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Abstract

Background. Individuals with mild intellectual disability (ID) often encounter challenges in physical functioning,
impacting their overall well-being and quality of life. Traditional exercise programs may not always be accessible or
effective for this population due to various barriers. Adapted yoga programs have emerged as a promising alternative,
offering tailored interventions to address the unique needs of individuals with ID.

Objectives. The study aimed to close this gap by examining the effect of a structured, modified yoga programme on

factors related to physical functioning.

Materials and methods. A total of 40 students with mild ID, aged between 11 and 15 years, were selected from
Special Schools in Coimbatore, Tamil Nadu. A quasi-experimental design was used in this study. The participants
were divided into an experimental group undergoing an 8-week adapted yoga program and a control group
maintaining regular activities. Physical function parameters were assessed using standardized tests measuring
cardiorespiratory endurance, muscular strength and endurance, flexibility, body composition, and balance. The
adapted yoga program, conducted by qualified instructors, comprised 8 weeks of sessions, 5 days a week, each lasting
45 to 60 minutes. Statistical analyses confirmed the normal distribution of data and employed paired sample t-tests to
assess pre- and post-test differences, with SPSS version 20.0 used for analysis, setting the significance level at 0.05.
Results. After undergoing 8 weeks of adapted yoga training, the results showed a significant improvement in the
upper body strength (p < 0.04), lower body strength (p < 0.001), core strength (p < 0.002), flexibility (p < 0.00), and
static balance (p < 0.00). However, there was no significant difference in body fat and cardiorespiratory endurance

between adapted yoga training.

Conclusions. This study highlights the potential of adapted yoga programs as an intervention for improving physical
functioning in students with mild ID. These findings indicate that the imlementation of adapted yoga can be a
valuable and accessible intervention for enhancing physical functioning in this population.

Keywords: intellectual disability, adapted yoga, physical functioning, muscular strength, endurance.

Introduction

Physical activity is essential for maintaining a healthy
lifestyle and has several advantages for people of all ages
(Donnellyetal.,2016; Gao etal., 2018). Regular exercise helps
build a robust cardiovascular system, improves muscular
strength and endurance, and cultivates healthy bones and

© Yuvaraj, D, Dibakar, D., Prem, K. G., Aravindh, M.,
Ramesh, A. J., & Alphi, G. S., 2024.
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weight management (Herting & Chu, 2017; Ruegsegger &
Booth, 2017; Bidzan-Bluma & Lipowska, 2018; Kohl et al.,
2013). In addition, physical activity has beneficial effects
on mental health by combining reduced stress, symptoms
of anxiety and depression, and enhanced mood and sleep
(James et al., 2023; Jacinto et al., 2023; Bouzas et al., 2018).
Persons with ID is a diverse and distinct population
of restrictions in intellectual functioning and adaptive
behaviours (Wangetal., 2021; Yang et al., 2022). According to
the American Association on Intellectual and Developmental
Disabilities (AAIDD), ID is defined by significant limitations

351
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in both intellectual functioning (IQ) and adaptive behaviour,
which manifest during the developmental period (Rayes et
al., 2022). These limitations often impact a person’s ability
to effectively navigate day-to-day activities, communicate,
and participate in social interactions (Kharbat et al., 2020;
Bouzas et al.,, 2018; Bartoshesky et al., 2021). While the
severity of ID varies among individuals, those classified
with mild ID typically demonstrate intellectual functioning
within the range of approximately 50 to 70 IQ points (Rayes
et al,, 2022; Lynnes et al., 2009; Carter & Swank, 2014).

Physical activity interventions tailored to the needs of
individuals with ID are essential for promoting their overall
health and well-being (Yan et al., 2022; Jacob et al., 2023).
However, traditional exercise programs may not always be
suitable or accessible for individuals with mild ID due to
various cognitive, sensory, and motor impairments (Bouzas
et al,, 2018; Lirola et al.,, 2020; Réadaptation, 2023). In this
context, adapted yoga programs have emerged as a promising
alternative for promoting physical health and functioning in
this population.

Yoga is a holistic mind-body practice that incorporates
physical postures, breathing exercises, and meditation
techniques to promote physical, mental, and emotional
well-being (Scroggins et al., 2016; Kaur & Bhat, 2019; Reina
et al., 2020). Adapted yoga programmes include modified
postures, visual adjustments, and specialised assistance
to enhance participation and engagement for people with
disabilities. Programmes are designed specifically to meet
their unique needs and skills (Scroggins et al., 2016; Rayes
etal., 2022).

Adapted yoga interventions have shown promise
in improving various aspects of physical functioning in
individuals with disabilities (Garg et al., 2013; Mohanty et
al.,, 2016; Kaur & Bhat, 2019). Research’s has demonstrated
the possible advantages of adapted yoga practices for people
with intellectual disabilities, including improvements in
flexibility, balance, muscle strength, relaxation, and overall
quality of life (Pise et al., 2017; WASET, 2023; Rayes et al.,
2022). However, the majority of studies in this area have
focused on adults or mixed-age populations, with limited
research specifically addressing the impact of adapted yoga
training on physical functioning in students with mild ID.

Therefore, this study seeks to address this gap by
examining the effects of adapted yoga training on physical
functioning outcomes among students with mild ID. By
examining the feasibility, acceptability, and efficacy of
adapted yoga interventions within a school-based setting,
we aim to generate empirical evidence to inform the
development and implementation of effective adapted yoga
programs for this population.

Materials and Methods

Participants

Purpose of this study is to find out the impact of adapted
yoga on physical function of students with mild ID. For this
40 mild students with ID between the ages of 11 to 15 years
were chosen from the Special Schools from Coimbatore,
Tamil Nadu state. This age range was likely selected based
on developmental factors and the potential for consistent
participation in the study.

Table 1. Mean, Standard Deviation and t Test result of Age,
Height and Weight of Experimental and Control Group

Mean = SD
No Variables q Si
Experimental St Grom g
group
1 Age 13.4+1.04 13.65 +1.22 0.412
2 Height 153.1 £5.09 152.60 + 4.81 0.743
3 Weight 47.8 £ 6.36 49.05 £ 6.20 0.423
Criterion Measures

Table 2. Selected Physical Performance variables, Test and
measuring unit

No Variable Test Measuring Unit
] Cardiorespiratory Treadmill Run/ Distance in
endurance walk test meters
Isometric puss up
Muscular test Seconds
2 Strength and Sit-to-Stand test Centimetres
endurance
Plank test Seconds
3 Flexibility Sit-and-reach test ~ Centimetres
Body fat analyser
Body (Omron Karada Body fat
4 Composition Scan Body ercentage
b Composition b 8
Monitor HBF-375)
5 Balance The one-leg stance Seconds

test

Design

Quasi-experimental design was applied for this study with
two groups, an experimental group and a control group. The
experimental group consisted of students who participated
in 8-weeks adapted yoga training program, while the control
group consisted of students who did not receive any special
intervention beyond their regular activities. This design
allowed for comparisons to be made between the two groups,
with the experimental group serving as the treatment group
and the control group providing a baseline for comparison.

Testing Procedure

Cardiorespiratory endurance was assessed using
treadmill run test, The students walks on a treadmill to
exhaustion, at a constant walking speed while gradient/slope
is increased every one or two minutes. The assistant starts
the stopwatch at the beginning of the test and stops it when
the subject is unable to continue.

The isometric push-up test assessed the strength and
endurance of the upper body. In a straight line, participants
stretched their arms under their shoulders, and testers
assessed how long they held this posture.

Lower body strength and endurance were evaluated by
sit-to-stand test. The task required participants to cross their
arms while sitting on a chair and count how many times they
could get up in 30 seconds.
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The plank test addressed strength and endurance of core
muscles. Participants placed themselves on their forearmsand
toes in a straight-bodied position. If they felt any discomfort
or were unable to keep the position, they released the hold.

Flexibility in the hamstrings and lower back was
assessed using the sit and reach test. The sit-and-reach box
was utilised by the participants (DSI, DANESH SALAR Ltd).
They slowly extended their arms as far forward as they could
while sitting with their knees flat on the floor. They held this
position for two seconds. Every participant made three tries,
and the results showed a correct measurement.

OMRON'’s Fat Loss Monitor with Scale estimated body
fat percentage through the Bioelectrical Impedance (BI)
Method. This method relies on the fact that muscles, blood
vessels, and bones, which have high water content, conduct
electricity easily, whereas body fat, which has little electrical
conductivity, impedes the flow of electricity.

The test of one-leg stance evaluated static balance. The
participants maintained the posture for as long as possible
while standing on one leg, hands on hips, and eyes open.
After testing both legs, the average time was noted in seconds.

Training Program

The experimental group engaged in an 8-week adapted
yoga training program tailored explicitly for individuals
with mild ID. Led by qualified instructors experienced
in working with special needs populations, the sessions

were meticulously crafted to accommodate the unique
requirements of the participants. The content and structure
of the program were adapted to ensure accessibility and
safety, focusing on gentle and modified yoga poses as well
as breathing exercises suitable for individuals with ID.
Throughout the duration of the program, attendance records
and participation logs were likely maintained to track the
engagement and adherence of participants, facilitating
ongoing assessment and adjustment as needed to optimize
the effectiveness of the training regimen.

Total weeks -8
Days per Week -5
Session per day -1

Duration of the session — 45 to 60 minutes

Statistical Analysis

As the participants were randomly selected and
allocated to the experimental and control groups, it was
possible to justify the use of these two groups in this study
using two statistical analyses. With regard to the variables,
the Kolmogrov-Smirnov test revealed that the difference in
scores was normally distributed. SPSS version 20.0 was used
to conduct all statistical analyses.

The paired sample t test was used to statistically evaluate
the pre- and post-test data in order to determine the
significance of the mean differences. A significance level of
0.05 was used in order to test the hypotheses.

Table 3. Eight week of Adapted yoga training schedule for Experimental group

Weeks Yoga Name and Pose Numlfe.r o Dur.a tion in Total Duration
repetition Minutes
Tadasana, Trikonasana, Vajrasana, Sukhasana,
Asana Bhujangasana, Salabhasana, Pawanmuktasana, Ardha 8 330
Halasana
1&2 Pranayama Anul(?ma villoma, kapalapathi, bhramari pranayama, ) 180 600 Minutes
bhatrika
o Mindfulness Meditation, Guided Imagery and
Meditation Visualization, Focused Attention Meditation 1 90
Vrikshasana, Utkatasana, Paschimottanasana,
Asana Marjariasana, Dhanurasana, Makarasana, 12 330
Setubandhasana, arvangasana.
3&4 Pranayama Anul(.)ma villoma, kapalapathi, bhramari pranayama, ) 180 600 Minutes
bhatrika
o Mindfulness Meditation, Guided Imagery and
Meditation Visualization, Focused Attention Meditation 1 20
Asana Natarajasana, Ardha Chakrasana, Gomukhasana, 12 300
Ushtrasana, Astanga namaskara Chakrasana, Halasana
5&6 Pranayama Anulgma villoma, kapalapathi, bhramari pranayama, 3 210 600 Minutes
bhatrika
- Mindfulness Meditation, Guided Imagery and
Meditation Visualization, Focused Attention Meditation 1 20
Padahastasana, Adhomukha Shwanasana, Vakrasana,
Asana Shashakasana, Dhanurasana, Makarasana, 12 300
Pawanmuktasana, Ardha Halasana
7 &8 Pranayama Anul(?ma villoma, kapalapathi, bhramari pranayama, 3 210 600 Minutes
bhatrika
Meditation Mindfulness Meditation, Guided Imagery and 1 90

Visualization, Focused Attention Meditation
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Results

Table 4. Mean, Standard Deviation and t Test result of Age, Height and Weight of Experimental and Control Group

Experimental group Control Group
No Variables Mean + SD Mean + SD
Pre test Post test Sig Pre test Post test Sig
1 Cardiorespiratory endurance 21.15+6.10 22.05+5.34 0.070 20.10 +5.58 20.35 +5.07 0.398
2 Isometric puss up test 21.95+4.93 23.15+4.94 0.004 22.25+5.16 22.60 £5.48 0.130
3 Sit-to-Stand test 13.35 + 3.86 14.8 +3.50 0.001 14.00 + 2.82 14.25 + 2.55 0.204
4 Plank test 14.12 £ 6.31 15.04 £ 5.71 0.002 13.82 £ 4.75 14.23 £4.54 0.065
5 Flexibility 18.34 + 7.06 20.46 £ 6.77 0.000 17.61 £ 7.07 18.20 + 6.88 0.017
6 Body Composition 16.40 + 3.54 16.65 + 3.16 0.234 16.45 + 2.08 16.85 £ 2.32 0.028
7 Balance 9.54 % 3.00 11.27 +2.83 0.000 9.66 * 3.33 9.97 £ 3.06 0.144
Discussion thoroughly assess its possible impacts on cardiorespiratory

This research sought to assess how adapted yoga affects
the physical health of students with ID. The primary finding
revealed that participating in eight weeks of adapted yoga
notably improved physical health among the students mild
ID. But there were no notable changes seen in terms of
body composition or cardiorespiratory endurance. Whereas
literature supports the beneficial impact of yoga on the
physical fitness of the general population, there is limited
evidence regarding the effects of adapted yoga specifically
on the physical health of students with ID. The current
investigation and these results are in agreement the Yoga-
based programmes had a favourable influence on kids with
ID’s motor abilities, demonstrating modest to substantial
increases in measured outcomes (Khalsa & Butzer, 2016;
Reina et al., 2020; Hart et al., 2022).

Furthermore, after an eight-week yoga intervention,
there were no significant differences in cardiorespiratory
endurance. On the other hand, following exercise-based
interventions, a recent study found that young individuals
with ID had improved cardiovascular function (Biissing
et al., 2012). Information regarding yoga’s impact on
cardiorespiratory endurance in students with ID, remains
limited. An investigation found that prepubescent children
who practiced yoga for 12 weeks had improved aerobic
capacity (Veneri et al., 2018). These results may be explained
by the beneficial effects of breathing exercises and yoga
poses on factors including cardiac output, oxygen delivery
capacity, and capillary density. The nature, duration, and
intensity of physical activity play crucial roles in enhancing
the cardiorespiratory system (Hawkins et al., 2012; Mishra
et al., 2018; Satish et al., 2018). Marked enhancements in
cardiorespiratory endurance have been noted with aerobic
regimens like aquatic sports or cycling (Marandi et al., 2023).
Additionally, investigations focusing on exercises targeting
respiratory muscle strengthening have reported increased
cardiorespiratory endurance post-yoga interventions
(Pastula et al., 2012). Although our research revealed a
slight rise in cardiorespiratory endurance, students with
ID were unable to participate in high-intensity activities
due to physical constraints. Such activities are essential for
increasing aerobic capacity. Subsequent investigations may
explore extended periods of yoga intervention in order to

endurance.

Physical well-being, which encompasses strength,
endurance, power, and flexibility, plays a pivotal role in
overall health (Yang et al., 2022). Students with ID typically
exhibit lower levels of physical well-being compared to their
peers without disabilities (Kim & Yi, 2018). Movement
challenges such as poor balance and coordination can
impede their participation in exercises aimed at enhancing
muscle groups and overall fitness (Hsu etal.,2021). Moreover,
poor muscle tone is a problem among some kids, which
makes prolonged physical activity challenging. In addition
to causing a propensity for solitary pursuits, cognitive and
social challenges can limit possibilities for physical activity
(Xu et al., 2020).

After eight weeks of adapted yoga training, the study
found that there were considerable improvements in
the strength and endurance of the upper, lower, and core
muscles. These findings are in line with meta-analyses
showing that exercise therapies increase the muscle strength
and endurance of the ID population. Although outcomes
have varied, yoga has been demonstrated to be effective in
improving muscle fitness in those without ID. Studies on
toddlers and teenagers with ID have shown improvements in
leg strength and hand grip (Hawkins et al., 2012; Sun et al,,
2022). Inconsistencies in findings could come from variations
in methods of measuring related to ID. The effects noted
in this study might be related to neuromuscular changes
made possible by isometric contraction yoga postures,
which improve the connections between the muscles and
nerves (Folleto et al., 2016). Childhood is a critical time
for neuromuscular development, and bodyweight exercise
maximises muscular fitness throughout this phase (Mohanty
etal., 2016).

When it comes to flexibility, people with ID usually
score poorly (Serwacki & Cook-Cottone, 2012). In line with
other earlier studies, our study did find that practicing yoga
training increased flexibility. Yoga’s combination of static
and dynamic stretching exercises could extend the limbs’
elastic connective tissue, improving range of motion (Gothe
& McAuley, 2015; Reina et al., 2020). These positive findings
highlight the potential benefits of adapted yoga training for
people with ID in terms of increasing flexibility and muscle
strength and endurance.
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Students with ID have been shown to have motor
weaknesses, balance problems, and unstable posture.
Several studies have highlighted balance as a crucial aspect
of motor fitness and have documented the positive benefits
of exercise treatments on people with ID’s ability to walk
and stand balanced (Azar et al., 2023). Notably, a recent
meta-analysis revealed a significant beneficial impact after
yogic intervention meant to improve balance in children
and adolescents with ID (Jylanki et al., 2022). Furthermore,
a growing body of research indicates that yoga improves this
component of motor fitness in people with ID (Reina et al.,
2020).

In a comparable manner, our research on students with
ID showed significant improvements in static balance after
receiving adapted yoga instruction. On the other hand, after
a creative yoga intervention, a research found no difference
in balance, which it attributed to differences in the yoga
programme and the balance subtest performed (Jeter et al,,
2014). Adapted yoga has been shown to improve balance
by stimulating the proprioceptive, vestibular, and visual
systems, all of which support sensory integration (Kaur et
al., 2021). Additionally, better posture control and balance
are probably influenced by the enhanced muscle fitness that
comes with yoga. Attention-focused yoga poses have the
potential to improve postural control (Kaur & Bhat, 2019).
Ultimately, students with ID benefit from adapted yoga
training as an effective intervention for improving their
balance, which may also improve their motor fitness and
general physical well-being.

Conclusions

This study highlights the potential of adapted yoga
programs as an intervention for improving physical
functioning in students with mild intellectual disability.
These findings suggest that adapted yoga can be a valuable
and accessible intervention to enhance physical functioning
in this population.
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BusHauyeHHA BNVBY afanToBaHOro TpeHyBaHHA 3 Norm
Ha ¢isnyHe PYHKLiOHYBaAHHSA YUYHIB 3 NOPYLUIEHHAM
iHTeNeKTyasibHOro po3BUTKY MOMiPHOro CTyneHs

Oxapmaninram IOBapamk'45°PE, [le6narx [i6axap'®PF, Kymap I. IIpem*®F,
M. Apasinax'®’E, Apasing [Ix. Pamenr'®P%, Teopmx Camxi Anbgi'®PE

'Micia Pamakpimna BiBekananga HaBuanpHO-ocmifHuii iHCTUTYT
*X pUCTAHCBKIUI YHIBEPCUTET
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Icropisa nmuranna. Ocobu 3 MOpPylIeHHAM iHTeneKkTyaabHOTro po3BuTKy (IIIP) mOMipHOro CTyIeHs 4acTo 3a3HAIOTbh TPYA-
HOILIiB y (i3yHOMY (QYHKI[iOHYBaHHi, IIJ0 BIUIMBAE Ha IXHE 3arajbHe CAMOIIOYYTTSA Ta AKICTb >KUTTA. TpapuiiitHi mporpammn
(bisMYHNX BIPaB He 3aBXIU MOXKYTb OyTU JOCTYHHMM a60 eheKTUBHMM 3acOO0M 1A 1ii€l KaTeropii ocib yepes pisHi 0OMeKeHH:L.
AJlanITOBaHi IPOrpaMy 3 3aHATD JIOT0I0 PO3INIALAIOTHCA AK IIePCIEeKTUBHA a/IbTePHATUBA, 1[0 IIPOIIOHYE iHAMBiyaIbHi iIHTepBEH-
1ii, cpsiMoBaHi Ha 3a6e3medeHHsT 0COOMMBIUX TOTPeD 0Cib 3 MOPYIIEHHSM iHTeNIeKTyaIbHOTO PO3BUTKY.

Mera mocnigxeHHs. MeTo0 TOCIi/KeHHA OY/I0 ITOZOTaHHA BKa3aHOI Ipo6/IeMy MIIAXOM BUBYEHHs BIUIUBY CTPYKTYpOBa-
HOI, MOAM}IiKOBaHOI Iporpamu 3 itoru Ha QaxTopy, 0B’ s3aHi 3 PisVIHNM PyHKIIIOHYBAHHSM.

Marepianmu Ta MeTopu. 3aranom 6y1o Bifibpano 40 yuHiB 3 HOPYILEHHAMM iHTeNeKTya/IbHOTO PO3BUTKY IIOMIpPHOTO CTYIIEHS
y Biui Big 11 o 15 pokiB 38i crienjiaIbHMX MIKiT y MicTi Koimb6atop, mrrar Tamin-Hapy. locnimpkeHHsA TPOBOAMIIOCS 32 KBasi-eKc-
HePUMEHTA/IbHOI0 CXeMO0. YUaCHUKM JOCTIPKeHHA Oy po3fiijieHi Ha eKCIIepMMEHTa/IbHY IPYITy, SIKa IPOXONMIA 8-TIUKHEBY
a/laliTOBaHy IPOTPaMy 3 3aHATD OTOI0, i KOHTPOJIbHY TPYITY, AKa JOTPUMYBaacA 3BUYATHOTO PeXKMMY 3aHATb. [lapamerpu di-
314HOI QYHKII OL[{HIOBa/IN II/IAXOM IIPOBEIEHH CTaH/[APTU30BAHNUX TECTIB, 110 BUMIPIOIOTb Kap/liopecipaTOpHy BUTPUBAIICTb,
M’130BY CMJTy Ta BUTPUBAIICTD, THYYKiCTb, KOMIIO3MIIiIO Ti/la Ta piBHOBAry. AfjaliTOBaHa poOrpama 3 ifory, AKY IPOBOANIN KBa-
ni¢ikoBaHi IHCTPYKTOPH, CK/IafaIacs 3 8 TYDKHIB 3aHSATD 110 5 JHIB HA TYDKIEHD, KOXKHE 3 SIKMX TPUBAJIO Bif 45 1o 60 xBminH. 3a
IOIIOMOTrOI0 CTATUCTUYHMX METOIIiB aHaTi3y 6y/I0 MiATBep/>KeHO HOPMa/IbHIIT PO3IIOAII JAHNUX i 3aCTOCOBAHO t-KpuUTepil MapHUxX
BUOIPOK ISl OL[iHKM BiAMIHHOCTEI [0 i ITiC/IsI IPOBEEHHs HOCTI/KEHHsI 3 BUKOPUCTAHHSM IIPOrpaMHOro 3abesmedeHHst SPSS
Bepcii 20.0 i3 BcTaHOBIEHUM piBHeM 3Hauy1ocTi 0,05.

Pesynprarm. [licna 8 T KHIB IPOXO/PKEHHSA aflallTOBAHNX TPEHYBAHb 3 JIOTM CIIOCTEPirajocs 3HaYHe MOKPalleHHs ITOKa3-
HUKIB cumn BepxHbol yacTuHu Tina (p < 0,04), HyoxHbOI yacTuHM Tina (p < 0,001), 3minHenHsa M 's3iB kopy (p < 0,002), rHyYKOCTI
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(p < 0,001) Ta crarnunoi piBHoBaru (p < 0,00). OgHak He 6y10 3ahikcOBaHO HOCTOBIPHOI Pi3HUIII Y IIOKA3HMKAX BMICTY >KUPY
B OpraHi3Mi Ta KapfiiopecnipaTopHoi BUTPUBAIOCTI MXK aZlaliTOBaHMMM TPEHYBaHHAMMU 3 JIOTH.

BucHoBKHI. Y 11bOMY OCITiIPKEHHI BYCBIiT/IEHO IIOTEHIIia/l a/JalTOBAaHMX ITPOTPaM 3aHATbH 3 JIOTU AK iHTE€PBEHIIil /I TIOKpa-
weHHA disnynoro ¢ynkuionysanna yuHis 3 ITIP nomipaoro crynensa. OTpumaHi pe3ynbTaTi BKa3yloTb Ha BaXKIMBICTb Ta 10-
CTYIIHICTD BIPOBA/PKEHHs 3aHSATD 3 a[JAlITOBAHOI JIOTY 3 METOIO IOTIIIIeHHs (PisNIHOro PyHKIIOHYBaHHS JaHOI KaTeropii ocib.

Kiro4oBi cmoBa: mopylieHHs iHT€IEKTyalIbHOTO PO3BUTKY, aflallTOBAaHA iiora, (isuuHe (YHKIIOHYBAaHH:, M sA30Ba CIJIA,
BUTPUBAIICTb.
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Abstract

Objectives. The two main stressors affecting athletes’ wellbeing are relationships between coaches and athletes and
social support. This study aims to investigate the connections between athletes’ psychological health, social support,
and coach-athlete interactions. Relationships between coaches and athletes have a favorable impact on future
coaching techniques and support systems, which in turn improves athlete wellbeing.

Materials and methods. This study employed a quantitative approach using survey methods. The study involved
323 respondents consisting of 231 males (71.52%) and 92 females (28.48%). The instrument used in this study was
the Instructor-Student Rapport Scale, comprising 2 dimensions (pleasant interactions and personal relationships).
The study results were analyzed using the t-test to determine the significance of differences in athletes’ life
experiences based on their relationship with the coach. The findings of the study explain that the experiences of
athletes’ gender have differences regarding the relationship with the coach.

Results. This result has also been proven by the results of the t test calculation of <0.001. Meanwhile, the results of
t test calculations related to the type of sport (individual and group) obtained results > 0.001, which states that there
is no difference in life experience between athletes and coaches.

Conclusions. These findings lead to the conclusion that the most crucial factor in facilitating and enabling
meaningful life experiences between coaches and athletes is the coach’s proximity to the athletes.

Keywords: life experience, athlete, coach, relationships, sport.

Introduction

Around 70% of young athletes quit sports at the age of
13, which is due to the role of coaches influencing athletes’
motivation and behavior to continue to be competent in
sports activities (Wekesser et al., 2021). From an ecological
point of view, it is expected that competent behavior in
areas such as academics and sports performance will mold
useful connections between people and their surroundings.
Over time, everyday behavior, attitudes, and conventions
(sociocultural practices) in sport organizations affect the
strength of this functional relationship (Rothwell et al., 2022).
The coach’s unique considerations, the athletes’ intellectual
stimulation, and the presence of suitable role models all

©  Purnomo, E., Jermaina, N., Rama, A., &
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influence the quality of the interaction between the coach
and the athlete (Lopez de Subijana et al., 2021). Coach
leadership behavior predicts positive and negative affect for
athletes, this is because coach social support significantly
controls negative affect both pre-competitive and during
competition (Gonzélez-Garcia et al., 2021; Sakalidis et al.,
2023; Trnini¢ et al., 2009). Based on the explanation above,
it can be seen that the relationship between coach and athlete
is the main foundation in fostering the continuity of athlete
performance. The coach’s role is not only as a leader in a
sports club, but more than that, the coach also plays a role as
the main contributor for athletes to continue to show their
best performance both in training and in competition.
Research indicates a strong positive correlation between
players’ mental health and their relationship with their coach
(Powers et al., 2020). The coach’s knowledge about the long-
term effects of the coach-athlete relationship can help the
athlete to understand himself to become an outstanding
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athlete (Kuhlin et al., 2020). Other results also show that
the lack of attention given to athletes is the main topic that
influences athletes’ performance during competition and
training (J. A. Graham & Smith, 2022). Relationships with
coaches deteriorate for athletes whose coaches are untrained,
building positive coach-athlete relationships as a tool to
encourage athlete personal growth and development (Falcao
et al., 2020). The role of the coach in supporting athletes
who experience psychological distress is divided into three,
namely, (1) the coach’s role is to provide an environment that
facilitates the expression of distress, (2) the coach has the
responsibility to connect athletes with appropriate resources,
(3) the coach’s job is to support athletes in help-seeking
behavior (a period where athletes experience difficulties)
(Bissett & Tamminen, 2022). Discussions between athletes
and coaches are a way to build a relationship that involves
sharing experiences between coaches and athletes, where
this activity functions as a way for coaches to evaluate
athletes, especially with regard to their psychological well-
being (Allan et al., 2018; MacDonald et al., 2020).

The setting in which athletes interact with their coaches is
provided by strong coach-athlete interactions. Relationships
are crucial to fostering an effective coaching environment
since it is likely that athletes who have good relationships
with their coaches would receive better coaching help
(Sophia Jowett, Nicolas, et al., 2017). The more cooperative
and effective interactions that result from alignment produce
a level of connection to athlete success (Purnomo et al.,
2021; SA et al,, 2022). The relationship between athletes and
their coaches has important implications for psychological
health. Further research explains that identifying aspects of
the coach-athlete relationship can suppress fatigue factors
and improve athletes’ mental well-being (McGee, 2016).
Therefore, as a coach you are required to reflect on your own
behavior and understand the motivation behind your athlete’s
behavior (Moen, 2014; Westfall et al., 2018). Considering the
fact that coaches and athletes are 2 important components in
the success of a sports club (Jackson & Beauchamp, 2010).

The research results revealed that coaches have a strong
and often excessive role in the lives of athletes, especially
high-achieving female athletes, but a more democratic,
personal and positive coach-athlete relationship has
proven to play an important role in improving the athlete’s
experience. female athletes in sports competitions (Norman
& French, 2013; Serpell et al., 2023). An athlete’s growth as a
player and a person is significantly influenced by the quality
of their relationship with their coach. Programs for coach
education offer knowledge to assist coaches in building
strong bonds with their athletes (S. Jowett & Cockerill, 2003;
Mohammad Fazilah et al., 2023; Shuai et al., 2024). In terms
of gender, female athletes typically train under male coaches,
whereas male athletes place more value on coach expertise
than gender. According to the study’s findings, athletes are
more perceptive in relationships with coaches of a different
gender than they are in relationships with coaches of the
same gender the same (Li et al., 2015). A description of
the relationship between coaches and athletes by gender
reports that the gender of the coach influences the success
of athletes in achieving achievements. It is assumed that the
gender of the coach is a guideline when leading a sports club
and describes the relationship between the coach and the
athletes.

Materials and Methods

Design

The study intends to investigate the life experiences of
coaches and athletes in the realm of sports, with a focus on
the dynamics of their relationships. Using a quantitative ap-
proach using survey methods will provide a structured and
systematic way to collect data on this topic. This approach
will enable the collection of large amounts of data from a di-
verse range of athletes and coaches, thereby enabling a com-
prehensive analysis of their perspectives and experiencesin a
sporting context. This will involve identifying specific aspects
of the relationship between the athlete and coach that wish
to be explored, such as communication dynamics, leadership
styles, and the impact of the relationship on the athlete’s per-
formance. This survey was designed to collect quantitative
data regarding various aspects of the relationship between
athletes and coaches. Inquiries about communication styles,
training techniques satisfaction, coach support perception,
and the overall effect of the coach-athlete relationship on
performance and well-being will all be covered.

Respondent

There were 323 participants in the study, 231 of whom
(71.52%) were men and 92 of whom (28.48%) were women.
Snowball sampling was the sample method utilized in this
investigation, with the aim of collecting as many samples as
possible to enhance the study’s conclusions. The respondents’
average age was 21.1 years. In specifics, the average age of
female respondents was 20.6 years, compared to 21.4 years
for male respondents. Athletes who had trained for at least
two years in both team and individual sports made up the
study’s respondents. It was requested of each respondent to
take part in this research.

Instrument

In this research, the instructor-student rapport scale
instrument was used (Frisby & Myers, 2008). The aim
of research using the instructor-student rapport scale
instrument is to measure the level of positive relationships
and interactions between instructors (coaches) and students
(athletes) in a sports context. This instrument is specifically
designed to evaluate the quality of interpersonal relationships
between instructors and students in the context of education
or training. This instrument has been reviewed and used
several times. In the second study, it was found that each
of the dimensions: pleasant interactions (a = 0.91) and
personal relationships (a = 0.90) (Frisby & Martin, 2010).
Later studies reported adequate reliability for dimensions:
pleasant interactions (a = 0.93) and personal connections
(a = 0.93) (Young et al.,, 2013; Graham & Mazer, 2020).
Based on the 2 studies above, this means that the instrument
has a very good level of validity and reliability and can be
used in this research.

Data Analysis

The Sample t-Test will be used to test the research
hypothesis. The results of the analysis using the t-test will
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determine that the average level of satisfaction of athletes
who receive high coach support is significantly different
from athletes who receive low coach support. After applying
the t-test, the results will be interpreted to determine the
significance of differences in athletes’ life experiences based
on their relationship with the coach. This analysis will provide
insight into the impact of the coach-athlete relationship on
various aspects such as performance, motivation and overall
well-being. Analysis with sample t-tests in the data analysis
process will allow the identification of specific areas where
the coach-athlete relationship has a significant influence.

Results

The athlete’s life experience in relation to the coach in the
sports context is an important aspect that can influence the
athlete’s achievement, psychology and personal development
(Davis et al., 2019; Lisinskiene, 2018; Owiti & Hauw, 2021;
Raunig & Coggins, 2018). Positive relationships between
athletes and coaches have long been recognized as a key
factor in creating a supportive environment for successful
sports coaching (Davis et al., 2019; Zhao & Jowett, 2023).
This research seeks to investigate and analyze the lived
experiences of athletes in their relationships with coaches,
with a focus on the dynamics, quality and implications of
these interactions in sport.

Before carrying out the t-test, it would be good to
carry out a prerequisite test consisting of normality and
homogeneity tests. This is the main requirement so that it
can be analyzed at the next stage. To ascertain if the data
is regularly distributed or not, a normality test is utilized.
According to the normalcy test, if the data’s Sig. (significant)
value is less than 0.05, it is deemed anomalous; on the other
hand, if it is greater than 0.05, the distribution of the data is
deemed normal. The analysis’s findings are shown in Table 1
below.

Table 1. Normality Test (Shapiro-Wilk)

Indicator w p
ISRS 0.972 0.061

The results of the study demonstrate that the data can
be regarded as regularly distributed since p. > 0.05, which is
consistent with the normality test findings shown in Table
1. In the meantime, Table 2 below displays the results of the
research data’s homogeneity test.

Table 2. Homogeneity of Variances Test (Levene’s)

Indicator F df1 df2 P
ISRS 0.0155 1 321 0.901

A p value > 0.05 was found based on the homogeneity
test findings shown in Table 2. These findings support the
hypothesis that the data exhibit uniform variance.

Taking into account that the two prerequisite analyzes
in this study are normally distributed and homogeneous,
further analysis can be carried out. In this t-test analysis,
researchers divided the results based on gender (men and
women) and also the type of sport (individual and team).

Instructor-Student Rapport Scale in Terms of Gender

Based on the t-test relating the instructor-student
rapport scale to gender, the following data was obtained:

Table 3. Independent Samples T-Test

Indicator t df P
3.35 321 0.001

Instructor-Student Rapport Scale

Note. Ha [ pale # H pemale

Based on the test results in the table above using
the independent samples t-test, the p value <0.001, the
hypothesis H1 is accepted, which means there is a difference
in the influence between gender and the Instructor-Student
Rapport Scale. This proves that the responses between
coaches and athletes are different from each other. Which
also means that the treatment of relationships between men
and women is different. Therefore, a trainer must also be able
to explain in more detail the approach that will be taken.

It is important to acknowledge the unique dynamics
that exist in the athlete-coach relationship, especially when
comparing the experiences of male and female athletes
(Aydinlar et al., 2024; Munikrishnan et al.,, 2024; Zhao
& Jowett, 2023). Research shows that gender can play an
important role in interactions between athletes and their
coaches. For example, female athletes may face different
expectations, communication styles, and support systems
compared to male athletes (Mire et al., 2021; Swim et al.,
2022; Zhao & Jowett, 2023). These differences can impact
the overall coaching experience and can impact an athlete’s
performance, motivation, and well-being. When exploring
differences in lived experiences regarding relationships
between athletes and coaches, it is important to consider
the broader social and cultural context. Gender norms,
stereotypes, and power dynamics may all contribute to
shaping these relationships in different ways for male
and female athletes (Mire et al., 2021; Swim et al., 2022).
Additionally, examining the impact of mentoring, feedback,
and leadership in these relationships can provide valuable
insight into how athletes navigate their sporting journey.

Instructor-Student Rapport Scale
Viewed from the Sport Category

Based on the t-test relating to the instructor-student
rapport scale with the sport category, the following data was
obtained:

Table 4. Independent Samples T-Test

Indicator t df P
-1.15 321 0.251

Instructor-Student Rapport Scale

Note. Ha [t ream # Hindividual

Based on the test results in the table above using the
independent samples t-test, the p value (0.251) > 0.001 means
the hypothesis is rejected, which means there is no difference
in influence between the sport categories (individual and
group) and instructor-student rapport scale. This proves
that there is no difference between the sports categories
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between coaches and athletes. Which means that individual
and team sports have the same level of life experience. The
results of the independent samples t-test with a p value of
0.251 showed that there was no significant difference in the
Instructor-Student Rapport Scale scores between two groups
of athletes from different sport categories (individual and
group). A p value greater than the 0.001 significance level
indicates that there is not enough statistical evidence to
reject the hypothesis. In this context, a p value greater than
0.001 indicates that the observed difference in instructor-
student rapport scores between the two groups of athletes
cannot be considered a statistically significant result. This
means that the relationship between athletes and coaches,
as reflected in instructor-student rapport scores, does not
appear to be significantly influenced by sport category. In
other words, there is no significant difference in the quality
of the relationship between athletes and coaches between
different sports.

It appears that the athlete-coach relationship has a
similar impact on individual and group sports. The bond
between an athlete and their coach is critical to their success,
no matter what type of sport they participate in (Lisinskiene,
2018; Munikrishnan et al., 2024). These findings suggest that
the quality of the athlete-coach relationship is universally
important in the world of sport. Research has shown that
a positive athlete-coach relationship can result in better
performance, increased motivation, and overall athlete
satisfaction. In individual sports, coaches play a more
personal role in guiding and supporting athletes, whereas
in team sports, coaches foster teamwork and unity among
athletes (Lisinskiene, 2018; Mire et al., 2021; Sandstrom et al.,
2016). Despite differences in their specific roles, the impact
of athlete-coach relationships on athletes’ experiences and
performance remains consistent in both individual and group
sports. It is clear that the bond between an athlete and his or
her coach has a significant impact on the athlete’s overall
experience and performance, regardless of whether they
participate in an individual or group sport (Davis et al., 2018;
Karapanos et al., 2016). This underlines the importance of
fostering positive athlete-coach relationships in the world of
sport. The role of the coach may vary in individual and team
sports, with a focus on personalized guidance and support in
individual sports and fostering teamwork and unity in team
sports, but the overall impact on the athlete’s experience
and performance remains consistent (Jackson et al., 2009;
Jowett & Cockerill, 2003). This highlights the important role
the athlete-coach relationship plays in the success and well-
being of athletes across a wide range of sports.

Discussion

Athletes, coaches, managers, and sponsors are all
involved in their performance and success. However, the
relationship between coaches and athletes is thought to be
a fundamental vector in the context of sport, with several
factors contributing to it, including the coach’s leadership
and personality, motivational factors, communication,
cohesion, and The setting of sports coaching introduces
emotions as a psychosocial component (Bennie & O’Connor,
2012; Vigdrio et al., 2020). Athlete well-being is favorably
connected with relationships between coaches and athletes
as well as with social support among athletes (Miller et al.,

2007; Simons & Bird, 2022). The development of positive
experiences in an effort to increase the strength, potential
and competence of adolescents is described as the result
of the social environment of adolescents including school,
family and community which directs them to become useful
individuals (MacDonald et al., 2020). The research results
show that athlete performance sometimes depends on
positive and negative interpersonal relationships between
coaches, athletes and parents (Lisinskiene & Lochbaum,
2022; Rosca, 2010). The study results stated that the
athlete’s attachment to the coach was significantly related
to the athlete’s psychological development in facilitating the
athlete’s success in achieving peak performance (Cushion et
al., 2012; Davis et al., 2021).

Athletes’ self-esteem and level of life satisfaction might
increase when positive relationships are developed between
them and their coaches (Baker et al., 2000; Gencer, 2021).
This shows that actions in sports coaching are oriented
towards supporting athletes as one way of creating a healthy
environment in shaping athlete behavior which functions
to improve athlete perception. Some positive coaching
behaviors aimed at increasing an athlete’s perception of
competence may include providing positive and informative
feedback, using positive reinforcement, and creating
opportunities for the athlete to increase success in athletic
competition (Wekesser et al., 2021). Coach education
programs and training can be utilized to increase awareness
of the importance of coaching practices as techniques and
strategies that help foster positive coach behavior (e.g.,
supporting competence) in their athletes.

The findings show a substantial correlation between
the variables of trust and confidence as well as between
confidence and commitment to maximize the ability of
competent coaches to provide encouragement to athletes
and foster feelings of self-confidence and trust (Fikri et al.,
2024). Trainers must establish an environment that supports
participants’ autonomy and satisfies their three fundamental
psychological requirements (Cronin et al., 2022). A study
relating to the implications for the development and
evaluation of mental skills training programs in the case
of elite team sports athletes categorizes the psychological
qualities of coaches, such as comfort in coaching,
responsibility, adaptability, enthusiasm, self-aware learner,
determination, self-confidence, performance conditions
optimal performance, harmonious play, focused attention,
and mental toughness (Erickson et al., 2011; Holland et
al., 2010; Smith et al.,, 2023). A coach’s training ability is
an important foundation for the success of an athlete or a
sports team. In this case, coaches are an important key in
improving athlete competence in every training performance
and match performance. In young athletes, the closeness of
the athlete and coach has the effect of building the athlete’s
self-confidence in maximizing performance towards peak
performance (Pandini & Widodo, 2021; Purnomo et al.,
2020).

The close friendships and romantic relationships
between coaches and athletes represent an area where mutual
autonomy support is essential, where each party provides
autonomy support to the other party, as well as receiving it
from the other party (Deci & Ryan, 2008; Myer et al., 2016).
According to research on career and talent development,
which looks at young athletes’ growth from an ecological
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standpoint, future athletes’ development can be understood
as a slow, reciprocal adjustment that takes place between
them and their surroundings, including the coach’s role
(Stambulova et al., 2021). The literature on the relationship
between athletes and coaches states that the dimensions of
communication, trust and mutuality are important parts in
improvingan athlete’s performance (LaVoi, 2007; Santosetal.,
2018). The closeness of athletes and coaches is an important
part in developing athlete potential. Coach communication
is the main door to evaluating athlete development, athletes
feel safe if the coach cares and is able to motivate themselves.
The feeling of belonging felt by athletes is often related to
mental well-being for an athlete.

The results of semi-structured interviews conducted on
international level coach-athlete relationships are the reason
for increasing athletes’ “efficacy beliefs” (Lent & Lopez,
2002). The findings are discussed in light of how successful
relationships between coaches and athletes can be created
and maintained at the highest level (Jackson et al., 2009).
Additional analyses also discovered a significant correlation
between players’ self-esteem and their assessments of their
connections with coaches, particularly for those athletes who
had positive associations (Sophia Jowett, 2008). The study’s
findings expand our understanding of athletes’ physical
self-concept in the relational context of the coach-athlete
relationship by demonstrating that an athlete’s perceived
quality of relationship with the coach is correlated with their
level of fatigue, suggesting that athlete-coach similarity is
an important mediator of the athlete-coach relationship
(Isoard-Gautheur et al., 2016). The findings further bolster
the self-determination theory’s universal applicability and
the importance of interpersonal ties in fostering well-being
(Sophia Jowett, Adie, et al., 2017; McGee, 2016; Westfall et
al., 2018). When competing against more seasoned athletes
or older athletes who are superior to them, young athletes,
or junior athletes, are more likely to develop stage fright
or extreme anxiety, which can negatively impact their
mental health (Marheni et al., 2019). Mental strengthening
of athletes through the relationship between coaches and
athletes strengthens social values which are used as a way
to respect themselves and others around them (Sari et al.,
2024).

Conclusions

An athlete is always faced with psychological problems
that can interfere with his mental ability to train or
compete. Coaches are required to understand the triggers
of psychological problems faced by their athletes. A good
relationship between coach-athlete has a positive impact
on the psychological well-being of athletes. The coach’s
communication skills are the main key in building closeness
between athletes and coaches. The coach’s communication
becomes a reflection that the athlete responds to which then
becomes the athlete’s reference in undergoing the training
process. A coach’s training ability is characterized by the
ability to understand every aspect of an athlete. Coaches
don’t just provide training material, more than that, coaches
act as main facilitators in assisting athletes in improving
maximum performance. Maximum performance produced
by athletes is a combination of training and the relationship
with their coach. Athlete-coach harmony fosters a relational

context for the connection between the two, which lowers
the amount of athlete tiredness during both the training and
competition phases.
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AHanis XnTTeEBOro AOCBiAYy B3a€EMOBIAHOCUH
MiX CMOPTCMEHOM i TPeHepoM Yy cnopTi

Exo ITypHomo'**“PE, Hina [I>kepmaina'®*“®, Anpzer Pama'“P,
Hop I3a BinTi 3eitnan A6igin*"

'TTagaHTCHKUIL IepKaBHMIL YHIBEPCUTET
*MarmaiicbKuii yHiBepCuTeT

ABTOpPCHKMIT BKIA: A — Au3aitH gocmipkeHHs;; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 9 c., 4 Tabn., 71 mxepero.

Mera gocmigKeHHA. [JBoMa OCHOBHUMM CTpecoBMMM (aKTOpaMy, L0 BIUIMBAIOTL Ha O/IATOIONyY4sA CHOPTCMEHIB, € Bifi-
HOCVMHU MDX TpeHepaMI i CIIOpPTCMeHaMI Ta COLjiaIbHA MIATPUMKA. MeTO0 I{bOro KOCIi/KEHHS € BUBYEHHS 3B 3Ky MIDX IICH-
XOJIOTiYHUM 3[[0OPOB’SIM CIIOPTCMEHIB, COLia/IbHOI0 MiATPUMKOIO Ta B3aEMOJIEI0 MDXK TPEHEPOM i CIIOPTCMEHOM. BifHOoCHHM Mik
TpeHepaMIi Ta CIIOPTCMEHAMM MAIOTh CIIPUATIMBIIL BIUIMB Ha MalOyTHI TPEHEPChKi METOAVMKN Ta CHCTEMM IIiTPUMKI, 10, B
CBOIO Yepry, CIIp1s€e MOKPAIIEHHIO IIOKa3HUKIB 6/1ar0MoTyddst CIIOPTCMEHIB.

Marepiamu Ta MeTogu. Y JOC/i/I)KEHHI 3aCTOCOBAHO Ki/JIbKiCHUII MifXiJi 3 BUKOPUCTAHHAM METO/iB ONUTYBAHHA. ¥ Jl0-
CITKeHH] B3sUIM y4acTh 323 pecroHfieHTH, cepelt AKux 231 ocib yomosiuoi crari (71,52%) ta 92 — xinouoi (28,48%). Y sikocTi
iHCTpyMeHTY focifpkeHHs Oyia Bukopucrana IlIkama OLiHKM B3a€MOBIZHOCKH MiX BUK/IafiadeM i CTYIeHTOM, 110 CK/Iafjajiacs 3
2 BuMipiB (CIpuATINBI B3a€MOJII Ta 0cOOMCTI BifHOCKHHY). Pe3ynbTaTit ZOC/IiKEeHH IPOaHaIi30BaHO 32 OIIOMOTOI0 t-KpuTepito
JJ1A BUSHAYE€HHs 3HAYYLIOCTi BITMiHHOCTEN Y KUTTEBOMY JIOCBiJli CHOPTCMEHIB 3a/I€KHO Bif iXHiX B3a€EMOBITHOCUH 3 TPEHEPOM.
PesynbpraTy BOCTiIPKEHH CBil4aTh PO HAABHICTb BiIMiHHOCTEI Y XUTTEBOMY JIOCBifli CIIOPTCMEHIB 3a/IEKHO Bifl CTaTi B KOH-
TEKCTi BiTHOCUH 3 TPEHEPOM.

Pesynbraru. IligTBepiyKeHHAM LIbOTO pe3y/IbTaTy € TAaKOXK po3paxyHKu t-Kpurepito <0,001. BogHovac, pe3ynbTaTti pospa-
XYHKIB t-KpuTepilo, ToB’s3aHi 3 BUIOM CIIOPTY (iHAMBifyambHMIT Ta TPYNOBUIT), TOKa3amu 3Ha4eHHA > 0,001, mo cBigYUTD Mpo
Bi[ICYTHICTb Pi3HNIIi B >KUTTEBOMY JJOCBiJli MK CHOPTCMEHAMM Ta TPEHEPaMM.

BucnoBku. OTpuMaHi faHi JO3BOIAITh 3pOOUTHU BICHOBOK, IO HAMOIIbII BaXKINBUM (PAKTOPOM, SAKUIL CIIPUSAE T4 YMOXK-
JIMBITIOE 3a0e3IIeueH s 3HAYYIIOT0 >KUTTEBOTO IOCBIY MX TPeHepaMIt Ta CHOPTCMEHaM, € O/IM3bKICTh TPeHepa 10 CIOPTCMEHiB.

KirodoBi cnmoBa: )XUTTEBMII JOCBIN, CIOPTCMEH, TPeHep, B3AEMOBITHOCUHH, CIIOPT.
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Abstract

Objectives. This study aimed to investigate the impact of gamification in physical education on enhancing the self-
esteem, satisfaction, and motor skills of 7-9-year-old elementary school students.

Materials and methods. This study employed a pre-experimental method using a one-group pretest-posttest
design without a control group. The participants were 90 elementary school students aged 7-9 years in Salatiga City
(Indonesia), selected through purposive sampling. The research instruments included self-esteem, sports satisfaction,
and motor skills assessment tools that have been validated and tested for reliability. The gamified intervention

was implemented in physical education instruction over eight weeks. The statistical analysis was conducted using
descriptive statistics, prerequisite tests, analysis of variance (ANOVA), and paired samples t-tests.

Results. The study’s findings indicate significant changes in the observed variables following the intervention, with
a significance value (Sig) of 0.000 < 0.05. The calculated t-values for all three variables were more significant than
the critical t-value of 1.990, with a significance level (Sig. 2-tailed) < 0.05. Therefore, this implies that gamification
in elementary physical education instruction has a statistically significant positive impact on students’ self-esteem,

satisfaction, and motor skills.

Conclusions. The findings elucidate that the implementation of a gamification intervention has proven effective in
enhancing students’ self-esteem, satisfaction with learning, and motor skills abilities. The practical implications of
these findings underscore the importance of considering the integration of gamified process into instructional design
as a strategy to enhance the quality of physical education learning in elementary schools.

Keywords: self-esteem, satisfaction, motor skills, gamification, physical education.

Introduction

Physical education plays a crucial role in shaping stu-
dents’ physical and psychosocial well-being worldwide. With
the advancements of the modern world, the challenges faced
in physical education are becoming increasingly diverse,
particularly at the elementary school level. One primary
challenge is enhancing students’ self-esteem, satisfaction,
and motor skills, which are critical in fostering healthy and
holistically developing individuals (Invernizzi et al., 2019).
Although physical education has long been recognized as an
integral part of the elementary school curriculum, innova-
tive and practical approaches to achieving desired learn-
ing outcomes remain the research focus. In this context,

©  Wibowo, C., 2024.
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gamification emerges as a promising approach to enhance
student motivation and engagement in learning through the
integration of games, with the potential to improve their psy-
chosocial well-being. However, research specifically inves-
tigating the influence of gamification in physical education
among elementary school students still needs to be complet-
ed. Therefore, this study aims to fill this gap by investigating
the impact of gamification implementation in physical edu-
cation on elementary school students’ self-esteem, satisfac-
tion, and motor skills. By expanding the understanding of
gamification potential in the context of physical education,
this research is expected to provide valuable insights and
significantly contribute to developing more effective and in-
clusive educational practices at the elementary school level.
Although physical education is widely recognized
as an essential part of the elementary school curriculum,
significant challenges persist in achieving desired learning
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outcomes, particularly concerning students’ psychosocial
and motor aspects. One of the primary issues is low
self-esteem, satisfaction, and motor skills among some
students (Chen et al., 2017; Xue-Yan et al., 2016). Low self-
esteem can negatively impact learning motivation, social
interaction, and students’ emotional well-being (Nguyen et
al., 2019; Scherrer & Preckel, 2019). Additionally, students’
satisfaction with learning also plays a crucial role in
influencing participation rates and academic performance
(Griebler et al., 2017). Meanwhile, underdeveloped motor
skills can restrict elementary school students’ participation
in physical activities and sports, essential components of
their daily lives (Eddy et al., 2019; Lee et al., 2020). Despite
efforts to enhance these aspects through various teaching
approaches, more innovative and effective strategies are still
needed. Therefore, this research explores the potential use
of gamification in physical education to improve elementary
school students’ self-esteem, satisfaction, and motor skills.

While research in physical education continues to evolve,
there remains a significant gap in the literature regarding the
influence of gamification in enhancing elementary school stu-
dents’ self-esteem, satisfaction, and motor skills. Studies spe-
cifically investigating the use of gamification in the context of
physical education at the elementary school level are limited,
with the majority of research focused on higher education and
middle school levels (Arufe-Giraldez et al., 2022; Fernandez-
Rio et al., 2022). Furthermore, research tends to be limited in
geographical scope, with most studies conducted in devel-
oped countries. This limitation hinders the generalizability of
research findings to elementary school student populations in
various cultural and social contexts. Additionally, within the
existing literature, there is a lack of comprehensive research
examining the influence of gamification on motor skills, with
more focus on cognitive and motivational aspects. Therefore,
there is an urgent need to address this gap by conducting
more in-depth and holistic research on the impact of gami-
fication in physical education on elementary school students.

This research reflects a new and significant contribution
to physical education, particularly in using gamification to
enhance elementary school students’ self-esteem, satisfaction,
and motor skills. Although gamification has gained attention
in various fields, including education, its application in physi-
cal education is relatively new and has yet to be fully explored.
Focusing on the age group of 7-9-year-olds at the elementary
school level, this study expands the understanding of the po-
tential use of gamification in achieving learning objectives
related to students’ physical and psychosocial well-being. The
uniqueness of this research lies in its holistic approach, which
explores the impact of gamification on students’ psychologi-
cal aspects and their motor skills, which are vital components
of physical development. By highlighting the novelty and im-
portance of this research, it is hoped that the findings will
contribute to developing more inclusive, innovative, and ef-
fective physical education practices at the elementary school
level and inspire further research in this field.

Materials and Methods

Study Participants

The participants in this research are elementary school
students in Salatiga. The research sample consists of 7-9-year-

old elementary school students selected randomly from ele-
mentary schools in Salatiga city using purposive sampling, re-
sulting in a total sample size of 90 elementary school students.

Study Organization

This study adopts a pre-experimental method with a
one-group pretest-posttest design. No control group is in-
cluded in this design. Subject placement involves all elemen-
tary school students aged 7 to 9 in Salatiga who meet the
age criteria. First, the students will be informed about the
research objectives and procedures after obtaining permis-
sion from the schools and parents. Then, they will be asked to
fill out self-esteem and satisfaction questionnaires tailored to
the characteristics of elementary school students. Addition-
ally, the researcher will conduct motor skills assessments.
Subsequently, gamification intervention will be implemented
in physical education instruction for eight weeks. After the
intervention period, all measurement instruments will be re-
peated to compare changes before and after the intervention.

The research instruments consist of a self-esteem
questionnaire tailored to the characteristics of 7-9-year-
old elementary school students, with validity test results of
0.82 and a Cronbach’s alpha reliability of 0.71. To measure
satisfaction, the Sports Satisfaction Inventory (SSI) (Duda
& Nicholls, 1992), adapted to physical education classes in
schools (Antonio Baena-Extremera et al., 2012), and also
used in previous research (Morales-Sanchez et al., 2021)
to assess student satisfaction with physical education
instruction. In practice, the SSI instrument underwent
validity and reliability testing adjusted to the characteristics
of 7-9-year-old students with more straightforward language
and easier comprehension. Meanwhile, to assess students’
motor skills, a performance-based motor skills assessment
instrument is used with item validity of 1, validity criteria
of 0.000 < 0.05, and reliability based on Cronbach’s alpha of
0.72 (Wibowo et al., 2024).

Table 1. Self-esteem instrument

Description

I am happy with myself.

I am proud of what I do.

I feel confident.

I feel valuable and important.

I feel comfortable with my appearance.
I have many friends who care about me.
I am happy being myself.

NI

Table 2. SSI Instruments

Description

1. I enjoy participating in physical education classes.

During Physical Education class, I sometimes daydream and
lose focus on what I should be doing.

I feel bored during physical education classes.

In Physical Education class, I often wish the class would end
quickly.

Physical Education lessons are engaging.

When I am in Physical Education class, time flies by quickly.
I am active during physical education classes.

I enjoy physical education classes.

Ll

® N W
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Table 3. Statistical Description

Variabel N Mean Std. Deviation Min Max Sum
Self-esteem 90 2431 3.514 17 33 2188
Satisfaction 90 21.64 3.974 11 31 1947
Motor Skills 90 26 2.962 19 33 2340
Statistical Analysis the compared groups, yielding a test result of 0.116. This

The statistical analysis in this research involves
several approaches, namely descriptive statistical analysis,
prerequisite testing, analysis of variance (ANOVA), and
hypothesis testing using paired sample t-tests. Descriptive
statistical analysis refers to summarizing and describing
the observed data using statistics such as mean and
standard deviation to provide a general overview of the
data characteristics. Prerequisite testing refers to tests or
analyses conducted before the primary analysis to ensure
that statistical assumptions are met. This includes checking
assumptions such as normality and homogeneity. Analysis
of variance (ANOVA) is a statistical technique used to
compare means across three or more variable groups to see if
significant differences exist among the variables Hypothesis
testing using paired sample t-tests indicates that the research
employs paired t-tests to test the difference between before
and after treatment or intervention (pretest-posttest).

Results

The results section of this research presents the main
findings emerging from data analysis related to the use of
gamification in physical education learning in elementary
schools. These findings provide an in-depth picture of
the impact of using gamification on students’ self-esteem,
satisfaction, and motor sKkills, as well as its relevance to the
research objective of improving students” holistic learning
experience.

In this study, an analysis was conducted on three relevant
variables, self-esteem, satisfaction, and motor skills, among
a sample of 90 participants. The analysis results indicate that
the observed average self-esteem is 24.31, with a standard
deviation of 3.514 and a range of values between 17 and 33.
Similarly, for the satisfaction variable, the recorded average
is 21.64 with a standard deviation of 3.974, with a range of
values between 11 and 31. Furthermore, regarding motor
skills, the observed average is 26, with a standard deviation of
2.962, and it has a range of values ranging between 19 and 33.
This data provides an overview of the characteristics of the
variables examined within the observed sample population,
which can offer valuable insights for further studies.

Table 4. Test prerequisites

Kolmogorov-Smirnov

0.200

Homogeneity

0.116

In the context of this research, the Kolmogorov-Smirnov
test was used to test the normality of the data distribution,
yielding a result of 0.200 > 0.05, indicating that the data is
usually distributed. Subsequently, the homogeneity test was
employed to evaluate the homogeneity of variance among

data provides an overview of the validity of the statistical
assumptions considered in the data analysis, which is
crucial in interpreting the research findings and drawing
conclusions.

Table 5. Anova analysis of self-esteem, satisfaction and
motor skills

Sum of Mean

square df Square F Sig.
Between groups  932.682 2 466.341 36.117 0.000
Within Groups ~ 3447.451 267 12.912
Total 4380.133 269

Analysis of variance (ANOVA) tests the differences in
means among two or more groups. In the context of this
research, the ANOVA results indicate a significant difference
in means among the compared groups, with a significance
value (Sig.) of 0.000, which is smaller than the commonly
established significance level (0.05). This result suggests a
significant difference between the two groups.

Table 6. Paired sample statistics

Variabel N Mean S.td'.
Deviation

Pretest 90 24.31 3.541

Self-esteem
Posttest 920 31.32 2.628
Pretest 920 20.39 4.463

Satisfaction
Posttest 90 32.67 3.597
Pretest 920 26.12 3.605

Motor Skills
Posttest 920 35.45 3.287

The data in Table 6 includes the pretest and posttest
results of three observed variables: self-esteem, satisfaction
level, and motor skills. For self-esteem, the pretest mean
score is 24.31 with a standard deviation of 3.541, while
the posttest mean score is 31.32 with a standard deviation
of 2.628. Similarly, for satisfaction level, the pretest mean
score is 20.39 with a standard deviation of 4.463, while the
posttest mean score is 32.67 with a standard deviation 3.597.
Lastly, the pretest mean score for motor skills is 26.12 with
a standard deviation of 3.605, and the posttest mean score is
35.45 with a standard deviation of 3.287. This data provides
a clear overview of the observed changes from pretest to
posttest in each variable, which can offer valuable insights
in evaluating the effectiveness of the given intervention or
treatment.

The analysis of the difference between pretest and
posttest scores for the three observed variables, namely
self-esteem, satisfaction level, and motor skills, indicates
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Table 7. Paired Samples test

95% confidence interval

Variabel Mean Std. Deviation of diffence t df Sig. (2 tailed)
lower Upper
Self-esteem pretest-posttest -7.012 4.562 -7.968 -6.057 -14.593 89 0.000
Satisfaction pretest-posttest ~ -12.280 5.490 -13.430 -11.130 -21.221 89 0.000
Motor skills pretest-posttest -9.338 4.855 -10.355 -8.321 -18.246 89 0.000

statistically significant differences. The average difference
score between pretest and posttest for self-esteem is -7.012,
with a 95% confidence interval ranging from -7.968 to
-6.057. Similarly, the average difference score for satisfaction
level is -12.280, with a 95% confidence interval ranging
from -13.430 to -11.130. Lastly, the average difference score
for motor skills is -9.338, with a 95% confidence interval
ranging from -10.355 to -8.321. These results indicate
significant changes in these variables after the intervention
or treatment, with significance values (Sig.) smaller than the
established significance level (0.05). This analysis provides
crucial insights into evaluating the effectiveness of the
intervention or treatment.

The data analysis indicates that the t-test values for
self-esteem, satisfaction, and motor skills variables are
harmful, namely -14.593, -21.221, and -18.246, respectively.
This harmful condition arises from comparing the lower
average pretest results and the higher average posttest
results. However, in this context, negative t-test values can
be interpreted positively. This is because the difference
between the average posttest and pretest results indicates an
improvement from the initial condition.

Furthermore, since the t-test values for all three variables
exceed the critical t-value of 1.990, and the significance (Sig.
2-tailed) is less than 0.05, the null hypothesis (HO) is rejected,
and the alternative hypothesis (Ha) is accepted. Thus, there
is a significant difference between the pretest and posttest
results, indicating the positive influence of gamification in
physical education learning on elementary school students’
self-esteem, satisfaction, and motor skills.

Discussion

The implementation of gamification in elementary
school physical education has been proven to have a positive
impact on students’ self-esteem. The analysis indicates a
significant improvement in self-esteem following teaching
methods involving gaming elements and competition.
These findings affirm that gamification interventions can
enhance students’ self-esteem within the context of learning
processes and participation in physical activities (Navarro-
Mateos et al., 2024). The improvement in self-esteem
holds important implications for building the confidence
of elementary school students, motivating them to learn,
and enhancing their abilities to achieve academic and social
goals (Acosta-Gonzaga, 2023; Kérchner et al., 2021; Yang
et al., 2019). Therefore, gamification can be considered a
practical approach to strengthening elementary school
students’ psychological and emotional aspects.

The use of gamification in elementary school physical
education has also been proven to impact students’
satisfaction levels with the learning process positively. These

findings are consistent with previous research indicating that
teaching methods involving gaming elements can enhance
students’ satisfaction with learning (Videnovik et al., 2020).
The research results indicate that elementary school students
are more satisfied with their learning experiences when
teaching is fun and interactive (Bukit et al., 2023; Irwansyah
et al,, 2019). Similarly, other research findings suggest that
elementary school students’ satisfaction and academic
performance in physical education learning can be improved
through the use of technology and gaming elements in the
learning process (Andrade et al., 2020; Cojocaru et al., 2022).
Factors such as higher levels of engagement, enjoyment, and
the challenges faced by students when learning through
gamification have also been recognized by previous studies
as contributing factors to increased student satisfaction
with learning (Ahmad et al., 2020; Nguyen-Viet & Nguyen-
Viet, 2023; Rivera & Garden, 2021). Therefore, the use of
gamification in elementary school physical education not
only benefits academic achievement but also enhances
students’ satisfaction with the overall learning process
(Segura-Robles et al., 2020).

Implementing gamification in elementary school
physical education has been proven to impact the
improvement of students’ motor skills positively. This
research found that students significantly improved motor
skills after being exposed to teaching methods involving
gaming elements and competition. These findings are
consistent with previous research indicating that fun and
interactive learning approaches can effectively facilitate the
development of motor skills in elementary school students
(Rizqi & Sutapa, 2019). The study found that using games
and physical activities in learning can enhance children’s
gross motor skills (Aliriad et al., 2024; Nur et al., 2020;
Sutapa & Suharjana, 2019). Similarly, research results have
shown that integrating gaming elements into learning can
improve coordination and motor control in elementary
school students (Mujriah et al., 2022; Saputra et al., 2021;
Suryadi et al., 2023). Therefore, these findings affirm that
gamification in physical education not only enhances
students’ interest and participation but is also effective in
improving their motor skills.

The improvement in elementary school students’ self-
esteem, satisfaction, and motor skills after implementing
gamification in physical education has significant
implications for learning practices in elementary schools.
These findings indicate that the use of gaming elements
and competition facilitates academic achievement and
significantly contributes to the psychological and emotional
aspects of students and their motor skills and well-being.
Therefore, physical education teachers are encouraged to
consider integrating gamification into their lesson designs
to enhance elementary school students’ learning experience
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and stimulate their holistic development. By adopting this
approach, physical education teachers can create a more
engaging, motivating, and enjoyable learning environment,
which, in turn, will increase student participation and create
a sustainable positive impact on academic development.

In the context of research limitations, it is essential to
acknowledge that this study also has several constraints that
must be considered in interpreting its results. Firstly, the
research sample is limited to elementary school students
in specific locations and age groups; thus, generalizing the
findings to a broader population must be done cautiously.
Additionally, the relatively short duration of the intervention
in this study may reflect something other than the long-term
effects of using gamification in physical education learning.
Furthermore, measuring self-esteem, satisfaction, and motor
skills was only conducted using specific instruments, which
may not cover other relevant aspects important in physical
education learning.

For future research, it is recommended to expand the
sample coverage, both in terms of location and the age range
of students, to obtain a broader generalization of the findings.
Additionally, conducting long-term studies involving
more intensive gamification interventions is suggested
to understand their long-term effects on students’ self-
esteem, satisfaction, and motor skills. Furthermore, future
research could also consider using various comprehensive
measurement methods to gain a more holistic understanding
of the impact of gamification in physical education learning.
Future research is expected to provide more profound and
relevantinsights for developing more effectiveand sustainable
learning practices by addressing these limitations.

Conclusions

The conclusion of this study elucidates that the
utilization of gamification in physical education learning
at elementary schools significantly impacts students’ self-
esteem, satisfaction, and motor skills. These findings align
with the research objective of exploring gamification’s effects
in enhancing student’s learning experiences and promoting
their holistic development. The results of the analysis
indicate that gamification interventions effectively improve
students’ self-esteem, satisfaction with learning, and motor
skills. The practical implications of these findings underscore
the importance of considering gamification integration
in learning design as a strategy to enhance the quality of
education at the elementary school level.

However, it is essential to acknowledge the limitations of
this research in interpreting its findings. The limited research
sample and short intervention duration constrain the
extensive generalization of the findings. Therefore, for future
research, it is recommended that the sample coverage be
broadened and long-term studies conducted to understand
the long-term impacts of gamification be conducted.
Additionally, more comprehensive measurement methods
are warranted to gain a more holistic understanding of the
effects of gamification in physical education learning.
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MigBuLeHHA PiBHA CaMOOLHKIN, 3a40BOJIRHOCTI
Ta pyXOBUX HABUYOK LWAAXOM renmidikauii Ha 3aHATTAX
3 pi3NYHOro BUXOBAHHA Y NOYATKOBIN WKOI

Kaito Bi6oBo'ABCPE

"Xpuctuancoekuii yHiBepcureT CaTtbsa BakaHa

ABTOpCBHKNMIT BKIIAM: A — FU3aitH JOCTIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 7 ., 7 Tab1., 34 mKeperL.

Mera gocmifykeHHA. MeTO0 IIbOro TOCTiKeHH:A 6y/I0 BUBYEHHS BIUIMBY reiiMigikaiii 3aHATh 3 PisMYHOr0 BUXOBaHHA Ha
IiIBUILEHHSA PiBHA CAaMOOLIHKI, 3a/J0BOJIEHOCTI Ta PyXOBMX HaBMYOK y4YHIB IIOYaTKOBMX K/IaciB 7-9 pOKiB.

Marepiamn Ta MeToaM. Y HOCTi/I)K€HHI 3aCTOCOBAHO IepeleKCIIepMMeHTaIbHIIT MeTO/] 3 BUKOPUCTAaHHAM MOJeNi OffHO-
IPYIOBOTO Hepefi- i MiCIATECTOBOIO CIIOCTEPeXXEeHHs 6e3 3aTy<eHHs KOHTPOIBHOI Iy, Y JOCTiIKeHH] B3siu ydacTb 90 y4IHiB
MOYaTKOBMX KJIACiB y Billi 7-9 pokis 3 micta Canarira (IHgoHesis), BifiOpaHUX IUIAXOM Ii/IeCIIpsIMOBaHOI Bubipku. Y xopi gocri-
JPKEHHS BUKOPMCTAaHO iHCTPYMEHTH JI/Il BUSHAY€HHSA PiBHA CaMOOLHKY, 3a/J0OBOIEHOCTI CHIOPTOM Ta OLIiHKM PyXOBUX HaBUYOK,
AKi 6y BalifjoBaHi Ta mpoTecToBaHi Ha HOCTOBipHICTD. TeiimidikoBaHa iHTepBeHIIiA Oy/Ia BIpOBaJKeHa B HABYA/IbHUIT IIPOLIeC
3 $isMYHOrO BUXOBAHHS IIPOTATOM BOCBMU TYDKHIB. CTaTMCTUYHUI aHaIi3 IPOBEJeHO 3 BUKOPUCTAHHAM ONMCOBOI CTATUCTHKIA,
TeCTiB Ha BifJIIOBIAHICTD yMOBaM AOCTiKeHHsI, Aucriepciiinoro ananizy (ANOVA) ta t-xpuTepiiB fist mapHuX BUOIpoK.

Pesynbrarm. [IpencraBneni pesynbraty CBifldaTh PO 3HAYHI BiIMiHHOCTI y CIIOCTEPEXXYBaHMX 3MiHHUX IIiC/IA IPOBEI€HHA
inTepBeH1ii 3 piBHeM 3HauyIocTi (Sig) 0,000 < 0,05. Po3paxyHKoBi 3HaYeHH t-KpUTepilo /A BCIX TPHOX 3MIHHMX MOKa3au 6i/b-
Iy 3HAYYIIICTDb, HDK KPUTUYHE 3HaYeHHA t-KpuTepio 1,990, 3 piBHeM IBOCTOPOHHBOI 3HavymocTi (Sig. 2-tailed) < 0,05. Orxe, 1je
O3Hayae, 110 re]?{Mi(biKauiH Ha 3aHATTAX 3 (’pi3Mquro BMXOBaHHA B ITOYATKOBIll KO/ Ma€ CTaTUCTUYHO 3HAYYIIVI TIO3UTUBHUI
BIIIVB Ha IIOKa3HMKY CaMOOLIiHKY, 3aJOBOJIEHOCTi Ta PyXOBMX HaBUYOK Y4HiB.

BucnoBku. PesynpraTu BoCmiKeHHA JOBOAATD eeKTUBHICTD BIIPOBA/PKEHHS reliMipiKOBaHNX iHTEepBEHIIil Y HiIBUILEHH]
PIBHA CaMOOL[{HKI Y4HIB, IXHbOI 3a/I0BOJIEHOCTi HABYAHHAM Ta IOJIMIIEHH] PO3BUTKY PyXOBMX HaBMYOK Ta 3Ai6HOCTEI. [Tpak-
TUYHEe 3HAaUeHHs LMX Pe3y/IbTaTiB MiAKPEeCII0E BaXK/IMBICTD BpaXyBaHHs iHTerpanii reiiMipikoBaHOro IpOLeCy y HaBYIbHUI
IV3aiTH K CTpaTeril MiABMIeHHs AKOCTI HaBYaHH: (i3YHOrO BUXOBAaHHS B IOYaTKOBNUX IIKO/AX.
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Abstract

Objectives. This study aimed to assess the impact of an 8-week tele-exercise program on the quality of life (QoL) and

body composition among female older adults.

Materials and methods. This study involved female participants aged 60 and older, using a quasi-experimental
research design. The tele-exercise regimen comprised a multimodal approach, with sessions lasting 30 minutes,
conducted three times a week over an 8-week period. The program included breathing exercises, cognitive training,
balance exercises, strength training, stretching, aerobic dance and karaoke singing. The sessions were conducted via
streaming studio facilities at the Computer Center of Ubon Ratchathani Rajabhat University (Thailand). The tele-
exercise equipment was represented by the following technical means: a 50-inch LED T'V, OBS (Open Broadcaster
Software) version 30.1.2 for live broadcasting and video recording, Google Meet for virtual interaction, wireless
portable microphones, a desktop computer, and two 19-inch computer monitors. Pre- and post-intervention data
were collected, including assessments of QoL using the Thai abbreviated version of the World Health Organization
QoL questionnaire and body composition measurements (waist circumference and bioelectrical impedance analysis;

BIA).

Results. Statistically significant improvements were observed in both QoL and body composition following the tele-
exercise intervention. QoL scores demonstrated significant enhancements in overall QoL (p = 0.004), as well as in the
social relationship (p = 0.002) and environmental (p = 0.001) domains. Regarding body composition, reductions in
waist circumference and visceral adipose tissue were statistically significant (p < 0.05), while muscle mass and body
fat mass showed trends toward improvement, though not statistically significant.

Conclusions. The findings suggest that tele-exercise training holds promise for enhancing QoL and positively
influencing body composition among female older adults. This underscores the potential of tele-exercise as a viable
option for older adults, offering cost and time-saving benefits, particularly in situations where transportation may

pose challenges.

Keywords: body composition, older adults, quality of life, tele-exercise.

Introduction

Individuals at any stage of life are now required to be
proficient in digital technologies. This topic has garnered
significant attention from researchers (Oh et al., 2021).
Particularly in countries like Japan, South Korea, Singapore,
and Thailand, the importance of digital technology for

© Khanthong, P, Sangprapai, W, Jetinai, K., & Namboonlue, C.,
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maintaining the health of older adults is increasingly
recognized (Aung et al., 2022). Additionally, the concept
of digital literacy has expanded to include eHealth literacy,
which refers to the ability to effectively locate, understand,
and evaluate health-related information from electronic
sources and apply it to address health concerns (Norman &
Skinner, 2006). This comprehensive understanding of digital
literacy highlights the necessity for older adults to adeptly
navigate digital platforms to access vital health information
(Chanyawudhiwan & Mingsiritham, 2022).

Recent years have seen a notable surge in the
development of technological innovations tailored to
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meet the specific needs of older adult populations. These
innovations encompass a wide range of systems designed
to provide assistance across various contexts (Liu et al.,
2023), especially in addressing challenges exacerbated by
the COVID-19 pandemic (Haase et al., 2021).

Home tele-exercise offers numerous advantages,
including a reduced risk of infection transmission due to
decreased interpersonal contact. Empirical evidence suggests
that it fosters increased independence among older adults
and yields positive outcomes for their physical and mental
well-being (Ghram et al., 2021). Moreover, the convenience
ofhome tele-exercise is enhanced by eliminating the need for
travel, resulting in both time and cost savings in healthcare
expenditures (Noel et al., 2004).

From a healthcare perspective, telemedicine emerges as a
viable solution for managing healthcare during the COVID-19
pandemic (Latifi & Doarn, 2020). Despite experiencing a de-
cline in quality of life compared to previous years, over 80% of
older adults utilized technology to maintain social connections,
thereby mitigating the impact of social distancing measures
on their social networks (Siette et al., 2021). Previous system-
atic reviews have reported small improvements in balance and
moderate improvements in mobility and strength among older
adults with frailty (Dawson et al., 2024), while older adults
with sarcopenia have shown improved functional fitness and
body composition (Hong et al., 2017). In dementia patients,
telemedicine has proven valuable for assessment and inter-
vention approaches during periods of social distancing (Elbaz
et al,, 2021; Sari et al,, 2023). Furthermore, prior research on
tele-exercise has demonstrated enhancements in both physical
and mental health outcomes (Sangprapai et al., 2023). Conse-
quently, the aim of this study was to investigate the quality of
life (QoL) and body composition of healthy older adults.

Materials and Methods

Study Participants

Older adults affiliated with the senior club of the Ubon
Ratchathani Provincial Administrative Organization were
recruited during the social distancing period in September
and October 2021.The sample size was determined using
the G*power 3.1.4.9 program, with an effect size of 0.95, a
significance level (a) of 0.05, and a statistical power (1-f) of
0.95, resulting in a total sample size of 15 participants. The
inclusion and exclusion criteria are outlined in Table 1.

Human Research Ethics

The study was approved by the Ubon Ratchathani
Rajabhat University Ethics Committee for Human

Table 1. Participant criterion

Research (Approval No.641008), ensuring adherence to
ethical standards. The research protocol was conducted in
accordance with the principles outlined in the Declaration
of Helsinki. Additionally, the study was registered in the Thai
Clinical Trials Database (TCTR 20221103001).

Experimental Design

During the period of COVID-19 social distancing mea-
sures, participants were offered an eight-week tele-exercise
training program comprising sessions lasting 30 minutes,
conducted three times weekly. Prior to the pre-test day, par-
ticipants received a handbook detailing the training program.
The study methodology adhered to the approach outlined
in a previous study (Sangprapai et al., 2023). Assessments at
the pre- and post-intervention stages were conducted at the
UBRU Fitness Center, Ubon Ratchathani Rajabhat University.

The exercise program, conducted in the Streaming
Studio room at the Computer Center, Ubon Ratchathani
Rajabhat University (see Fig. 1), included a variety of
activities: breathing exercises, cognitive training, balance
exercises, strengthening exercises, stretching, aerobic dance
and karaoke singing. Each session lasted 30 minutes and
comprised at least two types of exercises. The aerobic dance
routines developed for this study incorporated movements
relevant to self-care during the COVID-19 pandemic, such
as hand washing and mask-wearing.

Fig. 1. Tele-exercise training protocol at Streaming Studio room

Inclusion criteria

Exclusion criteria

- Age =60 years

- Barthel Index score > 11

- Capacity for auditory, visual, cognitive and verbal
communication including proficiency in the Thai language

- Ubon Ratchathani Province residency required

- Access to smartphone or computer with internet at home

Severe medical conditions (e.g., cancer, bloodstream infections
and tuberculosis)

High risk of COVID-19 transmission

Presence of unstable congenital diseases

Blood pressure exceeding 160/90 mmHg

Pre-existing cardiac conditions

Presence of joint, bone or muscle disorders exacerbated by
physical exertion
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Telehealth Equipment

1. TV LED: two screens, one sized 50 inches and the

other 45 inches.

Google Meet: video conferencing platform.

3. Open Broadcaster Software (OBS) 30.1.2: Software for
live broadcasting and video recording.

4. Windows 10: Operating System.

5.  Wireless Portable Microphone: Utilized to capture the
instructor’s voice.

6. Camcorder: Used for recording trainers.

7. Desktop Computer: One set.

8. Computer Monitors: Two 19-inch monitors for image
display and graphic work (operator).

9. Green Screen: Employed for background alteration in
videos.

10. Ilumination: Lighting setup to enhance video
brightness.

i

Study Measurements

1. QoL Assessment

In the Thai abbreviated version of the World Health Or-
ganization Quality of Life (WHOQOL-BREF-THAI), a total
of 26 questions were included. Responses were recorded on
a 5-point Likert scale, ranging from “none” to “very much’,
across four distinct domains: physical health, psychological,
social relationships, and environmental factors. The scoring
of the WHOQOL-BREF-THAI was standardized, yielding a
total score range of 26 to 130 points and divided into catego-
ries of low (26-60 scores), average (61-95 scores), and good
(96-130 scores) for overall QoL (Mahatnirunkul et al., 1998).
These encompassed 7 questionnaires for physical health (7-
16 scores =low, 17-26 scores = average, 27-35 scores = good),
6 focusing on mental health (6-14 scores = low, 15-22 scores
= average, 23-30 scores = good), 3 examining social relation-
ships (3-7 scores = low, 8-11 scores = average, 12-15 scores
= good), and 8 addressing environmental domains (8-18
scores = low, 19-29 scores = average, 30-40 scores = good).
Data collection procedures involved the utilization of online
information forms administered via Google Forms, com-
pleted by self-evaluation via a LINE group.

2. Body composition measurement

2.1. Waist circumference (WC); WC measurement
was conducted at the level of the navel while participants
maintained a standing position (Yamamoto et al., 2024). The
measuring tape was positioned horizontally on the floor and
perpendicular to the body’s long axis. It was taut but did not
press against the abdominal wall.

2.2. Bioelectrical impedance analysis (BIA); BIA
equipment (SecamBCA, Hamburg, Germany) was used for
five minutes to evaluate body composition (Namboonlue et
al., 2021). This instrument analyzes body weight, body fat
mass, muscle mass and visceral adipose tissue.

Statistical Analysis

IBM SPSS Statistics version 19.0 was employed for the
statistical analyses (IBM Corp., NY). The Shapiro-Wilk test
was utilized to assess a normal distribution by examining the
mean and standard deviation. The Wilcoxon Signed Rank
Test was employed to compare mean variables within the
group between pre- and post-tests. A significance level of
p < 0.05 was established.

Results

Table 2 displays the baseline characteristics of the
participants. The majority of participants were aged
between 60 and 69 years, reported having chronic diseases
necessitating regular medication and exhibited a normal
body mass index (BMI).

Table 2. Baseline characteristics of the participants

Parameters Number %
Age (v) 60-69 9 60.00
e
gy >70 6 40.00
Yes 9 60.00
Chronic disease
No 6 40.00
Yes 10 66.67
Regular medicine
[ 5 3.33
18.50-22.90 3 20.00
23.00-24.90 7 46.67
BMI (kg/m?)
25.00-29.90 5 33.33
>30 0 0.00

Description: BMI; body mass index

Figure 2 depicts the QoL at the PRE-POST assessment
stages. Inthe physical health domain, the intervention yielded
average pre- and post-scores of 27.80 + 3.69 and 29.40 + 2.23,
respectively, with a p-value of 0.130. These findings suggest
a favorable QoL both before and after the intervention.
Similarly, in the psychological domain, the average pre- and
post-scores were 26.60 + 2.95 and 27.67 + 2.44, respectively,
with a p-value of 0.269, indicating a consistent good QoL
across assessments. Notably, the social relationships domain
exhibited average pre- and post-scores of 10.47 £ 2.36 and
13.33 + 1.63, respectively, with a significant p-value of 0.002,
signifying an improvement from average to good QoL.
In the environmental domain, the average pre- and post-
scores were 31.60 + 3.94 and 38.00 + 2.10, respectively, with
a significant p-value of 0.001, indicating good QoL levels
both pre- and post-intervention. Additionally, a statistically
significant improvement in overall QoL was observed with
a p-value of 0.004. The average scores for pre- and post-

140 -

*
N OPRE
120 A
-'L oPOST
§ 100
=
2
& 80
o)
=l
Zz 60
"g' *
< 40
*
N ’_L”-L‘ ’—L”_L‘ HH
. [
> A o X T
:,‘*‘ o}é” N 6@“ é\\
A ¥ N o O &
> RS >
& s & & &
< <« & ® N
& R
o 040

Quality of life domains

Fig. 2. Comparison of pre- and post-quality of life scores.
*Significant p < 0.05 (pre vs post)
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Table 3. The body composition of the participants

Parameters Pre-test Post-test zZ p-value
Waist circumference (cm) 88.20+5.89 83.00+6.71 -3.088 0.002%
Muscle mass (kg) 13.6742.36 15.1845.32 -1.886 0.059
Body fat mass (%) 43.02+3.14 42.67+3.27 -0.966 0.334
visceral adipose tissue (L) 2.62+0.42 2.26+0.51 -3.118 0.002*

*Significant p < 0.05 (pre vs post)

assessments were classified as indicative of good QoL at
104.80 + 11.92 and 117.93 * 6.42, respectively.

Table 3 presents the body composition data derived
from WC measurement and BIA. A significant decrease in
WC was observed with a p-value of 0.002. Regarding BIA
results, there was a significant reduction in visceral adipose
tissue with a p-value of 0.002. Furthermore, there was an
increasing trend noted in muscle mass and body fat mass,
although these changes were not statistically significant,
with p-values of 0.059 and 0.334, respectively.

Discussion

The 8-week tele-exercise program resulted in significant
improvements in both QoL and body composition among
participants, particularly female older adults and during the
COVID-19 pandemic. The effectiveness of multimodal ex-
ercise in female older adults has been corroborated by stud-
ies indicating an elevation in brain-derived neurotrophic
factor (Vaughan et al., 2014), a biomarker of neurogenesis
induced by physical exercise (Titus et al., 2021). Under the
COVID-19 epidemic, mobile and online communication
emerged as popular alternatives for older individuals to re-
tain social contacts, engage in community events, relieve
stress and loneliness (Greenwood-Hickman et al., 2021).
Additionally, beyond the distancing period, tele-exercise
programs have the potential to enhance physical activity
levels in older adults (Chan et al., 2023). Moreover, a sys-
tematic review and meta-analysis have shown no significant
difference between face-to-face and tele-exercise programs
(Wicks et al., 2023). However, challenges such as effort and
performance expectations, as well as underlying health con-
ditions, remain prominent concerns (Turcotte et al., 2023).

According to the findings, it appears that the COVID-19
epidemic and the ensuing social distancing measures may have
influenced the social factors. This is illustrated by the baseline
categorization, which primarily identified the social relation-
ships domain as having an average QoL, while the other do-
mains were classified as having a good QoL (Fig. 2). These
results are consistent with previous studies that have demon-
strated improvements in QoL among older adults experiencing
social isolation due to the COVID-19 pandemic (Solis-Navarro
etal., 2022; Zengin Alpozgen et al.,, 2022). Moreover, significant
differences in QoL have been observed among non-hospitalized
post-COVID-19 individuals (Poon et al., 2024). However, a sys-
tematic review and meta-analysis investigating QoL prior to the
COVID-19 pandemic did not identify significant differences in
health-related QoL (Chan et al., 2021). This suggests that crises
or vulnerable situations among older adults could potentially be
mitigated by tele-exercise programs, thereby enhancing QoL.

Regarding body composition, the WC exhibited
statistically significant improvements in this study, aligning

with previous findings in older adults (Kuhle et al., 2014) and
individuals residing in long-term nursing homes (Arrieta
et al., 2018). Furthermore, a systematic review and meta-
analysisrevealed that regular aerobic exerciseled toa decrease
in WC of approximately 3 cm among overweight or obese
individuals (Armstrong et al., 2022). Comparatively, the WC
reduction observed in this study was approximately 5 cm,
despite only one-third of the participants being overweight
andno cases of obesity present. Inthe context of BIA, this study
revealed statistically significant enhancements in visceral
adipose tissue and observed trends suggestive of potential
increases in muscle mass and body fat mass over the 8-week
intervention period (Table 3). Accordingto Silva etal. (2022),
their study juxtaposing tele-exercise alone and tele-exercise
supplemented with nutritional coaching demonstrated that
an 8-week tele-exercise regimen led to enhancements in
exercise capacity. However, the intervention did not yield
statistically significant changes in anthropometric or body
composition-related parameters (Silva et al., 2022). This
finding aligns with a previous systematic review and meta-
analysis, which indicated improvements in muscle strength
and performance, although not specifically in muscle
mass (Escriche-Escuder et al., 2021). Additionally, a study
investigating tele-exercise at home in older adults reported
improvements in muscle mass after 12 weeks (Hong et al.,
2017). Furthermore, various additional factors are associated
with enhancing their overall state of well-being and aspects of
QoL (Amorese & Ryan, 2022; Najafi et al., 2023). Moreover,
a previous study demonstrated statistically significant
enhancements in body composition after 15 weeks (Blasco-
Lafarga et al., 2020), suggesting that extended or long-term
tele-exercise interventions may yield distinct effects on body
composition. Notably, low muscle mass has been linked to
mortality in older adults, underscoring the potential benefit
of tele-exercise in increasing muscle mass and attenuating
mortality (de Santana et al., 2021).

The main limitations of this study include a small sample
size, alack of a control group, a short duration of the exercise
intervention, and a focus exclusively on female older adults.
Additionally, there may be concerns regarding the accuracy
of the measurement tools utilized. Future research should
aim to address these limitations by implementing random-
ized controlled trials with predefined protocols, longer in-
tervention durations, inclusion of both genders, and the uti-
lization of high-accuracy instruments for body composition
assessment, such as dual-energy X-ray absorptiometry.

Conclusions

The 8-week tele-exercise program significantly improved
QoL and body composition among female older adults. This
intervention, particularly valuable during the COVID-19
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pandemic, offers a practical solution for maintaining well-
being while adhering to social distancing measures. Signifi-
cant QoL enhancements, especially in social relationships
and environmental domains, were observed, along with no-
table reductions in WC and visceral adipose tissue.
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OuiHKka epeKTMBHOCTI Nporpamu AUCTaHLiNnHNX Pi3sNUHNX
TPeHyBaHb Ha NOKa3HUKUN AKOCTi XKUTTA
Ta KOMno3uuii Tina cepep XiHOK NOXWNoro BiKy

ITxakcavinxon Xantxour'*5P; Bapini Canrmpamaii'®“¥,
KoryakopHn [I>xerinait'®’, Yaitasar HamOynmye'A5°

'Y6onparuarxaHChbKUIT yHiBepcuTeT Papkabxar

ABTOpCHKIMIT BKIAM: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 7 c., 3 Tabn., 2 puc., 37 pxepena.

Mera gocmigxeHH. [JOCTiPKeHH: CIPsAMOBAHO Ha OL[{HKY BIUIMBY 8-TIDKHEBOI IIPOrpaMi AUCTAHLINHNX (Gi3UIHUX TPeHy-
BaHb Ha AKicTb kuTTA (1K) Ta KOMIosuito Tina cepef XiHOK ITOXM/IOTO BiKYy.

Marepianu Ta MeToM. Y TOCTIIKEHHI 3 3aCTOCYBAaHHAM KBa3i-eKCIIEPMMEHTA/IbHOTO AM3aiHY B3/IM YYacTh KiHKM BiKOM
60 pokiB i crapmie. PexxuM puctaHuiitanx GisMYHNX TpeHYBaHDb CKJIaaBCA 3 MYIbTUMONANBLHOTO IMiIXOMY, CeaHCH TPUBAIICTIO
30 XBUIMH IPOBOAMINCA TPUYi HA TUXKJEHDb NPOTAroM 8 TYKHIB. [Iporpama oxommoBana JuXanbHi BOPaBM, KOTHITUBHE Tpe-
HYBaHHsI, BIIPaB) Ha PiBHOBAry, CMJIOBI TPEHYBaHHsI, PO3TKKY, aepoOHi TaHII Ta CHiB y Kapaoke. 3aHATTS IPOBOJUINCA 3a
JOIIOMOTOI0 CTYZil TOTOKOBOTO MOBJ/ICHHS B KOMIT I0TePHOMY IjeHTpi YOOHpaTdaTxaHChKOro yHiBepcuteTy Pamkabxar (Tainann).
O6mafHaHHs /s IPOBeeHH s AUCTAHIIHNX DisSMYHMX TpeHYBaHb OY/IO IIPeCTAaB/IeHO HACTYIHNMMIM TEXHIYHUMMU 3acobaMIuL:
50-proiimoBuit LED-Tenesizop, mporpamue 3abesnedennss OBS (Open Broadcaster Software) Bepcil 30.1.2 mjst mpsiMoi TpaH-
cnAnii Ta Bifeosanucy, Google Meet ajs BipTyanbHOI B3aeMofil, 6e34poToBi mopTaTuBHI MiKpodOHN, HACTIIBHUIT KOMIT IoTep i
nBa 19-mr0iiMOBi KoMIT FoTepHi MOHITOpH. 306ip JAaHMX [0 Ta IiC/Is iHTepBeHMii BK/I04YaB oniHKy SDK 3 BUKOpMCTaHHAM TaliChbKOl
CKOpPOYeHOI Bepcil OMUTyBaIbHIUKA AKOCTI XUTTA BcecBiTHBOI Opranisariii 0XopoHU 30pOB s Ta BUMiPIOBaHH:A ITOKA3HMUKIB KOM-
no3uii Tina (okpy>XHicTb Tammii Ta 6ioimmenancHmit aHanis; BIA).

Pesynpraru. ITic/s BIpoBapKeHH: iHTepBeHIil y popMi gucTaHIiltHNX QiSMYHUX TPEHYBaHb CIIOCTEPIiraaocsa CTaTUCTIUIHO
3Hauyllle IIOKpallleHHA AK MokasHukis SIK, Tax i kommosuuii Tina. IToxasauknu 0K mpopseMoHCTpyBany 3HayHe IOJINIIEHHA
saranpHoro piBHs SDK (p = 0,004), a Takox cdepu conianpuyx BifHocKH (p = 0,002) Ta HaBKOMUIIHBOTO cepefosuiia (p = 0,001).
IITo cTOCy€eThCs MOKA3HUKIB KOMIOSMIII Ti/Ia, 3MEHIIEHHsI OKPY>KHOCTI TaIii Ta BicIiepasbHOI )XMPOBOI TKAHMHY OY/I0 CTaTIC-
TUYHO 3HAYYLIUM (p < 0,05), Tozi AK M’A30Ba Maca Ta JKMPOBA Maca Ti/la IT0Ka3aay TeHEHIIIO 10 MOKpalleHHs, IIPOTe He 6ym/1
CTaTUCTUYHO 3HAYYIVIMMU.

BucnoBku. Pesynbraty gociiikeHHA CBif4aTh PO NepCHeKTUBHICTb MPOBeNEeHHA AMCTAHLIHNX TPEeHYBaHb 3 METOIO II0-
KpallleHHs AKOCTi )KUTTA Ta IO3UTUBHOIO BIUIMBY Ha IIOKa3HMKM KOMIIO3M1ii Ti/la cepef »KiHOK rmoxusioro Biky. e migkpecmoe
MOTEHIIa/T JYCTAHIIITHIX TPEHYBAHbD SIK [JIEBOTO METOAY aKTUBHOCTI /st 0Ci6 ITOXM/IOro BiKY, 10 JO3BOJISIE 3a0IA/UTI KOLITI
Ta 4ac, 0COOMMBO B CUTYALiAX, KON TPAHCIOPTYBAaHHA MOXe OyTU MPOOIeMaTHIHIM.

Ki1ro4oBi ¢1oBa: KOMIIO3UIIA Tia, 0cOO6M TOXUIIOTO BiKY, AKICTb XWUTTS, IVCTaHIIiliHe (biquHe TpEeHYBaHHA.
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Abstract

Objectives. The study aimed to examine the impact of VMBR training on performing certain table tennis skills.
Materials and methods. A total of 50 male state table tennis players, aged between 17 and 23, were selected at

the Inspire Table-Tennis Academy in Secunderabad, Telangana. These players were randomly divided into two
groups: an experimental group and a control group, each comprising 25 participants. The experimental group
underwent a 12-week VMBR training regimen three times a week, while the control group simply continued with
their regular daily practice routines. Prior to the study and after the 12-week period, assessments were conducted
using Pushpendra Purashwani’s table tennis skill tests, specifically the alternate counter test and the forehand drive
techniques on target test, developed in 2011. Statistical analyses involved the application of dependent t-tests and

descriptive statistics to evaluate the outcomes.

Results. The experimental group’s results indicated that both the alternate counter test and the forehand drive on
target test had a marked positive effect on players of table tennis at the 0.01 significance level. The study contributes
to our understanding of psychological elements’ crucial role in influencing skill performance.

Conclusions. The research delves into how various psychological factors affect performance. Previous studies

have demonstrated that visualization and images can significantly enhance performance. Table tennis players can
overcome mental hurdles through a systematic psychological technique called rehearsal. This process involves
mentally replaying an event in a step-by-step manner. The phases of Visual Motor Behavior Rehearsal (VMBR) that
lead to better performance include technique refinement, error analysis and correction, preparation for competition,
and enhancement of psychological aspects. Future studies could investigate VMBR’s impact on specific table tennis
skills or other sports in order to assist athletes in improving their psychological parameters and performance.
Keywords: VMBR Training, Table Tennis, Alternate Counter, Forehand Drive, Skill Performance, Psychological

Factors.

Introduction

Being a top player is not simple. Players must have the
right psychological traits in order to succeed in addition to
having the necessary technical skills, physical capabilities,
and physical fitness (Weinberg, 1998). According to Salazar et
al.,, the most important element influencing how well athletic
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talent’s function is the mental state just before the skill is
executed (Salazar et al., 1990). Psychological concepts like
wisdom, feeling, inspiration, joy, zeal, and sportsmanship
(Santosa & Soegiyanto, 2016).

Table tennis is essentially a straightforward game that
involves striking the ball after it has landed on the table and
constantly hitting, guiding, and positioning the ball to the
opponent’s table with the expectation that the opponent
would be unable to return the ball (Carrasco, Pradas, Flo-
ria, Martinez, Herrero, & Gonzalez Jurado, 2010). In this
sport, the ball is constantly hit, directed, and placed on the
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opponent’s table with the aim that the opponent will be un-
able to retrieve the ball (Mahendra, Nugroho & Junaidi,
2012). Mastering the technical aspects of the game is crucial
for success in table tennis since they may determine a play-
er’s outcome. Table tennis as a racquet sport with a limited
playing area that requires remarkable precision, speed, and
self-assurance. High levels of anxiety might be detrimental
to a player, since they could cause issues including trem-
bling, poor coordination, and a loss of confidence (Schlager
& Gross, 2011). A psychology skill-training course benefits
national table tennis players’ performance (Lim et al., 2018).
In addition, technical, physical, and mental elements govern
the game of table tennis. principles of technique, including
movement, strokes, and grip. Physical attributes including
strength, power, agility, balance, stamina, flexibility, and pre-
cision (Pluta et al., 2020). Most attacking techniques in Table
Tennis are both the forehand and backhand drives (Mahesh-
wari et al., 2023).

In modern world of competition cognitive intervention
for players become a very essential and widely accepted
by everyone. In performance psychology, visualization
technique has been widely popularized and VMBR is a
standardized training method contributes to improving
athletic performance in a wide range of sports. It is a
mental practice required the combined involvement of both
relaxation and mental imagery. The VMBR makes it possible
for the player to train under actual match circumstances.
Anxiety and mental toughness are the most common
concepts related to sports competitive environment and are
widely discussed by the performers and the trainers. Anxiety
disrupted the attention and worries about the performance
in competitive situation (Sharma & Prasad, 2023).

Achievement in a competitive sporting environment,
motivation is essential for achieving the highest degree of
improved athletic performance (Sharma & Purashwani,
2021). In VMBR, an event is mentally recorded and
then replayed piece by piece. Athletes can increase their
performance through the VMBR phases of technique
development, error analysis and correction, and completion
preparation. the raising of psychological barriers and
skill development (Chauhan et al., 2020). The premise of
VMBR is that tasks may be made easier and more exact
by employing imagination before they are carried out.
It is also possible to use imagination that extends beyond
what is practical for athletes to do both intellectually and
physically. VMBR training helps athletes eliminate mistakes
and improve performance by making them understand
their motor controls defects through visualization exercises
(Chaudhary, 2018). VMBR has been demonstrated to be
one of the techniques that may speed up and improve the
learning process for beginners. VMBR training and physical
practice together improve skill performance and increase
effectiveness (Saari & Isa, 2018).

Relaxation training, visualization, and simulation
of stressful environments are all components of VMBR.
The foundation of the VMBR is the knowledge that past
imagination is used to carry out the task; this makes the
task easier and more accurate to perform and imagination
of exercise make physical and intellectual achievement
(Alrahamneh & Elbokai, 2011; Sharma & Prasad, 2023).

Therefore, Investigating the impact of VMBR training
on certain table tennis skill executing skills was the goal

of this study. Through some earlier research on VMBR
training, it was discovered that the intervention was carried
out among athletes who mostly participated in team sports,
and other closed skill games with pre-defined motions,
like archery (Saari & Isa, 2018). In racket sports, where the
demands are so high and the emotions so high, the mental
aspect of performance has a distinct role (Cece et al., 2020),
and considering table tennis as a most popular racket sports
on earth (Jiangzhou et al., 2020), The researchers planned to
undertake VMBR training for table tennis players in order to
investigate its impact on certain playing skills through skill
performance capabilities.

Materials and Methods

Subjects

Fifty male table tennis players at the state level were
chosen from the Inspire Table-Tennis Academy in
Secundarabad, Telangana, to participate in the study. The
individuals’ages varied from 17 to 23 years old. Two complete
groups were developed for administration feasibility; one
was an experimental group and the other was a control
group. The participants had a minimum of three years of
playing experience at the time the data was collected. Men
who play state-level table tennis and are physically active
were the only volunteers chosen at random for the study.
The participants were asked to sign written consent forms
before to data collection. The subjects received a thorough
explanation of the study’s objectives as well as an orientation
to the training and skill testing.

Procedure

Alternate Counter Test and Forehand Drive on Target
Test were the variables chosen for the study based on the
literature that was accessible and the results of comparable
research investigations. Pre-Test Post-Test Randomized
group design was employed for this investigation.

In the experimental group, participants engaged in a
structured regimen known as VMBR training over a period
of twelve weeks. Sessions were scheduled from six thirty
to seven twenty in the morning on Mondays, Wednesdays,
and Fridays. The training commenced with a 6-10-minute
warm-up, encompassing stretching and running exercises.
Participants resumed their regular evening table tennis
activities following the morning sessions.

The VMBR training protocol comprised three stages:

1. This initial stage spanned eight to ten minutes and
involved progressively tensing and relaxing specific muscle
groups, starting from the forehead and scalp, then moving to
the neck and shoulders, upper chest, thighs, and concluding
with the calves.

2. Lasting 8 to 10 minutes, this stage utilized a projector
to deliver visual presentations on game-related topics like
inspiration, talent, and strategy. Participants were then
prompted to engage in visualization exercises, meticulously
recreating mental images and focusing on every detail
presented.

3. In this final stage, participants employed visualization
techniques to link the content observed in the previous
stage with their own abilities. They immersed themselves
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in imagined scenarios, incorporating sensory experiences
such as crowd noise, the encouragement of teammates, and
the physical sensations associated with real game situations.

Contrarily, individuals in the control group solely
participated in regular table tennis sessions without the
additional VMBR training components.

Data Analysis

The tools used for conducting the skill test were
scoresheet, pen, stopwatch, chalk marker, ball picker, table
tennis racket, table tennis table and balls.

Alternate Counter Test: As shown in Figure 1, the
participants were instructed to make the numbers of rallies
with the controller for a period of 30 seconds after sufficient
warming up and practice. A sufficient number of balls were
in the controller’s hand or pocket when the instruction to
“Start” was given, allowing the rally to continue even if the
ball was taken out of play. Two chances were given, maximum
numbers of returns were counted by the researcher out of
two chances of 30 seconds each (Purashwani, 2011).

Fig. 1. Player performing Alternate Counter Test

Forehand Drive on Target: As shown in Figure 2, the
controller feed the ball and the subjects were asked to attack
forehand drive with foot movement from left side of a
particular half after playing back hand push from at the left
corner of the table (in case of right-handed player). Enough
trials were provided. Two chances comprising three attempts
each were given. Score was given according to the bounce of
the ball in the marked areas. The best of two chances (each
comprising of three attempts) was counted as the score of the
subjects (Purashwani, 2011).

\ ]

3
¢

Fig. 3. Marking on the table for scoring as per
Forehand Drive on Target

Statistical Analysis

The collected data were statistically analysed using IBM
SPSS (version 26.0.0) software. The Shapiro-Wilk test for
the parametric test was used to confirm the assumptions
of data normality, and the data did not deviate from the
assumptions (Das & Jhajharia, 2022). The Shapiro-Wilk test
so revealed that the data had a normal distribution. When
comparing the experimental and control groups, Levene’s test
identified homogeneity in the variances. The requirements
of homogeneity were upheld; hence a parametric test was
used to statistically analyse data both before to and during
the experimental period from the control and experimental
groups using a dependent t-test.

Results

Table 1 displayed descriptive data (mean and standard
deviation) for the control group and the experimental group
on a set of table tennis skill competencies before and after
12 weeks of training.

Table 1. Table tennis players’ skill abilities are described using descriptive statistics (mean and standard deviation)

Control Group Experimental Group
Table Tennis Skill Tests
Mean Standard Deviation Mean Standard Deviation
1. Pre-Alternate Counter Test 25.00 2.19 26.76 2.27
2. Post-Alternate Counter Test 24.48 2.40 28.40 1.77
3. Pre-Forehand Drive on Target 06.24 1.85 06.60 2.16
4. Post-Forehand Drive on Target 06.72 1.45 08.44 1.38

Table 2. Table tennis players in the control and experimental groups were compared using a dependent sample t-test to

measure their skill levels

Control Group Experimental Group
Table Tennis Skill Tests
t- Value p-Value (0.05) Sig. t- Value p-Value (0.05) Sig.
Alternate Counter Test 1.236 0.229 Not Sig. 4.389 0.000 Sig.
Forehand Drive on Target 1.423 0.168 Not Sig. 5.754 0.000 Sig.
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Fig. 4. Mean value of Table Tennis Skill Competencies

Table 2 showed the inferential statistics (dependent
t-test) of the control group and experimental group before
and after 12 weeks of training on a subset of table tennis
skill competencies. At the 0.01 level of significance, the
experimental group showed a significant effect on both the
alternate counter test and the forehand drive on target.

Discussion

The aim of the research was to analyse the impact of a 12-
week VMBR training programme on certain table tennis play-
ers’ skill abilities. The findings show significant improvement of
table tennis skill performing ability among those who actively
participated in the VMBR training sessions, i.e., the experimen-
tal Group found significant effect at 0.01 level of significance
for both alternate counter test and forehand drive on target
test among table tennis players. The study helps us understand
how crucial psychological elements are in influencing skill per-
formance. Technique improvement, error analysis and repair,
competition readiness, and enhanced playing abilities are all
aspects of VMBR training that lead to better performance.

One open skill sport where it might be difficult to
control a player’s emotions is table tennis. In this activity,
fear and doubtful thoughts can quickly rise. The ability to
consistently perform at one’s best in table tennis is among
most difficult aspects of the sport. Self-assurance, positive
thinking, and the ability to unwind and control emotions
were shown to be the psychological factors that Table Tennis
best mirrored (Martinent & Decret, 2015).

A research found that VMBR considerably reduced
state anxiety and activation over time compared to controls.
For all three karate performance metrics (skill, combos,
and sparring), VMBR showed better levels of progress over
time than controls. Results are examined in terms of the
connection between arousal and performance as well as the
value of customised practise and instruction when utilising
cognitive intervention approaches (Seabourne et al., 1984).

A research looked into how self-administered VMBR
training affected athletes’ ability to execute. Results showed
that the VMBR group showed much larger gains in
athletic compared to the delayed-training control group’s
performance, which included 36 male and female collegiate
athletes competing in 7 sports (Lohr & Scogin, 1998).

As for the results, novice archers shot score increased
when comparing pre-test score 73.83 (9.806) and post-test
score 81.83 (7.80) with ts = 4.619, p = 0.0057. VMBR has
been found to be an effective psychological aid in increasing
sports performance. In the shooting test, the inexperienced
archers likewise shown positive correlation with r = 0.9085,
p = 0.00, and R? = 0.8101. This study came to the conclusion

that using images as a training tool really did increase
beginner archers’ shot accuracy (Saari & Isa, 2018).

In contrast to the control group, which received 16 ses-
sions of standard archery skill instruction, the experimental
group endured 4 sessions of VMBR training. The physical
practical group outperformed the VMBR group on the archery
shooting skill after 4 weeks (4 days/week) of archery instruc-
tion, with a substantial difference being seen (Dachen, 2019).

It was clear that VMBR training and a composite bio-
feedback intervention routine were sufficient to boost ath-
letes’ physical performance indices, particularly their agility.
Less weariness was felt by the athletes in the VMBR group,
and this, combined with other mood characteristics, pre-
dicted quicker agility (Soumendra, 2021).

In a study, it was investigated how imagery training affect-
ed skilled tennis players’ ability to increase their motor perfor-
mance when returning serves accurately. Results showed that
the motor imagery intervention greatly increased the skillful
players’ accuracy of the service returns. Additionally, individ-
uals considered to be excellent imagers considerably increased
their directional accuracy and were less variable than those
with lesser imaging ability after the 15 imagery sessions (Rob-
in, Dominique, Toussaint, Blandin, Guillot, & Le-Her, 2007).

Thirty systematic, meta-analytic, and narrative reviews
that (a) examined research involving the use of PST to athletes
and (b) summarised the effects of PST treatments on sport
performance, or a motor performance-based substitute for a
sports activity, were included. 90% of evaluations came to the
conclusion that PST treatments might improve performance
(Lange-Smith, Cabot, Coffee, Gunnell, & Tod, 2023).

Limitations

In this research, we did not consider the anthropometric
variables, which could affect the measured parameters.
Namely, for highly overweighted category player may find
difficulty in movement while playing alternate counter as
it requires agility and precision. This study was conducted
with 12 weeks of training, so, being inactive by any player
in frequent sessions due to their personal thought of control
could be taken and considered as the limitations of the study.

Conclusions

The study helps us comprehend the numerous psycho-
logical factors that influence performance. The visualization
and images have been employed as a powerful aid for im-
proving performance, according to earlier literature. Visual
Motor Behaviour, while Table tennis players can overcome
psychological obstacles by using a methodical psychological
strategy called rehearsal. In VMBR training, an event is men-
tally filmed and then repeatedly played back step by step. The
VMBR phases that lead to better performance are: technique
improvement, error analysis & rectification, completion
preparation, and improvement of psychological aspects. Us-
ing a mental movie, VMBR entails step-by-step reliving an
event. In order to determine the impact of VMBR on playing
ability or skill competency and use it in accordance with the
needs of the athlete, future research could be conducted with
more table tennis-related skill-related parameters or playing
abilities on other sports. This would help an athlete improve
psychological parameters and enhance performance.
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AHanis BnavBYy TpeHyBaHb BignpaLloBaHHA 30pOBO-MOTOPHOI
peaxuil Ha KOMNEeTEeHTHICTb rpaBLiB y HacCTiIbHNI TEHIC Yy TOYHOMY
BMKOHaHHi nonepemMiHHNX KOHTP- Ta NpAMUX yAapiB npaBopyy

Apmnas [llapma'*BCPE, Bpimk Kimope [Ipacag'4“PE, Pampkeen Jac'A<PE,
Aunmn ITapma'4©PE; Te6amkut Kapmakap'A“PE, IIpamant Kymap Yoynxapi®A“P®

"HanionanbHmit iHCTUTYT isyHOro BuxoBaHHA iMeHi Jlakimmi Baii
[IpexpacHuit mpodeciitHuit yHiBepCcUTeT
ABTOpCHKNMIT BKIAM: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 6 c., 2 Tab1., 4 puc., 26 pKeperL.

Mera gocmifKkeHHA. MeTO JOCTiIKeHH: 6y/I0 BUBYUTY BIUIMB TPEHYBAaHDb BifIIpalloBaHH: 30pOBO-MOTOPHOI peakxiiii Ha
BMKOHAHHSA NIEBHUX HABMYOK I'PY B HACTi/IbHMII TEHIC.

Marepianu ta Meropgu. B Akanemii HacrinbHoro tenicy Inspire B CexyHnpuepabapi, mrar Tenanrana, 6ymo Bifibpano 50 rpas-
1iB 90/I0BiYOi cTaTi y Billi Bif 17 5o 23 poKiB. Y49acHUKIB HOCTiKEHH 6yn0 PpOSIIOfi/IEHO METOLOM paHAOMisallii Ha Bi rpymm:
eKCIIePUMEHTA/IbHY Ta KOHTPOJIbHY, KOKHA 3 SKMX CKmafgamacs 3 25 oci6b. ExcrepumeHTanbHa rpyna MpoxXoguaa 12-TIDKHEBY
IIporpaMy TPeHYBaHb BifillIpaljl0BaHHA 30POBO-MOTOPHOI peaklii Tpy4i Ha TV KIEHb, TOM AK KOHTPO/IbHA IPyIIa IPOJOBXKYBaa
HOTPUMYBATUCA 3BUYAIIHOIO PEKUMY LIOAEHHNUX TPeHYBaHb. JJO IOYaTKy HOCIiKeHH: i micia 12-TvxHeBoro mepiogy 6ymo
IIPOBEZIEHO OLIiHIOBAHHA PE3Y/IbTATIiB 3a JIONIOMOrOI0 TECTiB Ha BOJIO/IiHHA HaBMYKaMJ HACTi/IbHOTO TEHiCy 3a METOJMKOIO IIPO-
¢ecopa Ilynmennpu IlypamBasni, 30Kkpema, TeCTiB Ha BUKOHAHHS TEXHIKI [TONEPEMIHHIX KOHTP- Ta IPSIMIUX YAapiB IPaBOPyY 110
i, pospobnennx y 2011 pori. MeToaM CTaTMCTUYHOTO aHAJIi3y BK/IIOYA/IN 3aCTOCYBAHHS t-KPUTEPIiB /1A 3a/IeXKHIUX BUOIPOK Ta
OIMCOBOI CTATUCTUKM JIIS OLLiHKY P€3y/IbTaTiB.

PesynpraT. PesynbraTu eKCriepyMeHTaIbHOI TPYIIN ITOKA3aJIl, 110 BUKOHAHHA 000X TeCTiB, a caMe — IoIepeMiHHNX KOHTP-
Ta IPAMUX yIapiB IPaBOPYY IO LjiJli, MAIOTh BUPa KeHMI TOSUTUBHII BIUIMB Ha TPABIIB Y HACTIIbHMII TEHIC Ha PiBHi 3HAYYIIOCTi
0,01. Ile pocnimkeHHA COpKAE HALIOMY PO3yMiHHIO BUpillla/IbHOI POJIi ICUMXONOTiYHMX €/IeMEHTIB 3 TOYK!U 30py BIUIMBY Ha pe-
3y/IbTaTUBHICTh HABMYOK.

BucHoBku. JlocmiykeHHs MOIO/I0€e pO3yMiHHA TOTO, AK Pi3Hi ICMXO/MOTiuHI paKTOPY BIVIMBAIOTh HA MOKA3HUKM Pe3y/Ib-
TaTuBHOCTI. [lonepenni gocmimxeHHA NpOoJeMOHCTPYBaM, 10 Bisyasisallid Ta yABIEHHA MOXKYTb 3HaYHO MiIBUILMTY Pe3y/bTa-
TUBHiCTb. IpaBIi B HACTiNIbHMIT TeHIC 3aTHI JOIATU IICUXOMOTiYHI 6ap’€py LIAXOM 3aCTOCYBaHHSA CHCTeMAaTHYHOI IICHXO/IOTiYHOT
TEeXHIKM, sIKa Ha3\Ba€eThCA BignpanoBaHHaM. Lleit mpouec nmepen6auae mokpoKoBe BifTBOpeHH MOAil Ha piBHI MucneHHs. [lo eTa-
iB BifmpaloBaHHsA 30pOBO-MOTOPHOI peakuii (B3MP), ki cripysA0Th HOKpAllleHHIO TOKa3HMUKIB Pe3y/IbTaTMBHOCTI, HaIeKaTh:
BJIOCKOHAJIEHHA TEXHiKM, aHaJIi3 Ta KOPEKIis IIOMIIOK, IiIF0TOBKA 10 3MaraHb, a TAKOXX IOMIMIIEHHA ICUXO/NIOTiYHMX acIIeKTiB.
Mait6yTHi HOCTIIKEHHA MOXYTb Oy TV IIPUCBsTYeH] BYBYeHHIO BIIMBY B3MP Ha KOHKpeTHi HaBMYKM TP B HACTIIbHMIL TeHic a60
iHIII BU/IM CIIOPTY 3 METOIO JJOTIOMOITY CIIOPTCMEHAM IIOKPAIlMTH CBOI IICUXOJIOTi4Hi MTapaMeTpy Ta pe3yNnbTaTUBHICTb.

Knrouosi cnosa: rpenyBannsa B3MP, HacTinbHMit TeHic, nonepeMinHMiT KOHTPY/Ap, IPAMUI yIap IpaBopyY, Pe3yIbTaTHB-
HICTh HAaBUYOK, IICUXOTOTIIHI GaKTOPH.
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Abstract

Objectives. The reliability of predictive body fat equations remains unclear due to their inappropriate use across
different subject cohorts and conditions. The objective of this study was to validate and cross-validate equations to
predict total and regional body fat in young physically active males.

Materials and methods. Three hundred and five young male participants were divided into the following groups:
active validation (n = 165), active cross-validation (n = 70), or sedentary cross-validation ones (n = 70). The study

used a stratified random sampling based on weekly physical activity level. The total and regional body fat mass were
measured using dual-energy X-ray absorptiometry (DEXA) after an overnight fast. Simultaneous measurements of
height, body mass, skinfold thickness, body mass index, and body circumferences were taken. The total and regional
body fat predictive equations were generated using multiple linear stepwise regression models. The coefficient of
determination (R?) and standard error of estimation (SEE) were calculated to examine the accuracy of the predictive
equations. Furthermore, cross-validation groups were analysed.

Results. The percentage of total body fat, trunk fat, legs fat, arms fat, and body mass index of active cross-validation
were found to be significantly lower than in the sedentary cross-validation groups. The total body fat percentage
was highly associated with abdominal skinfold thickness (r = 0.68-0.74, p < 0.001), body mass index (r = 0.55,

p < 0.001), and suprailiac skinfold thickness (r = 0.67-0.71, p < 0.001) in the active validation group. The predictive
total and regional body fat equations of physically active men showed adjusted R? values ranging from 0.35 to 0.66,
with standard error of estimation values between 2.74 to 4.35%. The standard error of estimation for the predictive
percentage of total and regional body fat in the active cross-validation group was lower than in the sedentary cross-

validation group.

Conclusions. The findings demonstrate that new predictive total and regional body fat equations can be used to
accurately estimate body fat in healthy young active males under fast conditions.

Keywords: inactive men, young men, body composition, skinfold thickness, circumference.

Introduction

The body fat associated with cardiovascular diseases,
diabetes, hypertension, and physical fitness (Chun, Suh,
Byun, Park, & Shim, 2015; Ortega, Lavie, & Blair, 2016;
Takeoka et al., 2016). Therefore, assessing body fat for
monitoring and preventing health problems is essential.
However, using an accurate instrument to measure body
fat in the field can be expensive and inconvenient. Previous
studies have shown that predictive equations for estimating

© Silalertdetkul, S., 2024.

oo Crmopm

§® TMOB
“A¥ 108 0BC

body fat in Western and Asian men have been developed
(Ball, Cowan, Thyfault, & LaFontaine, 2014; Leahy, O’Neill,
Sohun, Toomey, & Jakeman, 2013; Liuetal.,2015). It should be
noted that most of the previous studies developed predictive
total body fat equations. It has been reported that trunk
fat mass is associated with cardiovascular diseases, arterial
stiffness, and insulin resistance in men (Ganpule-Rao et al.,
2013; Kouda et al., 2021; M. Lee et al., 2012). Therefore, it is
important to assess not only total body fat but also regional
fat mass. However, only a few studies developed predictive
regional body fat equations from Caucasian men (Ritchie &
Davidson, 2007; Scafoglieri et al., 2013). The validation of the
predictive total and regional body fat equations developed
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from Western and Asian men applied to Thai men is still
unclear and needs to be examined. Conversely, equations for
estimating total and regional body fat need to be developed
and cross-validated for specific populations.

They correlate the percentage of body fat with ethnic
differences (Davidson et al., 2011; Jensen et al., 2019;
Stults-Kolehmainen et al., 2013), as demonstrated by its
under-estimation and over-estimation when validating
predictive body fat equations between Western and Asian
men (Davidson et al., 2011; Hastuti, Kagawa, Byrne, & Hills,
2013). The predictive body fat equation developed from the
Western population might not be appropriate for application
to the Asian population. It has been demonstrated that body
fat values are not consistent between young, middle-aged,
and older-aged males (Coin et al.,, 2012; Thasz, Finn, Lepes,
Halasi, & Szabo, 2015; Larsson et al., 2015). Previous studies
have shown that lower body fat was observed by active men
compared to sedentary counterparts (Kyle, Morabia, Schutz,
& Pichard, 2004; Scheers, Philippaerts, & Lefevre, 2013).
Additionally, there is a relationship between sedentary time
and visceral fat in men (Henson et al., 2015). Therefore, the
predictive body fat equation developed by active men might
not be suitable to apply to sedentary men. Additionally, the
amount of food and water consumed before the assessment
of body fat contributed to varying fat mass in different
methods (Kerr, Slater, & Byrne, 2017). Consequently, the
validity of predictive total and regional body fat equations
might have been associated with participants’ fasted or non-
fasted states.

Ithas been demonstrated that body fat mass is associated
with differences in ethnicity, age, food intake, and physical
activity level (Coin et al., 2012; Jensen et al., 2019; Scheers
et al., 2013). However, many previous studies have derived
body fat equations using participants from across a range
of ages, without providing food consumption status, and/or
classification of the physical activity level (Leahy et al., 2013;
D. H. Lee et al., 2017; Pongchaiyakul et al., 2005). Therefore,
non-specific predictive body fat equations, which have
been developed from the general male population, may be
inaccurate in estimating body fat under certain conditions.
Consequently, specific predictive total and regional body
fat equations that represent males of a particular ethnicity,
age range, and physical activity level, who have assessments
taken in a fasted state, are required to provide a better
estimation of total body and regional fat mass. Consequently,
the objective of the present study was to validate and cross-
validate predicted total body and regional fat equations of
active young Thai males under fasted conditions.

Materials and Methods

Participants

Three hundred and five young Thai male participants
provided their written informed consent to take part
in this study, which was approved by the Institutional
Research Ethics Committee. To separate the participants
into sedentary and active groups, the participants were
asked to complete PAR-Q (Physical Activity Readiness
Questionnaire) and physical activity questionnaires. In
the active group, participants performed regular physical
activity for a duration of greater than 50 minutes and greater

than 3 times per week. In the sedentary group, participants
performed physical activity for less than 30 minutes and less
than 3 times per week. The participants’ resting heart rate
(Omron, Japan) and blood pressure (Omron, Japan) were
also measured.

Study Design

They randomly divided participants into three groups;
validation, cross-validation with an active group, and cross-
validation with a sedentary group. Anthropometry and body
fat mass were assessed after an overnight fast. Estimated
total and regional fat mass equations were developed. The
difference in fat mass between the predictive equations and
the reference method was analyzed in the sedentary and
active groups.

Assessment of the Reference Method

They performed a total body scan after an overnight fast
using dual-energy X-ray absorptiometry (DEXA, Hologic
Inc, United States) as the reference method. The procedure of
the total body scan followed the manufacturers’ guidelines.
The total percentage of fat mass, and the regional fat mass of
the trunk, arms, and legs, were recorded and analyzed.

Assessment of Anthropometry

Anthropometry measurements included height, body
mass, and body circumferences, which were recorded after
an overnight fast. In addition, the skinfold thickness of the
biceps, triceps, vertical abdominal, transverse abdominal,
suprailiac, chest, subscapular, mid-thigh, and medial-calf
(Lange skinfold caliper, United States), were taken on both
sides of the body (Lohman, Roche, & Martorell, 1991). Body
mass index (BMI) was calculated using the ratio between
body mass in kilograms and height in square meters. Chest,
waist, abdominal, hip, arm, forearm, upper thigh, and calf
circumferences were measured using a measuring tape
(Swain et al., 2014). Waist and hip measurements were taken
at the narrowest part of the waist, and the widest part of the
hip, respectively, and the waist-to-hip ratio was subsequently
determined.

Statistical Analysis

All data were analyzed using statistical software (SPSS
Statistics for Windows, Version 22, Armonk, NY: IBM Corp).
The sample size was calculated using multiple regression
analysis (Dupont & Plummer, 1998). Based on a previous
study (Ohta et al., 2017), the population of the regression
equation was 150 men to provide an R? value between 0.867
t0 0.932, and the standard error of estimation (SEE) between
0.18 and 1.44 kg (5.9-8.7%). The cross-validation sample size
was calculated using a Bland-Altman plot (Bland & Altman,
2010) to determine the difference between the validation
and cross-validation groups.

Paired t-tests were used to analyze differences between
groups, with the relationship between parameters, were
examined using the Pearson product-moment test. They
analyzed the accuracy of the predictive body fat equations
using the correlation coefficient (R?) and the standard error
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of estimation (SEE). They developed predictive equations
of total and regional body fat mass using multiple linear
stepwise regression models, derived from (1) body mass,
skinfold thickness, and circumferences, and (2) body mass
index and circumferences, respectively. The standard error
of estimation was used to analyze the difference in fat

Table 2. The correlation (r) between total body fat mass,
total percentage of body fat, and trunk fat mass with body
mass index, body mass, abdominal circumference, waist
circumference, and skinfold thickness (SF) in the validation
active group

mass between the predictive equations and the reference Total Total o K fat
; : : body fat percentage

method. The waist and hip ratio was calculated from body r /LB 1P & e
circumferences. Data were presented as means * standard mass _of body fat
deviation and the a level of statistical significance was  Body mass index (kg/m?) 0.71* 0.55* 0.71*
accepted at p < 0.05. Body mass (kg) 0.67*  043*  0.66*

Abdominal circumference (cm) 0.57* 0.46* 0.55%
Results I~ .

Waist circumference (cm) 0.56* 0.41 0.55*
Participant Characteristics Left transverse abdominal SF 0.70* 0.74* 0.71*

The participants’ age, body mass, height, body mass
index, waist-to-hip ratio, resting heart rate, resting blood
pressure, and percentage of body fat, are shown in Table 1.
There were no statistical differences in age, height, or blood

(mm)
Right transverse abdominal SF 0.55% 0.70* 0.54*
(mm)

Left vertical abdominal SF (mm)  0.67* 0.68* 0.66*

pressure between the three groups (p > 0.05). The resting  Right vertical abdominal SF 0.67* 0.70* 0.67*
heart rate, body mass, body mass index, the percentage of  (mm)

total b(.)dy' fat, legs fajt, and arms fat in the sedent.ary 8IOUP 1 6 cuprailiac SF (mm) 0.68° 0.67 0.68"
were significantly higher compared to the active group . N

(p < 0.05). There were no significant differences in age,  Right suprailiac SF (mm) 0.69* 0.71* 0.69*

height, waist-to-hip ratio, and blood pressure between the
active and sedentary groups (p > 0.05; Table 1).

Relationship Between Variables

Total body fat mass was significantly correlated with body
mass index, body mass, abdominal circumference, waist cir-
cumference, transverse abdominal skinfold thickness, vertical
abdominal skinfold thickness, left suprailiac skinfold thick-
ness, and suprailiac skinfold thickness (p < 0.001; Table 2).

The highly correlated total percentage of body fat with
body mass index, transverse abdominal skinfold thickness,
vertical abdominal skinfold thickness, and suprailiac
skinfold thickness (p < 0.001; Table 2).

* Significantly associated between parameters (p < 0.001)

They significantly associated trunk fat mass with body
mass index, body mass, waist circumference, abdominal
circumference, transverse abdominal skinfold thickness,
suprailiac skinfold thickness, and vertical abdominal
skinfold thickness (p < 0.001; Table 2).

Predictive Body Fat Equations

Multiple linear stepwise regression revealed the
predictive equations of percent body fat derived from;
(1) body mass, body mass index, and circumferences,

Table 1. Participant characteristics of validation active group, cross-validation active and sedentary groups (mean + SD)

Indicators

Validation active group  Cross-validation active

Cross-validation

(n=165) group (n=70) sedentary group (n=70)

Age (years) 20.00 £ 1.0 19.00 = 1.09 20.00 +1.26
Body mass (kg) 66.00 + 8.51 62.00 £ 7.63 70.00 + 9.53*
Height (cm) 173.00 £ 6.17 164.00 + 5.31 173.00 + 5.82
Body mass index (kg/m?) 22.00 £ 2.30 21.00 £2.36 23.00 + 2.46*
Waist / Hip ratio 0.80 +0.07 0.82 +0.08 0.80 + 0.05
Systolic blood pressure (mmHg) 115.00 + 16.21 114.00 + 13.92 114.00 + 19.82
Diastolic blood pressure (mmHg) 71.00 £ 15.09 71.00 £ 13.96 75.00 + 14.74
Resting heart rate (beat/min) 68.00 + 12.00 66.00 + 12.13 71.00 £ 10.77*
Total body fat (%) 15.00 + 4.88 15.00 £ 5.25 24.00 £ 6.36*
Trunk fat (%) 18.00 + 5.94 18.00 + 6.43 29.00 £ 7.58*
Right leg fat (%) 15.00 + 4.86 14.00 £ 5.09 23.00 £ 5.95*
Left leg fat (%) 15.00 + 4.86 14.00 £ 5.07 23.00 £ 5.95*
Right arm fat (%) 9.00 + 3.64 8.00 +3.96 16.00 + 6.09*
Left arm fat (%) 9.00 + 3.66 8.00 +3.95 16.00 + 6.10*

* Significant difference between cross-validation active and sedentary groups (p < 0.05)
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and (2) skinfold thickness and circumferences. Predictive
equations of percent body fat exhibited adjusted R?
values ranging between 0.35 to 0.66, with standard error
of estimation (SEE) ranging between 2.74 to 4.85%. The
percentage of total body fat, trunk fat, legs fat, and arms fat
predictive equations are shown in Table 3.

Total and trunk fat mass predictive equations revealed
adjusted R? values between 0.77 and 0.78 with a standard
error of estimation between 1.09 and 1.93 kg.

Standard Error of Estimation

The standard error of estimation of equations for the
percentage of total body fat in the sedentary cross-validation
group (3.83-5.04%) was higher compared to the active cross-
validation group (1.88 to 4.21%). In the active group, the
standard error of estimation for the percentage fat equations
in the active cross-validation of the trunk, legs, and arms,
ranged between 2.56 to 4.21%, while in the sedentary group,
the values ranged between 3.95 to 4.56%. The standard error
of estimation for the percentage of total body fat, trunk fat,
leg fat, and arm fat are presented in Table 3.

The standard error of estimation in the active cross-
validation group for total and trunk fat mass in the sedentary
group (1.67-3.84 kg) was lower compared to the active cross-
validation group (2.09-3.82 kg).

Discussion

The percentage of total body fat and regional fat in
the active men was significantly lower compared to the
sedentary men. In the present study, we generated predictive
equations for total and regional body fat using dual-energy
X-ray absorptiometry as the reference method. The low
standard error of estimation demonstrated the accuracy
of the equations when applied to active men. Predictive
body fat equations derived under fasted conditions from
body mass, body mass index, circumferences, and skinfold
thickness, may estimate the percentage of total and regional
body fat in young Thai men who perform regular exercise.

Muscle mass and body fat mass influence and reflect
physical performance (Drey et al., 2016; Guiraudou et al.,
2015; Rodriguez, de la Rosa, Flores, Zuleta, & Briceno,
2012), with physical activity associated with body fat (da
Silva et al., 2019; Scheers et al., 2013; Suminski, Patterson,
Perkett, Heinrich, & Poston, 2019). Consistent with previous
findings (Tarnus & Bourdon, 2006), we observed lower levels
of body fat in the active compared to the sedentary group. In
the present study, the percentage total and regional body
fat predictive equations, which were developed from active
participants, provided a lower standard error of estimation
when applied to active men. This led to an underestimation
of body fat when the equations were applied to the sedentary
participants. In contrast to our findings, previous studies

Table 3. The predictive equations for the percentage of total body fat, trunk, legs, and arms are derived from skinfold

thickness (SF), body mass index (BMI), and circumferences

%Fat Equations

Adjusted R? SEE1 SEE2 SEE3

Total

(0.313 x Left transverse abdominal SF) + (0.512 x BMI) - (0.133 x Left
mid-thigh SF) + (0.160 x Rt. suprailiac SF) + (0.133 x Left triceps SF) -
(0.198 x Right biceps SF) - 2.817

0.66

2.85

2.17

5.04

Total

(0.305 x Left transverse abdominal SF) + (0.547 x BMI) - (0.191 x Left
mid-thigh SF) + (0.152 x Right suprailiac SF) + (0.103 x Left triceps
SF) - 3.519

0.65

2.90

1.88

4.58

Total

(BMI x 1.015) + (Abdominal circumferencex 0.177) - (Chest
circumference x 0.269) - (Left lower arm circumferencex 0.854) +
(Waist circumference x 0.300) + (Right upper arm circumference x
0.375) - 8.736

0.45

3.63

3.37

3.83

Trunk

(BMI x 1.279) + (Abdominal circumference x 0.183) - (Left lower arm
circumference x 1.178) + (Right upper arm circumference x 0.483) -
(Chest circumference x 0.298) + (Waist circumference x 0.392) - 11.322

0.47

4.35

4.21

4.56

Right leg

(BMI x 0.970) + (Abdominal circumference x 0.308) - (Chest
circumference x 0.239) - 9.080

0.35

3.92

3.31

4.06

Left leg

(BMI x 0.969) + (Abdominal circumference x 0.308) - (Chest
circumference x 0.239) - 9.093

0.35

3.92

3.30

4.06

Right arm

(BMI x 0.714) + (Abdominal circumference x 0.131) - (Chest
circumference x 0.196) - (Left lower arm circumference x 0.608) +
(Waist circumference x 0.228) + (Right upper arm circumference x
0.281) - 9.636

0.43

2.74

2.58

3.95

Left arm

(BMI x 0.718) + (Abdominal circumference x 0.130) - (Chest
circumference x 0.195) - (Left lower arm circumference x 0.620) +
(Waist circumference x 0.232) + (Right upper arm circumference x
0.284) - 9.815

0.44

2.76

2.56

3.97

SEEI: Standard error of estimation for the validation group; SEE2: Standard error of estimation for cross-validation in the active group;
SEE3: Standard error of estimation for cross-validation in the sedentary group
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(Davidson et al., 2011; Henry, Ponnalagu, Bi, & Tan, 2018;
Pongchaiyakul et al., 2005) have shown predictive total
body fat equations to both underestimate and overestimate
body fat compared to reference method when applied to
sedentary and active men. Consequently, estimating body
fat equations derived from a combination of sedentary and
active participants may not be suitably applied to active
young men. Our findings also imply that it’s necessary to
create more accurate body fat equations for sedentary males.

In the present study, we observed alower percentage of fat
located in the trunk, arms, and legs of active men compared
to sedentary participants. This is consistent with previous
studies presented that there is an association between visceral
fat and sedentary time (Henson et al., 2015). Previous
studies have developed equations to estimate body fat in the
trunk, legs, and arms (Ritchie & Davidson, 2007; Scafoglieri
et al., 2013). However, our present findings suggest that
there was an underestimate of these predictive percentages
of trunk fat equations in a previous study (Scafoglieri et al.,
2013) compared to our predicted equations and reference
method of both active and sedentary men. Compared to
active and sedentary men in the present study, we observed
a lower percentage of trunk fat and higher legs fat in the
previous study (Scafoglieri et al., 2013). Therefore, there was
a difference in fat distribution between the participants of
this study and the previous study (Scafoglieri et al., 2013).
The accuracy of predicted regional fat equations may be
associated with body fat distribution which is a difference
between the previous study and this study.

Skinfold thickness, in particular abdominal skinfold
thickness, had the highest correlation with total body fat
when measured using the reference method. Indeed,
skinfold thickness has been highly correlated with body
fat using dual-energy X-ray absorptiometry (Burns, Fu, &
Constantino, 2019). In the present study, predictive body
fat equations derived from skinfold thickness combined
with body circumferences provided greater precision and
accuracy than those derived from body circumferences
combined with body mass index. In comparison with body
mass index, estimating body fat from skinfold thickness
provided a low standard error of estimation and a high mean
body fat percentage compared with the 4-compartment
model (Nickerson et al., 2018). In addition, we also observed
visceral adipose tissue to be highly correlated with total body
fat. However, it should be noted that measuring skinfold
thickness might not be accessible or appropriate for many
practitioners who need to assess body composition.

It has generated several predictive equations for esti-
mating the percentage of body fat using Western popula-
tions (Durnin & Womersley, 1974; Jackson & Pollock, 1978).
However, there are differences in the percentage of body fat,
fat distribution, and skinfold thickness, between the Asian
and Caucasian populations (Davidson et al., 2011; Stults-
Kolehmainen et al., 2013). These morphological differences
likely explain the higher body fat values obtained from equa-
tions derived from Asian men (Davidson et al., 2011; Henry
etal., 2018) than presently observed. Therefore, it is apparent
that ethnic differences exist, implying that predicted body
fat equations generated by Western men may not provide
accurate results. However, the percentage of body fat deter-
mined from equations created by the Thai population, aged
between 20 and 84 years old (Pongchaiyakul et al., 2005),

was lower than the dual-energy X-ray absorptiometry refer-
ence method used in the present study. Therefore, it is likely
that the precision of predictive body fat equations is largely
determined by both ethnicity and age differences.

Previous studies have estimated body fat using
equations based on data from young, middle, and older
male participants (Henry et al., 2018; Leahy et al., 2013;
Pongchaiyakul et al., 2005). Compared to the dual-energy
X-ray absorptiometry reference method in our investigation,
these studies have either overestimated (Henry et al., 2018)
or underestimated (Pongchaiyakul et al., 2005) predictive
total body fat values. Therefore, it is likely that the percentage
of body fat equations, which are derived across broad
age ranges, is not appropriate for predicting the body fat
of young men. A previous study derived a body fat mass
equation using Chilean males aged between 17 and 27 years
(Campos, Carrillo, Fierro, Albornoz, & Cossio-Bolanos,
2018). Nevertheless, the standard error of estimation for
estimated body fat mass was higher than we calculated.

Previously developed predictive body fat equations have
not defined the participants’ feeding or fasting state (Campos
et al., 2018; Davidson et al., 2011). This is important to
consider, as they associate body fat mass with the magnitude
of food consumption before body fat assessment (Kerr et
al., 2017). For this reason, predictive body fat equations
developed from participants who were in a fed or mixed-state
(Fast and fed state) of food consumption may be inaccurate
in assessing body fat in overnight fasted participants. Whilst
a predictive body fat equation has previously been developed
using fasted-state participants, it formulated the equation
from across a broad age range (Henry et al., 2018). This likely
explains the overestimation in the percentage of body fat
compared with the reference method used in this study.

Conclusions

The percentage of total body fat, leg fat, and arm fat in
the active men was significantly lower compared to the sed-
entary men. Predictive body fat equations derived from skin-
fold thickness combined with circumference provided more
precision and accuracy than those derived from circumfer-
ence combined with body mass index. They may use our
newly predicted fat equations to accurately estimate body fat
mass in healthy active young Asian men who perform regular
exercise. We developed a new predictive body fat equation,
which could apply to active young men assessed in a fast-
ing state. Our use of a validated and cross-validated method
showed that whilst our equations could be accurately applied
to young men who perform regular exercise, they were not
suitable to be used with sedentary men. Therefore, the find-
ings of this study emphasize the need to develop specific body
fat equations to provide precise measurements of body fat
across different ages, ethnicities, and physical activity levels.
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OuiHKa 3arasbHOI Ta perioHaNnbHOI XKUPOBOI Macu
Tina ¢pisMYHO aKTUBHMX YONOBIKIB — He € AOLiNIbHOI0
ANA YONOBIKiB 3 rinoguHami€lo

Cynanopn CunanepraeTkyn'A8cPE

"VuiBepcuter CpiHaxapiHBipoT

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

Pedepar. Crarts: 8 c., 3 Tab., 41 mKepero.

Mera pocnigykeHHA. JJoCTOBipHICTb MPOTHOCTMYHNUX PiBHAHD /I BU3SHAYEHHA BMICTY JKMPY B OpraHi3Mi 3a/luIIaeTbcs
HE3PO3yMi/IO0 yepes iX HeHa/le)KHe BUKOPMCTaHHA B PiSHMX KOTOPTaX y4YacHMKIB JOCTiJPKEHHA Ta yMOBax. MeToI IbOro Jjo-
CTimKeHHs Oy/Ia Bajlifaliis Ta 3aCTOCYBaHHA METOAY [IePEXPEeCHOTr0 3aTBEPAXKYBAaHHA (TAKOX BiJOMO K IepexpecHa Balifariis)
PiBHAHD /1A IPOTHO3YBAaHHA 3aTa/IbHOTO Ta PETiOHATLHOTO BMICTY XVMPY B OpTaHi3Mi MOOUX (isVYHO aKTMBHIX YOMOBIKiB.

Marepianu Ta MeTomM. Y 1OC/TiKEHHI B35A/IM Y4aCTb TPUCTA I’ ATh MOTOAVX YO/IOBiKiB, AKi 6ym/1 pOsIofiizieHi Ha TaKi rpynu:
aKTVUBHa Bamiganis (n = 165), mepexpecHa Baifjalis 3 BUCOKOI0 (Hi3NIHOI0 aKTUBHICTIO (n = 70) abo mepexpecHa BajIigalis 3 HU3b-
ko0 (pismuHOK akTMBHICTIO (n = 70). JocmimKeHHs 6y/I0 MPOBELEHO i3 3aCTOCYBaHHAM CTpaTn(iKoBaHOI BUIALKOBOI BUOIPKY,
1o 6asyBasacs Ha MIOTIDKHEBOMY PiBHIi (hisMyHOI aKTMBHOCTI. 3ara/ibHa Ta perioHasbHa XIPOBa Maca Ti/la BUMiproBamacs 3a I0-
IIOMOTOI0 METO/Y IBOXEHEePreTU4HOI peHTreHiBchKoi abcopbiiomerpii (IPA) mics HiYHOro ronogyBaHHs. TakoXX IIPOBEIEHO Ofi-
HOYaCHi BUMipIoBaHHA IIOKAa3HMKIB 3pOCTY, Macy Ti/la, TOBLIVHM IIKipHOI CK/IafIKM, iHJieKCYy MacH Tijla Ta OKPY>KHOCTI Tina. IIpo-
THOCTUYHI PiBHAHH 3ara/IbHOrO Ta PEriOHa/IbHOTO BMICTY XXMpPY B OpraHismi 6y/1u oTpMMaHi HIIAXOM 3aCTOCYBaHHS MOJiereit
MHO>XVHHOI JIiHI/THOI cTyIIeHeBoi perpecii. 3 MeTOI0 epeBipKM TOYHOCT] IPOTHOCTUYHUX PIBHAHD 0Y/I0 pO3paxoBaHO KoedillieHT
nerepminarii (R?) i cranapTHa noxu6xa ouinku (SEE). Kpim Toro, mpoaHanisoBaHO IPymy MepexpecHOro 3aTBepKyBaHH.

PesynpraTi. BcTaHOBIIEHO, 1110 BifICOTOK XXMPOBOI MacH Tijla, XMPOBUX BifjKIajieHb Ha Ty1y6i, HOrax, pyKax Ta iH/jeKC Macu
Ti/Ta B rpy1i epexpecHol Baifjaliii 3 BUCOKOI0 (i3VIHOI0 aKTUBHICTIO 6yB 3HAYHO HIDKYMM, HDK B IPYIIi ITlepexpecHol Batifanii 3
HM3bKOIO (isMYHOI0 aKTMBHICTIO. [TOKa3HMK BificOTKa 3ara/bHOI XXMpoBoi Macy Ti/a 6yB TiCHO OB’ A3aHMII 3 TOBLIMHOIO LIKiPHOI
CK/IafiKM YyepeBHOI mopoxxuyuu (r = 0,68-0,74, p < 0,001), ingexcom mMacu tina (r = 0,55, p < 0,001) Ta TOBIMHOIO LIKIpHOI CKIaIKU
HaJ K1y60BoIo AinsgHKolo (r = 0,67-0,71, p < 0,001) B rpymni akTuBHOI Bamifganil. [IporHoCTNYHI pIBHAHHS 3ara/IbHOIL Ta periOHasIb-
HOI )XMPOBOI Macy Tisa Gpi3NyHO aKTUBHIX YOTOBIKiB IIOKa3a/I1t CKOPUTOBaHi 3HaYeHH: KoedillieHTa feTepMiHanii R? B nianasoni
Bizg 0,35 10 0,66, 3i cTaHAAPTHO ITOXMOKOIO OL[IHKY IIOKa3HUKIB Y MeXax Bif 2,74 1o 4,35%. Y focmipKyBaHiit rpymi mepexpecHoi
Baslifjallii 3 BUCOKOIO (pi3NIHOI0 aKTUBHICTIO CIIOCTEPiraancs HIDKYI IIOKa3HUKY CTaHIapTHOI IIOXMOKM OLIIHKM IIPOTHO30BaHOTO
BifIcOTKa 3arajibHOI Ta perioHa/IbHOI XMPOBOI Macy Ti/la, HXK y TPYII epexpecHoi Balifalii 3 HM3bKOIO (PisMIHOI0 AKTUBHICTIO.

BucnoBku. PesynbraTy OCIi>KeHHA J€MOHCTPYIOTD, 1IJ0 HOBi IPOTHOCTMYHI PiBHAHHA 3arajbHOI Ta perioHabHOI )KMPOBOI
MacH Tizla MO>KHA BMKOPUCTOBYBATH /I BU3HAUYEHH: TOYHOI OIIiHKM KMPOBOI Macl Tijia y 3J0pOBYX MOJIO/IMX AKTVBHYX YOJ/I0Bi-
KiB B YMOBaX ITi/iBUIIIeHOI (i3MIHOI aKTUBHOCTI.

Knro4oBi cmoBa: 4010BiKM 3 HU3BKOKO (biquHOIO AKTMBHICTIO, MOJIO/Ii YOJTOBiKM, KOMITO3MIIifl Tijla, TOBIIMHA MIKiPHOI CK/Tafl-
KU, OKPY>KHICTb.
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Abstract

Objectives. This study aimed to adapt the Motivation Scale for Participation in Physical Activity (MSPPA), originally
developed by Demir and Cicioglu, (2018) in Turkish, into English. The objective was to provide a reliable and valid
tool for assessing motivation for physical activity in English-speaking populations.

Materials and methods. The adaptation process involved two phases. Firstly, the MSPPA was translated from Turkish
to English, back-translated, and reviewed by experts in sports science and translation. Secondly, data were collected
from 224 school students in the Malappuram district, Kerala, India. The collected data were subjected to Exploratory
Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) to validate the scale’s factors. The reliability and
construct validity were assessed using appropriate statistical methods.

Results. The analysis of the collected data revealed three factors in the adapted MSPPA: “Individual Causes”,
“Environmental Reasons”, and “Causelessness”, corresponding to intrinsic motivation, extrinsic motivation, and
amotivation, respectively. The factors identified through EFA were confirmed via CFA. The scale demonstrated
reliability and construct validity in assessing motivation for physical activity in English-speaking populations.
Conclusions. The adapted MSPPA was found to provide a reliable and valid instrument for assessing motivation for
participation in physical activity among English-speaking individuals. This adaptation has facilitated cross-cultural
research and interventions aimed at promoting physical activity and its associated benefits.

Keywords: motivation, physical activity, adaptation, exploratory factor analysis (EFA), confirmatory factor analysis

(CFA).

Introduction

Physical activity is an important component that sup-
ports physical, emotional, social, motor, and mental develop-
ment, and provides energy balance and healthy life through
the activation of the human body. With participation in
physical activity, human beings can increase their quality of
life as well as take important steps to protect themselves from
diseases (Demir & Cicioglu, 2018). World Health Organiza-
tion (WHO) defines physical activity as any body movement
produced by skeletal muscle that requires energy expendi-
ture including activities undertaken while working, play-
ing carrying out household chores, traveling, and engaging
in recreational pursuits (Physical Activity, 2019). Generally,
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physical activity means any movement of the body that uses
energy. But in this study physical activity means those activi-
ties which are planned, structured, and repetitive, and aim to
develop and maintain components of physical fitness. Exam-
ple walking, running, jumping, bicycling, playing games etc.
Regular and adequate levels of physical activity strengthen
the bones and muscles, maintain a healthy body weight, lose
excess body weight, reduce cardiovascular disease, diabetes,
and some cancers, and increase chances of living longer and
wellness (Ruegsegger & Booth, 2017). Also provides a healthier
state of mind such as reducing hypertension, blocking negative
thoughts, improving sleep patterns, reducing the risk of de-
pression having fun and self-confidence, forgetting daily prob-
lems, and improving the structure and function of the brain.
Physical activity improves not only refreshment and health but
also improve social health. Physical activity connects people of
society. It makes someone a socially responsible person.
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An individual engages in physical activity for several
reasons. Sometimes they are very pleased and interested in
participating in physical activity and they consider physical
activity as a hobby. On the other hand, compelling prompts
from others such as parents, teachers, coaches, and friends
and getting rewards and punishment may lead to participa-
tion in physical activity. So it can be said that different types
of support lead an individual to participate in physical activ-
ity. Generally, this support may be known as motivation (Ka-
lajas-Tilga et al., 2020). Motivation has an immense effect on
learning. Motivation is the power that allows someone to act
in the direction of a particular goal (Asmara Indahingwati
et al., 2019). The motivation is like determining results such
as productivity, performance and endurance (Paais & Pat-
tiruhu, 2020). So motivation is a force that includes or arous-
es a persons interest in learning the activity. This force may
come from an inner urge or may be external pulls. Based
on the forces motivation can be classified into Intrinsic and
extrinsic motivation and sometimes motivation is absent.

According to the self-determination theory of motiva-
tion (Deci & Rayan 1985), motivation consists of three sub-
dimensions that are, Intrinsic-motivation, Extrinsic-moti-
vation, and Amotivation. Intrinsic motivation; is to do an
activity for itself and because of the pleasure and happiness
of participation (Tenenbaum & Eklund, 2007). People are
motivated to participate in physical activity because of inter-
nal factors (such as enjoyment or skill development and mas-
tery) and external factors (such as rewards, improved health,
good looks) (Moradi et al., 2020). Inherent interest compels
an individual to initiate and maintain the activity, it is said
that he/she is intrinsically motivated. Here person partici-
pates in a physical activity for their own sake and participates
for the enjoyment and satisfaction he/she drives from the ac-
tivity itself. Whereas in extrinsic motivation environmental
causes are the reason that enables the person to take action
to realize the activity or purpose he/she will perform by be-
ing affected by environmental factors (Tekkursum Demir
and Cicioglu, 2018). Here individuals initiate and endure an
activity as a result of eternal pulls, attraction, forces, incen-
tives etc. When an individual participates due to some other
goals or rewards, it can be extrinsic motivation. The con-
cept of Amotivation describes people’s lack of intentionality
and motivation that is, to describe the extent to which they
are passive, ineffective, or without purpose concerning any
given set of potential actions (Deci & Ryan, 1985).

This study, it is aimed to adapt the the Motivation Scale
for Participation in Physical Activity (MSPPA) developed by
Demir and Cicioglu (2018) in Turkish into English. The Eng-
lish language is intentionally selected. Because, in the scien-
tific area, English is one of the most commonly used languag-
es. This way, other cultures can use the scale by translating
from English to the original language of other researchers.

Materials and Methods

Study Participants

A total of 224 school students from Malappuram district,
Kerala participated in this study. The age ranged from 13 to
17 years old, with an average age of 15.01 years old (SD =1.17)
in the valid questionnaire. There were 119 males (53.12%)
and 105 females (46.88%). Data collection proceeded only

subsequent to obtaining parental permission. The authors
declare that they strictly adhered to the APA guidelines on
ethical research practices.

Data Collection Tool

This study, it is aimed to adapt the scale developed by
Demir and Cicioglu, (2018) in Turkish to English. The scale
consists of 16 items and 3 factors and explains 54.69 % of the
total variance. The first factor consists of 6 items; under this
factor, 6 items are related to intrinsic motivation. The second
factor also has 6 items and this factor covers extrinsic motiva-
tion. The third factor contains 4 items related to Amotivation.

Procedures

The scale was translated into English. During the process
of translating this scale from Turkish to English, the back
translation technique was employed. Three independent
translators were involved in the translation process. The first
step was to translate the scale from Turkish to English. Then,
by considering the similarities and differences in the trans-
lated forms, a single form was created. This form was then
translated back from English to Turkish by another transla-
tor. Finally, the English and Turkish forms were reviewed
and approved by three experts in the field of sports sciences,
and a translator. The translated scale has 16 item and three
factors. The first factor consists of 6 items and labeled as
‘Individual Causes. Under this factor, 6 items are related to
intrinsic motivation. The second factor also has 6 items and
is called ‘Environmental Reasons This factor covers extrin-
sic motivation. The third factor containing 4 items is called
Causelessness. Items under this factor are related to Amoti-
vation. In this 5-point scale, the items are listed as “Strong-
ly Disagree”, “Disagree”, “Moderately Agree”, “Agree” and
“Strongly Agree” It is rated as 1, 2, 3, 4, and 5. Inverse items
should be coded as 5, 4, 3, 2 and 1. Since only item 6 contains
negative expression in the scale, it should be reversed. Their
scores from MSPPA indicate that they have the motivation
to participate in physical activity, 1-16 very low, 17-32 low,
33-48 medium, 49- 64 high, and 65-80 very high. Then the
translated scale was employed to school students.

Statistical Analysis

The scale is used to measure the dimension of MSPPA is
validated in two steps. Firstly, an Exploratory Factor Analysis
(EFA) and then Confirmatory Factor Analysis (CFA) are per-
formed in total 224 samples. Here, the factors derived from
Exploratory Factor Analysis (EFA) were confirmed by apply-
ing Confirmatory Factor Analysis (CFA) and then check its re-
liability and construct validity by using appropriate methods.
It is applied to assess the quality of the factor structure by sta-
tistically testing the significance of the overall model, as well
as relationships among items and scales based on sample data.

Results

Exploratory Factor Analysis (EFA) - MSPPA

Exploratory Factor Analysis (EFA) requires certain
assumptions to be fulfilled namely correlation and sampling
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adequacy. The KMO Bartlett test include Bartlett test
of sphericity that measures the multivariate normality of
variables in addition to analyzing whether the correlation
matrix is an identity matrix. The Kaiser-Meyer-Olkin (KMO)
test can measure whether the sample size is adequate for
conducting factor analysis (George & Paul Mallery, 1999).
Cronbach’s alpha Co-efficient is used to test the reliability.
A Cronbach’s alpha value of greater than or equal to 0.7 is
considered acceptable for the factor to be reliable (Hair et.
al. 2010). Exploratory Factor Analysis (EFA) using Principal
Component Method (PCM) is employed for analyzing the
factor structure and correlation between 16 statements
included in the scale for measuring the MSPPA.

A Principal Component Analysis is conducted on the
16 statements with Varimax Rotation. The Kaiser-Meyer-
Olkin (KMO) measure verifies the sample adequacy for the
analysis, KMOvalueis0.882 whichisabovetherecommended
limit of 0.70. Bartlett’s test is another indication of the

Table 1. Result of KMO and Barlett’s Test

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.882
Approx. Chi-Square  1837.254
Bartlett’s Test of Sphericity df 120
p 0.000

Source: Primary Data; df — degrees of freedom p - statistical
significance

Table 2. Result of Exploratory Factor Analysis

strength of the relationship among variables. Barlett’s Test
of Sphericity Chi-Square = 1837.254, p<0.01 indicates that
the correlation between the items is sufficiently large for
Principal Component Analysis (PCA).

An initial analysis is run to obtain Eigen Values for each
component in the data. Three components have eigen values
over and above Kaiser’s criterion of 1 and in combination
explained 65.511% of the variance. The result is presented
table 2.

The result of Exploratory Factor Analysis (EFA) shows
that the solution is based on 3 constructs and all items are
loading on their own factors. The three-factor solution is
explaining 65.511 per cent of variance of the total variance.
Six items/statements are included in first factor ‘Individual
Causes’ (IC) which explaining over 34.90 per cent of
variance, six items/statements are included in the second
factor ‘Environmental Reasons’ (ER) which explaining
over 18.72 per cent of variance and four items/statements
are included in the third factor ‘Cause lessness’ (C) which
explaining over 11.88 per cent of variance. In total, three
factors explaining over 65.511 per cent of variance of the
total variance explained.

The scree plot displays the Eigen values in a downward
curve, ordering the Eigen values from largest to smallest.
According to the scree-test, the ‘elbow’ of the graph where
the eigen values seem to level off is found and factors or
components to the left to this point should be retained is
significant. Here, three are three factors have Eigen value
of greater than 1 and it can be shown in the scree plot.
Therefore, it is a three-factor solution of variable MSPPA.

@B
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&
3 g g »
E Statements S E g '}2 "§ =
P ) s = L«
z @ 5 g s = g =
1) = 2 5y = SR
S < ] o= 8 X 5
®) = = > = O <
Participating in a Physical Activity
¢ Makes me feel good IC1 0.801
§ Allows me to be motivated for lessons more easily IC2 0.804
9 ~ Makes me uneasy IC3 0.724
ERS) ) 5.585 34.90% 0.863
< — Entertains me very much IC4 0.773
% Increases self-confidence IC5 0.713
=
—  Allows me to avoid negative thoughts IC6 0.668
_ Makes me popular in school ER1 0.800
£ Ed: Improves my relations with school administrators and teachers ER2 0.810
Q
£ % Reduces my academic success in the classes ER3 0.774
g g ) . 2.996 18.72% 0.884
£ % Allows me to prove my skills to my friends ER4 0.790
L% ~ Is an opportunity to use the sports equipment in the school ER5 0.748
Allows me to eliminate my teachers’ negative thoughts about me ER6 0.701
75 Seems like a waste of time, I'm not sure C1 0.857
¢ 2 Might be an advantage for me, I'm not sure C2 0.793
= & , 1.901 11.88% 0.879
O £ Is/isn’t important, it does not make any sense C3 0.890
~ Is necessary or not, I don't really care C4 0.879

Total Variance Explained - 65.511%

Source: Primary Data; (a) — Cronbach’s Alpha
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Scree Plot

Eigenvalue
1

Component Number B
Fig. 1. Scree Plot of Exploratory Factor Analysis, Source: Primary
Data

Construct Validity

The above table shows all the factor loadings are above
0.40, and criteria of Construct Validity including both the
Discriminant Validity (loading of at least 0.40, no cross-
loadings of items above 0.40) and Convergent Validity
(Eigen values of 1, loadings of at least 0.40, items that load
on posited constructs) (Straub et al., 2004). The result of
Exploratory Factor Analysis shows that the selected factors
under the dimension ‘MSPPA’ have good level of validity.

Reliability

Reliability of the factors is measured using Cronbach’s
Alpha Co-efficient. An alpha value of 0.70 or above is
considered to be a criterion for demonstrating strong internal
consistency. In this context, the constructs and variables
used for the study have been measured. Accordingly, the
3.1.3. Cronbach’s Alpha Reliability Co-efficient values of
all the variables coming under the constructs of the study
namely, Individual Causes (0.863), Environmental Reasons
(0.884) and Causelessness (0.879) are above 0.7, hence
strong internal consistency is assured and the questionnaire
is considered as highly reliable.

The next step is to conduct a Confirmatory Factor
Analysis (CFA) for the ‘MSPPA’ variable and its constructs
identified from Exploratory Factor Analysis (EFA) to assess
whether the factors generated from results have the same
underlying structure as the intended measurement structure
(The underlying factors of each construct in the same
dimensions).

Confirmatory Factor Analysis

A Confirmatory Factor Analysis (First Order CFA)
is applied to validate the measurement scales used for the
study. CFA is a multivariate statistical method used to check
the relationship between measured variables and their
constructs. It explains the quality of factor structure for
measuring proposed constructs of the study. The result of
CFA is explained with the help of Proposed Model, Model Fit
Indices, Measurement Model, Path Estimates and Validity &
Reliability Results.

The above specified proposed model is tested with the
with the help of model fit indices including Normed chi-
square (CMIN/df), Root Mean Square Residuals (RMR),
Comparative Fit Index (CFI), Goodness of Fit Index (GFI),
Adjusted GFI (AGFI), Incremental Fit Index (IFI), Tucker

E

OO

HHHH HHHHHQ

000000

0101010

Fig. 2. The Proposed Model of First Order CFA, Source: Primary
Data

Fit Index (TLI), Normed Fit Index (NFI), Relative Fit Index
(RFI) and Root Mean Square Error of Approximation
(RMSEA). Accordingly, the result of Model Fit Indices,
Measurement Model, Path estimates, and Reliability &
Validity Statistics of the model are presented in table 3.

The acceptability of first order CFA (Figure 1) is
measured with the help of the above specified modification
indices. Here, all the important measures (CFI, GFI, AGF],
IFL, TLI, NFI, and RFI) are within the recommended limit of
good fit with values of greater than 0.90. Similarly, the values
of CMIN/df is 1.356 which is less than the recommended
values of good fit of less than 3. Furthermore, the value of
RMR (0.038) is within the limit of less than 0.05 and the
values of RMSEA (0.040) also within the limit of less than
0.08. Accordingly, the model used to measure the ‘MSPPA
is acceptable to measure the validity of scale. The result of
analysis shows that there is adequate fit for the measurement
model, there for we can confirm the result of Confirmatory
Factor Analysis (CFA).

Table 3. Model Fit Indices

3
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Normed chi-square (CMIN/df) 1.356 <3 <5

Root Mean Square Residuals (RMR)  0.038  <0.05  <0.08
Comparative Fit Index (CFI) 0980 =0.90 >0.80
Goodness of Fit Index (GFI) 0.930 =090 =>0.80
Adjusted GFI (AGFI) 0.906 =090 >0.80
Incremental Fit Index (IFI) 0980 =0.90 >0.80
Tucker Fit Index (TLI) 0976  >0.90 >0.80
Normed Fit Index (NFI) 0928 =0.90 >0.80
Relative Fit Index (RFI) 0914 =090 >0.80
Root Mean Square Error of 0.040 <0.08 =0.08

Approximation (RMSEA)

Source: Primary Data
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Fig. 3. Measurement Model of CFA, Source: Primary Data

Figure 3 is the measurement model used to explain the
interrelationship between the constructs and items used to
measure the ‘MSPPA. Here, three constructs derived from
Exploratory Factor Analysis are analyzed with the help of
latent variables. The above measurement model comprised
three sub-factors of MSPPA namely, Individual Causes,
Environmental Reasons and Causelessness. All the factor
loadings are above 0.50 and the model said to be fit with the
indices specified above. Further, result of path estimates and
validity and reliability statistics are presented below.

The table 4 shows the regression weights of each
path included in the measurement model of MSPPA. The
standardized regression weights of all the statements are
satisfactory and standardized loadings of all the statements
are above 0.50, which indicates that all the variables are
satisfactorily contributes to the variance of the construct.
The p-values of all the variables included in the construct are
highly significant and indicates the desirability of respective

Table 4. Regression Weights (Path Estimates)

variables. An item with highest loading in a construct
contributes more to the variance of the construct. The
variable ‘Allows me to be motivated for lessons more easily’
(IC2) is the highest loading item (0.802) which contributes
more to the factor ‘Individual Causes. The variable Tmproves
my relations with school administrators and teachers’ (ER2)
contributes more to the factor ‘Environmental Reasons” with
loading of 0.837, and the variable ‘Is/isn’t important, it does
not make any sense’ (C3) is the highest loading item (0.872)
which contributes more to the factor Causelessness.

Table 5 describes the Standardized Factor Loadings,
Composite Reliability (CR), Average Variance Extracted
(AVE) and Maximum Shared Variance (MSV) of each
construct used to measure the ‘MSPPA’ variable. Almost all
the values of Standardized Factor Loadings are above 0.7,
which indicates all the factors are satisfactorily contributes
to the constructs.

In order to prove the Convergent Validity, three condi-
tions need to fulfil namely, the values of Composite Reli-
ability (CR) should be greater than 0.70 (Hair et al, 2010),
the values of Average Variance Extracted (AVE) should be
greater than 0.50 (Fornell and Larcker, 1981) and the values
of Composite Reliability (CR) should be greater than Aver-
age Variance Extracted (AVE). Here, all these criteria are
fulfilled with CR of Individual Causes - 0.869, Environmen-
tal Reasons - 0.886 and Causelessness — 0.881 and AVE of
Individual Causes - 0.528, Environmental Reasons — 0.567
and Causelessness — 0.650, and the values of CR are greater
than AVE, hence Convergent Validity is proved.

Furthermore, the Discriminant Validity of the scale
is proved with the criteria of Average Variance Extracted
(AVE) should be greater than Maximum Shared Variance
(MSV). Here this condition is fulfilled with the Average
Variance Extracted (AVE) of all the constructs is greater

Variables and Sub Constructs Estimate S.E. C.R. P )
IC6 <---  Individual Causes 1.000 0.686
IC5 <---  Individual Causes 1.003 0.103 9.697 <0.01 0.729
IC4 <---  Individual Causes 1.021 0.103 9.940 <0.01 0.749
IC3 <---  Individual Causes 0.936 0.115 8.113 <0.01 0.600
IC2 <---  Individual Causes 1.030 0.098 10.525 <0.01 0.802
IC1 <---  Individual Causes 0.987 0.096 10.236 <0.01 0.776
ER1 <---  Environmental Reasons 1.000 0.798
ER2 <---  Environmental Reasons 1.007 0.074 13.648 <0.01 0.837
ER3 <---  Environmental Reasons 0.791 0.068 11.576 <0.01 0.732
ER4 <---  Environmental Reasons 0.893 0.068 13.098 <0.01 0.809
ER5 <---  Environmental Reasons 0.802 0.074 10.833 <0.01 0.694
ER6 <---  Environmental Reasons 0.773 0.081 9.605 <0.01 0.627
C4 <---  Causelessness 1.000 0.829
C3 <---  Causelessness 0.986 0.067 14.716 <0.01 0.872
C2 <---  Causelessness 0.724 0.065 11.219 <0.01 0.700
Cl <---  Causelessness 0.941 0.069 13.660 <0.01 0.814

Source: Primary Data, S.E. - standard error; C.R. - Composite Reliability, p - statistical significance, A — Standardized Factor

Loadings
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Table 5. Validity and Reliability Statistics

CR AVE MSV
2 _ .
Constructs Statements Fact.or CR = (Z4) Z:;l A = Sqaure of highest
Loadings = A )2 3 var () AVE = ——=— correlation b/w latent
! " constructs

IC1 0.776
1C2 0.802
. IC3 0.600

Individual Causes (IC) 0.869 0.528 0.313
IC4 0.749
1C5 0.729
1C6 0.686
ER1 0.798
ER2 0.837
i ER3 0.732

Environmental Reasons 0.886 0.567 0313
(ER) ER4 0.809
ER5 0.694
ER6 0.627
Cl 0.814
C2 0.700

Causelessness (C) 0.881 0.650 0.006
C3 0.872
C4 0.829

Source: Primary Data

than the values of Maximum Shared Variance (MSV). The
criteria of Individual Causes (0.528>0.313), Environmental
Reasons (0.567>0.313) and Causelessness (0.650>0.006) are
tulfilled. Hence, the criteria for Discriminant Validity is also
proved. The model said to be good fit for measuring the
MSPPA variable.

Discussion

This study, is aimed at adapting the MSPPA scale,
originally in Turkish, into English. The study employed a
various methodological framework. Firstly, the original scale
was translated into English. English version of the scale was
applied to 228 high school students. The data are examined
by high Kaiser Meyer Olkin (KMO) coeflicient and Barlett’s
Test of Sphericity. KMO value is 0.882 and Sphericity chi-
square = 1837.254, p<0.01, it shows that the data are suitable
for further analysis. Exploratory factor analysis (EFA) and
Confirmatory Factor Analysis (CFA) were performed to
prove the construct validity of the data.

The result of Exploratory Factor Analysis (EFA) shows
that the solution is based on 3 constructs and all items are
loading on their own factors same as the original form of
the scale (MSPPA) developed by Tekkursun Demir and
Cicioglu (2018). Items and sub-dimensions were confirmed
in accordance with the structure of the original scale. As a
result of the analysis of the data, a 16-item scale consisting
of 3 sub-dimensions was obtained. Here the factor
loadings in MSPPA vary between .668 and .890. As stated
by Tekkursun Demir and Cicioglu (2018), the first sub-
dimension is Individual Causes (IC), the second dimension
is Environmental Reasons (ER) and third dimension is
Causelessness (C). Individual Causes (IC) which explaining
over 34.90 per cent of variance, six items/statements are
included in the second factor Environmental Reasons (ER)

which explaining over 18.72 per cent of variance and four
items/statements are included in the third factor Cause-
lessness (C) which explaining over 11.88 per cent of variance.
The total variance of the scale is 65.511.

The result of Exploratory Factor Analysis also shows
that the selected factors under the dimension MSPPA have
good level of validity. That means, it satisfies the criteria of
construct validity. Then analysis of the reliability of the scale
is made. In this context, Cronbach Alpha coefficient was
applied. According to this, Cronbach Alpha coefficient of
Individual Causes sub-dimension is 0.863, Environmental
Reasons sub-dimension is 0.884 and Cause lessness sub-
dimension 0.879 these values are above 0.70 and it is
considered to be a criterion for demonstrating strong
internal consistency, it is assured and the questionnaire is
considered as highly reliable.

After Exploratory factor analysis, Confirmatory factor
analysis is performed. Here fit indices obtained as a result
of the CFA performed were RMSEA, CFI, GFI, AGFI, IF],
TLIL NFIL and RFI are obtained well-assumed range (Kline,
2011; Marsh et al., 2006; Meyers et al., 2006), acceptable
range (Celik & Yilmaz, 2013; Dogan, 2015; Schermelleh-
Engel et al., 2003). In the model confirmed by CFA, the
significance of the correlations between the sub dimensions
was also examined (Tabachnick & Fidell, 2001; Tezcan, 2008;
Thompson, 2004). All the factor loadings are above 0.50 and
the model said to be fit with the indices specified.

The result of path estimates disclosed that the values of
standardized regression weights explain the strength and direc-
tion of the relationship between variables and their constructs.
The significant values of all the variables indicate the desirability
of the respective variable on the construct. Critical Ratio (CR)
assesses the significance of the estimated coeflicient. A higher
C.R. value suggests the greater significance of the path esti-
mates. Here, second variable of the construct Individual Causes,
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second variable of the construct Environmental Reasons and
third variable of the construct Causelessness have highest fac-
tor loadings of 0.802, 0.837 and 0.872 respectively in this order.

Furthermore, result of validity and reliability statistics
reveals the criteria for ensuring construct validity, precisely
Convergent Validity and Discriminant Validity. Here, the
values of Composite Reliability (CR), Average Variance
Extracted (AVE) and Maximum Shared Variance (MSV)
of different variables used to establish the statistics with
specified threshold limits. All the values are specifically
confirmed the criteria of convergent and discriminant
validity of the measurement scale. Hence, the validity and
reliability requirements of the MSPPA is proved.

Conclusions

In summary, the study successfully adapted and validated
the Motivation Scale for Participation in Physical Activity
(MSPPA) through a careful process involving EFA and CFA.
The results provide convincing evidence for the reliability and
validity of the scale in assessing motivation to participate in
physical activity across various contexts. The vigorous psy-
chometric properties of the MSPPA emphasize its utility as a
valuable tool for researchers and practitioners to understand
and measure individual motivation to participate in physical
activity. It provides an accurate assessment across multiple di-
mensions, including Individual causes, Environmental causes
and Causelessness. The results of the study contribute to the
existing literature by providing a validated instrument for as-
sessing motivation to participate in physical activity, thereby
facilitating further research in this area. In addition, the rigor-
ous methodological approach used in the development and
validation of the scale increases the credibility and applica-
bility of the MSPPA in both academic and practical settings.
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Merta gocmimpkenHs. JloCIiKeHHS CIIPSMOBAHO Ha aflalTalliio KA/l MOTHBALII 10 y4acTi y 3axofax 3 GpisuuHOi aKTMBHOCTI
(Motivation Scale for Participation in Physical Activity, MSPPA), Briepiue pospo6ienoi y 2018 poli Typerbkolo MOBOIO HayKOB-
msivu [lemipom Tta Yidiorny (Demir and Cicioglu), ms if 3acTocyBaHHS aHIIIICbKOI0 MOBOK. MeTa Hojsirana B 3abes3nedeHHi
HAaJ{ITHOTO Ta Ba/Ii{HOTO IHCTPYMEHTY /ISl OLI{HKM MOTHUBALiI 0 (i3NIHOI aKTMBHOCTI B aHIJIOMOBHIX KaTeropisix HACETeHHSI.

Marepianmu ta metopu. IIporec aganranii Bkioyas gBa eranu. Ha nepomy erarni MSPPA 6y7o nepexiafeHo 3 TyperbKoi
Ha aHIJIIICbKY MOBY, 3/ifiCHEHO 3BOPOTHUII IepeKIai Ta PEIleH30BaHO €KCIEPTaMM B Talysi CIIOPTUMBHOI HAyKM Ta IEpeKIay.
Ha gpyromy erami nposezeHo 36ip gaHux cepep 224 y4uHiB WK y oKpysi Manmannypawm, mrat Kepana, Inpgia. 3i6pani Matepiamn
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BaHO BifITTOBiHI CTaTUCTUYHI METO/N.

Pesynpraru. AHaji3 3i6paHNX JaHNUX TOKA3aB HAABHICTb TPhOX (AKTOPIB B aAlITOBAHIN MOEII KA1 MOTHUBALII 1O y4acTi
Y 3axofiax 3 ¢bisnyHOI aKTMBHOCTI: «HpVUBifyanbHi YMHHUKNY, « EKOTOTiYHI YMHHMKIN» Ta «Be3npUYMHHICTDY, 0 BiJIOBiLAIOTh
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MOTUBALI 10 Pi3NIHOI AKTMBHOCTI B aHIJIOMOBHIX KaTerOPisiX HaCe/TeHH .

BucnoBku. BecraHoBiieHo, 1o ajjlanToBaHa Mogenb MSPPA e HafifiHuM i BamiflHUM iHCTpyMeHTOM JIA OLIiHKM MOTMBaLlii
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KY/IbTYPHUX JOCTIIXKeHb Ta iHTepBeHIIill, CTPAMOBaHNX Ha ITOMy/IApK3alifo (PisMYHOI aKTUBHOCTI Ta ITOB I3aHMX i3 Helo IepeBar.

KirouoBi cmoBa: MoTnBariis, GpisnaHa aKTUBHICTD, afAIITaLis, PO3BigyBanbHMil pakTopHmii aHatis (PPA), mifTBepmKyBaib-
Huit hakropunit ananis (IIDA).

Information about the authors:

Amal, C. H.: amalsopanam04@gmail.com; https://orcid.org/0000-0001-9591-9666; Department of Physical Education,
University of Calicut, Tirur - Calicut Rd, Thenhipalam, Kerala 673635, India.

Bipin, G.: bipingopalakrishnan@gmail.com; https://orcid.org/0009-0003-0121-5601; Department of Physical Education, Sree
Keralavarma College, College Road, PO, Kanattukara, Thrissur, Kerala 680011, India.

Demir, Goniil Tekkursun: gonultekkursun@hotmail.com; https://orcid.org/0000-0002-2451-5194; Faculty of Sports Science,
Gazi University, Gazi Universitesi Rektorliigii, Bandirma Cad. No:6/1, 06560 Yenimahalle/ Ankara, Turkey.

Cite this article as: Amal, C. H., Bipin, G., & Demir, G. T. (2024). Adapting the Motivation Scale for Participation in Physical
Activity. Physical Education Theory and Methodology, 24(3), 396-403. https://doi.org/10.17309/tmfv.2024.3.07

Received: 30.04.2024. Accepted: 18.05.2024. Published: 30.06.2024

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0).

403



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

Original scientific article

Physiological Effects of Zumba Exercise on Male
College Students: An Intervention Study

1ABCD

Prashant Kumar Choudhary

'"Lovely Professional University

’Lakshmibai National Institute of Physical Education

and Suchishrava Dubey

2ABCD

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D — Manuscript Preparation; E - Funds Collection

Corresponding Author: Prashant Kumar Choudhary, E-mail: prashantlnipe2014@gmail.com

Accepted for Publication: June 3, 2024
Published: June 30, 2024

DOI: 10.17309/tmfv.2024.3.08

Abstract

Objectives. This study aimed to assess the effectiveness of Zumba exercise in improving physiological parameters
among male students enrolled in an aerobic exercise program in Gwalior, Madhya Pradesh, India.

Materials and methods. A one-group pre-post-test design was used, involving fifteen male students aged between
nineteen and twenty-four years old. The participants engaged in Zumba sessions supervised by health professionals
three times per week for eight weeks. A series of measurements, including VO,max, agility, and muscle strength, was
evaluated at pretest and posttest stages using various equipment and methods.

Results. Statistical analysis using SPSS version 26 software included normality testing with the Shapiro-Wilk

test and a significance level set at p > 0.05. A paired sample t-test was performed to compare pretest and posttest
measurements of VO,max, agility, and muscle strength. The results are presented as Mean + Standard Deviation
(SD). The findings reveal significant improvements in all parameters assessed post-intervention. VO,max increased
from 26.5 + 4.5 to 30.8 + 4.2 mL/kg/min, agility improved from 15.8 + 1.2 to 14.6 + 1.3 seconds, limb muscle strength
increased from 394.2 + 66.4 to 411.1 + 67.5 joules, and arm muscle strength increased from 123.5 + 17.1 to 138.2 +
13.9 joules (all p < 0.001). These results demonstrate the effectiveness of Zumba exercise in enhancing physical fitness

among male college students.

Conclusions. The findings suggest that Zumba exercise is an effective non-pharmacological intervention for enhancing
cardiovascular fitness, agility, and muscular strength among male students. Integrating Zumba exercise into regular
physical activity routines may contribute to stimulating an active lifestyle and improving overall health outcomes.
Keywords: zumba exercise, physiological parameters, male students, cardiovascular fitness, physical activity

intervention.

Introduction

Engaging in sports and physical activity doesn't merely
sculpt our physique; it’s a transformative journey that enrich-
es both body and soul. Extensive research, such as the studies
conducted by Granero-Jiménez et al. (2022) and Pranoto et
al. (2020), underscores the profound impact of these activi-
ties on our overall well-being. They’re not just about burning
calories or building muscle; they’re about fostering resilience,
enhancing cognitive function, and nurturing mental health.
Consider the vibrant world of Zumba. This electrifying fit-
ness phenomenon, born from the pulsating rhythms of Latin
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dance, embodies the essence of joyous movement. Con-
ceived by the innovative fitness guru Al-berto “Beto” Perez
in Columbia, Zumba is a kaleidoscope of dance styles—salsa,
cumbia, reggaeton, and beyond (Suminar et al., 2018). But it’s
more than just a workout routine; it’s a cultural celebration, a
rhythmic symphony that transcends borders and languages.
Within the dynamic ambiance of a Zumba class, participants
find themselves swept away by the infectious beats and the
liberating flow of movement. It’s a space where the mundane
constraints of everyday life dissolve, replaced by a sense of
liberation and exuberance. But Zumba isn’t merely a physical
endeavor; it's a communal experience that fosters connection
and camaraderie. As Barber and Weichold (2007) suggest, it’s
a fertile ground for stimulating discussions, skill refinement,
and the forging of new friendships. Indeed, the benefits of
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Zumba extend far beyond the realm of fitness. Through its
fusion of diverse dance styles and its inclusive ethos, Zumba
offers a gateway to cultural exploration and personal growth.
It's an opportunity to transcend the boundaries of routine
and embrace the full spectrum of human expression.
Although physical fitness is often lacking among adults
and adolescents in school and college, Zumba classes pro-
vide an excellent opportunity to educate and acquire such
skills (Soleiman et al., 2021). A diverse array of basic ath-
letic movements comprise Zumba routines; these move-
ments target the entire body, from the legs and limbs to the
core and back. Aerobic exercise, which has the potential to
increase metabolic rate, is one of these activities (Packya-
nathan & Preetha, 2020). Zumba enhances general fitness,
improves cardiovascular and respiratory health, and accel-
erates blood circulation, making it an excellent method to
get in shape. Moreover, Soleiman et al. (2021) suggest that
Zumba movements could significantly increase the circu-
lation of oxygen to the muscles and all other body parts.
In contrast to traditional training methodologies, Zumba
integrates every facet of fundamental fitness into its instruc-
tional modules. Zumba is a comprehensive body-targeting,
high-intensity dance fitness regimen (Parial et al., 2022).
Zumba aids in weight loss, improves flexibility, stamina,
and coordination, and has positive effects on students’ men-
tal and social health; therefore, it is highly recommended
that students incorporate Zumba into their daily routines.
Zumba activities positively influence the development of
attributes and skills, cardiovascular endurance, weight man-
agement, and muscular strength (HajGhanbari et al., 2013).
Zumba, a motor training program centered around music,
has been shown to facilitate weight loss in multiple stud-
ies (Rossmeissl et al., 2016). Zumba exercises are correlated
with favorable psychological and social outcomes. Prior
studies have demonstrated that students who participated

in Zumba training exhibited superior performance across
various physical attributes, such as intermittent respiratory
endurance, motor balance, flexibility, leg strength, and neu-
romuscular compatibility, in comparison to their non-par-
ticipating counterparts. As stated by Krishnan et al. (2015),
the Zumba exercise intervention improves the health and
fitness of women. VO,max testing is a method that can be
employed to assess cardiorespiratory endurance. The capac-
ity of the heart, lungs, and circulation to supply oxygen to
functional muscles, as well as the oxygen consumption of
those muscles, are assessed by this examination (Nugraheni
etal., 2017). The gold standard for VO,max prediction is the
multi-stage 20-m Shuttle Run Fitness Test, as demonstrated
in research by Paradisis et al. (2014) and Sugiharto et al.
(2022). This test is frequently utilized by fitness consultants,
exercise scientists, instructors, and coaches owing to its ver-
satility, minimal instrument requirements, and straightfor-
ward administration. As with any measurement or test that
endeavors to ascertain physical fitness, the Multi-Stage 20-m
Shuttle Run Fitness Test (Cooper et al., 2005) is subject to
valid and replicable concerns. To ascertain maximal oxygen
absorption, an oxygen recovery curve is generated utilizing
the data obtained from the Multi-Stage 20-m Shuttle Run
Fitness Test (Paradisis et al., 2014). Building upon the foun-
dation of existing research, this study endeavors to empiri-
cally establish the efficacy of Zumba exercise in enhancing
VO,max, agility, and muscle power among students within
the locale of Gwalior, Madhya Pradesh, India.

Materials and Methods

Study Participants

A one-group pre-post-test is a pre-experimental design
utilized in this investigation. The study involved fifteen male

Table 1. Methodological Overview of Zumba Exercise Intervention Study in Male Students: Equipment, Measurements,

and Evaluation Timing

Measurement

Equipment/Method

Reference

Zumba Exercise

Session Duration 25 minutes

Frequency 3 times per week

Intensity 80% of maximum heart rate (HRmax)

Heart Rate Monitoring Polar H10 Bluetooth Heart Rate Sensor & Fitness Tracker
Body Height Stadiometer

Body Weight Digital scale

BMI Calculation
Blood Pressure

consecutive measurements
Resting Heart Rate (HR- Beurer Pulse Oximeter PO-30
rest)

Oxygen Saturation
(SpOz)

Beurer Pulse Oximeter PO-30

VO,max Measurement Multi-Stage 20-m Shuttle Run Fitness Test

Leg Muscle Power Vertical Jump Test

Arm Muscle Power Medicine Ball Throw Test
Evaluation Timing

throughout the 8-week intervention

Body weight (kg) divided by body height (m?)
Digital sphygmomanometer on the non-dominant arm, averaged from 3

Supervised by professionals from the Faculty of Health and Sciences

Andarianto et al., 2022

Andarianto et al., 2022
Rejeki et al., 2021
Sugiharto et al., 2022
Raharjo et al., 2021

Andarianto et al., 2022; Raharjo
etal, 2021

Rejeki et al., 2021
Rejeki et al., 2021

Paradisis et al., 2014

Garcia-Ramos et al., 2017; Cuk et
al,, 2014

Leite et al., 2020

Pretest and 1x24 hours posttest after each Zumba exercise session
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students, aged nineteen to twenty-four, who were enrolled in
the aerobic exercise program in Gwalior, Madhya Pradesh,
India. All of the participants had normal basal heart rates,
blood pressure, and oxygen saturation levels. Their voluntary
participation in the research was noteworthy. Prior to
commencing the research, all participants were provided
with pertinent information, both orally and in writing.
Through the completion of the informed consent form,
participants additionally signified their volition to partake
in the research. All methodologies employed in our study
adhered to the student’s declaration regarding the ethical
conduct of research involving human subjects.

Study Organization

The table provides a comprehensive overview of the
methodology employed in the study investigating the
effectiveness of Zumba exercise on various physiological
parameters among male students. It details the equipment
used for measurements, including heart rate monitoring,
body composition assessment, blood pressure measurement,
and evaluation of physical fitness components such as
VO,max and muscle power. Additionally, it outlines the
timing of evaluations, both pretest and posttest, conducted
throughout the 8-week intervention period.

Statistical Analysis

Analysis of the data was conducted utilizing the Statistical
Package for Social Science (SPSS) version 26 software.
Normality testing was performed using the Shapiro-Wilk
test, with a significance level set at p > 0.05. To compare
the average values of VO,max, agility, and muscle power
between the pretest and post-test, a Paired Sample t-test
was employed. Results are presented as Mean + Standard
Deviation (SD). All statistical analyses were conducted using
a significance level of p < 0.05.

Results

Table 2. The results of the descriptive analysis of research
respondents’ characteristics which include demographics
and anthropometry

Parameters n Mean  Std. Deviation
Age (years) 15 21.5 1.8
Body height (m) 15 1.57 0.03
Bodyweight (kg) 15 54.2 6.1
Body mass index (kg/m?) 15 223 14
Systolic BP (mmHg) 15 116.2 3.1
Diastolic BP (mmHg) 15 76.0 2.7
Resting heart rate (bpm) 15 76.8 3.0
Oxygen saturation (%) 15 97.5 1.0

According to the descriptive analysis, it was found that
the participants had an average age of 21.5 years (+1.8),
an average body weight of 54.2 kg (£6.1), and an average
body height of 1.57 m (+0.03). The participants had an

average body mass index (BMI) of 22.3 kg/m? (+1.4). In
addition, the average systolic blood pressure was measured
at 116.2 mmHg (+3.1), with an average diastolic blood
pressure of 76.0 mmHg (+2.7). In addition, the participants
had a resting heart rate of 76.8 bpm (+3.0) and an oxygen
saturation level of 97.5% (+1.0).

Upon analyzing the average VO,max, agility, and
muscular power during the pretest and posttest sessions,
it was observed that there were significant changes in these
measures. The findings, presented as Mean * standard
deviation (SD), demonstrated a notable improvement in
the average maximal oxygen volume (VO,max), agility, and
muscular strength over the two test sessions. The Paired
Sample t-Test revealed significant differences in the average
VO,max between the pretest and posttest sessions (26.5 + 4.5
vs. 30.8 £ 4.2 mL/kg/min; p < 0.001), average agility (15.8 +
1.2 vs. 14.6 + 1.3 seconds; p < 0.001), average limb muscle
power (394.2 £ 66.4 vs. 411.1 = 67.5 joules; p < 0.001),
and average arm muscle power (123.5 + 17.1 vs. 138.2 +
13.9 joules; p <0.001). These data underscore the substantial
impact of the intervention on improving physical fitness
measures among the participants.

Discussion

The current research sought to examine the effective-
ness of Zumba exercise in improving maximal oxygen up-
take (VO,max), agility, and muscular strength in students
from Gwalior, Madhya Pradesh, India. The results of our
study showed a significant increase in VO,max, agility, and
muscular strength after participating in the Zumba fitness
programme. The findings of this study are consistent with
the earlier research conducted by Donath et al. (2014), which
showed that engaging in Zumba exercise had a beneficial ef-
fect on the overall well-being, aerobic fitness, and neuromus-
cular function of female students. Vendramin et al. (2016)
found that Zumba exercise significantly improved aerobic
capacity, as measured by VO,max, which is a crucial predic-
tor of aerobic fitness (Poole & Jones, 2017). Optimal cardio-
respiratory fitness is essential for maintaining good health,
since insufficient fitness levels have been linked to chronic
illnesses and early death (Ricci et al., 2020). Zumba exercise,
which involves moderate to vigorous intensity movements
that engage the entire body, has been proven to improve
VO,max through different physiological changes, such as
increased heart size, stroke volume, and mitochondrial func-
tion (Chavarrias et al., 2020; Bacon et al., 2013; Wilson et
al,, 2016). In addition, the use of leaps, core workouts, and
exaggerated arm motions in Zumba routines might enhance
muscular strength, especially in persons with lower initial
levels (Barranco-Ruiz & Villa-Gonzélez, 2020). The World
Health Organisation (WHO) classifies physical inactivity as
a notable public health issue, placing it as the fourth most im-
portant risk factor for worldwide mortality (Benjamin et al.,
2017). Hence, treatments such as Zumba exercise, which en-
courage physical activity and enhance fitness levels, are cru-
cial in addressing the worldwide impact of illnesses caused by
lack of physical activity. In addition, women who are going
through menopause and are suffering changes such as weight
increase and fat accumulation in the central area of the body
might benefit greatly by participating in regular physical ac-
tivity, such as Zumba exercise. This has been supported by
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Table 3. Comparative Analysis of Pretest and Posttest Measurements for VO,max, Agility, and Muscle Power

Measurements Pretest Mean + SD Posttest Mean + SD t-value p-value
VO,max (mL/kg/min) 26.5+4.5 30.8+4.2 3.76 <0.001
Agility (seconds) 158+1.2 146+1.3 4.12 <0.001
Limb Muscle Power 394.2 + 66.4 411.1 £ 67.5 3.98 <0.001
Arm Muscle Power 123.5+17.1 138.2 +£13.9 3.88 <0.001

studies conducted by Rossmeissl et al. (2016), Al-Safi et al.
(2015), and Lovejoy (2009). As individuals age and experi-
ence hormonal changes after menopause, making lifestyle
modifications becomes more important for maintaining
good health (Kapoor et al., 2017). This study’s results pro-
vide solid data that demonstrates the efficacy of Zumba exer-
cise in enhancing VO,max, agility, and muscular strength in
students. Zumba exercise shows promise as an intervention
for improving health outcomes in many groups by target-
ing important areas of physical fitness and fostering overall
well-being. The results highlight the importance of Zumba
exercise as a favoured physical activity option for women
in different age categories, placing just behind walking (Fan
et al,, 2013). Physical exercise is often recognised as a fun-
damental aspect of a healthy way of life, promoting general
health and long life, especially in older individuals (Douka et
al,, 2019). To improve population health outcomes, it is cru-
cial for public health programmes to give priority to promot-
ing physical exercise during leisure time and incorporating
it into everyday routines (Lee et al., 1997). Moreover, studies
indicate that including Zumba exercise, in addition to aero-
bic exercise, might be a valuable supplement to conventional
treatment in enhancing cognitive function and alleviating
depressive symptoms, especially in female patients with fi-
bromyalgia (Norouzi et al., 2020). The aforementioned state-
ment underscores the many advantages of exercise therapy,
which go beyond physical well-being to embrace mental and
emotional aspects (Xie et al., 2020). The adverse effects of
physical inactivity on global health are well established, un-
derscoring the need to tackle sedentary behaviours in order
to enhance overall health outcomes (Lee et al., 2012). Zumba
fitness is known for its dynamic integration of movement
and music, providing a stimulating experience that encour-
ages self-expression and activates different aspects of one’s
personality (Kaufmann, 2011; Studer-Liithi & Ziiger, 2012).
Furthermore, the incorporation of skeletal muscular activity
in sports and everyday activities highlights the significance
of muscle strength in improving overall health and perfor-
mance (Kraemer & Newton, 2000). In the study conducted
by Puspodari et al. (2022), titled “Effectiveness of Zumba
Exercise on Maximum Oxygen Volume, Agility, and Muscle
Power in Female Students,” it was found that Zumba exercise,
performed for 30 minutes at 80% of maximum heart rate
(HRmax), three times per week over an 8-week period, led
to significant improvements in maximum oxygen volume
(VO,max), agility, and muscle power among female students
at Universitas Nusantara PGRI Kediri, East Java, Indonesia.
This research provides valuable support for the effectiveness
of Zumba exercise in enhancing physical fitness parameters,
which aligns with the objectives of my study. Zumba exercise
has been shown to be a beneficial method for enhancing
several aspects of health, thanks to its unique combination
of cardiovascular, musculoskeletal, and psychological advan-

tages. The extensive data provided emphasizes the impor-
tance of Zumba exercise as a flexible and efficient approach to
encourage physical activity and improve health across vari-
ous demographics. Zumba exercise demonstrates a compre-
hensive approach to promoting health and preventing illness
by focusing on both physical and mental well-being.

Conclusions

The findings of this study provide compelling evidence
that Zumba exercise, conducted for 30 minutes per session
at 80% of maximum heart rate (HRmax), three times per
week over an 8-week period, significantly enhances maxi-
mum oxygen volume (VO,max), agility, and muscle power
among students in Gwalior, Madhya Pradesh, India. These
results underscore the potential of Zumba exercise as a non-
pharmacological intervention to promote an active lifestyle
and improve health outcomes. The efficacy of Zumba exer-
cise in improving physical fitness parameters aligns with pre-
vious research demonstrating its positive impact on aerobic
capacity, neuromuscular function, and overall well-being. By
incorporating Zumba exercise into regular physical activity
routines, individuals can reap the benefits of enhanced car-
diovascular fitness, improved agility, and increased muscle
strength. Furthermore, the accessibility and popularity of
Zumba exercise make it a feasible option for individuals seek-
ing to adopt a more active lifestyle. Its dynamic nature and
combination of aerobic and resistance training elements of-
fer a comprehensive approach to fitness enhancement. This
aligns with the broader public health goals of promoting
physical activity and reducing sedentary behavior. Zumba
exercise emerges as a viable strategy for improving health
and well-being, particularly among diverse populations such
as students in Gwalior, Madhya Pradesh, India. As part of a
holistic approach to health promotion, Zumba exercise offers
an enjoyable and effective means of enhancing physical fit-
ness and quality of life. Therefore, integrating Zumba exercise
into lifestyle interventions may contribute to the promotion
of healthier communities and better overall health outcomes.
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QisionoriyHnn BNANB BUKOHAHHSA BMNpaB i3 3ymb6u Ha opraHiam
CTYAEHTIB KoJNe[ Ky Y0N0Biuoi cTaTi: IHTepBeHUiiHe focnigKeHHA

2ABCD

ITpamant Kymap Yoyaxapi'4*“P, Cyunmpana [y6eii

'TIpexpacHmit mpodeciritunit yHiBepcuTeT
’HauionanbHuit iHCTUTYT ¢isnyHoro BuxoBaHHs iMeHi Jlakumi Baii
ABTOpPCHKMIT BKTAJ: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormucy; E — 36ip kourtis

Pedepar. Crarrsa: 7 c., 3 Tab., 42 mxepera.

Merta gocnimxeHHs. MeTor focmimKeHHs 6ya oriHKa e)eKTMBHOCTI BIIpaB i3 3yMOM 3 TOUKY 30py MOKpaleHHs ¢iziono-
FiYHNX MapaMeTpiB OpraHisMy CTY/EHTIB 4O/I0BI4O0I cTaTi, AKi 3alIMAIOTHCA 32 IPOrPaMoIo0 aepobHMX BIipaB y micTi [Basiop, mrrar
Mapx’sa-Ilpapent, Inpis.

Marepianu Ta MeTogu. Y JOCTIPKEHHI 3aCTOCOBAaHO MOJE/Ib Iepefi- i Mic/IATecTOBOro aHaji3y 3a y4acTIO OfiHi€el rpynu,
AKa BK/IIOYazna 15 crypeHTiB yomosivoi crari y Bini 19-24 pokiB. Y4YacHUKM 3aiiManuch TPEHYBAHHAM i3 3yMOM Hif HaIJIALOM
MEIMYHMX NPAliBHMUKIB TPUUi HA TVDKJEHb IPOTATOM BOCbMM TIDKHIB. Ha mepefrecToBoMy Ta IiC/IATECTOBOMY eTamlax i3 Bu-
KOPMCTAaHHAM Pi3sHOro 06/1aJHAaHHA Ta METO/IB IPOBEIEHO OLIIHKY HU3K!M BUMiPIOBaHb, BKII0YAI04! MOKa3HMKY MaKCUMATbHOTO
CITOXXVMBAHHSI KVCHIO, CIIPUTHOCTI Ta M sI30BOI CHJIN.

PesynbraTi. CTaTHCTUYHMIT aHAMI3 i3 3aCTOCYBaHHAM IpOrpaMHOro 3abesmedeHHsa SPSS Bepcil 26 BK/IOYAB HepeBipKy
KpUTEpPilo HOPMaabHOCTI 3a orromorox Tecty llamipo-Binka Ta piBHaA sHavymocTi p = 0,05. 1714 NOpiBHAHHA IOKa3HMUKIB MaKCH-
MaJIbHOTO CIIO>KMBAHHS KUCHIO, CIIPUTHOCTI Ta M s130BOI CI/IM IIepef ITOYATKOM i IMiC/Ist 3aKiHYeHHs TeCTYBaHH: OY/I0 3aCTOCOBAHO
MeTOJ, t-KpuTepito mapHuX BUOIpOK. PesybTaTy pencTaB/eHi K cepefjHe 3Ha4YeHHsI + cTaHfapTHe BigxwienHs (CB). Orpumani
JaHi CBil4aTh PO 3HaYHe MOKPallleHHA BCiX IapaMeTpiB, 10 OLiHIOBa/NNCsA Hic/A inTepBenwii. [lokasHMK MaKCMMaIbHOTO CIIO-
JKUBAHHA KVMCHIO HiABUIMBCA 3 26,5 + 4,5 1o 30,8 + 4,2 M/1/KI/XB, CIPUTHICTD MOKpamunacs 3 15,8 + 1,2 no 14,6 + 1,3 cexyHu,
cyta MsI3iB HIDKHIX KIiHI[BOK 3pocia 3 394,2 + 66,4 no 411,1 + 67,5 mxoyiis, a cuma M’s3iB pyk 36imbmmnacs 3 123,5 + 17,1 fo
138,2 + 13,9 mxoynis (yci mokasHuky Ha piBHi p < 0,001). Taxi pesynbTaTy ZeMOHCTPYIOTh e(peKTUBHICTb TPEHYBaHb i3 3yMOM 3
TOYKY 30py NOKpaleHHs Gi3NuHOI Mi/[rOTOBIEHOCTI cepef CTY/eHTiB KOMeKy Y0/I0BI4Oi CTaTi.

BucnoBku. OTpuMaHi pe3yabraTy HAIOTh IifICTaBY CTBEPHXKYBATH, 1[0 BUKOHAHA BIIPaB 3a (iTHec-IporpamMoro 3ymba €
edexTUBHOIO HedapMaKOIOTiYHOIO IHTEPBEHIIIEI0 3 METOI0 IIOKPAIIEeHH IIOKa3HMKIB TPEHOBAHOCTI CepLIeBO-CYMHHOI CHCTeMH,
CIIPUTHOCTI Ta M’ A30BOI CI/IN Cepef CTYAEHTIB 40/I0Bivol cTaTi. IHTerpyBaHH: BIpaB i3 3yMOU 10 KOMIUIEKCY PeryIApHuX ¢isnd-
HMX HaBaHTAXKEHb MOXKe CIPYATH CTUMY/TIOBAHHIO aKTUBHOTO CIIOCO0Y KUTTS Ta IIOKPALeHHIO 3ara/IbHIX IIOKa3HMKIB 3[0POB’sL.

KirouoBsi cmoBa: Brpasu i3 3ym6u, ¢isionoriuni mapamMeTpu, CTYAEHTI Y0/IOBIUOl CTATi, TPEHOBAHICTD CEpPLIeBO-CYAUHHOI
CHCTeMY, iHTepBeHLiA (i3VYHOI aKTUBHOCT].
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Abstract

Objectives. The study aimed to examine the effects of a 12-week moderate-intensity circuit exercise program on body
composition and physical fitness among overweight women of working age.

Materials and methods. Twenty-nine overweight women of working age were divided into two groups: the control
group (CG, n = 14) had a normal daily life, and the moderate intensity circuit exercise group (MICE, n = 15)
underwent training that included 3 sessions of MICE (40-50 seconds followed by 60 seconds of rest for each exercise
and 90 seconds of recovery between sessions at 64-76% of maximum heart rate). The training was conducted for

60 minutes per day, three days per week. Body composition and physical fitness were measured before (2 days prior)

and after (2 days post) a 12-week training period.

Results. After the 12-week training, the MICE showed a considerable improvement in a number of key health
indicators, including body weight, BMI, fat mass, skeletal muscle mass, visceral adipose tissue, total energy
expenditure, resting energy expenditure, waist circumference, and waist-to-hip ratio (-0.65%, -0.73%, -2.16%,

2.53%, -7.12%, 10.85%, 0.71%, -3.13%, and -2.67%, respectively, p < 0.05) when compared to the CG. Similarly, the
MICE demonstrated a significantly larger improvement in the sit and reach test, the back extension test, the hand
grip strength of the right hand, hand grip strength of the left hand, leg strength, the 60-second chair stand test (also
known as sit-to-stand test), and the maximum oxygen consumption (18.98%, 16.53%, 10.69%, 7.68%, 9.97%, 26.25%,
and 8.87%) compared to the CG (-4.10%, -1.19%, -0.26%, -1.53%, -1.44%, 0.24%, and -0.70%), respectively.
Conclusions. Moderate-intensity circuit exercise has been found to have positive effects on improving body
composition and physical fitness in overweight working women. Thus, the implementation of MICE with appropriate
sessions, resting, duration, and training periods can achieve maximum benefit.

Keywords: body composition, moderate intensity circuit exercise, overweight, physical fitness, women of working age.

Introduction

The epidemic of overweight continues to increase among
the adult population, especially working-age women (Sadali
etal,, 2023), which may affect daily life or result in the risk of
various non-communicable diseases (NCDs) and come with
behaviors that have a negative effect on health conditions
such as smoking and alcohol drinking (Farhat et al., 2010).
It also increases the risk of diabetes, coronary heart disease,
and cancer by 58%, 21%, and 42%, respectively (WHO,

© Namboonlue, S., Dechakhamphu, A., & Raksilp, M., 2024.
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2020), and leads to breast cancer among women (Hu, 2003).
Sarcopenia also occurs during adulthood and decreases even
more in the elderly, leading to various chronic diseases and
impaired adipose tissue that affect the cardiometabolic risk
(Bosy-Westphal & Miiller, 2021).

Exercise plays an important role in preventing and
treating overweight and obesity. Proper exercise training
will help develop physical fitness and lead to changes in
good health behaviors (Bandura, 1977). Changes in body
composition and the proportion between fat mass and
muscle mass, improved resting blood pressure and heart rate,
and increased cardiorespiratory fitness are generally found
(Irene-Chrysovalanto et al., 2021). The intensity of exercise
is determined by the force required to perform the physical
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activity. The American College of Sports Medicine (ACSM)
defines moderate exercise intensity at 64-76% of maximum
heart rate (MHR) (Medicine, 2018), 46-64% of maximum
oxygen consumption (VO,max), and the Borg’s scale at the
levels of 12-13 and 50-70% of repetition maximum (RM)
(Thompson et al., 2013). Moderate-intensity exercise also
improves aerobic capacity, develops emotions, or has a
positive effect on psychology (Lox et al., 2019).

Circuit exercise consists of 9-12 exercise stations, fo-
cusing on improving muscle strength, muscular endurance,
and stimulating cardiorespiratory endurance simultane-
ously (Adamson, 1959). Moreover, circuit exercise saves
on exercise time but is highly effective in improving physi-
cal fitness. When combined with body weight exercise, it
will use less equipment, which is easy and convenient to
start exercising (Klika & Jordan, 2013). A previous study by
Paoli et al. (2013) compared three types of training: high-
intensity circuit training, low-intensity circuit training, and
endurance training, which were performed 3 times/week
for 50 minutes each. After a 12-week training, it was found
that the high-intensity circuit training can improve diastolic
blood pressure. The reductions in fat mass and arterial cho-
lesterol were significantly different. The low-intensity circuit
training group experienced the greatest changes in systolic
blood pressure. Also, all these three training programs had a
significant effect on body weight changes. It was effective in
improving BMI and body composition in adults (Paoli et al.,
2013). Irene-Chrysovalanto et al. (2021) used a moderate-
intensity intermittent circuit training program among obese
and overweight individuals, with the intensity at 50-60%
of maximum heart rate, 2 times/week. A total of 10 exer-
cise stations were repeated for a total of 2 circuits. After the
8-week training, significant improvements were found in
body weight, body mass index, body fat, lean body mass,
systolic blood pressure, resting heart rate, and cardiorespi-
ratory fitness. It can be concluded that moderate intensity
circuit training is as effective in improving physical fitness
as high intensity circuit training (Irene-Chrysovalanto et
al., 2021). Furthermore, a moderate-to-high-intensity cir-
cuit training program can affect changes in muscle perfor-
mance. In particular, there is an increase in upper and lower
muscular strength (Marcos-Pardo et al., 2019). These basic
strengths are important indicators for working-age women
to maintain their muscular fitness to prevent muscular dis-
orders and the risk of injury to bones and joints (Nelson
et al., 2007). Moderate-intensity exercise can help reduce
cell damage or inflammation compared to high intensity
exercise over a long period of time, which has a greater
negative effect on cellular inflammation (Cerqueira et al.,
2020). A systematic review by Ramos-Campo et al. (2021)
revealed that resistance circuit-based training can improve
body mass index, fat mass, and muscle mass significantly
among middle-aged and elderly women. VO,max, maxi-
mum aerobic speed, and the strength of the upper and lower
extremities also significantly improved (Ramos-Campo et
al., 2021). Previous studies reported beneficial effects of
circuit training among women of working age and other
age groups, as it can improve the cardiorespiratory system
and prevent cardiovascular diseases (Ballesta-Garcia et al.,
2020; Beqa Ahmeti et al., 2020). In this study, the research-
ers considered the safety during the training of the samples,
who were working-age women with sedentary behavior. If

they begin to practice a high-intensity circuit exercise pro-
gram, they may be at risk of injury during exercise training.
Therefore, the exercise intensity was set at a moderate level
of 64-76 % MHR throughout the 12-week exercise training
period. The researchers have recognized the importance of
applying a moderate-intensity exercise program to improve
body composition and enhance physical fitness, which can
be the guidelines for health care, prevention, and treatment
among overweight working-age women.

Materials and Methods

Study Participants

Twenty-nine working-age participants, overweight
women from Ubon Ratchathani Rajabhat University (mean
age 42.66 t 4.19 years), volunteered for this study. The
inclusion criteria were as follows: participants measured and
reported as overweight (BMI = 25.0-29.0 kg/m?), likely to
be untrained, no training for aerobic and resistance exercise
programs within the past 3 months, and no contraindication
for circuit exercise. The exclusion criteria included having
tendons, joints, and muscle injuries or other complications,
such asheart disease, and participating in the research project
for less than 80% of the training. Participants provided
written informed consent after being informed about the
study’s details, objectives, risks, and potential of a moderate-
intensity circuit exercise program. The research received
approval from the Human Ethics Committee (HE662039) at
Ubon Ratchathani Rajabhat University.

Study Organization

The participants were randomly divided into two
groups: the control group (CG, n = 14) and the moderate
intensity circuit exercise group (MICE, n = 15). The control
group did not exercise and had a normal daily life. Baseline
measurements were taken for all participants before the
start of the training program. After twelve weeks of training,
measurements were taken again, namely between two days
before and after the final training session (Fig. 1).

Training Program

The moderate-intensity circuit exercise program
consisted of workouts that lasted for 60 minutes per day,
3 days per week, on non-consecutive days, for a total
of 12 weeks. The program was scheduled every Monday,
Wednesday, and Friday, with two sessions available from
3:00 p.m. to 4:00 p.m. and 5:00 p.m. to 6:00 p.m. The
exercise sessions took place at UBRU Fitness, located at
Ubon Ratchathani Rajabhat University. The circuit exercises
comprised nine body weight-based exercises, including
jumping jacks, triceps dips, sit-ups, knee-hops, Russian
twists, lunges, planks, squats, and jogging. These exercises
were followed by a moderate intensity circuit exercise,
during which participants wore HR monitors (Rhythm+2.0;
Scosche Industries PR.C.) on their upper forearms to
monitor heart rate. The target pulse range was set at 64% to
76% of maximum heart rate (MHR) (Cerqueira et al., 2020)
throughout the training period.
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Fig. 2. Circuit exercise training protocol

Measurements

Body Composition Measurement

A bioelectrical impedance analysis device (Seca mBCA,
Hamburg, Germany) measured weight, body mass index
(BMI), fat-free mass, skeletal muscle mass (whole body, right
arm, left arm, torso, right leg, and left leg), visceral adipose

tissue, total energy expenditure, and resting metabolic
expenditure while each participant stood barefoot for
5 minutes.

Anthropometric Measurement

Waist circumference (WC) and hip circumference (HC)
were assessed by measuring the distance between the lower
rib border and the iliac crest, as well as the level of the greater
trochanter, using a flexible inch tape. The waist-to-hip ratio
(WHR) was calculated using the provided measurements
and the designated formula. The waist-to-hip ratio (WHR)
is calculated by dividing the waist circumference (WC) by
the hip circumference (HC), both measured in centimeters
(cm).

Flexibility Measurement

The flexibility of the hamstring and lower back muscles
was assessed using a standing trunk flexion meter (Flexion-D
Takei physical fitness test; T.K.K. 5403, Japan), while the
trunk muscles were evaluated using a trunk extension meter
(Extension-D Takei physical fitness test; T.K.K. 5404, Japan).

Muscular Strength Measurement

The arm muscles were assessed for strength using a grip
strength dynamometer (Grip-D Takei physical fitness test;
T.K.K. 5401, Japan), while the leg muscles were evaluated for
strength using a back strength dynamometer (Back-A Takei
physical fitness test; T.K.K. 5002, Japan).

Muscular Endurance Measurement

The 60-seconds chair stand test (60SCST) was conducted
to assess muscular endurance. Upon receiving the “Start”
signal, the individual was required to rise from the chair,
assume an upright posture with legs fully extended, and then
return to the initial seated position. This was recorded as a
single iteration. The frequency of repeats was documented
for a duration of 60 seconds, during which the participants
executed the action of standing up and sitting down on a
chair with accuracy, striving to achieve the maximum
number of repetitions.

Cardiorespiratory Endurance Measurement

A maximum oxygen consumption test (VO,max) was
conducted to assess cardiorespiratory endurance or aerobic
capacity. Cardiorespiratory endurance was indirectly
assessed using the Astrand method - rhyming, which
included utilizing a cycle ergometer (Monark Ergomedic
828E, Vansbro, Sweden). The evaluation was completed
under the researcher’s observation.

Statistical Analysis

The statistical analyses were conducted using SPSS 25
(IBM Corp., IBM SPSS Statistics for Windows, Version
25.0; Armonk, NY: IBM Corp). The data are reported as the
mean + standard deviation (SD). The normality of the data
was assessed using the Shapiro-Wilk test. The study used
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paired t-tests to compare data acquired before and after a
12-week training period. Additionally, independent t-tests
were used to compare the variations from baseline across
different groups. A P value less than 0.05 was deemed to be
statistically significant.

Results

The participant’s baseline characteristics of cardiovascu-
lar parameters in the control and moderate-intensity circuit
exercise groups are presented in Table 1. No significant dif-
ferences existed among the groups (CG and MICE) for any
variable.

Table 1. Baseline characteristics of cardiovascular
parameters in the control and moderate-intensity circuit
exercise groups

Parameters CG (n=14) MICE (n=15) t p-value
Age (y) 41.86 + 3.76 43.40+4.55 0.992 0.165
Weight (kg) 72.95 £ 8.63 69.87 £10.16 -0.259 0.399
Height (cm) 159.15 £ 5.08 159.00 £5.46 -0.074 0.471
BMI (kg/m?) 28.61 £ 3.29 27.65+3.65 -0.265 0.397
Resting heart 82.23 £12.43 81.50£9.47 -0.164 0.436
rate (b/m)

SBP (mm Hg) 121.31+9.12 126.75+11.49 1.317 0.101
DBP (mm Hg)  81.91+9.12 83.08 £6.84 0.351 0.365

Description: CG = control group, MICE = moderate-intensity
circuit exercise group; BMI; body mass index; SBP = systolic
blood pressure; DBP = diastolic blood pressure. Values are mean
+ SD. p>0.05 No significant difference was found between the two
groups for any variable

After 12 weeks, the body weight, BMI, fat mass, skeletal
muscle mass (whole body, right arm, left arm, right leg,
and left leg), visceral adipose tissue, TEE, REE, WC, and
WHR were reduced in MICE by -0.65%,-0.73%, -2.16%,
2.53% (2.54%, 3.17%, 3.59%, 3.13%, and 3.35%), -7.12%,
10.85%, 0.71%, -3.13%, and 2.67%, respectively, p < 0.05)
when compared to CG. Likewise, this increase in the MICE,
changes in body composition, and anthropometrics as a
result of training (baseline to post-intervention) were not
significantly different in the CG (Table 2).

In particular, after 12 weeks of training, the sit and reach
test, back extension test, hand grip strength of the right hand,
hand grip strength of the left hand, leg strength, 60SCST,
and VO,max were significantly increased in the MICE
(18.98%, 16.53%, 10.69%, 7.68%, 9.97%, 26.25%, and 8.87%)
compared with the CG (-4.10%, -1.19%, -0.26%, -1.53%,
-1.44%, 0.24%, and -0.70%), respectively (Table 3). Despite
this increase in the moderate-intensity circuit exercise group,
changes in physical fitness as a result of training (baseline
to post-intervention) were not significantly different in the
control group.

Discussion

The findings revealed significant changes in body
composition and physical fitness over a 12-week period
of moderate-intensity circuit exercise programs among

overweight women of working age. Changes in body weight
and BMI after the training may be due to the fact that the
samples received an exercise program that changed the
energy balance or caused energy expenditure affecting
changes in body weight and BMI (Weinsier et al., 2002).
Berge et al. (2021) compared the effects of a moderate-
intensity continuous training (MICT) program and a
combined MICT with high-intensity interval training (HIIT/
MICT) program. After 24 weeks of training, both groups
had a significant increase in energy expenditure during
exercise (EEDE). The HIIT/MICT group showed greater
reductions in body weight and BMI (Berge et al., 2021). This
is similar to the present study’s findings that the total energy
expenditure (TEE) and the resting energy expenditure (REE)
of the experimental group significantly increased and were
significantly different between groups after the training. In
other words, the circuit or interval exercise can influence
changes in energy expenditure, affecting changes in body
composition.

In addition, in this research, the waist circumference,
waist-to-hip ratio, visceral fat, and body fat mass of the
MICE group decreased. Similarly, a study by Berge et al.
(2021) found the decrease in fat mass in the HIIT/MICT
group that was different from that in the MICT group after
24 weeks of training. Changes in waist circumference after
the experiment in the HIIT/MICT group were also found
(Berge et al., 2021). A study of high- and low-intensity
circuit training programs also revealed changes in body fat
mass (Paoli et al., 2013). It can be concluded that if circuit
exercise is done continuously, it will cause changes in body
fat mass. The hip circumference that was not changed after
the training may be because the training program in this
study added exercises for the hip muscles. Therefore, the
muscles in these areas may have developed, resulting in no
change in hip circumference. However, changes in the waist-
to-hip ratio were found. The mean waist circumference of
the experimental group decreased due to exercise in the
overweight and obese groups (Khan et al., 2022).

Also, an increase in muscle mass was found in all
muscles of the body. This is consistent with the study of Irene-
Chrysovalanto et al. (2021), which investing the effects of
a moderate-intensity intermittent circuit training program
among obese and overweight individuals. It was found that
the leg muscles (L. Hamstring and L. Quadriceps) of the
experimental group increased significantly compared to the
control group after 8 weeks of training (Irene-Chrysovalanto
et al., 2021). Likewise, a study by Paoli et al., (2013) found
changes in fat-free mass in the group that trained with the
circuit training program (Paoli et al., 2013). The present
study also found that the body’s muscle mass increased by
2.53%. It is possibly because the training program used body
weight exercise as resistance, causing muscle development.
Resistance circuit-based exercise can help improve muscle
performance (Klika & Jordan, 2013).

Muscle flexibility in the MICE group increased by
18.98%, indicating an improvement in muscle performance
in terms of flexibility. In the training program, resistance
from body weight was used as the main exercise. Both major
and minor muscles were used together through repetitions
a number of times, resulting in the stretching of muscles
during the movement periods. If the exercise is practiced
correctly and appropriately, it will help increase muscle
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Table 3. Physical fitness of participants in all 2 groups after 12-week training

CG (n=14) MICE (n = 15)
Variables b %
Pre-test  Post-test e t p-value Pre-test Post-test e t p-value
Flexibility
Sit and reach test (cm) 11.44 + 6.36 10.97 £ 5.74 -4.10 1.304 0.217 12.99 £5.10 15.45+5.81 18.98* 3.602 0.001*
Back extension test (cm) 34.28 +6.4133.87 £6.91 -1.19 0.992 0.342 33.92+544 39.53 +6.88 16.53* 4.130 0.001t
Muscular strength
Hand grip strength of right hand ~ 0.35 £ 0.07 0.35 + 0.07 -0.26 0.199 0.846 0.40 +£0.08 0.45+0.08 10.69* 3.531 0.001%
(kg/weight)
Hand grip strength of left hand 0.33+£0.05 0.32+0.05 -1.53 1.342 0.213 0.37+0.07 0.40£0.07 7.68° 4.389 0.001t
(kg/weight)
Leg strength (kg/weight) 1.20+0.31 1.18+0.29 -1.44 1.035 0.325 1.32+£030 1.45+0.27 9.97* 3.757 0.002t
Muscular endurance
60SCST (reps) 32.15£6.0132.23 £548 024 -0.132 0.897 32.93+9.33 41.57£9.15 9.97* 4.319 0.003%
Cardiorespiratory endurance
VO,max (ml/kg/min) 26.04 £4.7825.83+4.32 -0.70  0.635 0.559 26.48+7.01 28.82+6.79 8.87* 5.050 0.001%

Description: 60SCST = 60 seconds chair strand test; VO,max = Maximum oxygen consumption. *Significant p<0.05 (pre vs post),

tSignificant p<0.05 (CG vs MICE)

flexibility (Alizadeh et al., 2023). In the present study, sit and
reach and back extension were used to test muscle flexibility,
so the core and lower limb muscles were used. The training
program consisted of the exercises that helped develop these
muscles properly. Doing resistance training that allows
muscles to work their full range of motion at least three
times per week can improve flexibility (Rinaldo et al., 2017).

Changes in muscle strength performance were also
found in every test result (Handgrip: L&R, Leg strength).
A study by Marcos-Pardo et al. (2019) also pointed out that
a 12-week resistance circuit training program can improve
muscle strength in both elderly men and women (Marcos-
Pardo et al.,, 2019). A study by Irene-Chrysovalanto et al.
(2021) found changes in muscle strength in hamstring and
quadriceps muscles after doing moderate-intensity circuit
training (Irene-Chrysovalanto et al., 2021). Previous studies
have shown the effectiveness of the circuit training program.
The improvement in handgrip strength may be caused by the
poses that primarily use the arm muscles. The triceps dip or
other poses that use the muscles in the forearm may help
develop the strength of these muscles among working-age
women who tend to lack this type of exercise. The increase in
leg muscle strength may be due to the fact that most training
exercises involve using these muscles for movement or
resistance, causing the muscles to develop strength (Marcos-
Pardo et al.,, 2019).

Muscular endurance increased by 9.97%. Similarly, a
study by Myers et al. (2015) examined the effects of circuit
training on a group of young women who were physically
inactive. The study revealed a significant improvement in
muscular endurance after 5 weeks of training, conducted
three times per week. After training, the muscular endurance
of the hamstring muscles increased by 23.3% (Myers et al.,
2015). In contrast to this research, the sample consisted of
working-age women, potentially leading to a smaller increase
in the magnitude of the change. However, the age factor may
influence the change. Circuit training, on the other hand, has

the potential to improve muscular endurance performance if
the training program is appropriate for the subjects (Jung et
al., 2019; Rinaldo et al., 2017).

The change in VO,max in this study may be caused by
the combined resistance and rest periods. As a result, the
exercise had an appropriate intensity (moderate) for the
samples. It was a combination of the aerobic and anaerobic
energy systems in the exercise. After the training, VO,max
changed by 8.87%. It is considered to have a positive effect
on the prevention of cardiovascular diseases because every
1 ml/kg/min increase in VO,max is associated with a 9%
reduction in the risk of cardiovascular diseases (Reljic et
al.,, 2021). A study by Irene-Chrysovalanto et al. (2021)
also showed an approximately 10% change in VO,max
after 8 weeks of circuit training (Irene-Chrysovalanto et
al,, 2021). That is, moderate-intensity circuit training can
help improve cardiovascular endurance. Therefore, it can
be said that a 12-week moderate intensity circuit exercise
program in this study was possible to cause changes in
body composition and overall physical fitness in overweight
women of working age. However, the interpretation of such
results needs confirmation from subsequent studies because
the volunteers in this study were not restricted or controlled
in their diet. Therefore, training combined with controlled
or restricted food intake compared with training alone
will make it possible to draw clear conclusions about these
results.

Conclusions

After 12 weeks of training, moderate-intensity circuit
exercise using body weight as resistance can improve body
composition and physical fitness in overweight women
of working age. It is an appropriate, convenient, safe, and
effective exercise program that can be recommended to
women with physical inactivity and those who are obese.
Moreover, we recommend combining MICE with food
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restriction to see clear results of change, as this approach
yields better results than exercising alone.
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BusHaueHHA BNAMBY 12-TMHXKHEBOI Nporpamu KpyroBux
BMpaB NOMipHOI iHTEHCUBHOCTI HA NOKAa3HUKM
KomMno3uuii Tina ta ¢isnyHoI NiAroToBNEeHOCTI XKiHOK
npauesfaTHOro Biky 3 HaAMipHOI0O Macolo Tina

1ABCD 1ABCD

Capoua Ham6ynmye'**°PE, Ananbsa [Jedakxamngy'**“°, MonTxiya Pakcimm

'Y6oHpaTyaTxaHCbKMit yHiBepcuTeT Papkadxar

ABTOpchKuMit BRI A — nusaiiH gocmimpkeHHs; B - 36ip panux; C - crataHanis; D — migroroska pykomucy; E — 36ip koutis

Pedepar. Crarra: 9 c., 3 1abn., 2 puc., 27 [pKeper.

Merta pocmigxkenns. JlocnipkeHHA Malo Ha METi BUBYMTY BIUIMB 12-TV>KHEBOI IpOrpaMy KPyTrOBMX BIIPaB IOMipHOI iHTEH-
CUBHOCTI Ha ITOKa3HMKI KOMITO3MIIil Ti/la Ta (bismqﬂo'i MiJITOTOBIEHOCTI JKiHOK ITpale3JaTHOTO BiKy 3 HaZIMipHOIO MacoI0 Tifa.

Marepianu ta MeTomm. [JBafiliATh JieB AT XKiHOK IIpalesfjaTHOTO BiKy 3 HaJAMipHOIO Barowo Oymu posfileHi Ha ABi rpymm:
kouTporbHa rpyna (K[, n = 14) gorpumyBazacs 3BUYAIHOTO IIOBCSAKAEHHOTO CIIOCOOY XXUTTS, Ta TPYIIA, 10 BUKOHYBaJIa KPy-
rosi Brpasu nomipuoi intencusHocti (KBIII, n = 15) i mpoxoauaa TpeHyBaHH:, 1o BKmoyamu 3 ceancu KBIII (40-50 cexyHp
3 HacTynHUM 60-CeKyHIHMM BifTIOYMHKOM Ha KOXXHY BIIPaBy i 90-CeKyHIHMM BiJHOBJIEHHAM MDK CeaHCaMM Ha piBHi 64-76%
MaKCHMAa/IbHOI YaCTOTH CepLeBMX CKOPOUeHb). TpeHyBaHH: IIPOBOINCS BIPOLOBXK 60 XBUINH HA [ieHb, TPM IHI Ha TVDK/IEHD.
IToxa3HMKYM KOMITO3MILiI Tia Ta Qi3NIHOI HIATOTOBIEHOCTI BUMIPIOBAIN 10 moyJaTky (3a 2 mHi 10) Ta micna (depes 2 gHi micm)
12-TU>XKHEBOTO Nepiofly TpeHyBaHb.

Pesynbraru. Ilicisa 12-TukHeBOro TpeHyBaHHA B Ipymi, wio 3aitmanacsa KBIII cocTepiranocs sHauHe IOKpAIleHHSA HU3KU
K/IIOUOBIX [TOKA3HUKIB CTAHY 30POB s, BKIKYaK4M Macy Tina, IMT, >kupoBy mMacy, Macy CKeJIeTHUX M 5I3iB, BiCljepaIbHy >KIUPO-
By TKaHVHY, 3ara/JlbHi €eHeproBUTPATH, EHEPTOBUTPATH Y CTaHi CIIOKOX0, OKPY>KHICTb Taslii Ta CIiBBiIHOLIEHHA Taslii O CTETOH
(-0,65%, -0,73%, -2,16%, 2,53%, -7,12%, 10,85%, 0,71%, -3,13% Ta -2,67%, BifnosigHo, p < 0,05) MOpPiBHAHO 3 pe3ynbraTamu
KOHTPOJIbHOI Ipyny. AHaznoriunum umHom, rpymna KBIII Takoxx IpofeMOHCTpyBana CyTTEBille HOJIIIIEeHHs TOKasHUKIB y BU-
KOHAHHI TeCTy Ha THYUKicTb (croci6 BuMiploBaHH: 3arajbHOI THYYKOCTI Tila IIpyu 3TMHAHHI TyTy6a BIlepell, CUAAYM Ha Mif1osi
3 BUTATHYTVUMMU BIIepe]l pPyKaMu), TeCTy Ha PO3TMHAHHA CIIMHY, CUIM KUCTBOBOTO XBATy IPaBOl PYKMU, CUIM KMCTbOBOTO XBaTy
iBOI PyKM, CHJIV HIDKHIX KiHI[iBOK, 60-CEKyH/{HOTO TECTY Ha OLIiHKY CV/IM Ta BUTPUBAJIOCTI HYDKHIX KiHIIIBOK, 1[0 IIepefj0adae Bu-
MipIOBaHHA KiZIbKOCTi PyXiB 3 II0/I0)K€HHS CUAAYM Ta BCTAIOUM 3i CTAHZAPTHOIO CTi/Iblif, @ TAKOXX MAKCYMa/IbHOTO CIIOYKMBaHH:A
xucHio (18. 98%, 16,53%, 10,69%, 7,68%, 9,97%, 26,25% Ta 8,87%) nopisH:aHo 3 KI' (-4,10%, -1,19%, -0,26%, -1,53%, -1,44%, 0,24%
Ta -0,70%) BifmoBigHO.

BucnoBku. BcTanoB/eHO, 0 KPYTOBi BIIpaBM MOMipHOI iHTEHCMBHOCTI IO3UTUBHO BIIMBAIOTh Ha ITOKPAILeHHA IIOKa3HMUKIB
KOMIO3uIiii TiTa Ta $i3n4HOI M ATOTOBIEHOCTI IIPALIOI0YNX XKIHOK 3 HAAMIPHOIO Macolo Tia. TakuM unHOM, BuposamkeHHs KBIII
3 BiITIOBiIHYMI CeaHCaMU, PEKMMOM BifITIOYMHKY, TPMBAJIICTIO Ta ME€piofaMy TPEHYBaHb MOYKE IOCATTY MaKCUMMa/IbHOI KOPUCTI.

Kirro4oBi cmoBa: KOMIT03M11is Tia, KPyroBi BIIpaBy OMipHOI iHTEHCMBHOCTI, HaAMipHa Maca Tia, pisiyHa niiroToB/IeHiCTb,
JKIHKM IIPalle3[jaTHOTO BiKY.
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Abstract

Objectives. The study aimed to compare the cardiorespiratory fitness levels among male students majoring in football

and basketball.

Materials and methods. A cross-sectional study was conducted with a sample size of 60 students, divided into two
groups: 30 students from the basketball class and 30 students from the football class. The average age of students in
the football class was 22.03 + 0.81, while in the basketball class, it was 22.07 + 0.74. All participants were male and
active strata 1 students in semesters 4 and 6, equivalent to second and third-year students. The cardiorespiratory
fitness level was assessed using the Cooper 1.5 mile or 2.4 km Run Test. The data analysis was performed using a two-
tailed independent sample t-test to determine differences between the two groups at a significance level of less than
5% (p<0.05). Prior to the t-test, normality was assessed using the Shapiro-Wilk test, and homogeneity was assessed
using Levenes statistics, with a significance level higher than 5% (p>0.05).

Results. The findings revealed that students in the football class showed a higher VO,max (42.54 + 5.40) compared to
those in the basketball class (37.86 + 5.62), demonstrating a statistically significant difference (p = 0.002).
Conclusions. The study found a significant disparity in cardiorespiratory fitness levels between the football and

basketball student groups within the campus setting.

Keywords: college students, football, basketball, cardiorespiratory fitness.

Introduction

Physical fitness, as highlighted by Farley et al. (2020),
Puchalska-Sarna etal. (2022), Xiao et al. (2021), stands out as
a crucial factor influencing sports performance. This concept
is commonly categorized into two distinct components:
fitness pertaining to overall health and fitness specific to
sports skills, as discussed by Kariyawasam et al. (2019) and
Zheng et al. (2023). The foundation of health-related fitness
is essential for individuals across the spectrum (Xiang et
al.,, 2017), encompassing both the general populace and
athletes, including basketball and football players. Optimal
physical fitness is imperative to underpin daily activities and
accomplishments. Therefore, it can be inferred that health-
related physical fitness serves as the cornerstone that athletes
must establish before honing skill-related physical abilities

©  Arrum, D.N. A, Tomoliyus, Alim, A., &
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to attain peak performance. Bompa (2012) emphasizes that
physical fitness linked to health represents a fundamental
biomotor element that every athlete should possess.

Thefitnesscomponentsassociated with healthencompass
body composition, cardiorespiratory fitness, flexibility,
muscle strength, and muscle endurance, as highlighted by
Blair et al. (2001), Janssen and Leblanc (2010), and Ross et
al. (2016). Among these elements, cardiorespiratory fitness
assumes paramount importance due to its direct correlation
with vital human systems, specifically the lungs and heart.
Raghuveer et al., (2020) describe cardiorespiratory fitness as
the synergy between the cardiovascular system (comprising
the heart and blood vessels) and the respiratory system
(involving the lungs and respiratory tract) in facilitating
oxygen distribution throughout the body and eliminating
carbon dioxide generated during metabolic processes.

In the realm of student demographics, the levels of car-
diorespiratory fitness emerge as a significant focal point as
they wield the potential to impact academic performance,
overall well-being, and quality of life, as noted by Chang &
Jui-Fu (2011) and Singh et al. (2012). This notion aligns with
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findings from Sardinha et al. (2016), underscoring that high-
er levels of cardiorespiratory fitness and sustained enhance-
ments in fitness are linked to enhanced academic outcomes.
Essentially, individuals with elevated and progressively ad-
vancing cardiopulmonary fitness levels tend to exhibit im-
proved academic achievements. Studies concerning cardiore-
spiratory fitness among college students often underscore the
role of regular physical activity in enhancing lung and heart
health. Nevertheless, within educational settings, particularly
campuses, other variables such as engagement in competitive
sports can also impact cardiorespiratory fitness levels.

The participants in this study consisted of students who
were enrolled in basketball and football coaching programs.
It was essential to note that not all students in these classes
were necessarily athletes. Among the students were individ-
uals with a keen interest in basketball or football, aiming to
delve deeper into these sports, including former athletes and
enthusiasts aspiring to pursue coaching roles. Thus, the pri-
mary objective of this study was to meticulously evaluate and
compare the cardiorespiratory fitness levels of students en-
gaged in basketball and football classes. Through this com-
parative analysis, we aimed to enhance our comprehension
of how the nature of sporting activities could impact cardio-
respiratory fitness levels within the college student cohort.

This research offers valuable insights not only into
the significance of sports education in upholding student
health but also into the specific impact of certain sports on
enhancing cardiorespiratory fitness. Therefore, the objectives
of this research carry significant practical implications for
the advancement of health and fitness programs tailored for
students within the campus setting.

Materials and Methods

Participants

This research is a cross-sectional and observational study
that examines data collected from a specific population at a
single time point (Capili, 2021; Kesmodel, 2018; Wang &
Cheng, 2020). The sample for this study comprised 60 male
students, with 30 students from the basketball sports
coaching class and 30 from the football sports coaching
class. These participants were active undergraduate students
in their fourth and sixth semesters, corresponding to the
second and third years of study. Essentially, these students
possessed significant prior experience in practicing
basketball or football. For further details regarding the
sample characteristics in this study, please refer to Table 1.

as well as abstain from consuming food prior to the test. Prior
to the testing procedure, participants were recommended to
engage in a 10-minute warm-up and stretching session.

The Cooper 1.5 mile or 2.4 km Run Test was the instru-
ment utilized to evaluate cardiorespiratory fitness levels in
this study. This 2.4 km running test serves as a straightfor-
ward aerobic fitness assessment, necessitating solely a run-
ning track, stopwatch, and a recording sheet to document
the participant’s overall score. Subsequent to the test, calcu-
lations and standards for cardiorespiratory fitness levels were
analyzed utilizing the formula outlined by Wood (2008).

Statistical Analysis

The data analysis was conducted utilizing SPSS version
27.0. The data presentation format adopted was mean + SD.
The data analysis technique employed a two-tailed indepen-
dent sample t-test to assess variations in the means of the two
groups, with a significance threshold set below 5% (p < 0.05).
Prior to conducting the t-test, prerequisite tests were per-
formed, namely: (1) normality testing using Shapiro-Wilk;
and (2) homogeneity testing using Levene Statistics. The
prerequisite or assumption tests utilized a significance level
exceeding 5% (p > 0.05).

Results

Normality Test
Table 2. Normality Test Results

Shapiro-Wilk

Variable Class — -
Statistic  df Sig.
VO (ml/kg/min) Football 0.959 30 0.284
max (m min
? 5 Basketball  0.960 30 0311

The table above displays the outcomes of the Shapiro-
Wilk test. The p-value for the Shapiro-Wilk test in the
football class is 0.284 (> 0.05), and in the basketball class,
it is 0.311 (> 0.05). As both values are greater than 0.05,
it indicates that both groups exhibit a normal distribution
according to the Shapiro-Wilk test.

Homogeneity Test

Table 3. Homogeneity Test Result

A Levene .
Variable S titic df1  df2 Sig.

Based on Mean 0328 1 58 0.569
Data Collection Technique Based on Median 0.236 1 58 0.629
In thi h, data collecti loyed tests and e BasedonMedian o000y 5 66 0629
n this research, data collection employed tests an (ml/kg/min) and with adjusted df . .
measurements. Participants were required to be in good Based s d
health, free from injuries, and instructed to refrain from asedontrimmed 5,4 | sg 0.571
engaging in strenuous exercise for a minimum of 48 hours, mean
Table 1. Participant’s physical characteristics (mean + SD)
Group N Age Height (m) Weight (kg) BMI HB (g/dl)
Basketball 30 22.07 +£0.74 1.70 £ 0.52 60.61 + 8.32 20.78 +2.22 15.45+1.77
Football 30 22.03 £0.81 1.66 £ 0.56 57.63 £7.48 20.84 +2.23 16.30 + 1.72
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The table above presents the outcomes of the
homogeneity test conducted using Levene’s Test method.
The Levene’s value displayed in the row based on the Mean is
0.328, with a p-value (sig) of 0.569, indicating that the value
is > 0.05. This result suggests that there is equal variance
between the groups, signifying homogeneity.

5500
5000
4500

4000

VO2Max(ml.kg.min-1)

3500

3000

2500

Football Basketball

Class

Fig. 1. Boxplot independent t-test

The box plot above reveals no outliers above or below
the boxplot, indicating the absence of any outliers. With all
assumptions met, we have proceeded to the next test, namely
the Independent T-Test.

Hypothesis Test

Prior to testing the hypothesis, the cardiorespiratory
fitness level results were classified within each class. Below
is the data from this categorization:

Table 4. Data Category Results of Cardiorespiratory Fitness
Level of Basketball and Football Class

Category
Group ng Poor Fair Good Excellent Total
Football 2 3 15 5 5 30
Basketball 8 9 9 4 0 30
Total 10 12 24 9 5 60

Upon reviewing the categorized data of cardiorespiratory
fitness levels for the basketball and football classes, a
comparison of the analysis results conducted by the
researchers is presented in Table 5. The mean + standard
deviation is greater in the football class than in basketball,
with a significant p-value of 0.002 (p < 0.005), indicating a
notable difference.

Table 5. Comparison Cardiorespiratory Fitness Level
Basketball and Football Class

Basketball
Class

Football

Variable Class

p value

Cardiorespiratory Fitness

42.54+5.40  0.002*

Mean+Standard deviation; *Statistically significance

Discussion

Inthe soccer class, the average age was 22.03 + 0.81, while
in the basketball class, it was 22.07 + 0.74. It is important to
note that the research samples in both groups included not
only athletes but also former athletes, amateur players, or
individuals studying the sport to pursue coaching roles.

The study uncovered notable variances in cardiorespira-
tory fitness levels among college students enrolled in basket-
ball and football classes. This distinction was supported by a
significance level of p = 0.002, indicating a value below 0.05.
These results offer valuable insights into the factors impact-
ing cardiorespiratory fitness levels within the student com-
munity and may have implications for designing programs
in higher education.

Students enrolled in soccer classes exhibited superior
levels of cardiorespiratory fitness in comparison to their
counterparts in basketball classes in this study. This disparity
could be attributed to variations in the intensity and nature
of exercises practiced in each sport.

Drawing on research by Stojanovi¢ et al. (2018), the
average VO,max of elite male basketball athletes ranges
from 50 to 61 ml/kg/min. In comparison, student athletes
typically exhibit an average VO,max of 50 to 58 ml/kg/min,
engaging in approximately 21 to 57 movements per minute
during gameplay. Further, the average distance covered
by players in a basketball game spans from 4,400 to 7,500
meters over a 40-minute match (excluding breaks).

Basketball is classified as an intermittent sport, as
highlighted by Koryahin, (2022) abd Salafi et al. (2023),
characterized predominantly by high-intensity activities
where the average heart rate surpasses 85% of HRmax during
gameplay. In contrast, elite male soccer players, as reported
by Turner & Stewart (2014), typically exhibit an average
VO,max ranging from 50.3 to 65.3 ml/kg/min. Moreover,
the average distance covered in a football match typically
ranges between 10 to 13 kilometers per game.

Football is a high intensity intermittent sport, featuring
critical events completed at high/maximal intensity which
is superimposed onto an aerobic base of lower intensity
activities and rest (Hulton et al., 2022). The aerobic energy
system is highly taxed during a football game, with average
and peak heart rates around 85% and 98% of maximal
values, respectively, corresponding to average oxygen uptake
of around 70% of maximum (Bangsbo, 2014). In summary,
during a soccer match, the body predominantly utilizes the
aerobic energy system at high intensity, leading to elevated
heart rates and oxygen consumption. This underscores
the crucial role of cardiorespiratory fitness in determining
athletes’ performance levels during soccer matches.

Based on the findings of cardiorespiratory fitness re-
search, students in football classes exhibit a VO,max of
42.54 + 5.40, whereas those in basketball classes show
37.86 £ 5.62. These results suggest that the intensity and du-
ration of training in basketball classes may not be sufficient
to achieve the same level of cardiorespiratory fitness as ob-
served in soccer classes.

Not only physical performance but also biological con-
ditions can significantly influence performance optimiza-
tion For instance, hematological parameters are crucial for
predicting optimal physical performance as hemoglobin and
red blood cells are essential for oxygen transport (Schum-
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acher et al,, 2002). According to Table 1, the average Hemo-
globin (HB) levels are 16.30 + 1.72 for students in football
classes and 15.45 + 1.77 for those in basketball classes.

According to Walker et al. (1990), the typical Hb levels
for males range from 14 to 18 g/dl, while for females, the
range is 12 to 16 g/dl, indicating that the HB results for each
class fall within the normal range. However, the soccer class
showed the highest improvement. The levels of hemoglobin
and cardiorespiratory fitness are closely linked. It is well-
established that endurance training leads to adaptations in
blood levels, characterized by an increase in blood volume
due to heightened plasma volume and an increase in the red
blood cell count (Schumacher et al., 2002). The study revealed
that players residing at moderate altitudes exhibited higher
hemoglobin concentrations (16.2 + 0.2 g/dl) compared to
thoselivingatsealevellocations (14.4 £0.7 g/dl). Additionally,
the average VO,max value of players at medium altitude
(54.1 ml/kg/min) significantly surpassed that of players at
low altitude (49 ml/kg/min). A review indicates that elevated
hemoglobin concentrations are linked to enhanced physical
performance, with improvements ranging between 5% and
10% (Wilber, 2002).

It is essential to note that while adequate hemoglobin
levels in the blood are crucial, enhancing VO,max remains a
key consideration. Factors like lung capacity, heart efficiency,
and the muscles’ capacity to utilize oxygen all impact an
individual's VO,max. Thus, although elevated hemoglobin
levels can enhance VO,max, a holistic grasp of the various
elements influencing aerobic capacity is vital for optimizing
athletic performance and overall physical fitness.

Various factors, including motivation, effective rest
time management, and lifestyle choices, can impact cardio-
respiratory fitness outcomes (Noriega de la Colina et al.,
2024; Thapa et al., 2023). Students in the football class might
exhibit higher motivation levels towards enhancing their
cardiorespiratory fitness. Moreover, maintaining a healthy
lifestyle and efficiently managing time to strike a balance
between academic responsibilities and sports engagements
can further enhance cardiorespiratory fitness levels.

The level of cardiorespiratory fitness in this study can
also be influenced by factors such as the content covered in
the lecture, the duration of the lecture, and the frequency of
meeting sessions conducted.

The findings emphasize the significance of considering
the type and intensity of cardiorespiratory fitness programs
developed within the campus setting. The discrepancy in
results between basketball and football classes could possibly
be attributed to the frequency of lectures. This aspect
warrants careful consideration to optimize outcomes.

This research offers recommendations for enhancing
current lecture programs, such as incorporating training
techniques from other sports to enhance the cardiorespira-
tory fitness of students in basketball classes. Strategies may
involve integrating intense cardiorespiratory training com-
ponents and emphasizing targeted aerobic exercises to el-
evate fitness levels. Additionally, students can benefit from
insights gained from lectures in other classes to inspire on-
going skill and knowledge development, thereby preventing
monotony in a single sport discipline.

This study has several limitations that need to be
acknowledged. Firstly, the relatively small sample size might
restrict the applicability of the findings to the broader student

population. Moreover, factors like genetic predispositions
and stress levels, not accounted for in this study, could
impact cardiorespiratory fitness outcomes, warranting
consideration in future research endeavors. Furthermore, a
limitation arises from the predominant use of athlete data in
related studies, highlighting the scarcity of research focused
on the student demographic.

Nevertheless, this study can provide strong evidence
about the differences in cardiorespiratory fitness levels
between basketball and football students in a college setting.

Conclusions

The study findings revealed that students in the
soccer class exhibited a higher VO,max (42.54 + 5.40) in
comparison to those in the basketball class (37.86 + 5.62),
indicating a statistically significant distinction (p = 0.002).
Therefore, it can be concluded that there exists a notable
variance in cardiorespiratory fitness levels between the two
student groups within the campus setting.
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OuiHKa piBHA KapaiopecnipaTopHOI NiAroToB/I€HOCTI
cTyaeHTiB Konepy: NMopiBHANbHUI aHani3 rpyn,
AKi 3amaloTbca 6ackeTr6onom Ta pyr60N1OM

1ABCD

Hian Hoep Anrita Appym
A6pyn Anim'*“PE, IOnbBia Migrauypoxmax

: 1ABD
, Tomomiyc'*®?,
1BDE

TI>KOK IKapTCHKUIL iep>KaBHII YHIBepCUTET

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

Pegepar. Crartst: 6 ¢., 5 Tabn., 1 puc., 29 mxeper.

Merta gocnimKeHH:A. MeTo0 1IbOro JOCTiIKeHH: 0YII0 IPOBefjeHH: IOPiBHAIBbHOTO aHa/li3y OKa3HMKIB KapfiiopecipaTop-
HOI IITOTOB/IEHOCTI Cepefy CTY/EeHTIB Y0/I0BiY0I CTaTi, SIKi 3aiiMatThcst GyTOOIOM Ta 6acKeTOOIOM.

Marepianu Ta MeTonu. IIpoBeieHO IOIepeydHe NOCII/PKeHHA 3 00csroM Bubipku 60 CTyfeHTIB, PO3[iIeHNX Ha [iBi TPyIN:
30 crypeHTiB 3 GackeT60/mbHOTO KIacy Ta 30 crymeHTiB 3 pyrdonpHOro Kmacy. CepenHiit Bik cTyaeHTiB y GpyTOonpHOMY Kiaci
craHoBuB 22,03 + 0,81 poxu, Togi AK y 6ackeT6onbHOMY — 22,07 + 0,74. Yci yyacHuKM JocipkeHHs 6y 4o/1oBivoi crari 3 Ka-
Teropii aKTMBHOTO IPOLIAPKY Ta HaBYa/IMCA Ha 4 i 6 ceMecTpax, 110 eKBiBa/JIeHTHO CTy[eHTaM JAPYTroro i TpeTboro Kypcis. PiBenb
KapAiopecnipaTopHol MiArOTOBIEHOCTI OLiHIOBA/IN 3a JOIIOMOroo 6irosoro tecty Kymepa na 1,5 mwi ab6o 2,4 kM. AHaji3 faHux
IPOBEJIEHO 13 3aCTOCYBAHHAM JBOCTOPOHHBOIO KPUTEPIiIO [ He3a/lIeXXHUX BUOIPOK 3 METOI0 BU3HAUEHHs BIAMIHHOCTEN MiX
IBOMa IpyIlaMM Ha piBHi 3HauyocTi MeHie 5% (p < 0,05). ITepen sacTocyBaHHAM t-KpuTepilo, OY/I0 OLIiHEHO IepeBipKy JaHMX
Ha HOPMaJIbHICTb (KpUTepilt HopMaabHOCTI) 3a oromoro tecTy Illanipo-Binka, a ofHOPifHICTh BUSHAUEHO i3 BUKOPUCTAaHHAM
cratuctuku JleBeHe, 3 piBHeM 3HauyiocTi Bume 5% (p > 0,05).

Pesynprarn. Pe3ynbraTu OCTiI)KEHHA CBif4aTh PO Te, 110 CTYAEHTH (YTOONBLHOTO KJIACY MajIy BUIIMII MoKasHUK VO,max
(MakcuManbHe CIIOKMBAHHS KICHIO) (42,54 + 5,40) mopiBHSHO 31 cTyfeHTaMu 6ackeT601bHOTO Knacy (37,86 + 5,62), eMOHCTPY-
104 CTATUCTUYHO 3Ha4ymy pisHuiio (p = 0,002).

Bucnosku. B xopi mocnikeHHA BCTaHOB/IEHO 3HAYHY PiSHMIIO B PiIBHAX KapiOpecHipaTOpHOI MiATOTOBIEHOCTI MK TPpyTIa-
MU CTYAEHTIB, fKi 3aiiMaroThcs GpyTO0/I0M i 6ackeT60/IOM Y MeXXaX CTYAEHTCHKOTO MicTedKa.

KirouoBi coBa: cTynenTy KonemKy, pyroon, 6acket60s1, KapAiopecmipaTopHa MiArOTOB/IEHICTD.
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Abstract

Objectives. This study aimed to examine the effectiveness of complex training on aerobic endurance, speed, power,

and agility in adolescent basketball players.

Materials and methods. Field testing experimental research method was used in the study. Purposive sampling was
conducted, with participants meeting the following criteria: (1) basketball players training at one club, (2) males,

(3) having daily training at one club, and (4) being in good health. A total of 16 participants were involved with a
body weight of + 60-80 kg, and a height of 170-190 cm. Observation data collection techniques, review of relevant
articles, and tests were used in order to obtain the required material. To ensure the assessment of physical aspects,
the following tests and instruments were applied: Jump DF instrument, Multistage fitness test, 20-meter sprint, lane
agility test. The Friedman test data analysis technique was performed using the statistical software program SPSS 23.
Results. The average score for the first endurance test was 48.53, with the second and third tests demonstrated the
results of 50.01 and 52.47, respectively. Similarly, the average speed test score achieved in the first was 3.20, the
second was 3.18, and the third - 2.97. The average score for the first agility test was found to be 11.66, the second
showed 11.70, and the third - 10.57. The average for the first leg muscle strength test was 66, while the second and
third tests were found to be 65 and 69, respectively. The Friedman test variables were used to determine differences
in aerobic endurance, speed, power, and agility, the overall significance value was 0.000<0.05.

Conclusions. The implementation of a complex training method for 24 sessions provided a significant increase in
aerobic endurance, speed, power, and agility of youth basketball players.

Keywords: weight training, plyometrics, complex training, adolescent basketball players.

Introduction

Basketball is a highly dynamic sport with rapid speed
changes and a lot of jumping, thus all of the muscles in the
body play an active role (Aksovic et al., 2021). This sports
scores to put the ball into the ring repeatedly to win the
match, which necessitates strong physical aspects (Amaro
et al., 2023). Basketball is a sport played by five persons on
one team against each other which means that this sport
involves physical contact (Deepika, 2021). The physical
aspect becomes important when sports require fast, strong
movements and physical contact (Yudhistira, Suherman,
et al., 2021). Basketball, like other sports, is a sport that
combines aerobic and anaerobic energy system activities
such as metabolism, as well as intermittent and explosive
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movements (Freitas et al., 2019). These movements are
characterized as jumping on one leg, jumping on two legs,
running fast, and changing direction repeatedly over a
relatively long duration (Freitas et al., 2019; Yudhistira &
Tomoliyus, 2020). In this case, the foundation of basketball
strength training is extremely important to offer optimal
contributions to movements linked to running speed, agility,
leg muscle power, and aerobic endurance (Freitas et al., 2019;
Neal et al., 2018).

Sports training programs must be specifically designed
to optimize athlete performance (Alvar et al., 2017; Hartono
et al., 2024). As a result, training programming as provided
in training methods is one of the keys to optimizing
physical performance. A good training program improves
numerous essential components of a sport (Saifu et al., 2021;
Sulistiyono et al., 2021; Yulianto & Yudhistira, 2021). Aside
from that, good training approaches have undoubtedly been
used in prior studies with a consistent level of effectiveness
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(Purnawan et al., 2022; Yulianto & Yudhistira, 2021). The
complex training method is an appropriate option for
enhancing physical condition in basketball (Nikolic et al.,
2017). One variation of the complex training method is a
combination of plyometrics and weight training (Cavaco et
al., 2014).

Several studies have highlighted the effectiveness of
complex training methods, including a study by Freitas et
al comparing optimal load vs modified complex training
methods on dynamic upper and lower body strength,
10-meter speed, countermovement jump, standing long
jump, and change of direction (Freitas et al., 2019). In this
study, the effectiveness of complex training on vertical jump
performance (Dan et al., 2014), and the short-term effects of
complex training on agility performance of soccer players
(Cavaco et al,, 2014). Complex training exercises for ten
weeks twice a week have a significant influence on the leg
muscle power of basketball players (Dejan, 2012).

The effect of a constant resistance training complex
versus a variable resistance training complex on physical
performance (Shietal.,2022),boosting physical performance
with a complex training intervention for three weeks (Sebi¢
etal., 2023), and improving sprinting with complex training
methods in young basketball players (Nikolic et al., 2017).
Several studies have shown that delivering interventions
utilizing complex training methods has a positive effect on
physical performance in sports games.

The author carefully examined the research listed
above, which concentrated on improving power, maximum
strength, and speed while not measuring aerobic endurance.
Naturally, this raises the concern of whether complex
training may improve aerobic endurance. Aside from that,
the intervention was relatively short-term, with only three
weeks of training and sixteen meetings. According to recent
studies, the suggested duration of training to develop power
using plyometrics is 8 to 12 weeks; anything less than that is
not considered desirable (Kumar et al., 2023). Furthermore,
past research did not include consecutive and periodic
testing. The samples utilized in some of the research above
were not controlled in a single mesh. When athletes are not
controlled in one mesh, external influences can impact the
outcomes of physical performance. In this case, the author
considers that additional empirical studies are needed to
investigate the impact of complex training on the physical
performance of adolescent basketball players.

As material for rationalizing the problem, the author
gives observational and interview evidence that the
physical training methods that have been devised are being
implemented successfully. However, the author argues
that various factors are critical, such as the use of training
dosages that are not optimal in terms of intensity and
volume. For example, the use of strength exercises aimed at
developing speed and strength does not meet the parameters
of intensity. Of course, when they are not well organized,
the results are less than optimal. Furthermore, movement
characteristics are naturally used to calculate the intensity of
plyometric training, and the number of foot contacts made
during landing is used to calculate volume as a parameter
for establishing the training dose (Pramono et al., 2023).
However, in practice, this type of regulation is not followed.
According to studies, the exercise dose is related to a drug
dose: if given more than the dose, it will result in an overdose,

and if given less, it will not affect the body (Gronwald et al.,
2020; Maslov et al., 2018; Yudhistira, 2023). The same is true
for physical training; if the training dose exceeds capacity
and there is no recovery setting, overtraining will occur, but
supplying a lower training dose will not result in training
adaptation (Gronwald et al., 2020; Maslov et al., 2018). As a
result, physical exercise must be carried out regularly, with an
appropriate training load and the principle of individuality
(Gronwald et al., 2020).

In this context, the author’s goal is to cover the gap left
by earlier studies by carrying out a more comprehensive
study into the use of complex training methods to enhance
the physical performance of adolescent basketball players.
The purpose of this study is to determine the effectiveness
of the complex training method increases running speed,
leg muscle power, agility, and aerobic endurance. The author
conducted three tests in this study. The first test is a pretest,
which is completed before the intervention is administered.
The second test takes place after the intervention has been
running for 16 meetings, to assess progress and evaluate
training. The final test, or the post-test, is administered after
the intervention is completed or after 24 meetings. Testing is
carried out separately from administering the intervention.
The authors hypothesize that the complex training method
will improve adolescent basketball players” aerobic endur-
ance, running speed, leg muscle power, and agility. It is in-
tended that this study will make a significant contribution by
providing the most recent empirical data on the efficiency of
complex training methods for adolescent basketball players.

Materials and Methods

Study Participants

This study is a field testing experiment using a one-group
pretest-posttest design. The study included 16 adolescent
basketball players from the Generasi Muda Cirebon
Basketball Club in West Java, Indonesia, between the ages
of 17 and 20, weighing between 60 and 80 kilograms and
standing between +170-190 centimeters tall. The collection
of data techniques includes observations to identify
phenomena in the training area, physical measurement tests,
and document analysis in the form of articles in relevant
journals as material for rationalizing problems. The sampling
technique was purposive, with the following criteria: (1)
basketball players who train at the Generasi Muda Cirebon
Club, (2) male, (3) attending the Generasi Muda Cirebon
Club daily, and (4) being in good health or not incurred
an injury. Aerobic endurance, short running speed, agility,
and leg muscular power are the physical aspects tested. The
instruments used were the Multistage fitness test, 20-meter
sprint acceleration, lane agility, and jump DE

Study Organization

The authors conducted an observational study at the
Generasi Muda Cirebon basketball club, with a thorough
analysis focusing on the physical aspects. Several problems
have been uncovered in various physical aspects that are
significant in basketball matches. Aside from that, the author
analyzed various journal-based articles that focused on
experimental investigations with complex training program

427



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 3

Table 1. Complex training program

Week Meeting Exercise Intensity Rep/Jump NC NS PC PI RS
WT 60-70% (1RM) 8-12 rep
1-4 1-8 4 4 30s 0-10s 3 min
Plyo Maximal 84-92 jumps
WT 70-75% (1RM) 8-10 rep
5-8 9-16 4 4 30s 0-10s 3 min
Plyo Maximal 92-100 jumps
WT 75-80% (1RM) 5-8 rep
9-12 17-24 4 4 30s 0-10s 3 min
Plyo Maximal 100-112 jumps

Description: WT-weight training, Plyo-Plyometrics, NC-Number of Complexes, NS-Number of Sets, PC-Pause between

Complexes, PI-Pause between items, RS-Rest between Sets

interventions on team and game athletes to boost the authors’
research. To make it clearer, the program is presented in
Table 1 as follows:

The training program lasted 12 weeks with a total
of 24 meetings. The frequency of training in one week is
2 times to optimize the recovery process. Complex training
is conducted during the initial special preparation stage to
prepare for matches against national clubs. This signifies that
the previous stage, which included general preparation for
training in areas such as maximum strength, hypertrophy,
muscle endurance, and aerobic and anaerobic endurance,
has been completed previously. As a result, this specific
period serves as the conversion phase for power training.
This training sequence lasts about 90 minutes and consists
of three parts: dynamic static stretching (15 minutes), core
complex training (60 minutes), and cool-down (15 minutes).
One training complex consists of one weight training exercise
item and one plyometrics exercise, administered with a 10-
to 30-second break. In one weight training activity, there
is a 0-10 second break followed by plyometric exercises.
One series consists of completing four complexes, resulting
in a three-minute break. The intensity of weight training
exercises begins at 60% and gradually increases to 80%. The
repetitions at 60% intensity are 10-12, 70%-75% are 8-10,
and 80% are 5-8. Weight-training exercises include barbell
squats, leg presses, leg extensions, leg curls, and standing
barbell calf raises. The intensity of plyometric training
is determined by the movements utilized; for example,
bilateral movements in the ladder box are classified as low-
level plyometrics, whereas jumping one leg from the ladder
box is classified as intense plyometrics (Davies, 2015). In
this case, the plyometrics used are high intensity plyometrics
training items used are tuck jump, box jump, hurdle jump,
reactive depth jump box, depth jump with sprint. In this
case, the plyometrics are performed at a high intensity. Tuck
jumps, box jumps, hurdle jumps, reactive depth jump boxes,
and depth jumps with sprints are examples of plyometric
training exercises used. In terms of determining the volume
of plyometrics training in one session, if the number of jumps
is 60, it is included in the low-volume category, and more
than 200 jumps are included in the high-volume category
(Chu & Myer, 2013).

Statistical Analysis

The training program was carried out in 24 meetings.
The test was carried out three times. Before carrying out the

training program, a pretest was carried out, after meeting 16
a second test was carried out, after meeting 24 a posttest was
carried out. This means that by running these three tests, it
will be discovered the comprehensive effectiveness of the
programming of the training complex.

The data analysis technique employed was quantitative de-
scriptive analysis, which presents minimum, maximum, mean,
and standard deviation values. To compare the pretest and
posttest results from the first, second, and third tests, an alter-
native nonparametric test using Friedman analysis from Anova
was utilized, which was assisted by the SPSS version 23 applica-
tion (Hadi & Yudhistira, 2023; Sulistiyono et al., 2021; Yudanto,
Suherman, et al., 2022; Yudanto, Yudhistira, et al., 2022).

Results

Table 2. Results of data descriptions of endurance, speed,
agility, and power

Variable Min Max  Mean Std. Dev
Aerobic Endurance Test 1 47.01 57.04  48.53 3.29336
Aerobic Endurance Test2  47.09 62.02  50.01 4.20972
Aerobic Endurance Test 3 49.01 63.01  52.47  4.37947
Speed Test 1 2.96 3.45 3.20 0.14098
Speed Test 2 2.96 3.42 3.18 0.12990
Speed Test 3 2.08 3.21 2.97 0.33097
Agility Test 1 11.31  12.26 11.66 0.25591
Agility Test 2 1127 1258 1170  0.42556
Agility Test 3 10.09 1141 10.57 0.43995
Leg Power Test 1 60 72 66 4.143
Leg Power Test 2 60 72 65 3.594
Leg Power Test 3 64 76 69 3.715

According to the results of the descriptive analysis
presented in Table 2, the average score for the first endurance
test is 48.53, the second is 50.01, and the third is 52.47. The
average speed test score for the first is 3.20, the second is
3.18, and the third is 2.97. The first agility test yielded an
average of 11.66, the second 11.70, and the third 10.57.
The first leg muscle power test resulted in an average of 66,
followed by 65 and 69. The mean values obtained from the
first, second, and third tests for endurance, speed, agility, and
leg muscular power showed a tendency to increase.
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Table 3. Results of Friedman Test Analysis

Mean ’ ]
Test Rank Asymp.Sig Information

Aerobic Endurance Test 1 1.00 Significant
Aerobic Endurance Test 2 2.00 0.000 differences
Aerobic Endurance Test 3 3.00 were found
Speed Test 1 2.88 Significant
Speed Test 2 2.09 0.000 differences
Speed Test 3 1.03 were found
Agility Test 1 2.47 Significant
Agility Test 2 2.53 0.000 differences
Agility Test 3 1.00 were found
Leg Power Test 1 1.56 Significant
Leg Power Test 2 1.44 0.000 differences
Leg Power Test 3 3.00 were found

Based on the results of Friedman’s analysis presented in
Table 3, the Asymp.sig scores for endurance, speed, agility,
and power are all less than 0.05. As a result, it would be
feasible to explain why the average increase varies between
the three measurement interval groups. In other words,
complex training programs can improve physical aspects
such as endurance, speed, agility, and leg muscular power in
adolescent basketball players.

Discussion

The Friedman analysis results show that the endurance
aspect has an Asymp.sig value of 0.000<0.05, followed by
speed, agility, and power at 0.000<0.05. These findings
demonstrate that the average score in the physical aspects
such as endurance, speed, agility, and leg power varies
between the three measurement time interval groups.
The key finding was that 24 meetings of complex training
increased physical aspects such as endurance, speed,
agility, and leg muscle power. If we look attentively, the
physical aspects of the first, second, and third tests differ
significantly. The first test in this study was a pretest. The
second test, which involved intervention across 16 meetings,
revealed a significant improvement, particularly in agility
and leg muscular power. However, it does not end there;
after 24 intervention meetings, these three physical aspects
showed greater improvement than the second test. In other
words, even in the second test, there was an improvement,
but the rise could not be considered permanent. Previous
studies revealed that intervention over 8 meetings can alter
performance, either increasing or decreasing, whereas
intervention over 16 meetings or more has a permanent
change impact (Faizal et al., 2019; Yudhistira, 2023).
In addition, the novelty of the study was obtained, namely the
novelty of the measurement test method which previously
only carried out pretests and postests in this study using
three tests to see the improvement. Then previous studies
focused on increasing power, but in this study the authors
added an independent variable, namely endurance.

Basketball players require physical skills such as running
movements to attack. Meanwhile, to survive fast, speed is
required, which is associated with running. Furthermore,

agility and leg muscular power are vital when running
simultaneously while shooting and jumping into the ring or
running past the opponent in front of him (Hadi et al., 2022).
Aside from that, endurance is essential when performing
these movements repeatedly. As a result, the role of physical
conditioning in basketball is very complex (Hadi et al.,
2022; Hidayah & Akhiruyanto, 2023) In this case, different
complexity training is required to optimize the physical
condition. This is, of course, extremely important for sports
practitioners and academics; earlier research reported a
large reduction in adolescent basketball players during the
competition season, implying that complex training is an
alternative method for enhancing good physical aspects
(Freitas et al., 2019).

Complex training is a physical training method for
basketball players that aims to optimize physical condition
to the maximum extent feasible (Aksovic et al., 2021).
Complex training is high-intensity exercise training that
includes maximum strength and explosive strength training
(Aksovic et al., 2021). Complex training is distinguished
by weight training exercises that are subsequently
channeled into plyometric exercises (Aksovic et al., 2021).
Furthermore, from a biomechanical perspective, complex
training exercises must be adjusted to include muscle and
joint involvement between weight training and plyometrics
exercises to achieve optimal results (Mansur, 2016). For
example, we can do complex training exercises for the lower
extremity muscles with squats for 3-6 repetitions, followed
by plyometrics tuck jump exercises for 8-12 repetitions, and
then complex training exercises for the upper extremities,
such as bench press 2-5 repetitions followed by plyometrics
push up for 8 repetition (Mansur, 2016).

Complex training affects physical performance in team
and individual sports, including power, speed, and agility
(Mansur, 2016). According to studies, variable-resistance
complex training is as effective as standard complex training
in developing power and sprint speed in rugby (Scott et al.,
2023). Variable resistance complex training, in particular,
increased relative strength more than traditional complex
training, which increased 10 and 20-meter sprint speed.
According to other studies, complex training improves
sprint performance, making it one of the training options
for game sports (Scott et al., 2023). A comparable study
attempted to assess optimal load training methods with
modified complex training in basketball players, and the
results showed that both methods were equally effective in
building lower-extremity strength and power (Freitas et
al,, 2019). In this situation, complex training significantly
improves the vertical jumping capacity of adolescent
basketball players (Dan et al., 2014). The enthusiasm of
sports academics, particularly for improving the physical
condition of basketball players, does not end here. This is
supported by the most recent research on complex training
methods that are modified in the form of speed, agility,
and quickness training by monitoring individual training
doses during the three-week intervention, which shows that
there is an improvement in the physical condition of speed
endurance, aerobic endurance, speed acceleration, agility,
and leg muscle power (Sebi¢ et al., 2023).

However, in this situation, the use of the complex
method of training must be tailored to the training stages.
Complex training focuses on strength and power training
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using external loads, as well as power training employing
plyometric training methods. This suggests that strength is
essential for developing power, speed, and agility (Nasrulloh
et al., 2023). Furthermore, basketball players can improve
their aerobics endurance with complicated exercises.
Of course, basketball players have previously completed
general and anaerobic endurance training. In line with
previous studies, the initial part of complex training is used
as basic preparation, and development of general endurance
and strength endurance so that basketball players are ready
to practice complex training with high intensity (Nikolic et
al., 2017).

Therefore, when a basketball player begins to train
utilizing a complex training method, they must first
establish a solid foundation, keeping in mind that strength
training affects the optimization of gaining power. Trainers
must pay particular focus to maximum strength data when
determining the intensity of weight training exercises to
be paired with plyometric training. The basic requirement
for high-impact plyometrics training is that the athlete
should meet some criteria, including the ability to perform a
barbell back squat weighing 1.5 of the athlete’s body weight
(Pramono et al., 2023). In this study, all basketball players
who received intervention with complex training met the
criteria by completing maximum strength and aerobic
endurance training in the previous stage. Thus, it can be
concluded that giving a complex training program is a safe
way to optimize the physique of young basketball players.
But by paying attention to the periodization of exercise and
the right dose of exercise.

Developing basketball players is more complicated
than just twisting our hands. Coaches must comprehend
the characteristics of individual athletes and teams. As a
result, the coaching principle is how athletes can learn in all
areas of education, both at and outside of school (Armour,
2013). According to the study, this is related to pedagogical
principles, namely guidelines and procedures for learning
sports-specific abilities (Lee et al., 2014). Furthermore, the
most important rule is how to properly implement learning
so that athletes benefit individually, as a team, socially, and
in good health (Armour, 2013)

Conclusions

Mean scores varied between the first, second, and third
tests in all physical aspects, including aerobic endurance,
speed, power, and agility. The Asymp. sig (2-tailed) value
for all aspects was 0.000 < 0.05, indicating a significant
difference. Based on the findings and discussion, it is possible
to infer that the sequential complex training method used
in the first, second, and third tests resulted in significant
differences in aerobic endurance, speed, leg muscle power,
and agility among adolescent basketball players. However,
this study has limitations for its sample size which was
only 16 male athletes, with no comparison group. It is thus
expected that more studies could fill this research gap and
generate more comprehensive results.
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Ta CNPUTHOCTI 6acKkeTb6oNICTIB NiANITKOBOro BiKy
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'CeMapaHIChKUII IepKaBHMIT YHIBEPCUTET

ABTOpPCHKMIT BKIA: A — Am3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB
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Merta gocmimkeHHs. MeTO IIbOr0 AOCIIPKeHHsI 6y/10 BUBYMTY BIUIMB €(eKTMBHOCTI KOMIUIEKCHOTO TPEHYBaHHsI Ha I10-
KasHMKY aepOOHOI BUTPUBAIOCTI, MIBUAKOCTI, CUJIM Ta CIIPUTHOCTI Y 6acKeTOOMICTIB MifIiTKOBOTO BiKY.

Marepianu Ta MeTomu. Y [OCTiIPKEHHI 3aCTOCOBAaHO METO II0JIbOBOTO €KCIIEPMMEHTANbHOTO CIIocTepexxeHH:A. byna mpo-
BeJleHa IIileCIpsAMOBaHa Bm6ipf<a, YY9aCHMKI AKOI BifITIOBila/l HACTYIHUM KPUTEpiAM: (1) 6ackerbomicTu, AKi TpEeHYBaIUCA
B OfHOMY Ki1y6i, (2) 4osoBiuoi crati, (3) IpoBOAMIN LIOAEHHI TPEHYBaHHA B OGHOMY Kiy0i, (4) Manu fo6puit cTaH 310pOB .
3arasiom Oyro 3amydeHo 16 yuacHuKiB 3 Macoro tima 60-80 kr i 3poctom 170-190 cM. i1 oTpuMaHHs HeoOXifHOTO MaTepiary
BUKOPUCTOBYBA/IUCS METOAVKIY 300Dy AaHNUX CIIOCTEPEXKEeHb, OIVIA BIAMOBIIHNUX cTaTelt i TecTu. 3 MeTo0 3abe3IedeHHs OLiHKN
¢bisnyHNX aceKTiB OyIM 3aCTOCOBaHI HACTYIHI TeCTU Ta IHCTPyMeHTH: LN(POBUIT BUMIpIOBaY, [0 PO3PAXOBYE BUCOTY BEPTH-
KaJIbHOTO CTPMOKa, YOBHMKOBUII Oir, CIPMHTepChbKuit 6ir Ha 20 MeTpiB, TeCT Ha CIIPUTHICTDb Ha HOpbXIi. MeTopyKa aHai3y faHuX
3a kputepiem Opigmana 6y/1a IpoBeieHa IUIIXOM 3aCTOCYBAHHS CTATUCTUYHOTO IIPOrpaMHOro 3abesmedenHs SPSS 23.

Pesynbraru. CepepHilt 6aj mmepuioro TecTy Ha BUTPUBAIICTb CKIaB 48,53, npyruii i TpeTiit TeCTV MPOJEMOHCTPYBAIU pe-
syneratnt 50,01 i 52,47, BifHOBigHO. AHATOTiYHNM YMHOM, Cepe/iHiil 6a 3a IepIunit TeCT Ha MBUAKICTb CTaHOBMB 3,20, APYTHI
Oys Ha piBHi 3,18, a Tperiit - 2,97. CepenHiit 6aj IIepLIOro TeCTy Ha CHPUTHICTb CKIaB 11,66, fpyroro nokasas 11,70, a TpeTboro
-10,57. Cepepniit 6ay IepIIOro TeCTy Ha BUSHAUEHH: CVIM M A3iB HVDKHIX KiHIIIBOK CKJIaB 66, a IPYTOro i TpeThOro TecTiB — 65 i
69, BimmoBigHoO. /{711 BU3HAaYeHHS BiIMiHHOCTEN B ITOKa3HMKaX aep06Ho'1' BUTPUBAJIOCTI, IBUJKOCTI, TIOTY>KHOCTI Ta CIIPUTHOCTI
BMKOPMCTOBYBa/IM 3MiHHi KpuTepito PpifmMana, saranbHmii piBeHb 3HauymocTi cranosus 0,000<0,05.

BucHoBKM. BrpoBa/KeHHsA KOMIUIEKCHOI METOLVIKM TPEHYBaHHS HPOTATOM 24 TPeHyBa/IbHUX ceciil 3a0e3Ieunsio sHauHe
Ii/{BUII[eHHsI TOKAa3HMKIB aepOOHOI BUTPUBAIOCTI, IIBUKOCTI, CMTU Ta CIIPUTHOCT] IOHNX 6aCKeTOOMICTIB.

KirrouoBi cmoBa: cuimose TpeHyBaHH, ITIOMETPUKA, KOMIJIEKCHE TPEHYBaHH, 6ackeT6OMCTH MiTITKOBOTO BiKY.
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Abstract

Objectives. This study aimed to determine the degree of authenticity for the test implemented using a programmable
installation for monitoring the functions of functional mobility, gait, and the state of the vestibular apparatus

in students with disabilities who have sustained a blast traumatic brain injury.

Material and methods. The study included a total of 39 first-year students with disabilities after an explosive brain
injury. The following methods were used: theoretical analysis of scientific and methodological literature, the method
of technical modelling, pedagogical testing, pedagogical experiment, and methods of mathematical statistics. In order
to ascertain the efficacy of the proposed intervention, a 10-meter walking test was conducted.

Results. The result of our study was the development using information systems and networks of a programmable
device for the implementation of the 10-meter walking test, which is used to monitor the recovery of functional
mobility, gait, and the state of the vestibular apparatus in students with disabilities after an explosive brain injury.

The installation was based on a network of sensors organized according to the Arduino microcontroller platform.
Acoustic, optical sensors, distance sensors, proximity sensors, presence sensors, and spatial position sensors have been
placed to record the results of the test distance. The sensors, having received an information signal about the student
passing the test, transmit it to the controller. In the controller, information is identified, processed, calculated and
transferred to a personal computer, where it is displayed on the screen and reproduced graphically. The software
ensures maintainability throughout the test, as well as efficiency of data processing, calculation of required parameters
and their storage. Data processing is implemented using image analysis systems based on neural networks. According
to the findings of testing and correlation analysis, indicators’ authenticity degree for the used tests were established,
which differed by the means of measuring the results. The level of correlation coefficient between the values for test
reliability and validity in the case of fixing the test results using a stopwatch was not found to fall within the “low” and
“acceptable” limits, while in the second case, when the results were fixed by a programmed control unit, it reached the
“high” level.

Conclusions. The use of the developed programmable device in the practical work of inclusive PE provides
convenience, functionality, objectivity and reliability of control in the process of rehabilitation of students

with disabilities after an explosive craniocerebral injury. What is confirmed by the values of the test authenticity
measure obtained during the experiment when fixing the results by the developed installation.

Keywords: students with disabilities, blast traumatic brain injury, physical education, testing, inclusion, control,
authenticity.
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Introduction

From February 24, 2022, Russia’s full-scale aggression
against Ukraine continues. In addition to protracted
hostilities, the aggressor’s army is shelling the civilian
population daily. As a result, the number of people, including
military personnel, children, and civilians, affected by the
aggression of the Russian Federation with war injuries is
permanently increasing (Dzyak et al., 2023).

Despite the lack of accurate statistical data for the period
of the war in Ukraine, Ukraine has not yet encountered such
alarge number of complex injuries. Injuries as a result of war
are characterized by considerable diversity, but according to
data, 99% of victims have mine-explosive injuries, among
which brain injuries are considered the most complex — blast
traumatic brain injury (TBI) (U.S. Department of Veterans
Affairs. Office of Research and Development, Veterans
Health Administration, 2007).

According to (Chapman & Diaz-Arrastia, 2014), the
number of blast TBI from blast wave action, which has no
analogs in the clinic of peacetime diseases, is astounding.
According to evidence (Mac Donald et al., 2014), among all
injuries received during the war: 35-40% are head injuries,
of which 80 % is blast TBI. According to data (VA research
on Traumatic Brain Injury, 2019), the majority of blast TBIs
associated with military actions and received by civilians are
classified as mild.

Due to the fact that individuals with disabilities due to
blast TBI are becoming students in increasing numbers, the
higher school has found itself at the epicenter of serious
challenges. The need to provide conditions for the restoration
of the health status of students with disabilities after blast TBI
in the process of education is growing due to the challenges
of the long war, which determines the relevance of scientific
intelligence.

The problem of improving the health status of students
with disabilities after blast TBI becomes especially urgent
given the fact that the timely restoration of the functions is a
factor in preventing physical maladaptation of such students
and ensuring the further ability to effectively perform their
professional activities (Blavt & Gurtova, 2023; Hellweg &
Johannes, 2008).

In higher education, the rehabilitation function of stu-
dents with disabilities is considered in the context of in-
clusive PE (Rekaa, Hanisch, & Ytterhus, 2019). It has been
studied (Haarbauer-Krupa et al., 2021) that the effectiveness
of recovery after blast TBI depends on expertise, timeliness,
qualified approaches, and a list of rehabilitation measures
(Bramlett & Dietrich, 2015; Hellweg & Johannes, 2008). After
analyzing the scientific literature, it was found that physical
activity is considered an important means of rehabilitation
after a blast TBI (Wise et al., 2012; Physical Activity Guide-
lines for Traumatic Brain Injury; Fulk & Nirider, 2014).

It should be noted that scientists have a common belief
(Kuntjoro et al., 2022; Page et al., 2021) that the main
thing in the process of inclusive PE is compliance with the
requirements of time (Blavt, ledynak, Pereverzieva, Holub,
& Melnyk, 2023). It has been studied that in the presence
of modern technologies and equipment, the learning and
PE process becomes more applied, motivating, actionable
and diverse (Pellerin, Wilson, & Haegele, 2022; Blavt,
Chaplinskyi et al., 2023).

There is a large list of studies on the feasibility and
necessity (given the need to eliminate the influence of the
human factor) of using information systems and networks,
created on the basis of electronic technologies that are used
in the PE process (Mykytyuk, Blavt et al., 2022; Varga &
Révész, 2023; Gupta, 2021).

Purpose of the research is a determination of the degree of
authenticity of the test implemented using a programmable
installation for monitoring the functions of functional
mobility, gait, and the state of the vestibular apparatus in
students with disabilities after blast TBL

Materials and Methods

Research Methods

The conducted research belongs to the randomized
controlled type of empirical research. The experiment was
implemented in two stages. The following methods were
used: theoretical analysis of scientific and methodological
literature, the method of technical modeling, pedagogical
testing, pedagogical experiment, and methods of
mathematical statistics.

The first stage consisted in the development of a
programmable control unit using information systems and
networks. For this, the method of technical modeling was used.

The second stage involved the implementation of a peda-
gogical experimen. The experiment consisted in the implemen-
tation of pedagogical testing, during which the control of func-
tional mobility, gait, and the state of the vestibular apparatus (to
determine functional mobility, gait, and vestibular function)
was implemented in students of the studied sample.

The 10 Meter Walk Test was used in the study (Gafner,
& Bruyneel, 2022). The appropriateness of choosing this
test was that its use provides ease of control and assessment
of measuring locomotor capacity in clinical and research
settings (to measure locomotor capacity in clinical and
research settings (de Baptista et al., 2020) which are
recommended for monitoring the rehabilitation process for
various diseases (Unver et al. 2017).

It is considered (Physiopedia), the scale properties
(time in seconds or m/s) of the 10 Meter Walk Test make it a
responsive test well suited to evaluating clinical interventions.

Test procedure. Equipment Required: a clear pathway
with a set distance (6, 8, or 10 meters in length depending
on distance tested). The student must walk 10 meters
unaided, with the intervening 6 meters timed to account for
acceleration and deceleration (Fig. 1). The time is recorded
(to the nearest second) and the walking speed is calculated.
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Fig. 1. Scheme of the test

434



Blavt, O., Galamanzhuk, L., Huska, M., et al. (2024). Using Programmable Device Installations to Control Students with
Disabilities after Blast Traumatic Brain Injury in 10 Meter Walking Test

The student walks without assistance for 10 meters, with
the time measured for the intermediate 6 meters to allow
for acceleration and deceleration Perform three trials and
calculate the average of three trials. Scoring: The time (to the
nearest second) is fixed.

Study Participants

39 students in the 1st year of studies with disabilities
as a result of the blast TBI, were involved in the study from
Lviv Polytechnic National University, Kamianets-Podilskyi
Ivan Ohiienko National University, Lviv State University
of Physical Culture named after Ivan Boberskyj and Lutsk
National Technical University.

To implement the empirical part of the study, a research
sample was formed. The selection of students for the
experiment was randomized, taking into account personal
consent to the collection and systematization of control
information in an anonymized form for further statistical
analysis. The gender factor was not taken into account, since
no evidence of the influence of gender has been found on the
quality indicators of the test.

The criteria for inclusion in the studied sample were the
presence of the anamnesis of students with mild blast TBI
disability, obtained as a result of the war, and being in a state
of restoration of lost functions. The criteria that did not allow
students with disabilities after blast TBI to participate in the
study were the presence in the anamnesis of deformities and
diseases affecting walking, the inability to move without aids
(crutches, walking sticks), the presence of chronic health
conditions and combined injuries.

The study was planned and carried out following the
principles of bioethics set forth by the World Medical
Association (WMA-2013) in the Helsinki Declaration
“Ethical Principles of Medical Research Involving Humans”
and UNESCO in the “General Declaration on Bioethics and
Human Rights”.

Research Organization

A comparative pedagogical experiment was carried out
to determine the effectiveness of the means of control. As
an experimental factor, a means of registering the results
was used. In the first case, the registration of the results took
place using a stopwatch and was carried out by the teacher.

Average time and speed of the walk (10 m) and mid-
walk (6 m) obtained at a self-selected fast pace were analyzed.
Participants were tested on the 10MWT twice: at baseline
(test) and after seven days (retest). The outcome variable was
mean speed. The results of the average arithmetic value of
three attempts were used in the conclusions.

On the contrary, in the second case, the registration of
the results took place using the programmable installation
developed during the research, which ensured the calculation
of all the necessary parameters automatically.

Statistical Analysis

Statistical analysis was used as a data analysis tool in our
study. The obtained data from such an analysis became the
basis of substantiated conclusions of the study of the degree
of authenticity of the used test. In our case, such data served

as the intraclass correlation coefficient, which is an indicator
of the quality characteristics of the test as a measurement
tool, namely its reliability and validity values. Intraclass
correlation coefficient determined by correlation analysis.

All statistical analyses were performed using SPSS
Version 22.0 (IBM Corporation).

Results

First ofall, our experiment is based on the characteristics
of blast TBI and the consequences for the body that
accompanies it. It should be taken into account that BI,
which occurs as a result of the action of a mine blast wave
and has received the name blast TBI, is significantly different
from that which occurs as a result of the action of other
factors (impact, sports injuries, etc.) (Denby et al., 2020;
Capizzi Woo & Verduzco-Gutierrez 2020).

Understanding the mechanisms of blast overpressure
injury is important to finding ways to repair it (Nelson,
Davenport, Sponheim, & Anderson, 2015). Therefore, in the
PE process, it is necessary to take into account the impact
of blast TBI on numerous vital functions, which can have a
significant long-term impact on health (Bryden, Tilghman,
& Hinds, 2019), since blast TBI is described as a chronic
health condition (Haarbauer-Krupa, Pugh, Prager, Harmon,
Wolfe, & Yaffe, 2021).

The peculiarity of blast TBI is that it can be accompanied
by damage to the auditory and vestibular apparatus (Denby
et al., 2020) and lead to a persistent vegetative state of
disturbance in the activity of the central nervous system
(Mac Donald et al., 2014). The result of such lesions is a
motor deficit, consisting of a violation of body balance
(DePalma, 2015), and a long-term motor deficit (Bramlett,
& Dietrich, 2015). The result is a loss of stability and balance
during walking and other locomotor movements (getting
out of bed, chair, etc.) (Corwin et al., 2015).

Therefore, to ensure the efficiency and speed of recovery,
specialists (Briskin, Odinets & Pityn, 2015) focus their
attention on finding ways to effectively control this process,
as a result of which tests become more and more diverse
and complex to implement best practices for timeliness of
intervention, monitoring and evaluation states after blast
TBI (Haarbauer-Krupa et al., 2021).

The result of our research was the development, using
information systems and networks, of a programmable
installation for monitoring the restoration of functional
mobility functions, gait, and the condition of the vestibular
apparatus in students with disabilities after blast TBI.

The basis of the installation (Fig. 2) (Mykytyuk et
al.,, 2024) was a sensor network organized based on the

1 ™
« 2
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4
Fig. 2. Scheme programmable installation
(1 - start, 2 — track for passing the test, 3 - a system of sensors,
4 - data processing system)
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Arduino microcontroller platform. Acoustic, optical, range,
proximity, presence, and spatial position sensors are placed
to record the test distance results (Mykytyuk, Blavt et al.,
2022), which have different purposes in our installation.
However, all sensors are assembled in a set, united by a
common program for storing, processing, and displaying
test data on a personal computer.

Sensors are placed at control points to record the
beginning of the test process, the intermediate 6 meters, and
the end of the test. In this way, it is possible to record whether
a student walks 10 meters, without outside help, without
losing balance, and at a constant speed. The determination
of the time of movement between points is provided by the
developed software.

A “smart system” with optical sensors is built into the
device to measure the student’s position in space when
performing a test exercise that assesses the state of functional
mobility and balance while walking. Such a system, with
the help of a neural network, analyzes the position and
movements of the student during the test and automatically
records all the studied parameters and the presence of
deviations from the norm.

In the developed installation, sensors are placed directly
on the student’s body. In this way, we ensure the reliability of
the measurement of all parameters of coordination, balance,
and functional mobility. A feature of the developed software
installation is that such measurements can be carried out
without sensors located at control points of the test distance.

The sensors, having received an information signal about
the student passing the test, transmit it to the controller.
In the controller, information is identified, processed,
calculated, and transferred to the personal computer (PC).
On a PC, the test results are displayed on the screen and
reproduced graphically.

The software implements maintainability throughout
the test, efliciency of data processing, calculation of necessary
parameters, and storage. Data processing is implemented
using image analysis systems based on neural networks.

The second stage involved the implementation of
a comparative pedagogical experiment. According to
the results of testing and correlation analysis (Table 1),
indicators of the degree of authenticity of the used tests were
established, which differed in the means of measuring the
results.

Table 1. Degree of authenticity of the 10 Meter Walk Test
for students with disabilities after blast TBI (n = 39)

rtt S PI S PI S PI S PI
reliability  0.588 0.891 0.611 0.922 0.594 0.912 0.591 0.933
0.215 0.218 0.616 0.609 0.220 0.618 0.223 0.601

validity

* Note: S - fixing the results with a stopwatch, PI - fixing the
results with a a programmable installation

Thelevel of the correlation coefficient of the values of test
reliability and validity in the first case (fixing the results with
a stopwatch) was not at the limit of “low” and “acceptable’,
in the second case (fixing the results with a a programmable
installation for monitoring) it reached the level of “high”.

Discussion

Before the war, the issue of inclusion attracted
considerable attention, however, as a result of the war,
the issue of inclusive PE in higher education, given the
humanitarian trends during emergencies (Congressional
Research Service, 2019), gained special importance. The
research conducted extends the data of previous studies
(Blavt, Bodnar et al., 2023; Blavt, Iedynak et al., 2023) that
the evolution of inclusive PE to meet the challenges of
today, which are caused by Russia’s long-term aggression
against Ukraine requires the search for innovative solutions
to ensure proper conditions for recovery after injuries of
students with disabilities.

Researchers see the solution to this issue in constructive
and technological solutions based on the use of modern
information technologies (Varga & Révész, 2023; Gupta,
2021; Cuthbert et al., 2014), which is currently is the most
dynamic segment of software engineering development.

The effects of blast TBI remain a serious source of injury
for armed forces and civilians in combat zones worldwide
(Xiang et al., 2022). Blast injuries have been identified as a
new entity with specific characteristics. Blast injuries have
been identified as a novel entity with specific characteristics
(Maas et al., 2008; Merritt et al., 2015). Physical activity
is considered by experts as a powerful means of non-
pharmacological recovery after blast TBI (Physical Activity
Guidelines for Traumatic Brain Injury; Fulk & Nirider, 2014;

Fig. 3. Scheme using a programmable installation for 10 Meter Walk Test (1 - student, 2 — track for passing
the test, 3 — a system of sensors that determine the time of passage of each section of the system to determine
the speed and its changes during walking, 4 - controller, 5 - PC)
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Johnson et al., 2023), control, as proven (Bland et al., 2011;
Fure et al,, 2021), having an exploratory and evaluative
nature, is the basis of evidence-based rehabilitation The
need for such studies is due to the lack of randomized trials
establishing the effectiveness of rehabilitation after blast TBI
(Xiang et al., 2022).

Tests that use the function of walking are quite wide-
spread in the practice of monitoring the rehabilitation pro-
cess in persons with amputations (Brooks et al., 2001), car-
diovascular diseases (Bellet et al., 2012; Hanson et al., 2012;
Casillas et al., 2013), with total hip arthroplasty (Yuksel,
Unver, Kalkan, & Karatosun, 2021), brain injuries (SCIRE-
PROJECT), in muscular dystrophy (Pizzato et al.,, 2016), in
neurological diseases (Tyson & Connell, 2009) and even in
children, during their development (de Baptista, et al., 2020).

A certain list of works is devoted to the determination of
quality indicators of tests using walking for a certain distance
in relation to various studied contingents. In particular,
young healthy adults (Smith-Turchyn et al., 2021), persons
with total hip arthroplasty (Yuksel et al., 2021), in typically
developing children (de Baptista et al., 2020), persons
with lower limb prostheses (Sawers et al., 2020). However,
studies on the use of distance walking tests for students with
disabilities after blast TBI have not yet been conducted.

On the other hand, we agree with our research on the
use of test results to monitor the progression of disability.
This was confirmed by previous studies (Pizzato etal., 2016).

The results of our previous research on the expediency
of using technical means in the implementation of the
control process in inclusive PE have been supplemented.
Considering that specialists recommend repeating the test
after certain periods (Pizzatoet al., 2016), the developed
setup makes it possible to implement such control with the
least loss of time.

Conclusions

Inclusive PE in times of war faces new challenges. As a
result of the armed aggression of the Russian Federation, due
to shelling and explosions, the structure of the contingent
of students with disabilities was significantly affected: now
students with disabilities after blast TBI are the largest
contingent.

Blast TBI is considered a problem that goes beyond the
scope of BI and is positioned as a multiple injuries, which
is included in the concept of mine-explosive injury and
requires a comprehensive approach in the implementation
of the recovery process.

Developed with the use of information systems and
networks, the programmable device for monitoring
functional mobility, gait, and the state of the vestibular
apparatus in students with disabilities after blast TBI
integrates modern electronic technologies and a package of
system application programs.

The use of the developed programmable installation in
the practical work of inclusive PE provides convenience,
functionality, objectivity, and reliability of control in the
process of rehabilitation of students with disabilities after
blast TBI. What is confirmed by the values of the measure
of authenticity of the test obtained during the experiment
in the case of fixing the results by the developed setup: The
calculated values of the coeflicients reach the “high” level,

which allows us to assert the objectivity of the control of the
studied parameters.
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Mera KOCTiI)KeHHA — BI3HAYNUTYU CTYIiHb aBTEHTUYHOCT] y 10-MeTpOBOMY TeCTi X0Ab0M, peaisoBaHOTO 3 BUKOPUCTAHHAM
PO3po6/IeHOT ITPOrpaMOBaHOI YCTAHOBKY KOHTPOJIIO BiffHOB/IeHH: (QYHKLiN (GYHKI[IOHAIBHOI PyX/IMBOCTI, XOAM Ta CTaHy BECTH-
6y/1ApHOro amapary y 3o6yBadiB BUIIOI OCBITK 3 iIHBa/IIHICTIO MiC/IsA BUOYXOBOI YeperHO-MO3KOBOI TPaBMI.

Marepian ta MeTogu. 39 crynenTis I Kypcy 3 iHBamigHicTIO mic/s BOYXOBOI YepelrHO-MO3K0BOI TpaBMu. BukopucraHo Taki
METOJV: TEOPETUYHUI aHa/Ii3 HAYKOBO-METOAUYHOI JiTepaTypu, METOJ, TEXHIYHOTO MOJENIOBAHH, NelarOriyHe TeCTYBaHHA,
Ie/IarOTiYHMIT €KCIIEPYMEHT, METOV MAaTeMATUYHOI CTATUCTUKN. Y JOCTIIKEeHHI 3aCTOCOBAHO 10-MeTPOBMIT TECT XOBOU.

PesynpraTu. PesynbraToM HAIOro JOCTIIKEHH:A CTaaa po3poOKa 3 BUKOPUCTAHHAM iHQOPMALiHUX CHCTEM Ta Mepex
IPOrpaMOBAHOI YCTAaHOBKM /IS peasnisanii 10-MeTpOBOro TecTy X001, KNIl 3aCTOCOBYETHCS AJIsI KOHTPOJIIO BiJHOBIEHHS
¢byHK1iT QyHKLIOHANIBHOI PyX/IMBOCTI, XO[M Ta CTaHy BeCTUOY/IAPHOrO amapary y CTy[eHTiB 3 iHBamigHicTIO micis BuOyxoBoi
YeperrHo-M03KoBoi TpaBMu. OCHOBOIO YCTaHOBKU CTajla Mepe)ka CeHCOPIB, AKY OpraHisyBamyu Ha 6asi MiKpOKOHTpPOJIEPHOI IIaT-
¢dopmu Arduino. [l dikcanii pesyabTaTiB M0 AMCTaHLII IPOXOMKEHHA TeCTy OY/I0 pO3MillleHO aKyCTWYHI, ONTUYHI JaTYMKH,
HATYVKY JAJTbHOCTI, HAO/IVDKEHHS, IIPUCYTHOCTI Ta IOJIOXKEHH:A y IIPOCTopi. JaTumku, oTpuMaBIIM iHPOPMALiiiHIIT CUTHAT IIPO
IPOXOPKEHHsI TECTY MePefaloTh JIOro Ha KOHTposep. Y KoHTpoepi indopmanis iHaudiKyeTbest, 00po6/Ia€TbCs, 00UMCTIOETHCS
Ta IepefaeThCs Ha IePCOHANTbHIIT KOMIT I0Tep, fie BifoOpa)kaloThCs Ha eKpaHi Ta BiiTBOproI0Thes rpadiuno. [Iporpamue 3abesme-
YeHHs peaslisye CYIpOBOKEHHs BIIPOJOBXK YChOTO TECTY, epeKTUBHICTD 06pOOKM ZaHMX, 00UNC/IeHHs HeOOXiTHUX TapaMeTpiB
Ta ixHe 36epiranna. O6pobKa JaHUX 3[ilICHIOETbCA 3 BUKOPUCTAHHAM CUCTEM aHali3y 300pakeHb Ha OCHOBI HellpoMepex. 3a
pe3y/ibraTaMy TeCTyBaHHs Ta KOPEJIALIHOTO aHasIi3y 6y/I0 yCTaHOBIEHO IOKA3HUKY MipJ aBTEHTUYHOCTI BUKOPUCTAHVX TECTIB,
AKi BigpisHAMMCh 3acob6aMu BUMipIOBaHHA pe3y/bTaTiB. PiBeHb KoedillieHTa KopesAlii 3HaYeHb TeCTOBOI HaJiifHOCTI Ta Basij-
HOCTi y pasi pikcanil pesy/IbTaTiB TeCTyBaHH:] 3 BUKOPMCTAHHAM CEeKyH/IOMipa epeOyBaB He MeXi “HM3bKOI” Ta “HPUITHATHOL, Y
Ipyromy, Ko (GikcyBamy pesyabTaTy IpOrpaMOBaHOI0 YCTaHOBKOIO KOHTPOJIIO, — JOCATaB PiBHA “BUCOKMIT .

BucHoBKN. BukopyucTaHHAM y HpaKTU4Hi po60Ti iHK/M03MBHOTO (BisMYHOrO BUXOBAaHHA PO3pPOOIIEHOI IIPOrpaMoBaHOl
YCTaHOBKM KOHTPOJIIO 3a0€3I1eYyI0Th 3PYUHICTh, PyHKIIOHAIbHICTD, 00 €KTUBHICTD Ta JOCTOBIPHICTb KOHTPOJIIO Y IpOLiec pea-
6iniTanii 3106yBa4iB BUIIOI OCBITI 3 iIHBaJIHICTIO MiC/IA BUOYXOBOI YepermHo-M03koBoi TpaBMu. Ilo miATBep/Ky€eTbCA OTpMMa-
HVIMI B IIPOIL{eCi eKCIIEPUMEHTY 3Ha4eHb Mipy aBTEHTUYHOCTI TecTy y pasi ikcarii pesynpratiB po3po6/eHO0 MpOrpaMoBaHOI0
YCTaHOBKOIO.
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Abstract

Background. Manipulative movements are essential for children’s development, which can be found in traditional
games, representing manifestation of local wisdom that has been passed down from generation to generation.
Objectives. This study aimed to examine the effect of traditional games on the manipulative movements of

elementary school students based on gender.

Materials and methods. This experimental study comprised two pretest-posttest groups without control variables.
Data collection on pretest and posttest was carried out using three types of tests, namely throwing, catching,

and kicking. A total of 60 students aged between 9 and 12 years were selected to participate in this study. The sample
consisted of 30 male students (height 140.21 + 6.2 cm, and weight 35.77 + 5.6 kg), and 30 female students (height

138.4 + 6.8 cm and weight 34 + 4.1 kg).

Results. The t-test analysis showed that the test results for male students were as follows: throwing 0.011 < 0.05,
catching 0.007 < 0.05, and kicking 0.003 < 0.05. Then, the test results for the female students were: throwing

0.013 < 0.05, catching 0.017 < 0.05, and kicking 0.012 < 0.05. The results of the independent t-test indicated that the
throwing, catching, and kicking tests revealed a statistical significance (p < 0.05) in both male and female students.
Conclusions. The implementation of traditional games has been found to enhance the manipulative movements

of elementary school students, as evidenced by positive changes observed in the pretest and posttest results. The
improvement was achieved, among others, through the adaptation of traditional games following the characteristics
of students’ development. Therefore, the conceptualization of physical learning within the framework of traditional

games proved to be applicable and practical.

Keywords: traditional games, manipulative movement, elementary school, children’s games.

Introduction

Motor development in elementary school-aged children
is an important aspect that influences various aspects of
their lives, including learning abilities and social interactions
(Samodra et al., 2023). Three types of movements that are
important in children’s motor development are locomotor
movements, non-locomotor movements, and manipulative
movements. Locomotor motion refers to physical
displacement from one place to another, such as walking,

© Santoso, N. P, Subagyo, Santoso, N., Prabowo, T. A., &
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running, jumping, and crawling. In contrast, non-locomotor
motion involves changes in body position without significant
physical displacement, such as bending, bending, and
twisting (Siregar et al., 2021; Sunanto et al., 2022). On the
other hand, manipulative motion is concerned with the use
of hands and fingers to control, manipulate, and interact with
objects or the surrounding environment, such as grasping,
throwing, catching, and cutting (Setyawan et al., 2024).
Traditional games have become an integral part of the
culture and history of Indonesian society (Maulidiyyah &
Purwoko, 2023). However, with technological advancements
and lifestyle changes, traditional games are often marginalized
by more passive modern games. It raises concerns about
the potential impact on children’s motor development of
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incredibly manipulative movements (Yilmaz & Griffiths,
2023). Games have a significant impact on the development
of manipulative movements in children. The results of
previous studies have shown that children who engage in
varied physical activities, such as throwing and kicking a
ball, crawling around a playground, or holding a pencil while
colouring, can strengthen the muscles of their hands and
fingers, as well as their legs (Samsudin et al., 2022). Traditional
games also provide opportunities for children to engage in
sensory exploration by touching, smelling, or sensing different
objects, so they help increasing their sensory sensitivity
and developing the ability to control movement with more
precision (Hartanto et al., 2021; Mujriah et al., 2022).

In addition, games often require strategic thinking
and fast movements that require the use of manipulative
motions, such as sodor carts, fish nets, and balloon racing
games (Septianto et al., 2024). The social interactions that
occur during play also contribute to the development
of manipulative motions, as children learn to share,
communicate, and collaborate with peers or family
members through activities involving ball, such as sepak
tekong (Anggraini et al., 2023; Mensa et al., 2023). Games
provide a fun and engaging context for children to practice
manipulative movements without feeling like doing a tedious
task or exercise, as they can enjoy playtime while learning and
developing. Thus, games are a rich and beneficial means for
children to practice and develop their manipulative motor
skills in a natural and enjoyable way (Rejeki et al., 2022).

The results of further studies show that traditional
games have a significant impact on academic achievement
through increasing students’ manipulative movements
(Nasution et al., 2022). Active participation in traditional
games allows students to develop their fine motor skills in a
fun and natural way (Hafeez, 2022). This ability is essential
in performing academic tasks such as writing, drawing, and
colouring. Furthermore, traditional games often involve
elements of problem-solving strategy. When students engage
in such games, they must think of appropriate steps and
manipulate objects or situations according to the rules or
objectives of the game (Milenia & Nurharini, 2024). These
abilities build the cognitive skills necessary to solve academic
problems, such as understanding instructions, planning
solutions, and evaluating outcomes. Then traditional games
also have story elements or cultural contexts. Through these
traditional games, students can expand their knowledge of
specific cultures, histories, and traditions (Wibowo et al.,
2023). This knowledge can increase students' interest and
understanding of history, language, or cultural arts.

Although scientific literature has provided sufficient
understanding of the importance of manipulative

movements on children’s development, research examining
the direct influence of traditional games on this aspect is
limited. Therefore, this study aims to explore in more depth
the influence of traditional games in increasing manipulative
movements of elementary school students. Through an
experimental approach, this study seeks to make a significant
contribution to the understanding of the role of traditional
games in supporting children’s motor development, especially
in the context of manipulative movements. The results of
this study are expected to provide a more vigorous basis
for developing more holistic and sustainable educational
strategies for elementary school-age children.

Materials and Methods

Study Participants

The sample of this study were elementary school
students from SD Negeri 3 Bantul, SD Negeri 1 Bantul and SD
Muhammadiyah Serut. Those students were in grades 4, 5,
and 6 with a total of 130 students, but the sample was selected
through random sampling. Thus, the selected students were
60 students aged 9-12 years. The characteristics of students
were analyzed based on age, height and weight (mean + SD).
The sample consisted of 30 male students (height 140.21+6.2
cm, and weight 35.77+5.6 kg), and 30 female students (height
138.4+6.8 cm and weight 34+4.1 kg). In addition, this study
has received approval from parents.

Study Organization

The type of this research is an experiment with two
pretest-posttest groups without control variables. Data
collection on pretest and posttest was carried out with
three types of tests, namely throwing, catching, and kicking
(Setyawan et al., 2024). The traditional games done were
gobak sodor, fish nets, engklek and balloon racing. The
treatment was carried out for six weeks with three weeks of
training. Training was conducted on Monday, Wednesday,
and Friday from 08.00-09.00, with the duration of one
game was 30 minutes. The following is the traditional game
treatment program in Table 1.

Statistical Analysis

Analysis of this study was done using a t-test and
paired sample t-test with a significance value (p < 0.05). The
t-test was carried out to test for differences before and after
treatment. At the same time, the paired sample t-test was used
to test the difference in training results of male and female

Table 1. Traditional games program (FN: Fish Nets, GS: Gobak Sodor, EK: Engklek, BR: Balloon Racing)

1% Week 2" Week 3 Week
Monday Wednesday Friday Monday Wednesday Friday Monday Wednesday Friday
FN EK GS BR GS FN GS EK GS
GS BR EK FN BR EK FN BR EK
4" Week 5% Week 6" Week
Monday Wednesday Friday Monday Wednesday Friday Monday Wednesday Friday
BR GS FN GS EK GS BR GS FN
FN BR EK FN BR EK FN BC EK
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students. Before conducting the t-test and paired sample
t-test, it will first pass the normality test and homogeneity
test. Data analysis of this study used the help of SPSS 26.

Results

The following is a data analysis based on statistical
analysis to test the purpose of this study. The first analysis
is to conduct an assumption test through a normality test.

Table 2. Normality test results

Shapiro-Wilk

Gender Test  Test Type
Statistic df Sig.
Throwing 0.074 29 0.091
Pretest Catching 0.144 29 0.127
Kicking 0.246 29 0.174
Male
Throwing 0.067 29 0.103
Posttest Catching 0.139 29 0.158
Kicking 0.253 29 0.131
Throwing 0.082 29 0.145
Pretest Catching 0.125 29 0.147
Kicking 0.239 29 0.112
Female
Throwing 0.073 29 0.186
Posttest Catching 0.129 29 0.181
Kicking 0.233 29 0.193

Based on the results of Table 2, the normality test using
Shapiro-Wilk from the pretest-posttest results on male
and female students showed a significance value (> 0.05),
meaning that the data were normally distributed. The second
analysis is a homogeneity test to test whether the sample
comes from the same population.

Table 3. Hypothesis test results

Gender Test Test Type SI; ZZ::::C dfl df2 Sig.
Throwing  0.798 1 59 0379
Male Pretest-Posttest Catching  0.867 2 58 0.386
Kicking 0.394 1 59 0.551
Throwing  0.582 1 59 0483
Female Pretest-Posttest Catching — 0.822 2 58 0.231
Kicking 0.441 1 59 0428

Based on the results of Table 3, the homogeneity test
of the pretest-posttest results in male and female students
came from the same population. Therefore, from the results
of the assumption test through the normality test and
homogeneity test, the research data is feasible to do t t-test
and independent sample t-test.

Based on the results on Table 4, male students showed
pretest-posttest results on the throwing test 0.011 < 0.05, the
catching test 0.007 < 0.05, and the kicking test 0.003 < 0.05.
Then, the female students showed pretest-posttest results on
the throwing test 0.013 < 0.05, the catching test 0.017 < 0.05,
and the kicking test 0.012 < 0.05. Thus, it can be explained

Table 4. T-test results

Sig.
Gender Test Test Type t df (2-tailed)
Throwing ~ 2.605 59  0.011
Male DSt iching 2932 59 0.007
Posttest
Kicking 3.144 59 0.003
Throwing 2274 59 0.013
Pretest- .
Female Posttest Catching 2119 59 0.017
Kicking 2.645 59 0.012

that traditional games affect the manipulative movements
of male and female students at the elementary school level.
Subsequent analysis by comparing test results in the male
and female student groups aimed to analyze the effect of
traditional games on the two groups.

Table 5. Independent sample t-test results

. Sig.
Male - Female Test Differences t df (2-tailed)

Equal variances assumed 1.854 59 0.071
Throwing

Equal variances not assumed 1.854  7.867 0.071

Equal variances assumed 1.770 59 0.083
Catching

Equal variances not assumed 1.770  7.188 0.083

Equal variances assumed 1.812 59 0.077
Kicking

Equal variances not assumed 1.812  7.312 0.077

Based on the results of Table 5, regarding the throwing
test results of the male and female students, the significance
value showed 0.071 > 0.05. The results of catching tests of
the male and female students showed a significance value of
0.083 > 0.05. The results of the kicking test of the male and
female students showed a significance value of 0.077 > 0.05.
Based on the results of Table 5, there were no differences in
throwing test, catching test, and kicking test of the male and
female student groups, so traditional games were effective in
improving the manipulative movements of male and female
elementary school students.

Discussion

This study aims to explore the effect of traditional games
on manipulative movements of elementary school students
based on gender. The results showed that traditional games
can affect manipulative movements in elementary school
students based on gender. It can be seen from the difference
in increasing values from pretest and posttest tests. In
addition, the results showed a significant increase after
being given traditional game materials. The results of this
study are supported by previous studies that explain that
traditional games can improve body skills and balance and
build a fit physique (Kusuma et al., 2021). The increase also
occurs because traditional games provide opportunities for
children to play in groups, the equipment used is simple,
contains cultural values, and is carried out with pleasure
without pressure (Suryadi, Nasrulloh, et al., 2024) Other
research results also show that traditional games serve as an
element of education that encourages the development of
fundamental movement skills (Suherman et al., 2019).
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Based on this foundation, the movement activities in-
cluded in the modified traditional games include basic move-
ments. Modification of traditional games in accordance with
the principle of development has contributed to the improve-
ment of students’ movement skills (Suryadi, Nasrulloh, et al.,
2024). The games are arranged in a straightforward manner,
ensuring that students can easily engage and understand the
gameplay. The game is designed not only to improve and
foster students’ manipulative movement abilities but also to
encourage decision-making during gameplay and encourage
students’ motor skills. Achieve and advance game goals and
align with learning principles.

The result of the research is to improve manipulative
movements through traditional games for elementary
school students based on gender. In addition, traditional
games contribute to improving students’ movement skills
so as to help students develop their motor skills (Harianto
et al., 2023). This statement is reinforced by research that
reveals that modified traditional games are able to encourage
students’ level of understanding and motor skills (Gustian,
2021). Motor skills also improve students’ academic
achievement because improvements influence their cognitive
abilities (Tandon et al., 2016), as well as improving fitness,
psychological and mental health (Lobstein et al., 2015).

Throwing is essential because it is a complex movement
(Stodden et al., 2006) and will determine the involvement of
children’s sports (Johnson et al., 2019; Maselli et al., 2019),
water polo, javelin throwing (Chi, 2010) as well as handball
and baseball. Based on this statement, traditional sports have
included aspects of manipulative motion, such as throwing
and catching kicks. If throwing skills are not taught well, it
can be ascertained that children’s involvement in sports and
physical activities will not occur well. If the community is
not physically active, it can be ascertained that the level of
fitness will be low (Mashud et al., 2024; Rubiyatno et al.,
2023; Septianto et al., 2024; Suryadi et al., 2023). It will have
an impact on a person’s physical health-child productivity
in learning new things. If the child is fit, it will contribute
to academic ability (Hermassi et al., 2021). Mastery of basic
throwing movements will develop if learning interventions
are carried out.

Furthermore, the ability to catch is also a critical skill
stated by (Drost et al., 2015), stating that if the skill of
catching is mature, it will have a significant role in other
skills in the future of children. It is proven that throwing
and catching skills will be the most influential if the child is
visually impaired (Wagner, Haibach, and Lieberman 2013).
There is an era relationship between throwing ability and
catching ability (Dirksen et al. 2016). In another study, it
was stated that there was a relationship between motor skills,
fitness, and academic skills (Syvéoja et al., 2021). Based on
this finding, guided motor activities in schools are effective
in improving children’s motor fitness and competence
(Huhtiniemi et al., 2023). In an experiment with children
aged 4-5 years regarding one of the skills, which is catching
skill, the results show that the scores for boys were higher
(Navarro-Paton et al., 2021).

Conclusions

Traditional games increase the manipulative move-
ments of elementary school students, as evidenced by

positive changes in the results of the pretest and posttest.
The improvement was carried out, among others, through
the adaptation of traditional games in accordance with the
characteristics of students’ development. These games com-
bine a fun approach, tailoring activities to students’ move-
ment skills. Furthermore, game modification adheres to
the principles and aspects that are conducive to the learn-
ing experience of elementary school students. The results
contribute valuable insights in the field of physical educa-
tion for elementary school students. To further enhance the
study findings, future researchers may consider or evaluate
the appropriateness of different methods of adjusting
demographics.
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OuiHKa BnAMBY TpapauLinHMX irop Ha po3BUTOK
MaHIiNyNAWiNHNX PyXiB YYHIB NOYaTKOBOI LLKOJN
3 ypaxyBaHHAM CTaTeBOI NPVHaNEeXHOCTI

Hyrpoxo ITymxki Cantoco'**“P; Cy6arito'®P, Hypxani Cantoco

1ACD
b
1CDE

Tpucuap Ani IIpa6oso'“"%, Bax’ro [IBi IOmianTo
!TI>KOK IKApTCHKUIL iep>KaBHMI YHIBEpCUTET

ABTOpCBHKNMIT BKIAM: A — [U3aiiH BOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip komTis

Pedepar. Crarrs: 7 ., 5 TabL., 38 mKeper.

IcTopia nuranna. MaHinynALiiiHi pyxu € BaXXIMBUM KOMIIOHEHTOM B IIPOLIECi POSBUTKY AiTel, AAKi MOYKHA 3yCTPiTH B Tpa-
JULIHAX irpax, MPe/ICTAaB/IAKYY BTiIEHHA MiCIIeBOI MyAPOCTI, IO IIEPefA€ThCA 3 MOKOIHHA B IOKOMIHHA.

Mera gocmigKeHHA. MeTolo IIbOro TOCIi/KeHHA 0Y/I0 BUBYEHH:A BIUIMBY TPAAMIiIHUX irop Ha PO3BUTOK MaHINy/IALIITHNX
PYXiB Yy4IHIB ITIOYaTKOBYUX K/IaCiB 3 ypaXyBaHHAM CTaTe€BOI IPMHA/IEKHOCTI.

Marepianu ta MeTogu. ExcriepyMeHTanbHe JOCTIPKEHHA CKIaJjalocs 3 IBOX Nepe/ITeCTOBMX i Mic/IATeCTOBUX I'PYH 32 Bifl-
CYTHOCTi KOHTPOJIbHUX 3MiHHMX. 30MpaHH: JAHNX Ha eTallax [epeTeCTOBOro Ta MiC/ATeCTOBOrO JOCTI/KEHHs OY/IO IIPOBEIeHO
3a JIOIIOMOTOI0 TPbOX TUIIIB TECTIB, a CaMe: BUKOHAHH:A KMJIKA, TOBIHH IIpeIMeTa Ta yAapy HOroko. /s y4acTi B JOCTipKeHH] 6y/10
Bifibpano 60 yuHiB BikoM Bif 9 1o 12 pokis. Bubipka ckmaganacs 3 30 xmonuis (3pict — 140,21 + 6,2 cm, Bara — 35,77 + 5,6 Kr) Ta
30 miBuar (3picT 138,4 + 6,8 cm i Bara 34 + 4,1 kr).

Pesynbraru. AHajis t-KpuTepilo MOKa3aB HACTYIIHI Pe3y/IbTaTH [l y4YHiB 40O/IOBiYOI cTaTi: BUKOHaHHA Kuzka 0,011 < 0,05,
nosinHsa mpegmeta 0,007 < 0,05 i yaap Hororo 0,003 < 0,05. Toxi sk pesyabraT TecTy Ajs AiBYaT Oyl IpeACTaB/IeH] HACTYI-
HUM YMHOM: BUKOHaHHA Kujka 0,013 < 0,05, nosinna mpenmeta 0,017 < 0,05 i ygap Hororo 0,012 < 0,05. OTpuMaHi pe3ynbratu
t-KpuTepio /I He3aTeXXHIUX BUOIPOK CBIfYATD PO Te, 10 MOKA3HMKI TECTIB HA BUKOHAHHS KMJIKIB, IOBIHHS IIpefiMeTa Ta yapis
HOTOI0 MAIOTh CTaTUCTUYHY 3HAYYIIicTb (p < 0,05) AK y fjiTelt 4om0Bivoi, Tak i >kiHOYOI CTaTi.

BucnoBku. BcraHOB/IEHO, 1[0 BIPOBA/KEHHS TPAJUIiHMX irop Clpuse MifIBUIIEHHIO PiBHA PO3BUTKY MaHINyIALiHMX
PYXiB B Y4HiB II0YaTKOBMX K/IaCiB, IIPO 110 CBi/f4aTh NO3UTKUBHI 3MiHN, AKi CIIOCTEPIral0Thcs B pe3ynbTaTax IepejTecTOBOrO Ta
IHiC/IATECTOBOTO eTAIIiB HOCIi/KeHHs. [IoKpalieHHs OKasHMKIB Oy/I0 OCATHYTO, 30KPeMa, IUIIXOM aJarTalil TpagnIiiiHuX irop
BifIIOBiTHO O 0COOMMBOCTEN PO3BUTKY Y4HIB. TaKMM 4MHOM, KOHLIeNTyasi3allid (pisYHOro HaBYaHHA B PaMKax 3aCTOCYBaHHA
TpaguLilfHKX irOp JOBe/a CBOIO NOLNMbHICTD i IPAKTUYHY 3HAYYILiCTh.

Knrouosi cnoBa: Tpapuuiiiai irpu, MaHinynALiiHi pyxu, Io4aTKoBa IIKO/IA, irpyu i AiTell.
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Abstract

Background. Optimal respiratory function and cardiovascular endurance are integral to overall health and athletic
performance. Yogic interventions have emerged as potential strategies to enhance physiological and physical
parameters. These metrics not only unlock the human body’s potential but also play a vital role in increasing sports
performance.

Objectives. This study aimed to evaluate the effectiveness of a structured yogic regimen in improving respiratory
function and cardiovascular endurance in young male adults, shedding light on yoga’s role as a complementary
approach to physical fitness enhancement.

Materials and methods. Forty (N = 40) male undergraduate university students (aged 18 to 25 years) were randomly
assigned to the experimental (n = 20) and control group (n = 20). The experimental investigation centered on

vital capacity (VC), both positive and negative breath holding times (PBHT and NBHT), peak flow rate (PFR),

and cardiovascular endurance (CVE). Using an analytical research approach, a randomized pre-test — post-test

— controlled group design was implemented. The experimental group engaged in daily yoga sessions supervised

by certified instructors, incorporating various asanas, pranayama techniques, and meditation, while the control
group maintained their regular lifestyle. Pre-and post-intervention assessments of respiratory parameters and
cardiovascular endurance were conducted using standardized tests. Statistical analyses, including Levene’s test for
normality, and paired t-tests for intra-group comparisons, were performed using SPSS software (IBM, version 25,
Chicago). The experiment lasted for six weeks, with a significance level set at a = 0.05.

Results. The paired t-test analyses demonstrated significant improvements in VC t,5, = 4.96, and p < 0.000;

PBHT t(4) = 6.34, and p < 0.000; NBHT t(,s = 4.18, and p < 0.001; PER t(,4) = 7.02, and p < 0.000; as well as

CVE t(4) = 3.96, and p < 0.001, within the experimental group. Conversely, no significant changes were observed in
the control group.

Conclusions. The findings underscore the effectiveness of a six-week yogic intervention in enhancing respiratory
function and cardiovascular endurance among young male adults. Integrating yoga into exercise routines may yield
substantial benefits for physical fitness improvement.

Keywords: yogic intervention, respiratory function, cardiovascular endurance, physical fitness, undergraduate
students.

Introduction cardiovascular system, leading to conditions such as stroke,
heart disease, lung cancer, chronic obstructive pulmonary
diseases, and respiratory infections (WHO, n.d.). It is
the biggest environmental risk to public health in the

© Pramanik, T. N, Rahaman, A., Rahman, M. H., Shukla, A., & world, thought to be the reason for 7 million preventable

Air pollution is a major health hazard, exposing
individuals to fine particles that infiltrate the lungs and

Pradhan, P, 2024. deaths every year (UNEP, 2021). Specifically, indoor air

N pollution contributes to 4-6% of India’s national disease

3¢ ,\@ TMOB burden. In response to these health challenges, yoga has
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been recognized as an effective way to boost respiratory
efficiency and strengthen the immune system against
environmental hazards (Balaguru et al.,, 2022). Regular
yoga practice significantly improves respiratory function
and cardiovascular endurance, enhancing breathing, lung
function, and oxygen delivery to muscles during exercise
(Beutler et al., 2016; Kothari et al., 2023; Seltmann et
al., 2020). Moreover, yoga has been shown to increase
cardiovascular endurance by boosting cardiac stroke volume
and lowering blood pressure (Kothari et al., 2023; Santaella
et al., 2011). Yoga, originating in ancient India millennia
ago, is a holistic practice uniting the body, mind, and spirit,
as the term “yoga” means to yoke or unite (Cameron,
2023). In recent years, yoga has surged in global popularity,
evolving from a physical exercise to a holistic method for
enhancing mental health benifit and physical well-being
(Pramanic et al., 2024). It comprises physical postures
(asanas), breathwork (pranayama), meditation, and ethical
principles, aiming to improve overall health, mental clarity,
emotional stability, and spiritual harmony (Cameron, 2023).
Patanjali’s holistic approach to yogic practices encompasses
both mental mastery and stress regulation (Sonwane &
Mishra, 2016). Notably, Pranayama breathing exercises in
yoga significantly boost oxygen intake, enriching the blood
for essential organs like the brain, heart, and lungs, thereby
enhancing their function. This improved oxygenation leads
to better cardiorespiratory fitness by enhancing oxygen flow
to the brain, regulating breathing, and reducing strain on the
heart, resulting in enhanced endurance and cardiovascular
fitness (Kothari et al., 2023).

The human respiratory system, encompassing both the
upper and lower tracts, serves as the conduit for essential gas
exchange between the body and the environment, a process
vital for overall health. Additionally, it plays a pivotal role in
evaluating lung function and efficiency (Islam et al., 2020).
This system’s impact on sports performance is multifaceted.
For example, improving lung capacity and respiratory health
can augment endurance by facilitating increased oxygen
delivery to muscles during physical activity (Ardejani &
Saleem, 2022). Furthermore, the respiratory systems ability
to adapt to altitude and temperature variations is crucial for
athletic prowess (Ardejani & Saleem, 2022). Key respiratory
parameters such as vital capacity, respiratory rate, and
breath-holding capabilities significantly contribute to
enhanced endurance and improved cardiovascular fitness.

Vital capacity (VC), a crucial measure of lung function,
is often assessed through spirometry, with a typical range
of 3.5-4.5 liters (David & Sharma, 2023). Comprising
inspiratory reserve volume, tidal volume, and expiratory
reserve volume, VC tends to be greater in taller individuals
and declines with age (Bhatti et al., 2014). Restrictive lung
diseases significantly reduce VC due to decreased lung
volumes and hindered expansion (Lutfi, 2017; Martinez-
Pitre et al., 2023). Crucial for respiratory health, VC
significantly impacts physical performance, especially in
sports, facilitating better oxygen distribution to muscles
during exercise (Taneja & Bose, 2019). Athletes with larger
VC often excel due to their ability to intake more air,
sustaining high-performance levels (Taneja & Bose, 2019;
Mazic et al., 2015). Research indicates that yoga practices,
including SN, asanas, and pranayama, can enhance VC, as
demonstrated in college students (Birkel & Edgren, 2000).

Additionally, a study published in the National Journal of
Physiology, Pharmacy, and Pharmacology affirms yoga’s
positive impact on respiratory function and VC (Kondam
et al,, 2015). These findings emphasize the beneficial role of
yoga in promoting lung health and enhancing vital capacity.

Respiratory rate, or the frequency of breaths per
minute, is a critical indicator of health, with norms ranging
from 12 to 20 breaths per minute for adults and varying
by age in children (Rowden, 2023). Measurement methods
encompass manual counting via observing chest movements
and automated devices tracking breathing patterns (Singh et
al., 2020). Various factors including age, activity level, and
environmental conditions influence respiratory rate, which
can also be elevated due to allergic reactions, anxiety, fever,
or cardiac issues (Rowden, 2023). Furthermore, respiratory
rate significantly impacts sports performance, encompassing
physical, physiological, and mental aspects (Migliaccio et
al,, 2023). Employing proper breathing techniques, such as
deep, slow breathing, aids athletes in managing stress and
anxiety by inducing a calming effect on the nervous system,
particularly beneficial during pre-game jitters or competitive
situations. Moreover, yogic practices like Suryanamaskar,
asanas, and pranayama have been documented to positively
influence respiratory rates. A study highlighted in the
International Journal of Economic Perspectives (Kumar
& Tak, 2021) underscored the beneficial impact of these
practices on respiratory rates.

Positive breath-holding times (PBHT) and negative
breath-holding times (NBHT) measure breath duration
after inhaling and exhaling. Breath-holding time, a metric
measuring respiratory endurance and lung efficiency, has
been widely explored in various contexts. Ideguchi et al.
(2021) and Hedhli et al. (2021) found that individuals with
chronic obstructive pulmonary disease exhibit shorter
breath-holding times compared to healthy counterparts.
Additionally, studies such as Yildiz et al. (2020) have utilized
breath-holding time to investigate the impact of stroke
and aging on lung function. Moreover, breath-holding
exercises have emerged as a promising avenue for improving
respiratory capacity and oxygen utilization, particularly
beneficial for endurance athletes engaged in activities like
running, cycling, or swimming (Fernandez et al., 2022).
Notably, practices such as yoga, particularly Pranayama,
have shown significant potential in enhancing breath-
holding capacity. Singh et al. (2022) demonstrated that a
six-week Pranayama training program notably improved
breath-holding among soccer players compared to control
groups. This suggests a tangible link between breath-holding
exercises, such as Pranayama, and enhanced respiratory
endurance, which can be advantageous for athletes seeking
to optimize their performance.

Peak flow rate (PFR), measures the maximum exhaling
speed in L/min and helps assess lung function and respiratory
disease severity (DeVrieze et al., 2023). PFR are crucial
indicators of respiratory health, varying based on factors
like age, height, sex, and race. While adults typically range
between 400-700 L/min, children usually fall between 150-
450 L/min. The research underscores the significance of PFR
in sports performance, particularly in activities requiring
endurance and efficient breathing. Studies have consistently
shown that higher PFR values, indicative of superior
respiratory function, directly correlate with enhanced
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athletic abilities (Mackala et al., 2019; Kurtoglu et al., 2024;
Lydia & Latha, 2019). Furthermore, yoga has emerged as
a promising avenue for improving PFR and overall lung
function. Agnihotri et al. (2016) demonstrated that yoga
significantly enhanced peak expiratory flow rate in patients
with mild to moderate persistent chronic bronchial asthma.
Similarly, a study published by Abel et al. (2013) found
that regular yoga practice led to notable improvements in
pulmonary function, as assessed by peak expiratory flow
rate. These findings underscore the potential of yoga as a
complementary approach to enhance respiratory health and
athletic performance.

Furthermore, cardiovascular endurance (CVE), a
cornerstone of health-related fitness, is essential for overall
well-being and also has an impact on game performance
(Reza et al., 2024). Itencompasses the coordinated
functioning of the heart, lungs, and circulation to deliver
oxygen during physical exertion. Through regular training,
the heart becomes stronger, thereby reducing the risk of heart
disease. Moreover, enhancing cardiovascular endurance not
only contributes to better health but also elevates athletic
performance by enabling athletes to sustain high-intensity
activities over prolonged periods. Interestingly, recent
research underscores the efficacy of yoga in augmenting
cardiovascular endurance, surpassing conventional
aerobic exercises recommended for cardiovascular health
(Sovova et al., 2015). Specifically, a study by Satheesh
and Bindu (2020) unveiled that consistent pranayama
practice enhances cardiovascular efficiency and physical
endurance among young, healthy individuals. This evidence
underscores the multifaceted benefits of incorporating yoga,
particularly pranayama, into fitness routines for promoting
cardiovascular health and endurance.

This study aims to assess how a structured six-week
yoga program impacts vital parameters including VC,
PBHT, NBHT, PFR, and CVE. By analysing these changes,
it seeks to offer empirical evidence of yoga’s effectiveness
in enhancing respiratory function and cardiovascular
endurance. This research contributes to our understanding
of yoga’s physiological benefits and its potential as a non-
invasive health intervention.

Materials and Methods

Selection of Subjects

Forty (N = 40) male undergraduate university students,
aged 18 to 25 years, were enlisted from University of Delhi,
India. They were randomly divided into two groups: the
control group (n=20) and the experimental group (n=20).
The study was conducted at the yoga laboratory of the Indira

Table 1. Demographic data of the initially randomized
sample (Mean + SD)

SL. No. Baseline Experimental Control Group
characteristics Group (n =20) (n=20)
1 Age (yrs.) 21.20+2.14 22.32 +1.59
2 Weight (kg) 57.56 £ 5.62 63.00 £ 4.71
3 Height (m) 1.66 + 0.07 1.67 £ 0.08
4 BMI (kg/m?) 21.87+1.74 22.58 +1.81

Gandhi Institute of Physical Education and Sports Sciences,
University of Delhi. Throughout the testing, the participants
did not smoke or use alcohol, and they did not have any
acute or chronic diseases or medication use. Their vision
was also normal. Participants provided written informed
consent after being informed about the study’s details.

Experimental Design

The study employed an analytical research approach,
utilizing an experimental method known as the randomized
pre-test — post-test — controlled group design, also recognized
as the True experimental design. It aimed to investigate
whether a six-week yogic intervention could effectively
enhance specific respiratory parameters and cardiovascular
endurance. The sample selection process involved utilizing
probability sampling methods from the population.

Experimental protocol

The experimental group underwent a structured yoga
intervention comprising Yogic Prayer, Suryanamaskar,
and a variety of yoga asanas including Ardha-Halasana,
Sarvangasana, Matsyasana, Halasana, Chakrasana,
Bhujangasana, Shalvhasana, Naukasana, Dhanurasana,
ArdhaMatsyendrasana (Left and Right), Paschimottanasana,
Vajrasana, Yogamudra, Ushtrasana, Padmasana, Utkatasana,
Trikonasana, Vrikkhasana, Tadasana, and Shavasana.
Additionally, Pranayama techniques such as AnulomVilom
Pranayamaand Bhastrika Pranayama, along with meditation,
were included. This regimen was conducted daily from 7:30
am to 8:30 am at the yoga lab, IGIPESS, University of Delhi,
supervised by certified yoga instructors. The control group,
on the other hand, continued with their regular activities
without any additional intervention. All participants’
metrics were assessed both before the intervention and after
six weeks for comparison. The specifics of the intervention
are summarized in Table 2.

Table 2. Brief yoga intervention module

List Yoga Time duration

Sequence Practices (60 min) Schedule
1 Yogic prayer 5 min
2 Surya Namaskar 10min ~ Monday, Tuesday
3 Asanas 25 min Wednesday, .
Thursday, Friday,
4 Pranayama 15 min and Saturday
5 Meditation 5 min

Instrument and Tools

A wet spirometer was used to measure vital capacity,
which was recorded in liters. Breath-holding time,
encompassing both inhalation (positive breath-hold time)
and exhalation (negative breath-hold time) phases, was timed
to the nearest second with a stopwatch. Peak expiratory flow
rate was determined using a Wright Peak Flow Mini-meter
(ARMED, Clement Clarke Int. Ltd, England) and recorded
in liters per minute (L/min). Cardiovascular endurance
was evaluated through the Harvard Step Test, utilizing
equipment such as a stopwatch, a bench (20 inches high
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for boys and 16 inches high for girls), and a metronome.
The Physical Fitness Index (PFI), as delineated by Fox et al.
(1973), was computed using the following formula: Physical
Fitness Index = Duration of exercise period in seconds x 100
/ (2 x Sum of three pulse counts after exercise).

Test Administration

To measure vital capacity, participants were seated
comfortably and instructed to follow a demonstrated
procedure. They took a deep breath, held it, and then
exhaled forcefully into a spirometer. The highest value
from three trials, with less than a ten percent variance, was
recorded (Balaguru et al., 2022). Breath-holding time was
assessed by timing how long participants could hold their
breath after inhaling fully (positive) or exhaling completely
(negative), and this was done to ensure no hyperventilation
or movement during the test, and participants used a nose
clip (Bagade et al., 2018). The peak flow rate was determined
using a Mini-Wright peak flow meter. Participants exhaled
through a mouthpiece to measure the maximum airflow
(Oza et al.,, 2019). The respiratory rate was calculated by
counting breaths for one minute while participants were
at rest. Cardiovascular endurance was evaluated with the
Harvard Step Test. Participants stepped in sync with a
metronome for five minutes, and their pulse was recorded
at specific intervals post-exercise to calculate a fitness index
(Kaur & Mithlesh, 2023).

Statistical Analysis

In this study, statistical analyses were conducted using
SPSS software (IBM, version 22, Chicago). The normality
of the data was verified through Levene’s test, confirming
adherence to a normal distribution. Paired sample t-tests were
employed to analyse respiratory functions and cardiovascular
endurance. A significance level of 0.05 was set for this
research. Given the normal distribution of the data, results
are presented as mean (M) and standard deviation (SD).

Results

In Table 3, the descriptive statistics for the EG and CG
illustrate changes across five variables from pre-test to post-
test. In the EG, the mean values for VC increased from 2.22 to
2.28, while in the CG, the values increased slightly from 2.20
to 2.23. PBHT showed a notable increase in the EG from 28.59
to 31.45, whereas the CG only increased marginally from
34.02 to 34.68. NBHT also improved in the EG from 24.11 to
26.61, compared to a smaller increase in the CG from 23.01
to 24.96. For PFR, the EG saw a rise from 3.96 to 4.63, while
the CG had a slight decline from 3.79 to 3.71. CVE improved
significantly in the EG from 55.61 to 60.38, contrasted with
a moderate increase in the CG from 53.28 to 55.93. These
statistics indicate that the intervention had a more substantial
positive impact on the EG compared to the CG across all
measured health variables, suggesting its effectiveness in
improving respiratory and cardiovascular health metrics.

Table 3. Descriptive statistics for the five variables between the pre-test and post-test of the experimental and control

groups
Variables Group Test Mean Std. Deviation Std. Error Mean
G Pre-test 20 222 0.21 0.05
Post-test 20 2.28 0.20 0.05
vC
cG Pre-test 20 2.20 0.33 0.08
Post-test 20 2.23 0.32 0.07
G Pre-test 20 28.59 9.47 2.12
Post-test 20 31.45 9.42 2.10
PBHT
cG Pre-test 20 34.02 11.95 2.67
Post-test 20 34.68 11.51 2.57
EG Pre-test 20 24.11 7.06 1.58
Post-test 20 26.61 7.38 1.65
NBHT
cG Pre-test 20 23.01 8.66 1.94
Post-test 20 24.96 5.77 1.29
G Pre-test 20 3.96 1.06 0.24
Post-test 20 4.63 1.09 0.24
PFR
Pre-test 20 3.79 0.82 0.18
CG
Post-test 20 3.71 0.93 0.21
EG Pre-test 20 55.61 7.75 1.73
Post-test 20 60.38 8.26 1.85
CVE
cG Pre-test 20 53.28 11.90 2.66
Post-test 20 55.93 14.06 3.14

Key: VC: Vital Capacity; PBHT: Positive Breath Holding Time; NBHT: Negative Breath Holding Time; PFR: Peak Flow Rate; CVE:
Cardiovascular Endurance; EG: Experimental Group; CG: Control Group
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Table 4. Paired sample t-test for the five variables between the pre-test and post-test of the experimental and control

groups
. . .. Sig.
Variables Group Test Mean Difference Std. Deviation Std. Error Mean t df @ ta;gle d)
Pre-test
EG 0.07 0.06 0.01 4.96 19 0.000*
Post-test
VvC
Pre-test
CG 0.04 0.22 0.05 0.72 19 0.482
Post-test
Pre-test
EG 2.85 2.01 0.45 6.34 19 0.000*
Post-test
PBHT
Pre-test
CG 0.66 1.70 0.38 1.73 19 0.099
Post-test
Pre-test
EG 2.50 2.68 0.60 4.18 19 0.001*
Post-test
NBHT
Pre-test
CG 1.94 6.23 1.39 1.40 19 0.179
Post-test
Pre-test
EG 0.68 0.43 0.10 7.02 19 0.000*
Post-test
PFR
Pre-test
CG 0.08 0.32 0.07 1.06 19 0.302
Post-test
Pre-test
EG 4.77 5.39 1.20 3.96 19 0.001*
Post-test
CVE
Pre-test
CG 2.65 6.80 1.52 1.74 19 0.098
Post-test

*Significant at 0.05 level

In Table 4, the paired t-test analysis results indicate
significant differences in several physiological and physical
fitness parameters between the pre-test and post-test within
the EG, but not in the CG. For the VC variable, the EG showed
a significant increase, t,q = 4.96, and p < 0.000, whereas
the CG did not show a significant change, t., = 0.72, and
p > 0.482. Similarly, the PBHT in the EG had a significant
improvement, t,q = 6.34, and p < 0.000, with no significant
change in the CG, t4 = 1.73, and p > 0.099. For the NBHT,
the EG also exhibited significant improvement, t(4 = 4.18,
and p < 0.001, while the CG did not change, t,, = 1.40,
and p > 0.179. PFR significantly increased in the EG,
tue = 7.02, and p < 0.000, but not in the CG, t(;) = 1.06, and
p > 0.302. Lastly, CVE showed a significant increase in the
EG, tu9) = 3.96, and p < 0.001, with no significant change in
the CG, tyy) = 1.74, and p > 0.098. These results suggest that
the experimental intervention was effective in improving the
measured physiological andphysical fitness parametersin the
experimental group.

Discussion

The paired sample t-test results presented in Table 4
indicate significant differences in the five measured variables
between the pre-test and post-test for the experimental
group (EG), butnotsignificant differences in the control
group (CQG). These findings provide insights into the effects
of the intervention on various physiological parameters.

In the conducted study, it was observed that the
experimental group exhibited a notable enhancement in
VC from the initial assessment to the subsequent one. This
observed increase strongly suggests that the intervention
administered had a beneficial impact on the VC levels
of the participants. This finding aligns with several prior
studies which have also highlighted the positive influence
of yogic practices on VC. For instance, a study reported a
significant improvement in vital capacity among students
participating in a yogic practices program (Jothipriya
& Thanigaikoumarane, 2013). Similarly, another study
documented that yogic exercises notably augmented
both vital capacity in healthy subjects (Yadav & Das,
2001). Furthermore, 2-month regimen of pranayama and
suryanamaskar practices led to a significant increase in vital
capacity among medical students. The study concluded that
such practices enhance respiratory breathing capacity by
promoting chest wall expansion and augmenting forced
expiratory lung volumes (Karthik et al., 2014).

The intervention group demonstrated a noteworthy
enhancement in both PBHT and NBHT, underscoring
the effectiveness of the intervention in augmenting these
parameters. Conversely, the control group exhibited no
significant variation in PBHT and NBHT from the pre-test to
the post-test. Various scientific inquiries into yogic practices
consistently affirm their beneficial impact on breath-
holding times. For example, a study focusing on Pranayama
revealed substantial increases in breath-holding time among
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participants who engaged in this technique for 45 minutes,
five days a week, over six weeks (Sivapriya & Veerapandian,
2017). Similarly, research on AnulomVilom demonstrated
improved lung function and endurance among competitive
swimmers, potentially contributing to heightened breath-
holding capacities. Moreover, yogic breathing exercises,
including Pranayama, boosted negative breath-holding
time in individuals coping with chronic respiratory ailments
(Baghel & Shamkuwar, 2017).

The study revealed a significant improvement in the
PFR of participants in the experimental group, indicating
the effectiveness of the intervention in enhancing respiratory
function. In contrast, the control group exhibited no
significant change in PFR, emphasizing the importance of the
intervention for meaningful improvement. These findings
are reinforced by several other studies. A study examined
the impact of yoga on respiratory functions in middle-aged
individuals who were previously inactive. It found that both
yoga asanas and pranayama led to improvements in overall
respiratory function, including PFR (Yamamoto-Morimoto
et al., 2019). Similarly, research by Arumugam and Anuja
demonstrated a significant increase in peak expiratory flow
values following yoga pranayama exercises (Arumugam
& Anuja, 2016). Another study highlighted the positive
effects of pranayama on the respiratory system, including
improved PFR and respiratory muscle strength (Arulmozhi
et al., 2018). Furthermore, a comparison between yogic
practitioners and sedentary individuals revealed notably
higher PFR values among those who practiced yoga
(Vedala et al., 2014), suggesting the benefits of yoga for lung
function even in healthy individuals without respiratory
conditions. Additionally, a study concluded that a six-week
yogic intervention could lead to significant enhancements
in pulmonary function, including PFR, in physically fit
individuals (Bhagel et al., 2022).

The intervention yielded a notable increase in CVE
within the experimental group, affirming its positive impact.
This improvement in CVE can be attributed primarily to the
intervention, as evidenced by several studies highlighting the
beneficial effects of yogic practices. For instance, a significant
enhancement in cardiovascular endurance among college
students following yogic practices (Vallimurugan & Vidhya,
2024). Similarly, another study conducted by Malik and
Goel in 2015 revealed that yogic practices led to significant
improvements in cardiovascular endurance and body
composition within the experimental group when compared
to the control group. Furthermore, a study featured in the
Preventive Cardiology journal demonstrated that yoga
practice substantially enhances various health-related aspects
of physical fitness, including cardiovascular endurance,
particularly among young, healthy individuals (Tran et al.,
2001). These findings collectively highlight the positive
influence of yogic practices on cardiovascular endurance.

Conclusions

Overall, the results from the paired sample t-tests
indicate that the intervention was effective in significantly
improving all measured variables (VC, PBHT, NBHT, PFR,
and CVE) in the experimental group. These improvements
were not observed in the control group, which did not
undergo the intervention. This suggests that the intervention

had a substantial and positive impact on the participants’
respiratory capacities and cardiovascular endurance, as
evidenced by the statistically significant changes in the
experimental group’s pre-test and post-test scores across
all variables.Future research should explore the long-
term effects of yoga across diverse populations and refine
intervention protocols for maximal efficacy.
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MoKpaleHHA NoKa3HMKIB AnXanbHOI PYHKLiT Ta BUTPNBaNOCTI
cepueBO-CyANHHOI CUCTEMM 3a AONOMOrol0 iHTepBeHLil
3 iIHTeHCBHOI NpakTuUKN norn: KomnnekcHe AocnipKeHHA

Tapak Harx IIpamanik'4*P%, Aminyp Paxaman'A8PE, Mp. laminyp Paxman?ABCPE,
Axam ITykma'ABCPE, [Tynam ITpagxan'ABCPE

!Neniitcbknit yHiBepCUTET
*[IKaopcpKuit yHiBepCUTET HAyKU i TeXHOJIOTIN

ABTOpCHKNMIT BKIAM: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crartsi: 9 c., 4 TabL., 55 HKeperL.

Icropia muranns. ONTUMa/bHI TOKa3HUKY JUXa/IbHOI PYHKIIII Ta BUTPUBAIOCTI CeplIeBO-CY/[UHHOI CUCTEMI € HEBiJ] €EMHOIO
JaCTVMHOIO 3aTa/IbHOTO CTaHY 3[0POB’sl Ta CIHOPTUBHOI MPOAYKTUBHOCTI. [HTepBEeHIil 3 IPAKTUKM JOTY PO3IIANAITLCA SK II0-
TeHI[iliHa cTpareris /i1 HominieHHs ¢isiomorivamx i ¢pisnunux mapamerpis. Taki HOKa3HMKM He JTMIlIe PO3KPUBAIOT MOTEHIIia
JIIOICBKOTO OPTaHi3My, ajie i Bif[irpaloTh K/II090BY PO/b y JOCATHEHHI BUCOKIX CIIOPTUBHUX Pe3Y/IbTATiB.

Merta gocmimKeHHA. MeTo0 IIbOTO JOCTiKeHHA Oyna oliHKa eeKTUBHOCTI CTPYKTYPOBAHOTO PEXUMY 3aHATH JIOTOI0
IIOZI0 TIOKPAIeHH A ITOKA3HMKIB IMXaTbHOI (’pyHKuii Ta BUTPUBAJIOCTIi CEpLieBO-CYIMHHOI CUCTEMM Y MOJIOIMIX YOJIOBIKiB, @ TAKOX
BUCBITIIEHHA POJIi 0T AIK JOJZATKOBOTO IMifIXOY O MiABUINEHHA piBHA (i3VYHOI MiATOTOBIEHOCTI.

Marepiammu Ta Mmetopu. Copok (N = 40) cTyzenTis 6akamaBpary 4onoBiuoi craTi (BikoM Bif 18 5o 25 pokiB) 6ynu posnopineni
MEeTOJOM paHIoMisalil Ha ekcliepuMeHTanbHy (n = 20) Ta KOHTpONbHY (n = 20) rpynu. ExcriepumMeHTanpHe gocmimpKeHHs Oy10
30CepePKeHO Ha OLiHI[i TOKa3HMKIB XXUTTEBOI eMHOCTI teredb (KEJI), yacy 3aTpuMKM AVXaHHA HA IO3UTUBHOMY Ta HETaTUBHO-
my piBusx (ITY3]] ra HY3]), nikpnoymerpii (IIOM) — mertonyka giarHOCTUKY (QYHKII 30BHINIHBOTO AVMXAHHS, SIKa BUSHAYAE
HiKOBY 00’ €MHY MIBUAIKICTD BU/VIXY, @ TAKOXX BUTPUBAIOCTI cepiieBo-cynuuHoi cucteMmu (BCCC). 3acTocoByoun aHaIiTHYHNI
TOCTITHUIIBKIN TiIXiT, 6yno BIIPOBA/KEHO MOJIE/Ib PAaHIOMi30BAaHOTO IEPETECTOBOrO Ta MiCIATECTOBOTO KOHTPOIbOBAHOTO
IOCTKEeHHsA B Ipymax. ExcriepuMeHTaNbHa TPYIa LIOAEHHO 3aiiMajach JIOro0 Mifj HAILAOM CcepTU(IKOBaHUX iHCTPYKTOPIB,
BK/TIOYAal04l/ BUKOHaHHA Pi3SHUX TUIIIB acaH, TeXHIK ITpaHasAMM Ta MeJUTAallii, TOAi K KOHTPONbHA IPyIa JOTPUMYBanach CBOTO
3BMYHOTO Crtoco6y >kuTTA. OlLiHKa MapaMeTpiB AMXaHHA Ta BUTPUBAJIOCTI CePIeBO-CYAMHHOI CUCTeMU M0 i Mic/s iHTepBeHIil
IIPOBOAMIACA IIJIIXOM 3aCTOCYBaHHSA CTAaHAAPTU30BaHMX TecTiB. CTaTUCTUYHI MeTOAM aHasIi3y, BK/II0OYaro4yy TecT /leBeHe Ha BU-
3HAYEeHHA KPUTEPil0 HOPMAJIbHOCT] Ta BUKOPUCTAHHA t-KPUTEPilo MapHUX BUOIPOK [/ BHYTPIIIHBOTPYIOBYUX HOPiBHAHD, ITPO-
BeJICHO 32 JOIIOMOTOI0 IIporpaMHoro 3abesmnedenHsa SPSS (IBM, Bepcis 25, Unkaro). EkcriepuMeHT TpyBaB LICTD TVKHIB, piBeHb
3Ha4yL0CTi OyB BCTaHOB/IEHNIT Ha piBHi a = 0,05.

PesynbraTy. AHaiis i3 BUKOPMCTAHHAM t-KpUTepilo MapHMX BUOIPOK IIPOJIeMOHCTPYBAB 3HAUHI IIOKPAIeHH: IOKa3HNKIB B
excriepuMeHTanbHii rpymi: JKEJI t(,g) = 4,96, p < 0,000; ITY3]T t,4) = 6,34, p < 0,000; HI3]I t(;5) = 4,18, p < 0,001; [TOM t(,) = 7,02,
p < 0,000; a Takoxx BCCC t(;4) = 3,96, p < 0,001. HaToMicTh y KOHTPOJIbHIJ IPYIIi CyTTEBUX 3MiH HE CIIOCTEPiranoch.

BucnoBku. Pesynbratyi JOCTIHKEHHA MiIKPECTIOITh eeKTUBHICTD IHTEPBEHIil 3 BUKOHAHHS LIECTUTVDKHEBNX 3aHSTD 110-
TOI0 3 METOIO 3MiI[HEHHSA AMXa/TbHOI PYHKIIII Ta BUTPUBAJIOCTI CepIieBO-CYAMHHOI CUCTEeMU Cepefi MOJIOAVX Y0OBiKiB. [HTerpamnis
JIOTH 10 PeXUMY LIofeHHMX (isMYHNX BIPaB Ma€ 3HAYHI [TepeBary IOfi0 IOKPAIleHHs NOKa3HMKIB (i3/IHOI [Ti/fTOTOB/IEHOCTI.

KirouoBi cmoBa: iHTepBeHIis 3 IPaKTUKM JIOTHM, fUXaabHa (YHKIiA, BUTPUBAJICTD CepLieBO-CYAMHHOI cucteMy, (isndyHa
Hi/ITOTOBJIEHICTB, CTYAEHTN GaKamaBpary.
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Abstract

Background. Exercise-induced muscle damage (EIMD) is a temporary response to intense or prolonged exercise
that can cause muscle pain, inflammation, and impaired muscle function. Antioxidant supplementation is a
proposed strategy to reduce EIMD symptoms by targeting reactive oxygen and nitrogen species (RONS) involved

in the process.

Objective. The study aimed to investigate the effect of Selenomethionine supplementation on malondialdehyde
(MDA) and C-reactive protein (CRP) levels resulting from Exercise-Induced Muscle Damage (EIMD).

Materials and methods. This study used a randomized pretest-posttest control group design, involving a total

of 32 male recreational students from the Universitas Negeri Surabaya, (age 19.25 + 0.76 years, body mass 63.16

+ 3.38 kg, height 167.28 + 4.54 cm, body fat 19.60% + 4.57%). The participants were randomly assigned to the
selenomethionine group (SEM, 100 pg/day) or placebo group (PLA, corn starch 100 mg/day) for a period of 28 days
(4 weeks). On days 1 (baseline) and 29, participants underwent a single bout of EIMD. Blood samples were collected
24 hours post-EIMD to measure MDA and CRP concentrations in plasma. The statistical analysis was conducted

using paired sample t-test.

Results. The placebo group experienced a significant increase in plasma MDA and CRP concentrations after EIMD
compared with baseline values (p < 0.05). However, the SeMet group showed lower plasma MDA and CRP levels than

the placebo group.

Conclusions. Daily Selenomethionine supplementation for 28 days has been found to reduce oxidative stress by
lowering MDA levels in the blood and to decrease inflammation by reducing CRP levels post-exercise-induced
muscle damage. This indicates a lower risk of EIMD due to reduced oxidative stress and inflammation.
Keywords: exercise, oxidative stress, inflammation, immune function.

Introduction

There have been numerous reports indicating that
exercise-induced muscle damage (EIMD) commonly occurs
following strenuous unaccustomed exercise, especially
when the activity involves a high frequency of eccentric
contractions (Irawan et al., 2021; Irawan et al., 2024).
This condition is frequently observed in exercises like
running, plyometrics, strength training, and other high-

© Irawan, R. J., Wahyudi, H., Rimawati, N., & Wijayanto, A.,
2024.
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intensity activities that involve eccentric muscle actions,
such as movements that involve lengthening, braking,
or deceleration. The harm caused by EIMD can result in
muscle tenderness, soreness, and reduced functionality.
This condition can result in impaired immune function by
marking an increase in IL-6 concentrations (Fernandez-
Lazaro et al., 2020; Irawan et al., 2021). This confirms that
intense exercise, particularly those involving high-intensity
eccentric muscle contractions, can increase the risk of
muscle damage (Fernandez-Lazaro et al., 2020; Kong et al.,
2018). There are several indicators of direct and indirect
muscle damage, including ultrastructural disturbances,
delayed-onset muscle soreness, continued decline in muscle
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function, and changes in many serum markers such as
creatine kinase (CK) and lactate dehydrogenase (LDH),
anti and pro-inflammatory cytokines (IL-6, IL-2, IL-10, and
TNF-a), and superoxide dismutase (SOD) (Nanavati et al.,
2022; Souissi et al., 2020; Suzuki et al., 2020).

One study revealed that both strenuous exercise and
intensive exercise can result in a decrease in the ability
of mitochondrial membranes and an increase in lipid
peroxidation (Bazzucchi et al., 2019; Del Giudice &
Gangestad, 2018). The study by Souissi (Souissi et al., 2020),
which aimed to examine the modality of running exercise
against oxidative stress, concluded that intermittent or
15/15 intermittent exercise caused less radical damage
compared to intermittent 30/30 exercise. This proves
that high-intensity exercise can result in oxidative stress
characterized by increased activity of oxidative stress
markers including malondialdehyde (MDA), advanced
oxidation protein products (AOPP), SOD, and glutathione
peroxidase (GPX) (Ammar et al., 2020; Matta et al,,
2021; Souissi et al., 2020). Another study concluded
the association of muscle damage with oxidative stress
(O’Connor et al., 2022; Suzuki, 2018).

The mechanism of immune function disorders
and muscle damage due to exercise has not been widely
explained, although there are clinical symptoms due to
exercise, including swelling, muscle pain, and increased
circulating cytokines as markers of inflammation (Arazi
et al., 2021; Cicchella et al., 2021; Tidball & Villalta, 2010).
Inflammatory response serves as a marker of damage to both
muscle fibers and other body parts, along with mechanical
disturbances that occur during high-intensity exercise
(Ruhee et al., 2020; Wadley et al., 2019). Disruption due to
exercise-induced muscle damage could lead to a decrease
in the athlete’s performance, with muscle ability decreasing
between 20-50%, requiring 2-7 days for full recovery
(Kyriakidou et al., 2021; Lee et al., 2021). This damage is
associated with an inflammatory response that involves
many mediators, one of which is an increase in circulating
IL-6 cytokines and inflammation (Ellingsgaard et al., 2019;
Irawan et al., 2022).

Some studies suggest that the increased risk of muscle
damage and inflammation during exercise is caused by
free radicals (He et al., 2018; Martinez-Ferran et al., 2020).
Therefore, the use of antioxidants may help reduce the risk
of muscle damage and inflammation. Several studies have
focused on efforts to reduce the risk of muscle damage using
drugs (Brendler et al., 2021), antioxidant supplements (Righi
etal,, 2020; Wang et al., 2019), and other potential agents (He
et al., 2018; Lima et al., 2019; Massaro et al., 2019). These
studies yield varying results, indicating the need for further
research to reduce the risk of impaired immune function
and inflammation.

Many studies have been conducted regarding the
effectiveness of antioxidant supplements against oxidative
stress and inflammation due to EIMD. However, research
on the effects of Selenomethionine (SeMet) on EIMD is
very limited. Therefore, the present study was designed
to primarily investigate the effect of Selenomethionine
supplementation on MDA and CRP resulting from
Exercise-Induced Muscle Damage (EIMD) in students
from the Sports Science Department at Universitas Negeri
Surabaya.

Materials and Methods

Study Participants

Thirty-two male students from the Sports Science
Department at Universitas Negeri Surabaya were included
in the study. They were healthy, had a normal BMI, and were
non-smokers. Participants were randomly assigned to either
the SeMet Group (SEM, n = 16) or the Placebo Group (PLA,
n = 16). All participants had the same body weight, and there
were no significant differences in anthropometric parameters
between groups. Before recruiting participants, the research
team carefully explained the purpose and procedures of the
experiment to participants, and all participants filled out an
informed consent form before participating.

Study Organization

This study was an experiment with a pretest-posttest
control group design. The design was developed to investigate
the effectiveness of 100pg Selenomethionine (SeMet) capsule
supplementation for 28 days (4 weeks) against changes in
MDA and inflammation (CRP).

The research was conducted for one month with
an initial screening on the first day to determine the
participants’ condition. All participants were not allowed
to do sports or heavy physical activity for 30 days until the
end of the study; only experimental exercise was allowed.
Data on plasma concentrations levels of MDA and CRP
24 hours post-exercise before the 28-day supplementation
period served as baseline data (D2), while plasma levels of
MDA and CRP 24 hours post-exercise after 28 days of SeMet
supplementation became posttest data (D30). On the first
day (DO0), participants filled out a physical fitness capacity
form that included their weekly running frequency and
volume, history of injuries and illnesses, and medications
used in the 2 weeks before the start of the study.

The 10 sets of 10 Countermovement Jumps (CM]Js), with
arecoveryof 1 min between sets protocol was chosen to obtain
the EIMD effect. This type of Depth Jump Protocol (DP) has
been proven to induce high-intensity muscle fatigue and
eccentric muscle damage, which can be useful for assessing
the effectiveness of supplements or interventions on muscle
recovery (Dos Reis et al., 2023). All participants performed
CM]JsonDay 1 (D1)and Day29 (D29) as a damaging exercise
(EIMD). The MDA and CRP were obtained 24 hours post-
exercise (D2 and D30). Participants were not injured and
were asked to refrain from all physical activity and avoid
taking anti-inflammatory drugs, treatments, and additional
dietary supplements during the 30-day period of this study.
A summary of the study design is presented in Figure 1.

The supplementation consisted of capsules containing
100 pg of SeMet (SEM), while the placebo consisted of
similar capsules containing 100 mg of corn starch (PLA).
The Selenomethionine capsules were manufactured by
Thorne (Poland), a commercially available product that
ensures quality and safety for the product. The subjects
consumed one SeMet (SEM) or Placebo (PLA) capsule daily
with breakfast for 28 days (4 weeks). All participants were
not allowed to engage in sports or heavy physical activity for
30 days until the end of the study. Additionally, participants
were prohibited from participating in any recovery
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28 - DAYS SUPPLEMENTATION

Day3-30
100pg SeMet Capsule (SEM) and 100mg Placebo Capsule (PLA)
(One each day afterA breakfast)

Day 0
Familiarization

Day 2
Baseline

Day3-28 Day 30
Day 29

EIMD

Informed Consent,
Health History,
Physical Activity
History

MDA & CRP
(24 post CMJs)

Exercise Protocol (DP)
(10 x 10 Countermovement
Jumps (CMJs))

Exercise Protocol (DP)
(10 x 10 Countermovement
Jumps (CMJs))

MDA & CRP
(24 post CMJs)

Fig 1. Study design

programs such as massage or cryotherapy. Before engaging
in exercise, participants were required to be pain-free and
injury-free, as confirmed by their completion of the Physical
Activity Readiness Questionnaire (PAR-Q) and deemed fit
for physical activity. Blood samples were taken, with up to
5 cc collected from the cubital vein and treated with EDTA.
The centrifugation process was performed at 3000 rpm for
15 minutes, after which the plasma was stored in a freezer
at a temperature of -20 °C until analyzed. Plasma MDA and
CRP levels were measured using 100 pl of plasma 24 hours
post-damaging exercise before (D2) and after the 30-day
supplementation period (D30). Plasma concentrations
of Malondialdehyde (MDA) were determined by a high-
sensitivity enzyme-linked immunosorbent assay (ELISA) kit
using 96-well plates from Elabscience MDA ELISA kit, and
plasma concentrations of CRP were analyzed using the DBC
hs-CRP ELISA kit. The assessment of MDA and CRP plasma
concentrations was conducted at the Sports Science
Laboratory of Universitas Negeri Surabaya and Airlangga
University Hospital Research Laboratory Installation, to
obtain MDA and CRP plasma concentration data.

Statistical Analysis

The data was processed both manually and digitally to
convert it into usable information. The distribution of the data
was checked using the Kolmogorov-Smirnov method, and it
was found that all samples had a normal distribution. With
this confirmed, descriptive statistics were calculated for each
measured variable. Independent t-tests were used to identify
any differences between groups, and paired t-tests were used
to examine changes within each group from pre-test to post-
test. IBM SPSS Statistic 22.0 was used to analyze all of the data.

Table 1. Respondent characteristic

Results

A total of 32 male Sports Sciences Department students
of Universitas Negeri Surabaya were willing to participate in
this study. The participants were randomly divided into two
groups: the SeMet Group (SEM, n=16) and the placebo group
(PLA, n=16). The mean age of the SEM was 19.19 (+£0.65)
years old, while the mean age of the PLA was 19.31 (+0.87)
years old. Tanita’s Body Fat Monitor BC 730 was used to
obtain data on participants’ body weight and fat percentage,
while the Multistage Fitness Test was used to determine
individual aerobic fitness (VO,max). The characteristics
obtained from this study can be seen in Table 1.

Table 1 above shows the anthropometric characteristics
of the participants, including their IPAQ level. Based on
Table 1, it can be seen that the physical activity level of all
participants is in the moderate category.

The next step is to carry out prerequisite tests, which
include normality tests and homogeneity tests. The normality
test was conducted to determine whether a given dataset
follows a normal distribution or not, and homogeneity tests
were used to determine whether a sample or population is
homogeneous. The result of the normality test helps determine
the hypothesis test. A Kolmogorov-Smirnov test for normality
for MDA and CRP, whether pretest and posttest, reported a
p-value of >0.05, revealing that the distribution was normal.
Likewise, with the homogeneity test using the Levene test, all
variables MDA and CRP had significance values >0.05, which
means that the data can be considered homogeneous.

Based on this, the next hypothesis test used is parametric
statistics, specifically the paired t-test. The pretest and
posttest t-tests in the SEM group and the PLA group aim
to determine whether there is a decrease in plasma levels of
MDA and CRP.

SEM

PLA

Indicators (n=16) (n=16) Categories
Age (years) 19.19 £ 0.65 19.31 £0.87
Height (cm) 165.50 £ 4.3 168.06 £ 4.71
Weight (kg) 62.75 +3.75 63.56 +3.24
BMI (kg/m?) 22.63 + 0.66 22.50 + 0.66 Normal
Fat Percentage (%) 20.88 + 3.57 18.31 + 3.55 General Fitness
IPAQ (METs-min/week) 1161.19 +217.22 1287.63 £127.87  Average
VO,max (mL/(kg-min)) 35.67 £4.09 37.81 +3.71 Below average
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Selenomethionine supplementation and
changes on oxidative stress marker (MDA)

When comparing plasma concentrations of oxidative
stress markers (MDA) before and after SeMet supplementa-
tion (after 4 weeks of supplementation), we found different
results in both SEM and PLA (Table 2).

Table 2. Changes in MDA plasma levels between pretest
and posttest

SEM PLA

MDA (wmol/ml) (umol/ml) PR
Pre 1542083 1604+ 1.06 0.000
Post 1299 +0.075  15.16 £ 1.00 0.000

Table 2 above shows changes in plasma MDA levels
before (pre) and after (post) 4 weeks for both SEM and PLA.
There was a significant decrease in plasma MDA levels in
the SEM group (P < 0.001). On the other hand, in the PLA
group, there was no significant change because the t-test
value in the PLA group was 0.60 (P > 0.001). Based on this, it
can be said that supplementation of SeMet caused a decrease
in MDA levels, whereas in the placebo group, there was no
decrease in MDA levels. Notably, the control group showed
little or no change in MDA levels.

Selenomethionine supplementation and
changes on inflammatory marker (CRP)

CRP is commonly used as a marker of inflammatory
events following intense exercise. In a comparative analysis
of plasma levels of inflammatory markers before and after
SeMet supplementation (after a 4-week supplementation
period), we observed a significant decrease in CRP levels in
the SEM but not PLA (Table 3).

Table 3. The alterations in CRP plasma levels between
pretest and posttest

SEM PLA
CRP (mg/L) (mg/L) p-values
Pre 6.79 £0.18 7.10 £ 0.19 0.000
Post 5.52+0.23 6.86 £ 0.29 0.000

Table 3 above indicates the alterations in CRP plasma
levels before (pre) and after (post) a 4-week supplementation
period in both the SEM and PLA groups. The data reveal a
significant decrease in CRP plasma levels in the SEM group
(P < 0.001). On the other hand, the t-test value of PLA was
0.69 (P > 0.001), which means there were no significant
changes in the placebo group. Hence, it can be deduced
that SeMet supplementation results in a more substantial
decrease in CRP plasma levels compared to the placebo.

Discussion

Exercise-induced muscle damage (EIMD) can occur
due to unaccustomed exercise, causing a temporary
decrease in muscle strength, increased passive tension,
increased pain and muscle inflammation, and elevated
levels of intramuscular proteins in the bloodstream (Tanabe
et al., 2021). EIMD is a common symptom that occurs

when engaging in prolonged or high-intensity exercise. It
is a temporary and natural part of the muscle’s repair and
adaptation process (Owens et al., 2019). This response can
lead to a temporary decrease in muscle function, as well as
symptoms such as muscle soreness, swelling, and elevated
levels of proteins in the blood, which are all indicative of
muscle damage (Sanchez Diaz et al., 2022).

Research has shown that muscle damage is often
accompanied by oxidative stress (OS), which is characterized
by an increase in reactive oxygen species (ROS), the
concentration of the biomarker produced depends on the
degree of fatigue or muscle damage. one of study Elevated
MDA and CRP has been reported during exercise with
EIMD and has similarly been attributed to a shift to more
glycolytic energy production (Kruk et al., 2021; O’Connor
et al., 2022; Thirupathi et al., 2021). Therefore, inflammatory
processes have always been associated with OS and both are
directly involved in muscle damage and should be analyzed
and controlled together (Amalraj et al., 2020).

This study aimed to examine the impact of a 28-day
supplementation of Selenomethionine on MDA levels as an
oxidative stress marker and CRP levels as an inflammation
marker following Exercise-Induced Muscle Damage. The
results of this study indicate an increase in oxidative stress
marker (MDA) and inflammation marker (CRP) 24 hours
post a single bout of CM]Js as a damaging exercise protocol,
as shown in Table 2 and Table 3. Muscle contraction during
exercise triggers the production of ROS in active muscle
fibers, primarily originating from skeletal muscle. This
generation of ROS results in oxidative damage in different
tissues, such as increased protein oxidation and lipid
peroxidation, accelerated muscle fatigue, and exercise-
induced adaptations in muscle fiber contraction. These
effects are linked to the activation of relevant biochemical
signaling pathways (Ammar et al., 2020; Powers et al., 2020).

The level of cellular oxidative stress can be assessed by
measuring MDA a marker of lipid peroxidation (Guerrero
et al., 2021). High levels of free radicals or ROS are known
to directly initiate the chain peroxidation reactions of
membrane lipids (Lin et al., 2021), resulting in increased
oxidative stress and damage to organs and tissues. The results
of this study showed that daily intake of SeMet for 28 days
effectively reduces the oxidative stress marker 24 hours post
a single bout of CMJs-induced EIMD through a significant
reduction in MDA plasma concentrations, as it inhibits lipid
peroxidation. A possible reason for this phenomenon may lie
in decreased membrane permeability and reduced leakage
of components due to the inhibition of lipid peroxidation
(Brendler et al., 2021; Williamson & Davison, 2020). This
could be due to SeMet’s potential antioxidant properties
(Lior et al., 2019).

Selenium is considered the most vital micronutrient for
both humans and animals. Selenium is an essential nutrient
that serves as a vital cofactor for numerous enzymes, enabling
them to function properly. Its antioxidant properties have
been extensively researched, and it has also been found to
play a significant role in the immune system’s functioning
and overall defense mechanisms (Mal'tseva et al., 2022).
Notably, selenium can be incorporated into proteins in the
body, where it can bind non-specifically to the amino acid
methionine, allowing it to participate in various cellular
activities (Goldsztejn et al., 2022).
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One of the ways selenium’s antioxidant properties
works is by activating glutathione peroxidase, an enzyme
that contains selenium. This enzyme helps to neutralize free
radicals by converting harmful compounds like hydrogen
peroxide and organic hydroperoxides into harmless
ones, such as water and alcohols (Bjorklund et al., 2022).
Selenium-dependent enzymes, such as GPX1-4 and GPX6
and thioredoxin reductases (TrxR 1-3), directly combat
oxidative stress. Cytosolic GPX4 is essential for embryonic
development and cell survival. GPX1 is the most abundant
selenoprotein and a critical metabolic form of selenium for
combating severe oxidative stress (Weaver & Skouta, 2022).

In this study, CRP plasma concentrations in blood were
measured as an inflammatory marker. As shown in the results
above, there is an increase in CRP plasma concentrations
24 hours post single bout pencak silat exercise. The results
of statistical analysis showed that there is a difference in
CRP plasma concentrations before and after 28 days of
SeMet supplementation. Recent studies have also shown a
slight increase in CRP levels as an inflammatory marker
after CM]Js as an EIMD (Cerqueira et al., 2020; Costello et
al., 2018; Kawamura & Muraoka, 2018). The presence of this
inflammatory marker (CRP) is suggested to be the result
of muscle cell damage as a consequence of high-intensity
exercise (Boukhris et al., 2020; Mal'tseva et al., 2022). The
present study showed that daily SeMet intake demonstrated
to be efficient in attenuating CRP plasma concentrations
24 hours post EIMD.

Research has consistently shown that eccentric exercise,
particularly when new or unfamiliar, can cause muscle
damage due to the intense force exerted on the muscles
(Heiss et al., 2019). This damage leads to the infiltration
of inflammatory cells, destruction of cell membranes,
and breakdown of the extracellular matrix. 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, including
inflammation and oxidative stress (Suzuki et al., 2020).

Recent studies have found that selenium can affect
immune cell function and transcription pathways, such
as NF-kB (Prabhu et al., 2002). Selenium acts as an anti-
inflammatory by inhibiting NF-kB activation and regulating
cytokine production at the gene expression level. NF-kB
activation triggers inflammatory markers like CRP and
TNF-a (Maehira et al., 2003).

Given the scarcity of studies discussing exercise-induced
muscle injury mechanisms, on the other hand, this scheme
supports the need for further research to reassess the effects
of long Selenomethionine supplementation on antioxidant
defense systems, muscle performance, and hormonal
responses to determine potential improvements in athletic
performance.

Conclusions

Our research indicates that daily Selenomethionine
supplementation for 28 days reduces oxidative stress
by lowering MDA levels in the blood and decreases
inflammation by reducing CRP levels post-exercise-induced
muscle damage. Thus, it can be said that Selenomethionine

supplementation significantly attenuates exercise-induced
oxidative stress and inflammatory markers, respectively,
suggesting that selenium may be a valuable adjunct to
optimize exercise performance and reduce muscle damage.
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Mpuinom no06aBOK CeNEHOMETIOHIHY CNPUAE 3MEHLUEHHIO
OKCMAATUBHOIO CTPeCcy Ta MapKepiB 3anasneHHA nicns
NOLWKOAKEHHA M'A3iB BHACNifAOK BUKOHAHHA Pi3nyHMX Bnpas

Poii [I>xanyappi IpaBan'4P“PE, Tepi Baxropi'®’®, Hanpga PimaBati'“®, Api Bimxasaato**P®

'Cypabaiicbkuit lep>kKaBHUI YHIBEpCUTET
*TyryHraryHICbKUIL iep>kKaBHMII icmaMcbKuii yHiBepcuteT imeHi Caifa Ani Paxmarymma

ABTOpCHKNMIT BKIAM: A — FU3aiiH KOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 8 ., 3 Tabn., 1 puc., 53 mxepena.

Ictopis mutanHs. [TomkomKeHHs M 's13iB BHACTITOK BuKOHaHHsI Gisnunux Bupas (IIMBOB) — 11e TuMyacoBa peakiiist Ha iH-
TEeHCHBHI 2060 TpUBai (biquHi HaBaHTaXEHH, 1[0 MOYKe BUK/IMKATH Oinb y M’A3aX, 3alla/IeHHA Ta MIOPYILIEHHS M’ 30BO1 (byHKuiI.
AHTHOKCUJAHTHI 100aBKI € 3aIIPOIIOHOBAHOIO CTPATETIEI0 1[0f{0 3MeHIIeHHs cuMIToMiB [IMB®B nuisxoMm BI/IMBY Ha peaKTUBHI
¢dopmu kucHio Ta asory (POPKA), sxi 6epyTh y4acTb y [[bOMY HPOLIeCi.

Mera focmimkeHHs. MeTo fOCipKeHHs 6y/10 BUBYEHHS BIVINBY 100aBOK CeICHOMETIOHIHY Ha PiBeHb Ma/IOHOBOTO Jjia/ib-
meriny (MJIA) ta C-peaktusHoro 6inka (CPB), 1110 BMHUKAIOTh BHACTIOK IIOIIKO/KEHHS M 513iB, CIPUYMHEHOro (DisMIHMMMU
BIIpaBaMI.

Marepianu Ta MeTOmM. Y IIbOMY HOC/i/I)KEHHI BUKOPYCTAHO METOJ, PaHIOMi30BaHOr0 Iepef- i Mic/IATeCTOBOrO KOHTPOJIIO,
B SIKOMY B3sUIM y4acTb 32 CTYAEHTH Y0JI0BiY0I cTaTi peKpeaniitHoro npodinto HasyaxHs 3 CypabaiicbKOro ep>KaBHOTO yHiBep-
curery (Ingonesia), (Bik 19,25 + 0,76 pokis, Maca Tina 63,16 + 3,38 Kr, 3picT 167,28 + 4,54 cM, BMicT Xupy B opraHismi 19,60% =+
4,57%). YaacHuku 6y/i1 po3IOfiNeHi MeTO/{OM paHoMisaliii o Ipyy, sika npuiiMaa cenenoMetioHin (CEM, 100 mMxr/zo6y) a6o
mwrane6o (IUIA, xykypyassHuit kpoxmaab 100 mr/mo6y) Ha nepiop 28 guiB (4 TokHi). Ha 1-if (movaTkoBumit) ta 29- gHi foCmi-
IKEHHSI, yIaCHMKM 3a3Ha/IM OfIHOKPATHOTO BIUIMBY IIOIMIKO/PKEHH M I31B BHACTIOK BUKOHAHHA (pisMYHMX BIIpaB. 3pasku Kposi
Bifbupanm yepes 24 rogunn micisa IIMBOB 3 metoro BuMiproBanHs KoHueHTpawil MIIA ta CPB y mrasmi. CrarucTiaHnii aHais
IIPOBEJIEHO 3a JOIIOMOTOI0 t-KPUTEPio IapHUX BIUOIPOK.

PesynbraTu. Y rpyni 3acTocyBaHH: IIane60 criocTepiranocs sHayHe nigBuieHHA KoHueHTpanii MJJA Ta CPb y miasmi kpo-
Bi ITiC/I51 IOIIKO/KEHHS M 5I31B BHAC/IIIOK BUKOHAHHs (Di3NYHIX BIIPAB, IOPIiBHIHO 3 BUXigHMMM 3HadeHHssMu (p < 0,05). OpgHak B
Tpymi, siKa IpuitMaa celeHoMeTioHiH, piBeb MJIA ta CPB y mna3mi KpoBi 6yB HIDKYMM, HDK y Py, 10 OTpUMYyBaIa 1mare6o.

BucHoBku. BcTaHOB/IEHO, 10 1OJIEHHUIT IIPUITOM H00ABOK CeNEHOMETIOHIHY HPOTAroM 28 AHIB 3MEHINYE OKCHAATUBHMI
CTpec UUISIXOM 3HYDKeHHs piBHA MJIA B KpOBi Ta OCTAa0/II0E 3aIIa/IeHHs IUIIXOM 3HIDKEHHs piBHsI C-peakTnBHOro 6ika mics
HOIIKO/PKEHHA M A31B BHACIifIOK (isnyHMX BIpas. e Bkasdye Ha HyDKUUIT pusuk po3BuTKy IIMB®B 3aBAsaKku 3MeHIIEHHIO 110-
Ka3HMKIB OKCH/IATVIBHOTO CTPECY Ta 3allaJieHHA.

KirouoBi coBa: ¢isnyHi BipaBy, OKCUITATUBHUIL CTPEC, 3aIaleHHsA, QYHKIiA IMyHHOI CUCTEMIL.
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Abstract

Background. It is of great importance that the training process of youth water polo players be tailored to didactic

principles and developmental characteristics. However, despite this importance, there is a dearth of pertinent studies.

Objectives. The study aimed to determine and explain the appropriate age for beginning of learning tactical elements
in water polo, as stated by experts’ coaches’ opinion in this sport.

Materials and methods. Accordingly, 27 expert water polo coaches completed a novel questionnaire, specifically

designed for this study.

Results. Test-retest reliability indicated satisfactory scores (r ranged from 0.85 to 1.00 with p<0.05 for all variables).
The results of the exploratory factor analysis using the Guttman-Kaiser criterion for selecting the number of factors and
the Varimax raw rotation revealed the presence of six underlying factors in real-life contexts: (1) individual and group
activities with a numerical advantage/disadvantage; (2) dynamic-complex collective defensive activities with an equal
number of players; (3) intensive defensive activities with an equal number of players, static defensive activities with a
numerical handicap and collective offensive activities with a numerical advantage; (4) static-vertical attacking activities
with a numerical advantage, attacking activities with an equal number of players and dynamic defensive activities

with a numerical handicap; (5) static-vertical defensive activities with an equal number of players; (6) extremely rare
offensive activities which explain 19%, 16%, 17%, 11%, 11%, 6% of the manifest space variability, respectively.
Conclusions. The present findings highlight novel insight into experts’ opinions regarding the learning of complex
water polo movements, and offer essential guidance for key stakeholders pertaining to optimizing the training

processes and curricula for all youth water polo players.

Keywords: water polo experts, tactical elements, new teaching methodology, didactic principles, early specialization.

Introduction

The training plan is mainly compiled according to
certain criteria and epistemological and didactic knowledge
in order to determine the technical and tactical skills.
Tactics in water polo is one of the most important areas,
as the outcome of the game largely depends on it. Tactics
can only be decisive if a player has an excellent command
of the technique of water polo and is well prepared in terms
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of fitness. Tactics is the planning of how to use the available
resources for the game and answers the question of how to
play (Hraste, 2021). Individual tactics represent the game
plan of an individual. Group tactics represent the game plan
of two or more players, but not all of them. Collective tactics
represent the game plan of all players. Every complex human
movement takes place in a certain order; this also applies
to training and development. In the training process, the
areas, intensities and sequences of the training content to
be taught are determined. For young water polo players, the
perception of the (de)motivational style of their coaches is
very important for the motivational results they report and
their sporting commitment (Murillo et al., 2022). Changes
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in pedagogical practice aimed to help players understand
and use interventions to support the improvement of young
futsal players and emphasized a new understanding of
playing and coaching practices and the importance of critical
player observation when thinking about how to develop
supportive pedagogical practices (Ginciene et al., 2023).
Research on young soccer players suggested that declarative
tactical knowledge in the football team is different at
different ages (Américo et al., 2016; Matos et al., 2019). The
implementation of a program that included two different
methods for teaching/learning football technique and tactics
inyoungplayersled toimprovementsin participants’ learning
(Garcia-Ceberino et al., 2020). The results on football tactical
knowledge in the U-10, U-13 and U-16 age groups and three
categories of high, medium and low competitive experience
show that the improvement of declarative and procedural
tactical knowledge in the early years influences the future
success of individuals in football (Serra Olivares et al., 2021).
A longer period of repetition and improvement is required
from the beginning of learning tactical knowledge in young
athletes to its application in situational conditions (de Castro
Junior et al., 2020). Coaches and athletes have been clearly
identified as having difficulty recognising tactical potential,
an important construct in the assessment of tactical skills
(Silva et al., 2023). The acquisition and development of
tactical skills in young athletes is variable and non-linear,
and the need for continuous assessment during the training
process across age is warranted (Praca et al., 2017; de Castro
Ribeiro et al., 2021). For the first time, a study identified and
explained coaches’ opinions on the optimal age for learning
a set of 39 water polo technique elements (Hraste et al.,
2023). Unfortunately, we are not aware of any studies that
have looked at expert opinion to determine the optimal age
for the acquisition of tactical knowledge, either in water polo
or any other sport.

The didactic principles are general norms through which
the teaching-learning-assessment is put into practice, so
that the functioning of the objectives/competences becomes
efficient at the level of the educational dimension (Marius-
Costel, 2010). When arranging the learning content, some of
the basic didactic rules of gradation are usually followed, i.e.
from the easier to the more difficult, from the simpler to the
more complex and from the known to the unknown (Bjelica
& Bili¢, 2008). A top water polo player must be strong,
fast and persistent as well as technically and tactically well
developed. For a water polo player to achieve the highest
quality, years of systematic and methodically correct training
are required. In the search for an optimization of the training
process according to the developmental characteristics of
the children, a new teaching methodology was defined and
explained (Garcia-Angulo et al., 2019). By determining the
optimal age for learning tactical skills, we can avoid early
specialization. A focus on specialized training in the early
stages of development has been associated with several
negative consequences (Baker, 2003). Furthermore, for
most sports there is no evidence that intensive training and
specialization before puberty are necessary to achieve elite
status (Jayanthi et al., 2013). A number of recent published
studies have used objectively measurable indicators of the
technical and tactical activities and efficiency of water polo
(Tucher et al., 2015; Vila et al., 2011; Alcaraz et al., 2012;
Lupo et al., 2014). Unfortunately, there is a relative paucity

of studies on the technical and tactical aspects of youth
water polo (Hraste et al., 2014; Hraste et al., 2016; Falk et
al., 2004). Water polo consists of polistructural complex
movements which are performed without the ball in the
phase of defence and with or without the ball in the phase
of offense. From the perspective of the structural analysis of
playing, there are three domains of playing: defence, offense
and transition (conversion). According Hraste (2021) the
phase of a set defence is the phase of play which begins with
the conclusion of transition from offense to defence. The
main goal of playing in a set defence is to use an appropriate
tactical variant to stop the opponent’s set offense and to
regain the ball. In the phase of a set defence we differentiate
three game systems: (1) system of press defence; (2) system
of zone defence; (3) system of combined defence. The main
difference between a press defence and a zone defence
consists in the fact that during press defence a player guards
his opponent directly and in zone defence a player guards
the space in front of the opponent. Approximately 80% of
movement in a press defence is performed in a horizontal and
a semi-horizontal position, and around 20% is performed in
a vertical and a semi-vertical position. In a zone defence
approximately 70% of movement is performed in a vertical
and a semi-vertical position and around 30% in a horizontal
and a semi-horizontal position (Hraste, 2021). Combined
defence is a system of play in which certain players play zone
system and the other players do press defence at 8 meters
from their own goal. The principle of this system of playing
is to use press defence to guard better shooters or ball
distributors while the system of zone defence guards against
weaker shooters. The goal of conversion from defence to
offense is a quick arrival from the area of defensive actions to
the area of offensive actions after regaining the ball while the
aim of conversion from offense to defence is a quick arrival
to an area of defensive actions from an area of offensive
actions after losing the possession of the ball (Hraste, 2021).
The phase of a set offense begins in the moment when the
team in a counterattack did not decide to attempt to score
and the defence has transformed into set defence. In the
present-day water polo game, there are following variants of
the offensive systems: (1) system of positional offense with
one centre forward; (2) system of positional offense with two
centre forwards; (3) system of positional offense without a
centre forward.

Possible problems in the methodological training of
water polo players may arise due to the mismatch between
biological and calendar ages, which has been reported as
far back as the early 1990’s (Malina & Bouchard, 1991). In
practice, water polo clubs divide young players according to
their calendar age, not their biological age. In such situations,
it is desirable to make an exception and compromise in
the execution of certain technical and tactical elements,
adapting them to the individual so that the development
paths are as suitable as possible. Coaches of young water
polo players must monitor the psychophysical changes and
know the methodology of the training process in order to
fulfil the basic requirements for quality and continuous
work. The main hypothesis of this research is that expert
opinion on tactical elements in water polo will be ordered
according to didactic principles. The aim of this paper was to
determine and explain the coach opinion on the optimal age
of acquiring tactical knowledge in water polo. The secondary
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goal was to provide precisely structured methodological
guidelines to trainers/experts for training process(es) with
younger age teams.

Materials and Methods

Participants

Twenty-seven water polo coaches-experts, aged 27-61y,
from Croatia volunteered to take part in this study. In Croatia,
there are circa 140 licensed water polo coaches, meaning the
sample used in this study comprised of ~20% of the available
population. In the present study; all participants attended a wa-
ter polo seminar and assured that the results would be shared;
accordingly, there was a 0% dropout rate. Following a detailed
description of the nature of the study, all parties provided writ-
ten informed consent, prior to commencing participation.

The Sample of Variables

The sample of variables to estimate the optimal age
to start learning all the tactical elements known in water
polo consisted of 24 elements divided into several relatively
homogeneous groups. Detailed explanation sand use value
of each of the listed elements can be found in Hraste (2021).
All tactical water polo elements are known to water polo
experts.

According to the phases of the game tactics in water
polo is divided into: (1) system of ‘shallow’ zone defence;
(2) system of ‘deep’ zone defence; (3) system of ‘M’ zone
defence; (4) press defence at 8 meters from the goal; (5) press
defence on the defensive half of the pool; (6) press defence
across the whole court; (7) system of the combined zone
defence to one player; (8) system of the combined zone
defence to two players; (9) system of the combined zone
defence to three players; (10) system of the combined zone
defence to four players; (11) individual counterattack, known
as 1:0; (12) the group counterattack 2:1; (13) the group
counterattack 3:2; (14) the group counterattack 4:3; (15) the
group counterattack 5:4; (16) the collective counterattack
6:5; (17) man up 4-2; (18) man up 3-3; (19) active man down
with shifting from one side to another; (20) semi active man
down with block and occasional shifting; (21) passive and
deep man down with blocks only; (22) system of positional
offense with one centre forward; (23) system of positional
offense with two centre forwards; (24) system of positional
offense without a centre forward.

Instruments

A novel questionnaire was used to ascertain the best age
tactical aspects of water polo should be learnt. Participants
were asked to select one of seven options for all tactical
aspects, with reference to the best time to start. The first
selection available was 10 years of age, as this pertains to the
first year of water polo training for youth players.

Moreover, at this age, water polo training starts in coun-
tries with similarly developed water polo provision as Croatia
(Hraste et al., 2008), including Italy (De Siati et al., 2016),
Spain, Greece, Serbia, and Montenegro. The final option for
starting to learn certain water polo techniques was the sev-
enth year of playing water polo, i.e. sixteen years of age.

Statistical Analysis

Descriptive statistics, including mean (M), standard
deviation (SD), median (MED), and minimum (MIN), and
maximum (MAX), were calculated for each item. The test-
retest method was applied to assess reliability. Between test-
retest correlation coefficients were utilised taken as a measure
of reliability. An exploratory strategy of factor analysis,
combined with Guttman-Kaiser criterion for detection
of number of real-life existing factors and Varimax Raw
rotation, was utilised to assess content validity and define
underlying structure. Indeed, factor analyses are conducted
by examining the pattern of correlations or covariances
between observed measures, where it is assumed that highly
correlated variables measures are plausibly influenced by the
same underlying factors (Jelaska et al., 2012). For this study,
type I error was set to 5% and all statistical analysis was
conducted using “Statistics for Windows” ver.13.0.

Results

After the initial validation of the instrument,
consultation with four coaches took place, the final version
of the questionnaire was then constructed. Test-retest
reliability was high: 0.85-1.00 (p < 0.05). Moreover, for all
variables, the arithmetic mean, standard deviation, median,
mode, minimum and maximum value were additionally
calculated. Table 1 shows the basic descriptive indicators
for the tactic variables of all phases during water polo game.

The results in Table 1 indicate that the press defence in
the defensive half of the pool, the individual counterattack
and the group counterattack 2:1 are already learned at the
end of the second educational year of training (M-11.96;
M-11.93; M-11.96). The two other press defence tactics,
known as press defines 8 meters in front of the goal and
the press defines over the entire playing field, are learned at
the beginning of the first half of the third educational year
of training (M-12.00; M-12.15). According to the results,
it can be seen that the group counterattack 3:2, the group
counterattack 4:3, man up 4-2, man up 3-3, active man
down with shifting, semi-active man down, offense with
one centre forward and positional offense without a centre
forward are learned in the third educational year of training
(M-12.30; M-12.81; M-12.89; M-12.44; M-12.44; M-12.44;
M-12.37; M-12.85). Table 1 details that the shallow zone
defines, the deep zone defines, the combined zone defines
to one player, the combined zone defines to three players,
the group counterattack 5:4, the collective counterattack 6:5,
the passive man down and offense with two centre forwards
belong to the fourth training period (M-13.63; M-13.74;
M-13.96; M-13.96; M-13.04; M-13.63; M-13.67; M-13.70).
According to Table 1, coaches teach M zone defines and
combined zone defines for two and four players in the fifth
year of water polo training (M-14.52; M-14.00; M-14.00).

Six relatively independent latent dimensions were iso-
lated by factor analysis and named as follows: (1) individual
and group activities with numerical advantage/disadvantage;
(2) dynamic-complex collective defensive activities with an
equal number of players; (3) intensive defensive activities
with an equal number of players, static defensive activities
with a numerical handicap and collective offensive activi-
ties with a numerical advantage; (4) static-vertical attacking
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Table 1. Results of descriptive statistics for all water polo
tactical variables: Arithmetic mean * standard deviation
(M + SD), Median (Med), modal value (Mod), Minimum

value (Min), Maximum value (Max)

Table 2. Factor analysis of expert’s opinion of optimal
beginning age for learning tactical skills in water polo
(Expl.Var - variability explained by single factor; Prop.Totl
— proportion of variability explained by single factor)

;rl:nt‘;?: MzSD Med Mod Min  Max
SHALZD  13.63+0.79 1400 1400 12.00  16.00
DEEPZD  13.74+0.81 1400 14.00 12.00  16.00
ZONEM 145240.89 1500 1500 13.00  16.00
PRESSM  12.00+0.78  12.00 1200 11.00  14.00
PRESHC  11.96+0.90  12.00 1200 11.00  15.00
PRESWC  12.15+1.13  12.00 1200 10.00  15.00
COMZIP  13.96+0.76 1400 14.00 13.00  16.00
COMZ2P  14.00+0.83 1400 14.00 13.00  16.00
COMZ3P  13.96+0.71 1400 1400 13.00  16.00
COMZ4P  14.00+0.96 1400 14.00 12.00  16.00
ICL:0 11.93+0.73 1200 12.00 10.00  13.00
GC2:1 11.96+0.71 1200 12.00 10.00  13.00
GC3:2 12.30£0.72 1200 12.00 11.00  14.00
GC4:3 12.81£0.68  13.00 13.00 11.00 14.00
GC5:4 13.04£0.76  13.00 13.00 12.00 15.00
CC6:5 13.63£0.79  14.00 1400 12.00 15.00
MU4-2 12.89+1.01  13.00 13.00 11.00  15.00
MU3-3 12.44+1.01 1200 12,00 11.00  15.00
AMDSHI 12444101 1200 12.00 11.00  14.00
SAMDBS  12.44+0.75 1400 13.00 12.00  16.00
PMDBLO  13.67+0.88 1500 1500 13.00  17.00
OF1CE 12.37+0.88 1200 12.00 11.00  15.00
OF2CF 13.70£1.10 1400 - 1200  16.00
OF0CF 12.85£1.32  13.00 13.00 1000  16.00

Legend: SHALZD - system of ‘shallow’ zone defence;

DEEPZD - system of ‘deep’ zone defence;

ZONEM - system of ‘M’ zone defence;

PRES8M - press defence at 8 meters from the goal;

PRESHC - press defence on the defensive half of the pool;
PRESWC - press defence across the whole court;

COMZI1P - system of the combined zone defence to one player;
COMZ2P - system of the combined zone defence to two players;
COMZ3P - system of the combined zone defence to three players;
COMZA4P - system of the combined zone defence to four players;
IC1:0 - individual counterattack, known as 1:0;

GC2:1 - the group counterattack 2:1;

GC3:2 - the group counterattack 3:2;

GC4:3 - the group counterattack 4:3;

GC5:4 - the group counterattack 5:4;

CC6:5 - the collective counterattack 6:5;

MU4-2 - man up 4-2;

MU3-3 - man up 3-3;

AMDSHI - active man down with shifting from one side to another;
SAMDBS - semi active man down with block and occasional shifting;
PMDBLO - passive and deep man down with blocks only;
OFICF - system of positional offense with one centre forward;
OF2CF - system of positional offense with two centre forwards;
OFOCEF - system of positional offense without a centre forward

Factors
Variable
2 3 4 5 6
SHALZD 0.28 0.40 0.08 0.09 0.77  -0.07
DEEPZD 0.20 0.21  -0.10 0.01 0.85 -0.15
ZONEM 0.05 0.66 0.13  -0.10 0.20 -0.32
PRESSM 0.32 0.07 0.85 -0.06 -0.08 0.23
PRESHC 0.28 0.09 0.84 0.07  -0.02 0.17

PRESWC 0.43 0.06 0.59 0.30 0.26 0.02
COMZ1P 0.14 0.95 0.03 0.05 -0.04 -0.03
COMZ2P 0.11 0.93 0.04 0.07 0.10 -0.02

COMZ3P -0.02 0.80 0.12 0.16 0.46 0.14
COMZ4P -0.06 0.68 0.05 0.34 0.45 0.02
IC1:0 0.87 0.27 0.04 0.12 0.05 0.22
GC2:1 0.85 0.28 0.10 0.10 0.09 0.19
GC3:2 0.82 0.14 0.10 0.39 0.06 0.02
GC4:3 0.82 -0.24 0.31 0.11 0.27  -0.02
GC5:4 0.69 -0.17 044 -0.03 0.18 -0.12
CCé6:5 0.10 -0.01 0.57 0.09 0.58 0.25
MU4-2 0.14 0.18 0.65 047 -0.01 -0.17
MU3-3 0.36 0.06 0.10 0.73 0.15 0.39
AMDSHI 0.41 0.17  -0.06 0.72 0.25 0.07
SAMDBS -0.05 0.01 0.76 024 -0.04 -0.36
PMDBLO -0.25 0.09 0.67 0.09 033 -0.26
OF1CF 0.16 0.14 0.31 0.77 -0.13  -0.04

OF2CF -0.50 0.08 0.34 0.54 0.15 0.29
OFO0CF 0.26  -0.07 0.04 024 -0.16 0.78
Expl.Var 4.56 3.89 4.13 2.74 2.58 1.47
Prp.Totl 0.19 0.16 0.17 0.11 0.11 0.06

Legend: SHALZD - system of ‘shallow’ zone defence;

DEEPZD - system of ‘deep’ zone defence;

ZONEM - system of ‘M’ zone defence;

PRES8M - press defence at 8 meters from the goal;

PRESHC - press defence on the defensive half of the pool;
PRESWC - press defence across the whole court;

COMZI1P - system of the combined zone defence to one player;
COMZ2P - system of the combined zone defence to two players;
COMZ3P - system of the combined zone defence to three players;
COMZAP - system of the combined zone defence to four players;
IC1:0 - individual counterattack, known as 1:0;

GC2:1 - the group counterattack 2:1;

GC3:2 - the group counterattack 3:2;

GC4:3 - the group counterattack 4:3;

GC5:4 - the group counterattack 5:4;

CC6:5 - the collective counterattack 6:5;

MU4-2 - man up 4-2;

MU3-3 - man up 3-3;

AMDSHI - active man down with shifting from one side to another;
SAMDBS - semi active man down with block and occasional shifting;
PMDBLO - passive and deep man down with blocks only;
OF1CF - system of positional offense with one centre forward;
OF2CF - system of positional offense with two centre forwards;
OFOCEF - system of positional offense without a centre forward
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activities with a numerical advantage, attacking activities
with an equal number of players and dynamic defensive ac-
tivities with a numerical handicap; (5) static-vertical defen-
sive activities with an equal number of players; (6) extremely
rare offensive activities, which explain 19%, 16%, 17%, 11%,
11%, 6% of the variability of the manifest space, respectively.

Discussion

The results of the present research confirmed that it is a
reliable and valid questionnaire for determining the optimal
beginning age for learning tactical skills in water polo.
Furthermore, the questionnaire was successfully structured
according to modelled tactical elements depending on the
age of the young water polo players.

The results of the mean values indicate that the coaches
probably think that it is too early to start acquiring tactical
knowledge in water polo in the first year of training. In the
second year of training, coaches start learning tactics in only
three variables, while most of the simpler tactical solutions
start to be learned in the third year of training. Most of the
more complex tactical variations are only learned in the
fourth and fifth year of training.

The factor named Individual and group activities with
numerical advantage/disadvantage represents the first
latent dimension, and it is determined by the following
variables: individual counterattack, known as 1:0; the group
counterattack 2:1; the group counterattack 3:2; the group
counterattack 4:3; the group counterattack 5:4. The first latent
dimension is responsible for 19% of the variability of the
items. This latent dimension is defined by the characteristics
of the variables of the simplest tactic of water polo in terms of
individual and group movements with numerical advantage/
disadvantage. It is plausible that the experts believed that the
aforementioned variables are at the top of the hierarchical
structure at the optimal start of learning the tactics of water
polo. The above variables essentially provide a good basis for
further training in water polo tactics.

The second latent dimension could be named as
Dynamic-complex collective defensive activities with an
equal number of players. The second latent dimension,
which is responsible for 16% of variability of items, as
being determined by variables: system of ‘M’ zone defence;
system of the combined zone defence to one player; system
of the combined zone defence to two players; system of
the combined zone defence to three players; system of the
combined zone defence to four players. This latent dimension
is defined by the characteristic variables of zone defines with
dominance of partial zone defines. The common feature of
all the zone systems mentioned above is that one part of the
player is in a vertical position and the other part of the player
is in a horizontal position.

The third latent dimension, which is responsible for
17% of variability of items, as being determined by variables:
press defence at 8 meters from the goal; press defence on the
defensive half of the pool; press defence across the whole
court; the collective counterattack 6:5; man up 4-2; semi
active man down with block and occasional shifting; passive
and deep man down with blocks only can be interpreted
as Intensive defensive activities with an equal number of
players, static defensive activities with a numerical handicap

and collective offensive activities with a numerical advantage.
Considering the complexity of the tactical performance of
the mentioned variables, the experts probably placed the
mentioned variables only third in the hierarchical structure
of the optimal start of learning tactical skills in water polo.
The experts most likely recognised the similarity in the
completion of the collective counterattack with the man up
4-2, in the variants of the man down with a pronounced
block and, above all, in all three variants of pressing in the
set defence phase.

The fourth latent dimension, which is responsible for 11%
of variability of items, was named as a Static-vertical attacking
activity with a numerical advantage, attacking activities with
an equal number of players and dynamic defensive activities
with a numerical handicap. The following variables mostly
belong to the fourth factor: man up 4-2; man up 3-3; active
man down with shifting from one side to another; system
of positional offense with one centre forward; system of
positional offense with two centre forwards. According to
the experts, the preparation and performance of the most
energy-sapping variant of the man down is probably only
the fourth link in the comprehensive tactical training of
young water polo players. It can be assumed that the above-
mentioned performance is an integral part of the training
cycle for both types of man up in water polo. In addition,
positional play in attack with one and two centre forwards is
considered part of the cohesive space in modern water polo.

The factor which can be named Static-vertical defensive
activities with an equal number of players represents the
fifth latent dimension, and it is determined by the following
variables: system of ‘shallow’ zone defence; system of ‘deep’
zone defence. The fifth latent dimension is responsible for
11% of the variability of the items. This latent dimension
is defined by the variables’ characteristic of the most
demanding defensive tactic, in which all defensive players are
in a vertical position. This tactical variant requires players to
have great observation skills and greater work activity, which
belongs to the later age or playing age.

The sixth latent dimension could be named as Extremely
rare offensive activities. The sixth latent dimension, which
is responsible for 6% of variability of items, as being
determined by variable: system of positional offense without
a centre forward. The last latent dimension belongs to the
water polo tactic, which is used extremely rarely, and it is
no wonder that it is the last link in the educational cycle of
water polo tactics.

This research confirms the conclusion that declarative
tactical knowledge varies among young athletes at different
ages (Américo et al., 2016; Matos et al., 2019). The results of
this study indicate that the coaches logically believed that the
tactical elements should be taught according to the didactic
principles of simpler and easier to more complex and difficult
(Marius-Costel, 2010; Bjelica & Bili¢, 2008). By distributing
tactical solutions according to complexity in four years, the
possibility of injuries in young water polo players can be
reduced, which is in line with the recommendations that it
is very harmful to start specialization in sports early (Baker,
2003; Jayanthi et al.,, 2013). Apart from a higher injury
rate, the risks of early sporting specialization also include
increased psychological stress and giving up sport at a
young age (Jayanthi et al., 2013). In general, only appropriate
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periodization and methodically correct training can lead to
the desired effects in young water polo players and other
athletes (Hraste et al., 2016; Malina & Bouchard, 1991). As
the questionnaire was completed by a sample of experienced
and educated water polo coaches, it is likely that the responses
were guided or at least influenced by examples of good
practice, expert opinion and developmental characteristics
of children (Garcia-Angulo et al., 2019). There is a possibility
that such a clearly defined tactical curriculum will provide
additional motivation for young water polo players (Murillo
et al., 2022).

In future research, it will be necessary to further develop
a model of timely acquisition of tactical knowledge in water
polo, as the acquisition and development of tactical skills in
young athletes is different and non-linear, and the need for
constant assessment during the training process is justified
by age (de Castro Junior et al., 2020; Praga et al.,, 2017).
Following this research, the results could be incorporated
into the training process and curricula for tactical training
in water polo. Furthermore, refining these processes could
help to reduce the risk of injury, increase player career
longevity and promote optimal growth, development and
performance.

Conclusions

The results of this research show that coaches generally
agree that 24 elements of water polo tactics should be taught
according to basic didactic principles, which confirms the
main hypothesis of this research.

This research can inform the training plan and
programme for teaching tactical skills to young water polo
players.

Future research should aim to increase the number of
coaches with different levels of coaching experience, playing
experience and qualifications involved in this work to gain
a deeper insight into the understanding and application of
didactic principles in water polo.
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BusHauyeHHA ONTUMaNbHOro BiKy A1 ONaHyBaHHA
TaKTUKN BOAHOIO NOJO 3rifjHO 3 eKCNepPTHOI0 AYMKOIO:
PO3yMiHHA WNAXOM aHani3y 3HMKEHHA PO3MipHOCTI

Topan €Enacka’**°, Mnanen Xpacre'*EPE, Keitn K. T. Knapk3ABP
ol |

'CriTcbKuil yHIBEpCHUTET
’BipoBiTuiibKka OKpy>KHa JliKapHs
*BipMiHreMcbKUIT MiCbKII yHIBEpCUTET

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

Pedepar. Crarts: 8 c., 2 Tabn., 29 mxepert.

Icropis muranus. IIporjec HiATOTOBKY IOHMX BaTEPIOJICTIB MA€E Be/IMKe 3HAYEHHsI, OCKIIbKY BiH Ma€ Oy Ty afallTOBAHWII 10
IVAAKTUYHNX IPUHIUIIB Ta 0COONMUBOCTEN PO3BUTKY cOpTcMeHiB. OfHAK, He3Ba)XKAI04M Ha BaXK/IMBICTh IbOTO MUTAHHS, CIO-
crepiraerpbcs Gpax BifJIOBIHMX TOCTIKEHD.

Mera gocnimxeHHa. MeTowo JOCTimKeHHs Oy/I0 BUSHAYMTHU Ta OOIPYHTYBATHU BifJIOBIFHMII BIK [/Is1 IOYATKY BUBYEHHS TaK-
TUYHMX €/IEMEHTIB y BOJHOMY II0JI0, 3TifIHO 3 IyMKOIO TPEHEPiB-eKCIEPTIB y 1ili raaysi Ciopry.

Marepianu Ta MeTomu. BignoBsigHo 10 MOCTaB/IeHNX BUILE 1Liijeil, 27 TpeHepiB-eKCIIepTiB 3 BOAHOIO MOJI0 3alIOBHIIN HOBY
aHKeTY, Clelia/IbHO PO3pOO/IeHy M/Isl IPOBEEHHS 1{bOT0 TOC/IIIKEHHSI.

Pesynbratu. IlokasHuKU peTecToBOI HAJ{ITHOCT] IIPOJEMOHCTPYBa/IM 3a[0BIIbHI pe3ynbraTy (3HauYeHHs R KonmBaeThcs B
Mexax Bif 0,85 mo 1,00 mpu p<0,05 11 Beix 3MiHHUX). 3a pe3y/IbTaTaMu JOCTiTHUIIBKOTO GaKTOPHOTO aHaIi3y i3 3aCTOCYBaHHAM
kputepito I'yrmana-Kaitzepa s Bigbopy kinbkocTi dakTopiB Ta MeTony obepraHHsa BapiMakc BMXiJHMX JaHUX BCTAHOB/IEHO
HasBHICTD MIECTV OCHOBHUX (paKTOPIiB B KOHTEKCTi peaibHOro XXNTTA: (1) iHMBiAyaIbHi Ta IPYIOBI il 3 YMCENTbHOIO ITepeBaroo/
HemocTavelo; (2) AMHaMiYHO-KOMIUIEKCHI KOJIeKTVBHI 3aXVICHI [iil 3 piBHOIO KiNbKicTIo IrpaB1iiB; (3) iHTeHCHBHI 3axMcHi Aii 3 piBHOIO
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KiIBKICTIO TPABIiB, CTATMYHI 3aXVCHI il 3 YMCETPHOI0 MEHIIICTIO Ta KOJIEKTUBHI aTaKydi Aii 3 41CenbHOI IepeBarow; (4) cra-
TUYHO-BEPTUKAJIbHI aTaKy04i /lii 3 YMCeNbHOIO IIepeBarolo, aTaKyoui /il 3 piBHOIO Ki/IbKiCTIO TpaBliB Ta JMHAMIiYHi 3aXMCHI [l 3
YJCENbHOI MEHIIICTIO; (5) CTaTMYHO-BEPTUKA/IbHI 3aXVCHI /il 3 PIBHOI Ki/IbKicTIO rpaBIiB; (6) BKpait pifKicHi aTakyrodi Ail, sKi
HOSCHIOTD 19%, 16%, 17%, 11%, 11%, 11%, 6% BapiabembHOCTI BifKPUTOTrO irpoOBOro IMPOCTOPY BifJIOBiFHO.

Bucnosxu. ITpesicTaBneni pesyabraTu JOCTiPKEHHA HiKPECTIOITb HOBE PO3YMiHHA eKCIIEPTHUX MOITIA/IIB LI0/J0 BUBYEHHS
KOMIIJIEKCHUX PYXiB y BOJHOMY II0JIO Ta IIPOIIOHYIOTh OCHOBHI PEKOMEH A1 I/ K/II0UYOBMX 3alliKaB/IEeHUX CTOPIH 1[OJ0 ONTHUMi-
3allii TpeHyBa/IbHYX IIPOLIECIB Ta HABYa/IbHIMX IIPOTPaM I yCiX IOHMX I'PaBLiB Y BOJHE IOJIO.
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Abstract

Objective. The purpose of this study was to determine the role of biomechanical mental imagery training analysis in

improving the ability of Petanque Sports Shooting Game.

Materials and methods. This review study was performed following the PRISMA standards for systematic reviews
and meta-analyses. The studies were required to have been published within the previous four years, from January
2020 to July 2023. (1) petanque shooting; (2) mental imagery analysis were the keywords used in the search process.
To conduct the study, the database Scopus and SINTA (Science and Technology Index) were used.

Results. The findings of the literature review yielded a final sample comprising 7 relevant articles. Specifically,

3 articles focused on imagery training for enhancing petanque shooting results, while 4 articles examined the effects
of petanque shot improvement on the shooting game abilities of this sport.

Conclusions. This study revealed that mental imagery exercise analysis significantly improved the performance of
petanque athletes in the match phase, enhancing their performance, motivation, and concentration, making it a
valuable method for achieving positive effects on physical and mental performance in petanque athletes.

Keywords: training, imagery, shooting, petanque.

Introduction

The game of petanque requires good mastery of basic
techniques because it is the initial capital for an athlete
to develop his game (Irawan et al., 2022). There are two
important basic skills which are pointing and shooting
(Pelana et al., 2019). Line shooting is determined by the
distance between the circle (where the athlete will shoot) and
the target iron ball (Lubis et al., 2021). Shooting technique is
one of the techniques that need to be mastered well because
the goal of the petanque game is to keep the opponent’s
ball away through shots so that a team can win the match.
Therefore, in carrying out training, trainers must innovate so
that athletes who take part in training do not feel bored with
all monotonous training programs (Nurhasan et al., 2023).
Numerous research works have examined various facets of
the game of petanque. creation of a shooting instruction

©  Abdurrahman, E., Nasuka, Sulaiman, Raharjo, H. P, &
Setyawati, H., 2024.
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model with a focus on throwing accuracy for novices
(Badaru, Hasmyati, et al., 2021). The findings emphasize
the necessity for development and training in this sport,
particularly with regard to human resources (Yahya &
Haeril, 2021). The evaluation’s findings assessed the athletes’
shooting prowess and noted areas in which they needed to
improve (Isdarianti et al., 2022). All of these studies highlight
how crucial training, development, and skill improvement
are to the game of petanque.

Imagery training in petanque, particularly visualization
training, has shown significant potential in improving
athlete performance (Mulya, 2020). Research shows that
imagery training, which includes relaxation, self-talk, and
anxiety management, is effective in improving shooting skills
(Wahyu Perdana et al., 2022). The imagery training model,
which incorporates elements of Physical, Environment,
Task, Time, Learning, Emotion, and Perspective, has been
effective in improving motor skills and performance in a
variety of sports, including petanque (Lubis & Permadi,
2020). In addition, wrist flexibility, arm strength, and
concentration training have been identified as important
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factors affecting shooting performance in petanque, further
emphasizing the importance of a comprehensive training
program that includes visualization techniques (Edgar
& Meyer, 2017). Overall, integrating imagery exercises,
including spatial views and visualizations, can significantly
improve the performance and skill development of petanque
athletes.

Petanque shooting is an important skill in the sport
of petanque, which involves techniques to move the
opponent’s ball away from the target area. Various studies
have highlighted the importance of different training
methods and factors affecting shooting accuracy. Arm
strength training by analyzing the direction of the ball has
been shown to significantly improve shooting accuracy,
especially at longer distances (Helmi et al., 2024). The use
of specialized training tools such as modified tire hoops
has proven effective in improving shot accuracy, offering a
cost-effective alternative to imported equipment (Fathoni
Dermawan Giaz & Nurhidayat, 2022). Studies on petanque
athletes have shown that shooting practice with imagery
analysis leads to better shooting results compared to those
who do not use such techniques. For example, athletes who
engaged in imagery training showed greater improvement
in shooting scores compared to those who did not (Jennah
etal., 2023).

Numerous studies in the past have improved the
accuracy of petanque games and improved the shooting
ability of the game through imagery training. One such
study looked at the impact of imagery training on petanque
game accuracy (Iskandar et al., 2023), Mental imagery and
shot accuracy (Rony et al,, 2021), Development of Imagery
and Self-Talk Exercises to Improve Shooting Game Ability
(Wahyu Perdana et al., 2022)

Analyzing imaging exercises to enhance petanque sport
shooting ability is primarily done because these exercises
have the potential to enhance athlete performance, lower
anxiety, boost confidence, and increase concentration. An
athlete needs these four items, particularly while performing
precision shooting drills that call for a high degree of focus
and self-assurance during aim and shooting. Additionally,
the field conditions necessitate that athletes compete directly
with their opponents in order to acquire points, therefore
strong visualization abilities are required so that athletes are
not distracted by their opponent’s score while they advance
to the final round.

The vast majority of professional athletes worldwide
(70-90%) who claim to utilize visualization to enhance
performance serve as evidence for this. Professional athletes
in the sports of basketball, gymnastics, soccer, volleyball,
dance, and swimming have frequently engaged in motor
imagery training, yet though petanque shooting accuracy
methods have not been identified employing visualization
for these athletes. As a result, it is considered innovative
study, and Petanque sports instructors are advised to use
this activity to help athletes improve their shooting accuracy,
particularly when it comes to shooting accuracy metrics.

The purpose of this study is to help develop the ability
of imagination, provide detailed propositions, multisensory,
and stimulus on the accuracy of shots. Mental imagery
exercises performed by athletes basically aim to increase the
athlete’s confidence which will have an impact on improving
their motor skills so that it will indirectly have an impact on

the athlete’s performance. Even imagery training is a form of
exercise that can help improve shot accuracy. The advantage
of mental imagery training for beginners is very useful,
because it can provide a stimulus that can stimulate the
emergence of imagination in athletes to get a clear picture.
Several studies have confirmed that mental imagery training
can improve athlete performance, reduce anxiety, improve
concentration and confidence.

Materials and Methods

Study Participants

The words “Mental Imagery” and “Petanque Shooting”
were looked for in publications from Scopus Collections
(Science Citation Index Expanded) and Sinta (Science and
Technology Index). Index of Social Science Citations. Sams
Humanities & Arts Citation Index) for the years 2020-2023.

Following the Preferred Reporting Items for Systematic
Reviewsand Meta-Analysis (PRISMA) criteria, a total sample
of 7 articles was obtained from a total of 127 publications, as
depicted in the flow chart (Figure 1) (Moher et al., 2015)
during the identification, suitability screening, and inclusion
phases.

Study Organization

The literature evaluation considered the following
factors: (a) the annual trend of papers published between
2020and 2023 (b) the first author’s institution’s dissemination
(c) The quantity of writers (d) subject of study (health,
education management, training, or other) (e) the kind of
study (longitudinal, descriptive, correlational), and (1) the
typical amount of citations per article.

Number of searches

through SCOPUS n~ 15

Number of searches

— | through SINTA n~140

l l

| Number of records after duplicates deleted n~127 |

Number of records Number of excluded

screened (title and searches : n"60

Identification Screening abstrak) n"127 -not original

research

- no abstract

Eligibility Included — l

Full text article Full text article

excluded : n"60
Abstract Only

assessed for eligibility >
:n~70

Article submitted

throught keywoard :
n“7

~— -
4

Total number of

article for analyzed :

n~7

Fig. 1. Step-by-step literature search strategy process using
PRISMA flow chart
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Statistical analysis

Preferred were the article title abstract and keywords as
this was enough to create seven reliable articles that could be
used for further research. This review study only included
publicly accessible articles as the authors did not want to
exclude anyone who could not access their research. All
relevant studies that addressed the following topics were
selected based on the following inclusion and exclusion
criteria.

Results

Table 1. Changes in the number of publications per year

Year of Publication =~ Number of Articles Percentage
2020 50 50
2021 10 8
2022 30 20
2023 37 22
Total 127 100

The evolution of the number of publications shows
different historical periods, as table 1 illustrates. The
number of scholarly publications published has increased
significantly since 2020 (50). Then, in 2021 there was a decline
(10 articles), in 2022 there was an increase (30 articles), and
in 2023 there was an increase (37 articles) in the following
year.

The literature review resulted in a final sample of 7
relevant articles. Specifically, 3 articles focused on imagery
training on petanque shot improvement and 4 articles on
petanque shot improvement on petanque sport shooting
ability.

Discussion

Based on the results of the Research These findings
collectively underscore the importance of incorporating
structured imagery exercises into petanque training
to improve athletes’ mental and physical performance,
ultimately leading to better results in competition.
Consistency in training is essential, as inconsistent

Table 2. Overview of mental imagery research characteristics

performance during competition has been linked to the
need for a more focused shot accuracy training program,
which has shown significant improvements in shooting
results for both novice and professional athletes (Syahputra
et al., 2021). Comparative studies show that while both
precision and arm strength training have a positive impact
on shooting outcomes, arm strength training tends to have
more significant effects (Pelana et al., 2021). Overall, a
combination of strength training, imagery, accuracy and a
structured program seems to be the most effective approach
to improve petanque performance especially in the shooting
game.

Analysis Mental imagery training, a technique widely
used in sport psychology, has been shown to improve motor
performance and learning across a variety of settings and
populations. Research shows that imagery training can
improve motor skills in children and adolescents, with
positive effect sizes, suggesting its potential in physical
education and competitive sports for individuals who are
more consistent in their performance (Frank, 2023). The
results of other studies also prove that mental imagery
training also increases athletes’ self-confidence, as evidenced
by futsal players who showed a significant increase in self-
confidence after the training (Aikawa & Takai, 2022).
Other studies have shown that mental imagery training in
petanque significantly improves athletes’ performance and
mental resilience (Jennah et al., 2023). Research has shown
that mental imagery training, which includes visual and
kinesthetic elements, can improve shooting accuracy and
precision in petanque athletes (Rony et al., 2021). Overall,
combining these different training models and imagery
techniques can provide a comprehensive method to improve
petanque performance and address both the physical and
mental aspects of the sport.

Different studies have investigated the variables that
affect petanque shot accuracy. As eye-hand coordination,
focus, and confidence are essential for shot accuracy.
In addition, it has been shown that shooting drills with
obstacles improve shooting ability (Saifulamri Alkhusaini
et al., 2021). Another study found that modeling petanque
shooting drills for beginners was the result, emphasizing
the importance of drills to achieve high throwing accuracy
(Badaru, Hasmyati, et al., 2021). Then the results of another
study found that the effects of coordination training and

Author Objective Sample Method Results
(Jennah et al,, The research focuses on 9 Athletes Descriptive Qualitative Emphasizes the importance of
2023) evaluating the mental aspects utilizing imagery and self-talk
of athletes through mental techniques to help athletes improve
imagery and self-talk. their mentality, overcome fear,
and perform optimally during
competition.
(Rony et al., The focus of the study wasto  A20 Athletes One-Group Pretest- This study shows that petanque
2021) find out how mental images Posttest Design athletes can use drawing as a basic
affect shot accuracy in the experimental study cognitive process that improves motor
sport of petanque. movements and performance.
(Iskandar etal,  Knowing the effect of 16 Athletes ~ One-Group Pretest- Data analysis concluded that video

2023) video imagery training on
improving the pointing

accuracy of novice athletes

Posttest Design
experimental study

imagery training has a significant
effect on the accuracy of shots in the
sport of pétanque.
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Table 3. Overview of petanque shooting research characteristics

Author Objective Sample Method Results
(Badaru, The purpose of this study 30 Athletes  Research & Development  The validity of the training model was
Hasmyati, etal.,  was to develop a model of (R&D) assessed through expert justification
2021) petanque shooting practice tests, ensuring that the developed
for beginners. model is suitable for improving
shooting accuracy in the sport of
petanque for beginners.
(Sutrisna et al., Implementation of a petanque 330 Students Research & Development The petanque sports shooting training
2018) shooting skill training model (R&D) model for beginners that has been
for beginners and determine developed, obtained evidence of
the effectiveness, efficiency this increase is shown in the results
and attractiveness of children of testing the pretest and posttest
to the model made. data, there is a significant difference
between before and after the model
treatment.
(Hafizh Aims to examine the 20 Athletes  Descriptive Qualitative The shooting game ability between
Taajuddiin & comparison of shooting game Surakarta city petanque athletes
Nurhidayat, ability and Karanganyar regency petanque
2022) athletes has no significant difference.
(Ardhiyanto et Analyzed the backswing and 25 Athletes ~ Quantitative Based on the analysis of several
al., 2021) release angles in petanque samples, it shows that the athlete’s

shots, finding that the athlete’s
height and arm length
affected the angles.

height and arm length affect the size
of the backswing and release angle.

concentration training on shooting game ability were equally
important, but concentration training gave better results
(Lubis & Permadi, 2021). This study collectively emphasizes
that concentration and mental imagery training forms are
essential for improving accurate petanque shooting ability.
Utilizing multiple analyses of mental imagery training forms
for practice allows for intelligent training planning to get the
best results quickly and safely.

In mental imagery training, athletes are asked to view a
pre-recorded shooting video by themselves. This is done to
store in their brain memory the shooting movements that
must be done within a certain distance (Parnabas, 2015). The
athlete is then given the task of imagining the shooting motion
to be performed. This technique is done without the use of the
ball to increase imagination, as a strong imagination produces
nerve impulses similar to those produced when performing
the actual movement. Once the athlete is sure the imagination
is right, the ball is given for the actual shooting with various
variations of obstacles and shooting distances. The imagery
intervention was conducted over 8 weeks, 3 days each week,
with 30 minutes of imagery practice and 60 minutes of pho-
tography practice. This was done because each athlete had not
previously received a mental training program, as 24 sessions
of training was sufficient to achieve the desired results (Shaari
et al,, 2019). Therefore, Petanque coaches are advised to im-
plement mental imagery exercises to help their athletes shoot
more accurately, especially with precision shooting numbers.

Conclusions

This study suggests that mental imagery training is
necessary to improve the performance of petanque athletes
in shooting. This includes structured imagery training and
strength, precision and accuracy training programs. The
results of another study also showed that mental imagery
training significantly improved the performance and mental

endurance of petanque athletes. Petanque coachesareadvised
to implement mental imagery training to help athletes shoot
more accurately, especially in shooting numbers. Especially,
this mental imagery exercise plays an important role in
improving the physical and mental performance of petanque
athletes and can be a comprehensive method to improve the
overall performance of petanque sports.
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3aCTOCYBaHHAM METONY MEHTA/IbHOI Bidyamisalil 11070 IOKpalleHHs HaBMYOK BMKOHAHHSA YJjapiB y CHOPTUBHIN I'pyU B IETAHK.

Marepianu Ta Mmerogu. JJaHe OITIAOBE JOCTiIPKEHHA IPOBEJEeHO BifnoBifHo fo cranmapTis PRISMA [14 cucreMaTM4HmX
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Abstract

Objective. This study aimed at analyzing sports injuries of kabaddi players through a systematic review.

Materials and methods. This review study adhered to the PRISMA guidelines for systematic reviews and meta-
analyses. The study must have been published within the previous five years, from 2020 to 2024. The search procedure
was conducted using the keywords (1) kabaddi, and (2) injuries. The Scopus search engine was used in this study.
Results. The search results in the database produced 104 articles that were adjusted to the criteria into 5 articles. Four
articles summarized knee injury, one article focused on ACL tear injury, one article summarized the prevalence of
traumatic orofacial injuries and traumatic episodes, two articles addressed ankle injuries and one article described

and summarized shoulder injury.

Conclusions. The analysis of sports injuries in kabaddi players using a systematic review’s findings leads to the
conclusion that common injuries among kabaddi players are ACL tear injuries, knee injuries, prevalence of traumatic
orofacial injuries, widespread presence of traumatic episodes, ankle injuries and shoulder injuries.

Keywords: kabaddi, injuries.

Introduction

Sports injuries can have a significant impact on athletes,
especially in adolescent athletes, female futsal athletes,
gymnasts and individuals with spinal cord injury (SCI).
In adolescent athletes, pars injuries are a common cause
of low back pain, with MRI being an accurate diagnostic
modality (Asperti et al., 2017; Sun, 2023). Female futsal
athletes showed a negative relationship between injury
frequency and Adversity Quotient, emphasizing the need
for psychological support during recovery (Haraldsdottir
& Watson, 2021). Gymnasts frequently experience wrist
injuries, with elite gymnasts facing higher injury rates,
requiring proper evaluation and treatment to prevent chronic
consequences. For individuals with SCI, participating in
sport can positively impact physical function, quality of
life, and community integration, highlighting the potential
benefits of sport as an intervention to address the challenges
associated with SCI (Cheung et al., 2022). Understanding
the psychosocial impact of sports injuries in young athletes

© Hendrawan, D., Karo Karo, A. A. P, Sari, D. M., & Sari, L. P,
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is crucial to aid their management and prevent potential
long-term consequences on mental health (Haraldsdottir &
Watson, 2021).

Kabaddi players exhibit significant levels of muscle and
body fitness, affecting their performance and susceptibility
to injury. Research has shown that Kabaddi demands certain
physical and physiological fitness characteristics such as
agility, strength, speed and flexibility (Dahiya & Kumar,
2023). Additionally, research highlights the high prevalence
of injuries in Kabaddi due to its aggressive nature, with
knee injuries being particularly common among players
(Chidambara Raja, 2023; D. R. M. Johnson et al., 2023).
Furthermore, a study comparing Kabaddi and Kho-Kho
players found differences in resting speed and pulse rate,
suggesting varying fitness levels between the two sports
(Harry & George, 2021). The prevalence of traumatic
orofacial injuries among Kabaddi players underscores
the risks associated with contact sports, emphasizing the
importance of injury prevention strategies and adequate
training to maintain performance and ensure player safety
(Kalpana & Saraboji, 2022).

Sportsinjuries can indeed be avoided by athletes through
various preventive measures. Research shows thatinsufficient
warm-up is a common cause of injury during physical

480



Hendrawan, D., Karo Karo, A. A. P, Sari, D. M., & Sari, L. P. (2024). Analyzing Sports Injuries of Kabaddi Players: A Systematic Review

exercise, emphasizing the importance of proper preparation
(Karo-Karo et al., 2023; G. Zhou, 2022). Additionally, a
study in adolescent athletes highlighted the importance of
neuromuscular training programs and education to prevent
overtraining and risky maneuvers, reducing the incidence of
musculoskeletal injuries (de Sire, 2022; Ram et al., 2022; Ram
& Singh, 2021). Understanding the causes and factors that
lead to injuries is essential to implement effective prevention
strategies, as highlighted in a survey analyzing sports injuries
across different specialties and athlete profiles (Golovashenko
et al,, 2022). Moreover, a focus on sports injury prevention
in training is essential to ensure the health and well-being
of athletes, emphasizing the need to strengthen preventive
measures to minimize the negative impact of injuries on
athletes” physical health and training continuity (Kusuma &
Novita, 2023; W. Zhou & Chu, 2022).

Sports injuries in athletes can stem from various
factors as highlighted in research. Excessive workload, early
sports involvement, incorrect training methods, and rule
violations contribute significantly to injuries (Selumyan
& Petrosyan, 2023). Excessive physical strain, repetitive
microtraumatization, and impact forces that exceed tissue
resistance are the main causes of occupational diseases
in athletes (Serhata et al., 2023). Injuries can be acute or
chronic, with different types such as open wounds or closed
fractures (Golovashenko et al., 2022). Psychological factors
such as insecurity, reduced self-confidence, and fear of team
impact play a role in the post-injury rehabilitation process
(Sun, 2023). In addition, there are gender-based differences
in sports-related injuries, with women experiencing higher
rates of non-contact musculoskeletal injuries due to
hormonal influences and training factors, emphasizing the
importance of preventative measures and awareness among
coaches and athletes (Raj et al., 2023).

Research on kabaddi has been extensive, covering vari-
ous aspects such as injuries, physical fitness, psychomo-
tor skills, and nutritional profiles of athletes. In addition,
research has explored the impact of angina training with
elastic bands on speed during direction changes, showing
significant improvements in athlete performance (Utama et
al., 2022). Evaluations of psychomotor skills have revealed
differences between kabaddi and kho-kho players in areas
such as speed, agility, balance, freezing, and eye-hand coor-
dination (Chidambara Raja, 2023; Utama et al., 2022). Fur-
thermore, comparisons between kabaddi and kho-kho play-
ers have been made regarding resting speed and pulse rate,
suggesting differences in physical attributes between the two
sports (Finco & Maciel, 2020). Training programs that meet
the demands of sports can be developed with the use of this
research. This study is crucial as a result. The purpose of the
study is to give readers with recommendations based on the
research findings.

Materials and Methods

The research method used was a systematic literature
review (SLR) to study and interpret the analysis of sports
injuries in kabaddi players. Systematic literature reviews play
an important role in guiding future research by providing a
comprehensive summary of existing knowledge, identifying
gaps in the literature, and suggesting areas for further
investigation. These reviews help researchers understand the

current state of a particular topic, develop new hypotheses, test
theories, and generate new insights. By systematically analyzing
and synthesizing a body of literature, systematic reviews
offer a solid foundation for future research efforts, allowing
scholars to build on existing work and push the boundaries
of knowledge. They also contribute to improving the rigor
and quality of research in various fields, including business,
management, healthcare, and social sciences, by offering a
structured approach to data collection and analysis. Ultimately,
systematic literature reviews serve as a valuable resource for
researchers, practitioners, and policy makers seeking evidence-
based decision making and policy development.

Study Participants

This study is comparable to an analysis of sports injuries
among kabaddi players since its population consists of
articles published in international journals that are indexed
by a very reliable database, namely Scopus. H-Index articles
and publications from 2020-2024 published in international
journals with Elsevier homepages are the samples that were
chosen. The research data sources used in this study are of
two different types: primary and secondary. In this study, a
data coding sheet was the instrument. The information is
helpful in explaining the exclusion of specific studies from
the synthesis in addition to acting as an internal audit.

Data Collection Techniques and Instruments

Planning

Planningistheinitial stepin the systematic review process,
which involves assembling a review panel of professionals
and experts to create review questions. Data synthesis and
analysis will follow from the review questions. The chapter
on problem formulation has addressed the review questions.

Data Collection

The study’s secondary data came from studies done by
earlier researchers and published in international journals
that were indexed by Scopus, a very reliable database. The
keywords “kabaddi” AND “injuries” were used in the article
search. To improve the quantity of article searches, the
author additionally examines the references of the articles
that are searched.

Inclusion and Exclusion Criteria

The study’s inclusion criterion is that only keyword-
related data were utilized. Only English articles that meet
predefined criteria are included in the data, which is original
content utilized between 2020 and 2024. In the meantime,
these are the exclusion standards: Information that is not
about injuries sustained in kabaddi, is not an original piece
(including reviews), is not in the English language, and is
indexed based on pre-established standards. The information
was utilized between 2020 and 2024.

The database yielded 104 articles in total when articles
were searched using keywords. Following filtration based on
the language, article type, and publication period 2020-2024,
63 articles were found. Additionally, a total of 5 articles were
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Fig. 1. PRISMA scheme in the literature selection process

acquired after the articles were chosen based on inclusion
and exclusion criteria based on relevancy (Figure 1).

Study Instruments

The researcher employed analysis of annotated
bibliographies. Annotated bibliographies are analyzed based
on anumber of factors, including the author’s credentials and
goals, the identity of the referenced source, a brief synopsis
of the material, and the significance of the sources cited in
relation to the formulation of the problem.

Results

The table below shows the total number of publications
during the selected time period, year of publication.

Table 1. Evolution of the number of publication at year

According to the literature, sports injuries of kabaddi
players shown in the table above based on a review
consisting of five studies there are four articles summarized
Knee injuries, one article on ACL tear injuries, one article
summarized Prevalence of traumatic orofacial injuries and
traumatic episodes, two articles summarized Ankle injuries
and one article summarized Shoulder injuries.

Discussion

Kabaddi players are at a significant risk of sustaining an
ACL tear injury, as highlighted in various research papers.
Studies have shown that the incidence of ACL tears is very
high in kabaddi players, with a large number of injuries
attributed to incorrect movements such as scissor grips (Pal
et al., 2021). In addition, the prevalence of meniscus tears
is also increased in kabaddi athletes, with most injuries
occurring during competitive matches and leading to
considerable durations of time lost in the sport (Yallappa,
2020). The aggressive nature of kabaddi, which involves
rapid movements such as holding, pushing, catching and
jumping, directly contributes to increased susceptibility to
injury, especially in the knee region (Mondal, 2017). These
findings underscore the importance of implementing injury
prevention strategies and stricter regulations in Kabaddi to
reduce the burden of ACL tear injuries and increase player
safety and career longevity.

Kabaddi, an aggressive sport originating from India,
poses a significant risk of knee injury to its players, with
studies highlighting the prevalence of such injuries (Dahiya
& Kumar, 2023; Mondal, 2017). Research into the profile of
kneeinjuriesamong elite Iranian karatekaalso revealed a high
incidence of knee injuries, particularly involving the anterior
cruciate ligament (ACL), articular cartilage and meniscus
(Naserpour et al.,, 2021). A comparative study between
soccer and kabaddi players further emphasized the higher
incidence of meniscus tears in kabaddi athletes, especially
in the lateral meniscus, indicating the vulnerability of the
knee in this sport (Gupta et al., 2020). Additionally, a study
focusing on the effects of rehabilitation in male kabaddi
knee injuries showed that interventions such as strapping,
sports massage, stretching, and strengthening exercises
can effectively reduce pain and improve range of motion
in injured players (Dhillon et al., 2016). These findings
underscore the importance of injury prevention strategies
and rehabilitation programs to keep kabaddi players’ knees
healthy.

Ankle injuries are a common concern in Kabaddi,
with research highlighting their frequency and impact on

No Year Number of Article
1 2020 2
2 2021 1
3 2022 0
4 2023 2
5 2024 0
Table 2. Review of research results
No Author and Years Method

Findings

1 (Dahiya & Kumar, 2023) injuries

2 (R. M. Johnson et al., 2023) .
cluster random sampling
3  (Paletal, 2021)

4 (Yallappa, 2020) technique

5  (Park & Kim, 2020) report form

Observation of regression in kabaddi
Observational cross-sectional study with

Comprehensive literature review
Application of biomechanics in Kabaddi

Injuries recorded on the IOC daily injury

ACL tear injury

Knees injury

Prevalence of traumatic orofacial injuries and
traumatic episodes

Knee and ankle injuries

Knee injury

Ankle injury

Knee injury

Shoulder injury
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players. Research shows that knee injuries are common in
Kabaddi players, followed by ankle injuries, emphasizing the
vulnerability of the lower extremities in this sport (Dahiya &
Kumar, 2023; Mondal, 2017; Pal et al., 2021). Ankle ligament
OEO is particularly important, with varying percentages
reported across different age groups and genders of Kabaddi
players, demonstrating the importance of these injuries
across different demographics. Furthermore, ankle injuries
are often associated with the aggressive and combative nature
of Kabaddi, where fast movements such as holding, pushing,
catching and jumping increase the risk of injury, especially
to the lower extremities (Kim et al., 2015). Understanding
the pattern and frequency of ankle injuries in Kabaddi is
crucial to implementing effective preventive measures and
ensuring long-term player health and safety.

Shoulder injuries are a significant concern in Kabaddi,
with a focus on knee injuries in the sport. Research has
highlighted the prevalence of knee injuries, such as ACL
tears and meniscus tears, leading to retirement from the
sport and significant time loss in competition (Dahiya &
Kumar, 2023). While knee injuries are predominant, the
upper extremities, including the shoulders, are also prone
to injury in kabaddi, with contact with opponents being the
main cause (Dhillon et al., 2016). Epidemiological data from
various studies emphasize the need for injury prevention
programs and immediate treatment after injury to reduce
the incidence of shoulder and other injuries in kabaddi
players (Jayati, 2004).

Conclusions

Based on the results of the analysis of sports injuries in
kabaddi players with systematic review, it can be concluded
that injuries that often occur in Kabaadi Players are ACL tear
injuries, knees injuries, prevalence of traumatic orofacial
injuries, prevalence of traumatic episodes, ankle injuries and
shoulder injuries.
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AHanis cnOpTUBHNX TPaBM rpasuiB
y Kabappi: CucremaTnyHum ornapg

Hixi Xenppaan'**°PE, Aran Angianma ITyrpa Kapo Kapo'APCPE,

Hesi Maiia Capi'®PF, JTiriana ITycna Capi'®”®

'Konemx copty Ta 3gopos’s bina I'yna

ABTOpCBHKNMIT BKIAM: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 6 c., 2 Tabn., 1 puc., 32 mxepena.

Mera gocnimKeHH:A. MeTolo I[bOro TOCIi/PKeHHA 6y/I0 TpoaHaisyBaTy CHOPTUBHI TPaBMM IPaBIiB y Kabaifii 3a JOIIOMOT 010
CUCTeMAaTUYHOTO OITIALY.

Marepianu Ta MeTogu. [JaHe OI/IA/10Be JOCIiIKEHHS IPOBE/IeHO BiAoBigHO 10 KepiBHMX npuHiymis PRISMA misa cucrema-
TUYHUX OITIAAIB | MeTa-aHai3iB. Marepianu gocnipkeH s Manu 6y Ty o1y 6/1iKOBaHi IPOTATOM IOIEPeHIX ITATH POKiB, 3 2020 1o
2024 pix. ITporenypa mOLIyKy IIPOBOAMIACA 3a K/II040oBMMY crioBaMu (1) kabazani Ta (2) TpaBMu. B paMKax 1{bOro HOCIi/KeHHs
BUKOPYCTOBYBA/IACh MOLIYKOBA CUCTeMa HAyKOMETPUYIHOI 6asy JaHUX Scopus.

484



Hendrawan, D., Karo Karo, A. A. P, Sari, D. M., & Sari, L. P. (2024). Analyzing Sports Injuries of Kabaddi Players: A Systematic Review

Pesynprarn. 3a pesynpraraMu HOLIYKY B 6asi aHux 6yno orpumano 104 crarrti, siki 6ynu BigibpaHi 3rifHO 3 BCTAHOBIEHNMMU
KpuUTepiAMU i po3fiineHi Ha 5 cTaTell. Y YOTUPbOX CTATTAX IIPEACTABIEHO OIVLAZl TPABM KOJTIHHOTO CYIo6a, OffHa CTAaTTsA IIPU-
CBsIYEHA TOCII/KEHHIO PO3PUBY IePEFHbOI XPECTOOAIOHOI 3B’ 13K, OffHA CTATTS MICTUTD aHa/Ii3 MOMMPEHOCT] TPaBMATUIHNX
YIIKOIXeHb opodaliiabHOI AUIAHKM Ta TPaBMaTUYHMX BUIIAZIKIB, IBi CTATTi OMMCYIOTh TPABMM TOMIIKOBOCTOIIHOTO CYITI00a, a
Y OfHIl CTAaTTi POSI/IIHYTO Ta y3ara/ibHEeHO aclIeKTI TPABM IIEYOBOTIO CYIoba.

BucHOBKM. AHaIi3 CHOPTUBHMX TPAaBM I'PaBIiB y Kabafifii 3 BUKOPUCTAHHAM Pe3y/IbTaTiB CUCTEMaTUYHOTO OITIAAY JO3BOJLAE
3pO6NTY BUCHOBOK, [0 HAIIIOMIVPEHINIMMY TPaBMaMi Cepef TPaBLiB Kabaji € po3prByu HMepefHbol XPeCcTONORiOHOI 3B 13K,
TPaBMU KOJIIHHOTO CyI/106a, MOIMPEHIiCTh TPaBMAaTMYHNUX YIIKOPKEHb Opodaliia/bHOI AITHKM, lepeBakaHHs TPaBMAaTUYHIX
BUIA/IKIB, TPaBMV TOMIIKOBOCTOITHOTO CyI/106a Ta TPaBMM IJIEIOBOTO CyrIoda.

Kirouosi croBa: kabappi, TpaBMIL.
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Abstract

Objectives. This study aimed to analyze the effectiveness, benefits and safety of water aerobic exercise in improving
the quality of life of pregnant women from a psychological and physical perspective.

Materials and methods. The present study is defined as a type of systematic review research using searches from
journal databases such as MEDLINE-PubMed, Web of Science, Scopus and Science Direct. The inclusion criteria for
this study were articles published in the last 5 years and articles discussing pregnancy, aquatic aerobic exercise and
quality of life in pregnancy. A total of 53 articles from the Science Direct, PubMed, and Web of Science databases
were identified. A total of 8 articles that met the inclusion criteria were selected and analyzed for this systematic
review. For standard operations, this study followed the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) assessment.

Results. The findings of this systematic review indicate that participating in aquatic aerobic exercises has been
found to reduce pain during labour, reduce the use of epidural analgesics during labour, reduce depression during
pregnancy, reduce the risk of fetal distress, stabilize blood pressure, reduce back pain, and improve the psychological

condition of pregnant women.

Conclusions. The regular practice of water aerobic exercise carried out from the 2nd trimester of pregnancy
contributes to having a positive impact on improving the quality of life of pregnant women.
Keywords: water aerobic exercise, aquatic exercise, quality of life, pregnancy.

Introduction

The quality oflife of pregnant women is the main axis fora
mother during pregnancy and childbirth, this is a measuring
tool used to comprehensively assess the health status of
pregnant women starting from physical, psychological to
social health (Boutib et al., 2022). Hormonal, anatomical,
biological and physiological changes in the mother’s body

©  Ayubi, N, Putri, D. R. S., Syafawi, A., Aljunaid, M.,
Ming, . W,, Lesmana, H. S., & Dafun Jr., P. B,, 2024.
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during pregnancy make them more susceptible to disease,
thus affecting the quality of life of pregnant women and the
well-being of the fetus (Kazma et al., 2020).

Discomfort during pregnancy experienced by the
mother causes a decrease in the quality of life because it is
closely related to the mental and psychological readiness of
the mother, this can have a negative impact on the health
of the mother and fetus, resulting in death (Wu et al., 2021;
Roddy Mitchell et al., 2023). Around 287,000 women died
during pregnancy and childbirth in 2020, one of the main
causes being depression. Worse yet, nearly 95% of all maternal
deaths occurred in low- and middle-income countries in
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2020, and most of them are preventable (Roddy Mitchell et
al,, 2023; Corcoran et al., 2022). In Indonesia, up to 25% of
pregnant women experience depression during pregnancy
and this increases the maternal mortality rate. Studies
show that changes in body image, anatomical changes,
and complaints experienced by mothers during pregnancy
are the main causes of depression, which can actually be
prevented by easy, practical and effective methods, namely
regular exercise (Bhattacharjee et al., 2021).

Exercise is one solution that can improve the mother’s
psychological and physical well-being during pregnancy (Xu
et al., 2023). Aerobic water exercise has been proven to be
more effective in increasing levels of dopamine, serotonin
and noradrenaline which can reduce several complications
during pregnancy both psychologically and physically,
thereby improving the mother’s quality of life during
pregnancy (Alizadeh Pahlavani, 2024).

The American College of Obstetricians and Gynecolo-
gists recommends that pregnant women need a social envi-
ronment that encourages them to do things that have a posi-
tive impact on their pregnancy (ACOG, 2020). Regularly
undertaking a physical exercise program has been proven to
be very beneficial and safe during pregnancy (Cancela-Car-
ral et al., 2022). Aerobic water exercise has also been proven
to have a therapeutic effect that can prevent various health
problems for pregnant women such as back pain, strengthen
the mother’s muscles and joints, improve blood circulation
so that the fetus’s nutritional and oxygen needs are met, and
provide a relaxing effect so that it can reduce stress levels.
mother during pregnancy (Boutib et al., 2023).

The lack of research related to this topic is one of the
reasons this sport is not widely known among the general
public. This study aims to analyze the effectiveness, benefits
and safety of aerobic water exercise in improving the quality
of life of pregnant women from a psychological and physical
perspective.

Materials and Methods

Study Design

This type of systematic review research uses searches
from journal databases such as MEDLINE-Pubmed, Web of
Science, Scopus and Science Direct. It is considered a premier
platform worldwide as it brings together publications that
have scientific impact and relevance.

Eligibility Criteria

Theinclusion criteria in this study were articles published
in the last 5 years and articles discussing pregnancy, aquatic
water exercise and quality of life in pregnancy. Furthermore,
the exclusion criteria in this research are journals that are not
reputable or are not indexed by Scopus and Web of Science.

Procedure

Titles, abstracts and full texts of articles were screened
then verified and stored in Mendeley software. In the first
stage, 53 articles from the Science direct, Pubmed and web of
science databases were identified. Next, in the second stage,
27 articles were screened based on the suitability of the title

and abstract. In the third stage, 19 articles were ordered for
further processing. At this stage we filter based on the overall
suitability of the article. Then in the final stage 8 articles
were selected that met the inclusion criteria and analyzed for
this systematic observation. For operational standards, this
study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) assessment.

[ Identification of studies via databases and registers J

Records identified
from PubMed
(n=14)

Records identified from
Science Direct
(n=28)

Records identified from
Web of Science
(n=11)

Identification

Records identified through database searching (n
=53):

Dupli;:ate records removed (n = 26)

l
» | Records excluded
Overview of titles (n=8)
(n=27)

Reports excluded:
- Not a Pregnantwoman
subject was exclude
(n=7)
- Not a water/aquatic
exercise was exclude
(n=4)

Screening

Full text
(n=19)

for eligibility

v

Studies included in review
(n=8)

[ Included } [

Fig. 1. PRISMA flowchart of the article selection process

Results

Description of Aerobic Water Exercises Include in Review

Based on the articles selected and analyzed as a whole, it
was found that the intervention was carried out in accordance
with the recommendations of the American College of Sports
Medicine, where ideally physical exercise should be carried
out regularly 3-5 sessions/week, 55-65% of the maximum
heart rate which is the intensity of the mother’s exercise.
Pregnancy will be lighter than those who are not pregnant,
the ideal duration is 20-60 min, and pay attention to a heart
rate of no more than 140 bpm and a temperature below 38°C
(Physical Activity Guidelines Resources, 2024).

From 8 selected articles (Navas et al., 2020; Navas et al.,
2021a; Rodriguez-Blanque et al., 2020; Rodriguez-Blanque,
Sanchez-Garcia, et al,, 2019; Rodriguez-Blanque, Sanchez-
Garcia, et al.,, 2019a; Vazquez-Lara et al., 2019; Granath, et
al., 2022; Vallim et al., 2021), all implemented Aerobic water
exercise in the intervention group which consisted of 3-4
phases, namely:

1. Warm up outside the water (5-7 min);

2. Warming up in water (5-10 min);

3. Aecrobic Water Exercise moderate intensity

(20 min);

4. Stretching and Relaxation (5 min).

The movements in aerobic water exercise are guided by
a trained midwife or nurse who has attended the Study of
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Table 1. Summary of the design and intervention of the studies

Author Design Participants Gestational Age Intervention Outcome
(Navas et al., Randomised IG =160 Pregnant women IG = Pregnant women will take 1. Aerobic Water Exercise can
2020) Control CG =160  aged 18-40years aerobic water exercise classes 3x/ reduce pain during labor.
Trial with a gestational week for 5 months. Measuring Tool: Visual

age of 14-20
weeks

Aerobic water exercise in this

study consisted of:

1. Warm up outside the water
(5-7 min)

2. Warming up in water (5-
10 min)

3. Medium intensity water
exercise (20 min)

4. Relax and regulate your
breathing (5 min)

5. Playful exercise (5 min)

CG = Pregnant women will

receive standard antenatal care

by a midwife or other health

practitioner.

Analogue Scale (VAS).

2. Aerobic water exercise can
reduce the use of epidural
analgesia during labor.
Measuring tools: reviewed by
members of the research team
themselves.

3. Aerobic water exercise can
reduce levels of depression
during the antenatal to
postnatal period
Measuring tools: Edinburgh
Postnatal

4. Depression Scale (EPDS),
EuroQol five dimension (EQ-
5D)

(Navas et al., Randomised IG =145

Pregnant women

IG = Pregnant women will take

1. Aquatic Exercise can

2021) Control CG=141 aged 18-40 years  aerobic water exercise classes 3x/ significantly reduce pain
Trial with a gestational week for 5 months. during labor compared to
age of 14-20 Aquatic exercise in this research standard care.
weeks consists of: . Measuring Tool: Visual
1. Warm .up outside the Water, Analogue Scale (VAS).
including neck stretching; IG= mean + SD 7.55 + 2.20
pectoral muscles; shoulder; CG= mean + SD 8.15 + 1.95
back; thighs and ankle and 2. Intrapartum fetal distress in
knee mobility training IG is less than in CG
(5-7 min) IG = 25/120 (n=20.8%)
2. Warm up in the water, CG = 28/119 (n=23.5%)
including a leisurely walk;
small jump; walk back and
forth in the water (5-10 min)
3. Moderate intensity water
exercise (20 min)
4. Relax and regulate your
breathing (5 min)
5. Playful exercise (5 min)
CG = Pregnant women will
receive standard antenatal
care and are still advised to do
physical activity.
(Rodriguez- Randomised IG =65 Pregnant woman IG = Given moderate intensity The results of the health
Blanque et clinical trial CG =64 with 12 weeks of  physical activity in water for assessment from the HRQoL
al., 2020) gestation 60 min, 3x/week, supervised summary showed that the IG

by a midwife or nurse with a
sports science degree who has
undertaken SWEP training.
Physical exercise in water in this
study was divided into 3 phases
per session, including:

1. Warm-up
2. Main phase (Aerobic Water
Exercise)

3. Stretch and relaxi
CG = The control group
was given standard care

recommended during pregnancy

by a midwife or ob-gyn doctor
who was provided during the
research.

experienced a decrease of 3.93 at
the end of the study, while the CG
experienced a greater decrease of
8.07 points. Even in the mental
health component, the CG score
drops to < 42, which is a point
indicating a threshold risk of
depression.
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Table 1 (continued)

Author Design  Participants Gestational Age Intervention Outcome
(Rodriguez- Randomised IG =65 Third trimester ~ IG = Given moderate intensity Water exercise during pregnancy
Blanque, Clinical CG=64 pregnant women  physical activity in water for which is carried out routinely 3x/
Sanchez- Trial without any 60 min, 3x/week, supervised week for 60 min at 20-37 weeks
Garcia, et contraindications by a midwife or nurse with a of pregnancy has been proven to
al,, 2019) to doing water sports science degree who has be able to minimize the rate of

exercise undertaken SWEP training. perineal tearing during delivery.
Physical exercise in water in this
study was divided into 3 phases
per session, including:
1. Warm-up
2. Main phase (Aerobic Water
Exercise)
3. Stretching and relaxation
CG = Control group given
standard care.
(Rodriguez- Randomised IG =60 Pregnant woman IG = Intervention is carried out ~ Water exercise performed during
Blanque, Control CG=60 with 12 weeks of ~ when pregnant women are 20-37  pregnancy has shown a positive
Sanchez- Trial gestation weeks gestation by being given impact on shorter duration of
Garcia, et moderate intensity physical labor compared to those receiving
al,, 2019a) activity in water according to the  standard care. This can improve
SWEDP (Study of Water Exercise ~ the mother’s quality of life and
during PrIgnancy) method reduce the risk of postnatal
guided by trained midwife depression.
professionals.
CG = Control group was given
standard care recommended
during pregnancy by a midwife
or ob-gyn doctor who was
provided during the study.
(Vazquez- Randomised IG =18 Second trimester  IG = Aquatic exercise program The aquatic exercise program
Lara et al., Clinical CG=28 pregnant for pregnant women (AEPPW) given to IG has a positive impact,
2019) Trial women who are  is given for 6 weeks starting from namely stabilizing the blood
physically and 24-28 weeks of pregnancy to 32-  pressure of pregnant women
psychologically 36 weeks, carried out 2x/week after regular exercise compared
healthy for 45 min/session. To provide to pregnant women in CG whose
hyperbaric stimulation, the blood pressure is higher.
intervention is carried out in a
pool at neck level.
CG = Provided standard
antenatal care, monitored
directly by the research team and
midwife
(Granath, et Randomised IG =132 Healthy pregnant IG = Water aerobics is given for ~ Water exercise carried out
al,, 2022) Control CG=134  women insecond the first 45 min and followed by  regularly during pregnancy can
Trial trimester and 15 min of relaxation, guided by a  significantly reduce back pain in
third trimester trained midwife instructor. mothers compared to LBPE.
CG = Given Land-Based Physical Pregnant women with LBP after
Exercise (LBPE), specifically intervention:
designed for pregnant women IG=19
and guided by trained Midwives. CG =34
(Vallim et Randomised IG =31 Pregnant women IG = Pregnant women will take ~ Most participants showed better
al,, 2021) Clinical CG=35 with a gestational ~part in aerobic water exercise psychological conditions in the
Trial age of 28-36 classes specifically for pregnant  intervention group.
weeks women 3-5x/week for 50 min/ Measuring tool: WHOQOL-BREF

session in accordance with
the recommendations of the
American College of Sports
Medicine.

CG = Receive antenatal care
according to standards

questionnaire

*IG: Intervention Group; CG: Control Group; SD: Standard Deviation
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Water Exercise during Pregnancy (SWEP) training course
(Rodriguez-Blanque, Sanchez-Garcia, et al., 2019).
Participants who took part in the study were healthy
pregnant women without any complications from their
current or previous pregnancies. If during the study one of the
following events occurs: Dizziness, chest pain, shortness of
breath, swollen legs, reduced fetal movement, contractions,
bleeding, and premature rupture of membranes, then the
physical exercise will be stopped and the participant will
be taken to hospital for treatment. according to complaint
(Navas et al., 2020; Navas et al., 2021a; Rodriguez-Blanque
etal,, 2020; Rodriguez-Blanque, Sanchez-Garcia, et al., 2019;
Rodriguez-Blanque, Sanchez-Garcia, et al., 2019a; Vazquez-
Lara et al., 2019; Granath, et al., 2022; Vallim et al., 2021).

Ideal gestational age when doing water exercise

The division of groups in the articles we analyzed all
divided the research participants into two groups, namely
the intervention group and the control group, both of whom
were given antenatal care during pregnancy by a midwife or
obstetrician-gynecologist in accordance with standards and
provided aerobic water exercise in the intervention group
(Navas et al., 2020; Navas et al., 2021a; Rodriguez-Blanque
etal., 2020; Rodriguez-Blanque, Sanchez-Garcia, et al., 2019;
Rodriguez-Blanque, Sanchez-Garcia, et al., 2019a; Vazquez-
Lara et al., 2019; Vallim et al., 2021). There is one article that
provides a physical exercise intervention on land to a control
group that compares it with an intervention group that was
given physical exercise in the water (Granath, et al., 2022).

The research participants involved in this study were
pregnant women in the second trimester of pregnancy,
which physiologically at this gestational age has changed the
structure of the spine so that pregnant women often complain
of back pain, the burden of the fetus carried by the mother
will increase, and Other complaints felt by pregnant women
will increase at this gestational age, so that it will affect the
decline in the mother’s quality of life during pregnancy
(Lagadec et al., 2018). Therefore, providing physical exercise
in water here is 2x more effective in improving bone posture
because movements carried out in water can strengthen
bones and muscles, so that back pain in pregnant women
can be reduced (Wu et al., 2021; Peng et al., 2022). If done
regularly, water exercise will also relax the pelvic muscles,
which can reduce tearing of the birth canal during labor
(Cancela-Carral et al.,, 2022; Wu et al.,, 2021). In theory,
water exercise can increase a persons hormones dopamine,
serotonin and noradrenaline so that if applied to pregnant
women it will have a positive impact on the mother’s quality
of life during pregnancy (Kepley et al., 2023). Apart from
that, water exercise also has a therapeutic effect compared
to exercise done on land, which can also reduce maternal
depression in dealing with complaints during pregnancy
(Cancela-Carral et al., 2022; Wu et al., 2021).

Quality of Life Post-intervention

The mother’s quality of life during pregnancy is often
influenced by several factors, such as a lack of support
system from those closest to her, complaints felt during
pregnancy, changes in body image, fear of facing childbirth,
and others (Kepley et al., 2023). In this systematic review,

various outcomes were found after participants were given
the intervention. Aerobic water exercise, which was carried
out regularly by research participants, had a positive impact
on them compared to the control group who were only given
standard antenatal care (Navas et al., 2020; Navas et al.,
2021a; Rodriguez-Blanque et al., 2020; Rodriguez-Blanque,
Sanchez-Garcia, et al,, 2019; Rodriguez-Blanque, Sdnchez-
Garcia, et al., 2019a; Vazquez-Lara et al., 2019; Vallim et al.,
2021). There was less pain during childbirth in the group of
participants who did aerobic water exercise regularly. This
was monitored by the research team itself starting from the
participant recruitment process, namely pregnant women
aged 12 weeks, then carried out health screening and given
intervention when the mother entered the second trimester
and assessed pain during labor using VAS (Navas et al., 2020;
Navas et al., 2021a).

The quality of life of pregnant women is closely related
to the incidence of depression during pregnancy until
postpartum. In the above study, measuring the possibility
of depressive symptoms using the Edinburgh Postnatal
Depression Scale (EPDS) questionnaire, which has adequate
sensitivity and specificity for identifying depressive
symptoms during pregnancy. The results obtained were that
after the water exercise intervention was given, depressive
symptoms decreased in the intervention group compared to
the control group (Navas et al., 2020).

Research that compares the differences in effect between
water exercise and land base physical exercise (LBPE) also
shows that after being given regular intervention, the water
exercise group can reduce back pain more than the LBPE
group (Granath, et al,, 2022).

Discussion

This systematic review aims to analyze the benefits of
aerobic water exercise in improving the mother’s quality of
life during pregnancy. From a search in the journal database,
8 relevant articles were found. The limited amount of recent
research that addresses this issue shows that Aerobic water
exercise has a positive impact in improving the quality of life
of mothers and has not received much attention, even though
improving the quality of life of mothers during pregnancy is
the main axis in the realization of global problems, namely
maternal and fetal mortality rates (Pascual & Langaker,
2023).

Aerobic water exercise is carried out according to
the recommendations of the American College of Sports
Medicine, namely carried out regularly 3-5 sessions/week,
55-65% of maximum heart rate, where the intensity of
exercise in pregnant women will be lighter than in non-
pregnant conditions, duration ideally 20-60 min, and pay
attention to a heart rate of no more than 140 bpm and a
temperature below 38°C (Stine et al., 2023). For pregnant
women, doing physical exercise in water can provide many
benefits, such as improving body image, reducing back pain,
and managing the mother’s emotions during pregnancy
(Kepley et al., 2023; Gangakhedkar, 2022).

Measuring the quality of life of pregnant women can be
assessed using a standard instrument, namely the EQ-5D,
which has a very good level of validity and reliability for
assessing the health condition of each individual (Feng et
al,, 2021). The EQ-5D questionnaire has a preference basis
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with specific questions for each dimension, consisting of
mobility, discomfort, pain, and maternal anxiety/depression
during pregnancy (Navas et al.,, 2020; Navas et al., 2021a;
Feng et al., 2021). Pain measurement is also included
in the questionnaire which is measured using the Visual
Analog Scale (VAS), which is used to measure maternal
labor pain (Navas et al., 2020; Navas et al., 2021; Zhang
et al., 2023). Assessment of maternal quality of life using
this questionnaire was also applied to the articles analyzed,
which showed the results that aerobic water exercise was
able to reduce maternal depression symptoms during
the antenatal to postnatal period and was able to reduce
pain during childbirth so that the mother’s quality of life
increased (Navas et al., 2020; Navas et al., 2021a). Other
studies use different measuring instruments to assess
the level of maternal depression such as the Edinburgh
Postnatal Depression Scale (EPDS) questionnaire, Health-
Related Quality of Life (HRQoL) questionnaire (Navas et al.,
2020; Navas et al., 2021a; Rodriguez-Blanque et al., 2020).
This is in accordance with previous research which states
that physical exercise can significantly reduce depression
in mothers compared to mothers who do not do physical
exercise during pregnancy (Sanchez-Polan et al., 2021; Silva-
Jose et al., 2023).

Preeclampsia is one of the most common causes of
maternal death throughout the world. This can be prevented
through earlyscreeningduringthefirsttrimester of pregnancy
by monitoring the increase in blood pressure in pregnant
women (Shandilya, Sinha & Rani, 2023). Stabilizing blood
pressure can also be done by doing regular aerobic water
exercise, which has been proven in the analyzed article that
the Aquatic exercise program for pregnant women (AEPPW)
is given for 6 weeks starting from 24-28 weeks of pregnancy
to 32-36 weeks, done 2x/week for 45 min/session. To provide
hyperbaric stimulation, the intervention was carried outin a
pool with a depth of neck level, which significantly stabilized
maternal blood pressure during pregnancy compared to the
group that was not given the intervention (Vazquez-Lara et
al., 2019).

From this systematic review, relevant articles have
proven that aerobic water exercise can reduce pain during
labor, reduce the use of epidural analgesics during labor,
reduce maternal depression during pregnancy, reduce the
risk of fetal distress, stabilize maternal blood pressure,
reduce maternal back pain, and improve the condition of
the mother. maternal psychology.

Strenght and Limitations

This systematic review has the advantage that it lies in
the research design that analyzed only randomized control
trials, considered the most reliable scientific evidence
because it eliminates false causality. Providing aerobic water
exercise which has a stable intensity and duration so that the
results obtained are very relevant and recommended. The
limitation that we encountered is that there is still limited
recent research that addresses this issue, showing that
Aerobic water exercise has a positive impact in improving the
quality of life of mothers, it has not received much attention,
even though improving the quality of life of mothers during
pregnancy is the main axis in realizing global problems,
namely reducing mortality rates mother and fetus.

Conclusions

Based on the relevant articles that we found, we can
conclude that Aerobic Water Exercise which is carried out
regularly starting from the 2™ trimester of pregnancy will
have a positive impact in improving the quality of life of
pregnant women.
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Mera mocmimkeHHA. MeToI0 IIbOTO OCT/PKeHHA Oy/no mpoaHamisyBaTy eeKTMBHICTD, TepeBaru Ta OeseKy BUKOHaHHA
BIIPaB 3 aKBaaepOOIKy AJIs HOKPAI[EHHS sIKOCTI XXUTTS BaTiTHNUX JKIHOK 3 IICMXOJIOTi4HOI Ta (Pi3MYHOI TOYOK 30pYy.

Marepiann Ta metogu. Ilpencrasiene BOCIiIKEHHA BM3HAYAE€TbCA AK BUJ, CUCTEMATUYHOTO OINIAAY 3 BUKOPUCTAHHAM
HOLIYKOBYUX 3aIUTIB Y HAYKOMeTPUYHMX 0asax AaHMX >XypHaiis, sik-oT MEDLINE-PubMed, Web of Science, Scopus i Science
Direct. KpurepisiMn BKITIOYEHHs 10 LIbOTO KOCIIKeHHs 6y/iu cTarTi, onyO/miKoBaHi 3a OCTaHHi 5 POKIB, B IKMX 0OrOBOPIOBAINCS
IMTaHHSA BariTHOCTI, BUKOHAHH: BIIPaB 3 aKBaaepoOiKu Ta SKOCTI KUTT Mif yac BariTHoCTi. 3arajioM 6y/10 BUABIEHO 53 cTarTi
3 HayKOMeTpu4HNX 6a3 ganux Science Direct, PubMed ta Web of Science. [l cucremaruaHoro orsafy 6yio BifibpaHo Ta mpo-
aHaji30BaHO 8 cTarell, AKi BifmoBiganmu KputepiaM BKmodeHHA. IlJo cToCcyeThcA CTaHAApTHMX omeparil, JaHe NOCTi)KeHH
IIPOBOAVIOCA BifMOBifHO 1o pekoMeHpauiil “Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)”
(ITepeBa>kHi efreMeHTH 3BITHOCTI /IS CHCTEMAaTUYHNX OIVIAMIB i MeTa-aHali3iB).

Pesynbratn. OTprMaHi pesynbTaTy CUCTEMAaTHYHOTO OMIANY BKA3yIOTh HA Te, IO 3a/ydeHHs IO 3aHATh aKBaaepoOikoio
CIIpUsi€ 3HVDKEHHIO 60/IbOBOTO CHH/IPOMY IIiJ Yac M0JIOTiB, 3MEHIIIEHHIO 3aCTOCYBAHHSI ellifjypa/JbHIX aHa/IbIeTHKIB IIif] Yac 110-
JIOTiB, 3HIDKEHHIO PiBHA fienpecii Imifi yac BariTHOCTI, 3HIDKEHHIO PU3NKY AUCTpeCy IUIOfa, cTabinizanii apTepiabHOrO THCKY,
3MEHIIIeHHIO OO0 B CIIVHI Ta MOKPAIeHHIO IICUXO/IOTIIHOTO CTaHy BariTHUX >KiHOK.

BucHoBKu. PeryisipHa mpakTyKa BUKOHAHHS BIIPAaB 3 aKBaaepOoOiKy, IIOYNMHAKYM 3 2-TO TPUMECTPY BaTriTHOCTI, CIIpMsi€ 1O-
3UTVMBHOMY BIUIMBY Ha IIOKpAIll€eHHs AKOCTi XXUTTA BariTHMX JKiHOK.
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Abstract

Objectives. The study aims to comprehensively analyze the existing literature on the relationship between
biomechanics and tennis performance, with a particular focus on enhancing Olympic accomplishment.

Materials and methods. Scopus was used to search three fields in each record: (1) Author’s name, (2) Journal

Name where the paper was published, (3) Total citations. Bibliometric analysis was employed as a component of the
analysis. To obtain a comprehensive and accurate understanding, the data was analyzed and interpreted using several
methods of data triangulation. VOSviewer software was applied to generate distance-based co-occurrence maps for
bibliometric analysis and synthesis. The terms extracted from keywords, titles, and abstracts were categorized and
organized based on their level of interconnectedness. The keywords “Biomechanics” and “tennis performance” are
commonly employed in the study, and their meanings are often interpreted in different settings. The search yielded
240 papers and 6137 citations, which were used in the study conducted between 2000 and 2024.

Results. The study’s findings identified “key authors, countries, and subject areas” contributing to the field of
biomechanics research in tennis, emphasizing interdisciplinary collaboration and future research directions.
Conclusions. In conclusion, the study provides a foundation for continued research and innovation in championing

Olympic excellence through biomechanics research in tennis.

Keywords: biomechanics, tennis performance, Olympics, bibliometric analysis, VosViewer.

Introduction

To attain Olympic excellence in tennis, it is necessary
to thoroughly comprehend the biomechanical elements that
impact performance at worldwide levels (Martin et.al., 2021).
Although tennis players aim to achieve their highest level of
physical fitness and technical proficiency, there still needs
to be more knowledge regarding the specific biomechanical
processes that contribute to optimal performance (Lambrich
& Muehlbauer, 2023). These factors impede coaches, players,
and sports researchers from fully exploiting the capabilities
of biomechanics to optimize tennis performance at the
highest levels (Papageorgiou, 2021). Hence, it is imperative
to thoroughly examine and promote the importance
of biomechanics in enhancing tennis performance at
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worldwide levels, thereby contributing to the progress of
Olympic excellence in tennis (Zhu, 2017).

The impact of biomechanics on tennis performance at
the world level, especially in promoting Olympic excellence,
is significant (Ferrandez et.al,, 2021). Biomechanics,
the scientific discipline that investigates the mechanical
properties and behaviors of living beings, is essential for
comprehending and enhancing the actions executed by
tennis players (Brocherie & Dinu, 2022). Biomechanics
offers useful insights for enhancing technique, power, and
effectiveness on the court by analyzing the forces, angles, and
kinematics associated with each stroke (Touzard et.al., 2019).

At the pinnacle of competition, even small modifications
in a player’s biomechanics can have a substantial impact
on their performance (Wood et.al., 2023). Biomechanical
analysis assists tennis players in optimizing their strokes for
increased speed, precision, and consistency across several
aspects of their game, such as the serve, forehand, backhand,
and volley (Pardiwala et.al., 2020). Understanding the ideal
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racket angle and contact point for a serve can result in faster

serves with enhanced accuracy, providing players with a

competitive advantage over their opponents (Li et.al., 2023).
In addition, biomechanics plays a crucial role in

identifying possible injury hazards and assisting in the

development of methods to prevent injuries (Hayes et. al.,

2023). Through the examination of the biomechanics of

motions, coaches, and sports scientists can create training

programs that reduce bodily strain and enhance performance

(Yu et. al., 2018). In the sport of tennis, which is physically

demanding and intensive, injuries caused by repetitive

movements and overexertion are common (Suprunenko,

2021). This makes it even more crucial to devote attention

to this concern.

In the worldwide arena of Olympic competition, the
incorporation of biomechanics into training programs
and coaching methods is becoming more prevalent (Brito
et al,, 2023). Olympic winners utilize biomechanical data
to precisely refine their technique, optimize their physical
fitness, and strategically plan their gameplay in order to
surpass their opponents (Pluim et al., 2023). Consequently,
sportsmen demonstrate extraordinary accomplishments
on the tennis court, shattering records, and mesmerizing
spectators with their agility and talent (Fletcher et al., 2021).

Biomechanics plays a crucial role in tennis performance
at the global level, particularly in the quest for Olympic
success. Its significance cannot be exaggerated (Yeadon
& Pain, 2023). By employing biomechanical analysis and
implementation, athletes can enhance their abilities,
minimize the risk of injuries, and attain unprecedented levels
of success, thereby establishing themselves as champions in
the realm of tennis (Deng et al., 2022).

Bibliometricanalysis,amethod thatemploys quantitative
techniques to examine a large amount of published research
in a specific field (Donthu et al., 2021; Mukherjee et.al.,
2022), can be utilized as a rigorous approach to increase
the objectivity of the study. The study aims to provide
a concise overview of research trends, serving as a guide
for future research endeavors. Therefore, the study aims to
review and provide an overview of Biomechanics Impacting
Tennis Performance on the World Stage research published
in top-tier journals using bibliometric analysis, contributing
seminal insights to the following research questions (RQs):
o Which author and journals have published the most

number of studies on the subjects of biomechanics and

tennis performance?

o Which papers on the subject of biomechanics and
tennis performance have received the most number of
citations?

o What are the leading keywords in papers about the fields
of biomechanics and tennis performance?

o Which countries display strong collaboration networks
in the field of biomechanics and tennis performance?
The purpose of the study is to thoroughly examine

the current body of literature on the relationship between

biomechanics and tennis performance, specifically with an
emphasis on promoting Olympic success. The study aims to
utilize bibliometric analysis with VosViewer to determine the
authors and journals that have published the highest number
of articles on biomechanics and tennis performance. The
study will help to identify the primary contributors to the
discipline. Moreover, the study will identify the publications

that have garnered the highest number of citations, so
highlighting the most prominent works in the field. The study
will uncover the main subjects and areas of concentration
in the fields of biomechanics and tennis performance by
finding prominent keywords in the literature. Moreover,
the study investigates the collaboration networks among
countries, providing insights into robust connections and
possible opportunities for cooperation. This bibliometric
analysis offers significant insights to researchers, coaches,
and athletes aiming to improve tennis performance at the
Olympic level. It contributes to the progress of sports science
and the pursuit of Olympic excellence.

Material and Methods

The study implies that researchers prioritize the
most relevant papers pertaining to their investigation on
“Championing Olympic Excellence: A Bibliometric Analysis
of Biomechanics Impacting Tennis Performance on the
World Stage”. The Scopus database was selected as a reputable
source for retrieving citation data due to the importance
of understanding the function of biomechanics in tennis
play. Understanding the principles of biomechanics is one
of the primary goals. This is essential because the terms
“Biomechanics” and “tennis performance” are commonly
used yet can be understood differently depending on the
circumstances. The search produced 240 papers and
6137 citations, which were used in the study conducted
from 2000 to 2024. This extensive dataset serves as a strong
basis for assessing the influence of biomechanics on tennis
performance at the global level. Figure 1 illustrated below
shows the flow of information during different phases of a
systemic screening process.

7
R . Keywords used:
Records identified through the “Bi, hanics” AND “Tennis”
Scopus database AND “Performance”
\ Time Frame: 2000-2024
Vs

|

Excluded due to Book,
and Book Series
(n=13)
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(n=255)

L

Records after
(n=242)

J L

Records after
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Studies included in the
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Fig. 1. Visual representation of the flow of information through
the different phases of a systemic screening process. Source: Self-
prepared by Author

The PRISMA modelin Figure 1 provides a structured and
transparent overview of the screening process for identifying
relevant studies. Initially, 255 records were identified
through the Scopus database using specific keywords related
to “Biomechanics,” “Tennis,” and “Performance” within the
timeframe of 2000-2024. From this initial set, 13 records were

excluded as they were from book, conference, or book series
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Table 1. Inclusion and Exclusion Criteria

Criterion Inclusion Exclusion
Keywords Records cor.lferring the .relationship between Records excluded in which variables have no relation
biomechanics and tennis performance
Type of Literature Journals, Review Articles Book series, book, chapter in book
Language English Other than English
Timeframe Concerning 2000-2024 <2000
Paper Stage Final stage Excluded that are on the running stage

publications, and an additional 2 records were excluded
because they were articles in press, not yet published. After
applying these exclusion criteria, 242 records remained.
Subsequently, four records were further excluded due to
being in languages other than English, resulting in a total
of 240 records. Finally, 236 studies were included in the
synthesis, meeting the criteria for relevance and forming the
basis for analysis. Overall, the PRISMA model illustrates how
the initial pool of records is progressively refined to select
studies for synthesis and analysis, ensuring a systematic and
rigorous approach to literature review.

Scopus was used to search three fields in each record:
(1) Author’s name, (2) Journal Name where the paper was
published, (3) Total citations. Bibliometric analysis was
utilized as a component of the analysis. In order to obtain
a comprehensive and accurate understanding, the data was
analyzed and interpreted utilizing several methods of data
triangulation. VOSviewer software was utilized to generate
distance-based co-occurrence maps for bibliometric analysis
and synthesis. The terms extracted from keywords, titles,
and abstracts were categorized and organized based on their
level of interconnectedness (Van Eck & Waltman, 2010).

The supplementary Table 1 provides a comprehensive
overview of the criteria used to select papers for the study
on the biomechanics that impact tennis play. The inclusion
requirements in the “Criterion” column require that records
establish the relationship between biomechanics and tennis
performance. This ensures that only papers that are directly
pertinent to the study topic are incorporated. Conversely,
the exclusion criteria specify that records are eliminated
if variables are unrelated to the issue. This process aids in
eliminating unnecessary papers that may not provide any
valuable insights into the investigation. The literature type

Table 2. Citation analysis of different authors

considered includes journals and review articles, which are
known for their rigorous and concentrated approach toward
specific issues. Excluding book series, individual books, and
book chapters are necessary as they may lack the necessary
depth or relevance required for the study.

Only publications written in English are included in
the study, as the researchers performing the study are profi-
cient in English. Papers written in languages other than Eng-
lish are not included because they may present language bar-
riers. The study encompasses a timeframe from 2000 to 2024,
which allows for the inclusion of recent research while also
catching a substantial volume of relevant literature. Papers
published prior to 2000 are removed due to the potential in-
sufficient relevance to current trends or breakthroughs in the
subject. Finally, papers that are in the final stage are included,
while those that are in the running stage are excluded. This
guarantees that only research that has been finished and eval-
uated by experts is taken into account for the analysis.

Citation Analysis

The study “Championing Olympic Excellence: A Biblio-
metric Analysis of Biomechanics Impacting Tennis Perfor-
mance on the World “Stage” offers general research statis-
tics, including the “number of papers published each year,
the most referenced documents, the significant authors, the
prominent journals, and the leading countries in the field”.

Table2above presentsasummary of citations, specifically
focusing on the top 10 most often cited publications on
the subject. The information provided above serves as
the foundation for a thorough analysis of the impact of
biomechanics on tennis performance and the difficulties
encountered by tennis players at the global level.

Sr. No. Authors Source/journal Total Citations
1. Liao and Masters (2001) Journal of Sports Sciences 263
2. Lees (2003) Journal of Sports Sciences 228
3. Schack and Mechsner (2006) Neuroscience Letters 161
4 Palut and Zanone (2005) Journal of Sports Sciences 126

Huys, Canal-Bruland, Hagemann, Beek, Smeeton, .
5. and Williams (2009) Journal of Motor Behavior 124
6. Girard, Micallef, and Millet (2005) Medlc'me and Science in Sports and 116
Exercise
. Bahamonde (2000) Journal of Sports Sciences 115
8. Kibler, Wilkes, and Sciascia (2013) Clinics in Sports Medicine 115
9. Rumball, Lebrun, Di Ciacca, and Orlando (2005) Sports Medicine 112
10. Mark Williams, Huys, Cafal-Bruland, and Hagemann Human Movement Science 109

(2009)
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An analysis of author citations provides valuable insights
into the main subjects and issues discussed in the field of
biomechanics that impact tennis performance. Author-
based evaluation offers initial insights into the possible
impacts on the study field. The study conducted by Liao and
Masters (2001) has received 263 citations in the Journal of
Sports Sciences. The study conducted two experiments to
investigate the idea that learning by analogy activates
characteristics of an implicit mode of motor learning. A
study conducted by Lees (2003) that examined the recent
advancements in the utilization of scientific principles in
racket sports has garnered considerable interest. The paper
was published in the Journal of Sports Sciences and included
228 citations. The paper “Representation of motor skills in
human long-term memory” by Schack & Mechsner (2006)
had 161 citations as reported in Neuroscience Letters.

Palut and Zanone (2005) conducted a study in which
they utilized self-organization theories and dynamical
system models to examine the collective behavior of
tennis players. Their research garnered 126 citations in the
Journal of Sports Sciences. In their study, Huys et al. (2009)
investigated the significance of local dynamical information
in predicting the direction of tennis shots. Their research
garnered 124 citations in the Journal of Motor Behavior.
Girard et al. (2005) published a scholarly study titled
“Lower-limb Activity during the Power Serve in Tennis:
effects of Performance Level” in the journal Medicine and
Science in Sports and Exercise and has been cited 116 times.
Bahamonde (2000) highlighted the significance of “Changes
in angular momentum during the tennis serve,” which has
received 115 citations in the Journal of Sports Sciences.

Kibler et al. (2013) published a scholarly study titled
“Mechanics and Pathomechanics in the Overhead Athlete”
in the journal Clinics in Sports Medicine. The publication
has received 115 citations. A study conducted by Rumball
et al. (2005) examined the prevalent injuries documented in
the literature, specifically focusing on musculoskeletal issues
in the lower back, ribcage, shoulder, wrist, and knee. The
study was published along with 112 citations in the field of
Sports Medicine. The manuscript, authored by Williams et.al.
(2009), investigates the mechanisms involved in anticipating
groundstrokes in tennis. This is done by manipulating
the dynamic information given at various body regions,
including the racket. The study has garnered 109 citations in
the journal Human Movement Science. The analysis offers
initial insights into the most impactful research and probable
avenues for future studies in the subject of biomechanics in
tennis performance at the global level.

Yearly Publication

The chart in Figure 2 illustrates the total number of
publications on biomechanics and tennis performance that
have been indexed in Scopus from the year 2000 to 2024.
Between 2000 and 2004, the total number of publications
is rather limited, with an annual publication count ranging
from 2 to 7 pieces. This indicates a narrow concentration on
the subject matter in this timeframe.

Between 2005 and 2014, the number of publications
varied but remained consistently low, with an annual range
of 5 to 13 papers. This suggests a gradual albeit moderate
rise in study interest regarding the relationship between

Yearly Publication
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Fig. 2. The number of total publications on biomechanics and
tennis performance indexed in Scopus 2000-2024

biomechanics and tennis performance. In 2015, there
was a little increase in the number of publications, with
11 papers. This was followed by a consistent pattern in the
subsequent years, with an average of 10 to 15 papers being
published annually. In 2021, there is a notable increase in
research efforts in biomechanics and tennis performance, as
evidenced by the peak in publishing with 24 papers.

Nevertheless, in the years 2022 and 2023, the quantity of
publications experiences a minor reduction to 15 and 19 pa-
pers respectively, suggesting a possible stabilization or tiny
fall in research production compared to the preceding year.
By 2024, there are merely three articles, suggesting that either
the trend observed in prior years persists or it is too early in the
year to obtain a comprehensive overview of scientific produc-
tion. In general, the data indicates an increasing fascination
in the field of biomechanics and study on tennis performance
for the last twenty years, however, there have been variations
in the amount of research conducted from year to year.

Top Authors

The graphical data in Figure 3 represents the top authors
and the number of documents they have published in the field.

The above table 3 presents the Top authors and the
number of documents they have published in the field. Reid,
M. is at the top of the list with 27 articles, demonstrating
a noteworthy impact on tennis performance through
their considerable contributions to the scientific research
of biomechanics. Whiteside, D. has published 13 papers,
demonstrating a significant amount of research output.
Gu, Y., Martin, C,, Bideau, B., Baker, J.S., Elliott, B., Iino, Y.,
Kulpa, R., and Rogowski, I. have a smaller number of

30
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Fig. 3. Top authors and the number of documents they have
published in the field
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publications but still make a significant impact in the area,
with 6 to 11 articles each.

The cluster diagram depicted in Figure 4 indicates that the
authors have been actively involved in researching biomechan-
ics and tennis performance, thereby making significant contri-
butions to the existing knowledge in this field. Their work is
likely to encompass a wide range of biomechanical elements,
such as the analysis of techniques, prevention of injuries, opti-
mization of equipment, and enhancement of performance in
the sport of tennis. Their combined endeavors have probably
played a significant role in the progress and understanding of
how biomechanics impacts tennis performance, leading to
valuable insights and developments in the discipline.

Subject Area Analysis

Figure 5 represents the allocation of research papers
in different fields of study pertaining to the influence of
biomechanics on tennis performance. The subject areas of
Medicine and Health Professionshave the highest occurrence,
with 180 and 143 documents respectively. This suggests a
notable emphasis on the medical and health-related elements
of biomechanics in tennis, encompassing injury prevention,
rehabilitation, and athlete health management.

The fields of Biochemistry, Genetics, and Molecular Bi-
ology are represented by 38 documents, indicating a sig-
nificant focus on the molecular factors that drive biome-
chanical processes in tennis play. The areas of Psychology,
Engineering, and Neuroscience have a lower number of
documents, specifically 21, 19, and 18 respectively. These
subject areas likely investigate elements such as cognitive
readiness, equipment engineering, and neurological systems
implicated in tennis performance.

The fields of Multidisciplinary, Computer Science, and
Social Sciences all contain a relatively small number of docu-
ments, suggesting that scholars from different disciplines are
contributing to the study of biomechanics in tennis from dif-
ferent angles. The field of Environmental Science has the lowest
number of documents, specifically 10, indicating a relatively
lower emphasis on studying the impact of environmental con-
ditions on tennis biomechanics compared to other topic areas.

Top 10 Subject Area Analysis

= Medicine

m Health Professions

= Biochemistry, Genetics and Molecular
Biology

m Psychology

= Engineering

= Neuroscience

= Multidisciplinary

= Computer Science

= Social Sciences

Fig. 5. Distribution of documentation in various subject areas

Overall, the data demonstrates that biomechanics re-
search in tennis is interdisciplinary, including multiple do-
mains to provide a thorough understanding of performance
determinants and possible solutions.

Country Analysis

The data in Figure 6 represents the top countries and
regions in research collaboration related to biomechanics
and tennis performance from 2000 to 2024.

Spain

Italy

Japan
Germany
Netherlands
China

France
United Kingdom

Australia

United States

Fig. 6. Top countries and regions in research on documents
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The United States is at the top of the list with
46 documents, demonstrating a substantial contribution
to research in this particular sector (Figure 7). The United
States is a leading center for sports science and technology
research, positioning it as a key contributor to biomechanics
research. Australia and the UK are both ranked second, with
each country having 37 papers. Both nations possess a robust
heritage in the field of sports science and research, which has
resulted in significant advancements in the comprehension
of biomechanics specifically related to tennis. France closely
trails behind with 35 documents, demonstrating significant
scientific collaboration in the fields of biomechanics and
tennis performance. France is a prominent hub for sports

science and is home to several research organizations that
specialize in the study of biomechanics in sports.

In contrast, China’s 26 documents indicate an increasing
interest and cooperation in this subject. China’s emphasis
on sports science and its growing investment in research
and development lead to its inclusion in the list of top
countries. The Netherlands, Germany, Japan, Italy, and Spain
each have contributed 16 to 11 documents, respectively, to
research collaboration in the fields of biomechanics and
tennis performance. These nations are renowned for their
robust sports science programs and research organizations.
In general, the data indicates a worldwide interest and
cooperation in biomechanics research focused on tennis

499



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 3

performance, with contributions from multiple countries
across the globe.

Co-Occurrence of Keywords

Figure 8 illustrates the clustering of keywords based
on their co-occurrence. An extensive analysis of keyword
co-occurrence has been conducted to understand the
development and progression of research on “The Impact
of Biomechanics on Tennis Performance on the World
Stage” In order to carry out a study that is significant, a
minimum requirement of five instances for a specific
term has been employed. As a consequence, there was a
grand total of 154 things out of the overall 1893 keywords.
Firstly, the presence of keywords depicted with large
circles indicates their frequent usage in scholarly articles
on this particular topic. It is evident that the circles
representing “biomechanics, physiology, task performance,
physical performance, females, reviews, muscle training,
psychomotor performance, and muscular strength” phrases
are greater compared to the circles representing other
categories. Less often occurring keywords include “racket
sports, elbow injuries, physical activities, torque, lifespan,
aerobic activity, and sports” terminology. In the future,
scholars may conduct research using these high-frequency
keywords to track present trends or explore new possibilities
based on less frequently occurring terms.

Discussion

The objective of the study was to comprehend the
research collaboration patterns in the fields of biomechanics
and tennis performance between the years 2000 and 2024.
The study utilized the Scopus database to identify 240 papers
and 6137 citations, creating a comprehensive dataset for
analysis. The inclusion criteria were designed to select
only pertinent papers, specifically targeting journals and
review articles published in English from 2000 to 2024. By
conducting citation analysis, it was determined that the most
influential authors on this subject are Reid, M., who has
published 27 papers, and Whiteside, D., who has published
13 papers.

The citation review emphasized prominent articles,
including those authored by Liao and Masters (2001) and
Lees (2003), which indicated substantial focus on subjects
such as motor learning and the utilization of scientific
principles in racket sports. Moreover, the allocation of data
across different subject areas demonstrated a significant
concentration on Medicine and Health Professions,
suggesting a prioritization of athlete health and the
prevention of injuries. The investigation also identified the
foremost countries in scientific collaboration, with the United
States taking the lead, followed by the UK and Australia.
In addition, an analysis of keyword co-occurrence revealed
significant terms such as biomechanics, physiology, and
task performance, indicating areas of focus and prospective
avenues for future research. Overall, the study offers useful
insights into the interdisciplinary aspects of biomechanics
research in tennis and its implications for enhancing athletic
performance at the global level.

The objective of our study was to analyze the patterns of
research collaboration in the fields ofbiomechanicsand tennis

performance during the past 24 years using bibliometric
analysis. Daud et al. (2021) aimed to perform a bibliometric
analysis in the field of optimization in sports by examining
works published from 2011 to 2020. Ultimately, the study
presented an overview of the existing body of literature on
the subject of optimization in sports within the past decade.
In a similar vein, Safari and colleagues (2022) conducted
a study to examine the use of network embedding-based
visualization in analyzing data science in sports activities
using a large-scale dataset. A total of 805 articles published
between 1997 and 2020, written by 3141 authors from
1181 institutions across 60 countries, were collected using
WOS using R, Cite Space, and VOS viewer.

The number of papers on elbow pain (EP) in overhead
sports is growing. Li et al. (2022) performed a bibliometric
analysis to discover the research patterns about EP in
overhead sports. The VOSviewer software was used to extract
and evaluate several metrics from 455 qualified papers,
including author name, article title, publishing journal,
keywords, organization, publication country/region, and the
sum of times cited. This analysis yielded the primary research
results for three aspects. Bibliometrics, scientometrics,
and informetrics are disciplines that primarily study the
statistical evaluation of science by analyzing publications
and citations. There is a diverse range of citation metrics
that offer insights into the impact or influence of journals,
specific articles, and authors. Dindorf et.al (2022) conducted
a bibliometric analysis of highly cited articles in the
journal Sports Biomechanics to investigate the hypothesis
of the publication’s excellent reputation among scholars.
A systematic search was conducted in three prominent
databases, namely Google Scholar, Scopus, and Web of
Science, to identify the articles with the highest number
of citations published in the field of Sports Biomechanics
during the initial fifteen-year period (2002-2016) of its
publication.

Conclusions

In conclusion, biomechanics has a substantial
impact on shaping tennis performance. Through an in-
depth understanding of the body’s movement and its
interaction with equipment, players can enhance their
techniques, strength, and precision on the court. By
conducting biomechanical analysis, athletes and coaches
may pinpoint specific areas that need development,
enhance stroke mechanics, and proactively avoid injuries.
The comprehension of biomechanics not only improves
tennis performance but also adds to the overall progress
of the sport. By integrating biomechanical principles into
training and coaching tactics, players may strive to achieve
enhanced consistency, efficiency, and effectiveness in their
game. The study of biomechanics in tennis offers useful
insights that can assist players in maximizing their abilities
and attaining success at the global level.

The bibliometric analysis of biomechanics’ impact on
tennis performance at the global level provides significant
insights into the scientific field. The analysis identified the
key authors, journals, countries, and subject areas that
are making significant contributions to this field. Using
VOSviewer software, the study investigated co-authorship
networks and keyword co-occurrence to identify significant
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trends and areas of interest. The notable representation of
countries such as the United States, Australia, and the United
Kingdom highlights the worldwide interest in this subject.
Suggestions involve promoting global cooperation
to further enhance studies in the field of biomechanics
and improve tennis play. Furthermore, advocating for
multidisciplinary methodologies, namely in fields like
psychology and engineering, has the potential to enhance
comprehension of the intricate interplay between
biomechanics and athletic prowess. Potential future avenues
of exploration could include examining nascent technology,
such as wearable sensors and virtual reality, in order to
augment training methodologies and optimize player
performance. In summary, this study establishes a basis
for further investigation and advancement in promoting
Olympic greatness in tennis through biomechanics research.
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JocArHeHHA oniMniNncbKoi AOCKOHANOCTi:
bi6niomeTpunuHnin aHanis 6iomexaHikn, Wo BNABae
Ha pe3ynbTaTUBHICTb PN y TeHiC Ha CBITOBIN apeHi

Cynin Kymap'4*°P, Patna [Tac?*AB<P

'TIpexpacHnit npodeciitunit yHiBepcuTer
“[I>xaBaxap HaBopait Bimpsimai

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

Pedepar. Crarrs: 10 c., 2 Tabn., 8 puc., 36 mxepern.

Merta gocnimxeHHsA. JlocmikeHHA CIIpAMOBaHe Ha IPOBEJEHHA KOMIIJIEKCHOTO aHasli3y HAasABHUX JIiTEPaTypHUX JKeper
IIOfI0 B3aEMO3B A3KY MiX 610MeXaHiKOI0 Ta Pe3y/IbTaTUBHICTIO IPM Y TEHIC, 3 HEBHUM aKI[eHTOM Ha IIiIBUIeHH: PiBHA OMIMITili-
CbKUX JIOCSATHEHbD.

Marepianu Ta MeTOAM. 3a JOIIOMOTOI0 HayKOMeTpUYHOI 6asy faHuX Scopus 6y/I0 IpOBEEHO MOIIYK 32 TPhOMA [TapaMeTpa-
MMy KOKHOMY 3amuci: (1) iM’st aBTopa, (2) HazBa XypHaly, B SIKOMY OIyOTiKOBaHO CTAaTTIO, (3) 3arajbHa Ki/IbKiCTb LIUTYBaHb.
B sikocTi cK1afoBol aHasIi3y 6y/10 3acTocoBaHO 6i6mioMeTpUYHMIT aHai3. ]I OTpMMAaHHA KOMIUIEKCHOTO i TOYHOTO PO3yMiHHSA
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iH(i)opMauil', 6yno IIPOBENEHO aHaJIi3 Ta iIHTepIpeTalilo NaHNX 3 BUKOPUCTAHHAM JIeKiIbKOX METOIB iX TpiaHTy/ALil. 3 MeTOm
CTBOpPEHH:A AMCTAHIIIHIX Mal CIIIbHOI 3yCTPiYabHOCTI /1A 61671i0MeTPUYHOrO aHa/Mi3y Ta CMHTe3y Oy/I0 3aCTOCOBAHO IMPO-
rpamHe 3abesnedenns VOSviewer. Tepminy, oTpyMaHi 3 K/I0490BUX CIIiB, Ha3B i aHOTaLil, Oynu KracugikoBaHi Ta cucTeMaTH-
30BaHi BifJIIOBIAHO 10 piBHA iX B3a€MOIOB A3aHOCTI. Y HOCII/PKEHH] 4aCTO BUKOPUCTOBYIOTHCS K/IIOYOBi C/10Ba «b6ioMexaHikay» i
«pe3y/IbTaTUBHICTb TPY Y TEHIC», 3HAUEHHs SIKMX 4aCTO iHTEPIIPeTYIOTbCA B PI3HMX KOHTEKCTaX. 3a pe3y/ibTaTaMyl OLIYKy OY/I0
3HargeHo 240 crareii i 6137 mocwians, sKi 0y/10 BUKOPUCTAHO B JOCII/PKEHH], TpoBefieHOMY B miepiof Mix 2000 i 2024 poxamit.

PesynbraTn. PesynbraTy JOCTiIKeHHA BUSHAYM/IN «K/TIOYOBMX aBTOPIB, KpaiHM Ta MpegMeTHI 00671aCTi», 110 CIIPUSIOTH JOCTTi-
IPKEHHIO B rajlysi 6ioMexaHiKy TeHiCy, MiIKpecIo0dy MDKINCIUIUIIHAPHY CIIBIIPAII0 Ta HAIPAMKM J/IA Ofa/IbIINX HAYKOBMX
TOCITi/I>KEHb.

BucnoBku. TaxuM 4mMHOM, JaHe HOCTIIKEHHS 3a6e3neqye OCHOBY /I IIOJA/IBIIOTO HAYKOBOTO BMBYEHHA Ta iHHOBALill y
TOCATHEHH] O/MIMIIIChKOI JOCKOHAIOCT] II/IAXOM ITPOBefIeHHA 6i0MeXaHiYHMX JOCTiKeHb Y TeHici.

KirouoBi croBa: 6iomexaHika, pe3yIbTaTUBHICTD IpH Y TeHic, OniMIiiicski irpu, 6i6miomerpuannit ananis, VosViewer.
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