YuiBepcurer Kacema bynaura

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 9 c., 2 Tab1., 2 puc., 35 pKeper.

Mera gocnimkeHH:. Lle JOCTIIKeHHA Malo Ha MeTi BUBYMTY BIUIMB Pi3HMX KOHQIrypauiit ¢goarepis y irpax HemOBHUMHU
cxragamu (SSGs) Ha isionoriuni peakiiii, HOKa3HMKM 30BHILIHBOTO HABAHTAXXEHH Ta TEXHIYHY Pe3y/lIbTaTUBHICTb Cepel mpo-
¢ecirHux ¢pyTOOMICTIB.

Marepianu Ta MmeTogu. [IBafnATh rpaBIiB 9onosivoi crari 3 Taimanpcbkoi 3-1 mirm (Bik: 21,4 + 1,82 poxy) 6panu y4acTb y
TPbOX opMaTax irop HEMOBHUMM CK/IaflaMI: CTaHApTHOMY (4v4), i3 3amydeHHAM ofHoro ¢oarepa (4v4+1) Ta 3 BOMa (I0-
arepamn (4v4+2). Koxen ¢opmar cxmagascs 3 4 X 4-XBUIMHHMX [OEAVHKIB 3 4-XBUIMHHUMM iHTepBalaMI BifIIOYMHKY, 5IKi
IPOBOAM/INCS HA MaliflaHuuKy posmipom 32 X 25 metpib. IIpoananisoBano peakiiii ceplieBoro puTMmy, IOKOMOTOPHY aKTUBHICTh
Ta TeXHIYHi mil.

Pesynbratu. ¥ ¢opmari 4v4+2 criocrepiranocs sHaqHe 3HIDKEHHS MaKCHMaJIbHOI Ta CepefHbOI YacTOTH CEpPLEeBUX CKOPO-
4YeHb NOpiBHAHO 3 4v4 (181,55 mpoTn 169,55 ta 168,15 mpotu 156,15 yx-x8™). [TokasHUKM BUCOKOIHTEHCUBHOTO Oiry 3MEHIIVMINCH
(238,60 mpoTn 91,35 M), TOAI SIK piBeHb TEXHIYHOI Pe3yNIbTATUMBHOCTI MOKPAILMBCS, PO IO CBiYNTH 30i/IbIIeHHS 3arajbHOl
KiZIbKOCTI maciB Ta ycminramx nepenad (81,25 mporu 142,50 Ta 68,00 mportu 123,00) y dpopmari 4v4+2. Gopmar 4v4+1 mokasas
HpOMDXKHI pe3ynbrarit sIK 3a (i3ionorivHNMM, TaK i 38 TEXHIYHMMY ITapaMeTPaMIL.

Bucnosku. OTprmani aHi JO3BOIAOTb IPUITYCTUTH, 110 MOAM(IKOBAHI irpy HEMOBHUMM CKJIalaMH i3 3aCTOCYBaHHAM IIO-
3uuii ¢rioarepiB crpusioTh eheKTUBHOMY 3HIDKEHHIO (i3i0NOTriYHMX BIMOT Ta BOJZHOYAC MifIBUILIYIOTh TeXHIUHY pe3y/IbTaTyB-
HIiCTb, HAaZIAI0UM TPEeHepaM NPAKTUYHI IHCTPYMEHTH I MAHIIy/ITI0OBAaHHA iHTEHCUBHICTIO TPEHYBaHb i TEXHIYHOTO PO3BUTKY B
TPeHyBaJIbHUX IIporpamax 3 ¢pyT6ory.

KnrouoBi croBa: irpy HeOBHMMU CK/IaJlaMM, 4aCTOTa CEPLieBUX CKOPOYEHb, IOKOMOTOPHA aKTUBHICTDb, TEXHIYHI HABUYKM,
rpaBellb-¢roarep.
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Abstract

Objectives. This study aimed to evaluate the impact of a 12-week basketball intervention program on adolescents’
behavioral intentions and key health-related constructs, including self-eflicacy, social support, situational factors,
and outcome expectations, based on the social cognitive theory (SCT), focusing on each gender and comparing both

genders.

Materials and methods. A total of 175 adolescents (age: 12-14 years old) from basketball clubs in Guangxi
Province, China, were involved in the study. The partcipants were divided by gender into two groups (male [n =

88] and female [n = 87] groups) and underwent an intervention program for 12 weeks. The validity and reliability
of all measurements were tested. Regression analysis was used to identify predictors of behavioral intentions, which

were used to design the intervention program.

Results. The intervention significantly improved self-efficacy, social support, situational factors, outcome
expectations, and behavioral intentions in both male and female adolescents. Behavioral intentions score increased
from 3.19 to 3.77 for male adolescents and from 3.3 to 4.27 for female adolescents (p < 0.001). Furthermore, it was
noted an increase in self-efficacy scores from 3.51 to 4.22 for male adolescents and from 3.26 to 4.23 for female
adolescents (p < 0.001). Improvements in other constructs were also observed in both genders, with no significant

gender differences in post-intervention outcomes (p > 0.05).

Conclusions. The findings indicate that a 12-week intervention program based on the SCT effectively enhanced
adolescents’ behavioral intentions and related constructs. Developing gender-specific intervention programs

is important for maximizing intervention effectiveness.

Keywords: behavioral intentions, basketball training, self-efficacy, social support, situation, outcome expectations.

Introduction

The participation in sports has a positive impact on
the mental health and subjective well-being of school-aged
children and adolescents, particularly regular physical
activities that enhance emotional regulation and social
support (Liu et al., 2022). However, many adolescents fail
to meet recommended levels of physical activity (PA) due
to academic pressures and developmental complexities
(Guthold etal., 2020). Participation in youth sports positively
impacts children’s health and well-being; however, barriers
such as limited resources and lack of familial support often
hinder full participation in sports activities (Kuhn et al.,

© Zhao, J., & Sumranpat Brady, W., 2025.
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2021).Social Cognitive Theory (SCT) provides a robust
framework for understanding and predicting adolescents’
sports participation (Bandura, 1997). The social cognitive
theory model can moderately predict adolescent physical
activity; self-efficacy, barrier self-efficacy, social support,
and social status are key indicators for predicting physical
activity (Liu et al., 2020).

Gender differences are prevalent in the field of mental
health, particularly among adolescents, with females gener-
ally experiencing higher levels of psychological distress and
lower life satisfaction. However, this gender gap exhibits sig-
nificant heterogeneity across different countries and cultural
contexts (Campbell, Bann, & Patalay, 2021).Gender differ-
ences significantly impact sports participation, and challeng-
es in training time and support mechanisms disproportion-
ately affect girls (Fredricks & Eccles, 2006). In particular, PST
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interventions that focus on self-efficacy and observational
learning have been shown to promote PA participation (Is-
lam et al., 2023). Technology-based solutions, such as mo-
bile apps, have proven effective in delivering flexible and en-
gaging PST interventions (Wekesser et al., 2021). However,
psychological research on sports and exercise continues to
exhibit a significant gender imbalance, and male participants
are overrepresented, particularly in experimental studies in
Europe (Walton et al., 2022). Therefore, more inclusive and
representative approaches are required in future research.

Gender-sensitive approaches are essential, as societal
and structural factors shape girls’ participation in PA. Peer
and family support, along with individual and social motives
like enjoyment and achievement, sustain engagement in
sports (Wang, 2024). Additionally, the quality of coaching
and adequate facilities are critical factors for sustaining
participation. SCT-based educational interventions
enhance PA levels among female students in high school by
improving self-efficacy, family support, and self-regulation
(Hashemian et al., 2021). Similarly, SCT is widely used in
strength training programs, particularly those led by exercise
specialists in community settings (Ma et al., 2022). Physical
performance in basketball is also influenced by individual
characteristics. Gender-sensitive approaches are essential,
as societal and structural factors significantly impact girls’
participation in PA. Peer and family support are crucial
for sustained engagement (Schlund et al., 2021; Zhang et
al., 2022; Sheikh et al., 2022). Leaner adolescent basketball
players tend to perform better because body size and
individual characteristics play a more significant role than
training factors like club characteristics or training volume
(Guimardes et al., 2023). Interventions addressing gender
differences in PA significantly improve participation for both
boys and girls, with better gender-specific research leading to
more consistent results (Schulze et al., 2021). Psychological
factors, such as capacity and opinion comparisons,
significantly affect junior athletes’ motivation, self-efficacy,
and performance in training, competition, and rehabilitation
(Raievska et al., 2024).Gender differences in motivation
impact PA levels, and males tend to exhibit higher intrinsic
and extrinsic motivation than females (Sdez et al., 2021). In
addition, mindfulness-based interventions combined with
an SCT approach have been shown to significantly improve
self-efficacy and dietary adherence among individuals with
Type 2 Diabetes Mellitus (Harmiardillah et al., 2020). This
suggests that similar strategies could enhance adolescents’
self-efficacy and participation in basketball.

Interventions combining goal setting and physical train-
ing have proven effective. For example, a combination of
SMART goal setting and core strength training was more
effective than either approach alone in improving adoles-
cents’ fitness and exercise attitudes (Lu et al., 2022). Similarly,
while enjoyment did not significantly change over a 12-week
exergaming intervention, it was significantly higher during
exergaming sessions compared to physical education classes,
influenced by factors such as BMI and weekly PA levels (Rog-
lin et al., 2023). Autonomous motivation during school recess
and positive attitudes toward PA were key predictors of inten-
tions toward physical activity, and they mediate the relation-
ship between motivation and behavioral intentions (Pasi et al.,
2021).Goal orientation and self-efficacy significantly influ-
ence adolescent athletes’ performance and behavioral inten-

tions, particularly in managing competitive cognitive anxiety.
Task orientation and low ego-orientation help buffer anxiety’s
impact on performance, while self-efficacy remains key to
improving both performance and intentions (Peng & Zhang,
2023). Self-efficacy and goal changes significantly moder-
ate the decline in physical activity during adolescence, par-
ticularly in students who maintain high self-efficacy beliefs,
where changes in goals may have differing effects on physical
activity (Dishman et al., 2019). Self-efficacy plays a mediating
role between modeling after role models and achieving a flow
state, demonstrating its importance in enhancing adolescent
athletes’ performance during sports activities (Lee, Kwon, &
Ahn, 2021). Globally, 80% of adolescents are insufficiently
active, with excessive screen time contributing to cardiovas-
cular and mental health disorders (Van Sluijs et al., 2021). In
order to improve PA, solutions should focus on supportive
schools, social and digital environments, and multi-use ur-
ban spaces. Team sports like basketball are associated with
fewer mental health issues, such as anxiety and depression,
compared to individual sports (Hoffmann et al.,, 2022), and
they predict reduced symptoms of depression and anxiety
over time (Graupensperger et al., 2021). Additionally, posi-
tive attitudes toward physical education, parental support,
and active transportation to school are strong predictors of
PA participation (Rullestad et al., 2021).Adolescent athletes
in contact sports show higher competitive aggression, while
self-esteem predicts affiliation in non-contact sports athletes,
suggesting that psychological constructs like emotional regu-
lation and self-esteem play a key role in adolescent sports
behavior and interventions (Hudin, Glavas, & Pandzi¢, 2020).
The Theory of Planned Behavior (TPB) highlights that
attitudes, subjective norms, and perceived behavioral control
positively influence adolescents” participation in PA, which
then leads to actual participation (Baek et al., 2020). Prior
knowledge enhances attitudes and intentions, highlighting the
importance of education and marketing in promoting sports.
The Teaching Personal and Social Responsibility (TPSR)
model significantly increases personal and social responsibili-
ty, prosocial behavior, and self-efficacy in youth soccer players
compared to conventional methods (Carreres-Ponsoda et al.,
2021). Reflective (e.g., intention stability and perceived con-
trol) and automatic motivation (e.g., identity) are key mod-
erators of the intention-PA relationship, which explain the
gap between intention and participation (Rhodes et al., 2022).
In conclusion, this 12-week SCT-based intervention aims
to enhance self-efficacy, adjust outcome expectations, and
strengthen social support and self-regulation among adoles-
cent basketball players in Guangxi Province, China. By exam-
ining gender-specific responses, the study offers insights for
developing gender-sensitive sports programs. Team sports, like
basketball, are associated with fewer mental health issues and
lower anxiety and depression over time. Addressing gender dif-
ferences and leveraging SCT strategies can enrich the evidence
for inclusive youth sports programs across diverse cultures.

Materials and Methods

Study Participants

The participants who met the inclusion criteria totaled
175 adolescents aged 12 to 14 years old and belonged to
basketball clubs in Guangxi Province and were divided
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into male (n = 88) and female (n = 87) groups. The study
objectives and procedures were explained to the participants
who subsequently provided written informed consent. This
study was approved by the Mahasarakham University Ethics
Committee (Approval number: 121-071/2024).

Inclusion Criteria

1. Male and female adolescents aged 12-14 years from
clubs in Guangxi Province who are actively engaged in
basketball training.

2. Participants have training experience in their basketball
clubs for an average of approximately 2.4 years.

Exclusion Criteria

Players with physical injuries, chronic illnesses, or other
medical conditions that may hinder their full participation
in basketball training or intervention activities.

Players who had missed more than 30% of their training
sessions in the past three months.

Study Design

This study was a quasi-experimental design with a single
experimental group stratified by gender to analyze the effects
of the intervention. The experimental group participated
in a structured 12-week basketball intervention program,
conducted twice a week for 90 minutes per session. The
intervention activities included targeted training, team-
based activities, and parental support components aimed
at improving self-efficacy, strengthening peer and parental
support, and aligning outcome expectations with the SCT
principles (Table 1).

Table 1 Factor interventions for male and female adolescents

Research Instruments

The research instrument for this study consisted of a
revised questionnaire based on the SCT, focusing on five key
dimensions: self-efficacy, social support, situational factors,
outcome expectations, and behavioral intentions. The
questionnaire was validated through a pilot test conducted
with 100 participants. The test demonstrated high reliability
(Cronbach’s a: 0.896-0.974) and validity (Kaiser-Meyer-
Olkin test: 0.972, Bartlett’s test of sphericity x* = 18107.471,
p < 0.001). These adjustments ensured the instrument’s
appropriateness and accuracy for assessing adolescents’
behavioral intentions in basketball training.

Statistical Analysis

General information is described using descriptive
statistics (such as frequency, percentage, mean, and standard
deviation). The Shapiro-Wilk test was conducted to examine
the distribution of the data. Differences between results
before and after the experiment were analyzed using paired
sample t-tests and that between the results of the male and
female groups were analyzed using independent sample
t-tests. The level of statistical significance was set at 0.05.

Results

In this study, 175 adolescent basketball players
participated in a 12-week intervention program aimed at
enhancing behavioral intentions and key health-related
constructs. The sample was nearly evenly divided by gender,
comprising 50.29% males (n=88) and 49.71% females
(n=87). The average age was similar across genders, with
males averaging 13.21 years (standard deviation = 0.46) and

Week Intervention Item Activity Time Content
Weeks 1-4  Social Support Family day activities 3™ week of the 1st and 2™ Parent-child basketball
(Q3) months, Wednesday evening, ~ games, family interaction
6:00-9:00 PM with the coach, and activities
for parents to observe and
interact.
Weeks 1-4  Situation (Q16) Coach Training 2™ week of the 1% and 2" Provide training and
months, Friday evening, 6:00- communication skills courses
Male 9:00 PM for coaches.
Weeks 1-12  Self-Efficacy (Q25)  Psychological After training every Tuesday Role model selection, positive
counseling feedback, and support
methods.
Weeks 1-12  Outcome Time management 1** week of each month, Provide time management
Expectations (Q36) training Thursday evening, 6:00-7:30 and study skills training.
PM
Weeks 1-4  Situation (Q16) Coach training 2 week of the 1*t and 2" Provide training and
months, Friday evening, 6:00-  communication skills courses
9:00 PM for coaches.
Female Weeks 1-12  Self-Efficacy (Q25)  Confidence-building  After training every Tuesday Group discussions and
courses counseling sessions.
Weeks 5-8  Outcome Reward system 1%t week of each month, Implement a reward program

Expectations (Q30)

Thursday evening, 6:00-7:30
PM

with parental involvement.
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Table 2. Characteristics of study participants (n = 175)

Variables Numbers (Percentage)

a larger percentage of female participants (36.8 %) had one
year or less of training experience. Additionally, males were
more likely to engage in extensive weekly training, with

Gender Male (n=88) Female (n=87)  44.3% training more than 12 hours per week compared to
50.29 % 49.71% only 6.9% of females. Conversely, the majority of female
participants (57.5 %) trained four hours or less weekly.

Age (years) 13.21£046 1301 +0.28 Table 3 presents the pre- and post-intervention mean
Experience in basketball training scores for the SCT constructs by gender. The intervention
1 year and below 11 32 significantly improved all constructs (p < 0.001), with female
12 years ” " gdolescer}ts sh'owing' particularly not'able improvements
in behavioral intentions and self-efficacy. For example,
2-3 years 19 19 behavioral intention scores increased from 3.3 to 4.27 in
3-4 years 15 7 female adolescents and from 3.19 to 3.77 in male adolescents.
45 vears 10 3 Table 4 compares gender differences in social support,
Y outcome expectations, and behavioral intentions. For
More than 5 years 19 2 pre-intervention, these constructs showed no statistically
Frequency of basketball training significant differences between genders (social support:
time p = 0.2; outcome expectations: p = 0.099; and behavioral
4 hours and below 27 50 intention: p = 0.72). For post-intervention, although scores
for both genders increased, the differences remained
4-8 hours 13 23 statistically insignificant (social support: p = 0.34; outcome

8-12 hours 9 7 expectations: p = 0.66; and behavioral intention: p = 0.86).
More than 12 hours 39 6 Table 5 further compares the changes in situational

females 13.01 years (standard deviation = 0.28).Key findings
revealed that male participants had a more diverse range of
basketball training experiences, with a significant proportion
(21.6 %) having more than five years of training. In contrast,

factors and self-efficacy between genders. Prior to the
intervention, the differences between male and female
adolescents were not statistically significant (situational
factors: p = 0.14; self-efficacy: p = 0.18). Post-intervention,
both genders demonstrated significant improvements,

Table 3. Comparing pre-test and post-test scores for each gender after 12 weeks of intervention

Male Female
Variables
Pre-test Post-test p-value Pre-test Post-test p-value
Social Support 3.42 4.09 0.001 3.21 4.18 0.001
Situational factors 3.57 4.37 0.001 3.39 4.12 0.001
Self-efficacy 3.51 4.22 0.001 3.26 4.23 0.001
Outcome Expectations 3.59 4.24 0.001 3.36 4.05 0.001
Behavioral intention 3.19 3.77 0.001 3.3 4.27 0.001

p < 0.05, significant

Table 4. Comparison of social support, outcome expectations, and behavioral intention between genders after 12 weeks of

intervention
Pre-test p-value Post-test p-value
Variable 5 "
Male Female Pre-test between Male Female Post-test between
genders Genders
Social Support 3.37 3.17 0.20 4.05 4.16 0.34
Outcome Expectations 3.59 3.35 0.09 4.24 4.29 0.66
Behavioral intention 3.19 3.24 0.72 3.77 3.79 0.86

Table 5. Comparison of situational factors and self-efficacy between genders after 12 weeks of intervention (cont.)

Pre-test p-value Post-test p-value
Variable o o
Male Female Pre-test between Male Female Post-test between
genders genders
Situational factors 3.57 3.35 0.144 4.34 4.36 0.80
Self-efficacy 3.52 3.32 0.185 4.24 4.28 0.69
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but the differences between male and female adolescents
remained insignificant (situational factors: p = 0.80; self-
efficacy: p = 0.69).

Discussion

Post-intervention, behavioral intention scores increased
from 3.19 to 3.77 for males and from 3.3 to 4.27 for females
(p < 0.001). This improvement supports recent studies that
behavioral intention is a key predictor of PA participation
among adolescents (Liu etal.,2022). Our intervention, which
included psychological counseling, family day activities, and
a reward system, effectively boosted intentions, particularly
among females. This finding is consistent with Schulze et
al. (2021), who found that gender-sensitive interventions
narrow the gender gap in PA participation. Additionally,
Zhang et al. (2022) emphasized that social support and
self-efficacy are critical predictors of behavioral intentions,
which aligns closely with our intervention design.

Self-efficacy scores significantly improved post-interven-
tion (from 3.51 to 4.22 for males and from 3.26 to 4.23 for fe-
males) (p <0.001). This aligns with recent research emphasiz-
ing the importance of self-efficacy in PA participation among
adolescents (Zhang et al., 2022). Our intervention enhanced
self-efficacy through role models, positive feedback, and sup-
port methods. Notably, females showed greater improvement
in self-efficacy, likely due to the confidence-building group
discussions and psychological counseling tailored to them.
This contrasts with Sdez et al. (2021), who found higher self-
efficacy in males, suggesting that targeted interventions can
help females achieve comparable improvements.

Social support scores significantly increased post-
intervention (from 3.42 to 4.09 for males and from 3.21
to 4.18 for females (p < 0.001). This aligns with Zhang et
al. (2022), who highlighted the importance of family and
peer support in sustaining adolescent PA participation. Our
intervention strengthened support networks through family
day activities and coach training. Additionally, situational
factor scores improved significantly, increasing from 3.57 to
4.37 for males and from 3.39 to 4.12 for females (p < 0.001).
This is consistent with Guimaraes et al. (2023), who noted
that training experience and environmental support
influence performance. Our intervention addressed these
factors through time management training and a reward
system, helping adolescents balance academics and sports.

Outcome expectation scores significantly improved
post-intervention (from 3.59 to 4.24 for males and from
3.36 to 4.05 for females) (p < 0.001). This aligns with
Lu et al. (2022), who found that goal setting and reward
mechanisms significantly enhance adolescents’ motivation
and outcome expectations. Our intervention, which
included time management training and a reward system,
helped adolescents clarify their goals and the significance of
sports, thereby boosting their outcome expectations.

Although both male and female adolescents showed
significant improvements across all constructs post-
intervention, gender differences were not statistically
significant (p > 0.05). This contrasts with Fredricks and
Eccles (2006), who noted more barriers to PA participation
for females. Our study, however, demonstrates that gender-
sensitive interventions, such as confidence-building courses
for females and family-oriented activities for males, can

effectively narrow the gender gap. This is consistent with
Schulze et al. (2021), who highlighted the positive impact of
such approaches on PA participation.

Conclusion

This 12-week intervention program significantly
improved adolescents’ social support, situational
adaptability, self-efficacy, outcome expectations, and
behavioral intentions in both genders. Although the gender
differences in intervention effects were minimal, female
adolescents demonstrated more substantial improvements in
some dimensions, underscoring the importance of gender-
sensitive intervention designs. The study findings further
support the application of the SCT in understanding and
enhancing behavioral intentions for sports participation.
Future interventions should consider incorporating more
tailored approaches to maximize adolescents’ engagement
and outcomes in sports training programs.

Recommendations

Recommendations for the study implication:

1. The findings suggest that schools in China, particularly
in Guangxi Province, can adopt basketball intervention
programs based on the SCT to promote adolescents’
participation in physical activities.

2. A structured and targeted intervention program (e.g.,
enhancing social support, situational adaptability, and
self-efficacy) can significantly improve adolescents’
behavioral intentions and participation in basketball
training.

Recommendations for further research:

1. Future studies should focus on the long-term effects
of SCT-based intervention programs on adolescents’
sports participation and overall health to assess the
sustainability of behavioral changes.

2. Further research could explore the integration of
technology (e.g., mobile apps or online platforms) into
intervention programs to provide flexible and scalable
delivery methods.

3. Expanding the study to include more diverse regions
and age groups in China would provide a broader un-
derstanding of how SCT-based interventions influence
adolescents’ sports behavior and intentions across dif-
ferent cultural and demographic contexts.
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Posrnapg BnaunBy 12-T>KHeBOI iHTepBeHLUiNHOI Nporpamm
Ha noBefiHKOBI Hamipu Ta NOB’A3aHi 3i 340pPOB’AM KNIOYOBI
KOHCTPYKTM y 6ackeT6onicTiB NigniTkoBoro BiKy

1ABCD 11AD

I3inp Yoxao , Bannanopn Cympannar bpeni

'"YuiBepcuteT Maxacapakxam

ABTOpCBHKNMIT BKIIAM: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 8 c., 5 Tab1., 32 mKepena.

Mera gocmimKkeHHA. MeToo I[bOro HOCIi/KeHHA OY/I0 OL[iHNTY BIUIUB 12-TVHKHEBOI iHTepBeHIiiiHOI Tporpamu 3 6ackeT6o-
JTy Ha IIOBEiHKOBI HaMip IiTITKIB Ta [10B’sA3aHi 31 3[[0POB’SIM K/II040Bi KOHCTPYKTH, BK/IIOYAI0UY CaMOe(DeKTUBHICTb, COLiaIbHy
HiATPUMKY, CUTyaTHBHi (aKTOPH Ta OUiKyBaHi pe3y/nbrarTyl, IPyHTYIOUMCD Ha collia/ibHO-KorHiTuBHil Teopii (CKT) Ta akieHTy0-
YJ yBary Ha IIpefiCTaBHUKAX KOXKHOI CTaTi i3 IPOBeieHHsIM MOPiBHAILHOTO aHAI3y A/Ist 060X cTaTell.

Marepianu Ta MeTogu. Y JOCTIIXeHH] B3sUM y4acTb 175 mifyriTkis (Bik: 12-14 pokiB) 3 6ackeTOONbHUX KAYOiB MpOBIHIIi
I'yanci, Knrait. Y4acHrkiB 6y/10 po3nogiieHo 3a cTaTeBO0 IPMHAIEKHICTIO Ha ABi rpyny (domoBidya [n = 88] ta xiHova [n = 87]
TpyIM), AKi IPOXOAM/IN iHTepBeHIIiliHy IporpaMy BIIpofoBx 12 TiokHiB. IIpoBesieHO mepeBipKy BamigHOCTI Ta HaiitHOCTI ycix
BUMIpIOBaHb. 3 MeTOI0 BU3HAUEHHs IPEIUKTOPIB OBEIHKOBNUX HaMipiB, SIKi BUKOPVUCTOBYBA/INCD [/Is1 pO3pO0/IeHHs iHTepBeH-
1iitHOI mporpamu, 6y/I0 3aCTOCOBAHO perpeciitHnii aHais.

Pesynprary. [HTepBeHIIiA CITpUsAa 3HAYHOMY HOJIIIIIEHHIO TIOKa3HMKIB caMOeeKTUBHOCTI, COIiaNbHOI MiATPUMKY, CUTYa-
TUBHMX (aKTOPIB, OUiKyBaHMX Pe3y/IbTATiB Ta OBeiHKOBUX HaMIpiB sK y M TKIB 40/10Bi0], Tak i >kiHovoi crari. [lokasHuK mo-
BeJIHKOBMX HaMipiB y XyTomn1iB 36inbmmBcs 3 3,19 o 3,77 6anis, a y giBuar — 3 3,3 10 4,27 6anis (p < 0,001). Kpim Toro, BifzHaueHOo
3pOCTaHH: IIOKa3HMKIB caMoeeKTUBHOCTI 3 3,51 10 4,22 y xymonuis Ta 3 3,26 1o 4,23 y pisuar (p < 0,001). ¥ npepcraBHUKIB 060X
cTaTell TaKOXX CIOCTepirazocsa MOKpalleHHA iHIMX KOHCTPYKTIB, IPUYOMY 3HAYYIIMX TeHJepHMUX BiIMiHHOCTEN y pe3y/nbTaTax
IiC/Is1 IPOBeeHH iHTepBeHIil He BCTaHOBIEHO (p > 0,05).

BucnoBku. OTpumaHi AaHi BKa3yloTh Ha e()eKTUBHICTb BIIPOBAJPKEHHs 12-TY>KHEBOI IHTepPBEHIIIITHOT IporpaMu Ha OCHOBI
CKT, sika crpusiya MOJNIIeHHIO II0BEiHKOBMX HaMipiB MiTITKIB Ta NOB’I3aHMX 3 HUMM KOHCTPYKTIB. Po3po6/IeHHs reHiepHO-
crenivHMX iHTEPBEHLIIHUX IPOrpaM € BaXK/IMBOIO CK/IA/JOBOI0 /I MaKcUMisallil eeKTMBHOCTI IPOBeIeHH iHTepBeHIil.
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Abstract

Objectives. This study aimed to examine the developmental status of fundamental movement skills, social emotional
development, and physical activity in Chinese children aged 7 to 10. Using the Kids™ Athletics intervention, Structural
Equation Modeling (SEM) was applied to analyze their developmental trajectories.

Materials and methods. The study was conducted between April and June 2024, and involved 305 primary school
students. The Children’s Fundamental Movement Skills Test, the Physical Activity Level Questionnaire for Children
and Adolescents (ages 7-18), and the Student Social Emotional Competence Questionnaire were used to perform

this study. SEM was applied to explore relationships among these developmental domains.

Results. In post-intervention period, significant improvements were noted in fundamental movement skills, social
emotional competence, and physical activity levels (all p < 0.05). The experimental group outperformed the control
group in most metrics, except balance beam walking and the others’ perception dimension (p < 0.05). The structural
model indicated an adequate fit, with path correlation analysis revealing a significant negative correlation between
fundamental movement skills and social emotional development (r = -0.33, p < 0.001) and physical activity (r = -0.24,
p <0.001). Furthermore, social emotional development showed a positive correlation with physical activity (r = 0.19,
p =0.001) and a negative correlation with sedentary behavior (r = -0.17, p = 0.005). No significant correlations were
observed between fundamental movement skills and sedentary behavior, or between different levels of physical

activity.

Conclusions. The findings suggest that improved fundamental movement skills contribute to enhancing social

emotional development and increasing physical activity while reducing sedentary behavior. This study provides
a valuable framework for promoting physical literacy and optimizing physical education practices.

Keywords: fundamental movement skills, social emotional development, physical activity levels, kids athletics

in China.

Introduction

Despite research showing the benefits of physical activity
(PA), fundamental movement skills (FMS), and social-
emotional (SE) development in children, many, especially in
China, do not meet PA recommendations (Yang et al., 2022;
Liu et al,, 2023; Peng et al., 2024). There is a lack of studies on
holistic interventions for children aged 7 to 10 that integrate
PA, EMS, and SE. Traditional physical education often fails
to engage children, leading to poor FMS proficiency and
health outcomes (Diao, 2018; Ulrich, 2019; Wang et al.,

© Huang, C., & Choosakul, C., 2025.
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2021). PA positively impacts children’s overall health, yet
EMS proficiency remains low due to barriers like academic
pressure and lack of facilities (Barnett et al., 2016; Bolger et
al.,2019; Mengetal., 2020; Xu etal.,2023). The Kids’ Athletics
program, developed by the IAAF, effectively promotes FMS
and PA in an engaging, age-appropriate manner (Cillik et al.,
2018; Katzenbogner et al., 2018).

The model integrates the ecological framework, health-
related quality of life (HRQOL), social vulnerability index
(SVI), and physical activity-related health competence
model (PAHCO) (Sudeck & Pfeifer, 2016; Lemes et al., 2021;
Amalia et al.,, 2021). Structural equation modeling (SEM)
was used to analyze the relationships among FMS, SE, and
PA. FMS enhancement was hypothesized to improve SE
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development through increased motor competence and self-
confidence. PA development, including increased moderate-
to high-intensity activity and reduced sedentary behavior,
was expected to positively influence physical fitness and SE
dimensions, such as self-management and social awareness.
SEM systematically revealed these interactions.

This study evaluates the impact of the Kids Athletics
program on the development of fundamental movement
skills (FMS), social-emotional (SE) development, and
physical activity (PA) in Chinese children aged 7-10 years.
A comprehensive model was constructed to provide an
effective intervention approach, supporting children’s
physical, psychological, and social well-being during key
developmental stages.

In this research model, the development of fundamental
movement sKkills, social-emotional, and physical activity
are the core dependent variables of the study and will be
influenced by other potential variables of the model.
Thus, the following hypotheses are proposed:Improving
fundamental movement skills can promote the social-
emotional development of children aged 7-10 years (H1);
The improvement of fundamental movement skills plays a
positive role in promoting medium to high intensity physical
activities in children aged 7-10 years (H2); The development
of fundamental movement skills can reduce sedentary
behavior within a week in children aged 7-10 years (H3); The
social-emotional development of children aged 7-10 years
has a positive impact on their participation in moderate-
to-high-intensity physical activities during the week (H4);
The social-emotional development of children aged 7-10
years can reduce the time they spend in sedentary behaviors
throughout the week (H5); Following the intervention, the
relationship between weekly moderate to high intensity
physical activity and sedentary behaviors was weakly
correlated in children aged 7-10 years (H6).

Materials and Methods

Study Participants

The study included 305 children aged 7-10 years from
Nanning, Guangxi, China, selected through cluster random
sampling and divided into experimental (n =152) and
control (n = 153) groups. Participants included 50 boys and
54 girls aged 7-8, 47 boys and 50 girls aged 8-9, and 56
boys and 48 girls aged 9-10. Good health, the absence of
moderate or severe cognitive impairment, and the signed
informed consent of participants, parents/guardians, and
school principals were requirements for inclusion. Cognitive
disabilities, serious illnesses, or delays in motor development
were among the exclusion criteria. There were 77 boys and
75 girls in the experimental group and 76 boys and 77 girls
in the control group.

All protocols were approved by the Ethics Committee of
Mahasarakham University, NO:184-038/2024.

Study Organization

From April to June 2024, 305 children aged 7-10
in Guangxi participated in a study using cluster random
sampling. The quasi-experimental longitudinal design
assessed the impact of the Kids’ Athletics program on

fundamental movement skills (FMS), physical activity (PA),
and social-emotional (SE) development across three phases:

1. Baseline Assessment: Assessed children’s development
of FMS, PA, and SE.

2. Intervention: Evaluated how well the Kids’ Athletics
program worked to enhance these areas.

3. Model Development: Constructed a successful
intervention model and examined the correlations between
variables.

The Chinese Fundamental Movement Skill Test
(CEMST) was used to measure FMS. It assesses stability
(reverse straight-line walking, balance beam walking), object
control (kicking over obstacles, stationary ball shooting),
and movement (sideways slide, single-leg hopping). CFMST
has proven reliability and validity for Chinese children (Li
& Liu, 2022).

Social-emotional development was measured using
the Student Social-Emotional Competency Scale (Self-
Assessment Version) by Mao Yaqing’s team (validated by
Yang etal., 2020; Yang et al., 2023). It includes 30 items across
six dimensions (e.g., self-awareness, collective management)
scored on a 5-point Likert scale. Reliability coefficients
ranged from 0.786 to 0.872, with an overall Cronbach’s alpha
of 0.943. Fit indices (CFI=0.989, TLI=0.981, SRMR=0.017)
confirmed the scale’s strong reliability and validity.

Physical activity levels were assessed using the Physical
Activity Level Evaluation for Children and Adolescents Aged
7-18 Years, a reliable and widely used standard in China’s
health industry.

The Kids™ Athletics program comprised 8 weeks of game-
based interventions, focusing on mobility, stability, object
manipulation, and teamwork. Activities lasted 45 minutes
each, four times a week, and had catchy game names that
promoted involvement outside of the classroom.

Statistical Analysis

All outcome and demographic variables were subjected
to standard descriptive statistics. SPSS 26.0 was used for
statistical analysis, and AMOS 24.0 was used for structural
equation modeling to investigate the connections between
FMS, SE, and PA results.

Results

Overall Results after Intervention

With the exception of the walking-on-the-balance-beam
test, the intervention markedly enhanced students’ mobility
abilities on the majority of assessments. The experimental
group’s mean time in this test was 3.58 seconds, whereas the
control group’s was 3.93 seconds. The t-value was 1.78 and
the p-value was 0.076 (p > 0.05), which showed that there
was no significant difference even though the experimental
group’s time was somewhat faster.

The experimental group’s social-emotional competency
ratings were noticeably higher, with the biggest gains being
in self-awareness and group management. The experimental
group’s mean score was somewhat higher than the control
group’s for the «others’ perception» dimension, but the
difference was not statistically significant (p > 0.05),
indicating that the intervention had little impact on this
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Table 1. Overall of FMS, SE, PA in post-test (N=305)

Control group Experimental group
Content (n=153) (n=152) t-test p-value
M=SD M=SD

Sideways slide running 7.59 +1.58 7.20 + 1.57 2.13 0.034*
Jumping continuously on one foot 4.23+0.89 3.93£0.82 3.03 0.003%
Changing hands and shooting the ball on the spot 4.05+0.86 3.81+0.83 2.50 0.013*
Kicking the ball over the obstacle 7.60 £ 2.72 6.92 £2.16 2.45 0.015%
Walking on the balance beam 3.93 £2.02 3.58+1.29 1.78 0.076
Walking backward in a straight-line 13.34 +5.80 11.63 + 4.00 3.00 0.003**
Self-awareness dimension total score 19.10 £ 4.22 21.38 £3.70 5.03 0.000%**
Total score of self-management dimension 19.46 + 4.63 20.87 +3.81 291 0.004**
Total score of others’ perception dimension 18.41 + 4.07 18.82 £ 4.11 0.88 0.381
Total score of others’ management dimension 18.73 £4.23 20.24 +3.83 3.25 0.001***
The total score of collective cognition dimension 19.31 £4.79 21.31+3.68 4.10 0.000***
The total score of collective management dimension 18.90 + 4.36 20.31 £ 3.68 3.05 0.003**
Total score of social-emotional competencies 113.91 +23.68 122.93 +19.55 3.63 0.000***
Total weekly physical activity time 696.10 + 449.22 811.19 + 459.12 -2.21 0.028*
Total weekly sedentary behavior 946.14 + 817.07 797.07 + 449.23 1.98 0.049*

Note: *p < 0.05, **p < 0.01, **p < 0.001

dimension. A longer intervention period or alternative
methods may be needed.

Both total weekly and average daily physical activity
times were significantly higher in the experimental group
(p < 0.05), demonstrating the intervention’s effectiveness in
increasing activity levels. Sedentary behavior also decreased
significantly in the experimental group (p = 0.049), nearing
the significance threshold but still indicating a notable
reduction in static behaviors.

Overall Results after Intervention Promotion

Significant enhancements were noted across all
fundamental movement skill (FMS) metrics, characterized
by reduced completion times in activities such as sideways
slide running (decreasing from 8.15 to 7.39 seconds), single-
leg hopping (from 4.48 to 4.08 seconds), and kicking a
ball over obstacles (from 8.20 to 7.26 seconds), all yielding
highly significant t-test outcomes (p < 0.01). Lower standard

Table 2. Pre-test and post-test difference statistics of FMS, SE, PA

Pre-test (n = 305)

Post-test (N =3 05)

Test content M+ SD M+ SD t-test p

Sideways slide running 8.15+1.22 7.39 +1.58 6.72 0.000***
Jumping continuously on one foot 4.48 £0.79 4.08 £0.87 6.02 0.000***
Changing hands and shooting the ball on the spot 4.10+0.97 3.93£0.85 2.37 0.018*

Kicking the ball over the obstacle 8.20 £2.65 7.26 £2.48 4.53 0.000%**
Walking on the balance beam 4.11+2.26 3.76 + 1.70 2.18 0.030*

walking backward in a straight-line 14.29 £ 5.47 12.49 £ 5.05 4.29 0.000***
Self-awareness dimension total score 17.13 £2.19 20.24 +4.12 -11.63 0.000%**
Total score of self-management dimension 16.76 + 2.50 20.16 + 4.29 -11.95 0.000***
Total score of others’ perception dimension 17.2 £2.36 20.30 + 4.38 -10.90 0.000***
Total score of others’ management dimension 17.16 +2.47 19.60 + 4.09 -8.94 0.000***
The total score of the collective cognition dimension 15.55 +2.63 18.62 + 4.09 -11.00 0.000***
The total score of the collective management dimension 16.92 £ 2.95 19.48 £ 4.10 -8.87 0.000***
Total score of social-emotional competencies 100.72 + 6.93 118.4 £22.15 -13.30 0.000***
Total weekly physical activity time 571.52 + 587.32 753.46 + 457.08 -4.26 0.000%**
Total weekly sedentary behavior time 1103.85 + 615.73 871.85 + 663.04 20.96 0.000***

Note: *p < 0.05, **p < 0.01, **p < 0.001
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deviations in the post-test analysis showed an improvement
in performance consistency. These outcomes confirm the
efficacy of the intervention by highlighting gains in speed,
coordination, balance, flexibility, and stability.

Significant improvements in self-awareness, self-man-
agement, social awareness, relationship management, collec-
tive awareness, and collective management were noted in the
area of social-emotional (SE) development; post-test evalu-
ations revealed significant increases in comparison to pre-
test scores (t-values ranging from -8.87 to -13.30, p < 0.001).
For instance, self-management scores increased from 16.76
to 20.16, and self-awareness ratings increased from 17.13 to
20.24. These results imply that the intervention greatly im-
proved social engagement, emotional control, and teamwork.

Levels of physical exercise also showed significant
improvement. Weekly moderate-to-vigorous physical
activity duration increased from 571.52 to 753.46 minutes
(t =-4.26, p < 0.001), an increase of 181.94 minutes (nearly
3 hours). A tendency toward more consistent engagement
is indicated by the decline in standard deviations. Monthly
sedentary behavior, on the other hand, decreased by 232
minutes (about 4 hours), from 1103.85 to 871.85 minutes,
with a highly significant t-test result (t = 20.96, p <
0.001). These changes are a reflection of overall lifestyle
improvements, including better social connections, mental
wellness, academic performance, and physical health.

Intervention Model Construction and Result

For an SEM model to function effectively, it must be sta-
tistically and methodologically identifiable. A properly spec-
ified model meets key requirements, including standardized
variance for latent variables and assigning a factor loading of
1 to one measured variable influenced by the latent variable,
enabling free estimation of variance (Qiu & Lin, 2019).

FMS Observables: FMS was measured via six observable
variables: sideways slide running (FMS1), continuous
single-leg hopping (FMS2), stationary ball shooting (FMS3),
kicking a ball over obstacles (FMS4), balance beam walking
(FMSS5), and backward straight-line walking (FMS6).

SE Observables: Social-emotional (SE) dimensions
were measured using six variables: self-perception (SEI),
self-management (SE2), others’ perception (SE3), others’
management (SE4), collective perception (SE5), and
collective management (SE6).

PA Observables: Physical activity (PA) was evaluated
with two variables: moderate-to-vigorous physical activity
(PA1) and sedentary behavior (PA2).

Model Validation: The CFA model demonstrated good
fit indices (x*/df = 2.435, NFI = 0.921, CFI = 0.952, TLI =
0.942, RMSEA = 0.069), confirming the model’s robustness
in explaining relationships between motor skills, socio-
emotional development, and activity levels.

Table 3. Structural model fit parameter results

Common Method Bias (CMB): The Harman one-factor
test was used to evaluate CMB. The one-factor CFA model
showed poor fit (x*/df = 6.731, NFI = 0.779, CFI = 0.804,
TLI = 0.786, RMSEA = 0.137, SRMR = 0.127), indicating
minimal CMB in the model.

Reliability and Validity Metrics: FMS (CFMST Test):
Cronbach’s a=0.618, x*/df = 3.394, NFI = 0.934, TLI = 0.920,
CFI = 0.952, RMSEA = 0.089, SRMR = 0.048, indicating
good construct validity.

SE Outcomes: Overall Cronbach’s a = 0.943, CFI = 0.989,
TLI = 0.981, SRMR = 0.017, confirming strong reliability
and validity.

PA Questionnaire: Cronbach’s a = 0.85 for moderate-
to-vigorous activity and 0.72 for sedentary behavior, with
structural validity verified through principal component
analysis. Three key factors explained 63.7% of the total
variance, and variables showed high loadings on expected
factors, supporting validity.

These findings confirm the SEM model’s methodological
rigor, construct validity, and ability to assess relationships
among FMS, SE, and PA effectively.

The results of the structural model fitness index
analysis showed the following: x*/df=2.388; RMSEA=0.068;
GFI1=0.927; NFI=0.926; IF1=0.955; CF1=0.955; PNFI (0.742),
PCFI (0.766), PGFI (0.644) are all greater than 0.5.The
results of the analyses show that the structural model of
intervention effect has a good fit, that is, the theoretically
hypothesized path relationship is more in line with the
actual measured data, and the structural model construction
and assumptions are more satisfactory (shown in Table 4).

Correlation Coefficients analysis

In the path correlation analysis, FMS was significantly
negatively correlated with SE (r = -0.33, p < 0.001) and
PA1 (r = -0.24, p < 0.001). SE showed a significant positive
correlation with PA1 (r = 0.19, p = 0.001) but a significant
negative correlation with PA2 (r=-0.17, p = 0.005). FMS and
PA2 were not significantly correlated (r = 0.12, p = 0.066),
nor were PA1 and PA2 (r = 0.02, p = 0.756).

Combining the model hypotheses and the results of
the structural model analysis, the relationships between
model variables were further tested, as summarized in
Table 5. The results showed significant differences for all
hypotheses except H3 and H6, which were not significant.
The improvement in fundamental movement skills among
7-10-year-old children after the intervention significantly
promoted social-emotional development and increased
time spent in moderate- to high-intensity physical activities.
Positive social-emotional growth also decreased sedentary
behavior and increased engagement in moderate-to-
high-intensity activities. However, neither the increase
in moderate-to-high-intensity activity participation nor

Absolute Fitness Index

Value Added Fitness Index Simplicity Fitness Index

Statistical
x2/ df RMSEA GFI NFI IFI CFI NFI CFI GFI
Adaptation Standards 3 <0.08 >0.9 >0.9 >0.9 >0.9 >0.5 >0.5 >0.5
Parameters of the model 2.388 0.068 0.927 0.926 0.955 0.955 0.742 0.766 0.644
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Fig. 1. Result of intervention structural equation modeling

the decrease in inactive time throughout physical activity
development in this age group were significantly impacted
by the improvement in fundamental movement abilities.
The results have shown that the most indices of model fit
were at a good level. These findings underscore the need to
disentangle types of activity participation and consider their
unique relations with motor skill development. FMS impact-
ed between activity levels PA1 and PA2, indicating children’s
activity participation is limited by their motor abilities and
the way in which the activities are provided. This highlights
the importance of interventions not just to support physical
activity but also to encourage social-emotional development.

Discussion

Overview of the Main Hypothesis

This study formulated six hypotheses to examine the
relationships between fundamental movement skills (FMS),
social-emotional development (SE), and physical activity
(PA):

Table 4. Hypothesis testing for each structural path

H1: It was hypothesized thatimprovements in movement
skills would enhance socio-emotional development. The
findings supported this with a significant correlation (r =
-0.33, p < 0.001).

H2 & H3: These hypotheses proposed that better FMS
would lead to increased moderate-to-vigorous physical
activity (PA1) and reduced sedentary behavior (PA2). The
results supported both hypotheses, although the difference
in H3 was not statistically significant (r = 0.12, p = 0.066).
However, it still suggested that improved FMS could help
reduce sedentary time to some extent.

H4 & H5: These hypotheses suggested that social-emo-
tional development would increase PA1 and decrease PA2. The
results confirmed these assumptions (r = 0.19 and r = -0.17,
respectively), aligning with the theory that emotional regula-
tion and social confidence encourage active participation.

Heé: This hypothesis examined the relationship between
PA1 and PA2 but found no significant correlation (r =
0.02), indicating that reducing sedentary behavior requires
interventions beyond simply increasing PA.

Hypothesis Path Stand.ardized Estimate S.E. C.R. P
Estimate

H1 FMS<>SE -0.33 -3.104 0.713 -4.315 ok
H2 FMS<>PA1 -0.24 -287.627 81.864 -3.513 ek
H3 FMS<->PA2 0.12 203.574 110.554 1.841 0.066
H4 SE<>PA1 0.19 321.168 99.089 3.241 >
H5 SE<>PA2 -0.17 -397.684 142.882 -2.783 *
Heé PA1<5>PA2 0.02 5376.426 17327.635 0.310 0.756

Note: *p < 0.05, **p < 0.01, ***p < 0.001
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Discussion of Conclusions

In general, our primary hypothesis is substantiated in this
research. The experiment and control groups had no differ-
ence in FMS or social-emotional competency prior to the in-
tervention (all p > 0.05), indicating that both groups started at
comparable baseline levels. This provided a solid foundation
for assessing the actual impact of the Kids” Athletics program.

Following the Kids™ Athletics program, the experimental
group showed notable improvements in nearly all FMS mea-
sures compared to the control group. Skills such as sideways
sliding (p = 0.034), one-foot continuous jumping (p = 0.003),
changing hands to shoot (p = 0.013), kicking over obstacles (p
= 0.015), and walking backward on a line (p = 0.003) all im-
proved significantly. These enhancements reflect gains in chil-
dren’s speed, agility, balance, hand-eye coordination, reaction
time, and spatial awareness. However, one skill—walking on a
balance beam (p = 0.076)—did not show significant improve-
ment, suggesting that this skill may require a longer interven-
tion or more targeted training to yield noticeable progress.

Regarding social-emotional outcomes, the intervention
group scored significantly higher than the control group in
several SE dimensions after the program. Improvements were
especially pronounced in self-awareness, self-management,
management of others, collective awareness, and collective
management skills. The most significant gains were observed
inself-perceptionand collective management, highlighting the
programs effectiveness in fostering children’s self-awareness
and teamwork abilities. However, the “Others’ Perception”
dimension did not show a significant improvement, possibly
due to the short intervention duration or because the activities
were not directly focused on this skill. This suggests that future
implementations may require additional or adapted strategies
to better cultivate children’s awareness of others.

The Kids’ Athletics program also had a positive impact
on children’s activity behaviors. The experimental group
increased their moderate-to-vigorous physical activity by an
average of about 115 minutes per week (t = -2.21, p = 0.028)
more than the control group and reduced their sedentary time
by approximately 149 minutes per week (t = 1.98, p = 0.049)
compared to controls. These findings suggest that students
not only enjoyed the activities but also began adopting more
active lifestyles, spending less time on sedentary pursuits.
While the reduction in sedentary behavior was statistically
significant, the magnitude of change was modest, indicating
room for further improvement in decreasing inactive time.

Most importantly, SEM analysis confirms the
interconnected nature of these outcomes. The structural
model demonstrated a good fit (x*/df = 2.388; NFI =
0.926; CFI = 0.955; IFI = 0.955; RMSEA = 0.068; SRMR =
0.066), validating the proposed relationships among FMS,
SE, and PA. According to the model’s path coeflicients, the
development of FMS had a significant positive effect on
children’s SE development (path coefficient = 0.33). In other
words, as children’s fundamental movement skills improved,
their social-emotional competence also increased. This
makes intuitive sense: better motor skills likely enhanced
children’s confidence, self-control, and opportunities for
positive social interaction, thereby improving various
aspects of their social-emotional skills.

Our results align with and extend previous research
findings in this field. Consistent with national trends
noted by Yang et al. (2022) and colleagues, children in

our sample initially exhibited suboptimal physical activity
levels and similar fundamental movement skill proficiency,
highlighting the need for interventions. Past studies have
indicated that traditional physical education programs
often fail to sufficiently engage children or improve FMS
(Diao, 2018; Ulrich, 2019; Wang et al., 2021). Our baseline
assessment corroborates these findings, showing no notable
differences between groups, suggesting that without a
specialized program, regular school activities may not be
enough to enhance these skills or behaviors.

The significant motor skill improvements observed
with the Kids’ Athletics intervention align with the findings
of Cillik et al. (2018) and Katzenbogner et al. (2018), who
demonstrated that the IAAF Kids’ Athletics program
effectively promotes FMS and physical activity in children.
Our study reinforces these results in a Chinese context while
also emphasizing gains in agility, coordination, and balance
through specific skill assessments. Additionally, previous
studies have well established that increased physical activity
yields health benefits for children (Barnett et al., 2016; Bolger
et al,, 2019; Meng et al., 2020; Xu et al., 2023). Our findings
build on this body of evidence by showing that a targeted
program can significantly increase weekly PA levels and
reduce sedentary time, directly addressing the concern that
many children do not meet recommended PA guidelines
(Yang et al., 2022; Liu et al., 2023; Peng et al., 2024).

Practical Applications of the Results

Since FMS is inextricably linked to social-emotional
learning, schools and youth sports programs must accord
FMS training top priority. The inclusion of exercises for
enhancing performance in basic motor skill functions such
as jumping, balancing, and throwing in curricula can allow
youths to develop motor competency, confidence, and social
skills, thereby contributing to their overall development.
The benefits of physical activity for children vary based on
their FMS skill level. It is thus highly important to consider
their current abilities when designing activity programs.
By structuring programs to accommodate all skill levels,
educators can ensure that each child is appropriately
challenged and experiences success. On a policy and
curriculum level, a balanced program incorporating
moderate and vigorous activities, cooperative games, and
skill drills can maximize developmental outcomes.

With these findings in mind, schools and trainers can
develop interventions and programs that seamlessly integrate
active lifestyles with social-emotional learning. For instance,
physical education classes can incorporate teamwork-based
games and challenges that emphasize communication and
collaboration alongside fitness. Similarly, youth sports
coaches can include reflective discussions on teamwork
and self-discipline in training sessions, reinforcing the link
between physical skill development and emotional growth.

Importance of the Study Findings

This research supports a whole-child conceptualization
for child development in the context of physical education.
Our findings affirm improvement in bodily capacities is
highly connected to improvement in social-emotional
domains—a connection supporting integrated interventions
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as being highly effective. The evidence supporting a sports-
based program in improving self-perception, self-regulation,
and inter-person capacities contributes usefully to closing
research gaps in integrated physical activity and social-
emotional interventions in early childhood (Yang et al,,
2022). Moreover, close correspondence between our SEM
model and seeming inter-relationship between domains
(FMS <> SE <> PA) provide empirical substantiation for
theoretical frameworks proposing inter-connected child
development. Practically, this advises interventions for
child motor skill improvement should not be thought of
as a method for improving bodily health but as a method
for improving affect and relationships as much as possible.
The significance in our findings is in demonstrating a
structured program in physical activity can be a basis for
generalizable learning outcomes. That justifies widening
the mission for physical education beyond health-fitness to
include key personal development domains like confidence,
teamwork, and self-regulation. By shedding lights on inter-
relationship between them, our research compels decision-
makers and educators to invest in integrated programs (like
Kids’ Athletics or programs like it) addressing multiple
dimensions in child development at once.

Future Research Directions

Some skills, such as balance-related abilities and social-
emotional learningaspectslike «Others’ perception,» showed
limited improvement. Future interventions should extend
program duration or adjust content to address these areas
more effectively. Long-term studies are needed to determine
whether improvements in fundamental movement skills,
social-emotional learning, and physical activity persist over
time and whether they translate into other benefits like
academic performance or long-term health. Additionally,
self-reported physical activity data revealed inconsistencies,
emphasizing the need for objective measurement methods.
Further research should explore the link between increased
physical activity and reduced sedentary time to improve
future intervention strategies.

Conclusions

These findings lend strong support for the capability of
well-structured playful interventions like the Kids’ Athletics
program for enhancing children’s fundamental movement
skills, social-emotional development, and rates of physical
activity. The findings underscore the integrated nature of
these aspects of development and the necessity of the
integrated delivery of youth education and the promotion
of physical activity.

These results reinforce that the improvement of funda-
mental movement skills improves more than mere motor
ability but also affects positive social-emotional develop-
ment and provokes enhanced levels of physical activity with
diminished sedentary behavior. These conclusions under-
score the need for the development and implementation of
physical activity interventions that simultaneously affect
multiple aspects of children’s development. And the signifi-
cant relationship between increased physical activity behav-
iors and reduced sedentary behaviors needs to be supported
by additional research findings.

Interventions of the future must consider the extension
and enhancement of the approaches of training toward more
effectively providing areas of improvement that were weaker,
such as balance-related ability and the development of social
awareness. Durability of these improvements over the years
and the more widespread effect upon education and health
must be determined by longitudinal study. Policymakers and
teachers are more effectively enabled by the implementation
of such knowledge to build more successful interventions
that benefit children’s health and well-being, leading toward
the enhancement of long-term development.
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dOyHpameHTanbHi pyxoBi HABUYKM AiTen, colianbHoO-
€MOLiNHNIN PO3BUTOK Ta PO3BUTOK Pi3NNYHOT aKTUBHOCTI

Ha OCHOBI iHTepBeHLil 3 auTAYOI Nnerkoi atnetnkn: Merop
MofileNIlOBaHHA CTPYKTYPHUMU piBHAHHAMN (SEM) Ta aHanis

Yenxya Xyan'*BPE, Yajipar Yoocakym' P

'VuiBepcuter Maxacapakxam

ABTOpPCHKMIT BKIAJ: A — Au3aiiH gocmipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 6 ., 4 Tabn., 1 puc., 19 mxepern.

Merta pocmigxeHnHa. Mera 11bOro JOCIiI)KeHHsA IO/ATaa Y BUBYEHHI CTaHY PO3BUTKY OCHOBHMX PyXOBMX HaBMYOK,
COLIia/IbHO-eMOLIITHOTO PO3BUTKY Ta (pi3N4HOI aKTUBHOCTI Y KUTAMChKMX IiTeil BIKOM Bif 7 o 10 pokiB. BukopucTtoByooun
iHTepBeHIiI0 3 AUTAYOI JIETKOI aT/IeTHKY, /1A aHAJII3Y TPAEKTOPIN IXHBOTO pO3SBUTKY OYI/I0 3aCTOCOBAHO METOJ, MOJE/TIOBAHH A

CTpyKTypHUMHU piBHAHHAMMU (SEM).

Marepianu Ta Mmerogu. [loCmimKeHHA IPOBOAUIOCH Y TIepiof] 3 KBiTHA 10 YepBeHb 2024 poKy 3a y4acTio 305 y4HiB
MOYaTKOBOI IIKOMN. 3a/i/isl IIPOBEEHH HOCIi/PKEeHHS BUKOPUCTOBYBA/IN TeCT HA BUSHAUCHHs PiBHA (YHIAMEHTaTbHUX
PYXOBMX HaBMYOK Y JiTell, OMUTYBaJbHUK [ OLiHKY piBHs (Pi3M9HOI aKTMBHOCTI AiTeit Ta mimmiTkiB (7-18 pokis) Ta
ONUTYBAJIbHYK COLIia/IbHO-eMOLi/IHOI KOMIETEHTHOCTI Y4HiB. 3 MeTOI0 BYBYEHHS B3a€EMO3B’A3KiB MK 3a3HaueHMMMU
cdepamu po3BUTKY Oy/I0 3aCTOCOBAHO METOJ, MOJE/TIOBAHHSA CTPYKTYPHVMY PiBHAHHAMI.
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Pesynbraru. Ilicna saBeplieHHs iHTEepBEHLIIHOTrO NePiofy CIIOCTEPiranocs 3HayHe MOKPaIlleHHs IOKa3HUKIB OCHOBHUX PY-
XOBMX HaBUYOK, COLlia/IbHO-eMOI[i/fHOI KOMIIETeHTHOCTI Ta piBHiB (isuuHOI akTMBHOCTI (yci mokasHuku p < 0,05). Excrieprumen-
TajIbHA IPyIIa [epeBepIlIa KOHTPOIbHY IPYIy 3a OUIBIIICTIO TOKa3HMKIB, OKpIM BUKOHAHHS XOAbOM Ha TIMHACTUYHIN KOTOXI
3 METOI0 BM3HAYEHHs PiBHOBATU Ti/la Ta OL[iHKM CIPUIHATTA oTouyouux (p < 0.05). CTpyKTypHa MOJe/Nb IOKa3aa afjeKBaTHy
BiJITIOBiIHICTD, @ KOPENALIMHNI aHa/li3 I/IAXiB BUABJB 3HAYHY HETAaTMBHY KOPEJIALII0 MiXX OCHOBHMMM PYXOBMMM HaBUYKaMI
Ta COLia/bHO-eMOLITHIM po3BUTKOM (r = -0,33, p < 0,001) i ¢pisuuHO axTMBHICTIO (r = -0.24, p < 0.001). Kpim ToTO, Comianp-
HO-eMOLIHNIT PO3BUTOK NPOJAEMOHCTPYBAB MO3UTUBHY KOpesisiliio 3 disuanom akTusHicTiO (r = 0,19, p = 0,001) i HeratusHy
KOPEJIALII0 3 MaJIOPYX/IMBOIO TTOBefiHKoM (1 = -0,17, p = 0,005). 3HauyLMX KOpeALilil MK OCHOBHMMY PyXOBMMM HABMYKAMU Ta
MaJIOpyX/IMBOIO IOBEMiHKOIO, @ TAKOXK MIX Pi3HUMM piBHAMU (isMYHOI aKTUBHOCTI He CIIOCTepiramocs.

BucnoBkn. OTpyuMaHi faHi JO3BOJAITH 3pOOUTH BUCHOBOK, 1[0 IOKpalleHHA (PyH/JaMeHTa/IbHIX PYXOBUX HaBIYOK
CIIpJsI€ TOJIIIICHHIO COIlia/IbHO-eMOLITHOTO PO3BUTKY Ta Mi/IBUIEHHIO piBHA (Pi3M4HOI aKTUBHOCTI, @ TAKOXK 3HIDKEHHIO
Majopyx/auBoi noseninku. e gocmimxenHs sabesnedye LiHHY OCHOBY A/ HomynApusanii ¢isndHol rpaMoTHOCTI Ta
orrTuMisanil mpakTUK $isMYHOrO BUXOBAHHS.

KnrouoBi croBa: pyHmamMeHTanbHi pyxoBi HABMYKM, COL{ia/IbHO-eMOLIHNUIT PO3BUTOK, PiBHI (Pi3NYHOI aKTUBHOCTI,
JOUTA4YA JIeTKa aTeTuka B Kurai.
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Abstract

Objectives. This study aimed to evaluate the effects of high-load, low-repetition (HLLR) and low-load, high-
repetition (LLHR) resistance training protocols on muscle strength, muscle mass, and muscle damage in active adult

males.

Materials and methods. This quasi-experimental study involved 28 active adult males aged 18-22 years with a body
mass index of 19-23 kg/m? selected to actively participate in the study and given HLLR and LLHR interventions with
a frequency of 3x/week for 4 weeks. Data collection was carried out by assessing maximum muscle strength, muscle
mass, and muscle damage between baseline (pre) and week 4 (post). Statistical analysis used an independent sample

t-test, with a significance level of 95%.

Results. There were significant differences between HLLR and LLHR interventions in max strength lower body
(effect size (ES): 1.024), max strength upper body (ES: 1.241), and muscle mass (ES: 1.184) (p < 0.05). Meanwhile, CK
activity was found to be significantly reduced in LLHR compared to HLLR (ES: 0.828) (p < 0.05).

Conclusions. This study demonstrated that high-load, low-repetition (HLLR) training was more effective for
increasing muscle strength and muscle mass, while low-load, high-repetition (LLHR) training reduced muscle

damage, as indicated by lower creatine kinase levels.

Keywords: maximum muscle strength, muscle damage, muscle mass, resistance training.

Introduction

Resistance training is integral to physical fitness,
rehabilitation, and athletic performance, being widely
recognized as a foundational element for enhancing muscle
strength, promoting hypertrophy, minimizing muscle
damage, and sustaining functional capacity across diverse
populations (Lopez et al., 2020). As an exceptionally
adaptable form of exercise, resistance training can be
customized to address the specific requirements of athletes,
older adults, and individuals undergoing rehabilitation
(Fragala et al, 2019; Bjarnason-Wehrens et al., 2022;

© Subagio, I, Samudra, E E., Pranoto, A., Kartiko, D. C.,
Wiriawan, O., Suyoko, A., Primanata, D., & Orhan, B. E.,
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Papa et al.,, 2017). Among the most commonly utilized
resistance training modalities are high-load, low-repetition
(HLLR) and low-load, high-repetition (LLHR) approaches
(Liu et al., 2024). HLLR, characterized by heavier loads
(exceeding 70 % of one-repetition maximum, 1RM) and
fewer repetitions, is traditionally preferred for maximizing
strength via the recruitment of high-threshold motor units
and generating greater mechanical tension on type II muscle
fibers (Schoenfeld et al., 2015; Nobrega & Libardi, 2016). In
contrast, the LLHR protocol, which employs lighter loads (at
or below 50% of 1RM) with higher repetitions, is frequently
associated with hypertrophy through mechanisms involving
metabolic stress and sustained motor unit activation, offering
an alternative for populations emphasizing reduced muscle
damage and expedited recovery (Dobson, 2021). Despite
the widespread application of these protocols, ongoing
investigations focus on their relative efficacy and associated
trade-offs concerning key muscular adaptations.
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Prior studies have compared LLHR and HLLR
in various contexts. For instance, Ikezoe et al. (2017)
reported no significant differences in muscle strength or
hypertrophy between the two protocols when repetitions
in LLHR were sufficiently increased, suggesting that LLHR
could serve as a viable alternative to HLLR. Likewise,
Schoenfeld et al. (2017) concluded in their meta-analysis
that while hypertrophy can be attained across a spectrum of
loads, maximal strength gains are most effectively achieved
through higher loading protocols. However, critical
distinctions emerge regarding muscle damage and recovery
requirements. Yeom et al. (2023) demonstrated that LLHR
is associated with lower levels of muscle damage markers,
such as creatine kinase (CK) and lactate dehydrogenase
(LDH), compared to HLLR, positioning LLHR as
advantageous for populations necessitating faster recovery.
Additionally, studies by Schoenfeld et al. (2015) and Bello
et al. (2024) revealed that while HLLR yields superior
strength adaptations, LLHR excels in improving muscular
endurance. These findings underscore the necessity of
discerning the physiological trade-offs inherent to these
resistance training methods.

Nonetheless, several critical gaps persist in the literature.
Firstly, existing studies have predominantly concentrated on
narrow populations, such as untrained or well-trained young
males, limiting the generalizability of results to broader
demographics, including older adults or individuals engaged
in rehabilitation (Schoenfeld et al., 2015; Fragala et al., 2019).
Secondly, while the improvements in hypertrophy and
strength resulting from these protocols have been extensively
elucidated, the implications for muscle damage and recovery
duration remain inadequately explored, particularly in active
adult males representing a wider spectrum of fitness levels
(Yeom et al., 2023; Dobson, 2021). Thirdly, the long-term
consequences of integrating LLHR and HLLR for optimizing
both hypertrophy and recovery have yet to be systematically
investigated. Lastly, while studies by Ikezoe et al. (2017) and
Yeom et al. (2023) infer that LLHR can achieve outcomes
comparable to HLLR, evidence remains scarce regarding
the applicability of these benefits in populations prioritizing
reduced recovery demands or minimized joint stress.

To address these gaps, this study endeavors to directly
compare the effects of LLHR and HLLR on muscle strength,
muscle mass, and muscle damage within active adult males.
Specifically, the research aims to ascertain whether LLHR can
achieve comparable hypertrophic and strength adaptations
while simultaneously reducing muscle damage relative to
HLLR. By examining these variables in conjunction, this
investigation aspires to deliver significant insights into the
relative advantages and limitations of each training protocol,
thus providing practical guidance for the customization of
resistance training to align with individual objectives and
capacities.

This research enriches the expanding corpus of literature
on resistance training by clarifying the trade-offs between
load and repetition schemes, emphasizing their integration
to achieve balanced training outcomes while considering
recovery demands. Ultimately, the findings aim to inform
evidence-based practices for athletes, fitness enthusiasts,
and clinical populations, addressing both performance
enhancement and recovery management.

Materials and Methods

Study Design

This study was a two-group pretest-posttest quasi-
experimental design. A total of 28 active adult males aged 18-
22 years, body mass index 19-23 kg/m2, had normal blood
pressure, normal resting heartrate, normal oxygen saturation,
and no history of chronic diseases, including heart failure,
coronary heart, diabetes mellitus, hypertension, and chronic
lung disease and no history of alcohol consumption and
no smoking in 5 years were selected to be actively involved
in the study. The participant recruitment technique used
consecutive sampling and was divided into two intervention
groups, namely high-load, low-repetition (HLLR; n = 14) and
low-load, high-repetition (LLHR; n = 14). All participants
involved in the study had received information about the
purpose, benefits, and risks of participation and they had
given informed consent. Following informed consent,
all subjects underwent health screenings and pretests for
maximum muscle strength, muscle mass, muscle damage.

Protocol of high-load, low-repetition (HLLR)
and low-load, high-repetition (LLHR)

The HLLR and LLHR training programs were
implemented and supervised by professional coachs from
the Department of Sports Coaching Education, Faculty of
Sports and Health Sciences, Universitas Negeri Surabaya
to ensure that the movements performed were correct.
HLLR was implemented with bench press and leg extension
exercises performed 3-5 sets, 8-12 repetitions, with an
intensity of 80-90% IRM. LLHR was implemented with
bench press and leg extension exercises performed 3-5 sets,
25-35 repetitions, with an intensity of 40-50% 1RM. The
repetition rhythm was performed in a controlled manner
with concentric contractions of about 1 second and eccentric
actions of about 2 seconds. Rest between sets was done for
90 seconds. The HLLR and LLHR training programs were
implemented with a frequency of 3x/week for 4 weeks.

Data Collection Technique

Assessment of maximum muscle strength, muscle mass,
muscle damage was carried out at the baseline (pre) and week
4 (post) in each group. Maximal muscle strength, namely
maximum strength lower body and maximum strength
upper body was assessed using the 1RM test, namely with
leg extension (lower body) and bench press (upper body).
Muscle mass was assessed using the TANITA BC-545N.
Muscle damage was assessed by measuring Creatine kinase
(CK) Activity in serum using an Assay Kit (Cat.No.: E-BC-
K558-S; CK Activity; Elabscience Biotechnology Inc.,
Houston, TX 77079, USA).

Statistical Analysis

Normality was applied using the Shapiro-Wilk
Test, then the normally distributed data were tested for
differences using the paired sample t-test to observe changes
between baseline (pre) and week 4 (post) in each group in
all variables. Meanwhile, to observe differences between
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groups, the independent sample t-test was applied. Effect
size analysis using Cohen’s D. All statistical analyses used a
95% significance level. Statistical analyses were performed
using SPSS 21.0 for Windows 10.

Results

Details of the baseline characteristics of the study
participants are presented in Table 1. No significant
differences were found in baseline characteristics of study
participants between groups (all p > 0.05). Assessment of
maximum muscle strength, muscle mass, muscle damage at
baseline (pre) and week 4 (post) on each group are presented
in Table 2 and Figure 1-2.
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Fig. 1. Assessment of maximum muscle strength, muscle mass,
muscle damage at baseline (pre) and week 4 (post) in LLHR
group. *Significant at pre (p < 0.05). Data are presented as
mean + SD. p-value was obtained from the results of paired
sample t-test analysis. Effect size analysis using Cohen’s D

Table 1. Baseline characteristics of study participants
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Fig. 2. Assessment of maximum muscle strength, muscle mass,
muscle damage at baseline (pre) and week 4 (post) in HLLR
group. *Significant at pre (p < 0.05). Data are presented as
mean + SD. p-value was obtained from the results of paired
sample t-test analysis. Effect size analysis using Cohen’s D

There were significant differences between baseline
(pre) and week 4 (post) the intervention of low-load, high-
repetition (LLHR) in max strength lower body (p = 0.001;
effect size (ES): 0.967), max strength upper body (p = 0.001;
ES: 0.784), and CK Activity (p = 0.001; ES: 3.438) (p < 0.01).
Meanwhile, no differences were observed in muscle mass
(p > 0.05) (Figure 1).

There were significant differences between baseline
(pre) and week 4 (post) the intervention of high-load, low-
repetition (HLLR) in max strength lower body (p = 0.001;
ES: 1.091), max strength upper body (p = 0.001; ES: 0.951),
muscle mass (p = 0.001; ES: 0.875), and CK Activity
(p =0.031; ES: 0.941) (p < 0.05) (Figure 2).

Parameters (iL_Hll;) (II;IELII;) Inge;::l‘fent

sample t-test
Age, yrs 19.57 £ 1.87 19.14 £ 1.56 0.516
Resting heart rate, bpm 65.72 + 8.84 66.79 £ 6.79 0.722
Oxygen saturation, % 97.29 £ 1.21 97.50 £ 1.16 0.636
Systolic blood pressure, nmHg 118.22 + 4.63 116.57 £ 3.96 0.322
Diastolic blood pressure, mmHg 70.36 +5.99 70.86 +7.91 0.852
Body weight, kg 64.14 + 6.65 61.43 +7.31 0.314
Height, m 1.71 £ 0.04 1.69 £ 0.05 0.224
Body mass index, kg/m2 21.87 +1.53 21.56 + 2.06 0.655
Body fat, % 16.83 £ 3.11 15.23 +4.38 0.275
Total body water, % 54.61 + 3.06 55.34 + 3.34 0.548
Bone mass, kg 5.87 £0.69 5.57£0.91 0.334
Muscle mass, kg 49.39 + 5.09 45.81 +5.97 0.100
Max strength lower body, kg 118.26 + 14.99 108.79 + 23.75 0.221
Max strength upper body, kg 76.71 +16.28 78.33 + 25.81 0.844
CK Activity, U/L 1.49 +0.53 1.39+£0.77 0.681

Data are presented as mean + SD. p-value was obtained from the results of independent samples t-test analysis
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Table 2. Maximum muscle strength, muscle mass, muscle damage assessment at baseline (pre) and week 4 (post).

Parameter (iI;HlIZ) (II;Ii'LlIZ) p-value Effect Size
Post-Max strength lower body, kg 132.79 + 15.06 136.82 +27.48 0.635 0.181
Post-Max strength upper body, kg 90.87 + 19.65 104.76 + 29.59 0.157 0.553
Post-Muscle mass, kg 50.46 + 4.26 51.17 £ 6.27 0.730 0.132
Post-CK Activity, U/L 0.16 + 0.14° 0.73 £0.62 0.002 1.272
A-Max strength lower body, kg 14.54 £ 6.72 28.02 +17.37* 0.012 1.024
A-Max strength upper body, kg 14.16 +7.49 26.43 £11.82° 0.003 1.241
A-Muscle mass, kg 1.07 + 3.54 5.36 + 3.71* 0.004 1.184
A-CK Activity, U/L -1.33 £ 0.53° -0.66 + 1.02 0.038 0.828

A: Post-Pre. aSignificant at LLHR group (p < 0.05). bSignificant at HLLR group (p < 0.05). Data are presented as mean * SD. p-value was
obtained from the results of independent samples t-test analysis. Effect size analysis using Cohen’s D

Discussion

This study evaluated the effects of high-load, low-
repetition (HLLR) and low-load, high-repetition (LLHR)
resistance training protocols on muscle strength, muscle
mass, and muscle damage in active adult males. The findings
demonstrate that HLLR is superior in increasing maximum
muscle strength for both upper and lower extremities,
whereas LLHR resulted in significantly reduced muscle
damage and meaningful hypertrophic adaptations. These
results align with established theories on resistance training
and provide insights into optimizing training protocols
based on individual goals and recovery needs. The findings
of this study are consistent with and extend the results of
previous research comparing low-load, high-repetition
(LLHR) and high-load, low-repetition (HLLR) resistance
training protocols. For example, Ikezoe et al. (2017) found
no significant differences between LLHR and HLLR in
terms of muscle strength and hypertrophy improvements,
suggesting that LLHR can produce similar outcomes to
HLLR when repetitions are increased. Our results similarly
indicate that LLHR is a viable alternative for promoting
hypertrophy while reducing muscle damage, as reflected in
lower creatine kinase (CK) levels. Furthermore, the study
by Yeom et al. (2023) demonstrated that LLHR induces
lower muscle damage markers, such as CK and lactate
dehydrogenase (LDH), while still activating key anabolic
signaling pathways (e.g., p70S6K1 and 4E-BP1), supporting
hypertrophic adaptations. This aligns with our findings that
LLHR minimizes muscle damage while eliciting comparable
hypertrophic effects. Consistent with Schoenfeld et al.
(2015), our study also observed that HLLR produced greater
improvements in maximum strength compared to LLHR.
This is likely due to HLLRSs ability to recruit high-threshold
motor units and stimulate neuromuscular adaptations,
which is critical for developing maximum force. Similarly,
the systematic review by Schoenfeld et al. (2017) highlighted
that maximal strength gains are best achieved with high
loads, whereas muscle hypertrophy can be achieved across
a spectrum of loading ranges. These findings further
reinforce our conclusion that HLLR is optimal for strength
development, while LLHR provides a safer and more
effective alternative for hypertrophy. Bello et al. (2024) also
reported that high-load training leads to superior increases
in I-repetition maximum (1RM) strength compared to
low-load training, supporting our observation that HLLR
is more effective for improving strength outcomes. However,

our findings emphasize that LLHR has the additional
advantage of reduced recovery demands, which could be
beneficial for specific populations, such as older adults or
those in rehabilitation. Additionally, our study complements
the findings of Schoenfeld et al. (2017) by confirming that
hypertrophic adaptations are not load-dependent, as both
LLHR and HLLR protocols produced meaningful muscle
mass increases. Overall, our results align with prior studies
while providing additional insights into the distinct trade-offs
between LLHR and HLLR protocols, particularly in terms of
muscle damage and recovery demands. By confirming that
both approaches can be effective for different training goals,
our study adds to the growing body of evidence supporting the
adaptability of resistance training to meet individual needs.
The mechanisms underlying these findings can be
explained through distinct physiological pathways and the
theoretical basis of resistance training. The superior strength
gains observed with HLLR can beattributed to the recruitment
of high-threshold motor units, which predominantly engage
type Il muscle fibers essential for maximum force production
(Del Vecchio etal., 2019; Morton et al., 2019). This aligns with
the principle of progressive overload, where high-intensity
loads promote neuromuscular adaptations and enhanced
motor unit synchronization (Pope et al., 2016). Conversely,
LLHR leverages metabolic stress to stimulate hypertrophy
by activating the Akt/mTOR signaling pathway, promoting
protein synthesis, and engaging both type I and type Il muscle
fibers when performed to failure (Grgic, 2020; McIntosh
et al., 2023). This mechanism explains how LLHR achieves
meaningful hypertrophic effects with less mechanical tension
per repetition, reducing the risk of structural muscle damage.
Furthermore, the elevated levels of creatine kinase (CK)
observed in the HLLR protocol reflect greater microtrauma
induced by heavier loads, which, although beneficial for
muscle remodeling, necessitate extended recovery periods to
avoid overtraining or injury (Callegari et al., 2017).
Therelationship between the protocolsand their respective
outcomes highlights important trade-offs. For muscle
strength, HLLR was significantly more effective due to the
high mechanical tension and superior recruitment of type II
fibers (Lixandrao et al., 2017). Although LLHR also produced
strength gains, its effects were less pronounced, suggesting its
potential as a complementary approach for individuals unable
to tolerate high loads (Schoenfeld et al., 2015; Evangelou et
al,, 2021). In terms of muscle mass, HLLR elicited greater
increases, consistent with the higher mechanical stress
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imposed by heavy loads, while LLHR produced comparable
hypertrophy via metabolic stress mechanisms, providing a
safer alternative for populations prioritizing joint health
or injury prevention (Jenkins et al., 2017). Finally, muscle
damage, as indicated by CK levels, was significantly lower
in LLHR, further supporting its use for faster recovery and
reduced structural stress (Baird et al., 2012).

This study is not without limitations. The intervention
period of four weeks may be insufficient to capture the long-
term adaptations or cumulative effects of these protocols. The
study also focused exclusively on active adult males, which
limits the generalizability of the findings to other populations,
such as women, older adults, or clinical groups. Additionally,
the reliance on CK as the sole marker for muscle damage
may not fully represent the complex structural changes
occurring at the cellular level, and further studies using
imaging or histological techniques are warranted. Lastly, the
study did not explore the potential benefits of combining
HLLR and LLHR protocols, which may offer complementary
advantages for both strength and hypertrophy.

These findings have practical implications for designing
resistance training programs. HLLR is optimal for athletes
aiming to maximize strength and power, while LLHR is a
safer and more sustainable option for individuals prioritizing
recovery, joint health, or moderate hypertrophic gains. A
combined approach may be beneficial, incorporating HLLR
during strength-focused phases and LLHR for hypertrophy
and recovery phases, thereby balancing the benefits of both
protocols while mitigating their respective limitations.

Future research should investigate the long-term effects
of HLLR and LLHR, particularly in diverse populations such
as women, older adults, and individuals with pre-existing
conditions. Examining the combination of these protocols
and their effects on muscle adaptation over extended
periods could provide further insights into optimizing
training outcomes. Additionally, molecular and structural
investigations, such as muscle biopsies and imaging studies,
are needed to elucidate the physiological mechanisms
underlying these adaptations. By addressing these gaps,
tuture studies could refine resistance training strategies and
enhance their applicability across various settings.

This study contributes to the growing body of evidence
on resistance training by demonstrating that HLLR is highly
effective for maximizing strength and hypertrophy, while
LLHR provides comparable benefits with reduced muscle
damage and faster recovery. These findings highlight the
importance of tailoring resistance training protocols to
individual goals, capacities, and recovery demands, thereby
optimizing performance outcomes in both athletic and
clinical populations.

Conclusions

This study demonstrated that high-load, low-repetition
(HLLR) training was more effective for increasing muscle
strength and muscle mass, while low-load, high-repetition
(LLHR) training reduces muscle damage, as indicated by
lower creatine kinase levels. HLLR’s superior strength gains
result from greater neuromuscular adaptations and high-
threshold motor unit recruitment, whereas LLHR offers
comparable hypertrophicbenefits with less recovery demand,
making it suitable for populations prioritizing endurance

or injury prevention. These findings suggest that tailoring
resistance training protocols to individual goals—strength
versus recovery and joint health—can optimize performance
outcomes. Combining HLLR and LLHR may provide a
balanced approach to maximize training effectiveness.
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Brn3sHauyeHHA NOKa3HUKiIB MaKCMMaJibHOI cUnn M’'A3iB,

M’A30BOI Macn, NOWKOMKEHHA M'A3IB Y aKTUBHUX JOPOCNX
YONOBIKIB NicNA NpoBeAeHHA CUIOBUX TPEHYBaHb i3 HU3bKUM
HaBaHTa)KeHHAM Ta Be/INKOIO KiNbKiCTIO NOBTOPEHb Y NOEAHAHHI
i3 BUCOKMM HaBaHTaXXE€HHAM Ta MaJIolo KiJibKiCTIO NOBTOPEeHb

Ipmanrapa Cy6amkio'ABPF, @amkap Exa Camyapa'4®PE, Ani [Ipanoto'“?, [IBi Kaxo KapTuko

2ABD
>

Ovue BipiaBan'®?, Auapi Cyexo'*®P, [Jlani IIpumanara'®®, Bekip Epxan Opxan®-?

!Nep>xaBuuit yHiBepcuteT Cypabast
*CraMOy/IbChbKMIT yHIBEpCUTET ATIVH

ABTOpCBHKNMIT BKIAL: A — FU3aiiH JOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarts: 6 c., 2 Tab1., 2 puc., 22 KeperL.

Merta pocnipkenns. Ile mocnifiykeHHA Malo Ha MeTi OLiHUTY BIIMB IIPOTOKO/IB CMJIOBMX TPEHYBaHb i3 BUCOKMM HaBaH-
Ta)XeHHAM i Mano KinpkicTio noBropeHb (HLLR) Ta HM3bKMM HaBaHTa)KeHHSM 1 Be/IMKOIO KinbkicTio moBTopens (LLHR) Ha
MOKa3HMKIL CHJIU M 513iB, M'sI30BOI Macy Ta IOLIKO/PKEHHs M 3B Y JOPOC/MX YO/MOBIKIB, sIKi BeAYTb aKTUBHMII CIIOCIO KUTTSL.
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Marepianu ta Mmeropu. Ile kBasiekcriepyMeHTa/IbHE JOCTIPKeHHA BKII0Yano 28 aKTUBHMX JJOPOCINX YO/MOBiKiB BikoMm 18-
22 pokiB 3 iHfjekcoM Macu Tima 19-23 kr/M2, BigibpaHuX /1A aKTUBHOI y4acTi B TOCIi/KeHHi, AKi mpoxopumu intepsennii 3 HLLR
ta LLHR TpeHyBaHb i3 4acTOTO0 3 pasy Ha TYDK/IEHb BIPOOBXK 4 TYDKHIB. 306ip HaHNX IPOBOAMBCS IULIXOM OL[{HKY ITOKA3HVKIB
MaKCHMAa/IbHOI MM M’sA31B, M’30BOI Macl Ta IOMIKOKEHHs M 53iB MDK ITOYaTKOBMM €TaroM ([j0) Ta 3aBepLICHHAM IHepiofy
4 tyokHiB (mics). /1 CTaTUCTUYHOTO aHali3y 3aCTOCOBAHO t-KpUTepill [Is He3a/leXXHUX BIOIPOK 3 piBHeM 3HaIy1mocTi 95 %.

Pesynbrarn. [JocToBipHi BigMiHHOCTI crioctepiramica mMix intepeHnismMu HLLR Ta LLHR TpenyBaHb y moKasHMKaX MakK-
CUMa/IPHOI CU/IM HIDKHDBOI YacTiHU Tynyba (posmip edekry (ES): 1,024), makcumanbHOI cumy BepxHboi dactuHu Tyny6a (ES:
1,241) ta m’s30B01 macu (ES: 1,184) (p < 0,05). BogHOYac BCTAaHOBJIEHO, 1110 AKTUBHICTh KPeaTNHKIHA3M 3HAYHO 3HIDKEHA IIij] 9ac
BukoHaHHA LLHR Tpenysanb nopisaano 3 HLLR (ES: 0,828) (p < 0,05).

BucnoBku. [loc/imkeHHs IPOLEMOHCTPYBaO, 10 TPEHYBAaHHA i3 BUCOKMM HaBaHTAXXEHHAM i HM3bKOKO Ki/IbKiCTIO IIOBTO-
penb (HLLR) € edekTuBHIIMM 3 TOUYKM 30py 30i/NbIIeHHA M A30BOI CMM i M A30BOI MacH, TOi AK TPeHYBaHHA i3 HM3bKMM Ha-
BaHTA)XEHHSIM 1 BICOKOIO KinbKicTio oBTopeHdb (LLHR) cpusioTs 3MeHIIEHHIO TOMIKO/PKEHHS M 531B, IIPO 110 CBijYaTh HIDKYI
PiBHIi KpeaTUHKiHa3M.

KitrouoBi cmoBa: MakcuMaibHa CjIa M sI3iB, IIOMIKOKEHHsI M 5I3iB, M'sI30Ba Maca, CU/IOBi TPEHYBaHHSI.
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Abstract

Background. The novelty of this study is a combination of strength and aerobic exercise, thereby enhancing the
benefits of improving body composition. Aerobic exercise is effective for burning calories, which helps to lose fat,
while strength exercise facilitates maintaining and building muscle mass.

Objectives. This study aimed to demonstrate that a combination of strength-aerobic exercise can significantly

improve the body composition of obese women.

Materials and methods. This study was an experimental randomized controlled trial (RCT) involving 20 participants
consisting of obese women who were given the intervention for eight weeks with a frequency of 4x/week. The

data collected included a body composition, measured using the TANITA Body Composition Analyzer DC-360
(TANITA Corporation, Inc., IL 60005, USA). The data analysis techniques used were the paired sample t-test, with

a significance level of 95 %.

Results. The results obtained indicate that this combined exercise program significantly reduces body weight, body
mass index (BMI), fat mass, and body fat percentage (p < 0.05). In addition, the program also significantly increases

fat-free mass and muscle mass (p < 0.05).

Conclusions. The findings showed that a combination of aerobic exercise and endurance led to substantial
improvements in body composition in obese women. These results confirm previous studies and provide scientific
evidence for including a combination exercise program as part of an obesity management strategy.

Keywords: combined exercise, body composition, healthy lifestyle, obese women.

Introduction

Obesity in women is a growing global health problem.
According to a report from the World Health Organization
(WHO), in 2020, about 15% of adult women worldwide
were obese (BMI >30) (Li & Chen, 2021). Women who are
obese have up to 10 times higher risk of developing diabetes
compared to women with normal weight. Obesity in women
is not only related to appearance but also poses a significant

© Lestari, B., Pranoto, A., Hariyanto, A., Yosika, G. E,
Siantoro, G., Andriana, L. M., Avandi, R. L., Zalillah, S. L.,
& Yuhantini, E. E, 2025.

@ PETM
i LLCOVS

danger to physical and mental health (Bakaloudi et al,,
2020). The increasing rate of obesity worldwide highlights
the urgent need for effective interventions, such as physical
activity, a good diet, and psychological support, to mitigate
the negative effects (Wang et al., 2022).

Body composition, which shows the ratio of body fat to
lean mass (such as muscle, bone, water, and other tissues),
is an important indicator of an individual’s health (Rejeki
et al., 2023). Improving body composition means reducing
excess body fat and increasing or maintaining muscle mass,
both of which provide significant benefits for physical and
mental health (Pekas et al., 2020). Amid rising global obesity
rates, especially among women, the development of effective
strategies to improve body composition is becoming
increasingly important (Mpampoulis et al., 2024).
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Aerobic exercise, consisting of sustained moderate
to high-intensity activities such as running, cycling, or
swimming, offers various benefits to the body (Ashadi et al.,
2024). Aerobic exercise can enhance calorie burning, which
contributes to weight loss, and improve cardiovascular
capacity by increasing the heart and lungs’ efficiency in
delivering oxygen to muscles, supporting heart health
(Jones et al., 2020). This exercise modality is also effective
in reducing body fat percentage, including visceral fat,
which is strongly associated with metabolic disease risks.
Additionally, aerobic exercise improves insulin sensitivity
and regulates stress hormones such as cortisol, reducing
fat accumulation (Youssef et al., 2022). However, aerobic
exercise alone has limitations—it does not significantly
increase muscle mass, a critical factor in boosting basal
metabolism (Kysel et al., 2023). Weight loss due to aerobic
exercise without incorporating strength training may risk
muscle mass loss (Zhang et al., 2023).

Strength exercises, such as weightlifting or bodyweight
training, aim to strengthen and increase muscle mass
(Valenzuela et al., 2021). These exercises enhance muscle
mass and basal metabolic rate, allowing for higher calorie
expenditure even at rest through the excess post-exercise
oxygen consumption (EPOC) effect (Versic et al., 2021).
Strength training also improves posture and physical
function by strengthening supporting muscles that help
preventinjury (Atakan etal., 2021). Furthermore, itimproves
glucose regulation by increasing insulin sensitivity, as muscle
mass serves as the primary reservoir for glucose storage
(Domingues et al., 2024). Despite these benefits, strength
training burns fewer calories during exercise compared
to aerobic activities and is less effective in improving
cardiovascular health (Oh & Lee, 2023).

Given the complementary benefits of aerobic and
strength exercises, integrating these modalities has
emerged as a highly effective approach for improving
body composition. Aerobic exercise facilitates fat loss by
increasing calorie burn, while strength training preserves
and builds muscle mass, ensuring weight loss comes from
fat rather than lean tissue (Jamka et al., 2021). Strength
training further enhances basal metabolism, allowing for
sustained calorie burning even after an aerobic session (Park
etal., 2020). The combined approach is not only effective for
heart health but also strengthens the body for daily physical
activities (Pippi et al., 2022).

This integrated method has a superior long-term effect,
enabling more sustainable weight loss compared to relying on
a single exercise type. Studies that focus solely on one type of
exercise often overlook the synergistic benefits of combining
both aerobic and strength exercises, which have been proven
to be more effective in improving overall body composition
(Manojlovi¢ et al., 2021). Therefore, a dual approach should
be emphasized in fitness strategies, especially for populations
with obesity, such as women (Coelho-Junior et al., 2020).

The aim of this study is to demonstrate that the
combination of aerobic and strength exercise can
significantly improve the body composition of obese women.
This research offers an important contribution to the global
community by presenting a practical, evidence-based
approach to managing obesity. Furthermore, the findings
underscore the importance of incorporating both aerobic
and strength training into exercise programs, benefiting not

only individuals but also contributing to public health efforts
worldwide.

Materials and Methods

Study Design

This study was an experimental randomized controlled
trial (RCT). The purpose of this study was to compare com-
bination of strength and aerobic exercise in the experimental
group that received the intervention and the control group
that did not receive the intervention. A total of 20 people
were divided into two groups: a control group (Control) con-
sisting of 10 people without intervention and 10 other partic-
ipants who were given combination of strength and aerobic
exercise interventions (Exercise). The study began by dis-
seminating information about open recruitment for research
samples through social media. The sample was selected based
on predetermined criteria, namely: young adult women aged
20-30 years, inactive in exercise, with a BMI above 28 kg/m?,
and willing to participate in an exercise program for 8 weeks.
The training was carried out on a scheduled basis with the
guidance of the research team and instructors every Monday,
Tuesday, Wednesday, Thursday, and Saturday. Details of the
training program are presented in Table 1.

Data Collection Techniques

Body fat measurements will be carried out using TANI-
TA Body Composition Analyzer DC-360 (TANITA Corpo-
ration, Inc., IL 60005, USA) twice, before and one day after
the four-week intervention period. The height of the subjects
will be measured using a portable stadiometer Seca 213 (Seca
213, Hammer Steindamm 3-25 22089, Hamburg Germany).

Data Analysis Techniques

The data analysis in this study will used Shapiro-Wilk
to test normality. The paired sample t-test was applied to
evaluate the differences in each group, while the independent
sample t-test was to analyze the differences between groups.
The applied significance level was a 95%, and the data will be
presented as an mean * standard deviation (SDs). Effect size
was assessed using Cohen’s D analysis.

Results

Theresultsoftheanalysis of participant characteristicsare
presented in Table 2. Table 2 shows no significant differences
in age, body mass index, body composition, resting heart
rate, and blood pressure, and oxygen saturation observed
all analysis results show p > 0.05 (Table 2). Meanwhile, the
results of body composition assessments between pre and
post exercise are presented in Figure 1.

Based on Figure 1, it shows that there are significant dif-
ferences between baseline (pre) and weeks 8 (post) in weight
(p = 0.001; ES = 1.337), BMI (p = 0.001; ES = 0.651), PBF
(p = 0.001; ES = 0.896), FM (p = 0.001; ES = 0.423), FFM
(p = 0.001; ES = 0.524), and MM (p = 0.001; ES = 0.494)
in the exercise group. Meanwhile, in the control group no
significant differences were observed (p > 0.05). The results
of the analysis of differences between groups are presented
in Table 3.
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Table 1. The training program of strength aerobic combined exercise

Weeks

Strength-aerobic combined exercise group

Control group

Week - 1

Moderate-intensity continuous training

The intensity was done at 60 % of maximum heart rate for 30 minutes

Total body strength training

The intensity was done at 60 % of 1 repetition maximum (1RM) with a 4 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 2

Moderate-intensity continuous training

The intensity was done at 60 % of maximum heart rate for 30 minutes

Total body strength training

The intensity was done at 60 % of 1 repetition maximum (1RM) with a 4 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 3

Moderate-intensity continuous training

The intensity was done at 65 % of maximum heart rate for 30 minutes

Total body strength training

The intensity was done at 65 % of 1 repetition maximum (1RM) with a 4 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 4

Moderate-intensity continuous training

The intensity was done at 65 % of maximum heart rate for 30 minutes

Total body strength training

The intensity was done at 65 % of 1 repetition maximum (1RM) with a 5 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 5

Moderate-intensity continuous training

The intensity was done at 65 % of maximum heart rate for 35 minutes

Total body strength training

The intensity was done at 65 % of 1 repetition maximum (1RM) with a 5 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 6

Moderate-intensity continuous training

The intensity was done at 65 % of maximum heart rate for 35 minutes

Total body strength training

The intensity was done at 65 % of 1 repetition maximum (1RM) with a 5 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 7

Moderate-intensity continuous training

The intensity was done at 70 % of maximum heart rate for 35 minutes

Total body strength training

The intensity was done at 70 % of 1 repetition maximum (1RM) with a 5 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention

Week - 8

Moderate-intensity continuous training

The intensity was done at 70 % of maximum heart rate for 40 minutes

Total body strength training

The intensity was done at 70 % of 1 repetition maximum (1RM) with a 6 sets
of 12-15 repetitions

Warming up and cooling down are each done for 5 minutes at an intensity of
50 % HRmax.

Without exercise intervention
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Table 2. Baseline characteristics of study participants

Variable Control Exercise p-value
(n = 10) (n = 10) Independent sample t-test
Age (years) 2330 + 1.34 2320+ 1.48 0.876
Resting heart rate (beats/min) 74.20 £ 4.35 75.55 +7.61 0.632
Systolic blood pressure (mmHg) 115.06 + 3.43 116.05 + 2.89 0.494
Diastolic blood pressure (mmHg) 75.20 +2.87 75.05 + 4.38 0.929
Oxygen saturation (%) 99.00 + 0.82 99.10 + 0.88 0.795
Height (m) 1.56 £ 0.05 1.55 £ 0.04 0.756
Weight (kg) 74.46 + 6.79 74.05 £ 7.03 0.896
Body mass index (kg/m?) 30.43 +1.39 30.54 +2.26 0.891
Percentage of body fat (%) 34.70 + 3.11 34.79 + 1.91 0.939
Fat mass (kg) 26.45 £5.21 25.15 £ 3.82 0.533
Free fat mass (kg) 35.43 +5.96 33.89 +3.12 0.479
Muscle mass (kg) 25.93 +2.05 24.71 £ 2.45 0.243
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Fig. 1. Assessment of weight, body mass index (BMI), percentage of body fat (PBF), fat mass (FM), fat-
free mass (FFM), and muscle mass (MM) baseline (pre) and weeks 8 (post) in each group. The data was
presented as mean * standard deviation (SDs). *Significantly different from pre in exercise group p < 0.001.

ES: Effect size. p-value was obtained by paired sample t-test
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Table 3. Assessment of weight, BMI, PBE, FM, FFM, and MM baseline (pre) and weeks 8 (post) between groups

Control

Exercise

Variable (n = 10) (n = 10) p-value Effect size
Post-Weight (kg) 7498 +7.15 70.55 + 6.86 0.175 0.632
Post-BMI (kg/m2) 30.64 £ 1.59 29.09 £ 2.19 0.089 0.804
Post-PBF (%) 34.97 +3.55 33.14 +1.77 0.163 0.651
Post-FM (kg) 26.67 +5.52 23.95 +3.64 0.211 0.581
Post-FFM (kg) 35.15+5.52 35.59+3.34 0.832 0.096
Post-MM (kg) 25.76 + 1.99 25.94 +2.52 0.861 0.079
A-Weight (kg) 0.52+1.44 -3.50 £ 0.48° 0.000 3.732
A-BMI (kg/m?) 0.21 £ 0.59 -1.45 +0.21* 0.000 3.727
A-PBF (%) 0.27 £ 0.67 -1.65 £ 0.26° 0.000 3.767
A-FM (kg) 0.22 £0.52 -1.19 + 0.24° 0.000 3.513
A-FFM (kg) -0.28 £0.71 1.69 + 0.32° 0.000 3.623
A-MM (kg) -0.17 £ 0.51 1.23£0.18* 0.000 3.634

The data was presented as mean + standard deviation (SDs). *Significantly different from control group p < 0.001. p-value was obtained

by paired sample t-test

Discussion

The study demonstrated the significant impact of
combined strength and aerobic exercise on body composition
in obese women. The results indicate that this combined
exercise program significantly reduces body weight, body
mass index (BMI), fat mass, and body fat percentage while
increasing muscle mass and fat-free mass (FFM). These
findings underline the effectiveness of combination exercise
programs in achieving a healthier body composition.

The results align with and extend prior research on the
effects of combined aerobic and strength exercises on body
composition. For instance, Oh and Lee (2023) found that an
8-week combined exercise program significantly reduced
body fat percentage, triglyceride levels, and leptin levels in
middle-aged women with obesity. They also observed that
moderate-intensity aerobic exercise during combination
training yielded slightly better outcomes for lipid profiles
than vigorous-intensity aerobic exercise. Similarly, Cicek
and Singin (2023) showed that 10 weeks of either aerobic or
strength exercise significantly improved BMI, fat mass, and
quality of life (QoL) sub-dimensions such as physical and
psychological health. These findings reinforce the results
of the present study, emphasizing the holistic benefits of
combined exercise programs, particularly their ability to
enhance body composition and overall well-being.

Aerobic and strength exercises, especially when
combined, havelongbeenrecognizedaseffectivestrategies for
addressing obesity (Pojednic et al., 2022). The dual approach
is superior to performing either exercise alone in reducing fat
mass (Jamka et al., 2021). The primary mechanism involves
increased energy expenditure and metabolic efficiency, with
aerobic exercise directly contributing to calorie burning and
strength training promoting muscle mass maintenance or
growth (Makiel et al., 2023). Notably, an increase in FFM,
as observed in this study, is associated with a higher basal
metabolic rate, which facilitates more effective weight
management (Ahn & Kim, 2022).

This study’s findings are consistent with evidence that
adding strength training to an aerobic exercise program
enhances fat reduction and increases FEM. Strength training
stimulates muscle protein synthesis, which aids in improving
body composition by increasing muscle mass and reducing
fat (Despeghel et al., 2021). Furthermore, the decrease in fat
mass observed in this study aligns with metabolic adaptations
supported by hormones such as leptin and adiponectin,
which are influenced by consistent physical activity (Garcia-
Roca et al,, 2024). The increase in FFM observed in this
study highlights the role of strength training in promoting
muscle growth, contributing to improved metabolic health
and overall physical strength.

Combination exercises impact body composition
through multiple mechanisms. Aerobic exercise increases
fat oxidation and insulin sensitivity, which reduces fat
accumulation, while strength training enhances muscle
hypertrophy and metabolic activity (Lee et al., 2024).
These complementary effects underscore the importance of
combining aerobic and strength exercises to achieve optimal
results. This approach not only reduces fat mass but also
increases FFM, which has profound implications for long-
term metabolic health and physical functionality.

The results have important implications for obesity
management, particularly in women. Considering that
obesity in women is often linked to hormonal and metabolic
changes, combined exercise programs provide an effective
strategy for achieving weight loss and improving overall
health (Masouleh et al., 2021; Tan et al., 2023). To maximize
benefits, the duration, intensity, and frequency of exercise
programs must be tailored to individual conditions
(Biatkowski et al., 2024). For instance, Bagheri et al. (2023)
recommend exercising three times per week for 60 minutes
per session over 12 weeks to achieve significant results. This
regimen aligns with the current study’s findings, which
support moderate-intensity aerobic exercise combined with
strength training targeting major muscle groups for optimal
outcomes (Bakaloudi et al., 2020; Oh & Lee, 2023).
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However, this study has certain limitations. The sample
sizewasrelatively smalland included only youngadult women
with sedentary lifestyles, limiting the generalizability of the
findings. Previous research suggests that older women and
other demographic groups may exhibit different responses
to combination exercise programs due to variations in
hormonal, metabolic, and lifestyle factors (Méndez-
Hernandez et al., 2022). Additionally, the short duration
of the intervention may not capture the long-term effects
of combined exercise programs. Future research should
explore the sustainability of benefits over extended periods
and assess the effects of different exercise intensities and
frequencies to refine individualized exercise prescriptions
(Garcia-Roca et al., 2024).

Studies on the combination of aerobic and strength exer-
cise are essential as a preventive measure against global obe-
sity. They offer practical, scalable solutions with broad health
benefits, including improved metabolic health, enhanced
physical strength, and better quality of life. Furthermore,
the integration of these findings into public health policies
could contribute to addressing the global obesity epidemic.
Future research should also consider including quality-of-
life assessments and additional health metrics to capture the
comprehensive benefits of combined exercise programs.

Conclusion

The study highlighted that combining aerobic and
strength exercises effectively enhances body composition
in obese women. These findings support earlier studies and
offer scientific backing for including combination exercise
programs in strategies for managing obesity. Therefore, the
development of programs tailored to individual needs is
essential to improve the success of interventions and long-
term health.
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Icropia nuranHa. HaykoBa HOBMSHA I[bOTO JOCTIMKEHH IIOJIATAa€ Y BUBYCHH]I IIO€[HAHHS CHIOBMX Ta aepOOHMX BIIPaB,
3aCTOCYBAHHS SIKMX ITOCUIIOE TIO3UTMBHIIL BIVIMB Ha MOJIIIIEHHs] KOMIIOHEHTHOTO CKIafly Tila. BUKOHaHHS aepoOHMX BIIpaB €
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CYTTEBO MOKPALIUTY KOMIIO3MIIIIO Ti/la )KiHOK 3 O>KMPiHHAM.
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Pesynprarn. OTpuMaHi pe3ynbTaTyi BKasylTh Ha 3Ha4YHe 3HVDKEHHS Macyl Tima, iHfgekcy macu tima (IMT), sxnpoBoi macu ta
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Abstract

Background. Exercise-induced oxidative stress, often resulting from high-intensity interval training (HIIT), can
cause short-term declines in performance due to alterations in cellular and DNA function. Therefore, oxidative
stress markers have gained increased attention for their potential role in reducing risks and improving individual

performance.

Objectives. This study aimed to assist researchers and practitioners in grasping current research trends and exploring
future research directions in the field of oxidative stress and HIIT.

Materials and methods. This paper presents a comprehensive bibliometric overview and visualization of research on
oxidative stress in HIIT, analyzing 192 publications from the Scopus database. Scopus was chosen for data extraction
due to its prominence as Elsevier’s citation database, high-quality peer-reviewed works, and four metrics: h-index,
CiteScore, SCImago Journal Rank (SJR), and Source Normalized Impact per Paper (SNIP).

Results. By employing various visualization tools to analyse influential authors, organisations, and keywords, the
paper identifies leading publications and key research clusters related to oxidative stress in HIIT.

Conclusions. Through performing citation and reference co-citation analyses, the study highlights central research
topics and emerging trends pertaining to oxidative stress in HIIT.

Keywords: high-intensity interval training, oxidative stress, exercise, bibliometrics.

Introduction

High-intensity interval training (HIIT) is recognized as
a highly effective and time-efficient method for enhancing
cardiorespiratory and metabolic functions, significantly
contributing to optimizing physical performance across
different domains (Sarkar et al., 2021). In general, High-
intensity interval training offers several benefits. It is
distinguished by short periods of vigorous physical activity
(approximately 85-90% of VO,max), usually lasting one
to four minutes, followed by intervals of lower-intensity
exercise or rest (Alansare et al., 2018). This training program
was rated top in the health and fitness trends because of its
time-saving nature (Petersen et al., 2016; Thompson, 2018).
Moreover, this methodology capitalizes on the efficiency
of workout time and contributes to a broad spectrum of
fitness improvements, embodying a multifaceted approach
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to physical conditioning (Laursen and Jenkins, 2002). HIIT
is a promising alternative to traditional endurance training,
achieving similar or better improvements in physiological,
performance, and health outcomes across both healthy
and diseased populations (Gibala et al., 2008). It also helps
manage oxidative stress, a key factor in cellular damage and
overall health, highlighting its effectiveness in boosting
fitness, supporting cellular health, and fostering resilience.
Oxidative stress represents a fundamental biological
phenomenon characterized by an imbalance between
the generation of reactive oxygen species (ROS) and the
organism’s capacity to neutralize them through antioxidant
defenses (Sies, 2020). This imbalance can lead to significant
cellular damage, affecting proteins, lipids, and DNA. Such
damage is implicated in various health conditions, including
chronic diseases and the aging process (Oxidative Stress,
MODRN, n.d.). In 1956, Denham Harman introduced the
free radical theory of aging, highlighting the detrimental
effects of free radicals (Harman, 1956). According to this
theory, the production of ROS, which are oxygen-containing
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molecules that can form free radicals, is a byproduct of
metabolic processes. Although ROS are naturally produced
during normal metabolism (Forsberg et al., 2001), excessive
accumulation of these species can inflict harm on cellular
macromolecules, including proteins, DNA, and lipids
(Gutteridge et al., 1996; Halliwell, 1996). To counter such
damage, the body relies on an array of antioxidants—
metabolites and enzymes that counteract the detrimental
effects of ROS by neutralizing free radicals, thereby
safeguarding cellular components (Pham-Huy et al., 2008;
Cooper et al., 2002).

Understanding the relationship between oxidative stress
and high-intensity interval training (HIIT) is critical because
HIIT is known to reduce oxidative stress and enhance overall
health outcomes. Bibliometric analysis, which involves the
statistical examination of research publications, can provide
valuable insights into the evolving body of knowledge on
this topic. Given the increasing volume of research on both
oxidative stress and HIIT in recent years, there is a pressing
need for a comprehensive review. The current study aims
to address this gap by conducting a bibliometric analysis
using the Scopus database, summarizing and evaluating the
research landscape concerning oxidative stress and HIIT.

The structure of the paper is organized as follows: Part
2 outlines the study methods, Part 3 presents the analysis
results, Part 4 provides an in-depth discussion of the results,
and Part 5 presents the study’s conclusion and provides
guidance for future research.

Material and Methods

Development of Research Questions

This study’s main objective was to conduct a bibliometric
analysis of HIIT and Oxidative Stress manuscripts that were
published in the Scopus database. Some research questions
have been formulated to help achieve this goal. Table 1 shows
these questions and their significance.

Table 1. Research questions and their importance

Data Extraction

Selecting the appropriate search engine for data
extraction is essential. In this study, Scopus was chosen for
data extraction due to its prominence as Elsevier’s citation
database, high-quality peer-reviewed work, and four
metrics: h-index, Cite Score, SCI Imago Journal Rank (SJR),
and Source Normalized Impact per Paper (SNIP) (Sidhu et
al., 2020).

The total number of papers published in Scopus in the
field of oxidative stress and HIIT were 229. The following
method were used to search for publication topic word =
(“High Intensity Interval Training” OR “High-Intensity
Interval Training” OR “High Intensity Intermittent
Training” OR “High-Intensity Intermittent Training” OR
“High Intensity Intermittent Exercise” OR “High-Intensity
intermittent Exercise” OR “High Intensity Interval Exercise”
OR “High-Intensity Interval Training” AND “Oxidative
Stress” OR “Oxidative Stresses” OR “Oxidative Damage”)
time period = 2003 to 2024. In our review of previous
bibliometrics literature (You et al., 2021) we only included
articles and reviews that were written in English. Therefore,
any works not in English were excluded from our analysis.

Table 2. Inclusion and exclusion criteria

Criteria Inclusion Exclusion
Language English Other than English
Time period 2003-2024 <2003

Literature Articles, Reviews Book chapter, short survey,

Note and Editorial

Publication stage Final Article in press

Subjects Human Animals

Analysis Tool

The study used VOSviewer to analyze literature on
the relationship between oxidative stress and HIIT. The

Research Questions (RQ)

Importance

RQ1: What is the annual Trend oxidative stress and HIIT?

It is important to determine the yearly volume of publications on oxidative

stress and HIIT, as this can help predict future trends.

RQ2: Which author contributed more to oxidative stress
and HIIT research?

It would assist researchers in locating specific studies, authors, and their
link for conducting high-quality research on oxidative stress and high-

intensity interval training.

RQ3: Which Subject area published more research work on
oxidative stress and HIIT?

RQ4: What is the topmost publication with citations for
oxidative stress and HIIT?

It will help to identify the Main Subject area on oxidative stress and high-
intensity interval training in various areas and types of documents.

It would be beneficial for researchers studying oxidative stress and high-
intensity interval training to carefully select conferences, universities, and

journals to publish their research work. This decision could potentially
impact the future citations of their papers.

RQ5: Which are the leading countries in the publication of
oxidative stress and HIIT?

It would help researchers and practitioners understand which countries
are focusing more on oxidative stress and high-intensity interval training.

This will enable them to contribute their research work in those countries
for future publications.

RQ6: What is the keyword network of oxidative stress and
HIIT?

It will be an easy method of searching for future research. This will assist
researchers in pinpointing future research directions.
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229 studies were
initially identified

Identify database
from Scopus

SEARCH METHOD = ["Human” AND “High
Intensity Interval Training" OR "High-Intensity
Interval Training" OR "High Intensity Intermittent
Training" OR  "High-Intensity  Intermittent
Training" OR "High Intensity Intermittent
Exercise" OR  "High-Intensity intermittent
Exercise" OR "High Intensity Interval Exercise"
OR '"High-Intensity Interval Training" AND
"Oxidative Stress" OR "Oxidative Stresses" OR
"Oxidative Damage"]

TIME PERIOD = 2003-2024

223 studies were 6 Non-English
identified were excluded
31 studies were excluded
192 studies were
finally identified

[including editorials,
book chapter, final stage
publication, proceeding
paper and
studies]

animal

Analysis of
keywords

Analysis authors and
citation

J

Analysis of subject
area

J

Analysis annual trends
and major countries

Fig. 1. Flow Diagram with the stages of the methodology for selecting manuscripts

visualizations revealed key authors, influential publications,
and key research areas. VOSviewer also analyzed citations
to identify the most frequently cited papers. The analysis
helped identify critical developments, influential studies, and
emerging research directions in the field. The visualizations
provided a clear understanding of the major themes and
focus areas within the research. Overall, VOSviewer’s
analytical capabilities provided valuable insights into the
evolving research landscape of oxidative stress and HIIT.

Results

Citation Analysis

The study “Analyzing Research Trends on HIIT and
Oxidative Stress: A Bibliometric Analysis (2000-2023)”
provides a comprehensive analysis of research trends,
including annual publications, key referenced documents,

Table 3. Analysis of citations among various authors

influential authors, major journals, and prominent countries
in the area.

Table 3 presents a summary of the top 10 most cited
publications in the field of high-intensity interval training
(HIIT) and oxidative stress. This information provides an
overview of the leading publications across various journals
and addresses the research gaps concerning oxidative stress
and HIIT. The study conducted by Gibala and McGee (2008)
has received the most citations, totalling 523, in the Journal
of Exercise and Sports Sciences Review. The study concluded
that HIIT can significantly enhance skeletal muscle
oxidative capacity, endurance performance, and metabolic
control during aerobic-based exercise, even with just six
sessions over two weeks. Ramos et al. (2015) performed a
systematic review and meta-analysis comparing HIIT to
moderate-intensity interval training on vascular function;
this publication has garnered 488 citations and is published
in Sports Medicine. The paper titled “The Effects of High-

S. No. Authors Source/Journal Total Citations
1 Gibala (2008) Exercise and sports sciences review 523
2 Ramos (2015) Sports Medicine 488
3 Jelleyman (2015) Obesity Review 409
4 Papadopoulou (2020) Nutrients 217
5 Malinowski (2019) Nutrients 157
6 Mahalakshmi (2020) International Journal of Molecular Science 143
7 Bogdanis (2013) Food and Chemical Toxicology 135
8 Flockhart (2021) Cell Metabolism 119
9 Hull (2020) The Lancet Respiratory Medicine 117

10 Huang (2019) Nutrients 105

409



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 2

Intensity Interval Training on Glucose Regulation and Insulin
Resistance: A Meta-Analysis” by Jelleyman et al. (2015) has
received 409 citations in the Obesity Review Journal. The
study by Papadopoulou (2020), published in Nutrients,
received 217 citations. Additionally, Papadopoulou’s (2020)
study on intermittent fasting and cardiovascular disorders,
also published in Nutrients, has gathered 157 citations.
Furthermore, the study conducted by Mahalakshmi et al.
(2020), published in the International Journal of Molecular
Sciences, received 143 citations.

Likewise, Bogdanis et al. (2013) investigated the effects
of short-term HIIT on oxidative stress and antioxidants in
healthy individuals. Their research received 135 citations and
is published in the Journal of Food and Chemical Toxicology.
Additionally, research by Flockhart et al. (2021) received a
total of 119 citations and is published in Cell Metabolism.
Furthermore, the study by Hull et al. (2020), published in
The Lancet Respiratory Medicine, received 117 citations.
Huang et al. published a scholarly article entitled “The
Beneficial Effects of Lactobacillus plantarum PS128 on High-
Intensity, Exercise-Induced Oxidative Stress, Inflammation,
and Performance in Triathletes” in the Journal of Nutrients,
which received a total of 105 citations. This citation analysis
highlights the most impactful research and authors in the
field of high-intensity interval training and oxidative stress.

Yearly Publications

The graph depicted in Figure 2 illustrates the annual
number of publications on high-intensity interval training
and oxidative stress that have been published or indexed
in Scopus from 2003 to 2024. Between 2003 and 2014, the
number of yearly publications ranged from 0 to 4, indicating
minimal emphasis on this topic. The number of publications
has shown a clear upward trend since 2015, with a range of
3 to 24 from 2015 to 2020. In 2021 and 2022, there was a
slight reduction, with 22 and 21 publications respectively.
However, in 2023, there was a significant increase, reaching
a peak of 35. In 2024, there is a positive trend, with
18 articles published so far, and it is expected to approach

40
35
30
25

20

Documents

2003 2005 2007 2009 2011

2013

the publication numbers of 2023. Overall, the data shows
that the number of publications has been increasing over
the last 20 years, although there are annual variations in the
publication numbers.

Subject Area Analysis

Figure 3 depitics the prominent subject area in the field
of HIIT and Muscle Damage. The fields of Medicine and
Biochemistry have the highest number of publications, with
133 and 79, respectively. This indicates that the medical
field is particularly prominent in the study of HIIT and
oxidative stress. The field of Nursing and Health Profession
contributed 23 and 22 publications respectively, showing
a valuable focus on health parameters of an individual.
The subject area of Agricultural and Biological Sciences
is having less publications amounted by 17. Furthermore,
subjects contribute little less are Chemistry, Pharmacology,
Toxicology and Pharmaceutics, and Neuroscience
documents amounted 8, 8, and 7 respectively, indicating less
emphasis on the neuron and biochemical parameters.

Top 10 Subject Area Analysis

® Medicine

¥ Biochemistry, Genetics and
Molecular Biology

= Nursing

= Health Profession.

= Agricultural andBiological
Sciences

® Chamistry

# Pharmacology, Toxicologyand
Pharmacsutics

¥ Neuroscimncs

Environmental Science

# Chemical Enginsering

Fig. 3. Subject area analysis

2015

2017

2019 2021 2023 2025

Year

Fig. 2. Yearly publications
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The field of Environmental Science and Chemical
Engineering each contributed 5 documents, suggesting that
researchers from diverse fields are also being involved in
the study of HIIT and Oxidative Stress. In general, the data
indicate that HIIT and oxidative stress are interdisciplinary
topicsinvolvingmultipledomains. A thoroughunderstanding
of this concept requires integrating knowledge from various
fields.

Co-occurrence of Keywords

Figure 4 demonstrates keyword clustering based on
co-occurrence. An appropriate method was deployed to
analyze the co-occurrence of keywords related to HIIT and
oxidative stress. A total of 3056 keywords were extracted
from 192 research articles, with 346 keywords occurring a
minimum of 5 times. The selected keywords were classified
into 4 clusters. Cluster one consists of 111 items. In general,
a larger circle indicates more frequent use of that keyword
in scholarly work. The study reveals that keywords such as
“oxidative stress”, “High intensity interval training”, “tumor
necrosis factor”, “human’, “exercise intensity”, “male”, and
“metabolism” are more frequently used in comparison to

“obesity”, “body mass”, “insulin’, and “dietary supplement’.
Future research should explore these keywords and current
trends in relation to HIIT and oxidative stress, aiming to
provide a more comprehensive understanding.
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Country Analysis

From 2003 to 2024, the United States ranked highest
in HIIT and oxidative stress publications, with 26
documents, attributed to its advanced technology and
research infrastructure in sports sciences, according to
Figures 5 and 6. China follows closely with 24 documents,
reflecting significant advancements in research. The United
Kingdom and Brazil have published 22 and 18 documents,
respectively, indicating substantial contributions to the field
of HIIT and oxidative stress. Canada, Iran, and Australia
have contributed 15, 13, and 12 documents, respectively.
Additionally, Denmark, Spain, and Poland have 10, 9,
and 8 publications, respectively, demonstrating growing
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Fig. 5. Top most contributed countries
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Fig. 6. No. of document published by top 10 countries

investments in sports sciences and research. These nations
are characterized by advanced technology and substantial
research investments, which have positioned them at the top
of this research area.

Top Authors

Figure 7 displays the top authors and their publications
in HIIT and oxidative stress. The top seven authors each have
published four articles, reflecting a high level of competition
within the field. Among them, the leading author is Candow,
D.G., who has published four papers, followed by Davison,
G.W., with an equal number of publications. Additionally,
Dehghan, P, Levinger, 1., Parker, L., Shaw, C.S., and Stepto,
N.K. have each contributed four papers. Bangsbo, J. has
published three articles, closely followed by Chatzinikolaou,
A. and Deli, C.K., each with three publications. Figure 8
illustrates the clusters of authors who are actively involved in
this research area, highlighting their significant contributions
to the field of high-intensity interval training and oxidative
stress.

Discussion

This study aims to analyze research collaboration and
associations in HIIT and oxidative stress from 2003 to 2024
using the Scopus database. It extracts 192 publications and
5,555 citations, including studies involving human subjects,
review articles, and original research articles, from 2003 to
2024.
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RQ1: What is the annual trend in research
on oxidative stress and HIIT?

The publication trend for research on HIIT and oxidative
stress is illustrated in Figure 2, which provides valuable
insights. From 2003 to 2014, the number of publications
remained relatively stable, ranging from 1 to 4 per year. From
2014, there was a marked increase, continuing until 2020. In
2021 and 2022, there was a slight decline in the number of
publications; however, in 2023, the number of publications
surged again, reaching a peak with 35 publications.

RQ2: Which authors have contributed most to
research on oxidative stress and HIIT?

Result revealed that Candow, D.G, Davison, G.W.,
Dehghan, P, Levinger, 1., Parker, L., Shaw, C.S., and Stepto,
N.K. are the most prominent authors, having published 4
papers each, as shown in figure 7.

RQ3: Which subject areas have published the
most research on oxidative stress and HIIT?

Figure 3 illustrates that the field of Medicine has
produced the highest number of papers on HIIT and
oxidative stress, with 133 publications. Biochemistry ranks

second with 79 publications. Nursing and Health Professions
are ranked fourth and fifth, respectively. Other prominent
subject areas include Agricultural and Biological Sciences,
Chemistry, Pharmacology, Toxicology and Pharmaceutics,
and Neuroscience.

RQ4: Which countries are leading in the publication
of research on oxidative stress and HIIT?

Figure 6 shows the leading countries in terms of
publication output. The United States holds the top
position with 26 papers, closely followed by China with 24
publications. Other notable countries include the United
Kingdom, Brazil, Canada, and Iran.

RQ5: What are the key terms associated
with oxidative stress and HIIT?

In the final network analysis, 3,056 keywords were
selected. These keywords were categorized into four clusters:
Cluster 1 contains 111 keywords, Cluster 2 contains 108
keywords, Cluster 3 includes 101 keywords, and Cluster 4
consists of 25 keywords. The most frequently used keywords
are “oxidative stress,” “high intensity interval training;” and
“human,” while less common keywords include “obesity,”
“body mass,” “insulin,” and “dietary supplement.”
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RQ6: Which publication has the most citations
in the field of oxidative stress and HIIT?

Table 3 highlights the most cited publications in
the field. Gibala and McGee (2008) are identified as the
most influential authors with their study titled “Metabolic
Adaptations to Short-Term High-Intensity Interval Training:
A Little Pain for a Lot of Gain?” This publication has received
523 citations. Additionally, Ramos et al. (2015) has received
488 citations, while Jelleyman et al. (2015) has been cited
409 times.

Theoretical Implications

The present study makes the following contributions:

This study provides the first bibliometric analysis of HIIT
and oxidative stress within the Scopus-indexed literature.

The outcomes of this bibliometric analysis will offer
significant benefits to the academic community by guiding
future researchers in exploring novel areas of inquiry and
establishing a comprehensive foundation for diverse and
impactful research projects.

Limitation of the Study

Despite the objective and comprehensive nature of the
data analysis in this study, several limitations should be
acknowledged. First and foremost, this bibliometric analysis
islimited to articlesindexed in the Scopus database, excluding
other major databases such as Web of Science and PubMed.
Second, the analysis is confined to studies published between
2003 and 2024, thereby excluding research conducted prior
to 2003. Finally, this study only includes publications in
English, omitting research published in other languages.

Conclusion

The study presents a bibliometric analysis of 192 studies
on HIIT and Oxidative Stress from 2003 to 2024 based
on the scopus database, revealing a significant increase
in research activity since 2014, with a peak in 2023. Key
contributors include Candow and Davison, with the
Medicine field dominating with the highest number of
publications. Geographically, the United States and China
are the top contributors, followed by the United Kingdom,
Brazil, Canada, and Iran. Keyword analysis highlights core
terms like “oxidative stress,” “HII'T,” and “human,” while less
frequent terms include “obesity” and “dietary supplement.”
Gibala and McGee (2008) publication is the most cited,
indicating its substantial impact on the field. These findings
highlight the growing interest and diverse contributions to
HIIT and oxidative stress research.
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AHani3 goCNnigHNLUbKNX TeHAEHLIN WoA0 BUBYEHHA
BNCOKOIHT@HCUBHUX iHTEpPBa/IbHNX TPEeHYBaHb Ta OKCMAATUBHOIO
cTpecy: bibniomeTpuyHuin ananis (2003-2024)

Anmryn Mina'A®¢P, TIpapin Ciarx Yaxap

'BepHepcbkmit iHyICTCHKUI YHIBEPCUTET
*YuiBepcuret JlakxHay

1ABCD  Thkarmin CiHrx

2AD

ABTOpPCHKMIT BKIAJ;: A — Au3aiiH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 9 c., 3 Tabn., 8 puc., 25 mKeperr.

Icropia muranHaA. OKCUIATUBHUIL CTpeC, iHAyKoBaHMIiT GisMYHMMY BIIpaBaMM, AKUI 9aCTO BMHUKA€E BHACTIIOK BUKOHAHHSA
BICOKOIHTeHCUBHUX iHTepBanbHUX TpeHyBaHb (BIIT), MoXe BUK/INKATI KOPOTKOCTPOKOBE 3HVDKEHHS Pe3y/IbTaTBHOCTI Yepes
3Minn y ¢yHkuionysanHsi kaitus ta JJHK. BpaxoByroun meit ¢akT, Mapkepy OKCHJaTUBHOTO CTPECY IPUBEPTAIOTH IiIBUIIEHY
yBary 4epes ixHI0 IOTEHIIJHY pOJIb Y 3HV>KEHHI pU3MKiB Ta MOMINIIEHH] TOKa3HUKIB iHIMBifyaIbHOI Pe3yIbTaTUBHOCTI.

Merta pocmimkenns. JlocmiiKeHHA Malo Ha MeTi COpUATH JOCTiJHMKAM i IPaKTMKaM Y PO3YMiHHi Cy4acHUX HayKOBUX TE€H-
TIeHI1il1 Ta BMBYEHHI OJAIbIINX HANIPAMKIB JOCTI/PKeHb Y ramysi okcupatusHoro crpecy Ta BIIT.

Marepianu Ta MeTomM. Y CTaTTi IpefCTaB/IeHO KOMIUIEKCHMII 6i6/1ioMeTpyyHMit OI/IAL Ta Bisyasisaliilo HOCIiPKeHDb 3 BI-
BYEHHSA OKCUIATMBHOTO CTpecy mifi yac BuKoHaHHA BIIT, mo BKmodae aHanis 192 ny6nif<auir7[ 3 HAyKOMETPUYHOI 6asy maHux
Scopus. 3 MeTO OTPUMaHHA JaHUX OyI0 06paHO 6a3y JaHUX Scopus 3 OIVIANY Ha ii aBTOPUTETHICTD AK 0a3y JAHUX INUTYBaHHA
Elsevier, BICOKY sIKICTb peljeH30BaHMX po6iT Ta yoTmpyu MeTpuku: h-inpekc, CiteScore, SCImago Journal Rank (SJR) ta Source
Normalized Impact per Paper (SNIP).

Pesynbratu. BukoprcroByoun pisHi iHcTpyMeHTH Bisyaisauil A/ aHami3y po6iT aBTOPUTETHUX HAyKOBIIIB, OpraHisaii ta
K/IIOYOBUX CJIiB, y CTATTi BUSHAYEHO IIPOBiAHI my6/mikauii Ta KI090Bi JOCTIAHNIBKI K/IACTEPH I[O/{0 BUBYEHHS OKCUAATIBHOTO
cTpecy B ymoBax BIIT.
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Abstract

Background. Yoga, an ancient practice rooted in Indian culture, has gained global recognition for its physical and
mental health benefits. Among its practices, Surya Namaskar (SN) stands out as a holistic yogic Sun Salutation
exercise combining postures, breathing, and mindfulness, offering physical vitality, mental calmness, and a practical
solution to the challenges posed by modern sedentary lifestyles.

Objectives. The objective of the present systematic review was to analyze the effect of SN on overall health and

wellness of healthy adults.

Materials and methods. A comprehensive search was conducted in five major databases, namely Scopus, PubMed,

»

PubMed Central, Web of Science, and ScienceDirect, using the terms such as “Surya Namaskar”, “Sun Salutation”,

»

“Surya Namaskar and physical fitness”, “Surya Namaskar for adults”, “Sun Salutation for overall health and wellness”,
and “Surya Namaskar and sedentary lifestyle”. The articles published in English between 2011 and 2024 were
considered in the current review. The systematic search and reporting adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The Quality Assessment Tool for Quantitative Studies
was used to analyze the methodological quality of the included articles.

Results. Based on the inclusion and exclusion criteria, 117 articles were initially retrieved, out of which 11 were
finally included, encompassing data from 445 healthy adults from three countries, aged between 18 and 65 years.
The duration of the SN intervention varied from four to 24 weeks, with session frequency ranging from three days
per week to daily, and a diverse number of cycles. The methodological quality analysis revealed that two articles were
of strong, six of moderate, and the remaining three of weak quality.

Conclusions. This systematic review concludes that the practice of the yogic Sun Salutation exercise (SN) is beneficial
for improving and maintaining physical fitness, physiological health, and psychological well-being, which determine

the overall health and wellness of healthy adults.

Keywords: Sun Salutation, public health, general well-being, yoga, adults.

Introduction

In ancient times, yoga the Indian rooted spiritual
culture was refined and developed by Rishis (sages), but
now it is spread all over the world in a variety of ways. Over
the past few decades, yoga has gained significant popularity
across the world due to its potential benefits for physical and
mental health. Modern yoga integrates various practices—
such as postures (asanas), breath control (pranayama), and
meditation—that aim at promoting inner peace, physical
vitality, and overall well-being (Bussing etal.,2012; Sengupta,

© Bandyopadhyay, N., Das, T., & Mondal, S., 2025.
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2012). This holistic approach, accessibility, the ability to be
practised in groups or individually, and its ability to fit into
even the busiest of schedules have made yoga increasingly
popular for people of all ages and offer a simple yet effective
means for maintaining overall health (Johnston, 2023;
Paramashiva et al., 2024; Telles et al., 2021). Moreover, it
is now seen as an alternative medicine in various fields of
medical science. Most of the current research has shown
that yoga is used as a therapy for various physical ailments
before progressing to clinical conditions (Devi et al., 2024;
Mondal et al., 2018). In today’s fast-paced world, people’s
lives, work, and moves are changing dramatically over
time (Parajuli et al., 2023). Due to huge advancements in
technology, the conveniences provided by modern gadgets,
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assistive devices, and vehicles, such as ride-hailing services
like Ola and Uber, as well as innovations like escalators
and lifts, have redefined how individuals approach daily
tasks. Similarly, the rise of on-demand services, such as
food delivery, has further contributed to the shift towards
a more sedentary lifestyle. While these advancements have
undoubtedly increased comfort and efficiency, they have
also led to decreased physical activity among individuals,
especially those in office-based or corporate settings,
where long periods of sitting have become the schedule.
In response, people are seeking natural ways to maintain
their health and wellness (Kumar Singhal, 2023). Physical
activity is an essential component of a balanced lifestyle,
and while some particular professions—such as factory
workers—engage in vigorous physical work, homemakers
are involved in different household chores, but a significant
portion of the population, particularly those in desk-bound
professions, find it challenging to incorporate exercise
into their daily routines. Yoga, with its minimal space
requirements, flexibility in practice, and focus on both
physical and mental well-being, has emerged as a practical
solution. In yoga, Surya Namaskar (SN), also known as
the sun salutation, is a traditional way to express gratitude
to the sun in the morning while executing a sequence of
physical postures and controlled breathing techniques that
are intended to provide a variety of psychological, spiritual,
and bodily advantages (Hipparagi & Gangadhar, 2019;
Sinha & Sinha, 2014). SN is relatively new to the Western
world but common to East Asian populations who perform
it as an alternative to traditional methods of aerobic exercise
(Mody, 2011). Facing east, When SN is practiced in the
early morning, it helps to release stiffness, refresh the body,
revive the mind, and purify subtle energy channels. It is
thought that the regular practice of SN enhances the sun-
based plexus, which broadens one’s creative and intuitive
potential. An exact breathing pattern is followed during the
SN series of asanas. It provides physical strength, flexibility,
and mental well-being while revitalizing every single cell
in the body (Bhandage et al., 2024). SN comprises a series
of postures that allow the spinal column and the upper and
lower limbs to flex and extend through their full range of
motion. It requires extended stretches in various body areas
and improves flexibility by causing muscle and connective
tissue to extend through elastic elongation (Krishma, 2024;
Suwannakul et al., 2024). SN combines 12 postures where 7
different asanas are performed in a sequential manner, such
as Pranamasan (Prayer pose), Hasta Utthanasan (raised
arms pose), Padahastasan (hand to foot pose), Ashwa
Sanchalanasan (Equestrian pose), Parvatasana (Mountain
pose), Ashtanga Namaskar (Salute with eight parts or points),
and Bhujangasan (Cobra pose), and five asanas Parvatasana
(Mountain pose), Ashwa Sanchalanasan (Equestrian pose),
Padahastasan (hand to foot pose), Hasta Utthanasan (raised
arms pose), and Pranamasan (Prayer pose)—are repeated
twice (Kumari et al., 2022; Pal et al., 2024; Venkatesh &
Vandhana, 2022). SN is a body-mind technique that helps
to reduce tension and anxiety while increasing mental
calmness (Stec et al., 2023). Slow breathing exercises may
reduce the sympathetic nervous system, heart rate, blood
pressure (both systolic and diastolic), cortisol, or stress
hormone, and the perception of stress (Bandyopadhyay
et al., 2023; Pal et al., 2024). Previous research reported

their findings that SN enhances physical relaxation, mental
calmness, and stress dispositions such as somatic stress
concern and negative emotions in students (Stec et al,,
2023). Increased evidence suggests that SN practices may
impact different physical and physiological pathways, such
as the cardiorespiratory system and musculoskeletal system,
which are affected by sedentary lifestyles and are relevant
to disease development and progression (Suri et al., 2025;
Wirawan, 2018). The current review was done to gather and
summarize the updated empirical evidence based on SN’s
impact on the overall health and wellness of healthy adults.

Materials and Methods

Search Strategy

For the current review, the literature search was initiated
in July 2024 and continued through September 2024.
Scopus, PubMed, PubMed Central, Web of Science, and
ScienceDirect were thoroughly searched electronically to
review the related literature. Reference lists from original
and review articles were also considered to find out more
studies. The search terms were “Surya Namaskar,” “Sun
salutation,” “Surya Namaskar and physical fitness,” “Surya
Namaskar for adults,” “Sun salutation for overall health and
wellness,” and “Surya Namaskar and sedentary lifestyle”
All identified studies were included in Zotero software.
At first, the duplicate articles were removed, and then the
remaining articles were screened on title, abstract, and full
text for eligibility. The systematic search of the present study
was conducted according to Preferred Reporting Systematic
Reviews (PRISMA) (Page et al., 2021) without meta-analysis
and depicted in the PRISMA flow chart (Fig. 1). Also, specific
study characteristics and report characteristics of the present
study were conducted according to the Preferred Reporting
Systematic Reviews (PRISMA2020).

Inclusion Criteria

The relevant studies investigated the effect of Surya
Namaskar (SN) on the health and wellness of healthy adults
meeting the following criteria were considered for review:

o Articles: All the articles have been published in English
since 2011 through databases like Scopus, PubMed,
PubMed Central, Web of Science, and ScienceDirect, as
well as the relevant studies found in the references list.

o Participants: The healthy adults of the mean age of 18
years and above.

o Intervention: Only SN practice with any frequency and
duration was included in the present review.

o Outcomes: The investigations that measured any of the
physical fitness components such as strength, speed,
flexibility, and coordination, any of the physiological
variables such as heart rate, blood pressure, body mass
index, body fat percentage, waist-hip ratio, sleep quality,
cardiorespiratory fitness such as VO,max, oxygen
consumption, vital capacity, inspiratory capacity, tidal
volume, maximum ventilatory volume, peak expiratory
flow rate, forced expiratory volume in one second,
respiratory exchange ratio and any of the psychological
variables such as depression, anxiety, stress, general
well-being and cognitive functions like attention and
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Fig 1. Search process and selection of the study (PRISMA 2020 flow diagram)

orientation, memory, fluency, visuospatial etc. were
included.

o Study design: Random controlled trial (RCT), pre-
post, repeated measure design, and pilot studies were
considered.

Exclusion criteria

Studies were excluded for the following reasons:

o  Studies conducted on participants who were suffering
from chronic physical illnesses.

o Other yoga interventions like asanas, meditation, etc.,
combined with SN as a protocol, were excluded from
the present review.

Quality assessment and risk of bias

The methodological quality and risk of bias of the
included studies were assessed using the Quality Assessment
Tool for Quantitative Studies (Thomas et al., 2004) by two
researchers (TD and SM) individually. The tool has seven
domains: selection bias, study design, confounders, blinding,
data collection methods, withdrawals, and dropouts. Each
domain was rated as strong, moderate, or weak, which
indicates low, moderate, or high risk of bias in the included
studies. Discrepancies were resolved through discussion
with the remaining researcher (NB).

Results

Study Details

A total number of 117 studies were initially searched
through five databases and reference lists: Scopus (32),
PubMed (18), PubMed Central (28), Web of Science (22),
and Science Direct (17). After the title, abstract, and full

article screening, 30 studies were included for further
analysis and assessment for eligibility. Based on inclusion
and exclusion criteria, finally, 11 studies were included in the
present systematic review. The entire study selection process
is presented in Fig 1. All included studies were current and
published between July 2011 and July 2024 and were RCT,
pre-post, repeated measure designs, and pilot studies.

Participants

A total of 445 healthy adults aged between 18 and 65 years
participated from three countries, viz., India, Indonesia, and
Thailand. Out of 433 participants, 316 healthy participants
underwent SN training, and the remaining 105 participants
were part of control groups and other exercise groups.
In the present systematic review, out of 11 included studies,
only five (Balaji et al., 2024; Chawla et al., 2022; Dubey &
Choudhary, 2024; Raja, 2023; Suwannakul et al., 2024) had
a control group, while two (Mangaonkar & Puntambekar,
2018; Singh et al., 2017) had another exercise group, and the
remaining four (Bhutkar et al., 2011; Karasugi et al., 2023;
Kaur, 2021; Kodidala et al., 2021) had no control or other
exercise group (Table 1).

Intervention Details

The present systematic review exclusively included
experimental studies to observe only the effect of Surya
Namaskar (SN) training on the overall health and wellness
of healthy adults. SN, the yogic sun salutation exercise
consists of 12 postures that are performed in a definite
sequence depicted in Fig. 2. The minimum intervention
span of SN in the included studies was four weeks, and the
maximum duration was 24 weeks. The duration of the SN
intervention varied greatly among the studies, ranging from
daily intervention over six weeks to six days of intervention
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Table 1. Details of study characteristics

Study details Intervention details
Authors, Sample si Intervention Span (IS) Stud
Year, amp'e size nrervention Span & ), uey Dependent variables Outcomes
Country Group Sesm.on Frequezncy (SE), design
Age range (R)/ Session Duration (SD),
mean age (M) No. of Cycles (C)
Bhutkar et al., n=79, 1S= 24 weeks, Pre-post Muscle strength Improvement in
2011 EG= Male (49); SF= 6 days/week, test (upper and lower muscle strength
India Female (30), SD=NM, (one group) body), general body  and general body
M = above 18 C=24 endurance, BMI, endurance and LBM
years body fat (%), LBM for male and female
(p <0.001), decreased
body fat (%) for
female (p < 0.001).
Singh et al., 2017 n= 40, IS= 6 weeks, Pilot study ~ Respiratory Improvement in TV,
India EGI (SN)= 20; SE= daily, parameters -TV,IC, IC, VC,and MVV
EG2= 20, SD= 5 minutes, VC, FEV1, MVYV, (p <0.001), PEER
R=18-30 years C=NM PEFR (p <0.01), FEV1(p
<0.05).
Mangaonkar &  n=30, IS= 4 weeks, Pre-post Hamstring flexibility ~Improvement in
Puntambekar, EG1 (SN)=15; SF=NM, test flexibility (p=0.05)
2018 EG2=15, SD= 15 minutes, (two
India R=19-25 years C=38 group)
Kaur, 2021 n= 15, 1S= 6 weeks, Repeated Strength, speed, Improvement in all
India EG= Male (15), SE= 5 days/week, measure endurance, flexibility ~ variables (0.05 level)
R=18-23 years SD= 30-40 minutes, (one group) and coordination
C=NM
Kodidala et al., n= 85, IS= 12 weeks, Pre-post Cardiovascular- Decreased pulse
2021 EG= Male (50); SE= 6 days/week, test respiratory rate, BP (systolic and
India Female (35), SD= 60 minutes, (one group) parameters (VC, diastolic) (p<0.001),
R=18-25 years C=NM MVYV, PEFR, increased VC, MVV,
VO2max) and PEFR, VO2max,
cognitive functions  and all cognitive
(attention and parameters (p<0.001)
orientation, memory,
fluency, visuospatial)
Chawla et al., n= 30, IS= 8 weeks, Pre-post Sleep quality, GWB,  Improvement in sleep
2022 EG=15; SF= 3 days/week, test HR, BP quality, RHR and BP
India CG= 15, SD= 40-45 minutes, (two (p=0.01), and general
R= 18-40 years C=3+ group) well-being (p<0.05)
Karasugi et al., n= 20, IS= 8 weeks, Pre-post Flexibility of the Improved upper and
2023 EG= Male (11); SF= 3 days/week, test upper and lower lower limb flexibility
Indonesia Female (9), SD= 50 minutes, (one limbs twice (p=0.001)
M=5925+698 C=3 group)
years
Raja, 2023 n= 30, IS= 12 weeks, Pre-post Depression and Decreased depression
India EG= Male (15); SE= 6 days/week, test trunk flexibility (p=0.05) and
CG= Male (15), SD= 2 sessions/day, (two improved trunk
R=50-60 years C=NM group) flexibility (p=0.05).
Dubey & n=30, IS= 6 weeks, Pre-post Back flexibilityand ~ Improvement in all
Choudhary, 2024 EG= Female (15); SF=NM, test lumbar flexion selected variables
India CG= Female (15), SD= 22-35 minutes, (two (0.05 level).
M= 20.80+0.52 C=7+ group)
years
Suwannakul et n= 44, IS= 8 weeks, RCT Perceived stress, Decrease in
al., 2024 EG= Female (22); SF= 3 sessions/ week, BMI, WHR, body fat  Perceived Stress
Thailand CG= Female (22), SD =50 minutes, percentage, Grip and and BMI (p<0.05),
R=19-22 years C=NM leg strength, Forward improvement
trunk flexibility and  in forward back
VO2max flexibility, strength

(hand grip, leg) and
VO,max (p<0.05).
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Table 1 (continued)

Balaji et al., 2024
India

n= 30,

EG= Male (15),
CG= Male (15),
R=18-20 years

1S= 6 weeks,

SE=5 days/week,
SD= 45-60 minutes,
C=NM

Pre-post Back flexibility and ~ Improvement in both
test lumbar flexion back flexibility and
(two lumber flexion (0.05
group) level).

n - sample size; EG - experimental group; NM - not Mentioned; RCT - randomized controlled trial, BMI - body mass index; WHR -
waist-hip ratio; TD - tidal volume; VC - vital capacity; IC - inspiratory capacity; MVV - maximum ventilatory volume; GWB - general
wellbeing; PEER - peak expiratory flow rate; FEV1 - forced expiratory volume in one second; RER - respiratory exchange ratio; BP -
blood pressure; HR - resting heart rate; p - level of significant; VO2max - maximal oxygen uptake

Table 2. Quality assessment and risk of bias of the included studies

Data

Authors Sele.c tion Study design Confounders  Blinding  collection Withdrawals Ove'rall
bias and dropout  rating
method
Bhutkar et al., 2011 M M M w S S M
Singh et al., 2017 S S S W S S M
Mangaonkar & Puntambekar, W S S W S W W
2018
Kaur, 2021 S M M M S S S
Kodidala et al., 2021 W M M M S S M
Chawla et al., 2022 M S W M S S M
Karasugi et al., 2023 M M M W S S M
Raja, 2023 M M S M S w M
Dubey & Choudhary, 2024 w S w M S S w
Suwannakul et al., 2024 M S S M S S S
Balaji et al., 2024 W S A\ W S S w

S - strong; M- moderate; W — weak

per week over 24 weeks. Furthermore, for the session, the
minimum time was five minutes, and the maximum time
was 60 minutes. Information about the length of holding
posture was only reported in three studies (Balaji et al., 2024;
Dubey & Choudhary, 2024; Mangaonkar & Puntambekar,
2018). Only five of the 11 studies described the cycle of
SN intervention in detail (Bhutkar et al., 2011; Chawla et
al., 2022; Dubey & Choudhary, 2024; Karasugi et al., 2023;
Mangaonkar & Puntambekar, 2018) while the remaining
studies did not report the cycle of SN intervention. Among
the five studies, the intervention group practiced at least
three cycles per session and a maximum of 24 cycles.

Study Outcomes

So, the present review considered the overall health
and wellness outcomes confined to three broad domains,
i.e., physical fitness, physiological health, and psychological
health of healthy adults. The experimental studies that
included Surya Namaskar (SN) as independent variable and
physicalfitnesscomponentssuchasflexibility, strength, speed,
coordination; physiological health such as cardiorespiratory
fitness (tidal volume, inspiratory capacity, vital capacity,

maximum ventilatory volume, forced expiratory volume in
one second, peak expiratory flow rate), body mass index,
resting heart rate, blood pressure, maximal oxygen uptake
(VO,max), oxygen consumption, body fat percentage, lean
body mass, waist-hip ratio, sleep quality; and psychological
health such as perceived stress, depression, general wellbeing;
and cognitive functions such as attention and orientation,
memory, fluency, and visuospatial as dependent variables
have been considered for present systematic review. Based
on inclusion and exclusion criteria, 11 studies were analyzed.
Out of 11 studies, only eight studies (73 %) considered
physical fitness variables such as strength (upper body muscle
strength, lower body muscle strength, and grip strength),
speed, endurance, flexibility (trunk, back, hamstring, upper
and lower limb), coordination, and lumbar flexion, and
all studies found significant improvement at the 0.05 level
(Balaji et al., 2024; Bhutkar et al., 2011; Dubey & Choudhary,
2024; Karasugi et al., 2023; Kaur, 2021; Mangaonkar &
Puntambekar, 2018; Raja, 2023; Suwannakul et al., 2024)
while two studies (Bhutkar et al., 2011; Karasugi et al., 2023)
found improvement at the 0.001 level. Furthermore, only
five studies out of 11 (45%) considered physiological and
cardiorespiratory fitness variables (tidal volume, inspiratory
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Fig. 2. Surya Namaskar: postures and sequence

capacity, vital capacity, maximum ventilatory volume, forced
expiratory volume in one second, peak expiratory flow rate,
maximal oxygen uptake, oxygen consumption), body mass
index, resting heart rate, blood pressure, body fat percentage,
lean body mass, waist-hip ratio, and sleep quality, significant
improvement was observed in all parameters among the
studies (100%) (Bhutkar et al., 2011; Chawla et al., 2022;
Kodidala et al., 2021; Singh et al., 2017; Suwannakul et al.,
2024). In the current review, psychological variables were
considered by three studies, and all studies found significant
improvement in depression, perceived stress, and general
well-being (Chawla etal., 2022; Raja, 2023; Suwannakul et al.,
2024). Furthermore, among those, one study (9 %) reported
significant improvement (100%) in cognitive functions
such as attention and orientation, memory, fluency, and
visuospatial (Kodidala et al., 2021).

Quality Assessment and Risk of Bias

The quality of the included studies was assessed by
the Quality Assessment Tool for Quantitative Studies and
revealed that two studies were of strong quality, six were of
moderate, and the remaining three were of weak quality. The
results are depicted in Table 2.

Discussion

The current review aimed to synthesize and analyze
updated experimental studies on the impact of Surya
Namaskar (SN) on the overall health and wellness of
healthy adults. Following an extensive search across five
databases, 11 articles were selected for inclusion. All studies
employed SN practice as a treatment protocol, with two
studies including more than one experimental group (SN).
The intervention durations varied widely, ranging from

four weeks to 24 weeks, with frequencies of three to seven
sessions per week. The dependent variables were grouped
into three domains: physical fitness, physiological health,
and psychological well-being.

Physical Fitness Domain

Out of eight studies addressing physical fitness, five
specifically examined flexibility as a dependent variable
(Balaji et al., 2024; Dubey & Choudhary, 2024; Karasugi et
al., 2023; Kaur, 2021; Mangaonkar & Puntambekar, 2018).
All five reported significant improvements, attributed to the
dynamic flow of 12 asanas in SN that alternately stretch and
contractvariousmuscles. Keypostures, suchas Padahastasana
(Hand-to-Foot Pose), Ashwa Sanchalanasana (Equestrian
Pose), and Bhujangasana (Cobra Pose), were particularly
effective in enhancing flexibility (Geetanjali et al., 2023;
Hipparagi & Gangadhar, 2019). SN involves a combination
of forward and backward bending postures, which engage
and stretch muscles, and joints in the arms, shoulders,
legs, and core. This stretching includes flexibility while the
weight-bearing aspects (plank position) strengthen the
muscles. From a physical health perspective, regular practice
of SN enhances blood circulation and muscle functioning in
various joints and stimulates various internal organs, which
helps to increase muscle endurance and improve the range
of motion in joints, reducing the risk of injury (Balaji et al.,
2024; Bhutkar et al., 2011; Dubey & Choudhary, 2024).

Three studies investigated the effect of SN on strength,
reporting significant improvements in upper-body and core
strength due to weight-bearing postures such as Ashtanga
Namaskara (Eight-Limbed Pose) and Bhujangasana (Bhutkar
et al., 2011; Kaur, 2021; Suwannakul et al., 2024). These
asanas involve isometric contractions, engaging muscles
such as the pectoralis major, deltoid, biceps brachii, triceps
brachii, and rectus abdominis. This suggests that SN offers
benefits comparable to resistance training. Additionally, one
study reported improvements in speed and coordination
after six weeks of practice, although detailed mechanisms
were not provided (Kaur, 2021).

Physiological Domain

The dynamicand repetitive nature of SN raises the resting
heart rate, and blood pressure leading to cardiorespiratory
fitness. By synchronizing the controlled breathing and
dynamic movement, practitioners achieve enhanced
oxygen uptake (VO,max), improve aerobic capacity and
fitness, promote heart health and increase the efficiency of
the cardiovascular system (Malhotra et al., 2023). Two out
of three studies focused specifically on cardiorespiratory
health, noting enhanced aerobic capacity, improved oxygen
exchange, and strengthened respiratory muscles (Kodidala
et al,, 2021; Singh et al., 2017). This is attributed to the deep
inhalation and exhalation techniques that increase oxygen
exchange in the lungs, strengthening the diaphragm and
improving overall respiratory health (Bhutkar et al., 2008;
Hipparagi & Gangadhar, 2019). Further, the movement
of abdominal muscles during poses like Bhujangasana
(Cobra pose) and Uttanasana (Forward bend) stimulates
the digestive system (Kumari et al., 2022). SN also regulate
endocrine functions. The posture involves stretching and
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compressing various glands in the body, such as the thyroid,
pituitary, and adrenal glands, which can stabilize hormone
levels. This movement also stimulates the nervous system
and promotes hormone secretion (Geetanjali et al., 2023;
Kumari et al., 2022; Venkatesh & Vandhana, 2022).

SN also positively influences metabolic health, with
studies showing improved insulin sensitivity, glucose
metabolism, and fat-burning processes (Hipparagi &
Gangadhar, 2019; Mody, 2011). Regular practice helps
regulates blood sugar levels, reducing the risk of metabolic
disorders such as type 2 diabetes. Moreover, several studies
highlighted reductions in blood pressure and heart rate,
linked to enhanced vagal tone and reduced sympathetic
discharge (Chawla et al., 2022; Kodidala et al., 2021). The
calming effect of SN’s rhythmic breathing further reduces
cortisol levels, promoting relaxation and improved
cardiovascular health (Pal et al., 2024).

SN’s impact extends to sleep quality, with one study
reporting significant improvements attributed to reduced
cortisol levels and muscle relaxation through sustained
practice (Chawla et al., 2022). This highlights SN’s potential
to alleviate physiological arousal and foster restorative sleep.

Psychological Domain

The meditative and rhythmic nature of SN contributes
to enhanced mental health and wellness. Among three
studies addressing the psychological domain, significant
reductions in perceived stress (Suwannakul et al., 2024) and
depression (Raja, 2023) were observed. Research suggests
that SN stimulates the parasympathetic nervous system
(responsible for relaxation and recovery) while calming
the sympathetic nervous system (responsible for stress and
the ‘fight or flight’ response) and promotes mental clarity
(Raja, 2023; Stec et al., 2023; Suwannakul et al., 2024).
SN stimulates endorphins, often referred to as “feel-good
hormones,” which elevate mood and create a sense of well-
being. This is particularly effective in mild depression and
reduces anxiety by lowering the level of cortisol (the stress
hormone), enhancing emotional stability, and making it a
holistic practice for promoting psychological health (Joshi
et al., 2022). Research study shows that regular practice of
SN has been shown to improve focus, memory, mindfulness,
attention, orientation, fluency, visuospatial, and overall
cognitive function by increasing the flow of oxygen-rich
blood to the brain (Kodidala et al., 2021). Also, studies have
demonstrated that SN can help sharpen mental faculties and
decision-making skills (Mody, 2011).

A comprehensive narrative review of research conducted
by Netke and Shegokar (2024) highlights numerous health
benefits associated with SN, such as improved cardiovascular
health, flexibility, stress reduction, and weight loss (Netke &
Shegokar, 2024). The review identified that regular practice
of SN enhances cognitive functions, reduces cortisol
levels, and improves hormone balance, which positively
influences both physical and psychological well-being
(Netke & Shegokar, 2024). Furthermore, a comprehensive
preliminary review of 87 articles revealed that SN has been
extensively studied for its physiological, psychological,
and health-related benefits, with an increasing number of
publications in recent years (Das, 2023). Another review
conducted by Venkatesh and Vandhana (2022) accentuates

the importance of SN, highlighting its effect on physical,
physiological, and psychological aspects of the body, and
proposes that SN practice could be a group activity of the
family (Venkatesh & Vandhana, 2022). Also, enlighten the
benefits of SN practice has a positive effect on puberty, the
menstrual cycle, and childbirth. Overall, the findings of
the present systematic review showed that SN provides a
comprehensive workout for the body, mind, and spirit, and
its combination of breathwork, movement, and mindfulness
cultivates physical fitness, enhances physiological processes,
manages psychological health and improves cognitive
functions, making it a highly effective practice for improving
overall health and well-being. Sushika and Ashwitha (2024)
found a strong correlation between SN practice and human
health that showed sparing a 10-minute per day SN practice
can cause a dramatic change in the human life (Sushitha &
Ashwitha, 2024).

Study Limitation

This review acknowledges several limitations within the
included studies, such as heterogeneity in the age of healthy
adults, sample sizes, intervention protocols (especially the
total duration, frequency per week, and the number of cycles
per session), and follow-up durations. The present review
was conducted on the articles that were published in the last
14 years (2011-2024). The studies published in English were
only included, and thereby the study might have publication
bias. The current review could not include a large number
of randomized controlled trials due to their unavailability,
and also the quality of the included studies was not strong.
Future experimental research should focus on standardizing
intervention designs and exploring long-term effects to
establish more robust conclusions.

Strength and Practical Implication

The present systematic review considered the studies
that were conducted only on healthy adults. The current
review was focused on the effect of only the SN intervention.
Moreover, the current review included studies that covered
a wide range of physical, physiological, and psychological
variables that can correctly signify the overall health and
wellness status of the adult population. Moreover, this is the
first and only systematic review that focused on the impact
of a very well-known and well-practiced yogic posture,
SN. The critical analysis of the empirical evidence revealed
that the sun salutation, a short-duration sequential posture
execution, is really worthy for maintaining good flexibility,
balance, and postural alignment and provides many more
physiological benefits. Further, this postural sequence can be
practiced within a very small space in a home setting, which
will add additional feasibility for the busy individual.

Conclusion

Based on the availability of experimental studies and
within the limitations, it may be concluded that the practice of
Surya Namaskar is conducive for overall health and wellness
of healthy adults. Further, this yogic Sun salutation is a time-
honored practice that integrates physical postures, breathing
techniques, and mindfulness, offering a comprehensive
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approach to health and wellness. In the modern era, where
sedentary lifestyles are prevalent, SN provides an accessible
and effective means of improving physical fitness that
incorporates flexibility, strength, and coordination while
promoting mental calmness that may contribute to lowering
the level of anxiety, depression, and perceived stress and
improving cognitive functions, thereby enhancing general
well-being. Regular practice has been shown to positively
impact the cardiorespiratory fitness which includes vital
capacity, tidal volume, oxygen consumption, and other lung
functions making it a practical alternative to traditional
forms of exercise. Further SN has a significant impact on
physiological health that considers metabolic health, cardiac
health, and sleep quality. Its adaptability for various fitness
levels and minimal space requirements make it suitable for
busy individuals seeking to maintain overall well-being. As
evidence supports its multifaceted benefits, SN stands as a
valuable tool for promoting holistic health in healthy adults
amidst the challenges of contemporary living.
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MpakTukyBaHHA Cyp’a-HamacKapa: NocnigoBHicTb
MNOriYHUX No3 ANA NiATPUMKU 3arajibHOro CTaHy 340poB’A
Ta 6narononyqtm cepep 340poBUX gopocnnx ocCi6

Hira banpponagpsait' 48P, Tyxin [Jac'4®<P, CyBpa Mongan'®?

"YuiBepcurer Kanbsui

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 10 c., 2 Tab., 2 puc., 41 mxeperno

Icropis muranHs. Vora, cTapofiaBHs IPAaKTHKA, 110 CATAE€ KOPIHHAM Y IHAICHKY KyNbTypY, 3500y/1a CBiTOBE BUSHAHHS
3aBJSIKM CBOIM IlepeBaraM IIofo 3MillHeHHsI (PiSMYHOrO Ta ICUXIYHOTO 350poB’st. Cepef MPaKTHK 10rM BapTO BiASHAYUTH
meroauky Cyp’si-Hamackapa (CH) — komitekc itoriunux Brpas «Bitanus CoHIIIoO», 10 mpefcTassie co6010 KoMOiHaIio
BU3HAYEHMX IIOJIOKEHD Ti/a, AMXaHHS Ta PO3BUTOK YCBIOMIEHOCTI, cipysiioun (i3sMuHil XUTTE3JATHOCTI, JYILIEBHOMY
CIIOKOIO Ta IPaKTUYHOMY BUPIIIeHHIO Mpo6yIeM, OB I3aHMX i3 CY9aCHUM MaTOPYX/IMBUM CHOCOOOM >KUTTA.

Mera gocmimkeHHA. MeTO0 LbOrO CYCTEMAaTUYHOrO OILAAY Oyno mpoaHanisyBaru BB CH Ha saraipHmil cTaH
3I0pOB’A Ta O/IArOIONTY Yy 3OPOBOTO IOPOC/IOrO HACE/ICHHA.

Marepianu ta Meropu. [IpoBefieHO KOMIIIEKCHMIT OLIYK Y ITATYM OCHOBHMX HayKOMETPUMYHMX 6a3ax JaHNUX, a caMe:
Scopus, PubMed, PubMed Central, Web of Science ta ScienceDirect, BUKOpMCTOBy0UM TepMiHH, SK-0T «Cyp’si-HaMacKapar,
«Biranus Couuto», «Cyp’si-HamacKkapa i ¢isuyHa miAroToBIeHicTb», «Cyp’s-HaMacKapa JIsi JOPOCIuX ocib», «BitaHHs
CoHII0 /1A MATPMMKM 3aTaJIbHOTO CTaHy 3J0POB’A Ta OIaromomydds», a Takox «Cyp’s-HaMackapa i rimogmHaMis».
Y paMKax IIbOrO HayKOBOTO OIJIANY PO3IVLAMANUCA CTATTi, ONyO/IiKoBaHi aHITIICbKOI MOBOK B Iepion 3 2011 mo 2024
pix. CucTeMaTMYHMI IOIIYK i 3BITYBaHHA IMPOBOAWM/INCD 3TiIHO 3 peKoMeHpaniaMu «IlepeBaskHi eeMeHTN 3BiTyBaHHA
IIA CUCTeMaTHYHUX OITIANIB Ta MeTaaHami3iB» (PRISMA). [Ina aHami3y MeTOHONIOTiYHOI AKOCTi BK/IIOYEHMX CTaTeil
BUKOPUCTOBYBABCs IHCTPYMEHT OLIiHKM AKOCTI KinbKicHUX focmimkens (Quality Assessment Tool for Quantitative Studies).

PesynbraTn. Ha ocHOBI KpuTepiiB BKIIOUEHHs Ta BUKIIOYEHHs Ha II0YaTKOBOMY eTarli 6yio Bifibpano 117 crateii, 3
SKJX OCTaTOYHO OY/I0 BKII0OYEHO 11 HayKoBUX ITyOmiKaliit, 0 CTOCYBaINCA HAHUX IIORO 445 3M0POBUX HOPOCIUX OCI6 3
TPbOX KpaiH BikoM Bif 18 1o 65 pokis. TpusaicTb iHTepBeHIii i3 3acTocyBaHHAM KoMIuteKcy Bipas CH Bapitoasnacs Big 4
10 24 TVDKHIB, 3 YaCTOTOIO CEAHCIB Bif 3 AHIB Ha TYDKAEHD [0 LOJeHHNX 3aHATD, A TAKOXX 3 PI3HOIO KiIZIbKiCTIO IUK/TiB. AHaIi3
METOJO/IOTiYHOI AKOCT] II0Ka3aB, 110 /IBi CTATTi Maji BUCOKUIA PiBEHb AKOCTI, IIiCTh — IMOMipHNIA, @ pelTa TPU — HU3BKUIL.

BucHOBKIH. Y 1IbOMY CUCTEMATUIHOMY OITII1 OOIPYHTOBAaHO BUCHOBOK, 110 3aCTOCYBAHH: MPAKTUKIY, sIKa epenbadae
BUKOHAHHA KOMIIZIEKCY iforiunmx Bipas «Bitanus Conio» (Cyp’s-HaMacKkapa) O3UTUBHO BIUIMBAE HA IOKPAIIEHHA Ta
nipTpuMaHus Gisn4HOI MAroTOBIEHOCTI, (Pi3ioNOriYHOrO 3OPOB sl Ta MCUXONOTIYHOrO 6Iaromnoayyys, sKi BU3HAYAIOTD
3arajIbHUIL CTaH 3OpOB’s Ta O/1aronoNy4ys 350POBOTO JOPOC/IOrO HaCeIeHH .

Kimrouosi cnopa: Biranusa CoHIlo, PpoMajicbKe 3[0POB s, 3arajlbHe CaMOIIOYYTTs, i10ra, JOPOC/Ie HaCeJIeHHS.
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Abstract

Objectives. The objective of this study was to undertake a scoping review on the role of virtual reality (VR) in
optimizing karate performance. The questions to be researched were: (1) how did VR support the training process,
(2) what were the challenges of integrating VR, (3) how effective was VR in maximizing performance, and (4) what
was the potential of VR in the development of karate training methods.

Materials and methods. The scoping review was employed as a research method. The stages of research included
(1) determining the title, (2) determining the study question, and (3) searching for the Scholar, Wiley, Scopus, and
Springer database articles with the keywords used comprising Boolean “karate” and “virtual reality” or “VR’. This
article search yielded data from Google Scholar 77, Wiley 27, Scopus 52, and Springer 47. (4) The initial screening
yielded 150 articles. (5) The second screening yielded 25 articles, and (6) the final data was determined, yielding

9 articles in all. The data collection and analysis techniques included Publish or Perish, Mendeley, and narrative

interpretation.

Results. (1) VR is one of the successful applications to enhance karate training, providing a safe and adaptable
approach. However, improvements to VR require further research to increase realism, content variation, clear
instructions, and long-term testing to be more effective. (3) Combining conventional training and VR has emerged
as the most effective method for enhancing karate performance. (4) While VR has positive potential, it is essential to
refine the guidelines and standards of use before it can be extensively adopted.

Conclusions. The findings indicate that VR becomes a complementing and efficient training application for

improving karate performance.

Keywords: virtual reality, performance optimization, sports technology, karate, scoping review.

Introduction

Virtual reality (VR) is no longer limited to education
(Mannir & Getso, 2023). However, it is becoming more
widely known and has evolved in the world of sports,
particularly karate. VR is a breakthrough that will provide

©  Yudbhistira, D., Fauzi, M. S., Naheria, N., Cahyono, D.,
Ramadhan, K., Bimantoro, A. P, Putra, S. H. P, Irawati, A. E,
Mappanyukki, A. A., Rahman, A., & Jannah, A. M., 2025.

@ PETM
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a new experience for training applications for beginners,
intermediate, and professional athletes. Karate needs fast,
strong, and precise motions, therefore the presence of
VR aids in smooth training. Optimal karate performance
demands a combination of striking and kicking techniques,
strategy, tactics, and adequate physical condition (Hadi &
Yudhistira, 2023; Yudhistira, 2023).

Karateisa physical contactsport (Yudhistira, Siswantoyo,
et al., 2021; Yudhistira, Suherman, et al., 2021). There
is a greater chance of injury in traditional training while
approaching a match. The author’s idealism demonstrates
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that VR is a solution for bridging this visualization with real-
world situations to enhance fighting skills while retaining the
core of the sport of karate. According to another study, one of
the barriers to achieving athlete potential in traditional karate
training is a lack of sparring partners with various styles and
variations, the risk of injury, and the need for structured
training conditions (K Petri, Emmermacher, Masik, et
al., 2019). These are the fundamental components for the
creation of VR for the sport of karate among academics,
particularly those from outside. At this point, virtual reality,
particularly in the sport of karate in Indonesia, has not
received special attention to be revealed in depth; this is the
cause why the author performed this review to investigate
the challenges and gaps in past research to discover meaning
as a foundation for future study.

VR has evolved as an innovative approach to these
difficulties by providing each athlete with a consistent, safe,
and adaptable real-world environment (Witte et al., 2022).
VR is a computer-based simulation technology that creates
immersive three-dimensional settings in which sportsmen
can interact with circumstances similar to real-world
contests. VR is a tool for improving cognitive and motor
skills, providing simulation strategies, visual feedback,
and endless repetition in a safe environment (Ritter et al.,
2022). Previous research has revealed that VR can increase
response speed, movement accuracy, and attack recognition
of patterns in karate, making it a suitable training tool for
improving performance in real competitions (Ghazi et al.,
2025).

However, despite its enormous potential, the use of VR
in karate instruction confronts certain urgent problems that
require immediate attention. First, there is inconsistency
in transferring VR training to real-world performance,
particularly in terms of physical engagement, adaptation to
dynamic match conditions, and decision-making (Stefan
Pastel et al., 2021; K Petri et al., 2018; Ritter et al., 2022).
Second, there are still no standard criteria for implementing
thistechnology, resulting in variability in training effectiveness
and severely limiting innovation for coaches and players.
Third, although VR gives extensive options, excessive training
without genuine help from coaches might result in technical
faults or dependence on the virtual world, potentially
damaging to athletes in the long term (Witte et al., 2022).

Furthermore, financing for VR software and gear
remains quite pricey, making it difficult for many clubs and
athletes to gain access to this technology. In this situation,
it poses challenges to the global implementation of VR
technology, particularly in developing countries. As a result,
it is critical to perform a scoping review study to assess the
extent to which VR has been developed and implemented in
the context of karate training.

A scoping review is a tool for mapping and exploring
prior research by finding gaps, trends, and opportunities
in the literature (Munn et al., 2018). Then use the total
knowledge to generate future research. Given the availability
of VR research in other sports, this approach is critical for
integrating these findings into the context of karate, which
has unique requirements such as reaction speed, movement
patternrecognition, technique mastery, and field mastery that
can be fulfilled in the actual world. Given the importance of
ongoing VR development, this scoping assessment provides
an excellent basis for future research.

Thus, the objective of this research is to conduct a scoping
review of the role of VR in improving karate performance.
The analysis of the most recent outcomes utilizing precise
proceduresand phasesis expected to provide in-depth insight
into the prospects, effectiveness, and challenges of using VR
to improve karate performance. Based on the description
above, the author proposes research questions such as (1)
how VR technology can support the karate training process
in improving performance, (2) what are the challenges faced
in implementing VR to optimize karate performance, (3)
how effective is the implementation of VR compared to
conventional training in supporting karate performance, and
(4) what is the future potential of VR for the development
of karate training methods. This study is likely intended to
assist academics, particularly those involved in the sport of
karate, in better tracking the development of virtual reality.

Materials and Methods

Study Design

The type of research is a scoping literature review. This is
similar to a systematic review, but the distinction is that it asks
larger research questions to investigate existing information
(Munn et al., 2018). Scoping literature review attempts to
study the notion of literature methodically, using a rigid
approach, to obtain synthesis and relevant information for
future research (Munn et al., 2018).

Eligibility Criteria

The inclusion criteria in this study are as follows: (1)
original articles and relevant literature reviews, proceedings
from 2019-2025, (2) full text available for download, (3)
Written in English, and (4) from Google Scholar, Wiley,
Scopus, or Springer. Exclusion criteria include (1) not being
published between 2019 and 2025, (3) Not written in English,
(4) not being included in the Scopus, Google Scholar, Wiley,
or Springer databases, and (5) incomplete text.

Procedures

This research is conducted using a systematic procedure,
which is as follows:

o Conductan observational study and analyze documents
in the form of articles to define the research’s theme,
topic, title, and urgency.

o Determining research questions to focus the discussion
so as not to broaden.

o Searching for related publications in the Google
Scholar, Wiley, Scopus, and Springer databases using
the Boolean keywords “karate” and “virtual reality” or
“VR”. This approach yielded 77 articles from a Google
Scholar search, 27 from Wiley, 52 from Scopus, and 47
from Springer.

o Thediscovered data is evaluated to find duplicate articles
and the relevancy of the articles to a total of 150.

o The articles are filtered again, yielding 25 articles.

o The next stage is to filter for articles that can be
downloaded in full, which yields 9 articles.

o Following the team’s agreement, the final analysis was
conducted, and 9 articles were determined to be eligible.
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To clarify, the Preferred Reporting Items for Systematic
Reviews (PRISMA) analysis is shown below:
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Fig. 1. PRISMA Flowchart of the Research Process

Data analysis

The published or published applications, Mendeley,
Google Scholar database, Wiley, Scopus, and Springer all
help with data collection and filtering techniques (Hafidz
et al., 2024). Data analysis techniques are carried out by

extracting meaning to understand how technology affects
karate performance (Yudhistira et al., 2023). It was followed
by compiling a narrative that can describe the results of the
data information.

Results

Description of the review results based on selected
articles through PRISMA analysis.

According to the results of the review analysis, 9 articles
were identified as final data. The results of the analysis as a
whole explain the development of virtual reality applications
as applications to improve performance in terms of physical,
technical, and motor skills in beginner, intermediate, and
professional karateka, from the results of the 9 articles
using experimental, non-experimental methods, concept
development, and literature review (Ghazi et al., 2025; Lygouras
& Tsinakos, 2024; S Pastel et al., 2023; K Petri, Bandow, & Masik,
2019; K Petri, Emmermacher, Danneberg, et al., 2019; K Petri,
Timmerevers, Luxemburg, et al., 2019; Katharina Petri, Masik,
Danneberg, et al., 2019; Ritter et al., 2022; Witte et al., 2022).

Discussion

RQ1: How can VR technology support the karate
training process in improving performance?

The first argument is that VR is being used to improve
the ability to respond quickly and anticipate punches and
kicks. Karateka can improve anticipation by detecting attack
patterns from the start of an action. According to Petri et al.,

Table 1. Summary of results from the review analysis of 9 documents

No Author Objective Method Population Findings Conclusion

1 (KPetri, Understanding ~ Experiments Young karate A significant increase was VR applications are ideal
Timmerevers, the potential of  with pilot athletes found in the execution of for both observational
Luxemburg, et VR applications  study design  consisting movements in the virtual learning and improving
al,, 2019) as a learning of 7women  reality group, and the video physical ability.

tool for and 11 men  group, but not in the control
movement in group.
karate

2 (KPetri, Understanding ~ Experiment 15 Significant effects were found It was concluded that
Emmermacher, whether VR- experienced  in terms of response time and  training with VR was
Danneberg, et based training young karate quality of the VR group. beneficial for improving
al,, 2019) can enhance athletes response actions in young

reaction actions karate athletes.
in techniques.

3 (Katharina Determining Experiment 15 The Friedman test results Training with VR is
Petri, Masik, the effect of experienced  revealed that VR training effective in enhancing
Danneberg, et ten sessions of young karate ~greatly boosted karate- sport-specific responses for
al,, 2019) VR training on athletes specific response behavior (as  young karate athletes.

response actions measured by motion analysis).
and decision- The control group exhibited an
making. increase with a small effect.

4 (KPetri, Understanding ~ Experiment 15 Significant effects were found ~ These findings can be used
Bandow, & the impact of experienced  for time and time x group to enhance motor learning
Masik, 2019) VR training young karate interactions for gyaku-zuki and in beginners to improve

on managing athletes kizami-zuki and found a time  performance.
virtual opponent X reaction time effect in gyaku-
attacks zuki, but no significant time x

reaction time effect for either
attack. Paired t-tests showed
significant effects for both
pretest and posttest results.
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Table 1 (continued)

5 (Ritter et al.,
2022)

6 (Witte et al.,
2022)

7 (S Pastel et al.,
2023)

8  (Lygouras
& Tsinakos,
2024)

9 (Ghazi et al.,
2025)

Understanding
the difference in
response time
and response
type between
real-time and
virtual reality
conditions

Understanding
the difference
between VR
and the world in
karate training

Find out how
VR compares to
video training
on the soto uke
method that
advances with
the Zenkutsu
Dachi posture.

The goal of VR
is to create a
realistic training
environment,
evaluate
performance,
and enhance the
development of
technical skills.

Exploring

VR and Al
applications to
enhance karate
performance

Non-
Experiment

Experiment

Experiment

Scoping
review

Descriptive
exploratory

Experienced

karate

athletes

consist of 17

men and 10
women

17 male and

10 female

karate

athletes with
international
and national

competitive

levels

Male and

female
karate

athletes
totaling 83.

Synthesis of

the article

consists of 7

docum

ents.

Concept

development

with several
relevant

articles

The results showed that there
was no significant difference
in response time and response
type in virtual reality and the
real world. Only the response
quality was rated better in the
real world.

The findings revealed

that the VR group had a
longer response time to the
gyakutzuki and kizamitzuki
strokes. However, the response
quality parameters for both
groups did not improve.
Athletes provided excellent
feedback on the incorporation
of VR training into
conventional training.

Results showed that VR was

as effective as video training,
and the transfer of VR-adapted
skills in natural environments
was equally adequate.

Immersive technology,
especially VR, offers the ability
to record and capture precise
movements that provide
detailed feedback on reaction
time, technique, and decision-
making. This requires athletes
and coaches to identify areas
for improvement and adjust
training based on the data.

The primary papers discovered
were (1) producing a
meaningful and intuitive body
movement-based self-image
presentation to optimize
practice, and (2) developing
an efficient and professional
model.

It was concluded that

the response time and
response type for kumite
category karate athletes in
virtual reality conditions
were similar to real-world
conditions.

It was determined that
karate athletes who
underwent VR training
had better response times.
The assumption that VR
training can be applied

in real-world scenarios
cannot be demonstrated.
There is evidence that VR
training is effective for
intermediate athletes. In
the future, VR training
tools should include freely
engaging opponents.

It is found that VR is an
appropriate application
for beginning athletes.
The benefits of VR have
yet to be completely
shown, which is why

the performance results
are similar to those of
other groups. As a result,
further study is required to
advance virtual reality.

It is concluded that, while
immersive technology has
a good influence, there
are currently no clear
frameworks or rules for
its proper deployment in
karate training. Thus, best
practices and guidelines
are required to enable
optimal integration.

The application of VR

and Al in karate training
greatly enhances technique
precision, movement
efficiency, motivation, and
feedback, resulting in fewer
injuries. More research is
expected to improve the
technology’s accuracy and
efficiency, integrate virtual
and real-world training,
and ensure player safety.

installing the VR application can determine the response
in the early stages of an attack by assessing the opponent’s
reach and steps to strike (K Petri, Bandow, & Masik, 2019).
VR has been widely regarded as a tool to aid athlete training.
The technology simulates a real-world environment to
improve response time and anticipation in a variety of
match situations. This enables athletes to respond to visual
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and aural cues similar to those encountered in real-world
circumstances. Other studies suggest that VR improves
physical performance, concentration, and motivation;
therefore, VR is frequently used in endurance sports such
as running, rowing, and cycling (Neumann et al., 2017).
Simulations in virtual environments can provide a degree of
focus and feedback that influences (Neumann et al., 2017).
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The second topic is about VR being a safe practice for
karate athletes. VR implementation for athletes can practice
simulation methods without the risk of injuries caused by
physical touch (Ritter et al., 2022). Simulation in VR allows
athletes to repeat moves without any physical impact, which
allows them to enhance their talents safely. A diversified
approach to match simulation enables the discovery of many
sorts and fighting techniques, boosting each individual’s
adaptability and strategy. Furthermore, athletes can simulate
various scenarios and prepare for problems that may arise in
real competition (Witte et al., 2022). The VR technique may
be used anywhere and at any time, allowing athletes to train
on their schedule (Lygouras & Tsinakos, 2024). Technology
advances, providing increasingly realistic and interactive
experiences that promote athlete participation in training.

As a result, the usage of virtual reality has proven to be
an effective exercise for improving reaction speed, response,
and anticipation. Furthermore, it is a safe and adaptable
strategy for athletes. As a coach, this technique provides a tool
and exposure to new ways of optimizing training programs.
Virtual reality allows athletes to learn important skills safely
and effectively. As a result, the first research question can
be answered: VR can be a significant component in sports
training programs, particularly in the sport of karate.

RQ2: What are the challenges faced in implementing
VR to optimize karate performance?

As a result, there are benefits and drawbacks to
using virtual reality to help in training. Discussing the
disadvantages, notably that karate martial arts require
physical contact, particularly in the fighting category,
so that training remains relevant when training in real-
time, degrading the nature of karate itself. However, when
addressing the benefits, it is important to note that in the
present era, training models and infrastructure require a
touch of technology to make training more efficient and
successful using a VR approach. Similarly, sportsmen can
use VR for simulation training that involves elements of
strategy, reaction speed, and improvisation. In this situation,
how might coaches use VR as an addition to real-time
training, rather than a replacement, to help training and
matches operate smoothly?

The first point is that, while VR is excellent for training
techniques and tactics, it cannot completely replace
conventional training. For example, strength training
involving external loads is not available in VR, so training
with VR cannot completely replace conventional training.
Another physical constraint is that VR can not mimic
normally built physical training, such as stamina and agility,
which cannot be fully performed with VR.

The second point addresses costs and infrastructure.
Although VR technology is becoming more inexpensive,
deployment still requires a significant initial investment.
Furthermore, certain dojos and athletes may not have access
to hardware like VR headsets and sensors. Next, consider
the limitations of direct technical training. That martial arts
place a premium on precise movement and physical contact.
Although VR gives excellent imagery modeling, tactical
features such as touch when hitting a target are impossible to
recreate using present technology. Furthermore, the level of
authenticity in some VR training can limit direct experience,

which is critical in outsmarting and reading opponents when
close range, long range, and timing are all important in karate.

According to a study by Petri et al., several challenges
indicate that the implementation of VR requires further
development, including increased realism, content variation,
and long-term testing, for VR to be an effective application (K
Petri, Timmerevers, Luxemburg, et al., 2019). Other studies
say that technical, methodological, and implementation
obstacles must be overcome before VR may become a more
integrated tool (K Petri, Emmermacher, Danneberg, et al,,
2019). VR solely provides visual inputs and no additional
sensory stimulation, such as sound or touch. This decreases
the immersive experience and the relevance of training to
real-world situations (K Petri, Masik, Danneberg, et al., 2019).

Numerous hurdles must be overcome for VR to
be a useful tool in the sport of karate. However, future
development must focus on precise approaches to achieve
effective VR results, such as selecting material specialists
who are competent professionals in their disciplines, such
as technological experts, professional trainers, and karate
scholars. This challenge has piqued the author’s interest in
further developing VR.

RQ3: How effective is VR implementation compared to
conventional training in supporting karate performance?

Discussing effectiveness necessitates extensive testing.
The essence of karate is a physical contact sport (Yudhistira,
Siswantoyo, et al.,, 2021). As a result, each exercise
undoubtedly includes real movement. However, VR is used
asacomplement in the sport of karate. VR outperforms video
and control groups in terms of observational and motor
learning (K Petri, Bandow, & Masik, 2019). This is related to
the karate learning approach, whereas other research shows
that VR training can help young karate athletes improve their
fast response (K Petri, Emmermacher, Danneberg, et al.,
2019). Interestingly, not only connected to physical, studies
show that the use of training with VR delivers a motivating
training experience, resulting in new and safe learning (K
Petri, Masik, Danneberg, et al., 2019). Furthermore, another
study found that the response time and type of response for
karate athletes were equally good in VR and the real world
(Ritter et al., 2022), which is consistent with other studies that
found that VR was better than the control group for response
time, but neither increased for response quality parameters
(Witte et al., 2022). Furthermore, athletes reacted strongly
to incorporating VR training into traditional training (K
Petri, Masik, Danneberg, et al., 2019; Witte et al., 2022).
Furthermore, VR training proved as effective as video
training for skill development (S Pastel et al., 2023).

As aresult, the use of VR in conjunction with real-world
training benefits karate athletes. However, the testing was
only partial in terms of response time and motor motions.
Other factors, such as agility versus reactive, have not been
evaluated. The sport of karate, particularly kumite, requires
a high level of reactive agility (Yudhistira & Tomoliyus,
2020). Then, during VR testing, it focuses just on punching.
Meanwhile, extremities like kicks have received little attention
when it comes to VR applications. Karate athletes rely heavily
on their legs. For example, as an athlete moves forward to
approach an opponent and backward to avoid an opponent,
the power of the leg muscles, as well as the speed and agility
to move while kicking, are critical (Yudhistira, 2023).
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Furthermore, while VR may be superior in certain ways,
more complete testing is required, such as increasing the
sample size, using a more complex technique, and controlling
for gender and training level. Another study found that,
while VR promises unique and established technology and
frameworks, there is none for effective use in karate training
(Lygouras & Tsinakos, 2024). In this instance, best practices
and recommendations are required for optimal integration
(Lygouras & Tsinakos, 2024). However, combining
traditional training with the use of VR is the most effective
way to improve karate performance.

RQ4: What is the potential of VR for the development
of karate training methods in the future?

Virtual reality has huge potential to transform karate
training methods and sports programming by stressing an
engaging, safe, and efficientapproach. According to Ghazali et
al’s study, further development research is needed to improve
VR, namely in terms of accuracy and usefulness in karate
instruction (Ghazi et al., 2024). Furthermore, enhancing the
analysis of user movements allows for real-time feedback to
guarantee the technique is correct (Ghazi et al., 2024). VR
can grasp how to optimize and improve movement efficiency
(Ghazi et al.,, 2024). Immersive VR can make training more
enjoyable, leading to greater motivation (Ghazi et al., 2024).

This technology allows athletes to analyze and adjust
training tactics, increase response time, and transfer abilities to
karate in real-time (Lygouras & Tsinakos, 2024). High interest
and motivation in VR training are indicators that it has great
potential (S Pastel et al., 2023). The integration of cutting-edge
technology enables coaches to track athletes’ progress in real-
time and provide immediate feedback. VR is more than just
an application; it opens up possibilities for actual accessibility.
Furthermore, technology can be used to help coaches and
athletes perform better (K Petri, Emmermacher, Danneberg,
etal., 2019). In this example, VR enables the creation of artifi-
cial but realistic circumstances to enhance and evaluate sports
performance, making standards and manipulation impossible
in reality (K Petri, Timmerevers, Luxemburg, et al., 2019).

In response, virtual reality has the potential to positively
impact the development of better training methods. VR
allows coaches to apply and develop experience in the field
of technology, while players can obtain unique training
experiences. The future potential of VR requires better
regulation of guidelines. It is critical to set standards for the
use of VR in karate instruction so that it may be broadly
used. So far, existing VR criteria do not include specifications
for athletes in the novice, cadet, junior, or senior categories.
Then, VR has so far been shown to improve motor abilities
and response speed. The rest is such as VR, whose use is now
insufficient for physical training programs, technical training,
and so on. As a result, additional work is required to provide
a higher potential for the development of VR-based training
models in the kata and kumite categories that are tailored to
the level of training, technological requirements, and so on.
If these advancements are implemented, VR in the future
will be more engaging and pleasant. The opportunity to have
a more in-depth and effective training experience will grow.

Conclusions

Based on the findings and discussions, it is determined
that (1) VR is one of the effective applications to enhance ka-

rate training by providing a safe and flexible approach, (2) the
challenges in improving VR are that it requires further devel-
opment in increasing realism, content variation, creating clear
guidelines and long-term testing so that VR becomes an effec-
tive application, (3) wisely combining conventional training
with VR implementation is the best solution to improve karate
performance, (4) VR has positive potential to develop bet-
ter training methods. VR has to strengthen its guiding prin-
ciples and usage standards so that it may be broadly adopted.
Overall, VR is a complementing and useful training tool for
improving karate performance, particularly for experienced
athletes who need to perfect reflex actions and build strategies
in simulations that can be implemented in real matches.
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Ponb BipTyanbHOI peasbHOCTI WOA0 onTUMisaLii
pe3ynbTaTUBHOCTI Y KapaTte: Ornag npegMeTHOro nons

Hesanrra IOpxicripa'A8“PE, Myxamman Cykpon ®aysi*APF,

Haxepia® P, Tinik Kaxiono**"¥, Kein Pamagxan®“®, Anpmran Ilyrpa
bimanTopo'®?, lInupxki Xampi IIparama Ilyrpa'®<®, A. ®e6i IpaBaTn’“"F,

Anpi Arccam Manmaniokki‘“’®, A6gyn Paxman®“PE, Auni Migraxyn [I>xanna*P®

'lep>xaBunit yHiBepcutet Cypabas
*YuiBepcurer MynaBapMaHa
*YuiBepcuret ITamynanra
*Ilep>xaBHuII yHiBepcuTeT Makaca

ABTOpPCHKMIT BT A — Am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarts: 8 ., 1 Tabn., 1 puc., 23 mxepena

Merta gocnimkeHHa. MeTa IbOTo ZOC/iIKEHHA 1I0/IATaa B IPOBENEHH] OI/IAy IPeAMEeTHOTrO M0/IA IOJ0 POl BipTyanbHOL
peanbHocTi (BP) B omTiMisanii pe3ynbTaTBHOCTI y Kapare. IInTaHHA, 1O MmifyiAranu GOCTifKeHHIo, 6ymu takumu: (1) ax BP
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Yudhistira, D., Fauzi, M. S., Naheria, N., Cahyono, D., Ramadhan, K., Bimantoro, A. P, Putra, S. H. P, Irawati, A. F, Mappanyukki, A. A.,
Rahman, A., & Jannah, A. M. (2025). The Role of Virtual Reality in Optimizing Karate Performance: Scoping Review

CIIpUsiIa TPEHYBa/IbHOMY IIpOIiecy, (2) sAKi TpygHOLLi BUHMKAN y mpolieci inTerpaii BP, (3) Hackinbkn eeKTNBHOO BUABMIACST
BP 3 ToukM 30py MaKcuMi3allil pe3y/lIbTaTUBHOCTI, a TaKOX (4) 3’ACyBaHHA moreHIiany BP y po3po6ui MeTofiiB TpeHyBaHHS 3
Kapare.

Marepianu Ta meTogu. B AAKOCTi MeTOly HOCTi/I)KEHHA 3aCTOCOBAHO OITIAM ITpeMeTHOro nonis. Etanm gocnifxeHHsa nepen-
Oavanu: (1) BU3HaYeHHs Ha3By, (2) BU3HAYEHHs IMTAaHH: BOCIPKeHHA Ta (3) MOLIYK CTaTell y HAYKOMEeTPUUHMX 0asax HaHuX
Scholar, Wiley, Scopus Ta Springer i3 BUKOPMCTaHHAM K/IIOYOBMX C/IiB, 1[0 MICTATH JIOT{YHMIT TUIT JAaHUX «KapaTe» Ta «BIpTyanbHa
peanbHicTh» a60 «BP». V pesynbrari mouryky my6mikaniit 6yso oTpuMaHo Matepianu i3 HaykoMeTHpuuHMX 6a3 gaHux Google
Scholar 77, Wiley 27, Scopus 52 i Springer 47. (4) ITig yac meppuHHOro Biff6opy orpumano 150 crareii. (5) Y micyMKy IIOBTOPHOTO
Bifbopy orpumano 25 crarei, i (6) BM3HaY€HO OCTATOYHI JaHi, 110 O3BOINIIO OTPUMATH 3arajioM 9 crareit. [yt 360opy Ta aHanisy
JaHVX BUKOPUCTOBYBAINCS Taki MeTofuki, ik Publish or Perish, Mendeley Ta HaparusHa iHTepmpeTaryis.

Pesynprarn. (1) BipTyanbHa pealbHICTDb € OJHIE0 3 YCHIMIHINIMX IPOrpam, IO O3BOJIAE MOKPALINTY IIPOLIeC TPEHYBaHb 3
Kapare, 3abe3neudyroun 6e3rnedHnit Ta afanToBaHmit nifxifg. OfHaK, At FOCATHEHHsI O6ibInoil eeKTUBHOCTI, BOCKOHa/IeHHs BP
HnoTpedye MOfaMbLINX HOCTI/PKEeHDb 3 METOI0 MiBUIIEHHA PealiCTUYHOCTI, BapiaTMBHOCTI KOHTEHTY, YiTKMX IHCTPYKIill Ta JOB-
rotrpuBanoro rectyBanHs. (3) [loenHaHHA TpaguLiiiHUX TPeHyBaHb i BP BusiBuioch Halle(eKTUBHINIMM METOZOM ITiABNUILEHHS
pe3yIbTaTUBHOCTI y Kapare. (4) HesBajkatoun Ha ITOSUTMBHMIL IoTeHIian BP, HeoOXifHO BOCKOHAMNTI IHCTPYKIIii Ta CTAHAAPTH
BUKOPMCTAHH, TIePII HDK BIIPOBAIKYBATH 3a3HAYEHY TEXHOJIOTIIO Y IIMPOKNX MacIITabax.

BucnoBku. OTprmani jaHi CBif4aTh IO Te, 1IJ0 BipTya/lbHA PeasIbHICTh CTA€ HOMOBHIOIYO0 Ta e(peKTMBHOI IPOTrPaMoIo
IJ1A IPOBEJIEHHA TPEHYBaHb Y KOHTEKTI IIOJIIIIEeHHSA II0Ka3HMUKIB pe3yNnbTaTUBHOCTI y Kapare.

Knrouosi cnoBa: BipTyanbHa peanbHiCTh, ONTUMIi3allisl pPe3yIbTaTUBHOCTI, CIIOPTUBHA TEXHOJIOTiA, KapaTe, OI/IAN IPEMET-
HOTO IIOJIA.
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Abstract

Background. Examining technology integration in Pencak Silat training is considered as an essential aspect,
focusing on its potential to enhance physical, technical, and mental performance while preserving its cultural and

philosophical values.

Objectives. The study aimed to evaluate the effectiveness of augmented reality (AR), virtual reality (VR), and sensor-
based systems in improving skill acquisition, performance monitoring, and training customization. It also addresses
challenges in technology implementation and examines its adaptability to practitioners of varying skill levels.
Materials and methods. A systematic literature review (SLR) was conducted in accordance with the PRISMA
guidelines. Scopus served as the primary database, focusing on studies published within the past decade. Inclusion
criteria prioritized studies addressing technological innovations in Pencak Silat training, while irrelevant or low-
quality studies were excluded. Data were extracted using a standardized form and analyzed thematically to identify

trends, challenges, and gaps.

Results. The findings highlight significant AR, VR, and sensor technological advancements, demonstrating

their effectiveness in enhancing physical and technical performance. However, barriers such as high costs, limited
accessibility, and the need for tailored solutions continue to persist. Technology showed varying effectiveness based
on athlete competence, with professionals benefiting more from advanced features, while tailored tools proved

effective for amateurs.

Conclusions. Technology has revolutionized Pencak Silat training, but its integration requires addressing accessibility
and adaptation challenges. Future innovations should combine traditional practices with modern advancements to

preserve cultural values.

Keywords: Pencak Silat, augmented reality, virtual reality, sensor technology, training innovation, systematic

literature review.

Introduction

Pencak Silat is a martial art deeply rooted in Indonesia
and Southeast Asia’s cultural and philosophical traditions.
Its rich history and unique techniques have solidified its
status as a significant component of Indonesia’s cultural
identity. Over the years, Pencak Silat has evolved from
a traditional practice into a globally recognized sport. This

© Hardovi, B. H,, Setyawati, H., Rumin, R., Yuwono, C.,
Pramono, H., Kusuma, D. W. Y., & Bausad, A. A., 2025.

@ PETM
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transformation is supported by national and international
initiatives, such as its integration into school extracurricular
programs in Indonesia, which have significantly increased
youth participation (Burhanuddin et al., 2023; Hariono et
al., 2024; Sudiana et al., 2023). The Indonesian government
has played a pivotal role in promoting Pencak Silat by
hosting national and international competitions, further
strengthening its position as a competitive sport (Kusuma
& Novita, 2023).

Globally, Pencak Silat’s inclusion in prestigious events
like the Asian Games has elevated its status as a sport of
international repute (Irianto & Lumintuarso, 2020; Subekti
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et al., 2020). Beyond competition, Pencak Silat’s training
philosophy combines physical conditioning, mental
discipline, and spiritual development. This holistic approach
has drawn global attention, fostering cross-cultural
collaborations and exchanges (Imtihansyah et al., 2024;
Nugroho et al., 2024). Training in Pencak Silat traditionally
involves repetitive practice of foundational movements and
techniques guided by experienced mentors. This method
develops muscle memory and coordination and instills
cultural values and discipline (Ihsan, 2021; Karo-Karo,
2023). These elements reflect Pencak Silat’s dual role as a
physical practice and a medium for cultural preservation
making it a vital and dynamic tradition in Indonesia and
beyond.

Technological advancements have significantly
influenced sports training in the past decade, including
traditional martial arts like Pencak Silat. These innovations
have modernized training methodologies, making them
more interactive and practical. Digital tools and multimedia
applications, such as video-based tutorials and simulation
software, are increasingly integrated into Pencak Silat
training to enhance skill acquisition and performance.
Technologies like augmented reality (AR) and virtual reality
(VR) provide immersive training environments, enabling
athletes to visualize and practice techniques more effectively
(Mulyana, 2024; Sampoerna et al., 2021a). Wearable
devices and sensor-based tools have also emerged as pivotal
innovations, offering real-time feedback on performance
metrics such as speed, power, and movement accuracy (Thsan
et al., 2024; Maghribi, 2024). These technologies enable
athletes and coaches to analyze data and refine techniques
more precisely. This shift towards technology-supported
training demonstrates the potential of digital innovations to
revolutionize the practice of Pencak Silat while preserving its
traditional essence.

Despite the transformative potential of technology
in Pencak Silat training, several critical gaps remain
unaddressed. One prominent issue is the limited research
on the long-term impact of technology on skill retention,
mental development, and the philosophical core of Pencak
Silat. Current studies primarily focus on improving
physical performance metrics, such as speed and strength,
leaving the integration of mental and spiritual dimensions
underexplored (Ihsan et al., 2022; Lanos et al., 2023a; Lubis
et al,, 2021, 2024). Another gap lies in the accessibility and
adaptability of technological tools. Many innovations are
not tailored to the unique requirements of Pencak Silat
training, which involves complex, dynamic movements.
This lack of customization can hinder their effectiveness,
particularly for advanced practitioners (Widiastuti et al.,
2022). Additionally, logistical barriers, such as the high cost
of equipment and limited access to underdeveloped regions,
restrict the widespread adoption of these technologies.
Addressing these gaps is essential for ensuring inclusive and
comprehensive advancements in Pencak Silat training.

The main strength of this study lies in the systematic
approach used to summarize and evaluate the current
literature on technology integration in Pencak Silat training
over the past ten years. Based on the initial analysis, most
of the existing studies still focus on the application of
technology to improve physical and technical performance,
such as kick speed, movement coordination, and explosive

power (Ihsan et al., 2022; Mardius et al., 2024: Wijaya et
al., 2024). However, there are still significant research gaps,
especially regarding the long-term impact of technology on
skill retention, mental development, and the core philosophy
of this martial art. Furthermore, this study also identified
emerging challenges, including limited access to technology
in areas with inadequate infrastructure and the lack of
technology adaptation to the unique needs of Pencak Silat
training (Widiastuti et al., 2022).

Furthermore, this study offers newvalue in evaluating the
effectiveness of technology based on the athlete’s competency
level, namely amateurs compared to professionals. Previous
studies often generalize the impact of technology without
considering the variation in athlete abilities, creating a gap
in understanding how technology can be adapted to the
specific needs of each competency level (Anifah & Zuhrie,
2021, 2023; Lubis et al., 2022a; Subekti et al., 2021). This
study also addresses the issue of technology accessibility,
which is often a significant barrier in populations with low
technological literacy or low socioeconomic status. This
perspective is essential to ensure that technology adoption
is not limited to professional athletes or areas with good
infrastructure but is accessible to practitioners from various
backgrounds.

This systematic literature review (SLR) examines the
role of technological innovation in transforming Pencak
Silat training, focusing on its potential to enhance physical,
technical, and mental performance while preserving the
cultural and philosophical roots of the art. The study aims
to synthesize current research to identify the benefits,
challenges, and opportunities associated with integrating
technologies such as augmented reality (AR), virtual reality
(VR), and wearables into training methodologies. The scope
includes an analysis of the effectiveness of these technologies
in enhancing skill acquisition, providing real-time feedback,
and tailoring training for practitioners at varying levels of
competence, from amateurs to professionals. The review also
addresses the accessibility, affordability, and adaptability of
technological tools to changing training needs. The review
aims to provide actionable insights for practitioners, coaches,
and policymakers by bridging traditional training practices
with contemporary advancements, ensuring Pencak Silat’s
inclusive and sustainable evolution in modern technology.

Materials and Methods

This study employs a systematic literature review (SLR)
to explore the technological innovations that have been
developed, evaluate their advantages and disadvantages, and
contextualize their application in Pencak Silat training. The
review adoptsastructured approach to ensure comprehensive
coverage of the most relevant and high-quality research.
This study aims to address the following questions to clarify
the role of technology in the development of Pencak Silat
martial arts:

o How does technology use impact the physical and
technical performance of Pencak Silat athletes?

o What are the challenges in implementing modern
technology in Pencak Silat training?

o Are there differences in the effectiveness of technology
based on the level of competence (amateur vs
professional)?
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o What are the prospects for developing new technologies
to enhance Pencak Silat training?

Database Selection

This systematic literature review utilizes Scopus as the
sole database to identify relevant studies. Scopus is widely
recognized for its extensive coverage and rigorous indexing of
peer-reviewed literature across various disciplines, making it
an ideal platform for conducting a comprehensive review in
line with guidelines such as PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) (Ferrara et
al., 2023; Pandini, 2022; Ponce et al., 2022). Scopus provides
access to a vast collection of high-quality articles, ensuring
that the literature included in this review is both relevant and
credible. The platform’s robust search functionality enables
researchers to efficiently identify studies aligned with the
research objectives, minimizing the risk of publication bias
and enhancing the systematic nature of the review process
(Ertem & Aypay, 2023; Miselitinaité et al., 2022). In addition
to its comprehensive literature coverage, Scopus offers tools
for citation analysis and bibliometric studies. These tools are
utilized to assess research trends and evaluate the impact
of key studies in this field. Such analytical capabilities are
critical for synthesizing existing knowledge and identifying
gaps in the literature regarding technological innovations
in Pencak Silat training (Corrales, 2023; Silva et al., 2021;
Zgliczynska & Kosinska-Kaczynska, 2021).

Search Strategy

Theliterature search in this study was exclusively focused
on the Scopus database, widely recognized as a trusted
source for high-quality scientific literature. The search
process was conducted using relevant keywords to identify
studies that focus on technology in martial arts training,
particularly Pencak Silat. For the Scopus search, the focus
was on titles, abstracts, and keywords, using the following
terms: ((“Pencak Silat training” AND “technology”) AND
(“Augmented reality” AND “martial arts training”) AND
(“Motionanalysis” AND “Pencak Silat”) AND (Technological
innovations in combat sports)). This approach ensures
the inclusion of studies directly aligned with the research
objectives, capturing the intersection of technological
advancements and martial arts training methodologies.

Inclusion and Exclusion Criteria

Table 1 outlines the inclusion and exclusion criteria
utilized in this study to guarantee the review’s relevance and
quality.

Table 1. Inclusion and exclusion criteria

[ Identification of studies via databases and ]
)
c Records removed before
o screening:
® Records Identified: Duplicate records removed
é Scopus L | @=) o
=] Databases (n=116) Records marked as ineligible
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T Records removed for other
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)
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Fig. 1. PRISMA Flow

Study Selection Process

The study selection process followed the PRISMA
framework to ensure a systematic and transparent approach.
Initially, a comprehensive search was conducted in the
Scopus database using pre-defined keywords. Duplicate and
ineligible records were removed, and the remaining studies
underwent a two-stage screening process. First, titles and
abstracts were reviewed to exclude irrelevant or low-quality
studies. Next, full-text articles were assessed for eligibility
based on the inclusion criteria, focusing on relevance and
recent technological advances in martial arts training. This
ensured a robust data set for analysis.

Data Extraction and Synthesis

The data extraction process employed a structured ap-
proach to ensure comprehensive and consistent information
collection from the selected studies. A standardized data
extraction form was used to capture key details, including
study objectives, methodologies, types of technologies ex-
amined, sample characteristics, and key findings. This pro-
cess was conducted independently by two reviewers to mini-
mize bias and ensure reliability, with discrepancies resolved
through discussion or consultation with a third reviewer.

Inclusion criteria

Exclusion criteria

o Studies should directly address technological aspects of
Pencak Silat training, such as the effectiveness of training
tools or technological methods.

o Studies published in the last five to ten years were prioritized
to reflect recent technological advances.

o Empirical studies such as experimental, intervention, or
developmental research that are relevant to the research topic.

e Studies that do not directly address technology in the context of
Pencak Silat or other martial arts.

e Opinion articles, editorials, or systematic reviews

e Studies that do not provide sufficient data or methodology to be
evaluated.

e Only the most comprehensive publications were selected for studies
that duplicated findings from other articles.
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Thematic analysis was applied to synthesize the extract-
ed data, allowing for the identification of recurring themes,
trends, and challenges in the integration of technology into
Pencak Silat training. Key themes included the effectiveness
of augmented reality (AR) and virtual reality (VR) in skill ac-
quisition, the utility of wearable devices in performance mon-
itoring, and the accessibility challenges faced by practitioners.
The synthesis process highlighted gaps in the literature, such
as the limited focus on mental and philosophical training,
providing a foundation for future research directions.

Limitations

This systematic literature review has several limitations
that must be acknowledged. First, the review focuses
exclusively on studies published in English, which may
exclude valuable research in other languages. Second, using
a single database, Scopus, while ensuring high-quality
sources, may have overlooked relevant studies indexed

Table 2. Technological Innovation in Pencak Silat Training

elsewhere. Third, the review considered publications from
the last decade, potentially omitting earlier baseline studies.
Furthermore, the variability in methodology and results
across the selected studies poses challenges in synthesis and
generalization. Finally, there is limited research on the use
of technology in pencak silat training and the long-term
impacts of technology use, highlighting areas that require
further investigation.

Result and Discussion

Technology integration into Pencak Silat training
has brought about transformative changes, increasing the
effectiveness and precision of training methodologies. This
review highlights the growing use of technology to enhance
skill acquisition, performance monitoring, and tactical
understanding. These innovations demonstrate a shift
towards data-driven and interactive training approaches,
benefiting practitioners at all skill levels.

5 Technologies Impact on Implementation  Effectiveness Prospective
Author(s) (Year) Study Title Usedg Perf(I))rmance ghallenges Differences Techrfologies

Omar Syarifetal.  Kinect-Based Kinect motion ~ Improved Requires specific  Effective for Al-integrated

(2020) Application sensing and movement hardware and all skill levels, motion sensing
System Design ~ SVM detection expertise for especially for advanced
for Pencak Silat accuracy setup beginners feedback
Movement (>90%)
using SVMs

Muktiani et al. Augmented Augmented Significant AR adoption More effective AR with real-

(2022) Reality Mobile ~ Reality mobile ~ improvementin limited by device  for younger time feedback
App-Based app students’ skills ~ compatibility learners in and gamification
Multimedia (p <0.05) structured features
Learning of settings
Pencak Silat

Usraetal. (2024)  Augmented Augmented Enhanced Training More effective  Integration
Reality Training  Reality training  physical fitness ~ depends on user ~ for experienced  with AI for
on Combat platform (HDT, MST, engagementand  athletes personalized
Sport p <0.05) and AR familiarity (physical fitness  training plans

technical gains)
performance

Hasibuan et al. Interactive Smart Apps Significant score  Limited to Universally Expansion to

(2024) Learning Media  Creator for improvement Android devices,  effective across  cross-platform
for Martial Arts mobile learning  (pre-test: 7.6; requiring user skill levels compatibility
Using Smart post-test: 8.73, proficiency (i0S, Web)
Apps Creator p=0.001)

Rohayati et al. Development 3D Virtual Supported High cost of More suitable Advanced VR

(2022) of 3D VR Reality (VR) technical and VR setups and for visual simulations with
Technology cognitive skill teacher training  learners and haptic feedback
for Learning development language-

Pencak Silat focused
Curriculum instruction

Sampoerna etal.  Virtual Reality ~ Virtual Reality =~ High user Limited game Engages Integration with

(2021) Game for rhythm game satisfaction content for younger users Al to enhance
Introducing (78.61%) and diverse skill levels more effectively  adaptive learning
Pencak Silat immersion

(77%)

Thsan et al. (2024)  Sensor-Based Sensor-based Increased Sensor calibration Minimized Wearable sensors
Scoring System  scoring system  scoring and durability in  scoring bias with real-time
for the Fighting objectivity and  real competitions  across athletes ~ analytics
Category in reliability (ICC of different skill
Pencak Silat > 0.05) levels
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The technologies used include Augmented Reality
(AR), Virtual Reality (VR), hardware-based sensor
systems, mobile-based learning applications, and Kinect-
based systems. These technologies support Pencak Silat
movement learning, performance analysis, and objective
assessments. These technologies generally show positive
impacts such as increased movement detection accuracy
(>90%), significant technical skills, physical fitness, and
user satisfaction improvements. For example, AR improves
technical skills and physical fitness, while VR provides an
immersive experience that increases user interest. Research
shows great potential for further development, such as the
integration of Al, real-time feedback, and haptic technology
for more realistic simulations. Wearable sensors have also
been identified as a potential solution for improving analysis
and training.

Research Question 1: Summary of Findings

Technology integration into Pencak Silat training has
demonstrated transformative impacts on physical and
technical performance. Technologies such as augmented
reality (AR), sensor-based systems, and digital learning
platforms have revolutionized training methodologies by
providing real-time feedback, enhancing skill acquisition,
and optimizing physical conditioning. For example, AR
training has significantly improved physical fitness and
technical skills, particularly among younger athletes, by
offering an immersive and interactive learning environment
(Usra et al., 2024). Similarly, digital platforms have proven
effective in integrating theoretical and practical aspects of
the sport, creating a comprehensive and engaging learning
experience for athletes (Mulyana, 2024).

Sensor technologies have also emerged as critical tools
in performance measurement, offering precise feedback
on athletes’ movements to refine techniques and assess
performance more accurately. These systems are especially
valuable when combined with traditional methods, as they
help athletes achieve higher levels of physical and technical
excellence (Thsan et al., 2024; Maghribi, 2024). For instance,
sensor-based scoring systems provide objective evaluations,
address traditional judging methods™ biases, and enhance
competition fairness (Ihsan et al., 2024).

In addition to enhancing technical skills, technology
has also contributed to optimizing physical conditioning.
High-intensity interval training (HIIT), supported by
technology-assisted programs, has significantly improved
athletes’ endurance and technical performance (Syarif et al.,
2020; Usra et al., 2024; Zarya et al., 2023). Biomechanical
tools such as Kinovea software have further enabled coaches
to analyze athletes’ movements effectively, resulting in
improved techniques and performance (Irawan et al., 2021;
Lubis et al., 2022; Sinulingga et al., 2023; Syaifullah et al.,
2023).

Combining traditional training methods with innovative
technologies offers a comprehensive approach to developing
Pencak Silat athletes. While conventional methods instill
cultural values and foundational skills, technology provides
precision, objectivity, and efficiency in training. This dual
approach ensures that athletes not only excel in physical and
technical aspects but also maintain Pencak Silat’s cultural
and philosophical essence. Thus, the strategic application

of technology represents a vital step toward advancing this
martial art’s performance and training methodologies.

Research Question 2: Challenges in Implementing
Modern Technology in Pencak Silat Training

Implementing modern technology in Pencak Silat
training has several challenges that impact its widespread
adoption and effectiveness. A significant obstacle is the
resistance to change among coaches and athletes, many of
whom prefer traditional training methods. This resistance
often stems from a lack of familiarity with technological
tools and skepticism regarding their benefits. The
effectiveness of innovations such as augmented reality (AR)
and digital learning platforms depends on the willingness
of practitioners to embrace these methods, which requires
targeted efforts to demonstrate their value and practicality
(Muktiani et al., 2022; Mulyana, 2024).

Another significant challenge is the lack of infrastructure
and resources, particularly in rural areas where Pencak Silat
is deeply rooted. Inadequate access to reliable internet,
modern devices, and training facilities limits the feasibility
of implementing digital tools, further widening the gap
between urban and rural practitioners (Yudaparmita et al.,
2023). High financial costs associated with acquiring and
maintaining advanced technologies such as sensor-based
systems and VR setups also pose a barrier for many training
centers, making affordability a critical issue for sustained
implementation (Sampoerna et al., 2021).

The complexity of Pencak Silat’s movements adds
another layer of difficulty, requiring specialized technologies
capable of accurately analyzing dynamic and intricate
techniques. Developing and maintaining such systems can
be resource-intensive and time-consuming, particularly
for smaller organizations (IThsan et al., 2024). Moreover,
insufficient training for athletes and coaches to effectively
utilize these technologies reduces their impact, emphasizing
the need for tailored training programs to ensure proper
usage and maximize benefits (Widiastuti et al., 2022).

Addressing these challenges requires a multifaceted
approach. Increasing accessibility to technological
resources, funding support for rural areas, and offering
comprehensive training for practitioners are critical steps.
Additionally, fostering awareness and understanding of the
benefits of technology in improving physical and technical
performance can help overcome resistance. By addressing
these barriers, the integration of modern technology can
achieve its full potential in advancing Pencak Silat training
while preserving its cultural and traditional essence.

Research Question 3: Differences in the Effectiveness
of Technology Based on the Level of Competence

The effectiveness of technology in Pencak Silat
training demonstrates distinct variations between amateur
and professional athletes due to differences in skill level,
motivation, and access to resources. With their advanced
physical and technical skills, professional athletes are often
better positioned to maximize the benefits of augmented
reality (AR) and sensor-based tools. For instance, AR has
been shown to enhance technical performance and physical
fitness, particularly for athletes with a well-developed
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foundation of skills, as they can adapt more quickly to
the advanced functionalities these tools offer (Usra et
al.,, 2024). Additionally, professionals typically exhibit
greater motivation and discipline, facilitating the seamless
integration of new training methods into their routines
(Nurhidayah, 2024).

In contrast, amateur athletes may face challenges in
utilizing these technologies effectively. A lack of foundational
skills and limited familiarity with the complexities of Pencak
Silat training can hinder the adoption of advanced tools,
reducing their potential impact (Ihsan et al., 2022). For
example, sensor-based systems that require precise execution
of movements might be more effective for professionals
who can provide consistent inputs, whereas amateurs
might struggle to meet these requirements. Similarly, the
accessibility of technological resources is often limited for
amateur athletes, particularly in settings where training
facilities lack adequate funding or infrastructure (Mulyana,
2024).

Research also highlights differences in the psychological
adaptability of athletes at varying levels. Professionals tend
to exhibit higher engagement and commitment to training
innovations, making them more receptive to technology-
driven enhancements (Festiawan et al., 2024; Hasibuan et al.,
2024). Conversely, amateur athletes may require additional
motivation and simplified interfaces to effectively use these
tools, underscoring the need for tailored solutions that
address their specific learning and developmental needs
(Anifah & Zuhrie, 2024; Burhanuddin et al., 2023; Halomoan
et al., 2023). While technology holds promise for enhancing
performance across all levels, its implementation must be
adjusted to match the athlete’s competence. Professionals can
leverage advanced features for optimization, while amateurs
benefit more from tools focused on foundational skill-
building and accessibility. By addressing these differences,
technological innovations can create equitable opportunities
for improvement, fostering growth and excellence across all
levels of Pencak Silat training.

Research Question 4: Prospects for Developing New
Technologies to Enhance Pencak Silat Training

The future of Pencak Silat training is poised for significant
advancements by integrating cutting-edge technologies,
which promise to revolutionize traditional methodologies.
Key innovations such as augmented reality (AR), virtual
reality (VR), sensor-based systems, and artificial intelligence
(AI) are paving the way for more effective, personalized,
and engaging training experiences. AR and VR technologies
are at the forefront of these advancements. AR applications
enable athletes to visualize and practice complex movements
in an immersive and controlled environment, enhancing
technical skill acquisition (Muktiani et al., 2022; Usra et al.,
2024). Similarly, VR provides an opportunity to simulate
combat scenarios, allowing practitioners to refine their
tactics and cognitive responses in lifelike yet safe conditions
(Rohayati et al., 2022). These tools are especially valuable
for younger athletes, combining interactive learning with
technical development and making training more accessible
and engaging (Mulyana, 2024).

Sensor-based systems are another promising area,
offering precise measurement of performance metrics such

as kick speed, power, and movement accuracy (Damrah,
2023; Thsan et al., 2024). These systems provide real-time
feedback, allowing athletes to adjust their techniques
dynamically during training sessions. Coaches can leverage
the data collected by these sensors to design personalized
training regimens tailored to each athlete’s specific strengths
and weaknesses (Maghribi, 2024). Artificial intelligence
(AI) and machine learning further enhance the potential for
personalized training. Thesetechnologiescananalyzeathletes’
movement patterns and identify areas for improvement with
greater precision than traditional methods. For example, AI-
driven tools can predict injury risks based on biomechanical
data, enabling preventive measures and safer training
environments (Atqia & Suryani, 2023). IoT-enabled devices,
such as pressure-sensitive mats, provide instant feedback
on posture and execution, ensuring that athletes maintain
proper form during practice (Ambarwati et al., 2024; Anifah
& Zubhrie, 2024; Atqia & Suryani, 2023).

As these technologies continue to evolve, their
integration into Pencak Silat training holds immense
potential to bridge the gap between traditional practices
and modern innovations. By combining cultural and
philosophical values with technological advancements,
future training methodologies can provide a holistic and
inclusive approach, benefiting amateur and professional
athletes. Ultimately, these developments are set to redefine
the landscape of Pencak Silat, making it more effective,
engaging, and accessible for practitioners worldwide.

The integration of technology in Pencak Silat training
influences not only the physical and technical aspects of
the sport but also its cultural and philosophical values. By
embedding traditional teachings into digital tools, such
as augmented reality (AR) and multimedia platforms,
technology enhances the transmission of discipline, respect,
and spiritual development central to Pencak Silat. These
innovations create immersive learning environments that
connect practitioners to the martial arts’s core values while
making these teachings accessible to a broader audience
(Muktiani et al., 2022; Usra et al., 2024).

Maintaining cultural and philosophical values, which
include lessons on discipline, respect, and spiritual
development in technology-based training

ARandvirtual reality (VR) provide engaging experiences
where students can explore Pencak Silat’s historical and
cultural elements, helping them understand its philosophical
underpinnings. For example, VR-based scenarios simulate
real-life combat or training environments, enabling athletes
to practice and embody values such as respect for opponents
and self-discipline (Hadiana et al., 2022; Sampoerna et al.,
2021). These tools improve physical training outcomes but
also immerse practitioners in the cultural heritage of Pencak
Silat, fostering a holistic appreciation of the art form.

Incorporating technology into structured training
programs can instill ethical principles and life skills among
young athletes. Studies suggest that technology-enhanced
training, such as interactive multimedia platforms, supports
the positive development of character traits such as
responsibility and teamwork (Hadiana et al., 2022; Mulyana,
2024). Digital learning materials that highlight Pencak
Silat’s historical narratives and spiritual teachings encourage
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deeper engagement with the philosophy of the art, ensuring
that students gain a comprehensive understanding beyond
physical performance.

Furthermore, using digital coaching platforms promotes
a culture of continuous self-improvement. These platforms
provide real-time feedback and facilitate detailed perfor-
mance evaluations, encouraging athletes to refine their skills
while respecting the traditions and techniques of Pencak Silat
(Hasibuan et al., 2024; Thsan, 2021; Sinulingga et al., 2023).
Such advancements make it easier to balance innovation
with preserving traditional values, ensuring that technology
is a bridge rather than disrupting the martial arts legacy.

Community engagement is another critical aspect
reinforced by technology in Pencak Silat training. Digital
tools enable practitioners to connect with peers and mentors
globally, fostering a sense of unity and shared cultural
appreciation (Fahmi et al., 2024; Lanos et al., 2023). This
strengthens interpersonal bonds among practitioners and
ensures the continuity of collective values, such as mutual
respect and support. While technology is primarily used
to enhance physical and technical training, its influence on
cultural and philosophical dimensions is equally significant.
Through immersive tools, structured programs, and global
connectivity, technology ensures that Pencak Silat remains
a holistic practice, blending modern innovation with
preserving its timeless values. This integration reaffirms
Pencak Silat’s role as not only a martial art but also a vehicle
for cultural heritage and moral education.

Conclusions

Technology integration in Pencak Silat training has
proven transformative, enhancing physical and technical
performance while promoting engagement and learning
efficiency. Tools such as augmented reality (AR), virtual
reality (VR), and sensor-based systems have modernized
traditional practices, enabling precise performance
monitoring and immersive learning experiences. Despite
these advancements, challenges such as accessibility, cost,
and technology adaptation to meet diverse training needs
persist. Addressing these issues is essential to ensure that
the benefits of technology are equitably distributed among
practitioners at all skill levels. Several steps should be taken
to ensure the successful integration of technology in Pencak
Silat training. First, efforts must be made to expand access
to technology by providing funding and resources to rural
and underprivileged areas, ensuring equitable opportunities
for practitioners across all regions. Training tools should be
tailored to the unique requirements of Pencak Silat, focusing
on accommodating complex movements and preserving
the cultural values inherent in martial arts. Additionally,
structured training programs should be implemented for
both coaches and athletes to maximize the effective use of
technological tools in improving performance. Furthermore,
there is a need to promote research, mainly longitudinal
studies, to assess the long-term impacts of technology on
skill retention, mental development, and the preservation
of philosophical principles in Pencak Silat. Finally, fostering
interdisciplinary collaboration between biomechanics,
education, and cultural studies can help create holistic and
innovative training methodologies that seamlessly integrate
traditional and modern practices.
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IHHOBaLUiNHi TexHonorii y TpeHyBaHHiI 3 MNeHyak

Cinaty K CKnapioBOI Ky/IbTYPHOI CNagLWnHn

IHpoHesiI: CuctemaTUYHMN ornAp NiTtepatypun

Baxriap Xapi Xapmosi*BPE, Xeni CeTnpsaBari***"E, Pymini*APF, Kaxpo FOBoHO?A"E,
Tappi Ilpamono®*, Touni Bipa FOnxa Kycyma®PE, Enpi Anmapi baycag>*“P®

II>xembepcbkuit yHiBepcuTeT Myxammanii
*[lep>xaBHuUl yHiBepcuteT CeMapaHra
*[legaroriuamit yHiBepcuTeT MaHmaniku

ABTOpCHKNMIT BKIAA: A — [U3aiiH ZOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 10 c., 2 Tab., 1 puc., 52 mxepera.

IcTopisa nmuTaHHA. BuBYeHHA NMTAaHHA LIOAO iHTerpalil TeXHONOriN y TpeHyBaHHAX 3 [leHuak Cimary posrnAamaeTbcs AK
BaX/IMBUI aCIIEKT, 110 aKIIEHTy€ yBary Ha IIOTeHIia/Ii BIIPOBa/>)X€HHA TEXHOIOTIN 3 METOIO IiBUIIE€HHS GbisnyHOI, TeXHIYHOI Ta
PO3yMOBOI ITpalle3fjaTHOCTI, BOAHOYAC 36epiraioyn KyIbTypHi Ta GpinocodcbKi HiHHOCTI.

Mera mocnipxeHHs. [JocTiIKeHHs MaIo Ha MeTi OLiHUTU e(eKTUBHICTb 3aCTOCYBaHHA JONOBHeHOI peanbHocTi ([IP), Bip-
TyanbHOI peanbHOCTI (BP) Ta ceHCOpHMX cUCTeM A MTOKpallleHHA HaOyTTA HaBUYOK, MOHITOPUHTY Pe3yIbTaTUBHOCTI Ta KacTo-
Misanii TpeHyBaHb. Y JOCII/PKEHH] TAKOXK POSI/LFAITHCS IPOO/IEMI BIIPOBA/KEHHS TEXHOJIOTIN 1 BUBYAETHCS IX aaIITOBAHICTD
1o morped MpakTUKY04NX QaxiBliB 3 pisHMM piBHeM KBaTidikanii.

Marepianu ta Mmetogu. Cucremariannii ornap niteparypu (COJI) mpoBefeHo BinmoBifHO no pexkomeHpaniii PRISMA. B
SKOCTi OCHOBHOI 6a31t JaHMX BUKOPMCTOBYBa/IaCh HAYKOMeTpUYHA 6a3a JaHUX SCOpUs, 3 aKL[EHTOM Ha JOCTIIKEeHHIX, OIyO/IiKo-
BAHIX IPOTATOM OCTAaHHbOTO AECATUIITTA. KpuTepil BKI0UeHHs BU3HAYA/IM IPiIOPUTETHICTD JOC/IiIKEHD, IIPUCBAYEHNX iHHOBA-
LiTHUM TeXHOJIOTiAM y TpeHyBaHHAX 3 [lenvak CinaTy, Tofi K HepeleBaHTHI 00 HU3bKOAKICHI JOCTIIKeHH Oy/Iu BUK/TIOUEHi.
36ip maHMX 37iIICHIOBABCS 3a JOIOMOTOI0 CTaHAAPTU30BaHOI (POPMU Ta TEMATHYHOTO AHAJI3Y 3 METOI0 BI3HAYEHHS TeHJEHIIIl,
Ipo6/IeMaTKI TA HASIBHUX IIPOTAJIVH.

Pesynbraru. OrpuMani lani cBifuaTh Mpo 3HAYHI TEXHOJIOTIYHI JOCATHEHHS B IajTysi JOIIOBHEHOI i BipTya/lbHOI peabHOCTI
Ta CEHCOPHMX TEXHOJIOT1il, IeMOHCTPYIOUM iXHI0 epeKTUBHICTD y MiiBUIeHHi (Pi3sNYHOI Ta TeXHIYHOI pe3ynbTaTuBHOCTI. OfHaK
IPOZIOBXYIOTh iCHYBaTH Taki IepeKosy, sIK BUCOKA BapTiCTh, 0OMeXKeHa JOCTYIHICTD i moTpeba B iHAMBIyaTbHNX PillleHHIX.
Texnororii mokasanu pisHy epeKTUBHICTD 3a/IeXXHO BiJi KOMIIETeHI[il CHOpPTCMeHa: IIPodecioHaI OTPUMYIOTh Oi/lbllie IepeBar
Bij] po3IIMpeHnX GyHKI[iOHATbHIX MOXX/IMBOCTEIA, TOJi AK [/Is1 aMaTopiB epeKTMBHUMM BUABWINCA CIIeljiaTi30BaHi iHCTPYMEHTH.

BucHosku. Texuornorii peBosonionisysamy TpenyBants 3 [lenuax Cinary, ae IXHs iHTerpaljisi BUMarae poss’s3aHHs IIPO-
671eM, TIOB’sI3aHMX i3 JOCTYNHICTIO Ta aganTanieo. [Toganpiui iHHOBaIil MAIOTh OEFHYBATI TPAAMIIIIHI IPAKTUKM 13 CyIaCHUMM
TOCATHEHHAMM 3a/1s1 30epeXKeHHs KY/IbTYPHMX LiHHOCTEIL.

Knrouosi cnoa: Ilenyak CinaT, JOIOBHEHa peasbHICTb, BipTya/lbHa peajibHiCTh, CECHCOPHA TEXHOJIOTisA, iHHOBallii y TpeHy-
BaHHI, CICTeMAaTUYHMII OIJIAJ JIiTepaTypu.
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Abstract

Objectives. The issue lies in whether or not there are common performance factors across different team sports.

The objective of this review was to identify and analyze the key elements influencing physical performance in various
team sports, which can be enhanced through training, respecting the performance model of each team sport.
Materials and methods. For the selection of articles, the Prisma method, Pubmed and Google Scholar search engines
were used, and inclusion criteria were established. After conducting the initial search, a total of 596 articles were
identified. These articles were then further screened through several stages to select 20 final articles that aligned

with the theme.

Results. This review has highlighted important determinants of sports performance in common and uncommon
among the different team sports analyzed and how they can be improved through training practices, taking into

consideration the performance pattern of each team sport.

Conclusions. Achieving success in sport and the training of excellent players is increasingly dependent on the
specificity of the coaching stimulus provided and how much it responds to the performance model of the team sport’s

type, and the competence of the coaching staff.

Keywords: performance analysis, conditional quality, performance model, practical applications.

Introduction

This review will analyses the performance factors, with
a focus on what limits or enhances sports performance,
and what practical indications can be used to improve that
performance. In most team sports, sports performance
requires more technical and tactical skills; while successful
teams must also possess relevant physical skills (Bangsbo,
2015). The team sports examined, such as basketball,
soccer, handball, rugby, and volleyball, require various
physical skills and specific technical skills that are highly
coordinative in order to achieve sporting success, as well as
having to make quick decisions, during a competition, to
solve complex technical and tactical motor tasks (Serpell et
al., 2011). In team sports, there are factors such as reaction
speed, acceleration, top speed, speed in whole-body changes
of direction (Simonek et al., 2017) and agility that determine

© Altavilla, G., 2025.
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a high value of sports performance (Little & Williams,
2005). However, there are slight differences in agility among
players in team sports, this is probably due to demands on
the quality of open skill movements (Belka et al., 2022).
Running, in sports games, is characterized by continuous
phases of acceleration and deceleration (Altavilla, 2020); in
fact, players are required to repeatedly produce maximal or
sub-maximal efforts with short recoveries (Bishop & Girard,
2013). Determinants in team sports are therefore the ability to
accelerate and decelerate, change direction, jump, and repeat
a series of actions at different speeds without reducing the
quality of performance, and this is basic to sporting success
(Jones et al., 2009). In fact, in soccer, accelerations and
decelerations are found to be significant (Altavilla et al, 2017);
in basketball and handball, changes of direction and jumps
(Abdelkrim et al, 2007); in volleyball, jumps, landings, and
explosive force (Tsoukos et al, 2019, D’Elia et al, 2021), while
contrasts, thrusts, and tackles are found to be determinant
mainly in rugby (Jones et al, 2015). As established in the
literature, intense accelerations and decelerations (Delves
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et al, 2021; Dalen et al, 2016) constitute a substantial part
of the external workload and impose physiological and
mechanical internal load demands on players (Burdon et
al, 2017). However, accelerations have a higher metabolic
cost (Hader et al., 2016), while decelerations have a higher
mechanical load, probably caused by high force impact
peaks (Verheul et al., 2019). Increasingly, systems capable of
collecting data to assess the physical and technical-tactical
performance of individual players and teams (Hoppe et al.,
2018) are represented by Global Positioning System (GPS)
and Match analysis (MA) for the detection of these variables
and subsequent assessments. GPS and MA have assumed a
very important role in sports games (Carling et alt., 2009;
McGarry et al., 2013); in fact, they are the most widely
used devices for quantifying the quality, quantity of actions
expressed, and characteristics of high-intensity accelerations
and decelerations during matches (O’ Donoghue, 2015).

The purpose of this review is to bring out and analyze
common and non-common determinant aspects of physical
performance among the team sports considered; which can
be improved with specific training practices, within the
performance model of each team sport.

Materials and Methods

The study was conducted through a review of the
scientific literature aimed at identifying determinants
capable of influencing performance in team sports. The
PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses) method was used, for which inclusion
criteria were defined (Table 1). Scientific articles were
searched through the following search engines: Pubmed
and Google Scholar. The following keywords were searched:
Performance analysis, conditional quality, team sport.
Inclusiveness criteria were defined for article selection:
year of publication, reviews and experimental studies,
longitudinal studies, English language.

Table 1. Inclusion criteria

Web search engines Pubmed and Google Scholar

Publishing period 2014-2023

keywords Performance analysis, conditional quality,
team sport.

Language English

Type of article Original research articles and/or review
articles

Full text Articles matched the purpose and/or topic
of the research.

Results

After conducting the initial search, a total of 596 articles
were identified. These articles were then further screened
through several stages to select 20 final articles that aligned
with the theme. Specifically, 13 reviews, 6 experimental
studies and 1 longitudinal study were included. Table 2 shows,
for each study, the authors, topic, method used, and results.

Discussion

To optimize the training process, it is essential to know
what happens during a competition (Taylor et al, 2017).

Records excluded:
Records identified from Pubmed Published outside 2014-2023
and Google Scholar: (n=3486)
total (n=596) Duplicate records removed prior to
screening (n=96)

y

—
Records screened
(n=154) not original research articles and
review articles (n=72)
H 3 Reports excluded:
g Reports sought for retrieval not Scopus indexed journal
K3 (n=82) (n =35)
- Reports excluded:
— | Rerge for efig Journal not selectedfiess relevant
to research topic (n=27)
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= Studies included in review
3 (n=20)
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Fig. 1. PRISMA flowchart illustrating the item selection process

In order to gain such knowledge, it is necessary to analyze
performance in team sports (Pino-Ortega et al, 2021), which
analysis involves the study of different variables (technical,
tactical, conditional), evaluation of training and competition
workloads. Such a study provides quantitative knowledge
about the level and technical, tactical, and behavioral
characteristics of players in different team sports, such as in
soccer, basketball, rugby, handball, and volleyball (Bangsbo
et al., 2006; Svilar et al., 2018; Parmar et al., 2018; Garcia-
Sénchez et al., 2023; Silva et al., 2016).

Methodological Directions

Each team sport has its own performance model, where
there is a certain level of strength, speed and endurance;
therefore, training for each type of sport should reflect these
differences. The most effective training methodology is one
that approaches the functional model of competition (Cook,
2011). In order to implement an approach that is closest to
the functional model of competition, it is essential to know
what happens during the match; this allows the training
process to be optimized. The continuous monitoring of
sports performance (Esposito & Raiola, 2020) leads to the
structuring of a performance model that meets the demands
of a given team sport. We can define the performance
model as a general framework of the specific characteristics
of a sport: match times, energy metabolisms and type of
movements.

Determining Factors

When a team or any athlete is training, it is necessary
to know the performance pattern of his or her sport
activity, from the perspective of internal load (e.g., heart
rate, VO,max, etc.) and external load (e.g., distance
traveled, accelerations, decelerations, etc.); therefore,
close monitoring of these specific actions during training
and competition is appropriate for effective workload
management (Impellizzeri et al., 2019). Tools such as
devices, specific motor tests, and match analysis are essential
for monitoring performance and optimizing workloads.
Without neglecting other aspects of performance such as,
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Table 2. Results of the literature review

N. Authors Topics Method Results
1 Pino-Ortega  Conditional quality = Systematic review  Design training tasks: Soccer, high level of aerobic endurance
etal, 2021 and team sports in combination with very intense and short actions. Basketball,
high level of aerobic endurance with a high number of jumps and
landings. Rugby, high speed of pace of play with intense efforts and
collisions.
2 Tayloretal, Performance Systematic review  There is considerable variability in straight-line running and
2017 analysis and team multidirectional demands among sports, competition levels, and
sports sexes. Variability in sports demand data was found among sports,
sexes, and age levels..
3 Impellizzeri ~ Performance Longitudinal study ~ When internal and external loads are implemented effectively, they
etal., 2019 analysis and team can help coaches better control and optimize the training process.
sports
4 Harper etal,, Conditional quality ~Systematic review 19 studies, including seven team sports with a total of 469
2019 and team sports and Meta-Analysis  participants (males with an average age of 18-29 years). High-
intensity accelerations and decelerations are important elements of
external biomechanical loading in team sports. In all team sports,
apart from American Football, there was a higher frequency of
high and very high intensity decelerations than accelerations.
To ensure that elite players are optimally prepared for the high-
intensity accelerations and decelerations required during games, it
is essential that players are exposed to comparable demands under
controlled training conditions.
5 Suchomel et Conditional quality ~Literature review Much research supports the idea that greater muscle strength
al, 2016 and team sports can improve the ability to perform sports skills such as jumping,
sprinting, and change-of-direction tasks. Muscle strength is
strongly correlated with superior jumping, sprinting, and change
of direction performance. Therefore, sports professionals should
implement long-term training strategies that promote maximum
muscle strength.
6  Hernandezet Performance Experimental study Results confirm the high reliability of the hexagon agility
al,, 2021 analysis and team test. In addition, the performance was significantly related to
sports the performance obtained in different physical performance
measurements (change of direction, jump, and linear sprint tests).
7 Sattler etal,  Conditional quality Experimental study The results underscore the importance of vertical jumps in many
2015 and team sports sports, including volleyball. From a practical point of view, the
results suggest that professional male and female volleyball
players perform better in vertical jumping, thus underscoring the
importance of lower limb strength development and power qualities
in volleyball players.
8 Spiterietal.,  Conditional quality Experimental study The results provide evidence of the importance of lower extremity
2019 and team sports power, change of direction and agility in female basketball athletes
to compete at high levels of play. Prescribing squats, power cleans
or plyometric exercises and emphasizing the eccentric phase of the
movement will develop in players the ability to tolerate a greater
eccentric load by helping them decelerate and improving COD.
9 Silva et al, Performance Systematic review  The review shows that a 72-hour post-match period is not sufficient
2018 analysis and team  and Meta-analysis.  to fully restore homeostatic balance (muscle damage, physical
sports status, and well-being). Coaches must adjust the structure and
content of training sessions during the 72-hour post-match
intervention period to effectively manage the training load.
10 Gottlieb et Conditional quality Literature review For consistent, high-level performance throughout the season,
al,, 2021 and team sports conditioning is key. Aerobic capacity is significant in basketball for

rapid recovery from repeated sprints and jumps. Therefore, coaches
and athletic trainers must properly measure their players’ aerobic
capacity.
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Table 2 (continued)

N. Authors Topics Method Results
11  Halouaniet  Performance A Brief Review Small-sided games are widely used by coaches to develop technical
al., 2014 analysis and team and tactical skills and to improve the endurance of team sports
sports players. In fact, higher exercise intensity is achieved with fewer
players and larger field areas. Using different durations of practice
seems to have minimal effect on exercise intensity. Regarding
duration, the use of SSG 4x4 minutes seems to offer the most
effective format.
12 Petwayetal., Performance Systematic review  From the results of the present review, it appears that higher level
2020 analysis and team players seem to be more efficient while moving around the field.
sports Elite level players cover fewer distances, at lower average speeds and
with lower HRmax and HRave during competition. However, they
appear to have greater ability to move at higher speeds.
13 Ortega- Conditional quality ~Experimental study =~ The results indicate that handball throwing speed is strongly
Bacerra et al., and team sports associated with lower limb strength, although upper limb
2018 strength, jumping and sprinting skills also play a relevant role in
throwing performance, suggesting the need for coaches to include
appropriate strength programs to improve handball players’
throwing.
14  Henderson et Conditional quality Experimental study The study examined the effect of a number of individual factors
al,, 2019 and team sports and characteristics on physical and technical performance values
in rugby matches. The results showed that it is necessary to develop
high aerobic and anaerobic fitness skills during preparatory periods
to enable improved physical performance during matches.
15 Silvaetal, Conditional quality ~Systematic Review  Included studies have indicated that plyometric training appears
2019 and team sports to increase vertical jump performance, strength, horizontal jump
performance, flexibility and agility/speed in volleyball players.
16 Lumetal, Conditional quality = Systematic Review  Increased muscle strength is associated with increased muscle
2020 and team sports power, improved jumping, sprinting and change of direction.
17 Nishiumiet  Conditional quality ~Systematic Review  This review examined studies that investigated the associations of
al,, 2023 and team sports eccentric force variables during jumping and lower limb eccentric
force with vertical jump performance. Jump height is associated
with sprinting and change-of-direction ability as well as competitive
level in volleyball, soccer, and basketball. Improving eccentric
muscle strength can contribute to vertical jump height.
18  Thurlow et Conditional quality = Systematic Review  Neuromuscular, physiological, and performance demands
al,, 2023 and team sports of Repeated sprint training (RST) are substantial. To amplify
physiological demands and performance decrement, longer (> 30
m) and shorter sprint distances, rest between repetition (< 20 s) are
recommended.
19  Loturco et Conditional quality ~Experimental study The results have a significant impact on applied practice and
al. (2018) and team sports research, as jump-based measurements can be considered as one of
the most practical and useful approaches to assessing elite athletes.
In addition, the results provide valuable information on the specific
role played by vertically or horizontally directed movements in the
distinct phases of sprint performance.
20 Delvesetal., Performance Systematic Review  Acceleration events in team sports research have been quantified
2021) analysis and team predominantly through the use of effort counts, including time-
sports related counts. Global positioning systems and now GNSS are the

most common tracking systems used for quantifying acceleration in
team sports athletes.

for example, the number and type of direction changes, total
distance traveled and distance traveled at various speeds,
and the number of accelerations and decelerations (Harper
et al, 2019). An additional aspect to be monitored there is
the performance trend between the first and second half of

the race, in which a decrease in performance by athletes can
often be evidenced, so it is important to know the extent of
it (Ortega et al, 2020). The performance model is used as
a reference for monthly, weekly, daily and single exercise
load. To summarize: team sports require athletes to have
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highly developed speed, agility, muscular strength, power,
and endurance (Suchomel et al., 2016a), but also the ability
to repeatedly perform complex motor skills (e.g., passing,
defending and countering, running, and jumping) under
pressure and in fatigue (Rampinini et al., 2009). Finally, a
programmatic goal of interest and in common among the
different team sports analyzed is certainly the improvement
of vertical jump performance; not surprisingly, jump height
has a correlation with sprinting (Loturco et al, 2018) and
change-of-direction ability (Herndndez-Dav¢ et al, 2021),
both in volleyball (Sattler et al., 2015), soccer (Haugen et
al., 2012), basketball (Spiteri et al., 2019) and rugby (Parmar
et al, 2018). Knowledge of these common determinants,
along with the specific performance model of each team
sport, is useful in order to better define and design improved
practices of different performance elements.

Correlations and Significant Effects

Strength: In most team sports there are several factors
that influence performance (strength, speed, endurance,
and highly coordinative specific motor skills) but without
neglecting some aspects related to various expressions of
strength (Gamble, 2013), sprinting ability, maximal oxygen
consumption, and ability to recover from maximal efforts.
There are strong correlations between the characteristics
of strength training (maximum dynamic force, power) and
sports skills such as speed, jumping and agility (Lum et
al., 2020). An increase in muscle strength is consequently
associated with an increase in muscle power, jumping
ability, sprinting and change of direction (Nishiumi et al.,
2023). In addition, strength training interventions improve
performance in several other sports such as swimming
(Crowley et al., 2017), cycling (Sunde et al., 2010) and
endurance running (Lum, 2016).

Sprint: Sprint performance is an important factor (Izzo
etal., 2020; Thurlow et al., 2023) and can often lead to athletic
success (Winchester et al., 2008). Sprint performance has
been shown to be an important determinant of winning
actions in several team sports such as rugby, soccer, and
basketball (Alemdaroglu, 2012; Sims, 2017). The importance
of sprint performance for athletes in team sports is
evidenced by the observation that straight sprinting is a
frequent action preceding a goal in soccer, a counterattack
in basketball, a goal in rugby (Faude et al., 2012), etc. High
sprint performance depends on stride length and stride
frequency. Improvement in sprinting requires an increase
in one or both of these parameters. Improvements in stride
length are related to improvements in power, the latter in
turn being directly related to maximal strength, elastic force
and dynamic flexibility.

VO,max: Other parameters to consider, for the purpose
of sports performance in team sports, is maximum oxygen
consumption (VO,max) and the ability to recover from
short, repeated high-intensity activities. The most widely
accepted measure of aerobic capacity is VO,max, which
represents the maximum speed at which aerobic metabolism
can supply energy (Castagna & D’Ottavio, 2001). The
importance of VO,max can be seen from an established
correlation between VO,max and distance traveled during
team sports (Fernandes da Silva et al., 2010). Athletes with
a high VO,max are better able to maintain power during a

repeated sprint exercise (Glaister, 2005); moreover, detecting
an increase in VO,max is the most common method of
ascertaining a training effect (Edge et al., 2006). In the
literature, it has been shown that a high level of aerobic
capacity is a prerequisite for superior anaerobic performance
during prolonged intermittent activities (Seiler et al., 2013)
and that a high level of aerobic capacity improves recovery
after high-intensity exercise (Tomlin, 2001).

Practical Applications in Different Team Sports,
Based on the Performance Model

Based on the performance model of each team sport,
conditional-type training proposals should develop
according to the following indications:

With regard to soccer, drills should involve a high
level of aerobic endurance in combination with intense
and short repetitive actions (Hostrup & Bangsbo, 2023).
Physical conditioning in soccer should involve intermittent
high-intensity actions (anaerobic endurance), such as fast
movements, high metabolic load distance, sprint running,
maximal speed (Redkva et al., 2018). Neuromuscular
qualities, such as strength and power (jumps, acceleration,
deceleration) and related to aerobic endurance (distance
traveled, distance traveled less than 6 km/h, distance
traveled between 21 and 24 km/h, metabolic power) provide
a competitive advantage (Silva, 2022), as it predisposes
players to better resistance to fatigue (Silva et al., 2017) and
faster post-match recovery (Hader et al., 2019).

Basketball requires a good level of aerobic endurance, a
large number of jumps, stops, changes of direction and short
sprints at high intensity, in combination with passing and
shooting. The game of basketball is characterized by short,
intense periods of activity at medium to high frequency; such
activity requires aerobic and anaerobic capabilities, both of
which affect anaerobic performance (Gottlieb et al., 2021).
Conditioning in basketball, involves speed above 18 km/h,
maximal accelerations and decelerations, along with stops,
restarts and jumps have been found to be major determinants
of performance in basketball (Svilar et al., 2018). Because
players’ movements are carried out over small spaces, this
requires a higher number of accelerations/decelerations and
more intense movements (Halouani et al., 2014); in addition,
elite players appear to be more efficient and effective while
moving around the court (Petway et al., 2020).

Handball being characterized by motor skills such as
speed, explosive power, endurance and strength, involves ac-
celeration, deceleration and changes of direction in relation
to the ball and the opponent, results in high levels of internal
and external load (Ortega-Bacerra et al., 2018). Identifying
these specific requirements is a key aspect in designing spe-
cific training programs, such as plyometric training (Ham-
mami et al., 2019). Programming, therefore, drills on a good
level of aerobic endurance is appropriate, such as including
sessions for upper limb strength development for passingand
shooting, and lower limbs for jumping (Povoas et al., 2012).
Precisely because, in handball, throwing speed is strongly
associated with both lower limb and upper limb strength;
finally, jumping and sprinting skills should not be neglected,
which play a relevant role in throwing performance.

Rugby requires a good level of aerobic endurance and
strength, in the development of the game needs to maintain
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a high pace of play (high time of ball possession), perform
high-intensity drills in combination with countering,
pushing and tackling (Colomer et al. 2020). The most
relevant determinants for rugby players turn out to be
aerobic/anaerobic endurance (perceived exertion rating,
increased weekly load, heart rate, high speed distance), in
combination with impacts, collisions, and tackles that are
equally important (Henderson et al., 2019).

Volleyball is a very explosive and predominantly anaero-
bic intense sport in which anthropometric and somatotypical
characteristics have a strong influence. This sports discipline
combines explosive movements in vertical and horizontal
directions, with short recovery times (Gabbett & Georgieft,
2007, Penna et al, 2023) that requires the development of en-
durance, speed and strength in the following expressions: ex-
plosive, resistant and reactive-elastic, endurance and speed, in
which plyometric training is widely used (Silva et al., 2019).
From the analysis of the performance model, it is clear that
the energy system mainly involved is the alternating aerobic-
anaerobic system (D’Isanto et al, 2018), with prevalence of the
anaerobic-attacid one. The aspects that most characterize vol-
leyball players are jumping ability, power and strength. Plyo-
metric training, for example, is used to improve performance
on jumps (Pereira et al, 2015). In one study (De Villarreal et al,
2009), in which free-body plyometric exercises, countermove-
ment jumps, deep jumps and squats were used, they resulted
in an increase in vertical jump height of up to 15 percent.

Conclusions

This review has highlighted important determinants of
sports performance in common and uncommon among the
different team sports analyzed and how they can be improved
through training practices, taking into consideration the per-
formance pattern of each team sport. In recent years, there
has been a trend toward training players who are increasingly
faster (maximum running speed, short and more explosive
sprints) and with greater speed in performing specific tech-
niques (e.g., passing and shooting speed). Therefore, it is nec-
essary to resort to the use of up-to-date, evidence-based train-
ing practices and sophisticated monitoring tools. Achieving
success in sport and the training of excellent players is in-
creasingly dependent on the specificity of the coaching stimu-
lus provided (e.g., drills adhering to the performance model
of a given sport), how much more responsive to the perfor-
mance model of the type of team sport, and the competence
of the coaching staft (e.g., the mastery of the coach and his or
her staff in the management and analysis of the match and
training load). In the near future, the focus of the research
could attend to individual sports, while a limitation of this
review may be the use of only a few search engines.
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Abstract

Background. The learning process in physical education requires an appropriate and effective learning method. It is
incumbent upon physical education teachers to determine learning methods that take into account the conditions of

their students.

Objectives. The objective of this study was to conduct a systematic review of the development of learning methods

that have occurred in physical education so far.

Materials and methods. The present study used four databases: SCOPUS, Google Scholar, OpenAlex, and Crossref
as research data. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses method was applied in
the identification of research data. Furthermore, it was also conducted a keyword analysis using VosViewer software.
In addition, a literature review was conducted to provide a more comprehensive understanding of the topics that have

been researched.

Results. A total of 5358 articles were identified as systematic reviews in this study. The results of the systematic
review showed that research has undergone significant development. On the other hand, learning methods in
physical education have also successfully integrated digital technology. The development that occurs is characterised
by traditional learning methods turning into modern learning methods. The integration of technology in modern
learning methods has a positive impact on students and teachers.

Conclusions. The findings indicate that the development of learning methods in physical education has evolved very
significantly. These developments are still needed in the digitalisation aspect, so that the methods applied are more

futuristic.

Keywords: learning methods, learning models, pedagogy, students, teacher.

Introduction

Physical Education (PE) is an important part of the
school curriculum that supports students to stay fit through
physical activity and a healthy lifestyle (Ali et al., 2022). PE
also plays a role in shaping social values such as discipline,
co-operation and sportsmanship that are beneficial for
students. In Indonesia, PE is one of the compulsory subjects

© Bikalawan, S. S., Kristiyandaru, A., Al Ardha, M. A,,
Nurhasan, N., Herista, S. V. W, Legeayem, T. R., &
Umarushalih, N., 2025.
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since students are in primary school (Li et al., 2024). The
establishment of PE as a compulsory subject, proves the
importance of PE in supporting the development of a child
holistically (Hao & Wang, 2024). The development that
includes cognitive, movement skills, and affective aspects
can be developed through an effective PE learning process
(Aliriad et al., 2024).

The effective learning process, of course, is closely
related to how a teacher transfers knowledge to students
(Williyanto et al., 2020). Choosing the right learning method
is one of the keys to a successful learning process (Rihatno
et al,, 2024). On the other hand, a deep understanding of
student characteristics is needed in determining a learning
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method (Kirch et al,, 2021). It is important for teachers to
recognise students’ personalities so that the learning process
can run efficiently (Zhao & Zhao, 2022). Students who
receive knowledge and teachers who impart knowledge can
enjoy the learning process (Wittwer et al., 2024). Thus, the
learning objectives that have been set by a teacher can be
achieved easily (Redelius et al., 2015).

Along with the times, there have been many techniques or
ways to approach teachers to students (Magonde et al., 2017).
The scientific approach began to be developed with the aim of
students being able to train critical thinking during the learn-
ing process (Sakti et al., 2021). The development of the coop-
erative approach, which is designed with the aim of training
students’ social skills without leaving the material being stud-
ied (Luna-Vazquez & Estrada-Oliver, 2024). Social interaction
when working in a group is a characteristic of this cooperative
approach (Silva et al., 2021). The integration of these two ap-
proaches creates a critical learning process by creating a space
for discussion between students (C. Hidayat et al., 2023).

The development and adjustment of learning methods
continue to occur in order to achieve a quality learning
process (Pomatahu et al., 2023). So far, the learning methods
used in PE learning vary. It depends on school policy, teacher
competence, available facilities and infrastructure, and the
characteristics of the students in the school (Yakub et al.,
2019). The evolution from conventional to modern learning
methods has had a significant positive impact on the quality
of learning (Wang, 2022). In the past, learning only focused
on the teacher, resulting in students becoming passive when
participating in learning (Crum, 1993). However, nowadays
learning is more focused on student activeness or better
known as “student centred learning” (Risyanto et al., 2024).

This research aims to systematically review the
development of learning methods that have been applied
in physical education. Analysis of research data conducted
systematically and comprehensively is expected to provide a
new understanding of the development of learning methods
in physical education. This allows for innovation in physical
education learning methods, so that the learning process
becomes more attractive again. Through the development of
appropriate and varied methods, adaptations in the learning
process will be easier to implement. Thus, a teacher will
always have many strategies in delivering the material in
various conditions and situations.

Materials and Methods

Study Design

This study is a systematic review study that uses
the Preferred Reporting Items for Systematic Review
and Meta-Analyst (PRISMA) method in processing the
identified and screened research data. In using this method,
researchers collected research data based on four journal
databases. These databases are SCOPUS, Google Scholar,
Crossref, and OpenAlex. The researcher used the keywords
“learning”, “methods or models”, and “physical education’,
when identifying the research data. The identification
was carried out on 1st January 2025. In the identification
process, the researcher set the inclusion and exclusion
criteria in this study. The inclusion criteria in this study are
research documents written in the form of articles. While

the exclusion criteria are research documents that are not
written in the form of articles, such as books, conference
papers, reviews, and others.

Study Procedure

Researchers use Publish or Pearish (PoP) software as a
research data search engine, because this software is able to
provideinformation on theyear, citation, and type of research.
Thus, the screening process can be done more efficiently.
However, there is a limitation in the number of documents
identified, which is only limited to 1000. Specifically for
the SCOPUS database, researchers directly carried out
the identification process on the SCOPUS website. This is
because through this website, researchers are able to obtain
more research data. Then, in order to avoid gaps in research
data, researchers exported the SCOPUS identification data
into PoP. Thus, research data can be accumulated effectively,
and the screening process can be carried out efficiently with
the help of PoP software.

On the other hand, researchers also used VosViewer
software to conduct keyword analysis based on research data
from SCOPUS. Researchers chose the database because only
SCOPUS is able to provide research data that is suitable and
effective for keyword analysis using VosViewer. Researchers
screened inappropriate keywords through the software, such
as “article”, “statistic”, “human”, and many more. This was
done in order to present the analysis results in accordance
with the objectives of this study.

A literature review was also conducted in this study to
provide a more comprehensive understanding. This review
is based on articles that have the highest number of citations.
The highest number of citations represents the quality of
the article as a reference for other researchers in developing
new research. According to the researchers, through the
selection of articles with the highest number of citations,
it will provide a more complete and thorough discussion of
topics that are often researched. Thus, it is possible that new
interesting research gaps will be found in the future.

Results

The research implements the PRISMA method which
is presented through the flow in Figure 1. Based on the
presentation of the figure (Figure 1), the identification
process was carried out through four databases with a total
document acquisition of 6985 documents. This number is
the result of identification in various forms of documents
such as books, reviews, and conference papers, not just
articles. The inclusion criteria set previously, obtained
documents that were not in the form of articles as many as
1627 documents. As for documents in the form of articles,
5358 articles were identified (Table 1). The documents in
the form of articles were used as research data to conduct
a systematic review. The articles will be sorted based on the
most citations using PoP, which then selected a number of
10 articles with the most citations. Then, as a result of the
ranking, a literature review will be conducted.

Research Publication of Learning Methods
in Physical Education Research

The distribution of research publications on learning
methods in physical education (PE) over time is shown in

455



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 2

Crossref SCOPUS OpenAlex Google Scholar
“ (n=1000) (n=4005) (n=1000) (n=980)
2 I I T
g T
b Documents were identified from the
_§ database
= (n=6985)
w0 Documents were not in article Documents in the form of
g form — articles
8 (n=1627) (n=75358)
@
g Articles were excluded based on best 10 Articles were available for
:'SL most cited using PoP -« systematic review
= (n=5348) (n=5358)
Lll
2 Articles were available for literature
3B review
] (a=10)

Fig. 1. PRISMA flowchart of the article selection process

Table 1. Research database of learning methods in physical
education research

Source Paper Cites Cites/Year H-Index
SCOPUS 3255 43986 505.89 84
@ OpenAlex 753 1605352 12640.57 753
; Crossref 434 4634 36.78 34
@ Google Scholar 916 139881 1472.43 179
Total 5358 1793853 13183.24

table 2. The table highlights the number of papers, total
citations, average citations per paper, and their percentage of
the total (Table 2). Early research (1896-1950) accounted for
a negligible proportion of publications (less than 1%), with
minimal citations, reflecting the nascent stage of academic
focus on PE learning methods during this period. Despite
low output, a few early works, such as those in 1926-1930
and 1951-1955, received significant citations, suggesting
seminal contributions that have influenced the field.

From 1961 to 1990, the field presented a gradual increase
in publications and citations, with notable milestones in
1961-1965 and 1986-1990. These periods reflect the growing
academic interest and recognition of PE as a significant
research area, coinciding with advancements in education
and physical sciences. For example, the average citations
during 1961-1965 (12077.00) and 1986-1990 (82007.50)
highlight impactful studies that shaped future research
directions. However, it was not until the 1990’s that research
activity surged significantly, with publications increasing to
129 (1991-1995) and 193 (1996-2000), accompanied by a
corresponding rise in citations.

The most notable growth occurred from 2001 onwards,
with exponential increases in both publication frequency
and citation impact. The period from 2016-2020 alone
accounted for 23.91% of total publications, while 2021-2025

saw the highest contribution, with 1979 papers (36.94%).
This surge reflects the expanding importance of PE learning
methods in addressing modern educational, technological,
and health challenges. The consistent rise in average
citations also suggests improved quality and global relevance
of research in this domain. Overall, the table highlights
how research in PE learning methods has evolved from
foundational studies to a prominent, interdisciplinary field
with substantial academic and practical contributions.

Table 2. Research publication of learning methods in
physical education research

Pu‘I{)‘;?cra(t)ifon aper Cites Average Perc(t;?)t age
1896-1900 2 1165 583.50 0.04
1901-1905 1 0 0.50 0.02
1906-1910 1 1 1.00 0.02
1911-1915 2 0 1.00 0.04
1916-1920 2 0 1.00 0.04
1921-1925 2 1 1.50 0.04
1926-1930 4 1254 629.00 0.07
1931-1935 8 7 7.50 0.15
1936-1940 1 0 0.50 0.02
1941-1945 1 0 0.50 0.02
1946-1950 0 0 0.00 0.00
1951-1955 4 1628 816.00 0.07
1956-1960 5 1009 507.00 0.09
1961-1965 10 24144 12077.00 0.19
1966-1970 18 7784 3901.00 0.34
1971-1975 18 24065 12041.50 0.34
1976-1980 48 62406 31227.00 0.90
1981-9185 59 68794 34426.50 1.10
1986-1990 76 163939 82007.50 1.42
1991-1995 129 118656 59392.50 2.41
1996-2000 193 259682 129937.50 3.60
2001-2005 315 318372 159343.50 5.88
2006-2010 446 306876  153661.00 8.32
2011-2015 753 233438 117095.50 14.05
2016-2020 1281 162674 81977.50 2391
2021-2025 1979 37958 19968.50 36.94
Total 5358 1793853  899605.50 100.00

The bar chart depicts the distribution of publications
over time, illustrating a sharp increase in academic outputs
in recent years (Figure 2). Between 1896 and the early 2000s,
the number of publications remained relatively low, with
only single-digit contributions per time period. This gradual
accumulation of research suggests limited attention to the
topic during these early decades. However, starting from
the 2000s, there is a noticeable upward trend, reflecting
the growing relevance of the subject matter in academic
discourse.
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The most significant surge occurs between 2012 and 2025,
with publications skyrocketing from 753 in 2012-2021 to 1197
(including 197 for 2022-2025). This steep rise demonstrates an
intensified interest and urgency in exploring the topic, likely
driven by advancements in technology and its impact on gov-
ernance and societal systems. The pattern signifies a shift in
research priorities, as digital transformation and related fields
have become increasingly central to addressing contemporary
challenges. This growth underlines the evolving role of re-
search in responding to technological and societal shifts.
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Fig. 2. Graphic of Research Publication

Subject Area of Learning Methods in Physical Education

Research on learning methods in PE shows an expansion
into various subject areas related to learning methods. The
presentation of table 3 is the result of identification from
the SCOPUS database, because only through this database
the researcher is able to know the number of publications
made along with the number of citations. Based on the
identification results, it presents that “social science” is one
of the dominating subjects with 1825 articles published.
This phenomenon occurs because the learning process in
physical education cannot be separated from social science.

The science is characterised by the interaction between
teachers and students and students with peers. This triggers
the expansion of the subject area into social science. The
subjects “health professions”, “medicine”, and “psychology’,
are indicative of the expansion into the realm of health. The
existence of learning related to health science and disease
prevention, allows for expansion in the subject area. Theories
related to Self Determination Theory (SDT) in PE, is one
indication of the emergence of the subject area “psychology”.
Other subjects such as “engineering”, “mathematics”,
“environmental sciences”, “biochemistry, genetics and
molecular biology”, and “arts and humanities”, are evidence
that learning methods in physical education have shifted
to modern learning methods, not just conventional ones.
Integration with Science Technology Engineering and
Mathematics (STEM) supports the expansion in these
subject areas.

Table 3. Top 10 subject area of learning methods in
physical education research

Subject area f Total Cited Average Cited
Social Science 1865 27305 14585.00
Health Professions 1628 24805 13216.50
Medicine 1617 27672 14644.50
Computer Science 412 3034 1723.00
Psychology 310 4825 2567.50
Engineering 262 1498 880.00
Mathematics 170 506 338.00
Environmental Sciences 136 1545 840.50
f/}gfe}‘ciﬁfgféggeti“ and 36 851 493.50
Arts and Humanities 81 1139 610.00
Total 6617 93180 49898.50

Affiliations of Learning Methods in
Physical Education Research

Affiliates are universities that contribute to developing
teaching methods in PE through their research and
innovations (Table 4). In table 4, the results of research data
identification are the same as the previous sub-section, or
have the same database source as table 3, namely SCOPUS.
Yogyakarta State University occupies the first position
with 67 articles published. This shows the high interest of
lecturers or researchers in researching related to PE learning
methods at the university. Although the number of article
publications shown is extraordinary, the number of citations
shown is the least compared to other affiliations.

The number of citations reflects how the development
of research conducted still requires evaluation and review
in order to be able to provide new ideas or innovations for
other researchers. Innovative ideas or interesting findings
will generate significant citations, as they are in line with
the quality of the findings of the research. Loughborough
University only contributed 37 articles, but the citations
displayed were quite a lot with a total of 1796 citations.
Loughborough University is a leading university that is
well known in the field of sports science. So, the research
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conducted is able to make a significant contribution in the
field of sports, especially in learning methods in PE.

Table 4. Top 10 affiliations of learning methods in physical
education research

Affiliation f Total Cited Average Cited
Universitas Negeri Yogyakarta 67 328 197.50
University of Limerick 61 2042 1051.50
Universidad de Oviedo 58 1199 628.50
Universidad de Granada 55 815 435.00
Universidad de Extremadura 46 837 441.50
&r;ir\lfce}rlzidad de Castilla-La 43 687 365.00
Universitat de Valéncia 42 699 370.50
Universidad de Murcia 39 621 330.00
Loughborough University 37 1796 916.50
The Ohio State University 37 922 479.50
Total 485 9946 5215.50

Countries Contributed of Learning Methods
in Physiscal Education Research

The development of learning methods in PE has
spread to various countries around the world (Figure 3).
The visualisation shown in Figure 3, proves the almost
even distribution of research in various regions. However,
more intensive research still needs to be done by countries
in the African continent, especially in the Central African
region. The American continent shows the dominance of
contributions in learning methods research in PE, marked
by the number of article publications as many as 593
articles through the United States of America (USA). Asian
countries also contributed significantly, such as China with
554 articles and Indonesia with 215 articles. On the other
hand, countries in Europe such as the United Kingdom (UK)
and Spain contributed 234 articles and 443 articles.

These remarkable contributions are due to the
innovative education system, especially when applying
learning methods in PE. Collaboration between researchers
carried out by these countries is also able to make significant
contributions through research cooperation. The availability
of facilities and infrastructure is one of the keys for research
in these countries to develop optimally.
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Fig. 3. Map of countries contribution

Keyword Analysis of Learning Methods in Physical Education

Keyword analysis was conducted with the aim of
knowing the research topics related to learning methods in
PE from the beginning of its development to the present.
Through VosViewer keyword analysis software, the results
of the analysis can be visualised and the correlation between
keywords can be identified. The colour gradation displayed
means the development that occurred in a certain period
of time or several years. The visualisation displayed shows
a significant distribution or development of keywords
between 2014 and 2022, this is not an indication that there is
no research development outside the year range. The range
of years shown, shows the existence of keywords in research
on learning methods in PE that are more varied.

The years 2014-2016 show the emergence of the
keywords “motor skills’, “training”, “technique’, and others
which are evidence that learning methods at that time still
focused on the skills of a student. The learning process is
still conventional or monotonous, the methods used are less
attractive and innovative. At that time, it can be assumed that
learning was still focused on the teacher, or better known as
“teacher centre”. However, the keyword “videorecording” is
an indication of a shift from conventional learning methods
to modern learning methods.

Entering 2017-2020, learning methods began to
transition from conventional, to more modern. Learning
with the “teacher centre” method began to be abandoned, and
switched to “student centre” or student-centred. Keywords
such as “problem-based learning”, “cooperative learning’,
and “tgfu” are evidence that learning methods in PE have
shifted to become more innovative. On the other hand, this
year also saw an increase in teacher competence, which is
necessary in providing a more meaningful learning process.
The emergence of the keywords “professional learning’,

“professional development’, “pedagogy”, “pedagogics’, and
“pedagogical models”, is an indication of an increase in the
quality of PE educators or teachers during these times.

Learning methods in PE continued to modernise in
2021-present. This modernisation process was supported
by the Covid-19 pandemic in 2021-2023. The existence
of Covid-19 at that time, resulted in the learning process
taking place online and demanded the use of digital media.
Digitalisation in the learning process occurs indirectly,
especially in the implementation of learning methods.
Keywords such as “distance learning”, “blended learning’,
“online learning”, and “e-learning’, are evidence for these
statements. In addition, digitisation in learning methods
continues until it finally applies modern technology in
the PE learning process. “virtual reality technology” and
“augmented reality” are indications that learning methods
in PE have begun to integrate Virtual Reality (VR) and
Augmented Reality (AR) technology.

Literature Review of Learning Methods
in Physical Education Research

This literature review was conducted based on the results
of PRISMA screening and ranking through PoP software.
The results obtained 10 articles with the highest number of
citations in research on learning methods in PE (Table 5).
The results of this literature review showed that 5 articles
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Fig. 4. Keyword analysis of learning methods in physical education

were written using experimental methods, 1 literature
review article, 1 correlational study, 2 systematic reviews,
and 1 Research and Development (RnD).

Research by Casey & Goodyear, (2015) explained that
cooperative learning methods are effective in training skills,
knowledge, social, and attitudes. However, for the attitude
domain Casey & Goodyear, (2015) suggested that more
intense research should be conducted on that domain. In
line with this research, Bores-Garcia et al. (2021) conducted
a systematic review research and obtained the results that
research related to cooperative learning methods focuses
more on the social domain. Social domain and attitude are
two domains that are interrelated in the learning process.
Bores-Garcia et al. (2021) proved that in the years following
the study by Casey & Goodyear (2015), research on
cooperative learning methods focused more on the social
domain.

Systematic review research by Barba-Martin et al. (2020)
identified that the Teaching Games for Understanding
(TGtU) learning method is often used in the process of
learning skills and knowledge. The use of TGfU is considered
effective in providing a fun and interesting learning process.
This is evidenced through experimental research by Gil-
Arias et al., (2017) which shows that students are more
motivated and enjoy learning PE. Similar methods such as
gamification researched by Fernandez-Rio et al., (2020),
proved that learning methods that include game elements
can provide meaningful PE learning and improve academic
performance.

Technology-based PE teaching using video analysis
methods has a positive impact on students in providing
a more comprehensive understanding. This is evidenced
through research by Casey & Jones, (2011), and shows other
results that through this method, student engagement can

be improved. On the other hand, online or hybrid learning
methods in PE were also conducted during the Covid-19
pandemic. The development research by Yu & Jee, (2020),
proved that PE learning can be done online. However, this
requires the role of professional PE teachers.

The studies that have the highest number of citations
are a means of determining the research trends that have
developed. Learning methods such as cooperative, TGfU,
gamification, online, hybrid, and modern technology-
based, are evidence that current research often develops or
researches these topics. Through the number of citations
displayed and the research topics described, it will provide
innovation for future research in determining relevant
research topics in the future.

Discussion

This research aims to systematically review the
development of learning methods in PE over the years.
The analysis carried out regarding the development of
learning methods shows the results of a very significant
development. The development process of learning methods
in PE has shifted from traditional methods to more up-to-
date methods. The emergence of aspects related to digital
technology in the learning process is proof that the transition
and development really happened.

The results of the systematic review show that in the
physical education process, the most commonly used
learning methods are cooperative and game-based learning
methods, such as gamification or TGfU. However, other
methods such as problem-based learning and e-learning are
also used in the PE learning process. The researcher has
summarized the research results and formulated them into
four discussion topics, which are explained as follows.
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Table 5. Literature review of top 10 most cited research

Author g::il Research Purposes Methods Results
Casey & 472 To investigate the empirical studies Literature The research concluded that although learning took
Goodyear, on the performance of learningin the ~ Review place in all four domains, the physical, cognitive, and
2015 physical, cognitive, social, and affective social domains showed the most significant benefits,
domains that have been published and anecdotal reports of affective learning made it
regarding the application of cooperative evident that further effort is needed in this area.
learning in physical education.
Fernandez- 226 To investigate the potential Pre- The components of gamification can be used to
Rio et al., experience effects on teachers and Experimental create meaningful physical education experiences for
2020 students as well as the application of ~ Study students of various educational levels, from teachers
gamification in physical education. with varying levels of gamification knowledge
to students from diverse social and educational
backgrounds.
Bores-Garcia 222 To review systematically thorough Systematic The findings indicated that secondary education
etal., 2021 analysis of the studies that have been  Review primarily short-term interventions were the
done on cooperative learning in primary focus of the investigation. In terms of the
physical education throughout the study’s objectives, social learning which focused on
past five years (2014-2019). motivation, group dynamics, and teacher-student
interaction was evaluated the most.
Gil-Ariaset 217 To examine how students perceive Experimental =~ When taught utilizing the hybrid paradigm, the two
al,, 2017 different facets of their motivation Study groups demonstrated notable increases in autonomy,
to participate in physical education competence, and enjoyment, irrespective of the order
when a hybrid TGfU/SE unit is used of intervention. Rather, there were no appreciable
instead of direct teaching. gains in one group’s autonomous motivation,
relatedness, or intention to engage in physical
activity.
Casey & 204 To investigate how video technology  Experimental The ability of video technology to increase
Jones, 2011 can help students participate in Study student engagement and, in turn, imply that this
physical education. level of dedication aided students in developing
comprehension that went beyond technical imitation
and toward logical and reasoned student explorations
surrounding their learning. It also made students feel
less excluded and encouraged them to participate more
actively in their education.
Fernandez- 201 To examine how gamification in Experimental Despite the fact that intrinsic motivation remains
Rio et al., physical education affects university ~ Study unchanged, this study indicates that gamified
2020 students’ academic performance and implementation improves academic achievement at
motivation. the university level.
Barba-Martin 200 To examine the scientific research Systematic Motor and cognitive learning were the most commonly
etal,, 2020 on the application of the TGfU in Review evaluated in relation to the study’s objectives, which
the educational setting that has been centered on enhancing game growth in areas like tactical
published during the past six years elements, decision-making, technical proficiency, or
(2014-2019). degree of physical activity.
Lucenaetal, 196 To discuss flipped learning as a Correlational ~ The academic metrics that highlighted the
2019 cutting-edge method for teaching and Study motivation, autonomy, and relationships among
learning physical education at the the various agents were better evaluated by the
elementary and senior school levels. experimental group. With respect to the efficacy
of flipped learning in relation to educational stage,
both stages showed promise, emphasizing a notable
increase in secondary school autonomy.
Yu & Jee, 2020 172 To evaluate, in accordance with the Research and  The results show that for OPC in PE to be
ADDIE paradigm, the efficacy of Development  successfully implemented, teachers must plan ahead,
online practical classes (OPC) in (RnD) minimize technical faults, and consistently inspire
physical education (PE) during the students. They should also give prompt, high-quality
COVID-19 pandemic. feedback.
Casey & 158 To present the first empirical Experimental Early attempts to employ a multimodel MBP
MacPhail, understanding of teaching physical ~ Study method were constrained by the teacher’s capacity
2018 education through Models-based to rethink instruction, despite his best efforts. While

Practice (MBP) method that
incorporates many models.

allowing students to take on a more active role in
the classroom, the teacher made “rookie mistakes”
and attempted to translate his standard classroom
procedures into paper handouts.
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Psychological Approach as Learning
Methods in Physical Education

Psychology is one of the scientific fields that studies the
behavior and psychological condition of a person (Jeong et
al.,, 2022). Psychological science is often used as a medium
or tool in studying a person’s characteristics. The use of
psychology is often related to how a person interacts and
communicates with their interlocutors (Moreno-Casado
et al., 2023). In PE, the use of psychology is often done
by PE teachers in learning the characteristics of students.
Psychological science is one way for PE teachers to approach
students. The approach is carried out with the aim of
understanding how the students are before and during the
learning process.

OneofthepopularapproachesisusingSelf Determination
Theory (SDT) (Sun et al., 2017). SDT is an approach used by
PE teachers by providing freedom, fulfilling psychological
needs, and determining goals for students (White et al.,
2021). The psychological approach through SDT gives
students full control over the activities they do, thus making
them more confident in doing movement activities in PE
learning. In addition, SDT also teaches students to evaluate
or reflect on what they have done. In this case, the role of
the teacher as a facilitator is important to provide input and
direction to students, so that the reflection and evaluation
process can be maximized.

The psychological approach using SDT, will make
teachers better understand the conditions of their students
(Vasconcellos et al., 2020). In addition, students will also
have high motivation in participating in PE learning. Thus,
the pressure in learning PE can be minimized and students
enjoy the learning process more. Through learning methods
that pay attention to students’ mental health conditions and
instrinsic motivation, the learning process will be more
enjoyed and felt by students.

Various Learning Methods in Physical Education

In this research, it has been discussed that the learning
methods used in physical education learning are very varied.
However, in the midst of this diversity, the learning methods
that are often used are game-based and group-based, such
as cooperative and TGfU (Fernandez-Espinola et al., 2020;
Nopembri et al., 2022). Cooperative learning method is
a learning method that focuses on cooperation between
students. The division of students into groups with the aim
of solving problems together is done through this learning
method. The cooperation will involve social interaction
between students, so that the affective domain will also
develop indirectly. On the other hand, individual ability
is also needed in making appropriate and proportional
contributions when the cooperation process is carried out.
In this case, good responsibility is needed by each student, so
that the learning objectives that have been set can be achieved
through cooperative learning methods (Fernandez-Rio,
2017).

The Teaching Games for Understanding (TGfU)
learning method is a learning method that is given to
students through various types of innovative and attractive
games (Stojanovi¢ et al., 2023). These games include ball
games, net games, invasion games, and many more. These

terms are pronouns for games in sports by adjusting the type
of game. For example, net games are exemplified in TGfU
such as badminton, tennis, and volleyball. Then the invasion
game, which means attacking the opponents area, is soccer,
basketball, and others. This TGfU learning method is usually
applied to students in elementary school, because at that level
students recognize PE through games (Papagiannopoulos et
al,, 2023).

Similar to TGfU, there is a relevant learning method
called gamification. The difference is that in this gamification
method, the elements in a game (online game) are adapted
for PE learning (Gkintoni et al., 2024). The adaptation is
such as giving levels, awards, missions, and other things that
exist in a game. Leveling can be done by classifying the PE
learning process, ranging from easy to difficult. Then, PE
teachers will convey related awards obtained by students
when successfully completing these levels. This will become a
mission or challenge for students in completing the learning
process provided.

The learning methods previously described are learning
methods that are often used in the PE learning process.
Methods with elements of groups and games are considered
appropriate to the PE learning process because in PE almost
all learning materials are group games. In addition, students’
learning motivation can also be encouraged to actively
participate in PE learning. This does not mean that other
learning methods such as Problem-Based Learning (PBL)
or Project-Based Learning (PJBL) cannot be implemented.
The implementation of learning methods certainly also
takes into account the characteristics of students so that the
learning process becomes effective and efficient.

Digitalisation in Physical Education Learning Methods

Based on the systematic review, PE learning process
involving digital technology has been happening since 2011
(Casey & Jones, 2011). However, it still has not received
attention, because the perception of PE teachers is still
oriented towards learning using conventional methods.
Digital media-based PE learning methods experienced
significant development during the Covid-19 pandemic
(Khajornsilp et al., 2021). In order to maintain the PE
learning process, various kinds of learning innovations
were carried out during the pandemic. In the end, learning
methods that initially tended towards games and groups,
became learning that was only done in front of the screen.
Online learning method or e-learning is rapidly developing
in various learning, especially in PE learning (Yu & Jee,
2020).

During the Covid-19 pandemic, learning methods
such as PBL and PJBL were implemented in the PE learning
process, but the implementation was carried out online (A.
K. Hidayat, 2020; Candra et al., 2020). The PBL learning
method is in the form of problems presented by the teacher
through video analysis or phenomena in the world of sports.
Then, students are assigned to provide the right solution
either through discussion through critical thinking. While
the PJBL learning method, its implementation is almost the
same as PBL, but in PJBL students are required to present the
assigned project.

The use of technology that has been carried out in recent
years has directly stimulated the digitization of learning
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methods in PE. Learning methods that initially used
conventional media, now experience demands to integrate
with digital media. In the end, various learning methods
were developed in which digital media were integrated, such
as VR (Tang, 2021), AR (Pratama et al., 2022), and other
digital media. This is also inseparable from the influence
of the digitalization era in the 21st century. All activities
in this century cannot be separated from digital influence,
so the adaptation of more modern and up-to-date learning
methods needs to be done to keep up with the times.

Digitalization that has been carried out in PE learning
methods, brings significant changes in the PE learning
process. Students who receive the learning process, indirectly
recognize digital technologies in PE. The introduction of
technology and its implementation in PE has an impact on
increasing students’ digital literacy. Thus, PE learning is not
just a movement activity that involves sports equipment
such as kun or mat, but also digital technology.

Pedagogy Skills for Physical Education Teacher

Pedagogical ability is the skill of a teacher in
implementing an effective and efficient learning process.
The implementation of the learning process, as described
in the previous sub-sections, requires proper competence
from PE teachers. Competence in providing comfortable
learning is needed by PE teachers so that students are able to
enjoy the learning process without any pressure in learning
(Aratjo et al,, 2021). PE teachers must also master various
learning methods, because in the learning process there will
certainly be learning dynamics (Baumgartner, 2022). These
dynamics are such as the diversity of student characteristics,
environmental or weather conditions, and infrastructure
facilities in implementing PE learning. The ability to
establish interaction and communication with students
well, is needed in order to be able to provide appropriate
evaluation and reflection (feedback on the learning process)
(Yanova et al., 2021).

Therefore, a PE teacher musthave competent pedagogical
skills so that the learning process can be maximized
(Lohmann et al., 2023). Increasing this competence can
be done through a community among PE teachers, as well
as training organized by an educational institution. This is
important to be able to harmonize with the development
of learning methods that have occurred. Good teacher
competence will create a good learning environment as
well, through the implementation of effective learning
methods. Through this, the PE learning process can provide
meaningful meaning for students, even when they no longer
receive PE learning.

Research Limitations and Future Recommendations

The research has limitations that may be a weakness that
needs to be refined in future research. This research only
uses four databases, so the number of research documents
studied is also limited. Then, the keyword analysis carried out
is also only limited to the SCOPUS database, this certainly
has an impact on the results of the analysis that is less than
optimal. The literature review carried out is also based on the
most citations, so there is a possibility that there is literature

that has better research quality, even though the number of
citations is small.

In future studies, researchers suggest that the database
used for systematic reviews can be expanded. The use of
methods or perhaps more efficient software can be integrated
in order to obtain more extensive research data. Keyword
analysis also needs to be extended to the database so that it
does not only focus on SCOPUS. This will allow new findings
in the research of learning methods in PE. The researcher
also suggested that in future studies to set a year limit, so
that the learning methods analyzed are in accordance with
current conditions.

These recommendations are given by the researcher so
that in future research, research related to learning methods
can be developed more broadly. Areas related to technology
integration still need to be deepened and explored. Thus,
it will be possible for significant developments to occur in
PE learning methods that integrate technology, for example
learning methods in STEM-based PE.

Conclusions

The development of learning methods in PE has
experienced significant dynamics. This development is
characterized by its transition from conventional learning
methods to modern learning methods. On the other hand,
the results of the systematic review also show data that at the
beginning of its development, learning methods were still
teacher centered and eventually turned into student centered.
These developments continue to occur until the learning
methods in PE integrate technology during the learning
process. This certainly has a positive impact on students and
teachers who carry out the teaching and learning process.
However, it requires competency development for teachers
to be able to implement the development of learning methods
effectively and efficiently to students.

The results of the study presented findings that learning
methods in PE still focus on the form of games and groups.
Although learning methods that have integrated technology
have been developed, these methods have not experienced
significant development. This research suggests that the
development of more modern learning methods can be done,
for example, based on STEM. Thus, the learning process
will be in accordance with the times and of course also in
accordance with the characteristics of today’s students.
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CBifonTBo Ipo AepxaBHy peecTpaiiio cepis KB Ne 6255 Bix 21.06.2002 p. 3acHoBHUK i BupaBenp — TOB «OBC».
ITepepmnarHnii infekc 74667. Anpeca pegaxuii: https://www.tmfv.com.ua. Ten.: (067) 578-40-08. E-mail: tmfv@tmfv.com.ua

Hakasom MOH Yxpaiun Big 26.11.2020 Ne 1471 5xypHat BKITIOY€HO B KaTeropito «A» GpaxoBux BUAAHb YKPaiHN.
Hayxku: disnane BuxoBanHs i criopt. CrienianbHicTe: 017 — ®isnyna KynbTypa i ciopr (26.11.2020).
Hayxku: egarorivsi (26.11.2020). CreniansHocri: 011 — OcBirHi, megaroriuui Hayku (26.11.2020);

014 - CepepHst ocBiTa (3a mpeAMeTHUMI cHeliaabHOCTsIME) (26.11.2020).

Iipnucano Ko fpyky 28.03.2025. Gopmar 60x84 1/g. Tlanip odcernnit. Tapuirypa Taitmc. Ipyk odcerHuit.
VM. mpyk. apk. 17,85. O6m.-Bup. apk.18,5. Bua. Ne 02-2025. 3am. Ne 156. Tupax 300 mpum. Ilina forosipHa.

TOB «OBC» Yxpaina, 61003 Xapkis, m1. Koncturymii, 18, k. 11.

Csinonrso Jlepxxxominpopmy Ykpainu Cepis JIK Ne 331 Bixg 08.02.2001 p.
3apeectpoBannit B Harjionanphiit pagi Ykpainu 3 muTaHb Tefie6aueHHsI i MOBIEHHS:
pimenns No 1750 Big 23.05.2024 p., nporokon No 16, onpuntopneno 23 tpasusa 2024 p.,
imenTndikarop memia — R30-04671
Ipykapusa T3OB «Iludpa npint». 61166, m. Xapkis, Byn. Kynsrypn, 20-B
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