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Abstract

Objectives. The Anaerobic Soccer Training (AnST) model was designed to increase variation in soccer training
programs by implementing a game-based approach to matching characteristics. This study aimed to evaluate the
effectiveness of the training model in improving soccer players’ anaerobic abilities.

Materials and methods. The research method used was the ADDIE model consisting of five integrated phases:

Analysis, Design, Development, Implementation, and Evaluation. Eighty-two soccer players from the UNESA male
student activity unit were involved in this study, with 20 samples taken using random sampling techniques. Sample
characteristics included the following data: age 20.05 + 0.69 years, height 165.85 + 5.00 cm, weight 62.08 + 6.82 kg,

and BMI 22.54 + 1.98. The intervention was carried out over a four-week period, with a frequency of three times

a week. The Aiken’s V test was used to analyze the assessment data from three expert judgments, followed by
percentage analysis for content validity. The normality test was conducted using the Shapiro-Wilk test, while

the mean difference was analyzed using the paired sample t-test.

Results. The results showed that in variables for peak power (.001), mean power (.000), fatigue index (.013), Lactate
Week (LW) 1-2 (.020) and LW1-3 (.038), notable differences with significance values below 0.05 were observed.

In contrast, LW1-4 (.631) did not demonstrate significant differences. Overall, the development of the AnST model
successfully improved the anaerobic ability of players, as evidenced by an increase in peak power, mean power,

and a decrease in the fatigue index.

Conclusions. These findings indicate that this training model is effective in enhancing the anaerobic performance

in soccer players.

Keywords: anaerobic, soccer training, repeat sprint, small sided games.

Introduction

Soccer requires high physical ability with moderate to
high-speed running movements in a ninety-minute match
duration, with match intensity reaching 90 % of the maximum
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heart rate (Mendez-Villanueva et al., 2013; Rebelo et al.,
2014). When viewed from the perspective of using its energy
system, McArdleetal. (2014) concluded that playersneed 10 %
energy through the phosphocreatine system, 70 % anaerobic
glycolysis, and 20 % aerobic glycolysis. In addition, based on
previous research, players cover a distance of up to 13 km in
the match and perform sprinting, acceleration, deceleration,
and changes of direction interspersed with short recovery
periods (Beato & Jamil, 2018). A soccer player performs
a sprint action at a speed of >19.7 km/h for 645.71 meters


mailto:dewawijaya@unesa.ac.id

ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 1

(Wehbe et al., 2014), 19.8-25.2 km/h for 771 meters (Carling
et al., 2016), 21.1-24.0 km/h for 518.25 meters (Mifano-
Espin et al., 2017), and 19.8-25.1 km/h for 617.72 meters
(Modric et al., 2019). The number of running frequencies
in one match is 33 times (Chmura et al., 2017) and 31 times
(Minano-Espin et al., 2017). If we look at the data, soccer
requires very complex training with a dominant need for
anaerobic glycolysis. The irony on the field is that coaches
tend not to pay attention to these needs, resulting in less-
than-optimal performance due to the lack of information
on specific physical training models applied to soccer.
Based on previous research, popular anaerobic training
studies include High-Intensity Interval Training (HIIT)
(Faude et al., 2013), Speed Endurance Training (SET) (laia
et al,, 2015), and Repeat Sprint Training (RST) (Beato et al.,
2019). Although these exercises are practical in increasing
players’ anaerobic abilities, in their implementation, there is
no information that these exercises are by the needs of the
game, especially in terms of the frequency and distance of
sprints in one match. In addition, physical training must also
involve elements of technique and tactics (Clemente et al.,
2022); this is in line with previous systematic review studies,
which concluded that a holistic approach positively impacts
training (Kusuma et al., 2024). According to Izquierdo et al.
(2023), coaches should ideally develop a training program
that suits the needs of the competition.

The solution that can be adopted is to develop the
Anaerobic Soccer Training (AnST) model. The develop-
ment adopts the theory of Speed Endurance Training
Maintenance (SET-M) Long Intervals with an intensity of
50-80 %, duration of 15-90 seconds, ratio of 1:1-1:3, and
repetitions of 6-12 (Hostrup & Bangsbo, 2023). This ap-
proach combines elements of high-intensity speed training
with elements of technique and tactics in the match, in line
with research (M. Oliva-Lozano et al., 2023), which found
that repeated sprint ability is needed in soccer games. In
more detail, the load refers to the need for repeated sprints
in the match, namely the average total running distance
(>19.7 km/h) = 638.17 m. The training intensity used in this
exercise is classified as high intensity using the anaerobic
lactate acid energy system. Several studies have identified
that soccer players require energy from various sources, in-
cluding the phosphocreatine system, anaerobic glycolysis,
and aerobic glycolysis (Coratella et al., 2016; Hill-Haas et
al,, 2011; McArdle et al,, 2014; Wong et al., 2012). In addi-
tion, the importance of repeated sprinting ability and high
running frequency during matches has been emphasized
in previous literature. In addition, physical training such as
HIIT, SET, and RST have been studied and proven effective
in improving the physical abilities of soccer players. How-
ever, they have not fully met the needs of matches, especially
in terms of sprint frequency and distance.

To address the gap between existing training models
and the specific match needs in soccer, this study attempts
to develop a new model called Anaerobic Soccer Training
(AnST). One of the unique features of the AnST model is
its more specific approach to the needs of repeated sprint-
ing in soccer matches, which is reflected in training loads
such as the total average running distance at high speed,
the number of sprints, and the duration of sprints without
leaving out the technical and tactical components. Thus, the
AnST model offers a more focused and relevant solution to

improve the physical abilities of soccer players according to
match requirements.

Materials and Methods

Study Participants

82 UNESA male student soccer players comprised
the population in this study, and 20 players were taken
as samples. The sample was taken using a random sam-
pling technique. The characteristics of the sample were
20.05 + 0.69 years old, 165.85 + 5.00 cm tall, 62.08 + 6.82 kg
in weight, and 22.54 + 1.98 in BML. This trial was implement-
ed for four weeks with a frequency of three times a week.

Study Organization

This study uses the Analysis, Design, Development,
Implementation, and Evaluation (ADDIE) Method (Branch,
2009). The analysis stage is marked by identifying problems
in the field, where a lack of a holistic soccer training pro-
gram combines technical, physical, and tactical elements.
In the Design stage, researchers began to design training
called AnST. This training combines the SET-M Long Inter-
val concept with tactical training elements. In the Develop-
ment stage, researchers conducted a Focus Group Discussion
(FGD) to test the validity of the design with the objectives to
be achieved and obtain input from expert judgment. The va-
lidity test involves three expert judgments: soccer, physical,
and game experts. This stage aims to ensure that the product
being developed meets the objectives and is based on the
characteristics of soccer before being tested. In the imple-
mentation stage, researchers conducted a trial where the trial
was carried out with a sample size of 20 people. The last
stage is evaluation, which is carried out to improve certain
elements, adjust the intensity of training, add variations, or
make other changes based on feedback and evaluation re-
sults. The test instrument used at this stage is RAST to deter-
mine anaerobic ability—a questionnaire to test the validity
of the product. In addition, heart rate and lactate monitoring
instruments can be used from a physiological perspective.

Statistical Analysis

Validity test analysis in developing the AnST model uses
quantitative descriptive analysis. The Aiken'V test is used
to analyze the assessment data of three expert judgments.
After the content validity test is declared valid, the assessment
data of three expert judgments are analyzed using percentages
to determine the feasibility of the product being developed.
The normality test in this study uses the Shapiro-Wilk test,
while the average difference test uses the paired sample t-test.

Training Program

This AnST exercise uses the Speed Endurance Training
and Game (SSG) approach with a 1:1 interval. The SSG area
is 20x20 meters, and each player will sprint back and forth
with a distance of 5 meters, 10 meters, and 15 meters before
starting the SSG. The total sprint taken in one repetition is
60 meters, with an estimated time for a 5-meter back-and-
forth sprint of around 2-3 seconds, a 10-meter back-and-
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forth of around 4-5 seconds, and a 15-meter back-and-forth
of around 6-7 seconds. Thus, the total time for a 60-meter
sprint is around 15 seconds.

To start the exercise, players sprint back and forth with
a total distance of 60 meters. After the sprint, players will
immediately play SSG for 1 minute, focusing on ball control.
After completing the sprint and SSG session, players rest for
the same duration as the total sprint and SSG time, which
is around 1 minute 15 seconds (1 minute SSG + 15 seconds
sprint), so the training and rest interval is 1:1. This session
is repeated 10 times so that in one training session, the
total training time (including sprint, SSG, and recovery) is
around 25 minutes. This training aims to improve anaerobic
endurance, with an average heart rate target of >80 % of
HR Max during sprints and SSG in the high-intensity zone.
The total sprints performed by each player in 1 training
session are 600 meters, designed to encourage players to
reach maximum speed and improve their recovery ability
between intense activities.

Results

Table 1. Expert Judgement (EJ) Questionnaire Results

No Question items EJ1 EJ2 EJ3

1 To what extent does the training design 4 4 3
in the product provide enough variety to
maintain user interest and motivation?

2 Does the training design integrate aerobic 4 5 5
and anaerobic aspects in a balanced way?

3 Does the training design integrate 5 4 5
technical aspects of soccer in a balanced
way?

4 Ts there a clear progression in training 5 5 4

design from beginner to advanced level?

5 Does the product provide clear and easy- 5 5 4
to-understand instructions for users?

6 Will the product have an impact on users’ 5 4 4
aerobic ability?

7 Will the product have an impact on users’ 5 5 4
anaerobic ability?

8 Will the product impact users’ technical 4 4 5
ability to play soccer?

9 Will the product have a positive effecton 4 3 5
users’ mood?

10 Does the product have clear guidance and 5 5 4
warnings regarding safe training practices
and injury prevention?
Total 46 44 43

Table 1 above shows the questionnaire results filled out
by three expert judgments. Before the percentage analysis,
the questionnaire data entered the content validity test stage.
The content validation test using Aiken’ V can be seen in the
table below:

Table 2. Aiken’ V Test Results

No Question Items Results EJ3 Description
1 Item 1 0.666666667 Medium
2 Item 2 0.916666667 High
3 Item 3 0.916666667 High
4 Item 4 0.916666667 High
5 Item 5 0.916666667 High
6 Item 6 0.833333333 High
7 Item 7 0.916666667 High
8 Item 8 0.833333333 High
9 Item 9 0.75 High
10 Item 10 0.916666667 Medium

Mean 0.858333333 High

Table 2 shows the evaluation results of 10 questions by
three assessors, with average scores ranging from 0 to 1 and
categorized into “Medium” or “High” Overall, the average
score of all items is 0.86, which falls into the “High” category,
indicating that the assessors rated the majority of questions
very well. The next stage is a percentage test based on the
results of the expert judgment assessment. This analysis aims
to test the feasibility of the product being developed.

Table 3. Product Feasibility Percentage Test

No EJ1 E2 EJ3
1 46 44 43 133

Total Percentage Description
0.886666667  Feasible

Based on Table 3, the total score from the three asses-
sors is 133, with a feasibility percentage of 88.67%, which is
categorized as “Feasible” The next stage is implementation
or trial. This stage uses an experimental method for four
weeks of treatment.

Table 4. Heart Rate Monitoring

Variable Week 1 Week 2 Week 3 Week 4
Average HR  82.92+2.64 83.58+3.48 85.00+4.41 84.92+4.80
Maximum HR 95.50+4.48 95.83+4.37 95.17+5.06 95.25+5.08

Data are presented as mean + SD

Table 4 shows that the heart rate data showed some
changes during the four weeks of training. The average
heart rate increased from 82.92 % HrMax in the first week to
85.00 % HrMax in the third week before decreasing slightly
to 84.92 % HrMax in the fourth week. Meanwhile, the maxi-
mum heart rate remained stable, with an average value of
around 95 % HrMax.

Table 5 shows the results of lactate monitoring from
20 samples over four weeks. The mean lactate increased
from a baseline of 1.59 mmol/L to a peak in the third week
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Table 5. Lactate Monitoring

Statistic Baseline Week 1 Week 2 Week 3 Week 4
Mean 1.59 6.91 6.47 7.56 4.08
Standard Deviasi 0.51 3.54 2.50 3.59 1.74

of 7.56 mmol/L before decreasing to 4.08 mmol/L in the
fourth week. This pattern indicates a significant increase in
lactate during the training period, followed by a decrease
towards the end of the training period, which could indicate
the body’s adaptation to intense training.

Lactate
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Fig. 2. Anaerobic and Physiological Performance Data
Description

Figure 2 above presents the peak power (watt), mean
power (watt), and fatigue index (FI) values before and after
the anaerobic exercise program for 20 samples. The average
peak power before exercise was 502.10 W and increased to
557.21 W after exercise, with standard deviations of 72.08
and 68.82, respectively. Mean power showed an average be-
fore exercise of 388.28 W and increased to 443.01 W af-
ter exercise, with standard deviations of 43.11 and 52.33.

Table 6. Normality Test of Anaerobic and Physiological
Performance

Shapiro-Wilk

Variable

Statistic Df Sig.
Peak Power .964 20 .622
Mean Power 965 20 .645
Fatigue Index .942 20 267
Lactate Week 1 (LW1) 952 20 .398
Lactate Week 2 (LW2) 953 20 422
Lactate Week 3 (LW3) 971 20 783
Lactate Week 4 (LW4) 922 20 102

Table 7. Paired Sample T-Test Anaerobic and Physiological

The fatigue index showed an average before exercise of 42.97
and after exercise 38.68, with standard deviations of 8.58 and
7.91, respectively. These results indicate that the anaerobic
exercise program has succeeded in increasing peak power
and mean power and significantly reducing the fatigue index
in the samples observed.

The normality test conducted using the Shapiro-Wilk
test showed that all variables in the study were normally dis-
tributed with a significance value of Sig. > 0.05. Furthermore,
the test continued to the hypothesis testing stage.

Table 7 shows the differences between the AnST pretest
and posttest. The variables peak power, mean power, fatigue
index, LW1-2, and LW1-3 showed significant differences
with significance values below 0.05. While LW1-4 did not
show significant differences

Discussion

This study shows that AnST has a significant impact
on improving the anaerobic performance of soccer players.
AnST is a combination of SET training and a soccer game
approach. In training, players perform repeated sprints at
high speed and then play 4 vs 4 in a 20-meter x 20-meter
area interspersed with active recovery with a 1:1 interval
ratio. Regarding energy use, the AnST approach applies a
combination of anaerobic energy systems (ATP-PCr and gly-
colytic) and oxidative. When doing repeated Sprints with a
total distance of 60 meters using the anaerobic system, then
shifting to a 4 vs. 4 game, the energy systems contributing
are anaerobic and aerobic and end with a short recovery in-
volving the oxidative system. The AnST program includes 10
repetitions of 60-meter sprints, categorized as long-distance
sprint training. Rey et al. (2024) concluded that short-dis-
tance sprint training (SST) and long-distance sprint training
(LST) are both effective in improving specific soccer perfor-
mance, but LST provides a more significant increase; this
supports the findings of AnST, which also includes the LST
category. Therefore, the AnST program can be considered an
optimal approach to improve the physical capacity of soccer
players.

Previous studies have shown that repeated sprint training
with active recovery has been shown to improve anaerobic
capacity when compared to endurance training (Sokmen et
al,, 2018); this further strengthens the position of AnST as an
effective training tool for improving anaerobic capacity. AnST
training involves a combination of repeated high-intensity
sprints and short rest breaks, which aim to develop muscle

Paired Differences
Variable L. 95 % Confidence Interval of the Difference df Sig. (2-tailed)
Mean Std. Deviation
Lower Upper
Peak Power -55.11 63.17 -84.68 -25.54 19 .001*
Mean Power -54.74 43.07 -74.90 -34.58 19 .000*
Fatigue Index 4.29 6.97 1.03 7.55 19 .013*
LWI1-LW2 -1.35 2.36 -2.44 -2.53 19 .020*
LW1-LW3 -2.08 4.16 -4.03 -.13 19 .030*
LWI1-LW4 32 2.93 -1.05 1.69 19 .631

Data are presented as mean + SD; (*): Significant at pretest (p < 0.05)
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endurance and anaerobic capacity (Garcia-Pinillos et al., 2017;
Rosenblat et al., 2020). This training method is essential for
soccer players because they often have to sprint during matches,
followed by a short recovery phase before the next sprint. With
AnST training, players can be more effective in maintaining
speed performance, increasing physical endurance, and
reducing the risk of fatigue in the final phase of the match.

Significant results related to physiological responses, es-
pecially heart rate (HR), were obtained during the four-week
AnST program. Throughout the time, the training zone con-
sistently reached high intensity in each session. This finding
is in line with previous studies examining the combination of
SSG and running training, which recorded HR of 88.9 + 2.5 %
of HRmax in a 3-sided model and 86.8 + 4.0 % of HRmax ina
4-sided model (Kokli et al., 2020). Previous studies have also
found comparable results, showing that HR remains in the
high-intensity category (Brandes & Elvers, 2017; Halouani et
al., 2017). Previous findings also suggest that high-intensity
interval training can improve aerobic and anaerobic perfor-
mance in soccer players (Arazi et al., 2017; Fang et al., 2021).
AnST training has been shown to consistently produce high
levels of cardiovascular activity, with participants’ HR always
in the intense zone. This condition can be interpreted as a
physiological response due to the high training intensity. In
addition to HR, interestingly, this study also highlights the
lactate levels that arise due to high-intensity training. In the
first three weeks of AnST, lactate levels were significantly in-
creased after the training session. The increased lactate con-
centration is believed to originate from the glycolytic flow rate
(Piero et al., 2018). High-intensity interval training induces
more significant glycolytic activity, with a short time resulting
in high lactic acid, and this activity beneficially contributes to
producing higher levels of ATP (Stoggl & Bjorklund, 2017).
To reduce high lactate, the role of short recovery in AnST is
crucial during repeated sprint sessions and 4 vs 4 games. Dur-
ing short rest periods, the oxidative system plays a role in oxi-
dizing lactate, removing accumulated inorganic phosphate
(Pi), and re-synthesizing phosphocreatine (PCr) (Turner &
Stewart, 2013). These results are in line with previous studies
examining the combined response of SSG with running train-
ing, which resulted in LA - 9.6 = 1.9 mmol-L" in a 3-sided
model and 8.2 + 1.79 mmol-L"! in a 4-sided model (Kokla
et al., 2020). Previous studies also obtained similar results,
namely high lactate levels (Chmura et al., 2023).

Conclusions

Overall, the development of an anaerobic soccer train-
ing model can improve anaerobic ability, and this training
is proven to be by the physiological demands of anaerobic
training, namely training that produces a high heart rate and
high lactate tolerance.
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Mopenb aHaepo6HOro TpeHyBaHHA Yy pyTo60ni: NiaBnwEeHHA
pe3ynbTaTUBHOCTI PyTOONICTIB LUNAXOM NOEAHAHHA MeTOAY
NOBTOPHUX CNPUHTEPCbKMX 3ab6iriB Ta irop 3a cxemoto 4 Ha 4
I leBa Mape Apsinanpa Bipkas Kycyma'4®<P, Hinin Bigbsax Kycnanik'A<P,

baro Aryn IIpamono'*“P, Axi IIpanoro'*“P, SIupon IIxannxen*<P,

Inppa XimaBan CycanTo'®“P, [leBa Ao IIpa6a AmycrikapaHi'®<P,
Bapicrpa Tro Hipsanmax'*“®, Myxammap baryc ®@ip3am bxapraman'®c?

'Cypabaiicbkuit lep>kaBHUN YHIBEpCUTET
*Jloeiicbkmit yHiBepcuteT Pajprabdxar

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

Pedepar. Crarrs: 8 ., 7 Tabn., 2 puc., 34 mxepena.

Mera gocmimxeHHa. Mofenb aHaepoOHOTo TpeHyBaHH:A y ¢pyT6omi (Anaerobic Soccer Training, AnST) 6yna pospobnena
IJIA TiIBAIIEHHA BapiaTMBHOCTI TPEHYBaIbHMUX IIPOrpaM 32 PaXyHOK BIPOBa/PKEHHS irpOBOTO MiIXOAY IO BiJIOBiTHOCTI Xapak-
TepucTUK. Lle JOCTIIKeHH MaIo Ha MeTi OLiHUTK e(DeKTUBHICTh TPEHYBaIbHOI MOZE/II 3 TOUKY 30y IOKpAIljeHHs TOKA3HNKIB
aHaepoOHuX 3pibHOCTEl PyTOOMICTIB.

Marepianu Ta MeTopu. B sikocti Meroxy gocmimkenHs 3actocoBanHo mogens ADDIE (Analysis, Design, Development,
Implementation, and Evaluation), o BK/IF0O4a€ I'ATh IHTErPOBAHNX €TAIIB: aHAJI3, JU3alH, PO3POOKa, BIPOBA/KEHHSI T OLiH-
Ka. Y [ocCimipKkeHH] B35 y4acTh 82 GyTOOMCTH 3 YOTOBIYOTO CTYEHTChKOro ocepenky yHiBepcurety UNESA, 20 3 skux
6ynu Bifibpani 3a MeToioM paHjoMisaril. XapakTepucTUKy BUOIpKM BK/IIOYAIV TaKi MoKasHMKM: Bik 20,05 + 0,69 pokiB, 3picT
165,85 + 5,00 cm, Bara 62,08 + 6,82 kr, IMT 22,54 + 1,98. InTepBeHIiA IPOBOAWIACH BIPONOBX JOTUPUTIKHEBOTO IIEpiony,
3 4aCTOTOI0 TPMYi Ha TIDKJEHb. 3 METOIO0 aHaJli3y JAHUX OLiIHOK, OTPMMAHUX Bifl TPhOX €KCIIepPTHMUX BUCHOBKIB, BUKOPUCTOBY-
BaBcs V-kpurepiit EiikeHa, 3 TIOJa/IbIIMM Bif[COTKOBUM aHA/i30M /I IepeBipKyu BamifHOCTI 3MmicTy. IlepeBipka HOpManbHOCTI
PO3MIoAIiNy IpOBOAMIACH 3 BUKOPUCTaHHAM Kputepito [lamipo-Yinka, a cepegus pisuia 6yna nmpoaHatizoBaHa 3a JOIIOMOTOIO
t-KpuTepiio [y1s MapHUX BUOIPOK.

PesynbraTi. 3a pesyabraTaMy JOCIiKEHHS BCTAHOBJIEHO, 1[0 ¥ 3MiHHMX MakcuManbHOI moryxHocti (.001), cepenHbol
noTy>xHocTi (.000), ingexcy Bromu (.013), MOKa3HNKIB piBHA TAKTaTy BIpomoBX TivkHA (LW) 1-2 (.020) Ta LW1-3 (.038) crocTe-
piramics cyTTeBi BiMiHHOCTI 31 3HaYeHHAMM piBHA 3HauyIocTi HIpK4Ye 0.05. HatoMicTb, mokasHuk LW1-4 (.631) He mponeMoH-
CTPyBaB [JOCTOBIpHMX BifMiHHOCTeil. 3arasoM, po3pobKa Mofei aHaepoOHOro TpeHyBaHH: y QyTOOII Crpusiia MOKpalleHHI0
aHaepOOHUX 3[{i6HOCTeI TPABIiB, PO IO CBIAYNTD MiABNUIIEHHS IOKAa3HIKIB MAKCHMA/IbHOI TOTYXHOCTI, CEpeHbOI IOTY>KHOCTI
Ta 3HVDKEHHA PiBHA iHJEKCYy BTOMI.

BucHoBku. Orpumani jaHi BKa3yioTh Ha eeKTUBHICTb 3aCTOCYBaHH 3a3Ha4eHOI MOJie/li TPeHYBaHb B KOHTEKCT] ITOIiMIIeH-
HA NTOKa3HVKIB aHaepOOHOI MPOAYKTUBHOCTI PpyTOOMICTIB.
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Abstract

Objectives. This study aimed to examine the effects of three high intensity interval training (HIIT) protocols

on VO, max and leg strength in recreational football athletes.

Materials and methods. Thirty-one participants were recruited and randomly assigned to one of three

HIIT protocols: HIIT20/20, HIIT40/10, or HIIT60/5. The training programs spanned 6 weeks with a frequency

of 3 sessions per week on non-consecutive days. Baseline testing for VO,max and leg strength was conducted

using an incremental exercise test with blood gas analysis and an isokinetic machine, respectively, at 1 week before
the intervention, and post-intervention testing occurred 1 week after the last training session. A two-way repeated
measures ANOVA was employed to compare changes between groups and across time points.

Results. The results demonstrated that there was a significant increase in VO,max in both the HIIT40/10 (A 10.4 %,
CI 95% = 1.67-7.42 ml/kg/min, ES = Moderate) and HIIT60/5 (A 12 %, CI 95% = 2.28-8.84, ES = Moderate) groups,
while no considerable changes were observed in leg strength across any group (p > 0.05). Additionally, a Weak

but substantial correlation between leg strength and VO,max was found at both pre-intervention (r = 0.39) and

post-intervention (r = 0.38) periods.

Conclusions. In conclusion, if the training goal was to improve VO,max through HIIT, both the HIIT40/10

and HIIT60/5 protocols were more effective than HIIT20/20.

Keywords: maximum oxygen consumption, VO,max, sprint training, leg strength, football.

Introduction

Football (or Soccer) is a high-intensity, intermittent
sport that requires athletes to sustain performance over a
90-minute game (Stolen et al., 2005). Players are constantly
engaged in activities like sprinting, jogging, and walking,
with frequent changes in direction and pace (Bradley et al,,
2015). The physical demands of football necessitate excellent
cardiovascular endurance and muscular strength, as athletes
must maintain a high level of effort throughout the match.
Previous study reported that the professional football players
covered the total distances about 9 to 14 km per match
(Sarmento et al., 2014). Without sufficient fitness, players
might experience fatigue, which can affect their ability

© Sonchan, W, Sonchan, S., & Longrak, R., 2025.
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to make quick decisions and execute skilled movements
effectively, especially during the latter stages of the game
(Smith et al., 2016).

The maximum oxygen consumption (VO,max) during
exercise, is widely recognized as a key indicator of cardio-
vascular fitness (Modric et al., 2020). In football, VO,max
reflects an athlete’s ability to perform sustained aerobic
work, which is crucial for maintaining high levels of activ-
ity throughout the game. The previous study demonstrated
that VO,max values were in the range of 48 to 62 ml/kg/min
for male soccer players; especially in professional players,
the values were about 57.8 to 61.7 ml/kg/min (Slimani et
al., 2019). Athletes with higher VO,max can recover more
efficiently between high-intensity bouts, allowing them to
maintain performance during crucial moments (Tomlin et
al., 2001). Improving VO,max through targeted training
can enhance an athlete’s overall endurance (Scribbans et al.,
2016).
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High-Intensity Interval Training (HIIT) has garnered
significant interest as one of the most effective methods for
improving VO,max (Atakan et al., 2021). By alternating
between short bursts of intense exercise and recovery
periods, HIIT places a greater demand on the cardiovascular
and respiratory systems than traditional endurance training
(Gibala et al., 2012). Studies have shown that various
protocols of HIIT can lead to significant improvements in
VO,max (Helgerud et al., 2007; Fernandez-Fernandez et al.,
2012; Monks et al., 2017), regardless of differences in the
specific protocol.

In addition to cardiovascular endurance, leg strength
plays a pivotal role in football performance (Stolen et al.,
2005). The ability to generate force in the legs is critical
for key actions such as sprinting, jumping, kicking, and
clearing long passes (Cometti et al., 2001). Interestingly,
HIIT has been shown to elicit multifaceted adaptations, not
only improving VO,max but also enhancing maximum leg
strength (Caparrds-Manosalva et al., 2023). This increased
leg strength contributes to better speed and power while
helping athletes sustain high levels of intensity during
physically demanding matches.

Given the importance of both aerobic capacity and leg
strength in football, the present study aimed to investigate
the effects of three HIIT protocols on VO,max and leg
strength in recreational football athletes.

Materials and Methods

Study Participants

Thirty-one healthy, physically active young men were
recruited for this study. The sample size was determined
using G*Power software version 3.1.9.7, with a priori
power analysis indicating an effect size of 0.8, an alpha
level of 0.05, and a power (1-83) of 0.95. Eligibility criteria
included: 1) healthy male undergraduate students aged 18-
24,2) at least 1 years of recreational football experience, and
3) no pre-existing medical conditions (e.g., hypertension,
cardiac disease, diabetes) that could impede participation.
A certified hospital physician conducted a comprehensive
health assessment to confirm eligibility. Participants were
randomly assigned to one of three groups: HIIT20/20
(n = 10), HIIT40/10 (n = 10), or HIIT60/5 (n = 11) using
the Research Randomizer website (www.randomlists.com).

All participants provided informed consent prior to
their involvement, and the study adhered to the Declaration
of Helsinki. Moreover, approval for the study protocol was
obtained from the Institutional Review Board of Burapha
University (No. IRB1-015/2565).

Experimental Design

The study investigated the effects of high intensity
interval training (HIIT) protocols on VO,max and leg
strength in recreational football athletes. Participants were
randomly divided into three groups: HIIT20/20, HIIT40/10,
and HIIT60/5. The protocols were applied over 6 weeks using
asingle-blind design. Eligibility was restricted to recreational
footballers who played less than three times per week to
ensure they were non-professional and played primarily for
leisure. VO,max and leg strength were assessed one week

16

before and one week after the training intervention, under
controlled conditions.

High Intensity Interval Training

All training groups participated in a 6-week program,
engaging in their assigned HIIT protocols three times per
week. Each session commenced at the Burapha University
football field, where participants were supervised closely
throughout session. The session began with a 5-minute
warm-up involving dynamic stretching and light jogging
to prepare the participants. The HIIT consisted of “all-
out” repeated sprints performed at maximum effort of that
current state. For the HIIT20/20 protocol, participants
completed 20 sets of “all-out” repeated sprinting over a
distance of 20 meters, with a 30-second rest interval between
bouts. For the HIIT40/10 protocol, participants performed
10 sets of “all-out” repeated sprinting over 40 meters, with
a 30-second rest interval between bouts. Last but not least,
for the HIIT60/5 protocol, participants performed 5 sets of
“all-out” repeated sprinting over 60 meters, with a 30-second
rest interval between bouts. After completing the training
session, all groups concluded with a 5-minute cool-down
period, which included light jogging and static stretching of
the total body. Throughout these 6-week training programs,
participants were instructed to refrain from engaging in any
additional training activities of all kind.

Leg Strength Assessment

The assessment of muscle strength of dominant leg
was conducted by the isokinetic machine (ISOFORCE,
Germany), recognized as the gold-standard for evaluating
muscular strength (Chamorro et al., 2017). Pre-intervention
testing occurred one week prior to the commencement of
the training program as well as all post-intervention was
on 1 week after last training session. The testing began with
a 5-minute warm-up comprising light treadmill walking and
dynamic stretching exercises targeting the knee extensor
groups. Participants were seated and securely fastened with
strap belts to ensure stable positioning of the torso and upper
thighs (about 90 degrees of hip flexion). Clear instructions
were read out loud to participants that “you have to kick
up your legs as hard and fast as possible, with maximal
effort against the ankle pad, which was programed to move
at the angular velocity of 60 degrees per second, starting
from a knee flexion of 90 degrees to full knee extension”.
Each participant performed three maximum effort attempts,
with a 120-second rest interval between attempts.

Maximum Oxygen Consumption Assessment

The assessment of VO,max was conducted following
the modified Bruce Protocol. This protocol was utilized
in previous study for evaluating cardiorespiratory fitness
from the treadmill incremental exercise test (Ham et al.,
2017). Participants were instructed to wear a specialized
mask (Hans Rudolph, Kansas, USA) designed to cover both
the nose and mouth with very little dead spaces, enabling
the collection of respiratory gases, facilitated by a respiratory
gas analyzer (Oxycon Mobile, Germany). Participants were
instructed to maintain natural breathing patterns through
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the mask during the assessment. The protocol commenced
with participants instructed to run on the treadmill (T7-0,
Life Fitness, Illinois, USA) at starting speed of 3.6 km/h
for an initial duration of 2 minutes. Subsequently, the
speed of treadmill constantly increased at 1.2 km/h for
every 2 minutes. This modified protocol constantly kept
the grade to 0% (Table 1). This incremental exercise test
ensured a progressive increase in cardiovascular demand
with increased speed, pushing participants towards their
maximal aerobic capacity. The test was terminated when
participants reached volitional exhaustion, indicated by an
inability to maintain the required speed on the treadmill.
The heart rate was continuously measured during the test by
means of a heart rate monitor (H10, Polar, Finland).

Table 1. The modified Bruce Protocol

Speed (km/h) Time (min)
3.6 0-2
4.8 2-4
6.0 4-6
7.2 6-8
8.4 8-10
9.6 10-12
10.8 12-14
12.0 14-20
13.2 20-22
14.4 22-24
15.6 24-26

Grade (%) remained at 0 throughout the testing period

Statistical Analysis

The statistical analysis was calculated to investigate
the effects of three different HIIT protocols on leg muscle
strength, short-distance sprint performance, and maximum
oxygen uptake in football athletes. The Shapiro-Wilk test
was analyzed for the distribution of data. Descriptive
statistics were used to summarize participants’ baseline
characteristics. Baseline variables between groups was
compared by One-way ANOVA. Levene’s test was used to
assess the homogeneity of variances. Changes in VO,max
and leg strength from Pre to Post were calculated and a two-
way repeated measured ANOVA was employed to compare
the effects between groups (HIIT20/20 vs HIIT40/10 vs
HIIT60/5) and times (Pre vs. Post). Cohen’s d effect size

was calculated using the following formula: mean change/
pooled SD, with being interpreted according to the Hopkins’
recommendations: 0.00-0.19: Trivial; 0.20-0.59: Small: 0.60-
1.19: Moderate; 1.20-1.99: Large; >2.00: Very large (Hopkins
et al., 2009). Moreover, the Pearson’s correlation coeflicient
was also calculated to examine the relationships between
VO,max and leg strength at both pre and post-test, with the
interpretation of values according to the previous study: 0.00-
0.09 - Negligible; 0.10-0.39 — Weak; 0.40-0.69 — Moderate;
0.70-0.89 - Strong; 0.90-1.00 — Very strong (Schober et al.,
2018). Statistical analyses were performed using IBM SPSS
Statistics version 20, with a significance level set at a = 0.05.

Results

At the beginning of the test, the statistical analysis
indicated no significant differences in participants’ baseline
characteristics (p > 0.05) (Table 2). Furthermore, all
participants completed the training program with 100 %
adherence.

A significant time effect was observed VO,max (F, 5 =
24.441, p = 0.000, N5 = 0.466), indicating changes over
time in these variables, while no time effect was observed
for leg strength. Additionally, no significant main group or
interaction effects were detected (p > 0.05) (Table 3).
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Fig. 1. Maximum oxygen consumption values from pre- to post-
intervention with individual analyses. * indicated significantly
different from pre-intervention (p < 0.01)

Specifically, only HIIT40/10 and HIIT60/5 showed
significant increases in VO,max from baseline (A10.38 %, d =
0.68, p = 0.006; A11.98%, d = 0.83, p = 0.004, respectively)
(Figure 1). Conversely, no groups demonstrated a significant
increase in leg strength after 6-week HIIT.

Table 2. Baselines of participants’ characteristics and performance

HIIT20/20 (n=10)

HIIT40/10 (n=10)

HIIT60/5 (n=11)

eribic mean + SD mean + SD mean = SD ¥ P
Age (years) 20.30 £ 0.82 20.20 £ 1.14 20.55 £ 1.04 0.33 0.72
Height (cm) 176.70 £ 5.74 176.40 = 1.14 172.36 £ 7.97 1.53 0.23
Body mass (kg) 64.90 £ 9.09 68.80 + 8.78 69.45 + 12.23 0.59 0.56
Leg strength (Nm/kg) 2.84 +0.60 2.85+0.45 2.79 £ 0.65 0.09 0.97
VO,max (ml/kg/min) 49.72 £ 6.53 43.82+7.41 46.42 +4.40 2.29 0.12

Data were presented as mean * standard deviation. Abbreviation: VO,max
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Table 3. Change from Pre to Post

Effect p

HIIT60/5 (n = 11)

10)

HIIT40/10 (n

HIIT20/20 (n = 10)

Measurement

Post Pre Post Pre Post
(mean + S.D.) (mean + S.D.) (mean + S.D.) (mean + S.D.)

Pre
(mean + S.D.) (mean + S.D.)

Interaction

Group Time

(95% CI)

(95% CI)

(95% CI)

0.380

0.000

0.226

5.56
(2.28; 8.84)

4.55
+ + * + + *
43.82 £7.41 48.37 £5.95 (1.67;7.42) 46.42 £4.40 51.98 +8.42

2.63
(-1.18; 6.44)

52.36 £ 7.08

VO,max (ml/kg/min) 49.72 + 6.53

0.309

0.797

0.09 -0.13 -0.00
+ + + +
(0522 2854045 2723069 7 2794065 279% 056 n0"o 0902
Data were presented as mean + standard deviation. Abbreviation: VO,max

2.93 £0.60

2.84 +0.60

Leg strength (Nm/kg)

Effect size; 95% CI = 95 % Confidence Interval. * p < 0.01 compared to Pre.

Maximal oxygen uptake; ES =

Moreover, the Pearson’s correlation coefficient indicated Weak but significant
correlations between VO,max and leg strength at both pre-intervention (r = 0.39)
and post-intervention (r = 0.38) (Figure 2).
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Fig. 2. Correlations between maximum oxygen consumption (VO,max) and leg
strength at pre-intervention (Black triangle) and post-intervention (Light grey circle)

Discussion

This study was the first to demonstrate that not all HIIT protocols are equally
effective in increasing VO,max. We found that the HIIT20/20 protocol was less
effective than HIIT40/10 or HIIT60/5 in producing significant improvements in
aerobic fitness. However, none of the HIIT protocols in this study led to a significant
increase in leg strength after six weeks of training.

The main findings of our study are consistent with previous research demonstrat-
ing that short-term HIIT can increase VO,max to a certain extent. For example, Milioni
etal. (2024) reported that just four weeks of 10 bouts of 1-minute sprints at 90 % of max-
imum velocity significantly increased VO,max by approximately 2.1 ml/kg/min from
baseline. Similarly, Raleigh et al. (2018) found that eight 20-second bouts of maximum
cycling increased VO,max by up to 4.7 ml/kg/min after just four weeks of training. Like-
wise, Kim et al. (2011) demonstrated that ten 30-second maximum sprint bouts resulted
in a significant VO,max increase of 3.92 ml/kg/min after eight weeks of training.

Theoretically, the increase in maximum oxygen consumption can theoretically
be attributed to improvements in two key areas: 1) central adaptations, which involve
an enlargement of left ventricular volume, enhanced contractility, and increased
blood volume, all contributing to a greater stroke volume (Hellsten & Nyberg, 2015);
and 2) peripheral adaptations, which enhance the muscles’ ability to extract oxygen
and generate ATP aerobically (Daussin et al., 2007). It is likely that high-intensity
interval training can improve both mechanisms within a relatively short time frame.

To support this, previous studies have demonstrated that HIIT can induce
various peripheral adaptations, such as increases in mitochondrial numbers (Torma
etal.,, 2019) and oxidative enzymes (Gillen et al., 2014) after a short period of training.
Additionally, HIIT has been shown to stimulate the expression of vascular growth
factors, like vascular endothelial growth factor (VEGF), which promotes new blood
vessel formation (MacInnis & Gibala, 2016). From a physiological standpoint, it is
likely that the HIIT40/10 and HIIT60/5 protocols in our study resulted in greater
adaptations in these mechanisms. Consequently, the capacity to extract oxygen
from the blood and generate ATP aerobically increased significantly in these groups,
as evidenced by the significant improvement in VO,max (Raleigh et al., 2018).
In contrast, the adaptations in the HIIT20/20 protocol may have been suboptimal.

One possible explanation for the results is that the distance covered in each bout
of the HIIT20/20 protocol was too short, as participants only sprinted about 20 me-
ters, which took approximately 3 to 3.5 seconds. This short-duration effort may not
have been sufficiently taxing to induce the internal stress required, as compared to the
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40-meter or 60-meter sprints. The molecular response to in-
terval stress and ATP deficit, such as activation of the AMP-
activated protein kinase (AMPK) signaling pathway, might
not have been adequately triggered by the shorter sprints
(Winder et al., 2006). This signaling pathway is known to en-
hance several aspects of aerobic capacity, including improved
fat oxidation, increased mitochondrial biogenesis, stimulat-
ed capillarization, and fiber type transformation (Spaulding
& Yan, 2022), all of which are well-established contributors
to improved aerobic performance. Therefore, practitioners
of HIIT should consider bout duration or distance as critical
training factors. However, our study did not examine cellular
or molecular responses in detail. Future research should ex-
plore our hypothesis regarding these adaptations.

Moreover, we found that the leg strength of our
participants did not significantly change after six weeks of
HIIT, regardless of the protocol used. It is likely that the
participants were not untrained or weak subjects who
could benefit from low external load activities, as they only
sprinted using their body weight. Therefore, to adhere to the
principles of training necessary for inducing physiological
adaptations in muscle strength, external moderate to heavy
load modalities should be employed (ACSM, 2009).

For instance, high-intensity interval training (HIIT)
can be performed on loaded stationary bikes or with weight
vests. Additionally, to align with the principle of specificity
(Kasper, 2019) for football athletes aiming to increase
lower-body strength, it is essential to incorporate resistance
training exercises such as the leg press or back squat (Wirth
et al., 2016) as the primary modalities for enhancing leg
strength. In this study, a Weak but significant correlation
was found between leg strength and VO,max at both pre-
(r=0.39, p=0.03) and post-intervention (r = 0.38, p = 0.03),
indicating that improvements in leg strength might
positively benefit VO,max in football athletes. This finding
further underscores the necessity of leg strength training in
enhancing overall athletic performance.

Conclusions

In summary, our study clearly showed that not all
HIIT protocols are created equal for improving VO,max.
We recommend the HIIT40/10 and HIIT60/5 protocols, as
they demonstrated superior results compared to HIIT 20/20.
Furthermore, training with HIIT alone, regardless of the
protocol used, is unlikely to produce significant increases in
leg strength within a short time frame.
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OuiHKa BBy 3aCcTOCyBaHHA TPbOX NPOTOKOJIIB
BNCOKOIHTEHCVMBHOIO iHTEepBa/JIbHOIO TPeHYBaHHA

Ha NOKa3HMKN MaKCMMaNbHOro CMNOXXKNBAHHA KUCHIO
Ta CUAN HIir y CNOPTCMEHIB 3 peKpeauinHoro ¢yréony

Bipar Conuan'43“PE, Capani Conuan'“P, Paranio Jlonrpak'5F

'Bypaca yHiBepcurer

ABTOpPCHKMIT BKTAJ;: A — Au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykormcy; E — 36ip komTis

Pedepar. Crarts: 7 c., 3 Tabn., 2 puc., 31 mxeperno.

Merta gocmigykeHH:A. MeTa JOC/TiPKeHHA 110/1ATa/1a y BUBYE€HH] BIUTMBY 3aCTOCYBaHHA TPbOX IIPOTOKOJIiB BCOKOIHTEHCMBHOTO
intepBambHOro TpenysanH: (BIIT) Ha mokasHuku VO,max Ta CU/IM HIT y CHOPTCMEHIB 3 pekpealiltHoro ¢pyroony.

Marepianu ta Metoau. o y4acTi B oC/ipKeHHI 6y710 3amydeHo 31 yqacHMKA, IKMX PO3IOAUINIIN 32 METOLOM paHAoMisaii
3 METOIO0 BUKOHAHH:A (isMYHMX BIIPaB OJHOTO 3 TPhOX mpoTokoris BIIT: BIIT20/20, BIIT40/10 a6o BIIT60/5. TpenyBsanbHi mpo-
rpaMu TPUBA/M 6 TYDKHIB 3 4aCTOTOI0 3 3aHATTA Ha TIOK/EHb y pisHi fHi. IToyaTtkoBe BuMipioBaHHA oKasHuKiB VO,max Ta cumm
HIT IPOBOAM/IOCH 3a OIIOMOTrOK IHKPEMEHTHOTO TeCTy Ha BU3HAYEHHs PiBH:A (Pi3sMYHOI MiATOTOBICHOCTI 3 BUKOPUCTAHHAM aHa-
N3y JI/I OLiHKM PiBHA KVMCHIO Ta BYITIEKJIC/IOTO Ia3y B KPOBi Ta i30KiHETMYHOTO anapaTy, BiJlIOBiHO, Ha eTalli 3a 1 TVDKIeHb 10
IIPOBEJEeHHS iHTepPBeHIlii, a IOCTIHTePBEHIIiliHe TeCTYBaHHA — 4epes | TYDK[EHb IiC/I OCTAHHbOI TPEHYBa/IbHOI Cecii. 3 METO0
HOPIiBHANBPHOTO aHai3y 3MiH MiX TPyIaMy Ta JaCOBMMM TOYKaMU Oy/I0 3aCTOCOBAHO NBOQAKTOPHMII AUCHEPCiiHMI aHami3 i3
nosropHuMY BuMipamu (ANOVA).

Pesynprarn. 3a pesynbraTaMu JOCTIIKeHHA BCTAHOBJIEHO 3HAUHe MifBMIeHHA piBHA VO,max y rpymax BIIT40/10 (A 10,4 %,
mosipunit inTepsan, CI 95% = 1,67-7,42 mn/kr/xs, posmip edekry, ES = ITomipunii) Ta BIIT60/5 (A12 %, CI 95% = 2,28-8,84,
ES = IToMmipHwMit), TOA AK iCTOTHYUX 3MiH y IOKa3HMKaX CVMJIM HIT Y )KOJHIII 3 TpyH He criocTepiranocs (p > 0,05). Kpim toro, 6y1o
BUABJIEHO CJTAOKMIL, aje CYTTEBUI KOPENALITHNIL 3B’A30K MK ITIOKasHMKaMu ¢y Hir Ta VO, max sk Ha NepefiHTepBEeHIITHOMY
(r=0,39), Tax i Ha IOCTiHTepBeHIiITHOMY Hepiofax focaimkenHs (r = 0,38).

BucHoBku. OTXe, SIKIO METOI TPeHyBaHHs Oy/l10 HMOKpalljeHHs IMokasHuKiB VO,max 3a gomomoroio mporpamu BIIT,
3acTocyBaHHA 000x mporokoinis BIIT40/10 i BIIT60/5 noxasano 6inbiny edexTusHicTb, Hixx BIIT20/20.

Kiro4oBi croBa: MakcuMasbHe CIIOKMBAHHS KUCHIO, VO,max, CIIpUHTepChbKe TPEeHYBaHHS, CUIa Hir, GyTOOL.
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Abstract

Background. Volleyball players require a combination of physical and physiological abilities to enhance performance,
and TRX suspension and plyometric training are known to improve these abilities. However, evidence comparing
their effectiveness in volleyball players is limited.

Objectives. This study aimed to investigate the effects of a 12-week TRX suspension and plyometric training program
on biomotor abilities and physiological adaptations in male volleyball players.

Materials and methods. Forty-five male athletes (age: 21.91 + 1.10) from Calicut University, Kerala, India, were
involved in the study. The participants were divided into three groups: TRX suspension training, plyometric training,
and a control group. Speed, agility, explosive power, vital capacity, and resting heart rate were measured before and
after the intervention. The data were then subjected to statistical analyses, including linear mixed-effects models and
repeated measures ANOVA, in order to assess group-by-time interactions.

Results. The findings indicate significant improvements in speed (p < 0.001), agility (p = 0.003), and explosive power
(p < 0.001) in both training groups, with notable group-by-time interactions. Vital capacity also showed substantial
enhancements (p < 0.001), while resting heart rate remained unchanged.

Conclusions. In conclusion, both TRX suspension and plyometric training have been revealed to be effective

in enhancing biomotor abilities and vital capacity in volleyball players, making them viable options for improving
performance, without affecting resting heart rate.

Keywords: speed, agility, explosive power, volleyball, resting heart rate.

Introduction perform quick, powerful movements such as jumps, strikes
and lateral sprints, making the training of these biomotor
skills essential to success (Bashir et al., 2022; Cao et al., 2024).
With all the physical work required, specific training meth-
ods are essential for improving key volleyball performance
fundamentals, such as block-jumping ability and overall
physiological fitness (Keoliya et al., 2024). TRX Suspension
and Plyometric training are widely recognized among the
various existing training methods but have not yet been sys-
wﬁw VOB tematically compared in the perspective of volleyball players.
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Volleyball is an extremely demanding sport that requires
a combination of varying levels of speed, agility (change of
direction), power production and endurance (Weldon et al.,
2021). These physical traits are indispensable as athletes must
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TRX Suspension training is a form of bodyweight
exercise which develops strength, balance, flexibility and
core stability (Gaedtke & Morat, 2015). It is a whole body
method to training that uses several muscle groups at the
same time. This makes it extremely advantageous for those
athletes who need as much coordination or even cross
enabled strength possible (Khorjahani et al., 2021a). TRX
Suspension training provides improvements in core stability
and functional strength, which are especially important for
volleyball players that perform a variety of dynamic, multi-
directional movements (Fong et al., 2015). However, this
form of training has been proven to improve basic functions
in volleyball, such as jumping, spiking with a spike jump and
general balance mechanisms while performing defensive
actions, e.g., blocking (Ozdamar et al., 2024). Several studies
have highlighted that this type of training can improve
components of cardiovascular fitness, strength and power,
which are characteristics required for optimal performance
in volleyball (Cardoso Marques et al., 2006; Niculescu, 2011;
Thuc, 2018; Tinto et al., 2017). Furthermore, the instability
properties of TRX exercises may enhance neuromuscular
coordination and balance which are vital for the complex
movement patterning required in volleyball (Nesi¢ et al.,
2020; Wang & Liang, 2021). Whilst the investigation into
TRX Suspension Training effectiveness in volleyball players
is scarce, available evidence provides some support for its
inclusion as part of a balanced physical preparation program.

Plyometric training, on the other hand, is intended
to improve explosive power and strength through rapid
muscle contractions (Bastholm, 2024). Training in this way
helps to utilize the stretch-shortening cycle of the muscles,
which can help developing greater forces at a faster rate in
athletes (Wang et al., 2023). This exercises are predominantly
effective in improving athletes” vertical jump height, which
is important for volleyball players who frequently jump
to spike or block during games (Tupinambd Oliveira et
al., 2023). Several existing research supports Plyometric
training for its ability to enhance rapid force production,
speed, and agility qualities which are fundamental to the
quick, powerful movements required in volleyball (Booth &
Orr, 2016; Chaturvedi et al., 2023; Kons et al., 2023).

While TRX suspension and plyometric training have
both been extensively studied for their benefits to athletes,
however most of the existing literature tends to focus on
general populations or athletes from sports such as soccer,
basketball, and track and field, rather than volleyball players
(Aslani et al., 2018; Bastholm, 2024; Cao et al., 2024; Liu et
al., 2024; Negra et al., 2017). Few studies specifically explore
the impact of these training methods on volleyball players’
performance, particularly in terms of key outcomes like ver-
tical jump height, agility, and speed. Additionally, the physi-
ological adaptations brought about by these training meth-
ods, such as changes in resting heart rate and vital capacity,
have rarely been examined in volleyball players (MacInnis &
Gibala, 2017; Manna et al., 2012; Périard et al., 2021).

Given the limitations in existing research, there is a need
for studies that compare the effectiveness of TRX Suspension
and Plyometric training on both bio motor abilities and
physiological parameters in volleyball players. Therefore,
this study aims to investigate the effects of a 12-week training
program incorporating both methods on performance
indicators such as speed, agility, and explosive power, as well
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as on physiological variables like resting heart rate and vital
capacity, to determine which approach is more effective in
enhancing volleyball performance.

Materials and Methods

This study utilized a randomized control trial with
pre-test, post-test, TRXG, PTG, and CG. Every research
participant was randomly divided into three groups
(TRXG, PTG, or CG). Subjects were asked to continue their
voluntary participation throughout the program. The study
included three phases: pre-testing, training interventions,
and post-testing. Furthermore, pre-and post-test procedures
were carried out two days before and following the 12-week
training program. All participants underwent a trial testing
session prior to the pre- and post-test. Before beginning the
entire study process, the research study and study procedure
were approved (HEC/PU/2023/10/07-08-2023) by the
Institutional Ethical Committee at Pondicherry University,
India, in accordance with the Helsinki Declaration.

Study Participants

Initially, the study comprised 47 male volleyball players
from various affiliated colleges in Calicut University, Kera-
la, India, aged between 18-24 years. All of the participants
(n =47) participated in intercollegiate tournaments. Howev-
er, two volleyball players were excluded from the study due
to pre-existing musculoskeletal injuries. The remaining par-
ticipants (n = 45) had no history of injury. Each player had
a minimum of two years of prior volleyball experience and
at least six months of training experience in plyometric and
traditional resistance training; they were considered as study
participants. Before the commencement of the training and
testing procedures, the researcher provided a detailed expla-
nation of the research objective, both verbally and in writ-
ing, to ensure their complete understanding of the study.
Informed consent was obtained from all participants in writ-
ten form, including their voluntary consent to participate in
the study. Once the procedure for inclusion and exclusion
was completed, the characteristics of the participants who
remained in the study were as follows: age = 21.91 * 1.10,
weight = 82 + 6.35, and height = 1.84 + 0.6. The study de-
sign and sample sizes at various stages of the research are
depicted graphically in Figure 1.

Outcome Measures

In this study, the outcome measures assessed includ-
ing bio motor abilities such as speed, agility, and explosive
power, alongside physiological adaptation, which includes
resting heart rate and vital capacity. All testing measurements
were conducted both before and after (pre and post-test) the
12 weeks of the intervention period (TRX and PT). Through-
out the testing process, the researcher ensured participant
safety by supervision and implementing proper warming
up and warming down procedures to minimize the risk of
injury and optimize performance during the assessment.

Speed

The speed was evaluated by means of a 50-meter run
that was adapted from the procedures described in earlier
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Fig. 1. Semantic representation of research study

research (Astuti et al., 2024; K V et al.,, 2024; Mahalingam
et al,, 2024) known for its dynamic training potential, offers
multi-planar movements to enhance strength, endurance,
and coordination. However, its impact on Kabaddi players
stillneeds to be explored. To assess the effects of Bulgarian Bag
training (BBT), and the test was carried out on an outdoor
track. The participants were positioned behind the starting
line with preferred leg forwarded and instructed to begin the
test only upon the tester’s signal. Each participant completed
three timed trails, with time recorded by the timekeeper.
The best performance from the three trials was selected as
the final speed test score. Sufficient rest (5 minutes) interval
was provided between trials to allow for full recovery.

Agility

The t-test was utilized to assess agility. The T-test was
carried out in accordance with the procedure that was stated
in the prior research (Franga et al., 2022). The participants
were positioned behind the starting line with their preferred
leg forward, and they were instructed to begin the test only
upon the tester’s signal. Starting the signal participants were
run (strait run) 9.14 meters straight to the center marker.
Then the participants turned left and ran (sideward run) to-
wards the left 4.75-meter marker. Participants then make a
right turn and run (sideward run) to the 9.14-meter marker,
turning around to return 4.75 meters to the center marker
(sideward run). Finally, the participant run (backward) to-
wards the finish line. Participants should touch each marker
as they approach it. Every participant finished three timed
trails, and the timer kept track of their times. The final agility
test score was determined by taking the best result out of the
three trials. There was a sufficient rest period of five minutes
in between every test to ensure full recovery.

Explosive Power

Vertical jump was tested using VERTEC vertical
jump test, which is a valid tool to measure veridical jump

(Markwell et al., 2023). vertical jump administered in line
with the guidelines provided in the earlier research (Lee et
al,, 2020) body mass index: 22.5 kg/m?. First, the standing
arm reach on Vertec was measured based on standing
height. participants stand with their feet planted firmly on
the ground, their trunk held erect, and they raised their
dominant arm as high as they can. When the middle finger
touched the highest point, the first score was recorded. Then,
with the heel resting on the ground, participants step one
foot away from the wall, jump to the highest point possible,
and use their hands to touch Vertec. It is advised to jump
with your hands swinging for maximum reach. The vertical
jump score was calculated from the initial touch (standing
reach) to the maximum jump height.

Resting Heart Rate

The resting heart rate (RHR) was measured by manual
radial palpation in the early hours of the morning, before
proceeding with the daily activity, which was valid test to
measurer the resining heart rate (Sharma & Singh, 2020).
Manual radial palpation method administrated in line with
the guidelines provided in the earlier research (Stankute,
2022). While doing the measurement the researcher located
the radial artery at the wrist. Ones the pulse was detected,
the evaluation process commenced, lasting for duration of
one minute (beats per minutes).

Vital Capacity

Vital capacity was measured using spirometer and
the values expressed in liters (Govindasamy et al., 2024;
Sukadiono et al., 2022). During the assessment, each
participant was allowed three attempts to ensure accurate
results. The highest value out of three trials was recorded as
the final vital capacity of the participants. After each trail,
the spirometer was carefully inspected and calibrated to
ensure the optimal functioning before the next trail in the
earlier research (Govindasamy et al., 2023).
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Training Intervention Procedure

Based on the information shown in Table 1 and 2, the
training intervention for both the TRXG and the PTG was
intended to be gradual and planned over a period of 12 weeks.
Three weeks of familiarization were provided to each group
of participants before to the beginning of each training inter-
vention. This familiarization is equivalent to fifty percent of
the intensity of the actual training program. There are three
sessions each week (Monday, Wednesday, and Friday) during
which TRX bands and unsuspension training utilizing body-
weight are performed. TRX Squats, TRX Rows, TRX Chest
Press, TRX Mountain Climbers, TRX Lunges, TRX Inverted
Rows, TRX Push-ups, TRX Jump Squats, TRX Chest Fly,
TRX Box Jumps and TRX Power Pulls were the exercises
that were included in the training regimens. These move-
ments were designed to target important muscle groups in
the lower body and upper body. A warming for both training
intervention lasting 10-15 minutes which includes general
and specific warming ups and dynamic stretching, a train-
ing session lasting 45-60 minutes, and a cool-down lasting
5-7 minutes are all included in each session. Similarly, Plyo-
metric training takes place over the course of three weekly
sessions on Tuesdays, Thursdays and Saturdays. The exer-
cises in the training regimens includes Box Jumps, Medicine
Ball Overhead Throws, Tuck Jumps, Lateral Bounds, Depth
Jumps, Plyometric Push-ups, Split Squat Jumps, Standing
Long Jumps, Medicine Ball Slam, Single-Leg Bounds and
Depth Jumps with Medicine Ball Slam. which also targeted
the muscular areas in the upper and lower bodies. In the
TRX training program, the intensity was predetermined by
the number of repetitions, the number of sets, the number
of exercises performed per session, and the difficulty of the
activity. The intensity of the plyometric training was deter-
mined by several key variables, which included the number
of repetitions, the number of sets, the number of exercises
performed per session. Especially, for the lower body ex-
ercises, box height was progressively increased; 12 inches
during 1-4 weeks, 18 inches during 5-8 weeks, and 24 inches

Table 1. TRX training program

during 9-12 weeks. Upper body training intensity was ad-
justed based on the weight of the medicine ball, starting with
3 kg in 1-4 weeks, 5 kg in 5-8 weeks, and 7 kg in 9-12 weeks.
Participants in both the TRXG and PTG groups were given
the instruction to rest for a period of 120 seconds between
sets and for a period of 30-40 seconds between exercises.
This was done to ensure that they had ample time to re-
cover while still maintaining an appropriate intensity level
throughout the training sessions.

Statistical Analyses

The data are presented as means with corresponding
standard deviations (+ SD). Normality across variables
was assessed and confirmed using the Shapiro-Wilk test,
while Levene’s test was employed to verify the homogeneity
of variance. Training-related effects were examined via a
linear mixed-effects model, which was applied in the form
of a repeated measures analysis of variance (ANOVA) with
two factors: group (TRXG, PTG, CG) and time (pre, post).
When significant group-by-time interactions were observed,
post hoc comparisons using the Bonferroni correction were
conducted. In cases where the assumption of sphericity was
violated, as indicated by Mauchly’s test, Greenhouse-Geisser
corrections were applied. Partial eta squared (np?) values
were extracted from the ANOVA results to indicate effect
sizes, and Cohen’s d was calculated to assess the magnitude
of differences, classified as trivial (< 0.2), small (0.2-0.59),
medium (0.60-1.19), large (1.2-1.99), or very large (= 2.0).
A predefined contrast analysis was employed to evaluate
the hypothesis (H1) that both training groups (TRXG, PTG)
would show more significant improvements in outcome
variables compared to the control group. Specifically, we
compared the control condition against the combined effect
of the two training groups (TRXG and PTG). This analysis
method allowed us to assess theoretical expectations in
relation to observed group means, providing more nuanced
insight beyond what post hoc analyses typically offer.
Statistical significance was set at p < 0.05.

Number of Exercise per Volume Rest in between sets  Rest in between exercise
Weeks . o
session (sets x reps) (Minutes) (Seconds)
Week 1-4 5 3 x6-8 2 30-40
Week 5-8 7 3 x8-10 2 30-40
Week 9-12 9 3x6-10 2 30-40

Exercise: TRX Squats, TRX Rows, TRX Chest Press, TRX Mountain Climbers, TRX Lunges, TRX Inverted Rows, TRX Push-ups,

TRX Jump Squats, TRX Chest Fly, TRX Box Jumps, TRX Power Pulls

Table 2. Plyometric training program

Number of Exercise per

Volume

Rest in between sets Rest in between exercise

Uil session (sets x reps) (Minutes) (Seconds)
Week 1-4 5 3 x6-8 2 30-40
Week 5-8 7 3x8-10 2 30-40
Week 9-12 9 3 x6-10 2 30-40

Exercise: Box Jumps, Medicine Ball Overhead Throws, Tuck Jumps, Lateral Bounds, Depth Jumps, Plyometric Push-ups, Split Squat
Jumps, Standing Long Jumps, Medicine Ball Slam, Single-Leg Bounds, Depth Jumps with Medicine Ball Slam



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 1

Results

All volleyball players completed the study without any
withdrawals, injuries, or missed training sessions. The results
for the dependent variables from the main analysis are
provided in Tables 3 and 4. The pre- and post-intervention
percentage changes are illustrated in Figure 2.

WPTG BCG

Percentage of changes

Speed Agility Explosive power RHR Ve

Fig. 2. Pre- and post-intervention percentage changes of outcome
measures

Bio motor variables

Table 3 presents the results for bio-motor variables.
A significant main effect of time was identified for speed
(p<0.001; F = 13.26,np = 0.240), agility (p = 0.003; F = 10.24,

n’p = 0.196), and explosive power (p < 0.001; F = 214.97,
n’p = 0.837). However, a significant main effect of group
was only noted for explosive power (p = 0.004; F = 6.37,
n’p = 0.233). Additionally, significant group-by-time
interactions were observed for speed (p = 0.005; F = 6.03,
n’p = 0.223), agility (p = 0.007; F = 5.64, n’p = 0.212), and
explosive power (p < 0.001; F = 54.46, n*p = 0.722). There
were no significant main effects of group for speed (p=0.330;
F = 1.13, n’p = 0.051) or agility (p = 0.522; F = 0.66,
n’p = 0.030). Post-hoc analyses showed significant decreases
from pre- to post-tests for both speed (p < 0.001; d = 0.29)
and agility (p = 0.003; d = 0.33). Furthermore, post-hoc tests
revealed significant improvements in explosive power for
both the TRXG (p = 0.012; d = 0.99) and PTG (p = 0.007;
d = 1.12), with both values under 0.05. Both TRXG and PTG
demonstrated significant improvements from pre- to post-
tests compared to the control group.

Physiological Variables

Table 4 summarizes the results for physiological
variables. A significant main effect of time was observed
for vital capacity (p < 0.001; F = 34.73, n°p = 0.453), while
the main effect of group was also significant for vital
capacity (p = 0.011; F = 5.06, n°p = 0.194). Additionally,
significant group-by-time interactions were found for vital
capacity (p = 0.004; F = 6.42, n’p = 0.234). However, no

Table 3. Comparisons for changes in bio motor variables between TRX Suspension (TRXG), Plyometric Training (PTG),

and control groups

. Mean + SD il . : P (C.ohen’s d) :
Variables Group Baseline After p-v alue MD (95 % CI) Mz;lof::;e‘:t Maltlll n?:ect gI;ts;a;ttli(::lle
TRXG 7.19+0.17 7.09+£0.19 0.022 0.09 (0.01 to 0.17)
Speed (seconds) PTG 7.14+£0.18 7.05+0.18 <0.001 0.09 (0.01 to 0.05) (882?) ?8(2)2(1)) (gggg)
CG 7.19+£0.19 7.21+0.23 0.404 -0.02 (-0.07 to 0.03)
TRXG 10.35+0.23 10.19 £ 0.20 0.004 0.15 (0.05 to 0.25)
Agility (seconds) PTG 10.36 £0.24 10.24+0.22 0.037 0.11 (0.00 to 0.22) (ggié) (8?82) (82(1);)
CG 10.35+0.24 10.38 +£0.25 0.234 -0.03 (-0.09 to 0.02)
) TRXG 42.86 £ 1.64 45.80+1.78 <0.001 -2.93 (-3.50 to -2.36)
fgg}g;veetjg’ PTG 4253+ 1.64 46.53+1.40 <0.001 -4.00 (-4.62 to -3.37) (g:ggg) ?g:gg;) ?g:gg;)
CG 42.77 £ 1.75 4280+ 1.14 0.806 -0.06 (-0.63 to 0.50)

TRXG: TRX suspension training group, PTG: plyometric training group, CG: control group

Table 4. Comparisons for changes in physiological variables between TRX Suspension (TRXG), Plyometric Training

(PTG), and control groups

. Mean + SD RN P . p (Cohen’s d)
Variables Group S N p-value MD (95 % CI) M::Oif;ed Maltlil nile’fect gIrnots;a;ttli(:::e

TRXG 74.13£3.94 73.06 £3.84 0.320 1.06 (-1.15 to 3.28)

RHR (bpm) PTG 73.46 +£3.81 72.20+3.38 0.247 1.26 (-0.98 to 3.51) (ggzg) (8(1)4515) (88?3)
CG 7440 £2.61 74.26 £3.01 0.880 0.13 (-1.72 to 1.99)
TRXG 341+£020 3.82+£0.22 <0.001 -0.40 (-0.60 to -0.20)

VC (mL) PTG 344+0.17 3.78+024 0001  -0.34(-0.52 to -0.15) (g:?;i) ?8:22; (8221)
CG 344 +£0.19 3.48+0.20 0.405 -0.04 (-0.14 to 0.06)

VC: vital capacity, bpm: beat per minute, mL: milliliters, TRXG: TRX suspension training group, PTG: plyometric training group,

CG: control group
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significant time effect was detected for resting heart rate
(p = 0.156; F = 2.08, n°p = 0.047), and no main effect of
group (p = 0.374; F = 1.00, n°p = 0.046) or group-by-time
interaction (p = 0.68; F = 0.37, n°p = 0.018) was found for
resting heart rate. Post-hoc analyses indicated significant
improvements in vital capacity for both the TRXG (p = 0.022;
d=0.71) and PTG (p = 0.022; d = 0.68), with p-values below
0.05. Moreover, post-hoc tests demonstrated significant pre-
to-post improvements in both the TRXG and PTG when
compared to the control group.

Discussion

This research compared the motor skill performance
and physiological feedback of 18-24-year-old male volleyball
players performing 12-week TRX suspension and Plyometric
Training. The findings establish that the modes enhance
other crucial compartments of performance, such as speed,
agility, and explosive power. For volleyball players, increases
in these motor skills are critical since quick movement, quick
direction changes, and explosive power are all important for
in-game success.

The TRXG and PTG groups demonstrated marked
improvements regarding speed and agility. The TRXG
showed a 1.39% improvement in speed, while the PTG
showed a 1.26 % improvement. Similarly, agility improved
by 1.55% in the TRXG and 1.16 % in the PTG. These results
highlight how both training approaches can be applied to
help athletes become more adept at responding fast and
effectively on the court, which can lead to better performance
during competitive play. Of the improvements, the agility
enhancement underscores the need to incorporate the
training programs because volleyball players often change
direction to cover for fast-moving balls. A breathtaking
consideration is that PTG experiences a higher increase in
the magnitude of explosive power than the TRXG. Whereas
the TRXG recorded a more general uplift of 6.86 percent in
explosive power, the PTG recorded a much higher recovery
rate of 9.41 percent. This implies that plyometric training
focuses more on rapid force production than power training
and thus could be more suitable for enhancing explosive
power, a skill seen frequently in volleyball. Plyometric
exercises, including jumps and sprints, may engage fast-
twitch muscle fibers to a more significant extent than the
TRX suspension exercises, mainly based on strength and
steadiness. Plyometric activities might help recruit the
fast-twitch muscle fibers compared to the TRX suspension
exercises, which involve strength and balance exercises
(Aksovi¢ et al., 2021; Chandra et al., 2023; Wang et al., 2023).

The improvements in explosive power have functional
implications beyond volleyball. Since explosive power plays
a crucial role in many sports that demand sudden bursts
of strength—like basketball, soccer, and track events—
plyometric training can be vital to training programs
across various disciplines (Aksovi¢ et al., 2020, 2021). This
concurs with earlier studies’ findings that sound Plyometric
conditioning enhances explosive performance in sporting
activities involving intermittent intensive efforts within a
limited timeframe (Keoliya et al., 2024b; Mancini et al.,
2024). In addition, the rise in the vital capacity by 12 percent
in the TRXG and 9 percent in the PTG depicts a positive
allochronic adjustment in athletes’ respiratory systems,
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resulting in increased stamina. This enhancement suggests
that with training, the two programs enhance better oxygen
delivery, and hence, athletes can sustain high energy output
for a longer time.

This finding aligns with studies emphasizing the role
of aerobic adaptations in athletic performance, especially
in sports requiring sustained periods of effort (Hussein et
al., 2024; Stensrud et al., 2020). Although no significant
changes were observed in resting heart rates, this could in-
dicate that a longer training duration is essential to achieve
noticeable cardiovascular adaptations (Mannakkara & Fin-
occhiaro, 2023; Parry-Williams & Sharma, 2020). Although
TRX suspension and plyometric training programs signifi-
cantly improve motor abilities, each method offers different
advantages. Plyometric training’s superior effectiveness in
explosive power development indicates it primarily benefits
movements that require rapid force production (Behm et al.,
2024; Moran et al., 2021). Plyometric workouts may well be
another effective model of training those invaluable skills
since volleyball is a sport that considerably involves such as-
pects as repeated jumps, sprints to cover short distances, and
rate turns (Keoliya et al., 2024; Watkins et al., 2021). How-
ever, TRX suspension training improves muscle strength,
steadiness, and balance (Blasco et al., 2023; Khorjahani et
al,, 2021). This training modality involves only bodyweight
movements targeting the core and stabilizer muscles for joint
stabilization and overall control (Khorjahani et al., 2021; Piri
et al., 2021). For volleyball players, where injury preven-
tion and stability during dynamic movements are crucial,
TRX training can serve as a practical tool for maintaining
physical resilience and reducing the risk of injury (Aslani et
al., 2018; Fayazmilani et al., 2022; Khorjahani et al., 2021).
TRX exercises also help with general athletic development
since they train several muscles simultaneously and are valu-
able, along with plyometrics regarding specific exercise types
(Alhenawy, 2023; Moghadasi et al., 2024).

Fromthepositiveimpactseenfromeachtrainingmethod,
it will significantly benefit if volleyball players integrate the
TRX and plyometric exercises into their training program.
A combination of both training types could train speed,
agility, explosive power, and general strength, which seems
apt to volleyball players as the game demands all-around
physical endurance. This way, integrating TRX suspension
training for enhancing the body’s stability and control
along with plyometric training for enhancing explosive
power of the body, the athletes would come to much more
improved performances on an all-around scale, which is
always beneficial, especially in competitions. It would be
necessary for future studies to look at the physiological
and performance changes over more significant periods
with these combined training schemes to pinpoint the
precise lengths and intensities that would bring about the
best changes in the body and, eventually, performance.
Furthermore, evaluating the effects of TRX and plyometric
training on the athlete’s cross-sectional might help enhance
the understanding of the possibility of these effects.

Conclusion

The study’s conclusion reaffirms that suspension exercise,
especially TRX and Plyometric Training, affects motor and
physiological performance among male volleyball athletes.
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Plyometric training is preferred to plyometrics for explosive
power development and essential change of direction
movements and jumps. On the other hand, TRX training
strengthens muscular strength and postural and core muscle
control and protects against physical injuries. Both methods
also demonstrate increased vital capacity, which is generally
significant, but no changes in resting heart rate, suggesting
that longer training durations may be required to achieve
cardiovascular changes. It is proposed that these training
methods be incorporated to deal with the many tactical
demands of volleyball to create speed, power, agility, and
endurance among the athletes for competitive performance.
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3acrocyBaHHA 12-TMKHEBOI Nporpamm 3a metognukamm
TRX-TpeHyBaHb 3 B1aCHOIO Baroio i3 BUKOPUCTaHHAM
NiABiICHNX KOHCTPYKLIi Ta NN1iOMeTPUYHNX TPEHYBaHb:
BnanB Ha NOKa3sHUKN 6iomoTopHMX 38i6HOCTEN

Ta ¢isionoriyuHnx aganTtauin y sonenbéonicris

Aoximxut Mypiegat'4*PE, Macimamani Enaspamka'ABCPE,
Hipman Maiikn Cansi**BPE, @apmxana Axrep bo6i*A“P, Bekip Epxan Opxan*AcPF,

IOHi AcrtyTi**“PE, Kapynnacamu ToBingacamu

Tlymy4eppilicbknit yHiBepcuTeT
*MixHaponumit yHiBepcuteT CuM6iosuc
*MixuapopHuii yHiBepcutet Japdonin
*CraMOy/IbChbKMIl yHIBEpCUTET ATIVH
*ITajjaHrcpKNMit fep>kaBHNI YHIBEPCUTET

2ACDE

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

Pedepar. Crarts: 10 c., 4 Tabn., 2 puc., 52 mxeperna.

IcTopis muTaHHA. 31/ HOJINIIEHHs OKa3HUKIB pe3y/lIbTaTUBHOCTI BO/MEOOTICTY MOTPeOYIOTh IMOENHAHHS (isNIHMX
i pisiomoriunmx 3pibHOCTeIt, a BuKoHaHHA TRX (Total Resistance exercises — BIIpaBM Ha 3ara/IbHUI OIIip) TPEHYBaHb 3 BJIACHOIO
BAroIo i3 BMKOPUCTaHHAM IIiIBICHIX KOHCTPYKIIiit (TleTenb) Ta IVIIOMETPUYHIX TPEHYBaHb, AK BiJOMO, IIOKpAIIye Taki 34aTHOCTI.
ITpore icHYe HEZOCTATHBO OKA3IB LIOJO MOPIBHAHHA e(PEeKTMBHOCTI 3aCTOCYBAHHS 3a3HAYEHNX METO/IB Y BO/IETO0IiCTIB.

Merta pocmifkeHHsa. MeTa NOCIil>)KeHHA T0/ATasa y BUBYEHHI BIIMBY 12-T1okHeBOi mporpamu 3a Metopmukamu TRX-
TPEHYBaHb 3 BIACHOI BArolo i3 BUKOPMCTAHHAM MifiBICHIX KOHCTPYKIiil Ta ITIOMETPUYHUX TPEHYBAHb Ha ITOKa3HUKHU 6ioMo-
TOPHUX 31i0HOCTEN Ta (i3ionorivyHMX ajanTraniin y BOJIENOOICTiB-4O/IOBIKIB.

Marepianu Ta MeTomM. Y [JOCII/PKEHH] B3s/IM Y4aCTh COPOK ITSITh CIIOPTCMEHIB-40/M0BIKIB (Bik: 21,91 + 1,10) 3 yHiBepcn-

tery Kamikyr, mrar Kepana, Inaia. YyacHukis 6yno posmnopineno Ha Tpu rpymu: TRX-TpeHyBaHHA 3 BIACHOIO Baroio i3 BUKO-
PUCTaHHAM HiJIBICHMX KOHCTPYKIIiil, IJIIOMETPUYHI TPEHYBAHHsA Ta KOHTPO/bHA rpymna. Ilepes mo4aTKoM i micis saBeplleHHs
iHTepBeHIIil BUMipIOBaIU IOKa3HUKN IIBUKOCTI, CIPUTHOCTI, BMOYXOBOI CHIIN, YKUTTEBOI EMHOCTI JIETEHb i 4aCTOTM CeplieBUX
CKOpOYeHb y cTaHi crokow. ITic/s mpoBeeHHs LbOro erany faHi Oynu MiffaHi CTATUCTMYHOMY aHai3y, BK/IIOYAIOUY JHIHI
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Mogeri 3MilaHnx edekTiB i HOBTOpHI BuMiproBaHHs gucnepciitHoro aHamisy (ANOVA) 3 MeTO0 OLiHKYM B3a€MOAII MK rpymammn
B 3aJI&KHOCTI Bifj 9acy.

Pesynprarn. OTprMaHi JaHi CBig4aTh Ipo 3HaUHe MOKPALleHHsI IIOKa3HMKIB mBuaKocTi (p < 0,001), cipuraocti (p = 0,003)
ta B1byxoBoi cunu (p < 0,001) B 060X TpeHyBa/JIbHUX IPYIaX, 3 HOMITHOK MDKIPYIIOBOIO Ta 4aCOBOI B3aEMoOfi€. Takox Io-
Ka3aHO CyTTEBe MOJINIIeHHA MOKAa3HNUKIB KUTTEBOI EMHOCTI stereHsb (p < 0,001), Tozii AK YacToTa cepIieBUMX CKOPOYEHD Y CTaHi
CIIOKOXO 3a/IMIIN/IACH HE3MIHHOIO.

Bucnosku. TaxuM umHOM, fjoBefieHa eeKTUBHICTD 3acTocyBaHHA TRX-TpeHyBaHb 3 B/IACHOIO BArolo i3 BUKOPMCTAHHAM
HiZBICHUX KOHCTPYKIIii Ta IUTIOMETPUYHUX TPEHYBaHb B KOHTEKCTI IifIBUIIICHHA 6iOMOTOPHMX 31i0HOCTEl!, )KUTTEBOI EMHOCTI
JIeTeHb y BOJIeIOOIICTIB, 1110 JO3BOJIAE BMKOPUCTOBYBATH BUIlle3a3HaueHi METOAMKY B AKOCTI {iEBOTO IHCTPYMEHTY /A ITOKpa-
II€HHs IOKA3HMKIB Pe3y/IbTaTUBHOCTI, HE BIUVIMBAKOYM HAa YACTOTY CEPLEBUX CKOPOYEHb Y CTaHi CIIOKOIO.

Kmro4oBi croBa: mBUAKiCTb, CHPUTHICTD, BUOYX0BA CIIA, BOTIEIIOO0I, YaCTOTa CepILIeBMX CKOPOUEHb Y CTaHi CIIOKOIO.
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Abstract

Background. Sports health and the future of preschool children are urgent problems. However, a comprehensive and
scientific evaluation index system (EIS) for assessing their sports health is lacking.

Objectives. The study aimed to elaborate an EIS for preschool children’s motor health based on interdisciplinary
subjects to solve the growth dilemma faced by children during their development.

Materials and methods. Sixteen interdisciplinary experts who have been engaged in sports and health education

for more than 15 years participated in a Delphi study. They used a 5-point Likert scale twice to assess the importance
of preset indicators and provided feedback to modify and allocate items to the EIS.

Results. After two rounds of expert consultation, a consensus was reached on the EIS, which included 6 primary
and 26 secondary indicators. The coefficients for experts’ familiarity (A,), judgment (A;), and authority (A,) were

all >0.7. The coefficients for opinion coordination (w) were >0.7. The arithmetic mean (Mean) of the recognition and
operability scores was >4, and the coefficients of variation (CV) were all <0.25. The harmonization coefficient (w)

for the primary indicators was 0.803, and the harmonization coeflicient (w) for the secondary indicators was 0.758

(all >0.75).

Conclusions. Accurate, reliable and scientific data were collected to develop an EIS in order to address the challenges
of assessing children’s motor health. The findings can serve as a reference for future instruction on preschoolers’

motor health.

Keywords: Delphi technique, motor health, preschool children, evaluation research.

Introduction

In motor health, active health is the value orientation,
focusing on the all-dimensional health of the entire
population through scientific and regular exercise. Health is
the core value, and motor is the driving force for individuals
and society to seek a healthy lifestyle so as to improve bodily
function, enhance the degree of psychological pleasure,
enhance interpersonal relationships, and shape personality
and other functions. In this manner, physiology, psychology,
social adaptation, and even the morality of health can be
sustained (Lu, 2022). We comprehensively controlled for the
strength, endurance, speed, agility, flexibility, coordination,
and balance of preschoolers in sports from the perspectives of
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mobility, object control, and stability skills. The World Health
Organization (WHO) defines health as “not only the absence
of physical disease, but also mental health, social adjustment
and morality” Health promotion should be implemented at
allages because it may trigger benefits in terms of reducing the
risk of, and preventing, disease (Razeghi, et al., 2020). Motor
health behaviors involve issues such as a healthy diet, motor
habits, sleep patterns, and exercise intensity (Anderson, et
al., 2016). Physical and mental health appear to play key
roles in children’s typical development, with physical health
encompassing cardiorespiratory fitness, flexibility, muscular
strength, and muscular endurance, and mental health
relating to self-esteem, anxiety, and stress (Cocca, et al.,
2020). Sedentary behavior and physical inactivity are among
the major modifiable risk factors for cardiovascular disease
(CVD) and all-cause mortality globally. The promotion of
physical activity across age groups, races, ethnicities, and
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sexes is needed to improve cardiorespiratory fitness to
prevent many chronic ailments, especially CVD (Lavie, et al.,
2019). Family disruption — characterized by overcrowding,
noise, and chaos at home - may hinder efforts to engage in a
sufficient number of exercise behaviors (Kracht, et al., 2021).

In 2019, regarding children under 5 years of age, the
WHO recommended in the 24" Guidelines on Physical
Activity, Sedentary Behavior, and Sleep for Children that
children between the ages of 3 and 4 be physically active for
at least 180 minutes per day, of which at least 60 minutes
should consist of moderate to vigorous physical activity.
Further, children should not be sedentary for more than
1 hour per day, and they should be getting 10-13 hours
of good quality sleep (WHO, 2019). Preschoolers’ health-
related quality of life (QoL) increases with compliance
with the WHO guidelines for physical activity, sedentary
behavior, and amount of sleep (Chia, et al.,, 2019).
A comprehensive understanding of the correlations among
these components will provide a foundation for protecting
and improving health. Children’s motor development shows
a high degree of individual variability, with weight status
significantly affecting motor trajectory (Coppens, et al,,
2019). The emergence of individual behavior is closely tied
to the environment in which it occurs and is susceptible to
environmental factors (Yao, et al., 2021). Motor skills are
usually categorized into two types: gross and fine motor skills.
Fine motor skills include the movement of small muscles in
the body, while gross motor skills encompass movement
and object control (Robinson, 2010). Regular physical
activity can prevent obesity and other chronic illnesses
such as CVD, diabetes, cancer, hypertension, depression,
and osteoporosis (Warburton, 2006). Physical activity and
motor ability are closely related to preventing childhood
obesity, and the relevance of motor ability to individuals,
families, and the environment. Further, the socio-ecological
correlates of children’s mental health are multidimensional,
and individual correlates are the most important predictors
of mental health (Niemistd, et al., 2020). Initial competence
in basic motor skills influences their acquisition and presents
potential barriers to learning complex motor skills (Costa,
et al., 2021). Sports coaching interventions improve the
mental health, physical fitness, and physical activity levels of
children and adolescents (Ho, et al., 2017). Active play also
reduces stress and anxiety in children with psychological
problems (Carlier et al., 2020). Exercise frequency is directly
or indirectly linked to self-esteem, stress, school satisfaction,
and well-being, but not depression; exercise frequency
has an indirect effect on depression through stress, and
increasing exercise frequency may reduce stress (Cheon &
Lim, 2020). Regular physical activity can also prevent and
treat non-communicable diseases (NCDs) such as heart
disease, stroke, diabetes, and breast and colon cancer. It also
helps prevent hypertension, overweight, and obesity and can
improve mental health, QoL, and well-being (WHO, 2018).

In this study, we aimed to review current findings on
children’s motor health. We also intended to explore the
internal contradictions caused by the ecological holism of
evaluating preschool children’s motor health and the reality of
traditional child-rearing, as well as the external contradictions
between the holistic evaluation of an idealized ecosystem
and the reality of the environment. Moreover, we aimed to
use the theory of the intersections of disciplines to build an
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evaluation index system (EIS). We should examine reasonable
expectations of preschool children’s motor skills for the
development of their health, implement scientific motor and
health education, and help teachers and parents grasp the
basic laws and characteristics regarding preschool children’s
motor skills and health. We employed the Delphi method
to construct the EIS and weight coefficients; this included
calculating experts’ degree of familiarity with the indicators,
the basis of their judgment, their degree of authority, the extent
of coordination, the consistency coefficient, and the estimation
of weights (Jiinger et al., 2017; Jones & Hunter, 1995).

The innovations addressed in this paper are as follows:
For the challenges facing children’s development in post-
modern society, it is important to build a cross-disciplinary
EIS for preschool children’s motor health. This is significant
for the future, and the global perspective advocates for con-
tinually transcending the limitations of human health and
well-being. The promotion of children’s health as part of the
whole of humankind is impossible to disregard.

Materials and Methods

Participants

We used snowball sampling to select Delphi panel mem-
bers from different regions and universities in China based on
the following inclusion and exclusion criteria:

1. The inclusion criteria were as follows: (a) working in
motor training, psychology, physical education, or public
health; (b) more than 10 years of work experience; (c) title
qualification of associate senior or higher; (d) bachelor’s de-
gree or higher; and (e) voluntary participation in this study
and positive feedback.

2. The exclusion criteria were as follows: (a) unwillingness
to participate for personal reasons, (b) lack of practical experi-
ence in motor health-related work, and (c) withdrawal from
the study while in progress.

This study was approved by the Ethics Committee of Ma-
hasarakham University (#497-453/2023).

Study Design

The Delphi method involves consulting experts and
translates opinions into a group consensus (McPherson, et al.,
2018). It is considered a flexible research technique for setting
goals and organizing projects. The researcher communicates
with experts by sending them online or offline questionnaires
without considering their geographic location. The process
of collecting experts’ suggestions is independent and anony-
mous, ensuring that experts do not talk with each other or
exchange opinions (Black, et al., 2018). We obtained accurate
and reliable data through an iterative, multistage process.

Questionnaire Design

We edited the questionnaire and made it suitable for
administering online using the Questionnaire Star platform,
which consisted of three parts:

(1) Preamble: A brief description of the study’s purpose,
content, and requirements.

(2) Basic demographic information: sex, unit, title, years
of experience, field of study, and highest level of education.
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(3) EIS questionnaire: The experts used a 5-point Lik-
ert scale to provide feedback on the importance of each in-
dex, the basis for their judgment, their degree of familiarity,
the extent of recognition, and their operability. In addition,
experts could propose modifications for each index to enrich
the content of the EIS.

In December 2023, we contacted the experts in different
regions in person, via email, by WeChat®, or other means;
the experts did not communicate with each other. We com-
piled the feedback from each expert and readjusted the ques-
tionnaire for the second round of consultations to further
verify the accuracy of the EIS. After two rounds of expert con-
sultation, a consensus was reached on how to improve the EIS.

Statistical Analysis

We used WPS Office 6.4 and IBM® SPSS® Statistics 26.0
to analyze the data, which we visualized using GraphPad
Prism 9 software, with the level of significance set at p < 0.05.
We measured the degree of concentration and dispersion of
the experts’ opinions according to the ratio of the full marks
of the experts’ scores (K%), the arithmetic mean (Mean),
the standard deviation (s), the coeflicient of variation (CV),
and other indicators. We calculated the experts’ positive
coefficient (Cj), basis for judgment (Ai), familiarity (As),
coeflicient of authority (Aa), and coefficient of coordination
(w) according to the results of the consultation.

Quality Control

We strictly developed the criteria for selecting experts to
ensure the scientific credibility and accuracy of the findings.
The selection of experts from the same region may have led
to some degree of bias in the results (Garnett, et al., 2015).
Thus, we selected experts from different regions and fields
of research for this study. They filled out the questionnaire
online. They also carefully checked and identified problems
in contacting the experts in time. We excluded incomplete
questionnaires, and two researchers entered all data to ensure
the quantity and quality of the completed questionnaires.

Results

Results of Analysis from the Expert Consultation

We used the Delphi method in this study and selected
14 experts in sports science, child health assessment, psy-
chology, and education. We distributed the questionnaire for
experts through WeChat®. The experts provided assessments
for the 6 primary indicators and 26 secondary indicators.
Their judgments were based on theoretical analyses, work
experience, reference to the literature, peer knowledge, and
intuitive perceptions. We categorized familiarity with each
indicator into five levels: very familiar, quite familiar, mod-
erately familiar, less familiar, and unfamiliar.

We constructed the framework of the indicator system
using methods such as a literature review and group discus-
sions with the experts. We chose indicators through consul-
tation with 16 and 14 experts in the first and second rounds,
respectively. We assigned the indicator values and established
an evaluation method along with the specifications of the ap-
proach for calculating the total score. We computed the basic
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information of the experts, along with the positivity coef-
ficient, level of familiarity, judgment coefficient, level of au-
thority, degree of coordination, and coeficient of variation.

Expert Demographics

We selected experts who specialize in sports training,
assessing physical fitness, psychology, physical education,
school sports, and childhood sports. Among the 14 experts
(who answered the second round of questionnaires), there
were 10 males and 4 females, all with a minimum of a bach-
elor’s degree and holding titles of associate professor or high-
er. They met the basic requirements of the relevant profes-
sional fields. Seven experts held senior positions, accounting
for 50 %, and seven held associate professor positions, com-
prising 50 %. All experts had more than 15 years of work
experience. Nine had doctoral degrees (64.3 %), three had
master’s degrees (21.4%), and two had bachelor’s degrees
(14.3%). They engaged in research on children’s medicine
and educational psychology (42.9 % of the sample), whereas
those involved in physical education and sports training ac-
counted for 57.1%. All 14 experts were familiar with the
comprehensive assessment of children’s sports and health,
with 10 (71.4 %) being very familiar with it.

The Coefficient of Expert Positivity

The coeflicient of expert positivity reflects the degree of
cooperation among experts on this research project. This can
be evaluated using the response rate of expert consultation.
To some extent, the magnitude of the coefficient for expert
positivity reflects the reliability of the results from the
consultation. The formula for calculating the coeflicient is
shown in Formula 1:

G =M;/M 1)
where M; is the number of questionnaires recovered from the
experts, and M is the number of questionnaires distributed.

In the first round of consultation with experts, 16 ques-
tionnaires were distributed; 14 effective ones were collected,
resulting in a positivity coeflicient of 87.5%. In the second
round of consultation with experts, 14 questionnaires were
distributed, and all 14 were collected, resulting in a positiv-
ity coefficient of 100%. The positivity coefficients for both
rounds of consultation were relatively high, indicating a
good level of cooperation among the experts.

Level of Authority: Experts’ Opinions

An expert’s level of authority is generally determined by
two factors: his/her level of expertise and the basis for his/
her judgments, denoted as Ai, and his/her familiarity with
the problem, represented by As. The formula for calculating
the degree of authority is displayed in Formula 2:

Ag = (A + 4y)/2 (2)
where A, is the coeflicient for the expert’s familiarity, A, is the
coeflicient for the expert’s judgment, and A, is the coefficient
for the expert’s authority.

The expert’s level of authority is primarily based on
self-assessment and can sometimes be mutually evaluated.
We adopted a self-assessment method in which experts rated
their familiarity with and the basis for judging the evaluation
indicators. Table 1 presents the criteria and the indicators for
familiarity and the basis of judgment (Sun, 2005).
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Table 1. Assignment table for experts’ assessments

Level of familiarity  Scores Basis of judgment  Scores
Extremely familiar 1.0 Theoretical foundation 1.0
More familiar 0.8  Working experience 0.8
Generally familiar 0.6  Bibliography 0.6
Less familiar 0.4  Peer understanding 0.4
Very unfamiliar 0.2 Intuitive feeling 0.2

(1) The coefficient for experts’ familiarity

We used the coefficient for experts’ familiarity, denoted
by As, to represent the experts’ level of familiarity with the
primary indicators. According to the statistical results of
familiarity scores for the primary indicators, experts’ level
of familiarity with the primary indicators was above 0.7 (see
Table 2). Except for a few experts who rated themselves as
being generally familiar, the rest described themselves as
either extremely familiar or more familiar. This indicated that
the experts were familiar with the primary indicators. The
coeflicients for their familiarity with the primary indicators,
in descending order, are as follows: physical health, motor
ability, mental health, motor health behavior, motor health
environment, and social and emotional competence.

According to the statistical results of the familiarity
scores for the secondary indicators, experts’ familiarity with
the secondary indicators was above 0.7 (see Table 3). Thereare
two indicators rated as very unfamiliar, one as less familiar,
and a few as generally familiar. However, most indicators are
rated as extremely familiar and more familiar. This suggests
that the experts were familiar with the secondary indicators.

(2) The coefficient for experts’ judgment

We used the coefficient for experts’ judgment, denoted
by Ai, to represent the extent to which the judgment criteria
influenced the experts. According to the statistical results
of the scores of the judgment coefficient for the primary
indicators (Table 2), all coefficients were greater than 0.7.
This implies that the judgment criteria had a significant
impact on the experts. The main basis for their judgment
is theoretical analysis and work experience, with some
input from the literature and peer understanding. Hence,
we deemed the judgment criteria to be relatively reliable.
The coeflicients for expert judgment regarding the primary
indicators, in descending order, are motor ability, physical
health, social and emotional competence, mental health,
motor health behavior, and motor health environment.

Based on the statistical results of the scores of the judg-
ment coefficient for the secondary indicators (Table 3), all co-
efficients were greater than 0.7. This implies that the judgment
criteria had a significant impact on the experts. The main basis
for experts’ judgment is theoretical analysis and work experi-
ence, with some input from the literature and peer under-
standing. Additionally, some judgments are based on intuitive
feelings. This suggests that the judgment criteria were reliable.

(3) The coefficient for experts’ authority

Based on the coeflicients for familiarity and judgment
regarding the primary indicators, calculated according to
Formula 2, we calculated the coefficients for experts’ author-
ity regarding the primary indicators (Table 2). The coeffi-
cients for experts’ authority regarding the primary indicators
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were all greater than 0.7, indicating that the 14 experts had a
high level of authority regarding the primary evaluation indi-
cators. We deemed the experts’ opinions to be highly reliable.

Table 2. Experts’ familiarity, judgment, and authority
regarding the first-level indicators

Indicators A; A, A,
A: MA 0.83 0.84 0.84
B: PH 0.83 0.86 0.84
C: MH 0.79 0.83 0.81
D: SEC 0.80 0.77 0.79
E: MHE 0.76 0.81 0.79
F: MHB 0.77 0.83 0.80

Note: A,, coeflicient for experts’ familiarity; A,, coefficient

for experts’ judgment; A, coefficient for experts’” authority;

MA = motor ability; PH = physical health; MH = mental health,
SEC = social and emotional competencies; MHE = motor health
environment, MHB = motor health behavior.

Table 3. Experts’ familiarity, judgment, authority regarding
the secondary indicators

Indicators A; A, A,
Al: Speed 0.83 0.83 0.83
A2: Strength 0.83 0.77 0.80
A3: Coordination 0.83 0.84 0.84
A4: Flexibility 0.81 0.81 0.81
A5: Balance 0.81 0.83 0.82
B1: Body shape 0.81 0.90 0.86
B2: PP 0.80 0.76 0.78
Cl: EH 0.83 0.80 0.81
C2: Self-esteem 0.84 0.79 0.81
C3: Families 0.81 0.79 0.80
C4: SC 0.81 0.76 0.79
C5: Schools 0.86 0.83 0.84
D1: SO 0.77 0.76 0.76
D2: RS 0.77 0.76 0.76
D3: DM 0.83 0.74 0.79
D4: SA 0.77 0.79 0.78
D5: SM 0.81 0.77 0.79
E1: SP 0.79 0.74 0.76
E2: CE 0.77 0.76 0.76
E3:SI 0.76 0.73 0.74
E4: SE 0.83 0.84 0.84
E5: FE 0.86 0.86 0.86
F1: MB 0.79 0.83 0.81
F2: Lifestyle 0.83 0.76 0.79
F3: PB 0.86 0.77 0.81
F4: Adaptation 0.77 0.79 0.78

Note: A, = coefficient for experts’ familiarity; A; = coeflicient

for experts’ judgment; A, = coeflicient for experts’ authority;

CA = coordination ability; PP = physiological perception;

EH = emotional health; SC = social contact; SO = social
awareness; RS = relationship skills; DM = responsive decision-
making; SA = self-awareness; SM = self-management; SP = sports
policies; CE = community environment; SI = sports institutions;
SE = school environment; FE = family environment; MB = motor
behavior; PB = psychological behavior

Based on the coefficients of familiarity and judgment for
the secondary indicators, calculated according to Formula 2,
we calculated the coefficients for experts’ authority regard-
ing the secondary indicators (Table 3). The coefficients for
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experts’ authority regarding the secondary indicators were all
greater than 0.7, implying that the 14 experts had a high level
of authority regarding the secondary evaluation indicators.
We deemed the experts’ opinions to be highly reliable.

Consistency of experts’ opinions

The degree of coordination of experts’ opinions reflects
the magnitude of disagreement among them and is crucial for
assessing the credibility of the results from the consultation.
The smaller the differences in experts’ opinions on the indica-
tors, the higher the degree of coordination, indicating stron-
ger unity and guiding significance in the opinions. We mea-
sured the degree of coordination of experts’ opinions by the
coeflicient for the consistency of experts” opinions, w, which
reflects the level of agreement among m experts on n indica-
tors. The value of w ranges from 0 to 1, and the closer w is
to 1, the better the degree of coordination of expert opinions.

(1) Calculation method for the coefficient
of experts’ consistency

We ranked and calculated the indicators as shown

in Formula 3:
m
T; = i=1Rij (3)

In this formula, T; represents the sum of rankings for the j-th
indicator; R; denotes the ranking given by the i-th expert to
the j-th indicator, and the ranking is arranged in descending
order of scores. We calculated the average rank sum of each
evaluation indicator as seen in Formula 4:

T= Z;rj/n (4)

In this formula, T is the average rank sum of each evaluation
indicator, and T; is the rank sum of the j-th indicator.

We calculated the sum of the squared deviations from
the rank sum of all indicators based on Formula 5:

In this formula, 2. .Y represents the sum of the squared
deviations from the mean of the sum of the ranks of all
indicators. We calculated the coefficient for consistency of

opinions based on Formula 6:

12 n
- L 2
©= m2(n® —n) Z]-:l 4 (©)

w denotes the coeficient for consistency of opinions among
m experts on n indicators, where m is the number of experts
participating in the assessment of indicators, and n is the
number of evaluation indicators. When there is the same
rank, w is corrected, as seen in Formula 7:

12 Z“ I ;
w = £
eI CER = VA
In this formula, #, represents the number of identical ranks.
(2) Results of the coefficient for coordination
among experts’ opinions

The coeflicient for coordination has values between 0
and 1. The closer it is to 1, the better the coordination among
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all experts in their ratings for all evaluation indicators.
Conversely, avalue closer to zero implies poorer coordination
among experts in their ratings of all evaluation indicators,
suggesting significantinconsistencyamong expertsregarding
the relative importance of various evaluation indicators.
We calculated the coeflicients of coordination for both the
primary and secondary indicators based on the results of
the two rounds of consultation with the experts. After these
two rounds, the coeflicient of coordination for the primary
indicators was 0.803, and that for the secondary indicators
was 0.758. Both w values were greater than 0.7, implying
good consistency among the experts’ opinions and stable
evaluation outcomes (see Table 4). A coefficient for experts’
authority >0.7 is considered reliable (Long et al., 2016).

Table 4. Coefficients of coordination among experts on
various evaluation indicators

Indicator Coeflicients of coordination (w)
Primary indicators 0.803
Secondary indicators 0.758

Constructing the framework of the EIS

Principles of system integrity

Following the principles of the ecosystem, Fig. 1 indicates
that motor ability, physical health, psychological health, social
and emotional competence, the motor health environment,
and motor health behavior are form ecological chain of
elements that are interdependent, mutually influencing,
mutually constraining, and mutually reinforcing. We held
two rounds of consultation with experts in sports science,
the assessment of children’s health, medical psychology, and
pedagogy using symposiums, brainstorming, discussions,
multiple interviews, and other forms of addressing the topic.
We explored the initial proposed indicators at all levels article
by article. Combined with views on the indicators (whether
there is a different opinion or proposal), we put forward
the modification, deletion, or replacement of the proposal
and made adjustments accordingly in order to establish the
preliminary expert consultation for the proposed EIS.

Psychological
Health

Motor
Ability

Evaluating
ecological chains

Social and
Emotional
Competence,

‘Motor Health|
Behavior

Motor Health|
Environment,

Fig. 1. Principles of system integrity
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Following the principles of feasibility and emphasis on
key aspects, we initially proposed categorizing an EIS for the
motor health of preschool children. This system includes
six primary indicators: motor ability, physical health, men-
tal health, social and emotional abilities, the motor health
environment, and motor health behavior. Motor ability is
comprised of seven secondary indicators: speed, strength,
endurance, flexibility, coordination, balance, and agility.
Physical health includes three secondary indicators: body
shape, physical function, and physiological perception.
Mental health comprises five secondary indicators: emotion-
al health, self-esteem, family interactions, social function-
ing, and school roles. Social and emotional abilities consist
of five secondary indicators: social awareness, relationship
skills, responsible decision-making, self-awareness, and
self-management. The motor health environment includes
six secondary indicators: sports policies, the community en-
vironment, sports facilities, the school environment, parent-
child activities, and the family environment. Motor behav-
ior includes seven secondary indicators: outdoor activities,
sports behavior, hobbies, lifestyle, psychological behavior,
exercise intensity, and social adaptation.

The selection of the evaluation indicators

We identified evaluation indicators for the motor
health of preschool children aged 3-6 years using a
questionnaire administered to experts. Based on the
experts’ opinions regarding the degree of acceptance,
operability, and importance of each indicator, they could
choose from a scoring standard of 1-5 points. As for the
degree of acceptance and operability, 5 = strongly agree,
4 = somewhat agree, 3 = neutral, 2 = somewhat disagree,
and 1 = strongly disagree. We evaluated the results from
the consultation and assessment for each indicator based on
the concentration, dispersion, and coordination of experts’
opinions. We evaluated the concentration and dispersion of
experts’ opinions based on indicators such as the percentage
of full marks (K), the arithmetic mean (Mean), the standard
deviation (s), and the coefficient of variation (CV). The
indicator screening procedure (Cao, et al., 2017) is as follows:

(1) Percentage of full marks (K), i.e., the proportion of
experts who strongly endorsed a particular indicator among
the total number of experts. K > 50 % indicates a high level
of endorsement by experts for that indicator.

(2) Arithmetic (Mean) of the score of a particular
indicator. If Mean > 4, it indicates a high level of endorsement
by the experts. If 3 < Mean < 4, we made a judgment in
conjunction with other indicators to determine whether to
exclude the indicator; a Mean < 3 resulted in excluding the
indicator. _

(3) Coefhicient of variation (CV = s/X). If the CV of
the score for a specific indicator is < 0.25, it implies fairly
good consistency among experts’ opinions. If CV > 0.25,
we made a comprehensive judgment based on K and X to
decide whether to retain or discard a particular indicator.

(4) Whentwo ormoreindicators simultaneouslyreflected
experts’ non-acceptance or difficulty with operations, or
when there was significant disagreement among experts, we
considered excluding that particular indicator.

Based on the acceptance and feasibility of the primary
indicators from the first round of consultation with experts,
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wecalculated thescreening percentages (K), arithmeticmeans
(Mean), and coefficients of variation (CV) of the primary
indicators (Fig. 2). For the acceptance of primary indicators
in the first round of consultation - except for the percentage
of acceptance (42.86 %) for environmental health, which
was less than 50 % - the percentages of acceptance for other
primary indicators were all 250 %, with arithmetic means all
>4 and coefficients of variation all <0.20. The feasibility and
acceptance of the six primary indicators were reliable, so we
did not consider indicators for deletion.

Based on the acceptance and feasibility of the
secondary indicators in the first round of consultations
with experts, we calculated the screening percentages (K),
arithmetic means (Mean), and coefficients of variation (CV)
(Table 5). In the evaluation outcomes for the operability of
the secondary indicators in the first round of consultations
with experts, the indicators that did not meet the criteria for
evaluation of the consultation (K < 50 %) included: endurance
(A3: K = 21.43 %), sensitivity (A7: K = 28.57 %), physical
function (B2: K = 14.29 %), self-esteem (C2: K = 42.86 %),
self-awareness (D4: K = 35.71 %), self-management (D5:
K = 42.86 %), sports policy (E1: K = 42.86 %), community
environment (E2: K = 35.71 %), parent-child activities (E5:
K = 42.86 %), outdoor activities (F1: K = 42.86 %), hobbies
(F3: K =35.71%), psychological behavior (F5: K = 42.86 %),
and exercise intensity (F6: K = 42.86 %). Other indicators
had acceptance percentages K>50%. Endurance (A3:
Mean = 2.93) and physical function (B2: Mean = 2.64) were
indicators that did not meet the criteria for evaluation of
the consultation regarding the arithmetic mean (Mean<3).
The indicators that met the criteria (3<Mean<4) were
sensitivity (A7: Mean = 3.29), parent-child activities (E5:
Mean = 3.50), outdoor activities (F1: Mean = 3.29), hobbies
(F3: Mean = 3.64), and exercise intensity (F6: Mean = 3.93).
We considered deleting these five indicators based on
the other indicators. The remaining indicators had arithmetic
means >4. The indicators that did not meet the criteria for
the coeflicient of evaluation of the consultation (CV >0.25)
were endurance (A3: CV = 0.41), sensitivity (A7: CV = 0.39),
physical function (B2: CV = 0.46), parent-child activities
(E5: CV = 0.40), outdoor activities (F1: CV = 0.50), hobbies
(F3: CV = 0.33), and exercise intensity (F6: CV = 0.32).
The remaining indicators had coeflicients of variation of <0.25.

In the results for the recognition of secondary indi-
cators in the first round of consultation with the experts,
the indicators that did not meet the criteria (K<50%)
included: endurance (A3: K = 14.29%), social aware-
ness (D1: K = 42.86 %), responsible decision-making (D3:
K =35.71%), self-awareness (D4: K = 42.86 %), sports policy
(E1: K = 42.86 %), sports institutions (E3: K = 42.86 %), par-
ent-child activities (E5: K = 28.57 %), outdoor activities (F1:
K =35.71%), and hobbies (F3: K = 42.86 %). Other indica-
tors had percentages of acceptance =50 %. The indicator that
did not meet the criterion of the arithmetic mean (Mean < 3)
was endurance (A3: Mean = 2.43). The indicators that met
the criteria for the arithmetic mean (3<Mean<4) were physi-
cal function (B2: Mean = 3.93), parent-child activities (E5:
Mean = 3.57), outdoor activities (F1: Mean = 3.93), and hob-
bies (F3: Mean = 3.86). We considered these four indicators
for deletion based on the other indicators. The remaining
indicators had arithmetic mean scores >4. The indicators
that did not meet the criteria for the coefficient of variation
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Table 5. Results of the assessment of the secondary indicators

Operability Recognition
Secondary indicators

K (%) Mean s CV K (%) Mean s Cv
Al: Speed 57.14 4.57 0.51 0.11 57.14 4.50 0.65 0.14
A2: Strength 64.29 4.50 0.76 0.17 50.00 4.14 1.03 0.25
A3: Endurance 21.43% 2.93* 1.21 0.41* 14.29% 2.43% 1.28 0.53*
A4: CA 85.71 4.79 0.58 0.12 85.71 4.79 0.58 0.12
A5: Flexibility 57.14 4.43 0.76 0.17 57.14 4.50 0.65 0.14
A6: Balance 78.57 4.71 0.61 0.13 85.71 4.86 0.36 0.07
A7: Agility 28.57* 3.29 1.27 0.39* 57.14 4.21 1.19 0.28*
B1: Body shape 50.00 4.50 0.52 0.12 57.14 4.57 0.51 0.11
B2: Physical function 14.29* 2.64* 1.22 0.46* 50.00 3.93 1.14 0.29*
B3: PP 50.00 4.29 0.83 0.19 50.00 4.29 0.83 0.19
Cl: EH 57.14 4.57 0.51 0.11 50.00 4.43 0.65 0.15
C2: Self-esteem 42.86% 4.14 0.86 0.21 50.00 4.29 0.83 0.19
C3: Families 71.43 4.57 0.76 0.17 71.43 4.57 0.76 0.17
C4: SC 57.14 4.57 0.51 0.11 50.00 4.43 0.65 0.15
C5: Schools 57.14 4.50 0.65 0.14 64.29 4.64 0.50 0.11
D1: SO 50.00 4.36 0.74 0.17 42.86* 4.29 0.73 0.17
D2: RS 57.14 4.50 0.65 0.14 50.00 4.36 0.74 0.17
D3: DM 57.14 4.43 0.76 0.17 35.71* 4.00 0.88 0.22
D4: SA 35.71* 4.00 0.88 0.22 42.86* 4.21 0.89 0.21
D5: SM 42.86* 4.07 0.92 0.23 50.00 4.29 0.91 0.21
E1: SP 42.86* 4.29 0.73 0.17 42.86* 4.29 0.73 0.17
E2: CE 35.71* 4.07 0.73 0.18 57.14 4.57 0.51 0.11
E3: SI 50.00 4.14 0.95 0.23 42.86* 4.07 0.92 0.23
E4: SE 64.29 4.57 0.65 0.14 64.29 4.57 0.65 0.14
E5: Parent-child activities ~ 42.86* 3.50 1.40 0.40* 28.57* 3.57 1.09 0.31*
E6: FE 78.57 4.71 0.61 0.13 85.71 4.71 0.61 0.13
F1: Outdoor activities 42.86* 3.29 1.64 0.50* 35.71* 3.93 1.00 0.25
F2: MB 50.00 4.43 0.65 0.15 57.14 4.57 0.51 0.11
F3: Hobbies 35.71* 3.64 1.22 0.33* 42.86* 3.86 1.03 0.27*
F4: Lifestyle 57.14 4.50 0.65 0.14 57.14 4.50 0.65 0.14
F5: PB 42.86* 4.29 0.73 0.17 64.29 4.64 0.50 0.11
Fé6: Exercise intensity 42.86* 3.93 1.27 0.32* 50.00 4.07 1.27 0.31*
B2: Adaptation 50.00 4.29 0.83 0.19 50.00 4.29 0.83 0.19

Note: K (%) represents the acceptance rate, Mean is the arithmetic mean, s = variance, CV = the coeflicient of variation, * implies that
the indicator parameters did not meet the criteria for consultation assessment, CA = coordination ability; PP = physiological perception;
EH = emotional health; SC = social contact; SO = social awareness; RS = relationship skills; DM = responsible decision-making;

SA = self-awareness; SM = self-management; SP = sports policies; CE = community environment; SI = sports institutions; SE = school
environment; FE = family environment; MB = motor behavior; PB = psychological behavior

(CV 20.25) were endurance (A3: CV = 0.53), sensitivity (A7:
CV =0.28), physical function (B2: CV = 0.29), parent-child
activities (E5: CV = 0.31), hobbies (F3: CV = 0.27), and exer-
cise intensity (F6: CV = 0.31). The remaining indicators had
coefhicients of variation of <0.25.

The secondary indicators, all seven of which we con-
sidered for exclusion, were endurance (A3), agility (A7),
physical function (B2), parent-child activities (E5), outdoor
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activities (F1), hobbies and interests (F3), and intensity of ex-
ercise (F6). The eight indicators — whether within the range
of consideration for exclusion or not - were self-esteem
(C2), social awareness (D1), responsible decision-making
(D3), self-awareness (D4), self-management (D5), physical
activity policy (E1), community environment (E2), institu-
tions for physical training (E3), and psychological behavior
(F5). Based on the results of the current round of scores
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Fig. 2. Assessment map for the primary indicators

for consultation with the experts, and in accordance with
the principle that “if two or more screening indicators do not
meet the criteria for consultation and evaluation, consider
removing the indicator,” we organized the indicators by con-
sidering experts’ opinions on the indicators. We excluded
endurance (A3), considered to be an inappropriate indicator
for preschool children. We merged parent-child activities
(E5) into family environment (E6). We merged outdoor ac-
tivities (F1) into exercise behavior (F2). We eliminated hob-
bies (F3), which we deemed an unsuitable index for motor
health evaluation. We also eliminated indicators that were
difficult to obtain, such as sensitivity (A7), physical func-
tion (B2), and exercise intensity (F6). We retained the rest
of the indicators.

We conducted the first round of consultations with
experts based on the EIS. The arithmetic mean of the scores
for experts’ approval and feasibility was >4, and the coefficient
of variation was <0.25, indicating the reliability of the results
and the strong feasibility of the obtained indicators. Based
on these adjustments, we developed a new EIS. We proposed
an EIS for motor health in preschool children aged 3-6 years.
This EIS includes six primary and 26 secondary indicators
(as shown in Fig. 3).

Discussion

American psychologist Urie Bronfenbrenner proposed
ecological systems theory to explain how the social
environment affects children’s development. This theory
stresses the importance of studying children in multiple
environments or ecosystems in order to understand their
development. According to Bronfenbrenner, children
often find themselves in a variety of ecosystems, from the
most intimate family setting to the larger school context,
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Fig. 3. Framework diagram of the EIS for the motor health of
preschool children aged 3-6 years

more complex interactions between active and evolving
biopsychological organisms, people, objects, and symbionts
(Bronfenbrenner, 2006). Hence, we followed the principle
of the ecosystem, forming an ecological chain according
to the cross-disciplines of athletic ability, physical health,
mental health, social-emotional competence, the athletic
health environment, and athletic health behaviors, which are
interdependent, interact, and promote each other. We used
symposia, brainstorming, focused discussions, multiple
interviews, and other forms of consultations with experts to
establish a preliminary EIS. Several studies have identified
many factors affecting sports health (Bremner et al., 2020;
Hamer et al., 2012). We compiled a relatively comprehensive
EIS comprising six primary indicators of preschool children:
exercise ability, physical and mental health, social and
emotional competence, the motor health environment,
and motor health behavior, in addition to 26 secondary
indicators.
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Motor ability is an important component of child
development. The acquisition of basic motor skills is a
prerequisite for participation in physical activity, sports, and
exercise, and proficiency in motor ability contributes to an
activelifestyle (Rokicka-Hebel,2013). Childrenaged 2-6 years
have the best opportunity to learn motor skills (LeGear et al.,
2012). The development of motor skills in children is closely
linked to their health (Ho et al., 2017; Lubans et al., 2010;
Sorensen & Zarrett, 2014). Physical and mental health play
a key role in children’s typical growth (Razeghi et al., 2020;
Cocca et al.,, 2020; Lavie et al., 2019). There is a positive
correlation between nutritional-exercise behaviors and the
level of health knowledge (Ayaz & Kulakg1, 2021). Moreover,
problems with physical and mental health can have many
negative effects on individuals, families, and society (Correll
etal,, 2017; Hailemichael et al., 2019), so having physical and
mental health is a core element of preschoolers’ development
that cannot be ignored. Motor health behaviors involve
topics such as healthy eating habits, exercise habits, sleep
patterns, and exercise intensity (Anderson et al., 2016;
Prichard et al., 2020; Reed et al., 2013). A growing body
of evidence suggests that motor health behaviors not only
contribute to improved physical health but can also have
a significant, positive impact on children’s psychology
(Herring et al., 2019; Lewis et al., 2021). Social-emotional
competence is a key developmental task in early childhood
that significantly predicts educational and occupational
achievement, health, and well-being (Rhoades et al., 2009;
Schoon, 2021) and contributes to children’s social success
(Denham et al.,, 2001). The environment is an important
contributor to children’s motor health development (Kracht
et al,, 2021; Armstrong et al., 2019), and better living and
learning environments give preschoolers a vital source of
physical activity, leading to more physical and mental health
benefits as well as better overall competence (Christian et
al., 2022; Ng M et al., 2020). Hence, we constructed an EIS
to assess preschool children’s motor health from a cross-
disciplinary perspective. In this way, we have created an
opportunity to solve the theoretical challenges of assessing
preschool children’s motor health and to provide a reference
for the future development of education regarding their
motor health. In this way, we aim to improve the level of
preschool children’s motor health in practical teaching.

The EIS we constructed is characterized by scientific,
comprehensive, and diverse features. First, we consulted
experts in exercise science, the assessment of children’s
health, medical psychology, pedagogy, and other fields
related to the topic. We did so via symposia, brainstorming,
discussions on the preliminary indicators at all levels one
by one, and exploring the views on the indicators (whether
there are different opinions or suggestions). We proposed
modifying, deleting, or replacing the proposal and made
adjustments accordingly to establish the EIS. We developed
the framework of the EIS by combining the cross-
disciplinary knowledge of motor ability, psychology, social
and emotional ability, ecosystem, and health. We also
established the EIS based on a large amount of literature
(Ayaz & Kulakgi, 2021; Niemisté et al., 2020; Denham et
al., 2014), which implies that the EIS has a certain degree of
scientific authority. Second, the experts’ qualifications are
reliable, and they all met the basic requirements of their
professional fields by having a bachelor’s degree or above,
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titles of associate professor or above, and more than 15 years
of work experience. The experts engage in research on
pediatric medicine and educational psychology (42.9% of
the sample); those engaged in physical education and athletic
training comprise 57.1 %. Fourteen experts were familiar
with the comprehensive evaluation of children’s motor
health in general or above, and ten were very familiar with
it (71.4 % of the experts). This denotes that their suggestions
and comments were based on rich theoretical knowledge and
practical experience, making the EIS more reliable. Finally,
we carried out two rounds of consultation with the experts
according to the EIS; there were 16 experts in the first round
and 14 experts in the second round, with positive coefficients
of 80 % and 100 %, respectively. The coefficients for experts’
familiarity, judgment, and authority regarding the primary
and secondary indicators were >0.7. The coefficients for
coordination of opinions were all >0.7. The arithmetic mean
of the scores for recognition and operability was >4, and the
coeflicients of variation were all <0.25. This demonstrates
that our results are reliable and that the final indicators
obtained are operational. The coefficient of coordination for
the primary indicators was 0.803, and that of the secondary
indicators was 0.758, both of which were greater than 0.75.
This implies that the consistency of the experts’ opinions
was good, and the estimation of the indicators’ weights was
stable and reliable.

This study has several limitations. First, we relied on
multidisciplinary intersections and used convenience
sampling to recruit only 16 experts in different fields
from 10 universities in different regions. This may have
led to sampling bias. In future studies, stratified random
sampling should be considered to increase the authority
of representative experts. Second, we constructed an EIS,
which led to an unclear method for collecting data. To
capture the characteristics and current status of preschool
children’s motor health, future studies should measure
the indicator system for their motor health or develop
appropriate scales to obtain reliable data for analysis. Third,
we could not determine a causal relationship between the
indicators. Thus, to explore the relationship between the
factors affecting preschool children’s motor health, future
studies need to establish a structural equation model of it,
validate the model’s scientific validity, and use regression
analysis to establish a linear functional relationship between
the indicators of preschool children’s motor health. Fourth,
future research should simultaneously assign weights to
decision-making indicators based on the intrinsic laws
between the indicator data and experts’ experience, which
can be more reasonably applied to the practice of evaluating
preschool children’s motor health.

Conclusions

In sum, through the cross-disciplinary construction ofan
EIS for preschool children’s motor health, the indicators are
more operable and have better consistency from a scientific
standpoint and based on experts’ opinions. This creates an
opportunity to solve the problem using the theory on the
evaluation of preschool children’s motor health. This study
provides a reference for the future development of education
on preschool children’s motor health to improve motor
health in practical teaching.
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Mo6ypnoBa iHAEKCHOI CMCTEMM LWOAO OLiHKWN CTaHY

PyX0OBOro po3BuTKY AiTer AOLWKINbHOro BiKy 3 TOUKMN 30pYy
AncumnaiHapHUX B3aEMoO3B’A3KiB: [lenbdincbke gocnigKeHHA
Hyucro Jy'ABCPE, Yajipat Yycakym' P

'"MaxacapakxaMCbKNii YHiBepCUTeT

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

Pedepar. Crarrs: 12 c., 5 Tab1., 3 puc., 47 mxeper.

Icropia nuraHHsA. [IuTaHHSA CTaHY CIOPTUBHOI Mi[TOTOBKY Ta Maif0yTHHOTO PO3BUTKY AiTell AOLIKITBHOTO BiKY € aKTyaslb-
HyMK Tpobnemamu. OnHak 6paKkye KOMIUIEKCHOI Ta HAYKOBO 0OTPYHTOBaHOI iHiekcHOI crctemu oniHoBanus (ICO) mns Bu3Ha-
YEHHs PiBHA IXHBOTO CTaHy CHOPTUBHOI MiATOTOBKI.

Merta gocripxenHs. e focmimxents Maio Ha MeTi pospobutit ICO 100 CTaHy PyXOBOTO PO3BUTKY AiTell JOLIKITBHOTO
BiKY Ha OCHOBI MDKIMICIIMIUTIHAPHUX IIPeAMETIB [/Is O3B I3aHHA IIPOOIeMaTUKN 3POCTAHHA, 3 IKOK0 CTUKAIOTBCA [IITH B IIpoLeci
CBOTO PO3BMTKY.

Marepianu Ta Metogu. [llicTHaAATE MDKAMCHINIDIIHAPHIUX €KCIIEPTIB, sIKi MOHAZ 15 poKiB 3amy4eHi 1o chepu CIOPTUBHOI TA
0370pOBYOI OCBITH, B3SUIM YIACTh y ZOCIi/pKeHH] 3a MeTozioM Jenbgi. Bonu ABidi BukopuctoByBanu 5-6anpHy 1kay Jlaiikepra
IUISI OLIIHKY BK/IMBOCTI MOIIEPESHBO BCTAHOB/IEHNX IIOKA3HMKIB i HaflaBa/i 3BOPOTHNUII 3B’5130K 3 MeTO Moamdikamii Ta pos-
nopiny nyHkTis B ICO.

Pesynbratu. ITic/s mpoBefieHHsI IBOX payH/IiB eKCIIePTHIX KOHCY/IbTaLLil 6y/I0 JOCATHYTO KoHceHCycy 1mopo ICO, sika BKIio-
Yaja 6 IePBUHHNUX Ta 26 BTOPMHHUX MoKasHuKiB. Koedinientu obisnanocTi excriepTi (A,), cymxeHH: (A;) Ta aBTOPUTETHOCTI
(A,) cranoBunu >0,7. Koediuientn ysromxenocti fymok (w) cranosumu >0,7. Cepente apnmerndte sHadeHns (Mean) 6anis
I[OZI0 PO3Ii3HaBaHHA Ta PYHKIIIOHAMBHOCTI CKIaIo 24, a KoedinienTtn Bapianii (CV) gopisaioBanu <0,25. KoediuieHT rapmoHi-
3anil (w) /I NEepPBUHHMX ITOKa3HMKIB craHoBMB 0,803, a KoedirjieHT rapmoHisanii (w) f/1st BTOpMHHNX IIOKa3HMKIB ckiaB 0,758
(Bci > 0,75).

BucHoBku. [Ii1s1 pospobnenns ICO 6yno 3i6paHo focToOBipHi, HafiiiHi Ta HAYyKOBO OOIPYHTOBaHI [jaHi, CIIpAMOBaHi Ha
PO3B’sA3aHHA IPOO/IEMI IOA0 OLiHKM CTAHY PyXOBOIO PO3BUTKY AiTell JOIIKIIbHOTO BiKy. OTpUMaHi pe3ynbraTit JOCTiIKEeHH
MOXXYTb CTYyIyBaT!l OCHOBOIO /I TOJa/IbIINX iHCTPYKIIili 110710 BUBYEHHA CTaHy PYXOBOI'O PO3BUTKY HOIIKI/IbHAT.
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Abstract

Background. Psychological skills and aggression are pivotal in athletic performance, influenced by both gender and
cultural contexts. These factors are shaped by individual differences and cultural influences, they are essential to

the development and use of these skills by athletes in sports.

Objectives. This study aimed to evaluate the differences in psychological skills and aggression levels across gender
and university, providing insights into the psychological profiles of athletes within distinct cultural contexts.
Materials and methods. The study involved 300 athletes from the University of Delhi, India, and the University of
Baghdad, Iraq, aged 18 to 30 years. Each university contributed 150 athletes, evenly divided by gender (75 males

and 75 females). The participants were selected using non-probability quota and purposive sampling methods.
Psychological skills were assessed using the Psychological Skills Inventory for Sports (PSIS), while aggression levels
were measured with the Sports Aggression Questionnaire. Data collection occurred in a controlled environment
under the supervision of trained researchers. Statistical analyses included a two-way ANOVA and Pearson correlation
coeflicients, utilizing SPSS software.

Results. Significant differences in psychological skills and aggression levels were observed across universities

and genders. According to the results obtained, University of Delhi athletes showed higher psychological skills

(PS: 154.83 + 18.50) compared to University of Baghdad athletes (PS: 109.83 + 26.05). Furthermore, male athletes
from Delhi exhibited greater aggression (44.41 + 10.35) than their Baghdad counterparts (37.93 + 4.20). A two-way
ANOVA revealed that player type significantly influenced psychological skills (F = 300.47, p = 0.01) and aggression
(F =71.54, p = 0.01). Gender also significantly impacted Anxiety Control (F = 8.64, p = 0.01) and Foul Play (F = 4.94,
p = 0.05). A weak positive correlation (r = 0.284, p = 0.01) was identified between psychological skills and aggression,
suggesting a slight tendency for increased psychological skills to correspond with higher aggression levels.
Conclusions. These findings underscore the importance of considering both gender and university context

when evaluating psychological skills and aggression in athletes. The insights derived from this study can inform

the development of targeted training and support strategies to enhance athlete performance and well-being.
Keywords: psychological skill, aggression, gender differences, university athletes, cross-culture.

Introduction instruction, and consultation with players and coaches.
Their expertise extends beyond traditional sports science,
incorporating specialized psychological training to help
athletes develop mental skills that improve performance
(Birrer & Morgan, 2010). Despite the recognized importance
- . . of psychological strategies in sports, they have historically
©  Abiyra, A. ], Tiwari, §., Tiwari, §., & Hag, M. A. U, 2025. not received the attention they deserve, particularly when
wﬁw VOB it comes to teaching vital life skills via athletics, especially
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Sports psychologists play a crucial role in enhancing
both the growth of athlete’s minds and bodies (Schinke et al.,
2018). They work in various capacities, including research,
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to young people who are at-risk. Programs led by sport
psychologists have demonstrated the value of using sports
as a vehicle for both personal and athletic development,
highlighting the need for specialized training to impart life
skills to underprivileged youth (Danish & Nellen, 1997).

Aggression, a significant aspect of sports, is often
fueled by intense competition, high-conflict situations, and
the entertainment value of certain sports (Alexandra et al.,
2015; Chernozub et al., 2018; Lisenchuk et al., 2019). It is
a fundamental characteristic of human behavior, serving
as a means for individuals to affirm their self-worth and
identity. In many sports, particularly contact sports like
martial arts and football, aggression becomes a necessary tool
for achieving success (Korobeynikov et al., 2019; Tushchenko
et al,, 2019). Trainers often reinforce aggressive behavior by
encouraging athletes to push through challenging situations
to benefit the team (Syrmpas et al., 2018). Over time,
aggression can become ingrained in an athlete’s behavior,
contributing to favorable competitive outcomes. However,
the continuous reinforcement of aggression may also lead to
increased personality conflicts, as athletes internalize these
aggressive traits not only in sports but also in other aspects
of their lives (Petrovska et al., 2020).

In addition to aggression, psychological skills such as
self-confidence, motivation, and mental resilience are critical
factors influencing an athlete’s success. Psychological traits
can be as crucial as physical and technical abilities in deter-
mining performance outcomes (Demirci & Phytanza, 2021;
Phytanza et al., 2021). Coaches often recognize a winning
mindset and self-confidence as key attributes that successful
athletes must develop (Van Rossum, 1996). Mental train-
ing, including techniques like mental imagery, rehearsal and
visualization, has been recognized as an effective strategy
to enhance athletic performance (Durand-Bush & Salmela,
2002; Rahman & Islam, 2021). Motivation is also a significant
driver in training programs, as it propels athletes to engage
in the actions necessary for developing critical psychological
skills (Menegassi et al., 2018). Consequently, self-confidence
and motivation often serve as key indicators for distinguish-
ing between athletes who achieve success and those who
do not (Purwanto et al., 2021; Sheldon et al., 2013).

Gender disparities in psychological skills and aggression
are a central focus of sports psychology. Research have
indicated that male athletes tend to score higher on
psychological skills than female athletes, even in high-
intensity sports like basketball, soccer, and swimming, even
when both have comparable experience levels (Burhaein et
al., 2020). Researchers Katsikas et al., (2009) suggest that
gender plays a crucial role in determining psychological
aptitude, with male athletes often exhibiting higher
levels of aggression and assertiveness, which positively
impact their performance in contact sports. On the other
hand, female athletes often demonstrate greater mental
resilience and adaptability, particularly in non-contact
sports. Understanding these gender differences is essential
for developing psychological training programs tailored to
the specific needs of male and female athletes.

This study aims to explore the relationship between
gender, psychological skills, and aggression among
university athletes from Delhi, India, and Baghdad, Iraq.
These two regions offer distinct socio-economic and
cultural landscapes that shape the psychological traits
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and behaviors of athletes. Delhi University’s emphasis on
competitive athletics contrasts with the socio-political
challenges faced by athletes at Baghdad University, which
may influence their psychological and behavioral responses
in sports. By examining factors such as mental rehearsal,
anxiety management, and aggression control, For athletes
across these two cities, this study looks for trends that might
guide the creation of specialized training plans, coaching
techniques, as well as mental health support networks.

Materials and Methods

Study participants

The study involved a sample of 300 athletes aged between
18 and 30 years, comprising 150 players from University of
Baghdad and 150 players from University of Delhi. Each
university’s sample included 75 male players and 75 female
players. Participants were selected using a non-probability
quota and purposive sampling method to ensure representa-
tion from both universities. Care was taken to include only
complete and clear responses, resulting in the final selection
of 300 male and female players from both India and Iraq.

Study Organization

Standardization of methods was achieved by conducting
data collecting in a controlled setting. Participants underwent
assessments for Psychological Skills and Aggression using
validated instruments. The Psychological Skills Inventory
for Sports (Mahoney et al., 1987) consists of 60 items
measuring six Psychological Skills: Achievement Motivation,
Goal Setting, Anxiety Control, Maintaining Confidence,
Concentration, and Mental Rehearsal. The Sports Aggression
Questionnaire (Makarowski, 2013) includes 15 statements
assessing three aggression factors: Go-Ahead, Foul Play, and
Assertiveness, using a five-point Likert scale.

The researcher administered the Psychological Skills Test
and Aggression Test, to the selected participants from both
universities. Testing sessions were organized to ensure consis-
tency, and all participants provided written informed consent
before participation. Data collection was supervised by trained
researchers to maintain accuracy throughout the process.

Statistical Analyses

Data analysis was performed using SPSS software.
Descriptive statistics, including means and standard
deviations, were calculated for all psychological skills and
aggression measures. A two-way ANOVA was utilized
to assess the effects of types of players and gender on the
dependent variables, with post-hoc tests applied where
necessary. Pearson’s correlation coefficient was employed
to examine the relationships between psychological skills
and aggression, with a significance level set at 0.05 for all
statistical tests to ensure the reliability of the results.

Results

The following Table 1 presents descriptive statistics
(mean * standard deviation) of psychological skills among
sports majors from the University of Baghdad and the Uni-
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Table 1. Descriptive statistics (mean + SD) of psychological skills among sports majors

Subjects n PS AM GS AC MC CON MR
Male 75 107.48 £26.87 1694 +6.33 17.21 +6,27 18.45+4.76 17.50+4.48 1890+4.31 18.46+7.22
Athletes (BU)
Female Athletes (BU) 75 112.18 £+25.17 17.65+6.87 17.88+6.39 20.00+5.04 17.38+4.80 20.88+5.18 19.38 +6.06
All

+ + + + + + +

Athletes (BU) 150 109.83 +26.05 17.30+6.60 17.54+6.32 19.22+495 17.44+4.63 19.89+4.85 18.42+6.64
Male 75 151.45+18.53 26.50+4.94 27.08+3.36 18.84+4.24 24.08+3.47 26.84+3.70 28.06+4.40
Athletes (DU)
Female Athletes (DU) 75 158.21 +17.95 28.36+4.87 2798 +3.14 20.33+3.73 24.89+3.34 2756+3.65 28.26+4.18
All 150 154.83 +18.50 27.43+497 2753+3.28 19.58+4.05 24.48+3.42 27.20+3.68 28.16+4.28
Athletes (DU)
All 150 129.46 +31.87 21.72+7.42 22.14+7.05 18.64+450 20.79+5.18 22.87+5.64 23.26+7.66
Male Athletes
All 150 135.20+31.74 23.00+8.00 2293+7.13 20.16+4.42 21.14+5.58 24.22+558 23.32+7.17
Female Athletes
Overall 300 132.33+£31.88 22.36+7.73 2254+7.09 19.40+4.52 20.96+538 23.54+564 2329+741

Key: PS: Psychological Skills; AM: Achievement Motivation; GS: Goal Setting; AC: Anxiety Control; MC:

Maintaining Confidence;

CON: Concentration; MR: Mental Rehearsal; BU: University of Baghdad; DU: University of Delhi
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Fig. 1. Comparison of psychological skills and related traits across university and gender group

versity of Delhi, segmented by gender, while Figure 1 illus-
trates the corresponding mean and standard deviation scores.

The following Table 2 presents descriptive statistics
(mean + standard deviation) of aggression levels among
sports majors from the University of Baghdad and
the University of Delhi, segmented by gender, while Figure
2 illustrates the corresponding mean and standard deviation
scores.
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Table 3 presents the results indicating that Types of
Players had a significant effect on PS (F = 300.47, p = 0.01),
AM (F = 227.03, p = 0.01), GS (F = 294.62, p = 0.01),
MC (F = 223.57, p = 0.01), CON (F = 220.67, p = 0.01),
and MR (F = 225.92, p = 0.01), while Gender significantly
influenced PS (F = 4.87, p = 0.05), AC (F = 8.64, p = 0.01),
and CON (F =7.49, p =0.01). Comparing these findings with
the descriptive statistics in Table 1, the higher mean scores
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Table 2. Descriptive statistics of aggression among sports majors

Subjects n Aggression Go-Ahead Foul Play Assertiveness
Male 75 37.93 +£4.20 12.22 +£5.40 13.86 £ 2.57 11.84 £ 4.36
Athletes (BU) R e T R
Female
+ + + +
Athletes (BU) 75 35.81 +4.82 11.40 + 6.40 12.46 £2.27 11.94 + 4.84
Al 150 36.87 +4.63 11.81 £5.92 13.16 £ 2.52 11.89 £ 4.59
Athletes (BU) DA T T R
Male 75 44.41 +10.35 15.30 £ 4.77 13.93 £4.16 15.17 £ 4.83
Athletes (DU) T R R T
Female Athletes (DU) 75 43.56 +7.99 15.20 + 4.32 13.60 + 4.05 14.76 £ 3.70
All
+ + + +
Athletes (DU) 150 43.98 +9.22 15.25 + 4.53 13.76 + 4.09 14.96 + 4.29
Al 150 41.17 + 8.52 13.76 £ 5.31 13.90 £ 3.44 13.50 + 4.88
Male Athletes R R R R
Al 150 39.68 + 7.64 13.30 £5.77 13.03 +£3.32 13.35 £ 4.52
Female Athletes
Overall 300 40.43 +8.11 13.53 + 5.54 13.46 £3.41 13.43 £4.70
Note: Values are expressed as means standard deviations
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Fig. 2. Comparison of aggression and related traits across university and gender groups

for University of Delhi students across all psychological skills
align with the significant effects of Types of Players, while
the significant influence of Gender on AC corresponds with
the higher mean scores for female students, highlighting the
importance of both player type and gender in understanding
psychological skills among sports majors.

Table 4 presents a summary of a two-way ANOVA
conducted to assess the effects of Types of Players (A) and
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Gender (B) on various dimensions of aggression among
sports majors, including Aggression, Go-Ahead, Foul Play,
and Assertiveness. The results indicate that Types of Players
had a significant effect on Aggression (F = 71.54, p = 0.01),
Go-Ahead (F=31.77,p=0.01), and Assertiveness (F = 35.57,
p = 0.01), while Gender significantly influenced Foul Play
(F=4.94, p=0.05). The interaction between Types of Players
and Gender was not significant for any of the aggression
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Table 3. Summary of two-way ANOVA of psychological skills among sports majors

Variables  Source of Variation Sum of Squares df Mean Square F-value p-value
Types of Players (A)  151875.00 1 151875.00 300.47 0.01
PS Gender (B) 2465.33 1 2465.33 4.87 0.05
(A xB) 79.05 1 79.05 0.15 NS
Types of Players (A) 7701.33 1 7701.33 227.03 0.01
AM Gender (B) 122.88 1 122.88 3.62 NS
(A xB) 24.65 1 24.65 0.72 NS
Types of Players (A) 7480.01 1 7480.01 294.62 0.01
Gs Gender (B) 46.41 1 46.41 1.82 NS
(A xB) 1.08 1 1.08 0.04 NS
Types of Players (A) 9.72 1 9.72 0.48 NS
AC Gender (B) 173.28 1 173.28 8.64 0.01
(A xB) 0.05 1 0.05 0.03 NS
Types of Players (A) 3717.12 1 3717.12 223.57 0.01
MC Gender (B) 9.01 1 9.01 0.54 NS
(A xB) 16.33 1 16.33 0.98 NS
Types of Players (A) 4004.05 1 4004.05 220.67 0.01
CON Gender (B) 136.01 1 136.01 7.49 0.01
(AxB) 29.45 1 29.45 1.62 NS
Types of Players (A) 7115.07 1 7115.07 225.92 0.01
MR Gender (B) 0.27 1 0.27 0.00 NS
(A xB) 1.47 1 1.47 0.04 NS

Key: PS: Psychological Skills; AM: Achievement Motivation; GS: Goal Setting; AC: Anxiety Control; MC: Maintaining Confidence;

CON: Concentration; MR: Mental Rehearsal

Table 4. Summary of two-way ANOVA of aggression among sports majors

Variables Source of Variation  Sum of Squares df Mean Square F-value p-value
Types of Players (A) 3794.96 1 3794.96 71.54 0.01
Aggression Gender (B) 165.76 1 165.76 3.12 NS
(AxB) 30.08 1 30.08 0.56 NS
Types of Players (A) 887.52 1 887.52 31.77 0.01
Go-Ahead Gender (B) 16.33 1 16.33 0.58 NS
(AxB) 9.72 1 9.72 0.34 NS
Types of Players (A) 27.00 1 27.00 2.36 NS
Foul Play Gender (B) 56.33 1 56.33 4,94 0.05
(AxB) 21.33 1 21.33 1.87 NS
Types of Players (A) 708.40 1 708.40 35.57 0.01
Assertiveness Gender (B) 1.76 1 1.76 0.08 NS
(AxB) 5.07 1 5.07 0.25 NS

dimensions. Comparing these findings with the descriptive
statistics in Table 1, the higher mean scores for University of
Delhi students across all aggression dimensions align with
the significant effects of Types of Players, while the significant

48

influence of Gender on Foul Play corresponds with the higher
mean scores for male students, suggesting that player type
and gender play a role in shaping aggressive behaviors
among sports majors. The non-significant interaction effects
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indicate that the influence of Types of Players and Gender on
aggression dimensions is independent of each other.

Table 5. Pearson Correlation Matrix of Psychological Skills
and Aggression among Sports Majors

Variables Psychological Skills Aggression
Psychological Skills 1 .284%*
Aggression 284 1

Note: **Correlation is significant at the 0.01 level (2-tailed),
*Correlation is significant at the 0.05 level (2-tailed).

Thereisa positive correlation (r =.284, p=0.01) between
psychological skills and aggression among University of
Baghdad and University of Delhi sports majors (n = 300),
which is significant at the 0.01 level (2-tailed). This indicates
a weak positive relationship between the two variables,
suggesting that as psychological skills improve, there is
a slight tendency for aggression levels to increase as well.
In other words, higher psychological skills are associated
with a modest increase in aggression among sports majors.

Discussion

The current study explores the gender differences
in psychological skills and aggression among university
athletes from Delhi and Baghdad, offering a cross-cultural
perspective on these constructs. The results from Tables 1 and 2
present clear evidence of significant variationsin psychological
skills and aggression across gender and university, with
University of Delhi students scoring notably higher across all
psychological skills and aggression dimensions. The disparity
in psychological skills between Delhi and Baghdad athletes
can be attributed to differing training environments, cultural
influences, and sports development programs, which may
explain why male and female athletes from University of
Delhi consistently outperform their counterparts from
University of Baghdad. These findings align with previous
research that highlights the importance of cultural context in
the development of psychological skills in athletes (Si et al.,
2011; Champ et al., 2020).

The findings of this study reveal that female athletes
in both Delhi and Baghdad universities scored higher in
psychological skills, particularly in anxiety control and
concentration. This contradicts much of the existing literature
that typically reports superior psychological skills in male
athletes (Shrivastava, 2013; Parnabas, 2015; Karamousalidis
et al., 2006). One explanation for this discrepancy may lie in
cultural and societal factors specific to these regions, where
female athletes face additional barriers and pressures in
sports, potentially fostering stronger psychological resilience
(Forsyth et al., 2019). Additionally, socialization patterns
may encourage emotional regulation in women, leading to
more effective coping strategies in managing anxiety and
maintaining focus (Monteiro et al., 2014). These results
suggest that gender differences in psychological skills may
be influenced by context, highlighting the need for further
research to explore how cultural and environmental factors
shape these skills across different populations (Matsumoto &
Juang, 1996; Bouchard Jr & McGue, 2003)

On the other hand, male athletes demonstrated higher
aggression levels, with Delhi University males exhibiting
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particularly elevated scores in assertiveness and Go-
Ahead behaviors. These gender differences in aggression,
particularly in the Go-Ahead dimension, support the
notion that male athletes are more inclined toward overt
competitive behaviors, which are often encouraged in male-
dominated sports environments (Rahimizadeh et al., 2011;
Ullah & Iftikhar, 2021; Nixon, 1997).

Furthermore, the significant effect of “Types of Players”
on psychological skills and aggression, as indicated by the
ANOVA results, reinforces the idea that different levels of
competition and sports specialization have a profound im-
pact on both mental and behavioral outcomes. The higher
scores in psychological skills among Delhi athletes could be
linked to the university’s emphasis on competitive sports and
psychological conditioning, which are crucial for high-level
athletic performance (Fletcher & Wagstaff, 2009). This is fur-
ther supported by the positive but weak correlation (r = 0.284,
p <0.01) between psychological skills and aggression, suggest-
ing that athletes who possess higher psychological skills tend
to display slightly higher levels of aggression, possibly due to
their heightened competitiveness and mental focus.

The non-significant interaction between Types of Play-
ers and Gender for aggression dimensions implies that these
factors operate independently in influencing aggressive be-
havior. This finding suggests that while both player type and
gender affect aggression, they do not interact in a way that
amplifies or diminishes each other’s impact. This indepen-
dence may reflect broader societal patterns, where gender
and sports participation are influenced by different cultural
expectations and experiences (Lau et al., 2007; Coakley &
White, 1992). The weaker influence of gender on some ag-
gression sub-scores, such as Foul Play, highlights the com-
plexity of these behaviors, which may not be as strongly tied
to gender norms as assertiveness or goal-directed aggression.

Conclusions

In summary, this study highlights significant cross-
cultural and gender differences in psychological skills
and aggression among university athletes. The findings
underscore the need for tailored psychological training
programs that consider both cultural and gender-specific
factors to enhance athlete mental resilience and behavior
management in competitive sports. Future research
could benefit from examining these variables in other
cultural contexts to generalize the findings further, and to
investigate how cultural shifts in gender roles may influence
the psychological development of athletes.
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3’acyBaHHA reHAepPHUX BigMiHHOCTEN LWOAO NCUXONOTiYHNX
HaBUNYOK Ta arpecii cepep, YHiBepCUTETCbKNX

cnoptcmeHiB: Kpoc-KynbTypHe NopiBHAHHA NOKa3HMKIB
MiX npeacraBHnkamm feni ta bargapa

Axwmep [Ixxa66ap A6iripa’AECc, Canpmen TiBapi'A5cP,

Canpps TiBapi'5P, Mip Axcan Amp Xak'4BCP

'lenificbKuii yHiBepCcUTET

ABTOpPCHKMIT BRI A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykomnucy; E — 36ip komtis

Pedepar. Crartsi: 9 c., 5 Tabi., 2 puc., 37 mxeper.

IcTopis nuranns. IIcuxonoriyni HaBMYKM Ta arpecid € BU3HAYa/IbHUMM YMHHMKAMI CIIOPTUBHOI Pe3y/IbTaTUBHOCTI, Ha AKi
BIUIMBAIOTD SIK T€HJIEPHNIL, TaK i Ky/IbTypHMIit KoHTeKCTH. Ha popMyBaHH:A 1UX $aKTOpiB MO3HAYAIOTHCA IHAMBIya/IbHI BiIMiH-
HOCTI Ta Ky/IbTYPHIi BIUIMBY, i BOHM MAIOTh K/II0YOBE 3HAYEHHS JI/IS1 PO3BUTKY Ta BUKOPMCTAaHHA BKa3aHMX HaBUYOK CIIOPTCMEHa-
MIH Y CIIOPTi.

MeTta mocmimkeHHA. MeToI0 LIbOTO HOCTiIKEHHS 6yno BM3HAYUTY BiIMiHHOCTI y IICMXOJIOTiYHMX HABMYKAX Ta PiBHAX arpecii
3a/1e)KHO Bij crari ra BH3, Hapjatoun posyMiHHA ncuxonorivHmx npodiiB ciopTcMeHiB y MeXaX pisHUX KY/IbTYPHMX KOHTEKCTIB.

Marepianu ta MeTogu. Y foCiKeHH] B3smm ydacTb 300 ciopTcMeHiB BikoM Bifi 18 1o 30 pokis, 1m0 HaB4amics y Jleniiicbko-
My (Inpist) Ta barmapcpkoMy yHiBepcuterax (Ipak). Koxen yHiBepcuteT mpencrasyus 150 ciopTcMeHiB, IOPiBHY po3opiieHnx
3a CTaTeBOK0 MPUHANEXHICTIO (75 YOIOBIKIB i 75 KiHOK). Y4acHUKIB Oy0 Bifi6paHO 3a ZOIIOMOrO0 MeTO/iB HeiMOBIpHICHOI
KBOTHOI Ta I1i/IeCIIPSMOBAHOI Bm6ip01<. IInst OLiHKM TICMXOJIOTIYHUX HaBUYOK 6y710 3aCTOCOBAHO ONMUTYBAIBHUK IICUMXONOTiYHNX
HaBu4oK y ciopti (“Psychological Skills Inventory for Sports”, PSIS), a piBenp arpecii Bu3Ha4a/u 3a JOIOMOTOI0 OIUTYBaTbHIKA
ciopTuBHOI arpecii (“Sports Aggression Questionnaire”). 36ip faHNX IPOBOANBCS B KOHTPOIBOBAHOMY CEpPEXOBMIL ITifl HATTISOM
HiTOTOB/IEHNX HAayKOBIiB. MeTOAV CTaTUCTUYHOrO aHasIi3y BKII0Yamy 1BopaKkTopHMil gucnepciitanit aHamis (ANOVA) Ta koe-
¢iuientn xopersanii [TipcoHa i3 BUKOpUCTaHHAM IIPOrpaMHOro 3abesmedenHs SPSS.

PesynpraTu. Crnioctepiranmcs sHayHi BiIMiHHOCTI y IICHXO/NOTiYHMX HAaBMYKAX Ta PpiBHAX arpecil MiX FOCTiIKyBaHMMU
yHiBepCUTeTaMM Ta TEHI€PHUMM IPyIaMy. 3TifIHO 3 OTPUMAHMMU JAHUMMY, CIIOpTCMeHN Jle/ificbKOro yHiBepCUTeTY IPOJIeMOH-
cTpyBasu 6iIbl posBIUHeHi rcuxooriuni HaBuakn (PS: 154,83 + 18,50) mopiBHsAHO 3i cnopTcMeHaMu Bargancbkoro yHiBepcuTe-
Ty (PS: 109,83 + 26,05). Kpim Toro, cnoprcmenn 9onoivoi crati 3 Jleni Mamu Bumuit mokasHmk arpecii (44,41 + 10,35), Hix ixHi
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6armapceki kosern (37,93 + 4,20). 3a pesynbraTamu 1BO(GAKTOPHOTO AVCIEPCIIHOTO aHA/Ii3y BCTAHOB/IEHO, IO TUII TPABIs CYT-
TEBO BIMBaE Ha rcuxonoriuni HaBmukn (F = 300,47, p = 0,01) Ta piens arpecii (F = 71,54, p = 0,01). CrareBa npuHAaIEXHICTh
TaKOX CyTTEBO BIUIMHY/A Ha KOHTPO/Ib TpuBoXKHOCTI (F = 8,64, p = 0,01) Ta HevecHy rpy (F = 4,94, p = 0,05). Busnaueno cmabky
HO3UTUBHY Kopeuito (r = 0,284, p = 0,01) MK IICHXOIOriYHMMM HAaBMYKaMM Ta piBHEM arpecii, j0 CBifYUTD IIPO HE3HAYHY
TEHJIEHIIII0 /IO MTOCUIEHH I IICUXOIOTiYHIX HABMYOK, 1[0 Bi/ITOBiflae BUIIMM PiBHAM arpecii.

Bucnosku. Ilpescrasieni pe3ynbraTyl MigKpeC/I0I0Th BaKIMBICTh BpaXyBaHHA I€HIEPHOTO Ta YHiBEpCUTETCHKOTO KOHTEK-
CTiB I[OIO OLIHKM IICMXOJIOTIYHMX HABMYOK Ta PiBHA arpecii y cnoprcMeHis. OTpyuMaHi mif yac JOCIipKeHHA BUCHOBKY MOXYTh
CIyIyBaTU OCHOBOIO /I PO3POOKY IIbOBMX IIPOrpaM IIATOTOBKM Ta CTpaTerill MATPUMKM, CIPAMOBAHUX Ha IOKPAIleHHA
Pe3yIbTaTUBHOCTI Ta 6TarOIONTyYYs CIIOPTCMEHIB.

KnrouoBi cnoBa: 1cuxonoriyunii HaBUK, arpecis, reHepHi BiIMiHHOCTI, YHiBepCUTETCbKi CIOPTCMEHM, KPOC-KY/IbTypa.
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Abstract

Objectives. This study aimed to investigate the effects of post-activation performance enhancement on bowling
velocity among amateur cricket players using multiple interventions as conditioning activities focusing on the upper

body, lower body, and a combination of both.

Materials and methods. Eight amateur cricket bowlers were recruited for the study and, in a randomized crossover
manner, allocated to conditioning activities aimed at the upper body (i.e., 10 pull-ups + 6 wall ball slams), lower body
(i.e., 10 air squats + 6 broad jumps), or both (5 pull-ups + 3 wall ball slams combined with 5 air squats + 3 broad
jumps). The bowling velocity was measured at baseline and after one minute and four minutes of completing

the intervention.

Results. The findings indicate no significant improvement (p = 0.939) in ball velocity compared to the control
condition after the three experimental conditions. However, post-hoc results showed a substantial decrease

in bowling velocity after one minute.

Conclusions. In conclusion, conditioning activities using pull-ups and wall ball slams for the upper body, air squats,
and broad jumps for the lower body, or their combination, do not induce post-activation performance enhancement

during cricket bowling.

Keywords: post-activation potentiation, speed, athletic performance, plyometric exercise.

Introduction

Cricket is a sport played between two teams, with one
team bowling and the other team batting (Bartlett, 2003;
Noakes & Durandt, 2000). The batting team aims to score
as many runs as possible, whilst the bowling team aims to
minimize the runs scored. During the match, one player
from the bowling team delivers the ball to the batting team
at varying speeds and/or spin (i.e., fast bowlers and spin
bowlers). The fast bowlers aim to deliver the ball to the bats-
man at the highest possible velocity. Thus, it is of paramount

© Sarmah, B, Bordoloi, N., Narvariya, P, & Thapa, R. K., 2025.
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importance for a fast bowler to achieve the maximal velocity
of the ball delivery (Noakes & Durandt, 2000).

The physical performance of athletes can be increased via
different training strategies on a long-term or short-term ba-
sis. One such strategy to induce acute improvement in physi-
cal performance is post-activation performance enhancement
(PAPE) (Blazevich & Babault, 2019). The PAPE is charac-
terized by a short-term enhancement in performance (e.g.,
strength) subsequent to a conditioning exercise. Mechanisti-
cally, PAPE is suggested to be associated with post-activation
potentiation occurring approximately 28 seconds after the
conditioning exercise (Blazevich & Babault, 2019; Hodgson et
al.,, 2005). This phenomenon involves heightened phosphory-
lation of myosin regulatory light chains, increased recruit-
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ment of fast-twitch motor units, and various factors contrib-
uting to its duration, including elevated muscle temperature,
intramuscular fluid accumulation (e.g., muscle blood flow
and water), decreased muscle pH, and heightened neural
drive (i.e., increased muscle activation) (Blazevich & Babault,
2019). However, for the optimization of PAPE’s efficacy, con-
ditioning exercises should be tailored to target specific as-
pects of performance improvement. Additionally, since both
performance enhancement and fatigue can co-exist following
PAPE-inducing conditioning exercises, careful consideration
of the timing, particularly the rest interval between the appli-
cation of PAPE-inducing stimuli and the subsequent compet-
itive or performance activity, is crucial to prevent fatigue from
overshadowing the potentiation effects (Chen et al., 2024).

Positive effects of PAPE using various exercises as condi-
tioning activities have been observed across various sports ac-
tivities and skills (Esformes et al., 2011; Gossen & Sale, 2000
Vargas-Molina et al., 2021). In addition, in a recent meta-
analysis the authors reported ballistic jump exercises induced
PAPE during jumping and sprinting (Ulloa-Sanchez et al.,
2024). Moreover, recently, researchers have also studied the
effects of different conditioning activities in inducing PAPE
during sports-specific performance (e.g., using a combina-
tion of ballistic jumps to improve judo-specific performance)
(Baruah et al,, 2024). Furthermore, using ballistic throws as a
conditioning activity has also been reported to induce PAPE
for upper-body throwing performance after 3 minutes of re-
covery (Finlay et al., 2022). However, there are no researchers
who studied the effects of conditioning activities on the PAPE
of bowling velocity of cricket bowlers. Specifically, whether
PAPE can be achieved using the upper body, lower body, or
their combination to improve the ball velocity during cricket
bowling among pace bowlers has not yet been studied. There-
fore, this study aimed at comparing the effects of upper-body,
lower-body, or their combination in improving the ball veloc-
ity during cricket bowling among pace bowlers.

Materials and Methods

Participants

Eleven collegiate-level male cricket bowlers were
initially recruited for the study. However, only 8 participants
(aged: 19.3 * 1.2 yrs., height: 170.8 + 3.0 cm; body mass:
67.1 +£3 .5 kgs) completed the study. All the participants had
a minimum of five years of training experience in cricket.
The participants were actively practicing the sport during the
data collection. The inclusion criteria required participants
to (1) be male, (2) have a minimum of one year of resistance
training experience, (3) be adult, and (4) be injury-free with
no major injuries in the past 6 months. The participants were
explained the details of the study and the risks associated
with the study. Thereafter, the participants signed informed
consent forms. The study was approved by the Internal
Review Board of the School of Physical Education and Sports,
Rashtriya Rakhsa University (approval number: RRU/SPES/
EEF/FMR/139, dated 21/12/2023), and conducted according
to principles in the updated declaration of Helsinki.

Experimental Design

The study utilized a randomized cross-over design.
Participants completed two familiarization sessions to avoid
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the learning effects and four actual experimental sessions
to examine the effects of the conditioning activities on
ball velocity during medium pace bowling. During the
familiarization sessions, the anthropometric characteristics
were recorded. In the experimental sessions, the baseline
data were recorded which was followed by the warm-up.
The control group performed the warm-up, whereas the
experimental group replaced some parts of the warm-up
with the conditioning exercises.

Conditioning Protocols

The conditioning protocols used in the study are
presented in Table 1. The conditioning activities were
performed based on contrast training format, i.e., exercise 1
followed by exercise 2, in a set-by-set fashion (Thapa et al.,
2021). A total of 3 sets were performed. For combined, the
upper body exercise sets were completed first followed by
lower body exercise sets.

Table 1. Conditioning protocol

Exercise 1 Repetitions Exercise2 Repetitions

Upper-body Pull-ups 10 Wall ball slams 6
Lower-body Air Squats 10 Broad jumps 6
Combined Pull-ups 5 Wall ball slams 3

Air squats 5 Broad jumps 3

Note: Three sets were performed

Data Collection

A reliable (Makar et al., 2024) radar gun (Bushnell Ve-
locity Gun Model# 101911, Overland Park, Kansas 66214)
having a tracking history with a Ball of 16-177 km/hr at
27 meters with accuracy: + 1.6 km/hr was used to quan-
tify the pace bowling velocity in cricket: baseline, one min-
ute after the conditioning activities, and four minutes af-
ter the conditioning activities. The height of the radar gun
was kept consistent across the testing sessions and placed
at the bowler’s end. As the first point of reference, the base-
line measurement reflected the bowler’s natural pace before
any external interventions were applied. In order to assess
any PAPE effects of the interventions on bowling velocity,
measurements were taken at one and four minutes after the
intervention.

Statistical Analysis

Data are presented as means and standard deviations.
The normality of the data was verified using the Shapiro-
Wilk normality test. A four (conditions: control, upper
body conditioning, lower body conditioning, combined
conditioning) by three (time: baseline, one-minute, four-
minute) repeated measures ANOVA was used to identify the
effect of conditioning activities on bowling velocity. Post-hoc
tests were conducted using t-tests with Bonferroni corrections.
The statistical significance was set at p-values of < 0.05.

Results

The means and standard deviations at baseline, post-
one-minute, and post-four-minute are presented in Table 2.
No significant condition x time was observed (p = 0.939).
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Table 2. Mean and standard deviation of ball velocity

Control Upper body Lower body Combined
Variables
Mean (standard deviation)
Baseline (km/hr) 101.8 (3.4) 101.8 (3.4) 101.8 (3.4) 101.8 (3.4)
Post-one-min (km/hr) 100.3 (4.5) 98.3 (2.4)* 98.9 (2.7)* 98.4 (2.8)*
Post-four-min (km/hr) 102.8 (5.6) 101.1 (4.1) 101.3 (4.1) 101.8 (5.2)

P value (condition x time) 0.939

Note: * significant difference with baseline

However, post-hoc analyses showed a significant decrease in
the ball velocity post one minute after all three conditioning
activities.

Discussion

The study aimed to investigate the PAPE effects of
conditioning activity using upper body exercise, lower
body exercise or their combination on the ball velocity of
amateur-level medium-pace bowlers in cricket. The findings
suggest a significant decrease in ball velocity after one
minute but no difference after four minutes of performing
the conditioning activities.

The significant decrease in ball velocity after one minute
of conditioning activities may be due to the fatigue associ-
ated with the conditioning activities (Hodgson et al., 2005).
The balance between the PAPE and fatigue is important in
order to observe the phosphorylation of myosin regulatory
light chains and recruit higher-order motor units (Blazevich
& Babault, 2019). Therefore, it is plausible that a one-minute
recovery was insufficient in minimizing the effect of fatigue
on the ball velocity. However, although previous studies have
suggested that PAPE can be achieved at a shorter duration
with ballistic conditioning activities (Seitz & Haft, 2016;
Thapa et al., 2020), there are various moderating factors as-
sociated with PAPE (e.g., relative strength, training experi-
ence) (Blazevich & Babault, 2019). Of note, the participants
involved in the current study were amateur-level cricketers,
which may have reduced the effect of the conditioning ac-
tivities since the strength level of the participants moderates
the PAPE effects (Blazevich & Babault, 2019; Seitz & Halff,
2016). However, no previous study has researched the ef-
fects of conditioning activities on cricket bowling velocity;
hence, a direct comparison is not possible. Although not in
cricket, these findings align with a previous study conducted
on baseball athlete’s pitching velocity (Carrier, 2019). Carrier
(2019) reported that conditioning activities using ballistic
medicine ball throws did not significantly affect baseball
pitching velocity one minute after the application of the con-
ditioning activity in collegiate-level baseball athletes.

Furthermore, after four minutes of the conditioning
activities, the ball velocity returned to a similar level as
the baseline values. It may be possible that the fatigue due to
the conditioning activities started diminishing with a longer
recovery (Blazevich & Babault, 2019). Of note, in the current
study, the authors did not collect data beyond four minutes
recovery duration, and in several PAPE studies, it has been
suggested that an optimal window for the PAPE effect after
a heavy-load conditioning activity is a beyond four-minute
duration (e.g., 8-12 minutes) (Esformes et al., 2011; Finlay et
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al., 2022). Therefore, future research should study the effects
of various ballistic conditioning activities (e.g., using elastic
bands) on enhancing bowling velocity beyond a four-minute
duration (e.g., eight minutes) in cricketers from various
competitive level.

There are a few limitations in the study that should
be acknowledged. Firstly, the authors could recruit only
8 participants for the study. Due to the study’s demand to
recruit only amateur medium-pace bowlers, the authors
could reach this current sample size threshold. Secondly,
only male bowlers were included in the study. Therefore,
the results of this study should not be extrapolated to female
bowlers. Thirdly, based on previous literature on using
ballistic conditioning activities to induce PAPE (Seitz &
Haft, 2016), the recovery duration chosen for PAPE was
1-minute and 4-minute time-point. However, the current
findings necessitate the need for studies with longer recovery
duration (e.g., 8 minutes). Furthermore, previous studies
have used heavy-load resistance exercises to evoke the PAPE
effect across different athletic movements (e.g., jumps,
sprints). Therefore, future research should also use high-
intensity resistance exercises to study the effects on PAPE on
different physical aspects of a cricket bowler.

Conclusion

In conclusion, no PAPE effects were observed using the
upper body, lower body, or their combination in ball velocity
among amateur male medium-pace bowlers. Of note,
a negative effect on bowling performance was observed after
1 minute of recovery, suggesting a complex relationship
between potentiation and fatigue.
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Po3rnag BnanBy cuctemMmn CUIOBUX BRpaB, MPU3HavYeHnXx
ANA pO3BUTKY BePXHbOro, HMXHbOrO BigAainise Tina

Ta IXHbOro NOEAHAHHA HA NOCTaKTUBaLUillHe NiaBVLEeHHA
pe3ynbTaTUBHOCTIi NOKa3HUKIB WUBUAKOCTI BUKOHAHHA
6oyniHry cepep rpaBLiB-amaTopiB y KpuKeT
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ABTOpPCHKMIT BT A — Am3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarra: 5 c., 2 Tabn., 21 mxepero.

Merta gocnimxenHa. MeTa 1boro JOCIi/I)KEHHA TO/ATaNa Y BUBYEHHI BIUIMBY IOCTAKTMBALiIHOTO MiBUIIEHHA Pe3y/b-
TATMBHOCT] Ha TOKa3HMKM IIBMAKOCTI BUKOHAHH:A 6oyiHry (aii, cipsiMoBaHi Ha IIPOCYBaHH: M si4a 10 BOpPiTelb) cepef rpas-
1[iB-aMaTopiB y KPUKeT, BUKOPUCTOBYI0UM Ki/llbKa iHTepBeHIIiil y BUITIA/II KOHAMIIOHYI0OYMX BIIPaB, CIPSMOBAHMX Ha PO3BUTOK
BEPXHbOTO Ta HVXKHBOTO BifIIiJTiB Ti/la, a TAKOXX NIOE€JHAHHA 3a3HAYEHNX TUITIB TPEHYBaHb.

Marepianu Ta MeTopu. [/ TpoBefieHH:A JOCTIIXeHH:A OY/I0 BifibpaHo BiciM rpaBIiB-aMaTOPiB Y KPUKET, IKUX PO3IOAIININ
3a METOJ/IOM PaH/JOMi30BaHOTO I€PEXPECHOTO TUIY 3 METOI0 BUKOHAHHS KOHJMIIIOHYIOUMX BIIpaB, CHPAMOBAHUX Ha PO3BUTOK
BepPXHbOTO BifAiny Tina (10 miaTAryBans + 6 yaapis M’ si4eM 00 CTiHKY), HIDKHBOTO Biffiiny Tina (10 mOBITpsAHUX IpUCifaHb — Kiia-
cuuHi pucifaHHs 6e3 BUKOPYCTAaHHSA JOAATKOBOTO OOTsKeHHs (B/IacHa Bara) + 6 CTpUOKIB y JOBXMHY 3 MicIist) ab0 O€HAHHS
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060X BuyiiB TpeHyBaHb (5 miATATYBaHb + 3 yaapu M'siueM 06 CTIHKY B KOMIUIEKCI i3 5 MOBITpsAHUMY IIpUCifaHHAMY + 3 cTprbKaMu
y HOBXMHY 3 MiCLis1). BuMipioBaHH:A IIBUAKOCTI BUKOHAHHSA OOYIIHTY IPOBOAMIOCA Ha TOYaTKOBOMY €Talli JOCTII)KeHHS, @ TAKOX
4yepes3 OfiHy XBIUINMHY Ta YOTMPY XBUIVHM IIiC/IA 3aBE€PUIEHHA iHTePBEeHIIii.

Pesynpraru. OTprmani faHi CBig4aTh Mpo BifiCYTHICTh 3Ha4YHOrO moKpaieHHA (p = 0,939) MBUAKOCTI MOMBOTY M’S4a IIO-
PIBHSHO i3 KOHTPOJIbBHMM CTAQHOM IIiC/Is1 BUKOHAHHS TPHOX eKCIepuMeHTanbHNX yMoB. OnHak post-hoc pesynbraTu mokasanm
CYTT€Be 3MEHIIEHHS IIBUAKOCTI BUKOHAHH:A OOY/IIHTY Yepe3 OfHY XBUINHY.

BucHoBku. Takum 4MHOM, KOHAMIIIOHYIOY] BIIPaBY, 1[0 BK/TIOYAIOTh B cebe BUKOHAHHS MIATATYBaHb i yaapu M 'styeM 06 CTiH-
Ky JJIS1 BEPXHBOTO BTy Ti/a, a TAKOXX HOBITPsIHI IPUCIZAHHA Ta CTPUOKM Y JOBXKUHY 3 MICLs /I HIDKHBOTO Bifiiiny Tisa, abo
KOMOiHallisl BKa3aHVX BUJIB TPEHYBaHb, He CHPYIOTh IOCTAKTUBALITHOMY HiABMIEHHIO TOKAa3HMKIB Pe3y/IbTaTMBHOCTI ITijf 4ac
BUKOHAHHA OOY/IiHIy B KPUKeTi.

Knro4oBi cmoBa: mocTakTuBaliliHe MOTeHIilOBAHHA, IBUAKICTb, CHOPTUBHA Pe3y/IbTaTUBHICTD, INTIOMETPUYHI BIIPaBIL.
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Abstract

Objectives. This study aimed to investigate the effects of Ice Compression For Fitness (ICEFIT) on reducing heart
rate, Interleukin-6 (IL-6) levels, and fatigue index in soccer athletes after performing speed endurance training.
Materials and methods. A total of 34 male students from the Football Coaching Department at the State University
of Surabaya (Indonesia), aged 18-20 years, with a normal BMI, at least 10 years of football training experience, and
no injuries in the past 6 months, were selected as research subjects and were given ICEFIT treatment for 4 weeks.
Data collection was conducted by measuring heart rate, IL-6 levels, and fatigue index at both the pre- and post-
intervention stages. Data analysis techniques included using the parametric paired sample t-test and independent

sample t-test, with a significance level of 5 %.

Results. The results showed that ICEFIT significantly reduced heart rate, IL-6 levels, and fatigue index in soccer
athletes after speed endurance training (p < 0.05). Furthermore, marked reductions in heart rate, IL-6 levels and

fatigue index were observed between the groups (p < 0.05).

Conclusions. These findings demonstrate that ICEFIT is effective in reducing heart rate, IL-6 levels, and fatigue index

in soccer athletes after speed endurance training.

Keywords: ICEFIT, proinflammatory cytokine, soccer athletes, speed endurance training.

Introduction

Football, known as the most popular sport worldwide,
is a large ball game played by two teams, each consisting
of 11 players, led by a referee and two assistant referees,
with one substitute or backup referee (Lepschy et al., 2018;
Irfan et al., 2020). The official rules stipulate that football
is played for a total of 90 minutes, divided into two halves
of 45 minutes each, with a 15-minute halftime break in
between (Dolci et al., 2020). Football is a sport that utilizes

© Fajar, M. K, Hariyanto, A., Wahjuni, E. S., Kartiko, D. C,,
Siantoro, G., Phanpheng, Y., Kusuma, . D. M. A. W,
Pramono, B. A., Rusdiawan, A., & Pranoto, A., 2025.

oo Crmopm

@ TMOB
P> TOB 0BC

=

Zooyy

. /M%

both aerobic and anaerobic energy systems, although the
predominant energy system used is anaerobic (Evangelos
et al,, 2016). The anaerobic system is required during high-
intensity sprints performed in technical and tactical tasks,
such as defense and attack, while the aerobic system ensures
continuity in high-intensity anaerobic efforts and accelerates
recovery processes (Stojmenovi¢ & Stojmenovi¢, 2023).
Throughout a half, football players are constantly
moving, with or without the ball. Players moving without the
ball perform tasks involving jogging, running, acceleration,
sprinting, maximal sprints, high-intensity acceleration, and
deceleration (Leontijevi¢ et al., 2019). Players controlling
or attacking with the ball exhibit skills such as passing,
first touch, controlling, dribbling, heading, and shooting
(Kusuma et al., 2023). The pace of football games has been
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steadily increasing, making it one of the highest-intensity
sports today (Rivilla-Garcia et al., 2019). In fact, the intensity
of football matches has risen significantly in top leagues such
as the English Premier League (EPL) (Barnes et al., 2014).

As the intensity and duration of football games increase,
training programs that emphasize the anaerobic energy system
are required, one of which is speed endurance training. Speed
endurance training is part of high-intensity interval training
(HIIT), characterized by sustained periods of intense activity
interspersed with short active recovery periods (Ramirez et
al., 2017). Despite being demanding for athletes, research has
found that speed endurance training positively impacts both
anaerobic and aerobic capacities (Ramirez et al., 2017).

However, the significant effects of anaerobic training
can pose negative risks to the body if not addressed properly.
High-intensity anaerobic training will linearly increase heart
rate (D’Unienville et al., 2022) and, if prolonged, can lead to
fatigue (Giiler et al., 2020). Fatigue results from lactic acid
accumulation, which reduces muscle contraction ability and
athletic performance (Sari et al., 2019; Zubaida et al., 2023).
Selain Additionally, lactic acid production in working muscles
correlates with the release of Interleukin-6 (IL-6) (Robson-
Ansley et al., 2004). Research indicates that high-intensity
exercise in humans and intramuscular lactate injections in
rats closely correlate with systemic IL-6 release. This supports
the connection between exercise intensity, lactate production,
and IL-6 release during strenuous activity (Nash et al., 2023).
Dengan The relationship between lactic acid production and
IL-6 release helps explain why IL-6 secretion increases during
high-intensity exercise and glycogen depletion (Smith, 2000).

Recovery is critical for football players. Recovery refers
to the process of restoring the body's metabolic functions to
normal after strenuous activity, enabling the individual to
be ready for future tasks (Fahmi & Ashadi, 2019). Recovery
is critical for football players. Recovery refers to the process
of restoring the body's metabolic functions to normal after
strenuous activity, enabling the individual to be ready for
future tasks (Carling et al., 2018; Handoko & Bagaskoro,
2021; Marqués-Jiménez et al., 2017).

Given the importance of recovery in football, interven-
tions that can accelerate the recovery process are essential, one
of which is cold water or ice treatment. Research has shown
that cold water immersion during halftime significantly slows
muscle fatigue and reduces lactic acid levels in football players
(Panyakham & Pariwat, 2022). A study by Fakhro et al. (2022)
also found that cold water immersion is highly effective in
improving recovery from exercise-induced muscle damage
(EIMD). Additionally, cold water immersion has been shown
to reduce muscle damage markers in the blood after simulated
match training in football players (Roonkiani et al., 2020).

Based on the explanation above, football predominantly
relies on anaerobic energy systems, requiring training
programs that improve anaerobic capacity. As football is
a sport that demands continuous high-intensity activity over
long periods, players are prone to fatigue, characterized by
increased heart rate, elevated IL-6 levels, and a high fatigue
index. These conditions hinder football players’ performance,
making recovery crucial to preparing them for subsequent
activities. If left unaddressed, athletes may not be able to
perform optimally. Therefore, a modality that accelerates the
recovery process in soccer athletes is necessary. This study
will use an intervention called Ice Compression For Fitness
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(ICEFIT). This ICEFIT intervention is designed to help
soccer athletes recover their heart rate, IL-6 levels, and
fatigue index after speed endurance training.

Materials and Methods

Study Design

This study employed a true-experimental method with
arandomized control group pretest-posttest design. A total of
34 male students from the Football Coaching Department at
Universitas Negeri Surabaya, aged 18-20 years, with normal
BMI, at least 10 years of football training experience, and
no injuries in the last 6 months, were selected as research
subjects. Informed consent was obtained before the initial
data collection from all subjects. All procedures applied
in this study were approved by the Health Research Ethics
Committee of the Faculty of Medicine, Ciputra University
[No: 107/EC/KEPK-FKUC/II1/2024].

Programs of Speed Endurance Training for Soccer

The speed endurance training applied in this study in-
volved repeated high-intensity sprints aimed at achieving an-
aerobic conditions, combined with technical drills for passing
and dribbling. The speed endurance training was conducted
for 4 weeks with three sessions per week. During weeks 1 and
2, the training consisted of 8 repetitions, with a total sprint
distance of 80 meters and a 1:2 work-to-rest ratio (estimated
workout time of 96 seconds and rest interval of 192 seconds
per repetition). In weeks 3 and 4, the training also included
8 repetitions, with a total sprint distance of 80 meters, but the
work-to-rest ratio was changed to 1:1 (estimated workout time
of 96 seconds and rest interval of 96 seconds per repetition).

Ice Compression For Fitness (ICEFIT) Procedure

The ICEFIT procedure was applied during the training
intervals (3 minutes in weeks 1 and 2; 1.5 minutes in weeks
3 and 4). Ice was applied in the form of an ice pack at a
temperature of 15°C and placed on the back of the subject’s
neck. The ice compression was administered 7 times per
training session over 12 training sessions.

Data Collection

Data collection was conducted by measuring heart
rate using Polar (Polar H10 Sensor, Inc., USA) (Pranoto
et al., 2023a). The fatigue index was measured using the
Running-Based Anaerobic Sprint Test (RAST), in watts/
sec, and calculated using the formula: Maximum power —
minimum power =+ total time for the 6 sprints. Meanwhile,
IL-6 levels were analyzed using commercial ELISA Kits
(Cat. No.: E-EL-H6156; Human IL-6 ELISA Kit; Elabscience
Biotechnology Inc., Houston, TX 77079, USA) (Pranoto et
al., 2023b).

Statistical Analysis

Normality tests were conducted using the Shapiro-Wilk
test, followed by parametric paired sample t-tests to assess
differences within each group. Independent sample t-tests
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were applied to evaluate differences between groups. Effect
size was evaluated using Cohen’s d. Data were considered
significantly different between groups if p < 0.05.

Results

The analysis of the general characteristics of the
study subjects showed no significant differences between
the groups, as presented in Table 1. The results of the analysis
ofheartrate, IL-6 levels, and fatigue index before and after the
ICEFIT intervention are shown in Figures 1-3. The analysis
of the differences in heart rate, IL-6 levels, and fatigue index
between the control group (CON) and the ICEFIT group
is presented in Table 2.

Table 1. General characteristics of study subjects

Parameters CON (n=17) ICEFIT (n=17) p-value
Age (years) 21.47 £0.79 21.06 £ 0.89 0.168
Height (m) 1.68 £ 0.07 1.71 £ 0.03 0.162
Weight (kg) 65.59 £7.79 67.18 £6.12 0.513
BodyMassIndex 3331 161 22034175 0493
(kg/m2)

Iraining 1012218 10294252  0.828
Experience (years)
Note: CON: Control group; ICEFIT: Ice compression
enhancement for fitness group
2004 .
m  Pretest
= Posttest
= 150 ==
E S
a
2 100
t
3
I 504
0- T T
CON ICEFIT

Fig. 1. Average heart rate in each group. Description: (*) Indicates
a significant difference from the pretest (p < 0.05)
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Fig. 2. Average IL-6 levels in each group. Description: (*)
Indicates a significant difference from the pretest (p < 0.05)
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Fig. 3. Average fatigue index in each group. Description:
(*) Indicates a significant difference from the pretest (p < 0.05

Discussion

The main findings of this study indicate that ICEFIT
intervention significantly modulates post-exercise
inflammatory response, heart rate recovery, and fatigue
index in athletes after high-intensity speed endurance
training. Specifically, athletes who received the ICEFIT
treatment experienced lower increases in IL-6 levels, faster
heart rate recovery, and more controlled fatigue compared
to the control group.

The reduction in IL-6 levels aligns with previous research
showing that cryotherapy and compression can mitigate

Table 2. Differences in heart rate, IL-6 levels, and fatigue index between groups

Parameters CON (n=17) ICEFIT (n=17) Effect size p-value
Pre-Heart rate (bpm) 182.67 + 5.69 183.51 + 5.03 - 0.652
Post-Heart rate (bpm) 150.63 £ 6.75 140.89 + 7.74* 1.341 0.000
A-Heart rate (bpm) -32.04 £ 8.81 -42.62 + 8.12* 1.249 0.001
Pre-IL-6 (pg/mL) 3.93+1.25 3.51£0.99 - 0.279
Post-IL-6 (pg/mL) 6.79 £ 1.22 4.79 £ 1.32* 1.574 0.000
A-IL-6 (pg/mL) 2.86 £1.99 1.28 £ 0.86* 1.031 0.006
Pre-Fatigue index (%) 6.14 £2.23 6.97 £2.64 - 0.328
Post-Fatigue index (%) 8.33 £ 1.31 6.29 + 1.67* 1.359 0.000
A-Fatigue index (%) 2.19+2.83 -0.67 + 2.36* 1.098 0.003

Description: (*) Significant at CON (p < 0.05). (-) No observed effect size. Effect size was evaluated using Cohen’s d. The p-value was

applied using independent sample t-tests
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inflammatory responses (Sanchez-Urefia et al., 2018; Minett
& Costello, 2015). Inflammation is a natural response to
intense physical activity and is often accompanied by the
release of pro-inflammatory cytokines such as IL-6 (Fujii &
Shibata, 2023). However, therole of cryotherapyin controlling
systemic inflammation remains debated (Kusmierczyk et al.,
2024). While some studies suggest that cryotherapy reduces
muscle soreness and local inflammation, its effects on
systemic markers like IL-6 are inconsistent (White & Wells,
2013; Elvianasti et al., 2023). The reduction in IL-6 observed
in this study may be attributed to the specific combination of
cold exposure and compression provided by ICEFIT, which
enhances lymphatic drainage and reduces metabolic waste,
thereby limiting muscle damage and inflammation following
high-intensity exercise.

Regarding heart rate recovery, our findings are con-
sistent with those of Roberts et al. (2015), who found that
cold water immersion after resistance exercise reduced car-
diac output and stroke volume due to peripheral vasocon-
striction. This vasoconstriction helps preserve core body
temperature by diverting blood flow from the periphery, a
process that may also reduce cardiovascular strain on the
heart post-exercise (Moore et al., 2022). Vaile et al. (2011)
demonstrated that various forms of cryotherapy, including
cold water immersion, accelerate cardiovascular recovery
after high-intensity exercise, supporting our conclusion that
ICEFIT facilitates faster heart rate recovery. This is further
corroborated by Xiao et al. (2023), who found that cool-
ing interventions like ICEFIT improve heart rate variabil-
ity and promote faster cardiovascular recovery by reducing
overall physiological stress. The faster heart rate recovery in
the ICEFIT group may be due to a combination of reduced
metabolic activity in cooled muscles and improved circu-
lation efficiency through vasoconstriction and blood flow
centralization.

The more controlled fatigue index observed in the
ICEFIT group is consistent with studies showing that cold
water immersion enhances muscle recovery and delays the
onset of fatigue (Machado et al., 2016). Fatigue during high-
intensity exercise is often associated with the accumulation
of metabolic waste, including lactate, and muscle damage
(Giiler et al., 2020). By lowering muscle temperature, ICEFIT
likely slows enzymatic activity and metabolic processes that
contribute to fatigue, while compression facilitates the re-
moval of waste products (Minett & Costello, 2015). Howev-
er, since fatigue was not completely prevented in the ICEFIT
group, this suggests that while ICEFIT helps manage fatigue,
it may not be sufficient on its own to fully counteract the
neuromuscular and metabolic fatigue associated with re-
peated high-intensity exercise (Horgan et al., 2023).

The modulation of IL-6 levels suggests that ICEFIT
may reduce the inflammatory response triggered by muscle
damage and metabolic stress. The cryotherapy element
likely reduces the influx of pro-inflammatory cytokines by
decreasing blood flow to muscle tissue, while compression
enhances the clearance of these inflammatory markers
through the lymphatic system (Dalgaard et al., 2020; Singh
et al.,, 2017). Furthermore, lowering muscle temperature
may slow enzymatic processes related to inflammation
and muscle damage (White & Wells, 2013). However, the
statistically insignificant reduction in IL-6 in the ICEFIT
group suggests that while beneficial, ICEFIT may need to be
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combined with other recovery modalities or longer recovery
periods to produce a more pronounced effect on systemic
inflammation.

The improvement in heart rate recovery may also be
linked to the vasoconstriction induced by cold exposure,
which redirects blood flow to the body’s core, reducing
cardiovascular strain post-exercise (Roberts et al., 2015).
Compression likely enhances this effect by preventing
excessive muscle tissue swelling, allowing for more efficient
circulation and faster heart rate recovery. This combination
supports the notion that ICEFIT improves cardiovascular
recovery by optimizing blood flow and reducing the
metabolic load on the heart after intense exercise (Xiao et
al., 2023).

The partial control over the fatigue index observed
in the ICEFIT group reflects its role in reducing muscle
soreness and improving functional recovery. However,
fatigue is influenced by a variety of factors, including
metabolic, muscular, and neural systems (Wan et al., 2017).
While ICEFIT may address some of the metabolic factors
contributing to fatigue, such as lactate accumulation, it may
not fully mitigate neuromuscular fatigue or psychological
stress arising from prolonged high-intensity exercise (Giiler
et al., 2020; Horgan et al., 2023). This suggests that while
ICEFIT provides significant recovery benefits, additional
interventions or longer recovery times may be needed to
tully alleviate fatigue.

These results suggest that ICEFIT could be a valuable
recovery tool for athletes in high-intensity sports such as
soccer. Its ability to reduce IL-6 levels and enhance heart rate
recovery offers significant benefits for athletes who need to
recover quickly between training sessions or competitions.
Coaches, sports scientists, and athletic trainers may consider
incorporating ICEFIT into broader recovery strategies, espe-
cially for sports involving repeated high-intensity efforts. The
potential of ICEFIT to enhance recovery could translate into
improved athletic performance by allowing faster physiolog-
ical recovery between training efforts. However, this study
has several limitations. First, the relatively small sample size
may affect the generalizability of the results. Larger-scale
studies are needed to confirm these findings in different ath-
letic populations. Second, although IL-6 was measured as a
primary marker of inflammation, adding other markers such
as C-reactive protein (CRP) or tumor necrosis factor-alpha
(TNF-a) would provide a more comprehensive understand-
ing of ICEFIT’s impact on inflammation. This study also
did not account for individual variations in cold sensitivity,
which could influence the results. Finally, the optimal inten-
sity and duration of the ICEFIT intervention remain unclear,
as different temperatures and compression levels may pro-
duce varying effects on recovery outcomes.

Future research should focus on larger sample sizes
and include a range of inflammatory and recovery markers
to better understand the physiological effects of ICEFIT.
Longitudinal studies investigating the cumulative effects of
ICEFIT over a competitive season would also be valuable,
as they could assess its long-term benefits and potential
adaptive effects. Additionally, further exploration into the
optimal temperature, compression levels, and duration
of ICEFIT for different sports and athlete types will help
refine its practical application. Comparing ICEFIT to other
established recovery modalities, such as active recovery
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or massage, could also provide insights into its relative
effectiveness.

Overall, this study’s findings underscore the potential
of ICEFIT as an effective recovery intervention for athletes
after high-intensity exercise. The treatment significantly
improved heart rate recovery and reduced inflammatory
responses, as indicated by IL-6 levels. Furthermore, while
ICEFIT helped control fatigue increases, it did not fully
prevent it. These findings support the use of ICEFIT in
practical settings to enhance athletic recovery, although
further research is needed to optimize its use and better
understand its effects across different sports and individual
responses. Continued investigation into the mechanisms
underlying ICEFIT’s effects will be essential for developing
more targeted and efficient recovery protocols in the future.

Conclusion

Based on the results of this study, ICEFIT was proven to
significantly reduce heart rate, Interleukin-6 (IL-6) levels, and
fatigue index in soccer athletes after performing speed endur-
ance training. Moreover, there were significant differences
between the group receiving ICEFIT and the control group
in terms of reductions in these three variables. This demon-
strates that ICEFIT is effective in aiding recovery and reduc-
ing fatigue following intense exercise in soccer athletes.
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BusHaueHHA epeKTNBHOCTI 3aCTOCyBaHHA NboA0BOI Komnpecil
3 METOI0 NOKpaLLeHHA cTaHy Pi3sNUYHOI NiJroToBNEHOCTI Woao
3HV)KEHHA 4acToTn cepLueBuX CKOpoUueHb, piBHA IJ1-6 Ta inaeKcy
BTOMM CMOPTCMeEHiB-pyTOONiCTIB NicnA BUKOHaHHA BNpas,
CNPAMOBaHNX Ha PO3BUTOK WBUAKICHOI BATPUBaNOCTi

Myxammap Xapic @ampkap'*5PE, Aryc Xapisuro'A®?, Engan lllpi Baxmxyni'A5P,
IIBi Kaxito Kapriko'®®, l'irix Ciantopo'®®, Auson IIxannxen?*?,

I leBa Mape Apsinanpa Bimkas Kycyma'®?, baro Aryn

ITpamono'®®, Adi¢p Pycapasan'®®, Axi IIpanoro'®?

'Cypabaiicbkuil lep>kKaBHUI YHIBEpCUTET
*Jloevicpknit yHiBepcuTeT Pamxabxar

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

Pedepar. Crarts: 8 c., 2 Tab., 3 puc., 41 mKepeno.

Mera gocmigpKeHHa. MeTow LbOTo JOCIIPKeHHs 6y/I0 BUBYITY BIUIUB IbOIOBOI KOMIIPECii /I OKpalleHHs cTany (ismy-
Hoi migrorosnenocti (ICEFIT) Ha 3HVDKeHHS 4acTOTU CeplieBUX CKOPOYeHb, piBHIB iHTeprelikiny-6 (I/I-6) Ta iHmexcy BToMM y
CIIOPTCMEHiB-(yTOOMICTIB Mic/IA BUKOHAHHA TPEHYBaHb Ha PO3BUTOK IIBMAKICHOI BUTPUBAIOCTI.

Marepianu Ta MeTOM. 3araoM 34 CTYIeHTY Y0/I0Bi40i CTaTi 3 PpaKy/nbTeTy MiAroToBkM PyTOOIBHUX TPeHepiB [Jep>kaBHOTO
yHiBepcutery Cypabai (Ingonesisa) Bikom 18-20 pokiB 3 HOpMalTbHUM IIOKa3HMKOM iHJEKCY Macl Tina, IoHariMeHre 10-pidaHumM
nocBifioM GyTOOMBHUX TPEHYBaHb Ta BiICYTHICTIO TPAaBM 3a OCTaHHI 6 MicALiB 6y BifibpaHi B AKOCTI Cy6’€KTIB JOCTIIKEHHA
ta poxopmnu Kypc nikyBauss ICEFIT nporsirom 4 TiokHiB. 36ip faHNX IPOBOAYMBCS LULIXOM BUMIPIOBAHHS YaCTOTH CEPLEBNX
CKOpOYeHb, PiBHiB IJI-6 Ta infilekcy BTOMM AK Ha Nepefi-, TaK i Ha Mic/AIHTepBEHIiITHOMY eTalnax IoCipkeHHA. MeToau aHanmisy
IaHVX BK/IIOYa/IV BUKOPVCTAHHS NTapaMeTPUYHOTO t-KpUTepiro MapHuX BUOIPOK Ta t-KPUTepito AJIs He3a/le)XHIX BUOIPOK 3 piB-
HEM 3Ha4yLocTi 5 %.

PesynbraTtu. Pesynbraty foCniKeHHA IMOKa3au, 0 3aCTOCYBaHH:A NbOOBOI KOMIIPECIi I/ MOKpaIleHHA CTaHy (bisquo'i
HiArOTOB/IEHOCTI CIIPMAIO 3HAYHOMY 3HIDKEHHIO YaCTOTH CepLieBUX CKOPOUYeHb, piBHiB IJI-6 Ta iHfeKCy BTOMY CIIOPTCMeHiB- Dy T-
00JTiCTiB mic/Is1 BUKOHAHHS TPeHYBaHb Ha PO3BUTOK IIBMAKICHOI BuTpuBanocti (p < 0,05). Kpim Toro, criocrepirasocsi cyrrese
3HVDKEHHS YaCTOTI CepLieBUX CKOpOUeHb, piBHiB IJI-6 Ta ingexcy BromMu Mix rpymamu (p < 0,05).

BucHoBkn. OrpumMaHi faHi eMOHCTPYIOTh edektuBHicTh 3actocyBaHHs ICEFIT 3 MeTOI0 3HVDKEHHs 4aCTOTU CepLieBUX
CKOpOUeHb, piBHIB IL-6 Ta iHfekcy BToMM CHOpTCMeHiB-yTOOMCTIB Mic/A POBEJeHHA TPEHYyBaHb Ha PO3BUTOK IIBMIKICHOI
BUTPUBANOCTI.

Kmrouosi cmosa: ICEFIT, nposananbHuil OMTOKIH, CHOPTCMeHN-(QYTOOTICTH, TPeHYBaHHA Ha PO3BMTOK LIBMAKICHOI
BUTPUBAIOCTI.

Information about the authors:

Fajar, Muhammad Kharis: muhammadfajar@unesa.ac.id; https://orcid.org/0000-0003-2808-7411; Faculty of Sport and Health
Science, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.
Hariyanto, Agus: agushariyanto@unesa.ac.id; https://orcid.org/0000-0002-7927-8827; Department of Sport Coaching Education,
Faculty of Sport and Health Science, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa
Timur 60213, Indonesia.

64



Fajar, M. K., Hariyanto, A., Wahjuni, E. S., Kartiko, D. C,, Siantoro, G., Phanpheng, Y., Kusuma, I. D. M. A.W., Pramono, B. A,,
Rusdiawan, A., & Pranoto, A. (2025). Determining the Efficacy of Providing Ice Compression for Fitness Enhancement After Speed
Endurance Exercise on Reducing Heart Rate, IL-6, and Fatigue Index in Football Athletes

Wahjuni, Endang Sri: endangwahjuni@unesa.ac.id; https://orcid.org/0000-0002-4414-9961; Faculty of Medicine, Universitas
Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Kartiko, Dwi Cahyo: dwicahyo@unesa.ac.id; https://orcid.org/0000-0002-6727-0879; Department of Physical Education,
Health and Recreation, Faculty of Sport and Health Science, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec.
Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Siantoro, Gigih: gigihsiantoro@unesa.ac.id; https://orcid.org/0009-0000-4377-5218; Department of Sport Coaching Education,
Faculty of Sport and Health Science, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa
Timur 60213, Indonesia.

Phanpheng, Yanyong: yanyong.pha@lru.ac.th; https://orcid.org/0000-0002-9290-2479; Sports and Exercise Science Program,
Faculty of Science and Technology, Loei Rajabhat University, 234 Loei - Chiang Khan Road, Loei 42000, Thailand.

Kusuma, I Dewa Made Aryananda Wijaya: dewawijaya@unesa.ac.id; https://orcid.org/0000-0002-4939-7294; Department of
Sport Coaching Education, Faculty of Sport and Health Science, Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec.
Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Pramono, Bayu Agung: bayupramono@unesa.ac.id; https://orcid.org/0000-0002-9308-1289; Department of Sport Coaching
Education, Faculty of Sport and Health Sciences, Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri,
Kota SBY, Jawa Timur 60213, Indonesia.

Rusdiawan, Afif: afifrusdiawan@unesa.ac.id; https://orcid.org/0000-0001-5388-7061; Department of Sports Science, Faculty of
Sport and Health Science, Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur
60213, Indonesia.

Pranoto, Adi: adipranoto@unesa.ac.id; https://orcid.org/0000-0003-4080-9245; Department of Sport Coaching Education,
Faculty of Sport and Health Science, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa
Timur 60213, Indonesia.

Cite this article as: Fajar, M. K., Hariyanto, A., Wahjuni, E. S., Kartiko, D. C., Siantoro, G., Phanpheng, Y.,

Kusuma, I. D. M. A. W,, Pramono, B. A., Rusdiawan, A., & Pranoto, A. (2025). Determining the Efficacy of Providing Ice
Compression for Fitness Enhancement After Speed Endurance Exercise on Reducing Heart Rate, IL-6, and Fatigue Index in
Football Athletes. Physical Education Theory and Methodology, 25(1), 58-65. https://doi.org/10.17309/tmfv.2025.1.07

Received: 22.10.2024. Accepted: 10.12.2024. Published: 30.01.2025

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

65



Physical Education Theory and Methodology
Teopis Ta meToauKa $pisMYHOro BUXOBaHHA

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

Original Scientific Article

Comparing Physical Attribute Distinctions

in Male Kho-Kho Positions

Sarita Tyagi'®“PE, Anil Kumar Vanaik'®PE, Monika Wasuja'AB<PE

and Dessalegn Wase Mola*“P®

"University of Delhi
*Ambo University

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

Corresponding Author: Dessalegn Wase Mola, e-mail: dessalegn.wasie@gmail.com

Accepted for Publication: December 10, 2024
Published: January 30, 2025

DOI: 10.17309/tmfv.2025.1.08

Abstract

Background. Kho-Kho, a traditional Indian sport, has separate roles for runners and chasers, each requiring unique
physical attributes. Research on the specific physical and anthropometric characteristics of players in this position

is limited, highlighting the need for this study to optimize performance at the national level.

Objectives. The study aimed to investigate the differences in physical and anthropometric parameters between
national level male Kho-Kho players categorized as Runners and Chasers.

Materials and methods. A total of 200 male Kho-Kho players, aged 17 to 21 years, were selected for the study.

The participants were divided into two groups: 100 Runners (average age 19.21 £ 1.15 years) and 100 Chasers
(average age 19.29 + 1.19 years). The physical attributes measured included body weight, height, BMI, arm length,
sitting height, chest girth, thigh girth, calf girth, and skinfold thickness at the biceps, triceps, subscapular, and
suprailiac regions. The body fat percentage was calculated using the skinfold measurement technique. Data collection
tools included a weighing scale for body weight, a flexible metal tape for circumferences and arm length, and

a stadiometer for height and sitting height. The mean and standard deviation were computed for each parameter,
and an independent samples t-test was used to compare the two groups.

Results. The findings revealed significant differences in weight, BMI, chest, thigh, and calf circumferences, with
Chasers having higher values. In contrast, Runners exhibited greater arm length and sitting height. Additionally,
there was no considerable difference in height between Runners and Chasers.

Conclusions. The study concluded that Chasers tend to have higher body weight, BMI, and larger circumferences in
the chest, thigh, and calf regions, which may be advantageous for their role. Conversely, Runners benefit from longer
arm lengths and greater sitting height, which may aid in evading Chasers. These findings suggest that role-specific
physical attributes should be considered in training and player selection to enhance performance in Kho-Kho.
Keywords: anthropometry, body composition, chasers, Kho-Kho, physical attributes, runners.

Introduction

Kho-Kho, one of India’s oldest traditional team sports,
has a rich history rooted in the country’s cultural heritage,
continues to attract youth even today, maintaining its
popularity across the country (Suradkar, 2012; Jacob et al.,
2023). It is a dynamic, high-energy game that demands
significant physical and mental stamina. The sport is
structured around running and chasing, with each team
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comprising twelve players, of which nine take the field
initially. The objective is straightforward: chasers aim to
tag the runners of the opposing team, who in turn, strive
to evade being caught. The strategic elements of the game
are complex, as runners, also known as defenders, must
use agility and tactical thinking to avoid being tagged,
while chasers must demonstrate speed, endurance, and
precision (Manohar, 2015). The game’s structure, which
restricts chasers to moving in one direction and necessitates
running around posts to switch sides, further emphasizes
the importance of physical fitness and strategic maneuvering
(Kamlesh, 1998).

66



Tyagi, S., Vanaik, A. K., Wasuja, M., & Mola, D. W. (2025). Comparing Physical Attribute Distinctions in Male Kho-Kho Positions

In recent years, there has been a growing interest in
understanding the specific physical and physiological
requirements necessary to excel in different playing positions
in Kho-Kho. This interest stems from the recognition that
different roles within the game—chasers and runners—may
require distinct physical attributes. For instance, chasers
might benefit more from enhanced speed, strength, and
endurance, while runners might rely heavily on agility,
flexibility, and quick reflexes (Thirumangal, 2013). The
identification of these role-specific attributes is crucial not
only for optimizing individual performance but also for
refining training methods and selection criteria (Kansal et
al., 1986; Malhotra et al., 1972).

Adequate hand size, including measurements like shape
and length, is essential for strength, precision, and overall
athletic performance in court sports (Rahman & Sharma,
2024a) Morphological characteristics are particularly sig-
nificant in this context because they are largely determined
by genetic factors, and a well-established relationship exists
between an athlete’s morphology and their performance in
sports (Norton & Olds 2001). Different body types—wheth-
er in terms of size, shape, or proportions—are known to offer
advantages in various physical activities. Physical index and
body proportions based on anthropometric measurements
are vital for assessing player performance in team sports,
where specific physical traits are essential for different posi-
tions to achieve optimal results (Rahman & Sharma, 2024b).
Recent studies have further confirmed that specific anthro-
pometric and somatotype characteristics can provide a com-
petitive edge in sports like Kho-Kho, where the interplay
between speed, agility, and endurance is critical (Phukon et
al., 2023 and Deepak et al., 2022). Shelke’s (2024) study iden-
tifies distinct anthropometric traits in elite Kabaddi players,
with raiders being taller and defenders having higher me-
somorphy. These insights emphasize the need for position-
specific training to optimize player development based on
their physical profiles. Researcher Thirumangal (2013) em-
phasized that understanding these correlations can serve asa
foundation for identifying the ideal physical profiles for ath-
letes in different roles, potentially leading to more targeted
training programs and improved performance outcomes.

Moreover, the evolving nature of sports science has
brought to light the importance of tailored fitness regimens
that cater to the unique demands of each sporting position.
For Kho-Kho, this means that both chasers and runners might
require different training focuses to maximize their potential.
Chasers, for example, may need to prioritize explosive power
and linear speed, whereas runners might benefit from agility
drills and exercises aimed at enhancing reaction time and
lateral movement (Kamlesh, 1998; Manohar, 2015). The
impact of these tailored fitness approaches is evident in
the enhanced performance levels observed in athletes who
undergo specialized training programs designed to suit their
specific roles within the sport.

The game of Kho-Kho demands a unique combination
of physical capabilities, requiring Runners and Chasers to
excel in speed, agility, strength, and strategic maneuvering.
Despite these specific demands, limited research has been
conducted to compare the physical and anthropometric
attributes of players in these positions. Understanding these
differences is crucial for optimizing performance, as tailored
physical characteristics may offer a competitive edge in each
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role. This study aims to bridge this gap by analyzing and
comparing the physical attributes of national-level male
Kho-Kho players in these two roles, providing valuable
insights that could enhance training, selection, and overall
performance in the sport.

Material and Methods

Participants

A sample of 200 National-level male Kho-Kho players,
aged 17 to 21 years, was selected. This sample included
100 Runners (average age 19.21 + 1.15 years) and 100
Chasers (average age 19.29 + 1.19 years). The participants
were randomly chosen from active Kho-Kho training centers
located in various regions of Delhi and Haryana, India.
All subjects were in good physical condition and regularly
participated in Kho-Kho.

Instruments and Measurement

The study employed various instruments to measure
physical and anthropometric variables. These included
a weighing scale for body weight, a stadiometer for mea-
suring height and sitting height, and a flexible metal tape
for measuring arm length and various girths (chest, thigh,
and calf). Skinfold measurement was taken using a skinfold
caliper to assess thickness at the biceps, triceps, subscapular,
and suprailiac regions. The body fat percentage was calcu-
lated using these four skinfold measurements, applying the
Durnin and Womersley equation (1974).All instruments,
including the measuring tapes, stadiometer, weighing scale,
and skinfold caliper, were calibrated to ensure accuracy.

Statistical Analysis

Descriptive statistics, specifically the mean and
standard deviation, were used to describe the physical
and anthropometric variables of Runners and Chasers.
To compare the differences between these groups, an
independent samples t-test was employed. The level of
significance for the statistical tests was set at p < 0.05.

Results

An independent samples t-test was conducted to
compare the physical attributes between runners and
chasers. The results indicated that chasers had significantly
higher weight, t( = 3.132, p = .002; BMI, t(45) = 4.330,
p = .000; chest circumference, t = 2.546, p = .012; thigh
circumference, tio5 = 3.545, p = .000; calf circumference,
toog) = 4.882, p = .000; and body fat percentage, tg5 = 2.463,
p = .015, compared to runners. Conversely, runners had
significantly longer arm length, t;e = 3.538, p = .001, and
greater sitting height, t,4 = 6.242, p = .000, than chasers.
There was no significant difference in height between the
two groups, tes = 0.445, p = .657 (table 1, 2; fig. 1).

Discussion

The study aimed to investigate differences in physical
and anthropometric parameters between national-level
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Table 1. Descriptive Statistics of Runners and Chasers

Variables Groups Mean Std. Deviation Minimum Maximum

Runner 19.21 1.15 17.00 21.00
Age (yr)

Chaser 19.29 1.19 17.00 21.00

Runner 168.88 6.31 156.30 186.20
Height (cm)

Chaser 168.45 6.16 156.30 187.00

Runner 55.95 7.51 43.50 84.00
Weight (kg)

Chaser 59.43 8.40 26.60 88.00

Runner 19.61 2.36 14.68 25.64
BMI(kg/m?)

Chaser 21.03 2.31 17.17 27.00
Chest Runner 84.89 5.09 70.00 98.00
Circumference (cm) Chaser 86.59 4.87 72.00 98.00

Runner 77.08 2.55 71.10 82.30
Arm Length (cm)

Chaser 75.91 2.14 71.10 80.90

Runner 92.89 3.47 85.97 102.41
Sitting Height (cm)

Chaser 89.77 3.58 82.97 99.41
Thigh Runner 48.02 4.76 39.50 65.50
Circumference (cm) Chaser 50.45 4.71 41.40 67.40
Calf Runner 32.46 2.73 22.60 41.20
Circumference (cm) Chaser 34.32 2.73 24.50 43.10

Runner 10.92 1.86 6.35 14.22
Body Fat (%)

Chaser 11.55 1.76 7.24 14.70

Table 2. Independent t-test comparing physical attributes between runners and chasers

Variable Groups n Mean MD df t Sig.
Runner 100 168.88

Height 0.39 198 0.445 0.657
Chaser 100 168.45
Runner 100 55.95

Weight 3.51 198 3.132 .002%
Chaser 100 59.43
Runner 100 19.61

BMI 1.42 198 4.330 .000*
Chaser 100 21.03
Runner 100 84.89

Chest Circumference 1.77 198 2.546 .012%
Chaser 100 86.59
Runner 100 77.08

Arm Length 1.74 198 3.538 .001*
Chaser 100 75.91
Runner 100 92.89

Sitting Height 3.09 198 6.242 .000*
Chaser 100 89.77
Runner 100 48.02

Thigh Circumference 2.37 198 3.545 .000*
Chaser 100 50.45
Runner 100 32.46

Calf Circumference 1.88 198 4.882 .000%
Chaser 100 34.32
Runner 100 10.92

Body Fat 0.631 198 2.463 .015*
Chaser 100 11.55

*Significant at 0.05 level
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Fig. 1. Comparison of Physical Characteristics between Runners and Chasers

male Kho-Kho players categorized as Runners and Chasers.
Results indicated that Chasers had significantly higher
weight, BMI, chest circumference, thigh circumference,
calf circumference, and body fat percentage compared to
Runners. Conversely, Runners had longer arm lengths and
greater sitting heights, though height differences were not
significant. These findings highlight that physical attributes
suchasbody composition and limb measurements are crucial
for performance in Kho-Kho, reflecting the importance
of specific biomotor abilities like speed, agility, and power
(Kumar and Arumugam, 2018).

Consistent with Kumar and Arumugam (2018), the study
emphasizes the importance of speed, agility, and power in
Kho-Kho performance, highlighting these biomotor abilities
as crucial for success in the sport. The comparison with Rick-
ta et al. (2024), shows that Kho-Kho players possess slightly
longer leg lengths and lower body fat percentages compared
to football players, suggesting a potential physical advantage
that could influence their performance. Furthermore, Jaiswal
(2014) supports these observations by noting that Kho-Kho
players exhibit greater height and lean body mass, contribut-
ing to their enhanced athleticism. The findings underline the
lean and muscular physique of Kho-Kho players, which may
be pivotal for their effectiveness in the sport.

Research by Bhati et al. (2023) and Mahapatra and Ab-
hinandan (2023) emphasizes the importance of fluid intake,
sleep quality, and lean body mass as critical factors in opti-
mizing Kho-Kho performance, with fluid intake enhancing
speed and sleep and lean mass supporting agility and power.
These findings highlight the value of training programs that
integrate hydration, nutrition, and sleep quality to improve
athletic outcomes. Consistent with Taye et al. (2024), this
research reinforces the importance of nutrition education,
advocating for balanced fat intake and addressing nutri-
tional deficiencies, which can promote both immediate per-
formance gains and long-term health benefits for athletes.
The moderate correlation between speed and agility, with a
stronger relationship observed in boys, suggests that while
these attributes are essential for Kho-Kho, their impact may
vary by gender. The studies by Mahapatra and Abhinandan
(2023), along with Mola and Shaw (2024a, 2024b), provide a

69

comprehensive framework for talent development and iden-
tification in athletic practice. Mahapatra and Abhinandan
(2023) highlight a moderate correlation between speed and
agility, crucial for distinguishing performance roles between
Runners and Chasers. Meanwhile, Mola and Shaw (2024a)
emphasize long-term development, quality preparation, and
a supportive environment, while Mola and Shaw (2024b)
propose a multi-dimensional approach to talent identifica-
tion, focusing on anthropometric, sociological, physiologi-
cal, psychological, and technical predictors. Together, these
studies offer valuable insights that support targeted training
and effective talent identification to enhance Kho-Kho play-
ers performance.

Conclusions

The study identified significant physical differences
between Runners and Chasers in National-level Kho-Kho
players. Chasers tend to have higher weight, BMI, and larger
chest, thigh, and calf circumferences, along with greater
body fat, indicating greater mass and stability. Runners,
however, have longer arm lengths and greater sitting height,
quick reflexes skills. The lack of difference in height suggests
it is not a key factor in role performance. Based on these
findings, it is recommended that training and selection be
tailored to the specific physical demands of each role to
optimize team performance.
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MopiBHANBHMI aHani3 BigMiHHOCTEN Pi3NUYHNX XapaKTepUCTUK
yonosgikKiB-rpasuiB y Kxo-Kxo wopao nosuuin rpm

Capira T’ ari'**“PE; Anin Kymap Banaik'°PE, Monika Bacymxa'ABCPE,
Ieccanen Bace Moma?‘PE

!leniiicbKnit yHiBepcuTeT
*YuiBepcurer AM60

ABTOpPCHKMIT BKIAJ: A — Au3aiiH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pegepar. Crarts: 6 ., 2 Tabm., 1 puc., 22 mxepena.

Icropia muranna. Kxo-Kxo - Tpagyuiitanit iHAificbKuit BUJ, CIOPTY, 11O CK/IaJIA€ThCA 3 BUKOHAHHA OKPeMMX QYHKIIIN [
6iryHiB Ta JIOBIIiB, KOXKHA 3 IKMX BUMATa€ Bifi TPaBI{iB HASBHOCTI YHIKaNMbHNX (PisndHMX skocTeil. HaykoBi mpari mopmo crerpudiv-
HYX Bi3MYHNX Ta aHTPOIIOMETPUYHMX XapAaKTEPUCTIK IPaBIIiB 3a3HAYEHO] ITO3NLT MAal0Th 0OMeXXeHNIT XapaKTep, 110 MiJKPeCIIe
HeoOXiZHICTD IIPOBejeHHS TAKMX JOCTIIKEHb 3a/I/Is1 OTUMI3allil pe3y/IbTaTUBHOCTI Ha HAI[iOHA/IbHOMY PiBHI.

Mera gocnimKeHHA. [JoCTi)KeHHA Ma/Io Ha MeTi BUBYUTY BiMiHHOCTI Y pi3V'YHUX Ta aHTPOIIOMETPUYHMX [TapaMeTpax Mix
vonoBikamu-rpaBusmMu y Kxo-Kxo HarjioHanbHOro piBHS, sKi IOAIISIOTHCS Ha KaTeropil «6iryHiB» Ta «I0BILiB».

Marepianu Ta MeTORM. 3 MeTOIO NIPOBeieHHA NOCIiKeHH:A 6yo Bigibpano 200 rpaBuiB 4o0Bivoi crari, BikoM Bif 17 1o
21 poky. YuacHukiB 6yno posmnopineno Ha asi rpynu: 100 6iryHis (cepepiii Bik 19,21 + 1,15 poky) ta 100 n0BLiB (cepenHiit Bik
19,29 + 1,19 poky). PisuuHi MOKasHMUKIL, [0 BUMipIOBA/INCH, BKIIOYA/IN Macy Tina, 3picT, IMT, TOBXIHY PYK, 3piCT y IOTOXKeHHI
cupgun, 06xBar TPY/HOIL K/TiTKM, 00XBaT CTEroH, 00XBaT IUTOK i TOBIMHY IIKiPHOI CK/IAJIKV Ha 6irjerici, TpMIieIICi, Mifi/TONaTKOBI
i HagKTy6OBiit HingHKaX. PO3paxyHOK BifICOTKOBOTO BMICTY XXIPY B OPraHi3Mi IIPOBOAMBC 3a JOIIOMOTOI0 METOZy BUMipPIOBaHHs
TOBILMHIY LIKIPHOI CKIafKu. [HCTpyMeHTH 360Dy JaHUX BK/IIOYA/IM BAary fi/isl BUMIPIOBAHHS MacK Ti/Ia, THY4YKY MeTa/leBy CTPIuKy
I/1A BUSHAYEHHA OKPY)KHOCTI Ta JOBXXMHI PYK, 2 TAKOXK POCTOMIP [/ BUMIPIOBaHH:A 3POCTY Ta IIOKA3HUKIB 3pOCTY B IIOIOXKEHHI
cupsA4n. 3a KOKHUM IIapaMeTpOM pO3PaXOBYBa/IM Cepe/JHE 3HAUeHHA Ta CTaHJapTHE BiIXM/IEHHS, @ 3 METOIO IIOPiBHAIbHOTO aHa-
i3y FBOX TPyl — BUKOPUCTOBYBA/IN t-KPUTEPIil [/Is1 He3aIeKHUX BIUOIPOK.

Pesynbrarn. 3a pesynbraTaMu JOC/i/PKeHH BCTAHOB/IEHO 3HAYHI BiIMiHHOCTI y MoKasHuKax Baru, IMT, okpy>XHOCTI Tpya-
HOI KJIITKM, CTETOH Ta JINTOK, 30KpeMa, BUIIi IIOKa3HMKY CIocTepiranuca y nosuis. HaromicTp 6iryHy Manm 6i/1blii mokasHUKN
TOBXVHU PYK i 3pOCTY y IIONIO>KeHHi cupassan. KpiM Toro, He criocTepiranocs CyTTEBOI pisHUIII Y TOKa3HUKAX 3POCTY MK 6iryHamu
Ta JIOBLIAIMM.

BucHoBKu. 3riffHO 3 pe3ynbTaTaMy ZOCTIKEeHHs 0Y/I0 BU3HAYEHO, IO JIOBI, AK IIPaBMUIO, MAIOTh Oimblry Macy Tima, IMT
Ta BUIII TOKa3HUKY OKPYXXHOCTe! Ji/ITHOK IPYAHOI K/IiITKM, CTEFOH Ta JINTOK, 110 MOXKe Oy Ty IepeBaroko /i1 BUKOHAHHS IXHbOI
¢yuxuii y rpi. HaromicTb 6iryHn oTpuMyIOTh epeBary Bifi 61/Ib1IOT JOBKUHM PYK i BUIINX TOKA3HNUKIB 3POCTY B MOMIOXKEHHI C1i-
IA4H, 10 MOKe CIIPUATY YHUKHEHHIO /1oBLiB. OTpuMaHi aHi cBif4aTh Ipo HeoOXigHICTb BpaxXyBaHHs criennivHMX IS IEBHOT
byHKIT QisMYHMX XapaKTepPMCTUK ITif 9Yac TPeHYBaHb Ta BiflOOPy IpaBIiiB 3 MeTOIO IiIBUIIIEHH:A pe3yabTaTuBHOCTI rpn Kxo-Kxo.

Kiro4oBi croBa: aHTpomnomeTpisi, KOMIIO3uLis Tina, noBIi, Kxo-Kxo, disndni xapakrepuctukm, 6iryHu.
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Abstract

Background. The increasing popularity of dancesport is being observed worldwide, with Indonesia also embracing
this trend. Nevertheless, there is still a lack of data to establish if dancesport can help with menopausal symptoms

and enhance quality of life.

Objectives. This study aimed to investigate the impact of a 12-week dancesport program on decreasing menopausal

symptoms and improving quality of life.

Materials and methods. A quasi-experimental design was used with a pretest-posttest method. The study included
30 women who had gone through menopause and were between the ages of 54 and 63. The WHOQOL-BREF
questionnaire was used to evaluate the quality of life, and the Menopause Rating Scale (MRS) was employed to
assess the severity of menopausal symptoms. The program involved a 12-week dance course, meeting twice a week
for 60 minutes per session, including cha-cha, salsa, rumba, hip-hop, and waltz dances. Data analysis was conducted
using SPSS 24, beginning with descriptive statistics, then progressing to normality testing using the Shapiro-Wilk

test, and finally paired samples t-tests.

Results. The findings indicated a noteworthy influence of the 12-week dancesport intervention on menopausal
symptoms and quality of life, with a significance level of 0.000 (< 0.05).

Conclusions. The study found that dancesport is beneficial for postmenopausal women by improving symptoms
and quality of life, suggesting further research into the impact of these programs on men experiencing andropause-

related changes.

Keywords: dancesport, menopausal symptoms, quality of life, menopausal women.

Introduction

Studies indicate that menopausal symptoms impact
around half of middle-aged women in different countries
(Fang et al., 2024). Menopause indicates the stoppage of
ovarian follicular activity and signals the conclusion of a
womanss fertility period (Hettchen et al., 2021). This time
is important for numerous women who remain involved in
society and their personal lives while dealing with related

© Kumaat, N. A, Sulistyarto, S., Dewi, R. C., Wahyudi, H.,
Sulistyana, C. S., Susanto, N., Eken, O., & Purwoto, S. P, 2025.
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symptoms (Vaccaro et al., 2021). Menopause is a normal,
natural change that occurs in middle age, causing women to
experience various difficulties that affect their quality of life
(Mendoza-Huertas et al., 2024). Numerous women look for
different methods to reduce the severity of these symptoms,
and exercise is among the suggested choices (Dabrowska-
Galas, 2019). It is important to prioritize both physical and
mental health with consistent exercise during menopause
(Guna et al.,, 2024; Spector et al., 2024). Physical activity
emerges as a hopeful non-medical solution to tackle the
various risk factors linked to menopause (Hettchen et al.,
2021; Mansikkamaki, 2016).
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Nguyen (2022) found that engaging in physical activity
can helpalleviate menopausal symptomsandboost the overall
quality of life for women (Nguyen et al., 2022). Women who
participate in moderate to high levels of physical activity have
milder menopausal symptoms in comparison to those who
are not active, according to (Dgbrowska-Galas et al., 2019).
Engaging in aerobic workouts can greatly help in relieving
specific menopause symptoms (Money et al., 2024). Earlier
research has shown a strong connection between the amount
of physical activity and the well-being of women going
through menopause, emphasizing how regular physical
activity can have a lasting positive influence on their health-
related quality of life (Fauntroy et al., 2020). Studies have
also investigated shifts in menopause risk factors in recently
menopausal women with osteopenia after participating in
high-intensity exercise for 13 months (Hettchen et al., 2021).

Dancesport, growing in global popularity and also in In-
donesia (Suhaya et al., 2024), combines art and physical activ-
ity asa form of exercise (Holt, 2017). Dance blends athleticism
with artistry by incorporating intricate movements, a wide
range of motion, and musicality to create a unique form of ex-
pression (Fauntroy et al., 2020). Line dance is highly favored
because it combines fitness and dance effectively, providing
various health benefits for both the body and mind, thereby
increasing its widespread popularity (Guo, 2022). Moreover,
research has demonstrated that square dancing can boost
cognitive function in elderly individuals (Wang et al., 2024),
and engaging in Pilates or Zumba for at least 12 weeks can
improve functional performance, mood, and the quality of
life in postmenopausal women (Ben Waer et al., 2024).

Women experiencing intense symptoms during meno-
pause frequently indicate reduced health-related quality of
life (Money et al., 2024), which involves the impact of physi-
cal health on mental and social welfare (Schneider, 2002). In
menopause, the decrease in ovarian activity and reproduc-
tive hormone levels can result in different health issues that
impact a woman’s overall well-being (Guna et al., 2024).

Based on this evidence, the theory of this research is that
dancing workouts can lessen menopausal symptoms and
enhance quality. However, there are still no studies on dance
sports in menopausal women in Indonesia, and its impact
on menopausal symptoms and increased quality of life in
menopausal women in Indonesia is still unknown.

Based on existing theories, the hypothesis in this study
is that dance exercise can reduce menopausal symptoms
and improve quality of life. So this study aims to determine
the effect of 12 weeks dance sport to reduce menopausal
symptoms and increase quality of life.

Materials and Methods

Study Participants

The research included 30 postmenopausal women,
aged between 54 and 63, who were selected from the local
community. In order to join, participants must have been
in their postmenopausal stage for a minimum of 12 weeks
and not have any health issues that could hinder their
participation in the workout regimen. Approval for this
research was authorized by the Health Research Ethics
Committee at Nahdlatul Ulama University of Surabaya, with
ethical clearance number 0400/EC/KEPK/UNUSA/2024.
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Table 1. Participant characteristics

Information

Age 57.66 + 2.48
Weight 59.76 + 8.87
Height 163.21 £7.63
Bloodpresure 120.71 £9.97
Education Bachelor: 19

Senior high school: 11

Enterpreneur: 3

Government employees: 3
Work Tejclcher: 6

Private employess:10

Housewife: 7

Teacher retirement:1
Status Married: 25

Widow: 5

The characteristics of the samples in this study are
presented in the table above, including age, weight, height,
blood pressure, education, occupation and status.

Study Organization

This research employed a quasi-experimental
design incorporating pretest-posttest methodology
to assess the impact of a dance exercise program on
quality of life and Menopause Rating Scale (MRS) scores
among postmenopausal women. The WHOQOL-BREF
questionnaire was used to evaluate quality of life (Guna et
al., 2024), including physical health, mental health, social
relationships, and environmental factors. The Menopausal
Rating Scale (MRS) was employed to assess the intensity of
menopausal symptoms, showing high test-retest reliability
between 0.90 and 0.95 and construct validity scores of
0.92, 0.93, and 0.95, demonstrating the tool’s validity and
reliability (Dwi Susanti et al., 2019). In the pretest, the
participants filled out the WHOQOL-BREF and MRS
surveys to collect initial information on their quality of life
and menopausal symptoms. The program involved 12 weeks
of dance exercises, with participants going to two 60-minute
sessions a week, including dances like cha-cha, salsa, rumba,
hip-hop, and waltz. After the 12-week program, participants
were asked to complete the same questionnaires for another
evaluation of their quality of life and menopausal symptoms.

Statistical Analysis

Statistical analysis in this study used SPSS 24 which in-
cludes descriptive tests, followed by normality tests using
Shapiro-Wilk and T tests with Paired Samples Tests to de-
termine the effect of dance sports for 12 weeks on the meno-
pausal symptoms and quality of life of menopausal women.

Results

The results section will provide a detailed analysis of the
statistical data, examining the impact of a 12-week dancesport
program on menopausal symptoms and the quality of life in
postmenopausal women. This will include the findings from
descriptive statistics, normality tests, and Paired Samples Tests.
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Table 2. Descriptive statistics

Group n Min Max Mean SD
PreMS 30 32 39 35.90 2.398
Post MS 30 19 27 22.87 2.515
Pre QL 30 76 89 82.20 4.038
Post QL 30 100 122 110.27 6.539

Information: Pre MS (Pre test menopausal symtoms), Post MS
(Post test menopausal symtoms), Pre QL (Pre test quality of life),
Post QL (Post test quality of life).

Table 2 demonstrates that the 12-week dancesport
program had a significant effect on menopausal symptoms
and quality of life in postmenopausal women. The mean
score for menopausal symptoms decreased from 35.90 in the
pre-test to 22.87 in the post-test, while the mean score for
quality of life improved from 82.20 in the pre-test to 110.27
in the post-test.

Table 3. Test of normality (Shaphiro-Wilk)

Group Statistic df Sig.
Pre MS 905 30 .011
Post MS 914 30 .019
Pre QL 965 30 414
Post QL 943 30 .108

The results in table 3 show that the overall data
distribution obtained normal results because all sig results >
0.05. Then the Paired Samples Test can be carried out.

Table 4. Paired samples test

Group Sig
Menopausal Symtoms .000
Quality of Life .000

The table results show that both menopausal symptoms
and quality of life variables had significance values of 0.000,
lower than the threshold of 0.05. This validates that the
12-week program for dancesport significantly decreased
menopausal symptoms and enhanced the quality of life in
postmenopausal women.

Discussion

The results of this study are consistent with earlier
studies that have demonstrated the positive impact of
dance on women’s quality of life (Hernandes et al., 2018).
In the same way, research has shown that activities such
as Pilates or Zumba can enhance functional performance,
mood, and health-related quality of life in postmenopausal
women after 12 weeks (Ben Waer et al., 2024). Engaging
in workout routines that reduce menopausal symptoms
may enhance the quality of life for women who have gone
through menopause (Shin & Lee, 2021). According to Adi
Wira Guna (2024), dance-based workouts have been proven
to enhance physical function, which may improve ovarian
function and reproductive hormone levels (Yang & Toriola,
2024), leading to a reduction in health problems and an
overall improvement in quality of life (Guna et al., 2024).
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Following menopause, there is a substantial decrease
in estrogen levels, resulting in the appearance of androgen-
ic manifestations like acne, heightened facial hair growth,
and male-pattern baldness. Androgens impact sexual de-
sire, arousal, and climax by increasing dopamine levels in
the central nervous system (Brzozowska & Lewinski, 2021).
A woman’s daily physical activity level greatly affects her
quality of life during menopause (Fauntroy et al., 2020). Ac-
cording to Adi Wira Guna (2024), women who consistently
engage in physical activity experience an improved quality
of life due to enhanced endurance and decreased chances of
chronic illnesses (Guna et al., 2024).

Dancing is a highly favored method of staying in shape
that offers not just physical advantages, but also boosts men-
tal and emotional health, making it a preferred pastime for
numerous individuals (Guo, 2022). Dance merges physical
activity with social and emotional advantages, enhancing
self-expression, self-worth, and self-assurance while reduc-
ing stress (Hernandes et al., 2018). It also makes social inter-
action, motivation, and positive emotions easier (Hernandes
et al., 2018). Furthermore, dance interventions have been
found to have beneficial impacts on physical function, pos-
tural control, and quality of life (Lu et al., 2024). These ad-
vantages aid in decreasing menopausal symptoms and en-
hancing overall quality of life (Fang et al., 2024). Dancing
helps increase physical activity levels, leading to improved
muscle movement, better distribution of nutrients and
oxygen, and maintenance of fitness, bone density, muscle
strength, and joint mobility, all of which contribute to overall
physical and physiological well-being (Guna et al., 2024).

Based on the discussion above, it is recommended that
menopausal women do dance sports to reduce menopausal
symptoms and increase quality of life.

Conclusions

Based on the research results, it was found that after
doing dance sports for 12 weeks, it can reduce menopause
symptoms and improve the quality of life of menopausal
women. The limitation of this study is that it only provides
sport in the form of dancesport.
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AHanis BNIMBY CNOPTUBHUX TaHLiB Ha 3HV)KEeHHA
CMMNTOMIB MeHoMNay3n Ta NiABULLEHHA AKOCTI XXNUTTA

Hyprbe Anita Kymaar'4*“P%, Coni Cynucrapro'4t?,
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Pedepar. Crarrs: 5 c., 4 Tab1., 23 mKepena.

IcTopisa muTaHHA. 3pocTaroya MIONY/IAPHICTD CHOPTUBHYX TAaHIiB CIIOCTEPIra€TbCA B yChOMY CBIiTi, 30KpeMa, B IHonesii, Axa
TAKOX HpyefHanacs fo uiel renpennii. OfHak goci 6pakye faHux, ki 6 FO3BOMMIN BCTAHOBUTH, YU MOXYTb 3aHSITTS CIIOPTUB-
HIUMU TaHLAMM IOTIOMOITY BIIOPATUCA 3 CUMIITOMaMM MEHOIIAy3) Ta MOKPALUTY AKICTb XKUTTA.

Merta gocnifkenna. MeTa JOCTiPKeHHA MO/IATaa y BUBYEHHI BIVIMBY 12-TIDKHEBOI IPOrpaMM 3aHATh CHOPTUBHMMMY TaH-
LAMM Ha 3MEHIIEHHA CMMITOMIB MEHOIIay3! Ta IOJIMIIEeHH] AKOCTi )XUTTA.

Marepianu Ta MmeTogu. Y IpefcTaB/eHiil HayKOBill Ipalli 3aCTOCOBAHO KBa3ieKCIepyMeHTa/IbHMII I1U3aliH i3 BUKOPUCTAH-
HAM METOAVIKI IIepefi- i MiC/IATeCTOBOrO NOCIiIKeHHA. Y HOC/iIKeHH] B3 y4acTb 30 >KiHOK, AKi PO 4epe3 MEeHOIays3y y
Bili Bify 54 mo 63 poxkis. s oniHKM AKOCTi KUTTs Bukopucrosysamu onutysanbHuK WHOQOL-BREF, a 3 MeTo10 BisHaYeHH:A
CTyIIeHs BaXKKOCTi MEHOIIay3a/IbHIX CUMIITOMIB — MDKHApOJHY IIKaly 3 OLIHKM CUMIITOMIB MeHomaysu (“Menopause Rating
Scale”, MRS). ITporpama mepegbavana 12-TyDKHEBUIT KypC 3aHATb CIIOPTUBHUMI TAHISIMI, IO ITPOBOAYIINCS [Biui HA TIDKAEHD
i3 TpmBaicTO 60 XBUINH KOXKHE 3aHATTSA, BK/IIOYAI0YM Ya-4a-4a, CanbCy, pyM6y, Xin-xom i BasbC. AHasli3 JaHUX NPOBOAMBCA 32
IOIIOMOTrOI0 IIPOrPaMHOro 3abesnedeHHss SPSS 24, mounHa04M 3 OIMCOBOI CTATUCTUKM, MIC/IS 9OTO 3/ilICHIOBABCS TECT HA Hepe-
BipKy HOPMa/IbHOCTI PO3MOAiNy i3 3acTocyBanHAM Kpurepito Illamipo-VYinka i, 3pemrroro, 3aBeplrajbHuUll eTal nepenbdadas BY-
KOPUCTAaHHS t-KpUTepiiB 151 MapHUX BUOIPOK.

Pesynbrarn. Otpumani gaHi cBigyaTh mpo 3HaYHMIT BIUIMB 12-TVOKHEBOI iHTepBeHIil 3i CHOPTVBHNUX TaHIIiB HA CUMIITOMMI
MEHOIIay3! Ta SAKICTb XNUTTA 3 piBHeM 3HauywocTi 0,000 (< 0,05).

BucHoBKu. 32 pesynbraTaMi JOC/i/I)KeHH BCTAHOBJIEHO, 1110 3aHATTSA CIIOPTUBHMMM TaHIAMM KOPMCHI /1711 )KiHOK y HOCTMe-
HOIIay3a/IbHOMY Iepiofii, OCKiZIbKM IMOKPALIYIOTh CUMIITOMU Ta SIKICTb JKUTTH, 110 CIIOHYKA€E [0 MOAANbLIINX JOCIKEHD 100
BIUIMBY 3a3Ha4eHNUX IIPOrpaM Ha YOJIOBIKiB, AKi IepeXMBAIOTh 3MiHM, IIOB A3aHi i3 epiooM aH/IpoIaysL.

Knro4oBi cnoBa: cnopTuBHi TaHIi, CMMIITOMM MEHOIIAy31, AKICTb KUTTH, XXKiHKM y MEHOIIay3a/IbHOMY Iepiofi.
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Abstract

Objectives. This study aimed to evaluate and compare the functional capacity of young adults recovering from
COVID-19 using the 6-Minute Walk Test (6MWT) and 2-Minute Step Test (2MST), focusing on cardiovascular
parameters, and to examine correlations between these tests, demographic factors, and muscle strength.

Materials and methods. A cross-sectional study was conducted with 34 young participants (mean age: 20.62 years,
88.24 % female), all experiencing mild post-COVID-19 symptoms. Muscle strength (grip and quadriceps strength)
was assessed, and functional capacity was evaluated using the SMWT and 2MST, with the test order randomized by

drawing lots. Hemodynamic responses, fatigue, and dyspnea were measured before and after both tests. Paired t-tests
were used to compare cardiovascular parameters and leg fatigue between the 6SMWT and 2MST. Pearson’s correlation
coeflicient assessed relationships between both tests, demographics, and muscle strength.

Results. The study revealed an increase in heart rate and leg fatigue after the 6 MW'T compared to the 2MST, whereas
systolic blood pressure was elevated following the 2MST compared to the 6SMW'T. The 6MW'T showed a significant
positive correlation with the 2MST (r = 0.350, p = 0.043). Additionally, quadriceps strength was positively correlated
with both the 6SMWT (r = 0.372, p = 0.030) and the 2MST (r = 0.395, p = 0.021).

Conclusions. The findings of this study indicate that both the 6MWT and 2MST are effective in assessing functional

capacity in young individuals recovering from COVID-19, showing distinct physiological responses. Furthermore,
quadriceps strength is correlated with both tests, highlighting the importance of muscle strength in recovery.

Keywords: COVID-19, physical fitness tests, functional fitness, cardiorespiratory endurance.

Introduction

Severe acute respiratory syndrome coronavirus type
2 (SARS-CoV-2) primarily affects the respiratory system,
but it also causes systemic symptoms, such as fatigue, muscle
weakness, and exercise intolerance, that can persist for over
4 weeks or even months in many individuals following the
acute phase of infection (Parotto et al., 2023; Weldon et al.,
2023). These long-term effects extend beyond lung function,
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significantly impairing recovery, functional capacity, and
quality of life (Alahmari et al., 2023), while also complicating
rehabilitation despite normal lung function (Daynes et
al., 2024; Wade, 2020). For young adults recovering from
COVID-19, assessing functional capacity is essential to identify
physical impairments and guide rehabilitation. This evaluation
highlights obstacles to daily activities and directs interventions
to promote full recovery (Torres-Castro et al., 2023).
Assessing fitness components, especially cardiorespira-
tory fitness, is vital for precise exercise prescription (Harber
et al., 2024; Kaminsky et al., 2024; Ross et al., 2016). It is
closely linked to cardiovascular health and is a key indicator
of the risk of cardiovascular events and mortality. Evaluating
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this fitness component allows for personalized interventions
that reduce health risks and improve long-term well-being
(Harber et al., 2024). In clinical practice, cardiorespiratory
fitness is often assessed using tests that require advanced
equipment, such as treadmills or cycle ergometers, which
may not be available in resource-limited settings (Noonan
& Dean, 2000). Time-limited walking, sit-to-stand, and step
tests are essential for assessing functional status and prog-
nosis in individuals with cardiorespiratory conditions.
These tests are safe, effective, and offer critical insights into
submaximal exercise capacity, endurance, and daily func-
tional ability, which are key for managing chronic conditions
and improving quality of life (Andrade et al., 2012; Cruz-
Montecinos et al., 2024; Torres-Castro et al., 2023). For this
reason, tests based on the ability to perform daily living tasks
are gaining popularity for assessing cardiorespiratory fit-
ness. Functional assessments, particularly walking tests, play
a vital role in evaluating daily task performance and over-
all physical function (Medicine, 2013), especially in post-
COVID-19 recovery. Walking requires the coordination of
cardiovascular and musculoskeletal systems, and impair-
ments can increase energy expenditure and oxygen demand,
complicating recovery (Singh et al., 2014). The 6-Minute
Walk Test (6MWT) widely used in clinical settings, measures
submaximal aerobic endurance, offering key insights into
cardiovascular and muscular function, particularly in cases
of heart failure and pulmonary diseases (American Thoracic
Society, 2002; Casillas et al., 2013; Holland et al., 2014).

The 6MWT is a simple, cost-effective test that evaluates
walking capacity and daily activity performance. Although
practical and versatile, it requires a 30-meter hallway and
can be time-consuming for routine outpatient visits (Jones
& Rikli, 2002; Poncumhak et al., 2023). The 2-Minute Step
Test (2MST) is a popular alternative, especially for patients
unable to complete the S MWTT. It requires minimal space and
no special equipment, making it suitable for resource-limited
settings (Bohannon & Crouch, 2019; Jones & Rikli, 2002).
It involves marching in place with high knee lifts, providing
a less demanding method to assess aerobic endurance (Jones
& Rikli, 2002). However, there’s no clear consensus on which
test provides a more accurate functional assessment, as stud-
ies have yielded mixed results. The 2MST replicates physically
demanding daily activities, such as stair climbing, which is es-
pecially challenging for heart failure patients (Wegrzynowska-
Teodorczyk et al., 2016) and older adults (Poncumhak et al.,
2023) compared to walking on flat surfaces. Some authors
suggest that it should be used as a complement rather than
a substitute for other fitness assessments (Wegrzynowska-
Teodorczyk et al., 2016). This approach offers valuable insights
into functional capacity and real-life physical performance.
The objective of this study was to evaluate and compare
the physical functional capacity of young adults recovering
from COVID-19 using the 6MWT and 2MST, with a focus
on cardiovascular parameters. Additionally, the study aimed
to explore the correlations between these tests, demographic
factors, and muscle strength in post-COVID-19 young adults.

Materials and Methods

Study Participants

This cross-sectional analytical study calculated the
sample size using a dependent t-test in G*Power version
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3.1.9.4, with an alpha level set at 0.05 and a power of 0.80.
A total of 34 participants (30 females and 4 males, aged 18
to 25 years) were recruited through face-to-face contact
and posters. These participants were outpatients with
mild post-COVID-19 symptoms, having been diagnosed
with COVID-19 that did not require hospitalization and
discharged within four weeks before evaluation. Exclusion
criteriaincluded pre-existing cardiorespiratory, neurological,
or musculoskeletal conditions that could influence test
performance, a body mass index (BMI) over 30 kg/m? and
oxygen saturation (SpO,) levels below 95 %. The study was
approved by the University of Phayao Ethics Committee
(reference number: HREC-UP-HSST 1.2/089/67).

Study Organization

In the initial phase of the study, participants were
interviewed to collect data on age, medical history, and their
experience with COVID-19. Anthropometric measurements
(height, weight, and BMI), sociodemographic details
(age, gender), and clinical information (comorbidities,
smoking status, exercise habits) were also recorded. Vital
signs, including heart rate (HR), blood pressure (BP), and
peripheral oxygen saturation (SpO,), were measured. Hand
grip strength and quadriceps muscle strength were assessed.
Functional capacity was evaluated using the 6MWT and
2MST by blind assessors, uninvolved in the interviews.

Grip Strength

Grip strength was measured using a dynamometer
(T.K.K 5001 Grip-A, Takei Scientific Instruments, Niigata,
Japan), a standard tool with excellent reliability commonly
used to assess upper limb strength in adults (Horn et al,,
2024). Participants squeezed the device with their dominant
hand for three seconds while standing with their arm
straight and slightly abducted. The test was repeated three
times, with one-minute rest intervals, and the highest score
(in kilograms) was recorded (Savas et al., 2023).

Quadriceps Muscle Strength

Quadriceps muscle strength was assessed using a hand-
held dynamometer (Model-01165, Lafayette Instrument
Company, Lafayette IN, USA), a reliable and valid tool
for measuring isometric lower limb muscle strength and
power in adults (Mentiplay et al., 2015). The participant,
seated with the hip and knee flexed at 90 degrees, performed
maximal isometric knee extension with the dominant lower
extremity. The test was repeated at least three times, and
the highest recorded value (in kilograms) was documented
(Brown & Weir, 2001).

Functional Capacity

Participants completed the 6MWT and 2MST on the
same day, with a 30-minute rest interval between the tests to
reduce muscle fatigue. The order of the tests was randomized
by drawing lots. Prior to and immediately after each test,
participants were seated, and their SBP, DBP HR and SpO,
were recorded. Participants also rated their subjective levels
of fatigue and dyspnea using a modified 10-point Borg scale,
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and dyspnea was assessed with the Borg Rating of Perceived ~ Table 1. Clinical and functional characteristics of 34 mild-

Exertion (RPE) scale (6-20 scale).

6MWT

Before the test, participants were given at least 10
minutes of rest in a seated position to ensure they were
adequately prepared. The test was conducted along a
30-meter corridor, and participants were instructed to
walk as far as possible within a 6-minute period. Running
was prohibited, and participants were encouraged to walk
at a comfortable pace, with the option to slow down or
stop briefly if needed. The total distance covered during
the 6MWT was measured and recorded to assess physical
functional capacity (American Thoracic Society, 2002).

2MST

Participants rested for at least 10 minutes before the test.
After a brief familiarization session, they marched in place
for two minutes, lifting their knees to a height between the
patella and iliac crest. They could use support and adjust
speed as needed. The investigator counted the steps on
the right knee, with the final score representing the total
number of steps where the knee reached the specified height
(Jones & Rikli, 2002).

Statistical Analysis

Data analysis was conducted using Stata versionl8.
Descriptive statistics, including mean, standard deviation,
and frequency, were used to summarize participants’
demographic and clinical characteristics. Paired t-tests
were employed to compare HR, SBP, DBP, and leg fatigue
between the 6MWT and the 2MST, while the Signed
Rank Test was used for SpO, and dyspnea measurements.
Pearson’s correlation coeflicient was calculated to examine
the relationships between 6MWT and 2MST outcomes,
demographic factors (age, weight, height, BMI), and muscle
strength (hand grip and quadriceps strength). A p-value of
less than 0.05 was considered statistically significant.

Results

Table 1 presents the clinical characteristics of 34 partici-
pants recovered from mild COVID-19. The mean age was
20.62 years, with 88.24 % being female. The average height,
weight, and BMI were 159.88 cm, 54.97 kg, and 20.21 kg/m?,
respectively. Participants were 3.70 + 6.38 months post-
recovery. Most participants (91.18%) were non-smokers,
and 17.65% reported exercising 23 days per week. Func-
tional capacity was evaluated using the 6-Minute Walk
Distance (577.76 + 29.02 meters), the 2-Minute Step
Test (115.76 + 13.44 repetitions), quadriceps strength
(20.31 + 4.85 kg), and handgrip strength (22.83 + 7.26 kg).

The 6MWT resulted in a significantly higher final
HR (120.41 + 19.68 bpm) compared to the 2MST
(111.09 * 16.74 bpm, p = 0.009). SBP was significantly
higher at the end of the 2MST (131.74 + 17.16 mmHg)
than the SMWT (124.97 + 14.94 mmHg, p = 0.006). There
was no significant difference in DBP between the 2MST
(81.41 £9.37 mmHg) and the 6MWT (79.15 + 7.66 mmHg,
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post COVID-19 individuals

n (%)

Characteristics or Mean + SD Min-max
Age (years) 20.26 + 0.61
Sex (female) 3.000 (88.24)
Height (cm) 159.88 + 8.22
Weight (kg) 54.97 + 15.31
BMI (kg/m?) 20.21 + 5.48
Duration after COVID (months)  3.70 + 6.38
No coexisting diseases 34.00 (100)
Smoking history
No smoker 31.00 (91.18)
Active smoker 2.00 (5.88)
Former smoker 1.00 (2.94)
Exercise habits, number
>3 days/week 6.00 (17.65)
1-2 days/week 15.00 (44.12)
No exercise 13.00 (38.24)

Physical measures
6MWD (meters)
2MST (repetitions)
Quadricep strength (kg)

577.76 £29.02 523.00 - 624.00
115.76 £ 13.44  76.00 - 185.00
20.31 +4.85 14.00 - 32.50

Grip strength (kg) 22.83+£7.26  12.00 - 42.10

BMI, body mass index; 6MWD; 6-minute walk distance, 2MST,
2-minutes step test, kg; kilogram

Table 2. Comparison of hemodynamic responses, fatigue,
and dyspnea severity to 6 MWT and 2MST in mild-post-
COVID-19 individuals

Variables 2MST 6MWT p
HR baseline (bpm) 91.24 +12.19 89.27 +£13.27 0.29
HR final (bpm) 111.09 = 16.74 120.41 £ 19.68 0.009*
SpO, baseline (%) 97.88+0.17 97.71+£0.16 0.37
SpO, final (%) 98.03+0.83 97.74+£0.79 0.13
SBP baseline (mmHg) 115.77 £13.44 112.71 £13.65 0.06
SBP final (mmHg) 131.74 £ 17.16 124.97 +£14.94 0.006*
DBP baseline (mmHg) 75.85+9.24 7559 +8.86 0.64
DBP final (mmHg) 81.41+£937 79.15+7.66 0.05
Dyspnea baseline 6.47 +0.86 6.15£0.36  0.07
(6-20 grade)
Dyspnea final 11.15+2.11  11.85+2.39 0.20
(6-20 grade)
Leg fatigue baseline 0.21 £0.43 0.15+0.42 0.16
(1-10 grade)
Leg fatigue final 259+ 1.12 3.34+1.52 0.007*

(1-10 grade)

Values are presented as mean + standard deviation. 6MWD,
6-minute walk distance; 2MST, 2-minutes step test; HR, Heart
rate; bpm: beats per minute; SpO,, Oxygen saturation; SBP,
systolic blood pressure; DBP, diastolic blood pressure. *p<0.05,
statistically significant

p = 0.05). Dyspnea scores showed no significant differences
between the two tests at baseline (p = 0.07) or at the final
stage (p = 0.20). However, leg fatigue was significantly lower
in the 2MST (2.59 + 1.12) compared to the 6MWT (3.34 +
1.52, p = 0.007) (Table 2).
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Table 3. Relationships of 6MWT and 2MST with
demographic parameters and muscle strength in mild-post-
COVID-19 individuals

Correlation 6MWD

Variables coefficient (m) 2MST (no.)
r 0.350
2MST (no.)
p-value 0.043*
Age ( ) r 0.098 -0.007
e (years
g p-value 0.581 0.967
r 0.182 -0.140
Height (cm)
p-value 0.302 0.429
r 0.079 -0.140
Weight (kg)
p-value 0.658 0.430
Ouadricep strength (k) r 0.395 0.372
uadricep stren.
P 8 8 p-value 0.021* 0.030*
Grip st th (ke) r 0.250 0.091
rip stren
P 8 8 p-value 0.153 0.611

2MST, two minutes step test; 6 MWD, six-minute walk distance;
kg, kilogram; cm, centimeter; *p<0.05, statistically significant

Table 3 shows the relationships between the 6SMW'T and
2MST and various demographic and strength parameters
in mild post-COVID-19 individuals. A significant positive
correlation was found between the 6MWD and 2MST
(r =0.350, p = 0.043). Both the 6SMWD and 2MST showed
significant positive correlations with quadriceps strength
(6MWD: r = 0.395, p = 0.02; 2MST: r = 0.372, p = 0.03).
However, no significant correlations were found between
the tests and age, height, or weight (p > 0.05). Similarly, grip
strength did not show significant relationships with either
test (p > 0.05).

Discussion

This study aimed to compare the physical capacity of
young adults recovering from COVID-19 using 6MWT
and 2MST, with a focus on cardiovascular responses,
demographics, and muscle strength. Results indicated
that the 6MWT significantly increased heart rate and leg
fatigue, while the 2MST caused a notable rise in systolic
blood pressure. Both tests were found to be correlated
with quadriceps strength, highlighting their effectiveness
in assessing physical function in post-acute COVID-19
recovery. These findings suggest that both tests can be
valuable tools in guiding rehabilitation interventions and
supporting functional recovery in this population.

The functional capacity measures, including the 6 MWD,
2MST, quadriceps strength, and hand grip strength, provide
insight into the participants’ cardiovascular and muscular
performance. The 6MWD (577.76 + 29.02 meters) and
2MST (115.76 * 13.44 repetitions) indicate good aerobic
capacity and muscular endurance, as these values fall within
the typical range for healthy young adults (Poh et al., 2006;
Vaish et al., 2013). However, it is important to note that
even among those with mild COVID-19, there may still be
subtle, lingering deficits in muscular strength and aerobic
performance, as shown by the lower quadriceps strength
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(20.31 + 4.85 kg) and hand grip strength (22.83 £ 7.26 kg)
when compared to non-infected peers (Tantibhaedhyangkul
et al.,, 2020; Wang et al., 2018). This finding highlights
the need for targeted rehabilitation strategies for individuals
recovering from COVID-19 to restore full functional
capacity.

Our study found that the 6MWT induced greater
cardiovascular demand and muscular strain, as reflected by
increased heart rate and leg fatigue following the test. These
results are consistent with previous research, including
studies by Reychler et al. (Reychler et al., 2018) and Troosters
et al. (Troosters et al., 2002), which reported similar
heart rate increases following the 6MWT. The increased
cardiovascular response in the 6MWT can be attributed to
the continuous movement and sustained weight-bearing
nature of the test, both of which demand higher oxygen
consumption and stimulate the cardiovascular system
(Shephard et al., 1976). The significant leg fatigue observed
post-test highlights the engagement of the quadriceps and
lower limb muscles, underscoring the 6MWT’s effectiveness
in assessing both cardiovascular and muscular endurance.
However, contrary to prior research, leg fatigue was notably
higher after the 2MST than the S MWT in patients with heart
failure (Wegrzynowska-Teodorczyk et al., 2016) and older
adults (Poncumhak et al., 2023; Srithawong et al., 2022).

The 2MST, though shorter in duration, led to significantly
higher systolic blood pressure, pointing to a more intense,
immediate response in terms of blood pressure regulation.
The 2MST involves repetitive stepping at a fixed height
and self-paced speed, focusing on lower-body muscles.
Muscle contractions during the 2MST enhance venous
return, increasing cardiovascular load. This muscle pump
effect pushes more blood back to the heart, intensifying
cardiovascular demands and leading to a greater rise in
blood pressure compared to walking tests (Casey & Hart,
2008; Fisher & Secher, 2019). The biomechanics of the 2MST,
requiring greater lower-body strength, coordination, and
longer periods of single-leg balance, contribute to its higher
physiological demands compared to the SMWT (Beutner et
al.,2015; Zhao & Chung, 2016). This discrepancy underscores
the need for further investigation to better understand the
comparative effects of these tests on muscular endurance
and cardiovascular response.

These results show that the cardiovascular response
differs between the 6MWT and 2MST. The 6MWT may
better reflect sustained cardiovascular endurance, while
the 2MST is more suited for short-term, high-intensity
effort. Both tests are valuable for assessing post-COVID-19
recovery, with the 6SMWT focusing on aerobic capacity and
the 2MST on blood pressure regulation during exertion.
Participants rated both tests below an RPE of 12, indicating
low to moderate intensity. With RPE 12-13 correlating
to 40-59% VO, max (Medicine, 2013), both tests can be
considered submaximal assessments, useful for monitoring
recovery without overexertion

In young mild-post-COVID-19 individuals, the
relationships between the 6MWT, 2MST, demographic
parameters, and muscle strength reflect important insights
into functional capacity. A significant positive correlation
between the 6MWD and 2MST (r = 0.350, p = 0.043)
suggests that both tests can be used interchangeably to assess
functional performance in this population. This finding is



Amput, P, Srithawong, A., Maharan, S., Poncumhak, P,, Phrompao, P, Wongsaya, E., Promsrisuk, T., & Aueyingsak, S. (2025).
Measuring the Impact of COVID-19 on Young Adult Functional Capacity: A Comparative Study of Walking and Step Endurance Tests

consistent with previous studies that have demonstrated the
2MST as an effective alternative to the 6MWT in assessing
functional capacity, particularly in populations with mobility
restrictions or post-illness recovery (Braghieri et al., 2021;
Chow et al., 2023; Ishigaki et al., 2024) The 6MWT and
2MST assess different aspects of exercise capacity, but both
demonstrate significant correlations with muscle strength.
In our study, both the 2MST and 6MWD showed similar
associations with quadriceps strength. These findings
align with previous research that emphasizes the critical
role of lower limb strength in functional performance, as
stronger quadriceps are associated with better endurance
and mobility (Poncumhak et al., 2023; Srithawong et al.,
2022; Wegrzynowska-Teodorczyk et al., 2016) The lack of
significant correlations with age, height, weight, and grip
strength suggests that these factors might have less influence
on functional outcomes in young, mild-post-COVID-19
individuals compared to more direct measures of lower
body strength. This finding contrasts with studies on older
populations, where weight and grip strength are often more
strongly correlated with functional mobility (Kovarik et
al., 2017; Kyomoto et al.,, 2019; Zhang et al., 2017). These
results emphasize the importance of lower limb strength
in functional performance in young individuals recovering
from mild COVID-19. Future interventions may focus on
strength-building exercises for the lower limbs to enhance
recovery and prevent functional decline.

This study has several limitations. It primarily focuses on
young adults with mild post-COVID-19 symptoms, limiting
its relevance to more severe cases or older populations.
The lack of long-term follow-up restricts the understanding
of how physical function changes over time. Additionally,
the study does not assess maximal oxygen consumption
(VO2 max), which would provide a more precise evaluation
of cardiorespiratory fitness. Future research should include
more diverse populations, longer follow-up periods, and
direct measurements of VO, max to better assess post-
COVID-19 recovery.

Conclusions

The 6MWT resulted in increased heart rate and leg
fatigue, while the 2MST led to a rise in systolic blood
pressure post-test. Both tests were positively correlated with
quadriceps strength, highlighting their utility in assessing
and guiding recovery in post-acute COVID-19 patients.
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OuiHnka Bnaney COVID-19 Ha pyHKLiOHaNbHy 34aTHICTb
OpraHisMy MosoA0ro OpocCnoro HacenieHHA: MopiBHANbHUN
aHani3 wopao0 3acTocyBaHHA TeCTy 3 XoabOwM Ta cTen-

TeCTy y BUSHaAUY€HHIi piBHA Pi3sN4HOI BUTPUBANOCTI
ITatyapia Amny1'A“P, Apynpar CpirxaBonr'**“?, Cintxynmopn Maxapan'APF,
Iyrrimonr Ionkymxak'4*“P; [Tayapin ®pommnao'’, Eakapay Bonrcas'®,
Tivanon ITpomcpicyk'4*°P, Caxauar AyeiHrcax*AP

"Yuisepcurer IIxasgo
*XpuctusaHcpkuii yHiBepcuteT Taimanmy

ABTOpCHKMIT BT A — Au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 8 c., 3 Tabm., 44 mxeperna.

Mera gocrmimkenHs. Lle foci/pKeHHsT MaIo Ha MeTi 3a JOIIOMOTO0 TecTy 6-XBWIMHHOI X061 (6XXT) Ta 2-XBUINHHOTO
cren-tecty (2XCT) oniHUTU Ta MOPIiBHATY (PYHKI[IOHATbHY 3[JaTHICTb OPTaHi3My MOJIOZOTO HOPOCIIOTO HAaCeIeHH, 110 IPOX0-
muth nepioy; BigHoBneHH:A nicia COVID-19, akuleHTyr0uM yBary Ha mapaMeTpax CepLeBO-CyJMHHOI CUCTEMH, @ TAKOX JOCIiUTI
KopesALil MbK 3a3HadeHMMM TecTamuy, feMorpadidanmu pakropamu Ta M’s130BOI0 CUTIOI.

Marepianu Ta MmeTopu. IIpoBesieHO nonepedHe TOCTIPKEHHA 32 Y4acTi0 34 MONOAMX YJaCHUKIB (cepenniit Bik: 20,62 pokiB,
88,24 % >kiHOK), sIKi Maju nerki cumnromu mics mepereceHoro COVID-19. 3a gomomororo tectiB 6XXT i 2XCT orjinoBanu
MOKa3HMKI M SI30BOI CH/IM (CMIa XBATY i CMJIa YOTUPUTOZIOBOTO M513a CTETHA), @ TAKOXK (YHKIIIOHAIbHY 3JaTHICTD, IPUYOMY I10-
PS/IOK IPOBEIEHHS TeCTiB BI3HAYABCS 32 METOIOM BUIIAJKOBOTO Bi60opy. BumiproBaHHs MOKA3HNUKIB TeMOMHAMIYHIX PeaKIiit,
BTOMU Ta 3a/[YILIKM IPOBOAMIOCH [Iepef II0YATKOM Ta ic/Ist 3aBepIueHHs 060X TecTiB. [/t TOPiBHAHHS apaMeTpiB ceplieBo-Cy-
AVHHOI CUCTeMU Ta BTOMM B HIDKHIX KiHniBkax Mbx 6XXT ta 2XCT BUKOPUCTOBYBAIN METOR t-KpUTEPIiB A/t MApHUX BUOIPOK.
3a koedirienTom Kopersuii [TipcoHa oOLiHIOBaIM B3aEMO3B 130K MK 0060Ma Tectamu, LeMOrpadivHuMM JaHUMU Ta M SI30BOIO
CUJION0.

Pesynpratu. B pamkax BOCTiIKeHHs BUAB/IEHO 30i/MbIIEHHS YaCTOTYU CepIieBUX CKOPOUEHb i BTOMM B HIDKHIX KiHI[iBKax
nicnsa BukoHaHHA 6XXT nmopiBuaHo 3 2XCT, Topi sax micna nposegennsa 2XCT crocTepiranocs MigBUINEHHS CUCTOMTIYHOTO ap-
TepiaZbHOTO TUCKY HOpiBHAHO 3 6XXT. 3a pesynbraramu 6XXT BCcTaHOBIEHO 3HAUHY NO3UTKBHY Koperniio 3 2XCT (r = 0,350,
p = 0,043). Kpim TOro, IMoKasHUK CH/IN YOTUPUTOIOBOTO M’s13a CTETHA MO3UTUBHO KopemoBas sk 3 6XXT (r = 0,372, p = 0,030),
tak 13 2XCT (r = 0,395, p = 0,021).

BucnoBku. PesynbraTy 1bOro gOC/IiIKEHHA CBi[9aTh PO eeKTUBHICTD sactocyBanHa 6XXT rta 2XCT wmjopo onjinku (byHK-
1[{OHa/IbHOI 3[JaTHOCTI OpraHisMy y MOIOAUX 0Ci6, 1[0 IIPOXOAATD Iepiof BigHOBIeHH:A micna COVID-19, neMoHCTpy0un 4iTKi
¢isionoriuni peakuii. [lo TOro X, cumia YOTUPUTOIOBOTO M 538 CTETHA KOPETIOE 3 000Ma TeCTaMI, 10 HiIKPECTIOE BaXK/INMBICTD
MOKa3HMKa M A30BOI CU/IM Y IIPOLeCi Ofy>)KaHHS.
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Kimrouosi cmosa: COVID-19, Tectu 1A ouiHku crany ¢pisudHOl mifroToBneHoCTi, GpyHKI[iOHaTIbHA IiATOTOBIEHICTD,
KappiopecnipaTopHa BUTPUBAJICTb.
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Abstract

Objectives. This study aimed to provide a specific analysis of social representations on the curriculum in physical
education teachers.

Materials and methods. The study focuses on a sample of 25 physical education teachers from Copacabana,
Antioquia, using a multi-method approach with a predominance of grounded theory. Data were collected through
in-depth interviews, sociodemographic surveys, and natural semantic networks.

Results. Qualitative analysis using ATLAS.ti revealed four emerging categories in this group: dynamic and situated
curriculum, curriculum for comprehensive training, flexible and contextualized curriculum, and prescriptive
curriculum. Quantitative analysis identified a central core of representation composed of concepts such as planning,
instructions, and education. The results indicate that physical education teachers conceive the curriculum in a
multidimensional way, reflecting the particularities of their discipline. A tension is observed between adherence to
prescriptive curricular structures and the need for flexibility to address the specific demands of physical education.

Conclusions. The study concludes that these representations are strongly influenced by the practical context of
teaching physical education, suggesting the need for curricular approaches adapted to this area.
Keywords: social representations, curriculum, physical education, planning, comprehensive training.

Introduction

The epistemological and cultural elements that deter-
mine the purposes associated with training are embedded
in the school curriculum; its analysis favors an approach
to school culture and the actors that give life to the school,
hence problematizing the curriculum constitutes a current
task for the institutionallty.

To do so, this exercise takes as its axis the concept of social
representations by Serge Moscovici (1979), representations
contribute to the understanding of complex and situated
phenomena such as the curriculum. Additionally, they
constitute an expeditious path to return to people and their
daily practices as a source of conceptual elaboration. Social
representations allow us to understand the knowledge of
communities from what they do in an unprepared way; their

© Gonzdlez Ramirez, R. A., & Gonzélez Palacio, E. V., 2025.
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voices and actions are the reference for the concretion of
metacognitive processes.

This characteristic of social representations brings
it closer to the curriculum, facilitating the reconstruction of
the concept and its relations with more complex elaborations
such as didactics or pedagogy. Bourdieu (1997) points out that
the conceptual elements that add up to the capitals of a people
are built in social interaction, which underlines the impor-
tance of their study in the spaces and routines of the school,
a natural space for the construction of the curriculum.

The research takes as a reference the approaches of Jean-
Claude Abric (2001) on the structure of social representations,
postulating that all representation is organized around
a central core and a peripheral system. According to Abric
(2001) “the central core is the fundamental element of
the representation since it determines both the meaning and
the organization of the representation” (p. 20).

On the other hand, the peripheral system, which sur-
rounds the central core, is made up of more flexible and dy-
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namic elements. These peripheral elements “allow individual
adaptations of the representation” (Abric, 2001, p. 23) and
act as a frame of reference that contributes to the under-
standing of the phenomenon, its structure, connections, and
meanings; as Lo Monaco et al. (2013) point out, “peripheral
elements are much more sensitive to the immediate context”
(p.- 5), which allows the social representation to adapt to
specific situations and to account for the trends and perspec-
tives that make up the representation as a whole.

This reflection on the contexts is shared with the curric-
ulum, since from critical theories it is assumed as a cultural
and emancipatory construction (Grundy, 1987). Ferndndez
(2016) points out that what happens with the curriculum, its
movements and transformations go through the practices
associated with everyday school life and the social represen-
tations developed there for the purpose of teaching.

The review of the background reveals a growing interest
in understanding how teachers construct the curriculum in
their daily practice. For Gémez and Velasco (2017), teachers’
curricular practices depend on multiple factors, including
institutional learning expectations and community aspects;
along the same lines, Fernandez (2016) underlines the im-
portance of understanding the curriculum as a historical and
social construction. This is complemented by what Giraldo et
al. (2019) propose, who point out the diversity of approaches
and the lack of conceptual clarity in curricular reflection in
the West. It highlights that for some authors such as Labra-
dor (2020), teachers incorporated devices and strategies into
pedagogical practice, which can contribute to the under-
standing of what happens in the classroom and the associat-
ed knowledge. Finally, for other researchers such as Aguirre
(2017), it is essential that reflection on the curriculum goes
beyond traditional disciplines and focuses on fields that have
an impact on other aspects of schooling such as corporality.

Regarding the link between social representations and
curriculum, for authors such as Jesus Pérez (2016), the cur-
riculum reflects the knowledge and experiences of the peo-
ple, hence its study should focus on the people who create
it; for Fernandez Menor (2020), given the historical nature
of the curriculum, it is essential to direct the instruments
beyond the conceptual aspects and cross-reference them
with elements such as experience. Cadavid (2019) proposes
a curricular construction that goes beyond the nomination
of content and integrates school subjects in its elaboration,
an aspect endorsed by Ortega Rodriguez (2020), who points
out that given the dialogical nature of the curriculum and
the way it influences the development of the training proj-
ect, it is necessary to return to those who problematize it in
the classroom to favor its analysis and understanding.

This research sought to expand knowledge about how
educators name and make the curriculum possible. To do so,
the following question was raised: What are the social represen-
tations that teachers in the municipality of Copacabana have
constructed in relation to the curriculum and the relationships
they establish from them with their classroom practice?

Materials and Methods

Sample Selection

The study sample consisted of 25 physical education
teachers intentionally selected from seven educational
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institutions in the municipality of Copacabana. The majority
of the teachers surveyed were men (60 %), the average age
was 36.4 years (SD = 11.3). The age distribution shows a wide
range, from 25 to 59 years. As regards the level of education,
a trend towards advanced professional qualifications was
observed. 40% of the participants had postgraduate studies
(28% with a specialization and 12 % with a master’s degree),
while the remaining 60 % had undergraduate education.
70% of the teachers worked in urban areas, and the vast
majority worked at the basic secondary level.

Information Gathering Techniques

Three data collection techniques were used: in-depth
interviews, sociodemographic surveys, and natural semantic
networks. The in-depth interview, following Galeano (2007),
allowed the teachers’ narratives and experiences about the
curriculum to be captured. The sociodemographic survey
provided contextual information about the participants,
while natural semantic networks, as proposed by Velasquez
and Cordoba (2018), facilitated the identification of the
conceptual associations and relationships that teachers
establish around the curriculum.

Design and Procedures

A multi-method approach with a predominance of
grounded theory, as proposed by Creswell and Guetterman
(2019), was adopted to capture the complexity of social
representations about the curriculum. In complementary
terms, a descriptive non-experimental quantitative study was
used. The data collection process was carried out between
June 2022 and June 2023, allowing to capture the current
dynamics in the educational field. Individual interviews were
conducted, surveys were applied, and the natural semantic
network technique was implemented in group sessions.

The qualitative analysis was carried out using Atlas Ti
v24 software, following the open, axial and selective coding
procedures proposed by Strauss and Corbin (2002). This
process allowed us to identify emerging categories, establish
relationships between them and build a substantive theory
on the social representations of the curriculum. A constant
iterative and comparative analysis was carried out until
theoretical saturation was reached.

Statistical Analysis

For the quantitative analysis, Statistical Analysis in Micro-
soft Excel and SPSS 29 was used, carrying out a descriptive and
semantic network analysis (Gonzélez, 2019, p. 48). The statisti-
cal profile of the defining words expressed by teachers in rela-
tion to the curriculum was established, and the representational
structure was determined. The method proposed by Gonzélez
(2019) was applied to identify the central core of the social rep-
resentation, establishing a cutoff when a word presented a se-
mantic distance of 5% or more from the main defining word.

Results

The results are grouped into two sections. The first refers
to the elements associated with qualitative instruments
(in-depth interviews), and the second section presents
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the findings in relation to natural semantic networks and
representational structure.

Figure 1 presents the categorical structure emerg-
ing from the qualitative analysis of social representations.
This analysis reveals four axial categories: flexible and con-
textualized curriculum, dynamic and situated, oriented to
comprehensive training, and prescriptive. Additionally, as-
pects related to the importance of the curriculum in physical
education and its disciplinary dimension are identified.

It is notable how, for the participants, elements such as
context, health, sport, body, social and recreation shape their
conceptions of the discipline and the associated curriculum.
This finding agrees with that indicated by Baena et al. (2023),
who identify these elements as key factors in the construction
of the competencies of the area, those that teachers incorpo-
rate into their pedagogical practice and in the curricular de-
sign. This interrelation between teaching experiences and the
specific disciplinary components of physical education un-
derlines the complexity of social representations in this field.

The social representations of the curriculum were
analyzed through the defining words and their metrics:
frequency, order, semantic weight (M), semantic distance
(FMG) and semantic percentage. These elements reveal the
structure of the representation.

Figure 2 presents a structure that reflects the seman-
tic distances between the defining words that make up the
central core of the social representation of the curriculum
in physical education teachers. This core is composed of
22 lexical units, which are positioned at the center of the
hegemonic representation. The prominence of terms such
as “Planning’, “Instructions” and “Education” suggests a vi-
sion of the curriculum strongly linked to organizational and
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pedagogical aspects. This is in line with what Gonzalez-
Hernéndez et al. (2022) point out, who highlight that “train-
ing in physical education must integrate pedagogical and
organizational aspects that respond to the current demands
of the educational and sports field” (p. 5).

The hegemonic structure is complemented by peripheral
elements that, although they have less semantic weight, are
crucial to understanding the complexity and dynamism that
the analysis has revealed as underlying the curricular study.

Planning

Guide 100,0
90,0

80,0

Instructions

Context Education

Formation 70,0 physicalactivity
60,0
50,0
Team 20,0 PEI
30,0
20,0
Subjects 100 Sport
Knowledge Teacher
Objectives Competences
Scheme Learning
Teaching Integration

Coordination Strategies

Evaluation

Fig. 3. Semantic distance from the hegemonic social
representation of the curriculum
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Table 1. Defining words associated with the social representation of the curriculum

Words Frequency Order M value FMG %M %RS RS
Planning 5 22 110 100.0 12.7
Instructions 5 19 95 86.4 10.9
Education 5 16 80 72.7 9.2
Physical activity 4 15 60 54.5 6.9
Pei 5 12 60 54.5 6.9
Sport 4 14 56 50.9 6.5
Teaching 4 13 52 47.3 6.0
Competencies 4 12 48 43.6 5.5
Learning 3 15 45 40.9 5.2
Integration 3 14 42 38.2 4.8
Strategies 2 8 16 14.5 1.8
90.7 RSH
Assessment 3 5 15 13.6 1.7
Coordination 2 7 14 12.7 1.6
Teaching 2 7 14 12.7 1.6
Scheme 2 7 14 12.7 1.6
Goals 2 7 14 12.7 1.6
Knowledge 2 6 12 10.9 1.4
Subjects 2 5 10 9.1 1.2
Equipment 2 5 10 9.1 1.2
Training 2 4 8 7.3 0.9
Context 2 3 6 5.5 0.7
Guide 2 3 6 5.5 0.7
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Fig. 4. Semantic distance of the peripheral social representation of the curriculum

The graph reveals a series of concepts that broaden the
understanding of the curriculum in the field of physical
education. It highlights the presence of terms such as
“structure”, “movement”, “pedagogy” and “referents,” which
suggest a vision of the curriculum that goes beyond the
merely instrumental. As Molina Neto (2023) points out,
“physical education is not limited to physical activity,

but encompasses comprehensive human development,
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including pedagogical, social and cultural aspects” (p. 3).
This perspective is reflected in the inclusion of concepts such
as “skills”, “flexibility” and “warm-up”.

Discussion

The qualitative results showed four emerging categories.
Below are some considerations linked to the testimonies of
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the participants and the considerations that the study raises
as a result of the analysis.

Dynamic and Situated Curriculum in Physical Education

The curriculum in the field of physical education is re-
vealed as a multidimensional construction, this is made
evident when the participants point out: “The curriculum
allows the complexity of the field of performance of the
physical educator to be made visible, allowing issues such as
locomotion, nutrition, calisthenics, and sports to be put on
the classroom stage” (Ent-6). This statement underlines the
capacity of the curriculum to develop formative practices
that accommodate the complexity of the area and the dif-
ferent elements that make up the corporal development in
schoolchildren. In addition, another participant emphasizes
the collaborative nature of the curricular construction by
stating that “The curriculum is an agreement around which
to learn, its elaboration is based on the knowledge of the
teacher and the school formative project” (Ent-8). This con-
ception highlights the importance of a pertinent and signifi-
cant curriculum that starts from the knowledge of teachers
and the recognition of the context.

This understanding of the curriculum places the teacher
as a key actor in the construction of pedagogical knowledge
and its development in the classroom. Cardona Marin et
al. (2024) postulate that the curricular structure in physical
education should be a reflection of the specific competencies
that learners are expected to use to insert themselves into
cultural dynamics.

Flexible and Contextualized Curriculum

Participantsassociate the curriculum with a construction
capable of adapting to the contemporary demands of the
discipline and the interests of students. This is evidenced in a
testimony that states: “The curriculum is the bridge between
theory and practice, in the case of physical education it
allows us to understand biologically how the body works, its
possibilities and limitations” (Int-5). This curricular allusion
underlines the integrative function of the curriculum, which
articulates theoretical knowledge with practical experience,
facilitating a deep understanding of corporality.

Regarding this relationship, Rojo-Ramos et al. (2024)
point out that the Physical Education curriculum needs
to adapt to technological and social changes in order to
effectively meet the needs of students. This statement
underlines the importance of a dynamic curricular design,
capable of incorporating pedagogical innovations that
enrich the learning experience.

Curriculum for comprehensive training

The curriculum in the testimonies is presented as
a construction capable of adapting to the changing needs of
the educational environment and of the students. One of the
participants states: “The curriculum allows the educator to
put their knowledge around how the body works, based on
what students and people do on a daily basis to get from one
place to another, play, breathe” (Int-7).

In this sense, Balcazar et al. (2024) point out that
physical education must go beyond the physical and
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promote a development that involves the daily life of subjects
and what they do in their lives. That is, a curriculum that
encourages training that addresses elements such as identity,
citizenship, and culture. Such a curriculum becomes a means
for the training of individuals capable of understanding
and using their corporeality in relation to the sociocultural
spaces and practices in which they live.

Prescriptive Curriculum

This conception of the curriculum is based on the rec-
ognition of the regulatory and institutional documents that
are intended for teaching. One of the participants points out
that” The school curriculum is based on legal references and
allows the teacher to lead his students in the construction of
the expected competencies for the level of training” (Ent-13).
This vision highlights the normative nature of the curricu-
lum as a vehicle for transmitting social references, while rec-
ognizing its role in the integral formation of the individual.

The notion of prescriptive curriculum is based on the
need to provide a coherent and well-founded structure for
educational practice. In this regard, Stahringer and Carbajal
(2024) point out that the curriculum calls for a solid
disciplinary foundation and a reflection on what happens in
the classroom; prescription is the starting point. However, its
development is conditioned by the knowledge, experiences,
and questions inherent to pedagogical practice.

Structure of the representation

The proximity of “Physical Activity” and “Sport” to
the reference values of the representational core highlights
disciplinary specificity, while the presence of “PEI” indicates
the importance of the institutional framework. Concepts
such as “Competencies’, “Learning” and “Integration” reflect
a contemporary educational approach. This configuration
suggests a representation that balances technical aspects
of the discipline with broader educational considerations;
for Pérez-Pueyo et al. (2022) “the new Physical Education
curriculum must promote comprehensive training, which
not only develops motor skills, but also socio-emotional and
cognitive skills” (p. 78).

The peripheral elements of social representation are
organized around the central core. These elements can be
categorized mainly into three aspects: the structure and
form of the class, the curricular components related to the
formative and pedagogical aspects, and the disciplinary
issues specific to the area of physical education, such as
movement and basic motor skills. This configuration
suggests that, although the structure of social representation
tends to maintain a certain stability, it is susceptible to
variations due to the inherent dynamism of the context and
the flexible nature of the curriculum. These variations can
manifest themselves in relation to teaching practice, teacher
training and the educational environment.

Conclusions

The trend toward standardization, reflected in concepts
such as “planning” and “instructions,” may conflict with
the dynamic nature of the field of physical education. This
raises the need for more flexible curricular approaches that
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balance the requirements of the area with the particularities
of the context, school actors, and discipline.

The identified representations reflect a tension between
tradition and innovation. Terms such as “sport” and “physi-
cal activity” coexist with emerging elements such as “inte-
gration” and “skills”, indicating an evolution towards more
holistic approaches. This duality underlines the need for
a continuous dialogue between established practices and
new pedagogical trends.

The presence of elements such as “adaptation” and “flex-
ibility” indicates an awareness of the need for ongoing train-
ing. It is important to implement professional development
programs that promote ongoing training in technical know-
ledge, pedagogical aspects and recognition of the context.

Another important issue is the urgent need for curricu-
lar models that favor recognition of the contextual elements
of the territories, their inhabitants and social dynamics. The
curriculum must allow for the conjuring up in a single prac-
tice disciplinary, cultural and historical issues; it is about con-
solidating a proposal that starts from the disciplines, while
recognizing the value of culture, the knowledge of people and
the principle of formability that underlies any school process.
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Abstract

Background. Endurance training has an essential role in improving the aerobic capacity and postponing the onset
of exhaustion that can be beneficial to enhancing the performance. Handball involves both aerobic and anaerobic
energy systems in the human body. Therefore, it becomes crucial to comprehend how training influences
physiological variables such as anaerobic threshold and blood lactate concentration.

Objectives. The objective of this study was to examine the effect of an endurance training program on anaerobic
threshold and blood lactate concentration in Bangladeshi female handball players.

Materials and methods. A total of sixty-four female athletes were selected using a purposive random sampling
technique. The participants were randomly divided into two groups: 32 in the experimental group and

32 in the control group. A blood lactate analyzer, pulse oximeter, and treadmill test according to the Bruce protocol
were used to assess blood lactate concentration, anaerobic threshold, resting heart rate, and maximum heart rate.
Results. The study observed a significant improvement in the experimental group, including a reduction in resting
blood lactate concentration from 1.72 + 0.15 mmol/L to 1.42 + 0.12 mmol/L at the post-training phase. Additionally,
there was an increase in onset of blood lactate accumulation from 4.51 + 0.26 mmol/L to 4.73 + 0.15 mmol/L, and
an increase in speed at lactate threshold from 7.0 £ 0.0 km/h to 7.49 + 0.19 km/h. It was also noted a considerable
enhancement in the control group for variables such as resting heart rate, maximum heart rate, resting blood lactate
concentration, and peak lactate concentration due to regular handball participation. Cohen’s d was calculated to
determine the effect size of endurance training. An independent t-test also revealed substantial differences between

the experimental and control groups (p < 0.05).

Conclusions. The findings of this study indicate a significant effect of endurance training on the anaerobic threshold
and blood lactate concentration in Bangladeshi female handball players.

Keywords: endurance training, blood lactate concentration, anaerobic threshold, onset of blood lactate accumulation,

female handball players.

Introduction

Physical training is an integral component of athletic
performance, particularly in sports that require a combina-
tion of aerobic endurance and anaerobic capacity for suc-
cess (Reza et al,, 2024). In handball, players engage in high-
intensity intermittent efforts with short recovery breaks,
making it essential for athletes to perform near or at their
anaerobic threshold to excel. Blood lactate accumulation,
commonly referred to as the onset of blood lactate accumu-
lation (OBLA), is a key marker of the anaerobic threshold
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and serves as an important determinant of endurance ca-
pacity. It correlates with an athlete’s ability to sustain pro-
longed high-intensity exercise without experiencing fatigue
(Brooks, 1985; Faude et al., 2009).

Endurance training has been well-documented to en-
hance anaerobic capacity while reducing blood lactate levels
during both submaximal and maximal exercise, leading to
improved performance (Soyal et al., 2017; Sales et al., 2019).
Monitoring blood lactate concentration across different phas-
es of exercise testing helps identify the limits of each phase,
allowing for the design of more effective training programs.
Both lactate threshold and OBLA are highly responsive to
endurance training. Researcher Ghosh (2004) argues that
while lactate production decreases with training at a given

92



Shanta, S. A., & Ajita (2025). The Effect of Endurance Training on Blood Lactate Concentration and Anaerobic Threshold
in Bangladeshi Female Handball Athletes

work rate, the lactate threshold occurs later, enabling endur-
ance athletes to sustain higher intensities before the onset of
exhaustion.

Ballplayersrequireabalance of strength and power, which
are crucial for both the aerobic and anaerobic components
needed to execute powerful movements (Rahman & Sharma,
2023). Handball players require a balance of aerobic and
anaerobic components to execute powerful actions while
maintaining high anaerobic metabolism. Enhancing lactate
clearance and improving the anaerobic threshold can
significantly impact performance. Research shows that
aerobic endurance training increases parameters such as
lactate threshold speed, resting heart rate, and maximal
heart rate, all of which are essential for sustaining prolonged
performance (Denis et al., 1984; Poole et al., 2021).

Sustaining repeated high-intensity actions and recover-
ing quickly are essential for handball players, as this helps
minimize the risk of injury in athletes engaged in high-inten-
sity sports (Islam et al., 2024). Effective performance depends
on the ability to draw energy from both oxidative metabolism
and anaerobic glycolysis, which requires a strong endurance
base and the ability to resist fatigue, as evidenced by im-
provements in anaerobic threshold and blood lactate dynam-
ics (Bishop et al., 2013; Meckel et al., 2009). The anaerobic
threshold, defined as the exercise intensity at which lactate
begins to accumulate in the blood, is a key performance pa-
rameter in endurance sports. Regular training above the lac-
tate threshold helps increase the threshold, enabling athletes
to perform more work before fatigue sets in, ultimately im-
proving overall performance (Svedahl & MacIntosh, 2003).

In handball, where there is frequent alternation between
aerobic and anaerobic energy systems, endurance training
increases the anaerobic threshold and reduces blood lactate
accumulation (Jacobs et al., 1986). Investigating the effects of
endurance training on anaerobic threshold and blood lactate
concentration in Bangladeshi female handball players offers
valuable insights into optimizing training regimens. Despite
the popularity of handball worldwide, there is limited sci-
entific research on the physiological effects of specific train-
ing programs on South Asian handball players, particularly
female athletes. This knowledge is essential for athletes and
coaches aiming to improve anaerobic thresholds and regu-
late lactate accumulation during competition (Gordon &
Scott, 2020; Kuk & McMillan, 2017).

This study investigates how an 8-week endurance training
program affects blood lactate concentrations and anaerobic
threshold in Bangladeshi female handball players. It focuses on
key physiological variables, including lactate threshold speed
(LT speed), onset of blood lactate accumulation (OBLA), and
lactate threshold heart rate (LTHR). By providing new in-
sights into endurance training adaptations in this unique ath-
letic population, the study contributes to the limited research
on female athletes in Bangladesh. The findings are expected to
reveal important changes in resting lactate levels, OBLA, and
lactate threshold performance, offering valuable information
on improving athletic conditioning and performance.

Materials and Methods

Study Participants

A total of sixty-four female handball players were
purposively selected from the Kushtia District of Khulna
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Division, Bangladesh. The participants were randomly
assigned to an experimental group (EG), which performed
specific aerobic exercises for endurance, and a control group
(CG), which did not participate in these exercises. Table
1 illustrates the detailed characteristics of the subjects,
including age, height, weight, and BMI. Before the trial began,
participants were thoroughly informed about the study,
including its benefits and any potential risks, ensuring
they could make an informed decision about participation.
All potential participants underwent a comprehensive
medical examination by an attending physician to confirm
their eligibility. All volunteers were in good health and
deemed capable of safely undertaking the training regimen.
The research followed the ethical principles of the Dec-
laration of Helsinki, ensuring that ethical standards were up-
held throughout the investigation. This compliance reflects
the study’s commitment to the ethical treatment and respect
of all participants. The Helsinki Declaration (2004) outlines
pathways through which endurance training improves lac-
tate regulation and performance, aiding in the development
of optimized conditioning programs for these populations.

Study Organization

This study employed an experimental methodology
using a two-group pretest-posttest design. The treatment
group consisted of thirty-two participants who underwent
an eight-week targeted endurance training program
(table 2). The control group also comprised thirty-two
participants who did not undergo this training, serving as
the comparison group.

Table 1. Participants characteristics (Mean + SD)

Characteristics EXP (n =32) CON (n=32)
Age(years) 16.44 +1.97 15.50 + 1.83
Height(cm) 158.89 £ 6.92 158.24 £ 5.85
Weight(kg) 54.19 £ 6.21 55.41 £ 10.96
BMI (kg/m2) 21.73 £ 1.86 22.15+3.78

Note: EXP is the group that practices endurance training, and
CON control group refers to the groups did not receive endurance
training. Values are reported as mean measurement with standard
deviation (SD) the variability within each group.

All parameters were measured according to the standard
protocols adopted in our laboratory. Prior to the program, a
pre-test was conducted to evaluate all parameters for both
groups. Following the trial, both groups participated in a
standardized handball training program, which included
technical drills, tactical exercises, and match play, conducted
six days a week for eight weeks. The experimental group
also underwent additional weekly endurance training
sessions focused on increasing anaerobic threshold and
cardiovascular endurance. These sessions ranged from high-
intensity interval training (HIIT) to steady-state runs, as well
as detailed anaerobic capacity-building exercises.

These protocols ensured that participants were in op-
timal condition for the experimental procedures. This sys-
tematic approach was designed to minimize variability and
maintain adherence to ethical guidelines and scientific rigor
throughout the study.
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Table 2. Eight-week endurance training schedule for female handball players

Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday
I Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 20 min easy, Rec. act. Rest
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic off-road running.
exercises. exercises. exercises. Dynamic
Endurance: 10-15 min  Endurance: 3 sets Endurance: 2 sets of ~ exercises.
slow continuous run.  of 2 laps handball 3x30 sec reps with 30-  Skill practice:
Skill practice: 20 min. field run at 70 % HR, sec break at 70% HR. 20 min.
Cool down: Limbering ~ 2-3 min rest between Skill practice: 20 min.  Lead-up:
down and stretching sets. Cool down: Limbering Recreational
(5 min). Skill practice: 20 down and stretching game (10 min).
min. (5 min).
Cool down:
Limbering down and
stretching (5 min).
2nd Endurance: 10 min Endurance: 3 sets of  Rec. act. Warm-up: Jogging Run: 20 min easy, Rec. act. Rest
week continuous run at field run at 60-70 % 10 min; Dynamic off-road running.
moderate speed. HR, 2-3 min rest exercises. Dynamic
Skill practice: 20 min.  between sets. Endurance: Pyramid  exercises.
Cool down: Limbering  Skill practice: 20 training (20m, 40m, Skill practice:
down and stretching min. 60m, 80m, 120m) at 20 min.
(5 min). Cool down: 70 % HR. Lead-up:
Limbering down and Skill practice: 20 min. ~ Recreational
stretching (5 min). Cool down: Limbering game (10 min).
down and stretching
(5 min).
3t Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 20 min Rec. act. Rest
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic swimming or
exercises. exercises. exercises. cycling.
Endurance: 15-20 min ~ Endurance: 2 sets Endurance: Pyramid ~ Dynamic
continuous run at of 3x40m slow/fast training (20m, 40m, exercises.
moderate speed. handball field runs at 60m, 80m, 120m) at Skill practice:
Skill practice: 20 min. ~ 60-70 % HR. 70 % HR. 20 min.
Cool down: Limbering ~ Skill practice: 20 Skill practice: 20 min.  Lead-up:
down and stretching min. Cool down: Limbering Recreational
(5 min). Cool down: down and stretching game (10 min).
Limbering down and (5 min).
stretching (5 min).
4 Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 20 min Rec. act. Rest
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic swimming or
exercises. exercises. exercises. cycling.
Endurance: 15 min Endurance: Pyramid Endurance: 3 setsof ~ Dynamic
continuous run at training (10m, 30m, 3x45 sec reps with 60- exercises.
moderate speed. 50m, 80m, 110m) at sec break at 70% HR.  Skill practice:
Skill practice: 20 min. 70 % HR. Skill practice: 20 min. 20 min.
Cool down: Limbering ~ Skill practice: Cool down: Limbering Lead-up:
down and stretching 20 min. down and stretching ~ Recreational
(5 min). Cool down: (5 min). game (10 min).
Limbering down and
stretching (5 min).
5t Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 30 min easy,
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic off-road running. Rec. act. Rest

exercises.

Endurance: 20 min
continuous run.

Skill practice: 20 min.
Cool down: Limbering
down and stretching
(5 min).

exercises.
Endurance: 3 sets

of 3 laps handball
field run at 70 % HR,
2-3 min rest between
sets.

Skill practice:

20 min.

Cool down:
Limbering down and
stretching (5 min).

exercises.

Endurance: 3 sets of
2x30 sec reps with 30-
sec break at 75% HR.
Skill practice: 20 min.
Cool down: Limbering
down and stretching
(5 min).

Dynamic
exercises.

Skill practice:
20 min.
Lead-up:
Recreational
game (10 min).
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Table 2 (continued)
Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday
6h Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 30 min off-  Rec. act. Rest
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic road running or
exercises. exercises. exercises. cycling.
Endurance: 15 min Endurance: 2 sets Endurance: Circuit Dynamic
continuous run at of 3x150m handball training (6 stations, exercises.
moderate speed. field runs at 75 % 30 sec each) at 75 % Skill practice:
Skill practice: 20 min. HR, 2-3 min rest HR. 20 min.
Cool down: Limbering  between sets. Skill practice: 20 min.  Lead-up:
down and stretching Skill practice: Cool down: Limbering Recreational
(5 min). 20 min. down and stretching game (10 min).
Cool down: (5 min).
Limbering down and
stretching (5 min).
7t Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 30 min Rec. act. Rest
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic swimming or
exercises. exercises. exercises. cycling.
Endurance: 20 min Endurance: 3 sets Endurance: Pyramid ~ Dynamic
continuous run at of 3x20m slow/fast training (20m, 40m, exercises.
moderate speed. handball field runs at 60m, 80m, 120m) at Skill practice:
Skill practice: 20 min. ~ 60-70 % HR. 70 % HR. 20 min.
Cool down: Limbering ~ Skill practice: Skill practice: 20 min.  Lead-up:
down and stretching 20 min. Cool down: Limbering Recreational
(5 min). Cool down: down and stretching game (10 min).
Limbering down and (5 min).
stretching (5 min).
gh Warm-up: Jogging Warm-up: Jogging Rec. act. Warm-up: Jogging Run: 30 min Rec. act. Rest
week 10 min; Dynamic 10 min; Dynamic 10 min; Dynamic swimming or
exercises. exercises. exercises. cycling.
Endurance: 20 min Endurance: Pyramid Endurance: 3 setsof ~ Dynamic
continuous run at training (10m, 30m, 3x60 sec reps with 60- exercises.
moderate speed. 50m, 80m, 110m) at sec break at 75% HR.  Skill practice:
Skill practice: 20 min. 75 % HR. Skill practice: 20 min. 20 min.
Cool down: Limbering ~ Skill practice: Cool down: Limbering Lead-up:
down and stretching 20 min. down and stretching ~ Recreational
(5 min). Cool down: (5 min). game (10 min).
Limbering down and
stretching (5 min).
Treadmill Protocol placed on a test strip in the analyzer, providing results in

The anaerobic threshold was measured using an
incremental treadmill test on a motorized treadmill
(Cardiovit Ergo-Spiro CS 200, Schiller AG, Switzerland)
under controlled conditions. After a 10-minute warm-up at
50 % heart rate reserve, the test began at 6 km/h, with speed
increasing by 0.5 km/h every 2 minutes until exhaustion.
The treadmill incline was set at 0 %. Heart rate was monitored
continuously, and blood lactate concentration was measured
periodically to assess the anaerobic threshold. The onset of
blood lactate accumulation (OBLA) was recorded, with
threshold heart rate or blood lactate concentration used to
determine the lactate threshold (Vachon et al., 1999; Ghosh,
2010). This protocol was used to evaluate the exercise
capacity of participants.

Blood Lactate Measurement

At the end of each stage, blood lactate concentrations
were measured using a portable lactate analyzer (Lactate
Scout 4, EKF Diagnostics). After cleansing the fingertip with
alcohol and blotting the first drop of blood, a capillary blood
sample was collected using a lancet. A drop of blood was
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mmol/L within 10 seconds. This process was repeated at
each stage to monitor lactate levels during the treadmill test.
The anaerobic threshold was determined by the point of a
marked increase in blood lactate, typically at the onset of
blood lactate accumulation (OBLA, 4 mmol/L).

Cardiovascular Parameters

Resting heart rate was measured using an Apple Watch
and a pulse oximetry heart rate monitor, with participants
seated at rest for 10 minutes. Maximum heart rate was
recorded at the point of exhaustion during the graded
treadmill test.

Statistical Analysis

SPSS version 23.0 (IBM Corp., Armonk, NY) was used
to analyze the data. Descriptive statistics were computed
for each measured variable, expressed as mean + standard
deviation. Independent t-tests were conducted to assess
differences between the experimental and control groups,
while paired t-tests compared pre- and post-training values
within each group. Statistical significance was set at p < 0.05.
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The effect size was determined using Cohen’s d method,
which evaluates the strength of the training effect after
significant changes were identified.

Results

Table 3. Paired sample t-test (experimental group)

Variables RL (mmol/L) “ anL(ﬁ/L) Skm /h(I)III;mol L)
Group EXP EXP EXP
Test pre  post pre  post pre post
Mean 1.72 142 451 473 12.66 13.17
SD 15 2026 .15 .749 74
t value 10.12 -3.874 116.44
Sig.(2-tailed) .000 .001 .000

Note: RL: Resting Blood Lactate; OBLA: Onset of Blood Lactate
Accumulation; PL: Peak Blood Lactate

Table 3 shows that statistically significant changes at
the 0.05 confidence level were observed in all variables for
the experimental group (EXP) using a paired t-test analy-
sis of pre- and post-training measurements. Resting Blood
Lactate (mmol/L) showed a notable reduction, with the
mean decreasing from 1.72 + 0.15 before training to 1.42 +
0.12 afterward (t = 10.12, p < 0.05). Although the change in
Onset of Blood Lactate Accumulation (OBLA, 4 mmol/L)
was modest, the mean increased slightly from 4.51 + 0.26
to 4.73 £ 0.15, which was statistically significant (t = -3.874,
p < 0.05). For Peak Blood Lactate (mmol/L), there was a
significant increase, with the mean rising from 12.66 + 0.749
to 13.17 £ 0.74 (t = 116.44, p < 0.05). These findings indicate
meaningful physiological adaptations following the training.

Table 4 shows that, at the 0.05 confidence level, the paired
t-test analysis of the experimental group revealed statistically
significant improvements in all variables between pre-
and post-training measurements.Lactate Threshold Speed
(km/h) increased from 7.0 £ 0.0 to 7.41 + 0.19, with a t-value
of 11.59 (p < 0.05). Lactate Threshold Heart Rate (LTHR,
bpm) rose from 136.15 + 5.86 to 154.00 + 9.57, showing
a t-value of 15.05 (p < 0.05). Resting Heart Rate (HRrest,
bpm) decreased from 62.96 + 6.96 to 57.81 + 4.76, with a
t-value of 5.505 (p < 0.05). Maximum Heart Rate (HRmax,
bpm) dropped from 195.15 + 8.50 to 178.40 + 5.56, with a
t-value of 10.76 (p < 0.05). These results highlight significant
cardiovascular improvements of the training.

Hpretest = posttest
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Fig. 1. Mean values of blood lactate concentration at various
stages of incremental treadmill exercise and working load at every
stage

This bar graph shows the blood lactate concentrations
before and after the test at varying rates. The Anaerobic
Threshold (AT), determined by the OBLA technique,
is shown at 4 mmol/L. The blood lactate concentration
is displayed in mmol/L on the y-axis, while the speeds are
displayed on the x-axis in km/h. The lactate concentration
level at which anaerobic threshold occurs is usually known
as the OBLA (mmol/L).

Table 5. paired sample t test (control group)

Variables RL (mmol/L) “ g:rfz)?/L) 8km /Il’le(ani:l‘ol )
Group CON CON CON
Test pre post pre post pre post
Mean 177  1.69 451 441 1242 12.63
SD 22 22 .26 21 1.12 .86
t value 2.693 1.86 -3.11
Sig.2-tailed 011 072 .004

Table 5 shows that the control group (CON) had mean
resting blood lactate values of 1.77 + 0.22 mmol/L before
the test and 1.69 + 0.22 mmol/L after the test. With a t-value
of 2.693 (p < 0.05) and a minor difference between these
averages, the intervention caused a significant decrease in
resting blood lactate levels. The control group had mean
OBLA values of 4.51 + 0.26 mmol/L before the test and
4.41 + 0.21 mmol/L after, with a t-value of 1.860 indicating
no statistically significant change (p > 0.05) in OBLA levels,
despite a slight decrease. The control group also had mean
peak blood lactate values of 12.42 + 1.12 mmol/L before the

Table 4. Paired sample t-test oflactate threshold speed, lactate threshold heart rate, resting heart rate, maximum heart rate

of experimental group

Variables LT speed(km/h) LTHR(bpm) HRrest(bpm) HRmax(bpm)
Group EXP EXP EXP EXP
Test pre post per post pre post pre post
Mean 7.0 7.41 136.15 154.00 62.96 57.81 195.15 178.40
SD 0.0 19 5.86 9.57 6.96 4.76 8.50 5.56
t value 11.59 15.05 5.505 10.76
Sig.(2-tailed) .000 .000 .000 .000

Note: LT: Lactate Threshold; LTHR: Lactate Threshold Heart Rate; HR: Heart Rate
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Table 6. Paired sample t-test oflactate threshold speed, lactate threshold heart rate, resting heart rate, maximum heart rate

of control group

Variables LT speed(km/h) HR rest(bpm) HR max(bpm) LTHR(bpm)
Group CON CON CON CON
Test pre post pre post pre post pre post
Mean 6.92 6.95 69.62 64.09 192.40 185.78 131.12 135.81
SD .18 .14 7.24 6.49 7.37 8.37 9.42 10.52
t value 1.0 5.53 6.11 -2.771
Sig.2-tailed 325 .000 .000 .009

Note: LT: Lactate Threshold; LTHR: Lactate Threshold Heart Rate; HR: Heart Rate

test and 12.63 £ 0.86 mmol/L after. The t-value of -3.11 was
statistically significant (p < 0.05), indicating a noteworthy
change in peak lactate levels post-intervention, despite
a modest increase in peak lactate.

Table 6 shows the control group (CON) had mean
lactate threshold speed values of 6.92 + 0.18 km/h before
and 6.95 + 0.14 km/h after the test. With a t-value of
1.0 (p > 0.05), the slight difference was not statistically
significant, indicating no significant change in lactate
threshold (LT) speed after the intervention. The group’s
mean resting heart rate (HRrest) increased from
64.09 + 6.49 bpm to 69.62 + 7.24bpm, with a t-value of 5.53,
significant at p < 0.05, suggesting improved cardiovascular
fitness. Their maximum heart rate (HRmax) decreased from
192.40+7.37 bpm to 185.78 + 8.37 bpm, with a significant
t-value of 6.11 (p < 0.05), reflecting a positive adaptation
to the intervention. Lactate threshold heart rate (LTHR)
increased from 131.12 + 9.42 bpm to 135.81+10.52bpm,
with a t-value of -2.771 (p<0.05), indicating a statistically
significant shift after the intervention.

This bar graph shows the blood lactate concentrations
before and after the test at varying rates. The Anaerobic
Threshold (AT), determined by the OBLA technique,
is shown at 4 mmol/L. The blood lactate concentration
is displayed in mmol/L on the y-axis, while the speeds are
displayed on the x-axis in km/h. The lactate concentration
level at which anaerobic threshold occurs is usually known
as the OBLA (mmol/L).

Table 7 shows significant differences in all variables be-
tween the experimental (EXP) and control (CON) groups
in the post-training analysis. The experimental group had
a significantly higher OBLA (4.73 £ 0.15) compared to the
control group (4.50 + 0.26), with a substantial effect size

E pretest ® posttest

12,4126
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Fig. 2. Mean values of blood lactate concentration at various
stages of incremental treadmill exercise and working load at every
stage

(Cohen’s d = 1.08, p < 0.05). Speed at lactate threshold (LT)
was also significantly greater in the experimental group
(7.40 £ 0.19) compared to the control group (6.95 + 0.14),
with a very large effect size (Cohen’s d = 2.70, p < 0.05). For
resting heart rate (HRrest), the experimental group showed
a significant reduction (57.81 + 4.76) compared to the con-
trol group (64.09 * 6.49), indicating a training effect (Co-
hen’s d = 1.10, p < 0.05). Maximum heart rate (HRmax) was
significantly lower in the experimental group (178.40 + 5.56)
than in the control group (185.78 + 8.37), with a notable
training effect (Cohen’s d = 1.04, p < 0.05). Lactate threshold
heart rate (LTHR) was significantly higher in the experi-
mental group (154.00 £ 9.57) compared to the control group
(135.81 + 10.52), with a large effect size (Cohen’s d=1.81,
p <0.05).

Table 7. Independent t test and Cohen’s d test for measure of training effect post training

Variables OBLA 4 mmol/L LT speed (km/h) HRrest(bpm) HRmax(bpm) LTHR(bpm)
Group EXP CON EXP CON EXP CON EXP CON EXP CON
Test post post post post post post post post post post
Mean 4.73 4.50 7.40 6.95 57.81 64.09 178.40  185.78 154 135.81
SD 15 .26 19 .14 4.76 6.49 5.56 8.37 9.57 10.52
t value 4.162 10.35 -4.413 -4.147 7.229
Sig .2-tailed .000 .000 .000 .000 .000
Cohen’s d 1.08 2.70 1.10 1.04 1.81
Effect Size Large Very large Large (training effect) Large (training effect) Very large

97



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 1

Discussion

In the experimental group, there was a significant
decreaseinRLfrom1.72+0.15mmol/Lto1.42+0.12mmol/L
(p<.001), with “t” value of 10.12 (Table 3). This decrease,
with a Cohen’s d of 1.08, indicates an improvement in
aerobic ability which allows the body to process lactate
more rapidly. This is in accord with the findings of Cao et al.
(2021) and Favier et al. (1986) have ascribed it to increased
oxygen use and mitochondrial efficiency. This lowering of
RL is indicative to an improvement in the body’s capacity to
process lactate, this aspect which attributes a great deal for
recovery and overall training response.

In the experimental group, OBLA slightly increased
from 4.51 + 0.26 mmol/L to 4.73 + 0.15 mmol/L, with a
t-value of 3.874 (p < 0.05). Although this increase was small,
it reached statistical significance (Cohen’s d=1.08) and
supported increased exercise intensities due to higher levels
oflactate clearance in athletes. Ghosh (2004) highlighted that
the athletes extending OBLA showed better performances
even in endurance and intermittent sports, necessary
for handball players. Studies by Losnegard et al. (2021),
Ramadan & Mustafa (2023) confirm this conclusion as
well, indicating that endurance training increase metabolic
efficiency yield lactate production. According to Stanula etal.
(2013) discussed byeven relatively modest improvements in
lactate threshold permit higher work rates to be sustained
over longer periods, a factor of critical importance for all
aspects of handball matches.

There was also a small increase in the peak lactate
levels reported at 12.66+0.749 mmol/L and increased to
13.17 +.74 mmol/L with t-value of 116.44. Despite improved
lactate clearance, the increase in peak lactate during maximal
exertion suggests enhanced anaerobic capacity, allowing
athletes to produce more energy under high-intensity
conditions. This is supported by Losnegard et al. (2021) and
Caoetal. (2021), indicating that endurance training improves
both aerobic and anaerobic systems. Sales et al. (2019)
emphasized that anaerobic threshold improvements, like
those seen in this study, are key to enhancing performance,
especially during submaximal exercises.

Significant changes were observed in heart rate metrics,
reflecting improved cardiovascular efficiency. Resting heart
rate (HRrest) significantly decreased from 62.96 +6.96 bpm
to 57.81 + 4.76 bpm (t = 5.505, p < 0.05, Cohen’s d=1.10),
while maximal heart rate (HRmax) dropped from
195.15+8.50 bpm to 178.40 + 5.56 bpm (t = 10.76, p < 0.05,
d = 1.04). These reductions align with findings from Ghosh
(2004) and Pennington (2015), indicating enhanced stroke
volume and parasympathetic nervous system activity at rest.
Additionally, the significant increase in lactate threshold
heart rate (LTHR) (t = 15.05, p < 0.05, Cohen’s d = 1.81)
suggests that the athletes could sustain higher heart rates
before reaching their lactate threshold, showing improved
cardiovascular endurance. This is supported by Stefanov &
Nejkov (2021), who reported that endurance training posi-
tively affects heart rate across different exercise intensities.

The control group (CON), which did not undergo
specialized endurance training, showed limited physi-
ological adaptations. RL levels decreased slightly from
1.77+0.22mmol/L to 1.69 + 0.22 mmol/L, with a signifi-
cant “t” value of 2.693 (p < 0.05), but changes in OBLA and
LT speed were statistically non-significant. This suggests

that regular handball practice, without structured endur-
ance training, has a limited impact on improving lactate
metabolism. The necessity for endurance training to achieve
noticeable improvements in lactate metabolism was also em-
phasized by Svedahl & MacIntosh (2003) and Phillips et al.
(1996).

The study demonstrates that endurance training
significantly improved key metabolic and cardiovascular
parameters in elite female handball players. Increases in
OBLA, peak lactate, LTHR, and decreases in HRrest and
HRmax point to enhanced aerobic and anaerobic capacity,
allowing athletes to perform at higher intensities for longer
periods. The large effect sizes (Cohen’s d) across several
variables emphasize the practical significance of these
changes. These findings align with previous research,
including that of Ramadan & Mustafa (2023), Losnegard
et al. (2021), and Stanula et al. (2013), underscoring the
importance of endurance training for competitive sports
performance.

Conclusion

Eight weeks of endurance training program promotes
large physiological changes in female handball players.
Conclusions: An important finding of this study was a
substantial reduction in resting blood lactate (RL), reflecting

enhanced aerobic metabolism and lactate clearance.

Greater peak blood lactate concentrations as well as an
accompanying increase in OBLA and LT speeds indicate
broader based tolerance for higher exercise workloads/
intensities, indicative of improved anaerobic potential.
This increase in cardiovascular efficiency was confirmed
by larger changes between baseline and post follow-up
for LTHR, HRmax and HRrest. These results support the
positive impact of structured endurance training to enhance
aerobic and anaerobic performance among elite female
athletes. The control group only saw a small improvement,
which suggests periodized training is an essential aspect of
performance enhancement in sports.
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Bnane TpeHyBaHHA 3 pO3BUTKY BUTPUBaNOCTi HA NOKa3HUKN
KOHLeHTpaLii nakTaTy B KpOBi Ta aHaepo6HoOro nopory
y 6aHragewcbKnx CnopTCMeHOK-raHa00MicTOK

Illapmin Akrep IllanTa'ABCPE, Amkira'ABCPE

TTeHm>KabCbKUI YHIBEPCUTET
Pt y

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

Pegepar. Crarrs: 9 c., 7 Tabn., 2 puc., 28 mxeper.

Icropis nmuranHsA. TpeHyBaHHS 3 PO3BUTKY BUTPUBAIOCTI Biflirpae BaykJIMBY POJIb Y MOKpallleHHI aepoOHUX 3miOHOCTEl
Ta BifTepPMiHyBaHHi HaCTaHHA IIePiOly BUCHa)XEHHs, 110 MOXKE INO3UTUBHO ITO3HAYMTUCA Ha MiJBULIEHHI PE3yIbTaTMBHOCTI.
Tang6or nepegbavae 3anmydeHHs sIK aepOOHNX, TaK 1 aHAePOOHNX eHePreTUYHMX CUCTEM JIIOICHKOro opraniamy. ToMy po3yMiHHsA
BIUIMBY TPeHYBaHb Ha Taki (isiosoriuni mokasHmKy, K aHaepoOHMII ITOPIT i KOHIIEHTPaLlis IAKTATy B KPOBi, HAOyBae KII0Y0BOTO
3HAYEHHS.

Mera pocnigxenns. e mocnimpKeHHA MaIo Ha MeTi BUBYMTY BIUIMB IIPOTPaMy TPEHYBAaHb 3 PO3BUTKY BUTPUBAIOCTI Ha I10-
Ka3HMKY aHaepOOHOTO IIOPOTy Ta KOHLIEHTPAlil IAKTaTy B KPOBi y GaHITIafIelICbKUX TaH/0OMTICTOK.

Marepianu Ta MeTogu. 3arajoM 0y/0 BifiGpaHo IIiCTAECAT YOTUPY CIIOPTCMEHKM i3 3aCTOCYBaHHAM METOAMKY Li/Iecrips-
MOBAHOI BUIIAZAKOBOI BUOIpKH. Y4acHNIb Oy/I0 pO3IOAIIEHO 32 METOOM PaHAOMi3alil Ha /1Bl TPYIIN: eKCIIepUMEeHTa/IbHA IPyIIa —
32 0co61 Ta KOHTPO/IbHA IpyIIa — 32 0CO6M. 3 METOIO OLIiHKY PiBHsI KOHIIEHTpALlil TAKTAaTY B KPOBi, aHa€pOOHOTO OPOTY, YaCTOTI
CepleBUX CKOPOYEHb y CTaHi CIIOKOI0 Ta MAaKCUMMa/IbHOI YaCTOTM CEpLEBUX CKOPOYEHb BMKOPMCTOBYBA/IN AHAII3aTOP JAKTATy
B KPOBI, ITy/IbCOKCUMETP Ta TPEAMIN-TeCT 3a mporokonoM bpioca (“Bruce protocol”).

PesynpraTn. B pamkax gocmipKeHHA CriocTepiranocsa sHaYHe MOJINIIeHH A IOKa3HMKiB B eKCIIepMMEHTa/IbHil TPYIIi, 30KpeMa
3HIDKEHHSA piBHA KOHIIEHTpallii 1aKkTaTy B KpOBi y cTaHi cnokow 3 1,72 + 0,15 mmonb/n o 1,42 £ 0,12 MMO/Ib/N Ha OCTTPEHY-
BasibHOMY eTamni. Kpim Toro, BifsHaueHO 36i1bIIeHHA Iepiofy IIOf0 MOYaTKy MPOLeCy HAKONMMYEHHA KOHIIEHTpalil 1aKTaTy
B KpOBi 3 4,51 + 0,26 MMo7b/1 10 4,73 + 0,15 MMOJIB//I, @ TAKOXX 3POCTAHHSA IIBUIKOCTI TAKTaTHOTO Iopory 3 7,0 + 0,0 xm/rop 1o
7,49 + 0,19 xM/rog;. Tako>X y KOHTPOJIBbHII Ipymi 6y/10 BifMiueHO CyTTEBe IOKpAIleHHA TAaKMX IOKAa3HMKIB, AK 4aCTOTA CEPIIEBMUX
CKOPOYEHb Y CTaHi CIIOKOI0, MAKCMMaJjIbHa 9aCTOTa CePLiEBUX CKOPOYEHb, KOHIIEHTPAllif IAKTaTy B KPOBi y CTaHi CIIOKOIO Ta IIi-
KOBa KOHIICHTpallid JTaKTaTy 3aBIAKN PEryIAPHUM 3aHATTAM TaHH60m0M. [I14 BU3Ha4eHHA po3Mipy edeKTy I[oi0 BMKOHAHHA
TpeHyBaHb Ha BUTPUBAJICTD Oy10 pospaxoBano nokasHuk d Koena (Cohen’s d). PesynbraTu 3acrocyBaHHs t-KpuTepiio /i Hesa-
JIOKHUX BUOIpOK BUABWIN ICTOTHI BifIMIHHOCTI M)XK eKCIIepMMeHTaIbHOIO Ta KOHTPOJIbHOIO rpymamu (p < 0,05).

BucnoBku. OTpumani mij yac gocmifpkeHH 1aHi CBiYaTh PO 3HAYHUII BIVIMB TPEHYBaHb 3 PO3BUTKY BUTPUBAJIOCT] Ha IIO-
Ka3HVKV aHaepOOHOTO IIOPOTy Ta KOHIIEHTPaLil TaKTaTy B KPOBi y 6aHI/Ia/IelIChbKMX FaH/IOO/ICTOK.

KirouoBi coBa: TpeHyBaHHS 3 PO3BUTKY BUTPUBAIOCTI, KOHIIEHTPAIL[is TAKTATy B KPOBi, aHA€POOHMIT ITOPIT, II0YaTOK MIPO-
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Abstract

Objectives. The study aimed to examine individual anthropometric indicators, focusing on the bony pelvis size
in female acrobats of various roles during the puberty and youth age, as well as in persons who do not engage

in playing sports.

Materials and methods. The sports qualifications of female acrobats were sub-elite and elite athletes. The study
population comprised 32 athletes having appropriate positions — top, middle, and bottom: (12 female acrobats
performing their roles at the top, 20 female acrobats performing their roles in the middle and at the bottom). Girls

of the same age categories (12-15 and 16-23 years old) who did not engage in playing sports (control group 1 and 2)
also took part in the study. The research methods employed included the measurements of body length (cm), body
weight (kg), shoulder width (cm), determination of body mass index (conventional unit); pelvimetry was performed

to detect the transverse and longitudinal dimensions of the bony pelvis, as well as the degree of maturity
of the pelvic bones using the index of pelvic bone (IPB). The methods of mathematical statistics were used to gain

a comprehensive understanding of the data.

Results. A comparative analysis was conducted to identify the differences between female acrobats aged 12-15 years
old and performing their roles at the top, female acrobats aged 16-23 years old and performing their roles

in the middle and at the bottom, and control groups of the same age categories. The analysis revealed the presence
of changes in morphofunctional indicators of the bony pelvis below the normative values during the study.
Conclusions. Morphological criteria of sexual dimorphism were found in female acrobats, namely: in the indicators
of shoulder width and bony pelvis. These processes can be regarded as adaptive, occurring under the influence

of physical and psychological training, as well as competitive loads of high intensity.

Keywords: sexual dimorphism, female acrobats, role, anthropometry, bony pelvis, pelvimetry.

Introduction

In modern research on sports medicine and
morphology, the issues of studying the phenomena of
masculinization, inversion of sexual dimorphism of female
athletes are relevant. In the direction of further development
of the general theory of sports and the system of training of

© Bachynska, N. V,, Doroshenko, E., Svatiev, A., &
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athletes, the problematic issues of medical and biological
research of the female organism in the process of training in
Olympic and professional sports remain relevant (Shakhlina,
2020; Anderson et al., 2023; Nagorna et al., 2023; Nagorna
etal., 2024).

Also relevant are studies aimed at studying and resolving
the most controversial issues in the system of training
women in various sports. In the study (Shueva, Ivashchenko,
& Jagiello, 2021). It is shown that combined technologies
of teaching complex coordination physical exercises using
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the algorithmic instructions method are effective for
adapting the female body to training and competitive loads,
which allow obtaining factor models of training programs
at the level of 70.6% and 68.5% of the variation of results.
The authors of the study (Andrieieva et al., 2020) note that
combined fitness programs are effective for the female body,
which allow to significantly increase the level of physical and
functional fitness of the body. In turn, in sports activities this
is the key to effective implementation of sports programs
in complex coordination sports, especially in women’s
programs (Solohubova, et al., 2020).

Study authors (Douda et al., 2024), on materials of
rhythmic gymnastics, by methods of factor analysis, the
main components (with 45% variation of results) that affect
the effectiveness of the training and competitive process were
determined morphometric indicators account for about
6.8%. At the same time, the anthropometric component
significantly affects the indicators of the overall effectiveness
of sports training and competitive activity: r = 0.5at p < 0.01.
In the process of modeling, when applying the formulas of
multiple regression equations to the indicators of qualified
female athletes, it was determined that up to 33.6% (arm
span - 12.0%, mid-thigh circumference - 13.1%, body
weight — 8.5%) is accounted for by morphometric indicators
that significantly differ by gender characteristics.

Also, gender specificities of somatotype and other
morphometric characteristics were highlighted in the study
(Sanchez Munoz et al., 2020), in which the indicators of
running disciplines (middle and stayer distances) indicated
the gender specificities of athletes who achieve maximum
physical development in the age range of 17-23 years. This
creates a basis for using the data obtained to optimize the
control of the training process, as well as for more effective
identification of talents and selection of athletes. Previously,
similar results regarding the presence of gender specificities
were obtained in the study - Altavilla et al. (2017).

The results of the study (Gonzalez Macias & Flores, 2024)
indicate the existence of a relationship between somatotype
indicators, body composition and flexibility manifestations.
Differences were found between athletes of male rhythmic
gymnastics (MAG), female rhythmic gymnastics (WAHS)
and female rhythmic gymnastics (WAG) in terms of fat mass,
bone mass, residual body mass, as well as the corresponding
somatotype — endomorphic, mesomorphicand ectomorphic.
These differences may indicate that somatotypes are
associated with sports results, since the authors found
correlations between anthropometric measurements, body
composition and flexibility manifestations.

Opala-Berdzik, Glowacka, and Juras (2021) determined
that the body mass index of acrobatic gymnasts and the BMI
index are negatively correlated with the speed characteristics
of the anterior-posterior and medial-lateral centers of foot
pressure on the support in different visual conditions
(r, from -0.64 to -0.93; at p < 0.05). The average speed
indicators of the center of foot pressure in non-athletes are
insignificantly correlated with their age and anthropometric
indicators (p>0.05). The above indicates that female
athletes — representatives of complex coordination sports,
have peculiarities of physical development and specific
morphometric manifestations, due to the adaptation of the
body to training activities and the specifics of the sports
orientation.

The results of long-term experimental studies (Atikovic,
2020) showed significant differences between female gym-
nasts in body weight and height over a 20-year period:
from 1996 to 2016. No significant differences were found in
the study materials of men in artistic gymnastics. The results
presented are significant for determining comparative model
parameters in the process of selection and sports special-
ization regarding morphological characteristics according
to the gender characteristics of athletes — representatives of
complex coordination sports. Of particular importance, in
this case, are manifestations of age dynamics of the formation
of vestibular stability and balance, which can also significant-
ly differ in gender in representatives of complex coordination
sports, as shown in experimental studies (Petran et al., 2023).

Special attention is paid to experimental studies aimed
at studying the mental and physiological aspects of the
human body. In particular, the problematic issues of body
image and psychological resilience in view of the complex
impact of social media and physical measurements on
self-esteem and mental health of young athletes with an
emphasis on their connection with cultural and gender
factors are highlighted in the study (Merino et al., 2024).
Also significant, from this point of view, are experimental
studies aimed at gender differentiation of physiological
indicators of optimal human mental state based on the
identification of connections between neurotransmitters,
hormones, inflammatory markers, microbiome and well-
being (de Vries, van de Weijer, & Bartels, 2022). Active
transformation of biologically active compounds to these
substances occurs in the human body under the influence
of optimal physical activity, which is relevant, namely, in
the gender aspect (Curby et al., 2023). This is relevant both
for young athletes and for women of early adulthood who
are actively engaged in physical exercises and are involved
in conditioning training to maintain the optimal physical
status of their body (Shyshkina, & Beihul, 2023).

In experimental studies, based on materials from
shooting sports (Bugaevsky, 2024), it was found that in
the studied groups there are athletes of gynomorphic and
mesomorphic sexual somatotypes, and there are no athletes
of andromorphic sexual somatotype, which indicates either
the peculiarities of the organism's adaptation to specific
training and competitive loads, or the effects of factors of
the sports orientation of the specified contingent of athletes.

This scientific direction additionally raises the issue of
the relationship between the somatotype and morphometric
parameters of young female athletes with individual
manifestations of neurological typology - the basis of these
mechanisms are genetic factors and factors of adaptation to
specific conditions of training activities in various sports
(Tyshchenko et al., 2023).

Significant gender differences in the training process are
also indicated by the authors of the study (Dave et al., 2022),
who present the generalized results of a meta-analysis of
gender differences in the frequency of repeated concussions
in various sports with an emphasis on the group of complex
coordination sports, which is significant for optimizing
medical support for the process of sports improvement and
reducing the level of sports injuries (Sheviakov et al., 2020).

The analysis of research works that thoroughly consider
the issues of studying the features of adaptive changes in
anthropometric and morphometric indicators of female rep-
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resentatives of complex coordination sports, in particular,
pair and group sports acrobatics, requires expansion and
addition due to number of finally unresolved issues. Age,
genetic, gender features of changes in physical development
indicators, other anthropometric and morphometric indica-
tors under the influence of factors of adaptation to the condi-
tions of training activities and sports orientation are parallel
processes in the conditions of development of the body of fe-
male athletes in the process of their many years of improve-
ment. The above requires a detailed and in-depth study of
these issues in the conditions of training in sports acrobatics,
taking in to account the specific features of the female body,
which allowed us to formulate the goal of our work.

Materials and Methods

Study Participants

Female athletes specialising in pair and group sports
acrobatics of different roles and ages took part in the
research: female athletes at the puberty age take their roles at
the top (13.25 + 1.65 years, n = 12), athletes of youth age take
their part at the middle and at the bottom (19.34 + 1.95 years
old, n=20). The sports qualifications of female acrobats were
sub-elite and elite athletes. The study population comprised
32 athletes having appropriate positions — top, middle, and
bottom: (12 female acrobats performing their roles at the
top, 20 female acrobats performing their roles in the middle
and at the bottom). Girls of the same age categories (12-15
and 16-23 years old) who did not engage in playing sports
(control groups 1 and 2) also took part in the study.

The studies were performed in accordance with all relevant
national norms and rules of institutional policy and the Na-
tional Health Council, according to the Declaration of Helsinki.
All participants and parents of minors gave written agreement
(consent) for the study and were informed of the purpose and
procedures of the testing, as well as the possibility of withdraw-
ing consent at any time for any reason. Informed consent was
obtained from all individuals included in this study.

Study Organization

The study aimed to examine individual anthropometric
indicators, focusing on the bony pelvis size in female acrobats
of various roles during the puberty and youth age, as well as
in persons who do not engage in playing sports.

Anthropometry was included in the research program:
measurements of body length (cm), body weight (kg),
shoulder width (cm), determination of body mass index
(conventional unit).According to the classical method,
pelviometry was performed with the detection of the
transverse and longitudinal dimensions of the bone pelvis,
as well as the degree of maturity of the pelvic bones using the
index of pelvic bone (IPB) according to the modern methods
(Wang, Asokan, & Onnela, 2024).

Statistical Analysis

Statistical processing was carried out using the STATIS-
TICA 10.0 computer program and MS Excel XP software
packages with an open license for non-commercial use.
The main indicators of mathematical statistics were arithme-

tic mean (X), standard deviation (SD), standard error of the
arithmetic mean (m), median, 25 % and 75 % quartiles. Com-
parison of indicators between samples of female acrobats of
different roles with each other, as well as with the control
group (population) was carried out using the non-parametric
Mann-Whitney U-test (in cases where the sample didn’t have
a normal distribution) and Student’s t-test (in cases when the
sample had a normal distribution). In mathematical and sta-
tistical processing, the level of significance a = 0.05 (p < 0.05)
was used, in some cases the results were obtained at higher
levels of significance (p < 0.01 and p < 0.001).

Results

The average height of female acrobats performing
the function of those at the top role is 139.84 + 3.89 cm,
the average height of female athletes performing the roles
in the middle and below is 163.47 + 3.65 cm.

Differences between height and body weight indicators
from female role partners those that are statistically signifi-
cant in the middle and at the bottom (differences are reliable
at p < 0.001) reflect the peculiarities of functional duties and
specific activities during interaction in an acrobatic pair or
group (Fig. 1).
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Fig. 1. Comparative characteristics of individual
anthropometric indicators of female acrobats of different roles
and the control group

Female acrobats of the roles above are statistically
different from the population in terms of height and body
weight (p < 0.001). According to the indicator of the body
mass index (BMI), a deficit was found in female athletes of
the above roles (Fig. 2).
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Fig. 2. Comparative characteristics of the body mass index
(BMI) of female acrobats of different roles and the control

group
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Table 1. Indicators of pelvimetry and shoulder width, taking in to account the role of female acrobats and those who don’t

play sports, n = 64

Normative values

Statistical indicators

No Groups
(cm) X +SD Me 25-75 % P
Shoulder width (biacromial size, )

1. exp. group 1 (n = 12) - 30.51£0.78 31.12 29.93-30.93 pl.2<0.05
2. control group 1 (n = 12) 32.37 £0.80 32.76 31.49-32.89 pl.3<0.001
3. exp. group 2 (n = 20) 36.00 £ 0.73 35.98 35.20-36.58 p2.4<0.05
4. control group 1 (n = 20) 34.70 £ 0.51 34.65 34.17-34.98 p3.4<0.05

Distantia spinarum (cm)
1. exp. group 1 (n = 12) 25-26 18.84 £ 0.43 20.25 19.89-20.67 pl.2<0.001
2. control group 1 (n = 12) 23.63 +0.34 23.69 23.24-23.82 pl.3 <0.001
3. exp. group 2 (n = 20) 23.19 £ 0.56 23.17 22.73-23.17 p3.4<0.01
4. control group 1 (n = 20) 25.69 + 0.35 25.80 25.54-25.98

Distantia cristarum (cm)
L. exp. group 1 (n = 12) 28-29 23.95+0.29 23.89 23.67-24.22 pl.2<0.01
2. control group 1 (n = 12) 26.75+0.29 26.75 26.51-26.97 pl.3<0.01
3. exp. group 2 (n = 20) 26.12 + 0.66 25.97 25.65-26.64 p2.4<0.01
4. control group 1 (n = 20) 28.65+0.33 28.64 28.37-28.98 p3.4<0.05

Distantia trochanterica (cm)
1. exp. group 1 (n = 12) 30-32 25.29 £ 0.59 25.28 24.65-25.87 pl.2<0.01
2. control group 1 (n = 12) 29.61 +0.34 29.51 29.32-29.77 pl.3<0.01
3. exp. group 2 (n = 20) 28.11 £ 0.64 27.98 27.64-28.63 p2.4<0.05
4. control group 1 (n = 20) 31.07 £ 0.65 30.84 30.49-31.76 p3.4<0.001
Conjugata vera (cm)

L. exp. group 1 (n = 12) 11 9.84 +£0.21 9.76 9.65-9.95 pl.2<0.05
2. control group 1 (n = 12) 11.05 £ 0.22 11.03 10.87-11.23 p1.3<0.05
3. exp. group 2 (n = 20) 10.57 + 0.41 10.65 10.08-10.98
4. control group 1 (n = 20) 11.17 £0.15 11.18 11.12-11.25

Conjugata externa (cm)
1. exp. group 1 (n =12) 20-21 16.92 £ 0.25 16.89 16.63-17.12 pl.2<0.05
2. control group 1 (n = 12) 18.20 + 0.27 18.22 17.89-18.34 p1.3<0.001
3. exp. group 2 (n = 20) 19.05 £ 0.55 18.97 18.24-19.67 p2.4<0.05
4. control group 1 (n = 20) 20.88 +0.29 20.98 20.72-21.04 p3.4<0.05

Notes: exp. group 1 — female acrobats at the roles above (12-15 years old); exp. group 2 - female acrobats at the roles in the middle and

below (16-23 years old)

A comparative analysis of female acrobats performing
roles at the top of 12-15 years old, female acrobats performing
their roles at the middle and at the bottom of 16-23 years
old, and control groups of the same age categories proves
that the changes in the morphofunctional indicators of
the bone pelvis below the normative values were detected
during the research. This may be related to high and intense
physical loads in the educational and training process
of female athletes specializing in pair and group types
of sports acrobatics, as well as the early period of sports.
No pathological changes were detected in the control groups
aged 12-15 and 16-23 (Table 1).

The indicators of shoulder width in female acrobats
in the roles above, as well as in female athletes in the roles
in the middle and below, exceed the indicators of pelvis
width (p < 0.05).

Variability was revealed in individual anthropometric
indicators in comparison with the control group. In girls
aged 12-15 years old, the above indicators are statistically
different from those in the control group (p < 0.05-0.001).
In female acrobats of the roles in the bottom and in the
middle, individual anthropometric indicators and the
bone pelvis values have statistical differences compared to
similar data in the group of roles at the top (90% and 95 %
confidence level).

The data obtained during the study regarding the size of
the pelvis of female acrobats indicate an adaptive restructur-
ing in their body and an inversion of sexual dimorphism.
The analysis of the obtained data when measuring the width
of the shoulders showed that these indicators exceed the di-
mensions of the width of the pelvis (p < 0.05). The average
statistical values in the group are below the normative val-
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ues, these indicators of female acrobats cannot be attributed
to normative normal sizes, that is, they are female acrobats
with indicators of an anatomically narrowed pelvis.

Inthe case of an individual assessment of the data obtained
in two female acrobats, the roles in the middle and below,
d. spinarum (cm) showed values close to the normative ones
(24.67 and 24.54 cm), d. cristarum in two female acrobats (27.37
and 27.22 cm are close to the normative values). Also, one female
acrobat has the role of the one in the middle, d. trochanterica
(28.99 cm - approximate normative values).

The degree of maturity of the pelvic bones was
determined according to the method using the index of the
pelvic bone (IPB). It is an integral indicator of the formation
of the bones of the pelvis. At the age of 12-13 years old,
the highest peak increases in the size of the bone pelvis are
observed. The same age is characterized by the appearance of
menarche (Wang, Asokan, & Onnela, 2024).
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above in the the middle
age 12-15 and below 16-
years old 23 years old

Fig. 3. Comparative characteristics of the index of pelvic bones
(conventional unit) in acrobats of different roles and control
groups (population)

In the average group values, this indicator was
28.25 + 1.08 conventional unit in female acrobats performing
their roles above (12-15 years old), that is, the process of
formation of pelvic bone structures is observed in them.
In the control group of the same age category, the value was
30.54 £ 1.11 conventional unit. (p < 0.05) (Fig. 3).

In female acrobats with roles in the middle and at the
bottom of 16-23 years old, the IPB value is 32.45 + 1.04
conventional unit, in the control group 36.34 + 1.10
conventional unit (differences are significant at p < 0.01),
i.e. the indicators are within the normal range, which
indicates the completion of the process of maturation and
formation of pelvic bone structures. For young female
athletes, the normative values of IPB are indicators of 30-40
conventional unit. The age periods of the test subjects who
took part in the experiment, namely puberty and youth
ages, are critical periods of the process of formation and
maturation of the pelvic bones.

Based on the data obtained during the study, female
acrobats have shoulder width indicators that exceed those of
the control group (population). The indicators of the width
of the pelvis don’t correspond to the norm (the difference is
statistically significant at the probability level of 90 % and
95 %) (Table 1).

Discussion

The problematic issues of the influence of sexual
dimorphism on anthropometric characteristics and features
of the bony pelvis in female athletes - representatives of
complex coordination sports — have received a detailed
description in modern studies (Atikovic, 2020; Opala-
Berdzik, Glowacka, & Juras, 2021; Petran et al., 2023).

In modern sport, the level of competitive results has
reached such values that require female athletes to have
the appropriate physical, morphological, functional,
psychophysiological and mental abilities and data. Under
the specific effect of training and competitive loads, certain
structural changes are observed in the body of female
athletes (Shakhlina, 2020).

Knowledge in the direction of studying the anthro-
pometric and morphometric features of female athletes
of puberty and youth, specializing in pair and group types
of acrobatics, can help to rationally plan the training process
at important stages of multi-year improvement. This can
increase the quality of the construction of the educational
and training process, the level of results of competitive ac-
tivities and help to preserve reproductive health, slow down
the process of rebuilding the body towards andromorphic
development and help to control this process at a scientific
level (Bachynska & Sarychev, 2023).

The increased level of androgens in the body of female
athletes leads to the formation of a male somatotype, which
is characterized by an increase in the width of the shoulders
with a simultaneous decrease in the width of the pelvis. Ex-
perts also emphasize that the influence of androgens on the
reproductive system of female athletes can be manifested
in the suppression of the development of signs of puberty —
growth of mammary glands, menarche, et al. (Hirschberg,
2020).

According to several authors, the early start of sport,
namely before the onset of menarche, before the establish-
ment of the menstrual cycle, as well as factors such as physi-
cal and psycho-emotional loads of high intensity, in a signifi-
cant percentage of female athletes lead to a delay in puberty
(especially in complex-coordinating types of sports). Me-
somorphic and andromorphic sexual somatotypes are also
formed. These processes are observed in the pubertal and
adolescent age of female athletes (Andrieieva et al., 2020;
Douda et al., 2024; Gonzalez Macias & Flores, 2024).

Specialists are investigating very important issues,
namely the impact of training and competition loads on
the reproductive functions of female athletes, the dependence
of manifestations of masculinization of their bodies and
high sports results. Scientists give examples that signs of sex
inversion at the hormonal level affect the formation of
a masculine body structure.

It is believed that female athletes with signs of
masculinity are more successful in their chosen sport,
therefore the search for morphological and other criteria
that indicate signs of masculinization of female athletes is
relevant at the current stage of research. During the sports
selection of the requirements for the roles in the middle and
below, the coaches emphasize such criteria of female athletes
as broad shoulders, power qualities, special endurance, male
psychological characteristics, that is, the manifestation
of masculinization is a priority.
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We consider the processes discovered duringour research
as adaptive changes in the body of female acrobats. They
occur under the influence of physical and psycho-emotional
loads of high intensity. We determined that all subjects had
an early start to acrobatics (average age 7.25 + 1.23), i.e.
long before the onset of menarche. 98 % of subjects have
already formed mesomorphic and andromorphic sexual
somatotypes, which are explained in more detail in our
previous publication (Bachynska et al., 2023).

Specialization and selection of female acrobats for
the roles above and those in the middle and below should be
carried out taking in to account not only the age difference
of these female athletes, but also taking into account such
anthropometric indicators as the length of the upper
and lower limbs, the width of the shoulders and pelvis,
morphofunctional index values. Adaptation to training
and competitive loads of high intensity, reduction of fat
mass, changes in neuro-humoral regulation of processes in
thebody of female athleteslead to changes in anthropometric,
morphometric, and psychological characteristics of female
acrobats (Shueva, Ivashchenko, & Jagiello, 2021).

Female pair group acrobatics is a specific type of special-
ization. The roles of those at the top and those in the middle
and at the bottom (in pairs and groups) differ from each
other primarily by anthropometric and morphometric indi-
cators. In general, those partners above are younger in age,
smaller in height and weight. They show signs of delayed
puberty. Is this the result of loads or the specificity of selec-
tion, where the one at the top role should be light weight
and smaller in height? Probably, both factors play a huge
role here.

According to the requirements for the role of female
athletes in pair and group pairs, there are anatomical, mor-
phological and anthropometric features. The functional du-
ties of those in the middle role (if a group) and those at the
bottom role (pairs, groups) include are number of compo-
nents: throwing, catching, supporting the partner at the top,
on two and one hand, so these female athletes must be taller
in height, weight and have significantly higher power indi-
cators. That is, the training work includes exercises with the
partner’s body weight from 30 to 40-45 kg (depending on
age categories and qualifications). This requires consider-
able strength and endurance, therefore, for female acrobats,
the roles in the middle and those at the bottom, the training
activity can be attributed to the so-called masculine. These
factors can shape body image concerns in athletes across a
variety of sports and skill levels. This is particularly impor-
tant in acrobatics, where judges assess the level of difficulty
of exercises with a certain level of artistry and aesthetic im-
pact (Burgon, Beard, & Waller, 2023).

Prospects for further exploration in this direction
lie in further differentiation of criteria for the success of
competitive activity, which are associated with morphometric
parameters and features of the formation of the bone pelvis
in young female athletes. First, this concerns individual and
pair-group types of sports acrobatics.

Conclusions

As aresult of the research, it was found that the morpho-
logical criteria of sexual dimorphism were found in female
acrobats who has their roles at the middle and below, name-

ly: in the indicators of shoulder width and bone pelvis. These
processes can be regarded as adaptive processes occurring in
female athletes under the influence of physical, psychologi-
cal training and competitive loads of high intensity.

When selecting for roles in acrobatic pairs and groups,
coaches select female athletes based on height and body
weight. It is also necessary to consider the anthropometric
indicators of the width of the shoulders and pelvis, as well
as other morphofunctional values. In the training process,
it is necessary to differentiate training loads taking in to
account the age characteristics of female athletes due to
individual types of training process (individual elements,
jumping on acrobatic tracks, general and special physical
training exercises). This will make it possible to individualize
the training process of female acrobats taking in to account
their role and anthropometric and functional values, which
will minimize the negative impact of loads on the body of
young female athletes and preserve reproductive health.
We cannot stop the growth of loads and change the specifics
of the sport, but it is possible to slow down the process of
morphofunctional adaptive changes (minimize this process)
by controlling and planning the training process taking in to
account the characteristics of the female body. It also requires
individualization of load planning in such a way that the
volume and intensity differ significantly from the training
process of men.
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CrateBuin guumop@¢ismMm B aHTPONOMETPUUYHUNX XapaKTePUCTUKaX
Ta 0CO6GNNBOCTAX KiCTKOBOro Ta3y npeAcTaBHUKIB
napHUX i rpynoBux BUAIB CNOPTVUBHOI aKpobaTukun

Harania Beponika baunncpka'4*P%, Enyapn [Jopomenko** 5Pk,
Anppiit CBatbeB**cPE, BikTop Borycnascpkmit' “F

! IHITPOBCHKUII IepKaBHMIT YHIBepCUTET BHYTPIIIHIX CIIpaB

*3anopisbKnit fep>KaBHUI MeINKO-(papMaleBTUIHNIT YHiBEepCUTET

*3anopispKuil HalliOHAIbHMIT YHIBEPCUTET

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

Pedepar. Crarrs: 8 c., 1 Tabn., 3 puc., 35 mxeper.

Mera. BuBueHHs iHUBIAYaTbHUX aHTPOIIOMETPUYHNUX ITOKA3HUKIB, PO3MipiB KiCTKOBOI TKaHMHMU Ta3y aKpoOaTOK pisHOTO
aMIlTya CTaTeBOIO Ta IOHALIBKOI'O BiKY, a TAKOX oci6, sAKi He 3alIMaIOThCA CIIOPTOM.

Marepianu i MeTopu. KoHTrHTeHT focmimKeHHs — 32 ciopTcMeHK (12 akpo6aTok, aMIUTya — sKi 3Bepxy, 20 akpobaToK, aMIi-
ya — AKi TocepennHi Ta BHM3Y). Y JOCTIIKeHH] TaKOX 6panu y4acTb AiBYaTa IIUX e BiKoBMX Karteropiit (12-15 Ta 16-23 poxn),
K1 He 3a/iMar0ThCs cioptoM (1 12 KOHTposIbHA Ipymia). MeToxu JOCIiPKeHH: BUMIPIOBAaHHA JOBKUHM Tia (cM), Macu Tina (kr),
IIMPUHM ITeveli (CM), BUSHAUYeHHA iHIeKCy Macy Tisla (YMOBHa OfVHUIIA); ITe/IbBIOMeTpidA 3 BU3HAYE€HHAM IIOIIePeYHOT0 Ta M03/I0-
BXHbOTO PO3MIpiB KiCTOK Ta3a, a TAKOXX CTYIIeHA 3piIocTi KicTok Tasy 3a ingexcoM TazoBoi kictku (ITK); MeTonyu MaTeMaTIHOI
CTaTUCTUKIN.

Pesynbratu. [opiBHA/IbHNIT aHa/i3 NOKAa3HNUKIB aKpobaTok (aMIutya — BepxHi), 12-15 pokiB, Ta akpobaTok (aMIya — ce-
penHi Ta HIDKHI), 16-23 poKiB, AiBYarT i )iHOK KOHTPOIBHYUX IPYII TUX CaMIX BiKOBMX KaTeropilt JOBOANTD, 1110 3MiHU y TIpoIieci
TOCIiKeHHA BUSAB/IEHO 32 MOPGODYHKI[IOHAIBHIMI [OKa3HUKY KiCTKOBOI Ta30Boi KiCTKY, sKi 3adikcoBaHi Ha piBHI HIDKUe 3a
HOPMAaTMBHi 3Ha4YeHHS.

BucHoBku. Busisneno mopdorioriuni kputepii crateBoro aumopdismy y akpo6aToK pisHOTo aMIlTya, a caMe: 3a IOKa3HUKa-
MM HIMPUHM IUIeYelt, KicTkoBoro Tasy. 1li mpoljecu MO>KHa pO3IIANATHU SIK aJallTUBHI, 1110 BiZOYBaIOTLCA i BINIMBOM (i3NdHOI
Ta IICMXOJIOTiYHOI MiATOTOBKY i 3MarajabHMX HaBaHTa)KeHb BYCOKOI iIHTEHCUBHOCTI.

Kinrouosi cmoBa: crateBnit suMopdisM, akpo6aTKu, aMIlTya, aHTPOIOMETPis, KICTKOBUIT Tas, IebBioMeTpis.
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Abstract

Background. Yoga is an ancient practice that has gained attention for its potential benefits on muscular strength
and endurance, flexibility, power, agility, balance, reaction time, and body mass index (BMI), making it an effective
complementary approach for improving overall health and physical fitness.

Objectives. This study aimed to evaluate the effects of a six-week yogic regimen on overall health and physical fitness
in male university students.

Materials and methods. Forty male students, aged 18 to 24, from the University of Delhi were randomly assigned
to an experimental group or a control group, each comprising 20 participants. The experimental group underwent
a six-week yogic intervention, including asanas, pranayama, and meditation, conducted daily under the guidance
of certified instructors. The control group continued their usual daily routines. Pre- and post-intervention
measurements were conducted to assess muscular strength, muscular endurance, flexibility, power, agility, balance,
reaction time, and BMI. Data analysis involved both descriptive statistics and inferential statistics (paired and
independent sample t-tests) using SPSS software (version 25), with a significance level set at a = 0.05.

Results. The experimental group showed considerable improvements in muscular strength, muscular endurance,
flexibility, power, agility, balance, reaction time, and BMI (p < .005). In contrast, the control group did not exhibit
any notable changes in these parameters. Pre-test comparisons revealed no substantial differences between

the experimental and control groups across any variables. However, post-test comparisons between the groups
demonstrated significant differences in several key areas: muscular strength, muscular endurance, balance,

and reaction time (p < .005). Conversely, no major differences were observed in flexibility, power, agility, or

BMI (p > .005).

Conclusions. A six-week yogic intervention effectively enhances muscular strength, muscular endurance, flexibility,
power, agility, balance, and reaction time, while reducing BMI in university students. Incorporating yoga into
physical education and individualized training programs has the potential to significantly enhance fitness outcomes
across diverse populations.

Keywords: yogic practice, muscular strength, muscular endurance, university student, physical fitness.

Introduction chronic obstructive pulmonary disease, obesity, diabetes,
and several forms of cancer (Sahu et al., 2024). These
conditions not only impair physical health but also cause
significant social and economic challenges (Bhavanani,
2017). A primary contributor to this trend is the rise in
sedentary activities among teenagers and young adults.
Academic demands and extensive use of technology have

Globally, young adults increasingly suffer from lifestyle
disorders such as heart disease, stroke, metabolic syndrome,
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intensity activities, which has led to adverse health effects
(Zhu, 2021). A sedentary childhood can harm heart health
in adolescence and raise the risk of future cardiovascular
diseases. To address these trends, schools and universities
should implement inclusive physical education programs
that promote fitness, skill development, and enjoyment for
students of all fitness levels and interests (Neil-Sztramko et
al,, 2021).

One of the most significant health challenges facing
college students today is the decline in physical activity
levels. Research indicates that a substantial number of
students do not meet the recommended activity guidelines,
with approximately 46.7 % of university students engaging
in insufficient physical activity (Kljajevi¢ et al., 2021). Core
fitness is crucial for athletes, as it significantly influences
their performance and well-being, directly affecting game-
specific strategies and tactics (Reza et al., 2024). Healthy
individuals can accomplish daily tasks energetically while
reducing the risk of health problems (Berduszek et al., 2021).
Regular physical activity is essential for athletes to maintain
peak health, which is necessary for optimal performance.
A well-rounded fitness and flexibility training program
can enhance muscle strength, flexibility, and coordination,
thereby reducing the risk of injury during training or
competition and improving range of motion (Rahman &
Islam, 2020).

Physical fitness enhances recovery after exercise,
allowing well-conditioned to optimize training and extend
their careers through efficient injury recovery (Malm et
al., 2019; Singh et al., 2024). Muscular strength improve
shoulder stability and upper-body strength, essential for
activities like rock climbing and rowing, and assess relative
upper-body strength since pulling muscles are generally
weaker (Andrew, 2002; Harman et al., 2008; Negrete et al.,
2013). Upper-body power boosts performance by enhancing
force-time characteristics, demonstrated in cross-country
skiing (Suchomel et al., 2016; Rahman & Sharma, 2023;
Sunde et al., 2019). The sit-up test measures core muscular
endurance, crucial for sustained performance and reduced
fatigue (Bianco et al., 2015; Hughes et al., 2018; Prieto-
Gonzalez & Sedlacek, 2022). Flexibility supports joint range
of motion and injury prevention, improved by consistent
stretching (Leite et al., 2017). The Nordic hamstring curl
is highly effective for improving hamstring flexibility and
preventing injuries (Islam et al., 2024). Power training
enhances daily functional abilities and quality of life
(Balachandran et al., 2022; Miszko et al., 2003). Agility
boosts neuromuscular coordination and cognitive health,
benefiting both physical and mental fitness (Young et al,,
2021; Morat et al., 2020; Lichtenstein et al., 2023). Balance
enhances stability, coordination, and reduces fall risk,
promoting independence. Reaction time, influenced by age
and cognitive skills, is vital for quick responses in sports and
daily tasks (Jain et al., 2015; Balakrishnan et al., 2014; Singh
& Singh, 2024). BMI, an important health metric, impacts
performance and training strategies, with lower BMI often
aiding endurance athletes (Eknoyan, 2008; Nuttall, 2015;
Blackburn & Jacobs, 2014).

Yoga, an ancient practice originating from India,
encompasses physical postures known as asanas, breathing
exercises called pranayama, and the skill of meditation
(Taneja, 2014). Recognized for its efficacy in addressing

lifestyle-related diseases, yoga plays a crucial role in
improving overall physical well-being. The research
underscoresthe benefits of regular yoga practicein preventing
and managing lifestyle disorders, as highlighted by studies
showing its effectiveness in promoting physical fitness and
reducing stress, anxiety, and chronic discomfort (Bhavanani,
2017; Desveaux et al., 2015; Woodyard, 2011). Moreover,
significant improvements in muscle strength, endurance,
and body mass index (BMI) have been documented through
yoga practice. For instance, Lau et al. (2015) and Shiraishiand
Bezerra (2016) noted enhancements in muscular strength
and endurance, while Kumara (2022) specifically reported
a remarkable 12.5% increase in muscle strength among
participants. Additionally, a recent study demonstrated that
a structured six-week yogic practice resulted in a substantial
10.05% improvement in flexibility, further emphasizing
yoga’s ability to enhance flexibility over a short period
(Suseela & Srilakshmidevi, 2017). In conjunction with these
benefits, other research highlights notable improvements in
power, agility, and balance among individuals who engage
in regular yoga practice (Sahu, 2019; Henry, 2022). This is
attributed to the mindful movement, breath control, and
mental focus inherent in yoga, which positively influences
reaction time and overall skill-related fitness. Specifically,
studies indicate that yoga can enhance sensory-motor
conduction velocity and information processing, leading
to a reduction in reaction time (Madanmohan et al., 1992;
Madanmohan et al.,, 2012). Furthermore, yoga has been
shown to improve respiratory function, cardiovascular
endurance, and overall health, reinforcing its holistic
benefits (Pramanik et al., 2024). Importantly, consistent
yoga practice has also been associated with reductions in
BM]I, effective weight management, decreased body fat, and
increased muscle mass (Na Nongkhai et al., 2021; Chauhan
et al.,, 2017). Collectively, these findings underscore the
profound impact of yoga on various aspects of physical
fitness and overall health.

This study aims to explore the effects of regular yogic
practice on key fitness parameters — muscular strength, mus-
cular endurance, flexibility, power, agility, balance, reaction
time, and BMI - particularly in addressing lifestyle disorders
prevalent in young adults due to sedentary behaviour. By exa-
mining existing research, the study seeks to demonstrate
yogas effectiveness as an alternative method to traditional fit-
ness programs, offering significant benefits for overall health
and well-being. The research highlights the potential of inte-
grating yoga into physical education and training regimens
as a core component of fitness protocols, with the potential to
redefine training protocols across various disciplines.

Material and Methods

The published articles were located using several search
engines, including MEDLINE, EMBASE, Scopus, Science
Direct, the Directory of Open Access Journals (DOAJ),
PubMed, and Google Scholar. Key search terms included
“Yoga,” “Muscular Strength,” “Muscular Endurance,”
“flexibility,” “power;” “agility,” “balance,” “reaction time,” and
“BMI,” along with the conjunctions “OR” and “AND” All
searches were conducted in English, focusing specifically
on studies that examine the impact of yogic practices on
physical fitness variables for the literature review.
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Participants

The study was conducted at the yoga laboratory of the
Indira Gandhi Institute of Physical Education and Sports Sci-
ences (IGIPESS), University of Delhi, involving 40 male stu-
dents aged 18 to 24. These participants, all of whom had nor-
mal vision, were randomly assigned to either a control group
or an experimental group, with 20 students in each group. In
this study, none of the participants smoked, consumed alco-
hol, had acute or chronic diseases, or were on any medication.
Table 1 provides an overview of the participants’ characteris-
tics. All participants were examined by a qualified physician
and deemed fit to take part in this study. All participants gave
their informed consent, confirming their voluntary participa-
tion and comprehension of the research procedures.

Table 1. Baseline characteristics of the participants

Overall Group Expél;i;ii;ntal Control Group

Parameters (N=40) (n=20) (n=20)
Mean + SD Mean + SD Mean + SD
Age (years) 21.98 £0.94 21.53 £ 0.90 2243 +1.01
Height (m) 1.69 £ 0.31 1.68 £0.30 1.70 £ 0.34
Weight (kg) 61.26 + 5.95 59.69 +4.90 62.83 +5.20
BMI (kg/m?) 21.45+1.89 21.15£1.29 21.74+ 1.81
Study organization

This research adopted an experimental approach, using
a two-group pre-test and post-test design. The aim was to
determine if a six-week yogic intervention could significantly
improve specific physical fitness parameters. Probability
sampling methods were used to select participants from
among the students.

Experimental Protocol

Participants in the experimental group followed
a structured yoga regimen that featured Yogic Prayer,
Suryanamaskar, and numerous Asanas, the program also
incorporated Pranayama and included Meditation practices.
These sessions took place at the IGIPESS yoga lab at the
University of Delhi, from 7:30 to 8:30 am Monday to
Saturday, under the supervision of certified yoga instructors.
In contrast, the control group adhered to their usual daily
routines without additional interventions. To measure the
impact, assessments were made for all involved before the
intervention began and after its completion at six weeks.
Figure 2 provides an overview of this intervention.

Procedure

Muscular strength was assessed using the pull-up test,
where participants pulled their chin above a bar from a
hanging position with an overhand grip, avoiding jerking or
hip movements, and the number of successful pull-ups was
recorded as the score (Hurrah & Muzafer, 2017). Muscular
endurance was measured using the bent knee sit-up test,
with participants performing as many sit-ups as possible in
one minute from a supine position, knees bent at 90 degrees,

]
| Registered individual (n=65) |

% Unable to contact (n=13)

| Assessed for cligibility (i=52) |

Excluded (n=11)

* Not meeting inclusions criteria (n=3)
e Declined to participate (n=7)

e Other Reasons (n=1)

‘ Randomized (n=41) ‘
4

Allocated to experimental group (n=21) Allocated to control group (n=20) ‘

I I

Lost to follow-up (n=1) Lost to follow-up (n= 00) ‘
* Receive allocated yogic intervention (n=20)
e Did not receive allocated yogic intervention

(give reasons (n=1)

Analysed to experimental group (n= 20) Analysed to control group (n=20)
e Excluded from analysis (n= 00) e Excluded from analysis (n= 00)

Fig. 1. Participations selection consort flow chart

Yogic Intervention Module
(60 Minutes)

ﬁ

T ! u

4. Pranayama
(15 Minutes)
Anulom Vilom Pranayama
andBhastrika Pranayama

5. Meditation
(5 Minutes)

1. Yogic Prayer

(5 Minutes) 2. Surya Namaskar

(10 Minutes)

3. Asanas (25 Minutes)

Ardha-Hal Sar ,
Halasana, Chakrasana, Bhujangasana, Shalvhasana,
Naukasana, Dhanurasana, Gomukhasana,
ArdhaMatsyendrasana (Left and Right),Bakasana,
Paschimottanasana, Vajrasana, Ushtrasana,
Pad Utk Trik
Vrikkhasana,Garudasana, Tadasana, and Shavasana

Fig. 2. Yogic intervention module

arms behind the neck, and feet held by a partner, earning one
point per correct sit-up (Suman & Sharma, 2023). Flexibility
was evaluated with the sit and reach test, where participants,
seated with legs extended and feet against a plate, bent
forward to push a cursor with their middle fingers, recording
the highest of three attempts in centimeters (Luo & Huang,
2023). Power was assessed using the standing broad jump
(SBJ), with participants jumping forward from a standing
position and measuring the distance to the nearest heel
(Thomas et al., 2020). Agility was tested with the shuttle run,
running back and forth between two lines 10 meters apart at
increasing speeds (Verschuren & Takken, 2010). Balance was
measured through the squat handstand, where participants
balanced on their hands with knees on their arms and held
the position as long as possible for a single attempt. Reaction
time was measured in milliseconds using the Medisystems
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reaction timer, which had researcher-controlled lights and
switches for subjects to turn off the lights quickly (Rahman
& Islam, 2021; Reza et al., 2023). BMI was calculated by
dividing body weight in kilograms by height in meters
squared (Joksimovi¢ et al., 2021; Shaw et al., 2021).

Statistical Analysis

For the statistical analysis, the Shapiro-Wilk test verified
thenormality of data distribution,and Levenes test confirmed
the equality of variances; descriptive statistics, including
mean and SD, were used, while inferential analysis involved
paired t-tests for within-group differences and independent
samples t-tests for between-group comparisons, with all
analyses conducted using IBM SPSS software (version 25) at
a significance level of 0.05.

Table 2. Descriptive statistics

Results

Table 2 presents the descriptive statistics for the
experimental (EG) and control (CG) groups, while Figure 2
illustrates changes in muscular strength, endurance, and BMI
from pre-test to post-test, demonstrating the effectiveness in
improving physical fitness.

Table 3 presents a paired t-test analysis results,
demonstrating significant improvements in several physical
fitness parameters within the experimental group (EG)
following the intervention. The EG exhibited notable
increases in muscular strength, t(,5 = 5.18, p = .000; muscular
endurance, tqy = 2.78, p = .012; flexibility, t,q = 5.15,
p = .000; power, tyy = 2.51, p = .021; agility, t,q = 2.14,
p = .046; balance, t4 = 2.85, p = .010; and reaction time,
taey = 2.35, p =.030. Additionally, BMI significantly reduced

Variables Group Test n Mean Std. Deviation Std. Error Mean
EG Pre-test 20 22.20 3.98 .89
Post-test 20 23.85 3.56 .80
Muscular Strength (Number)
G Pre-test 20 20.10 4.53 1.01
Post-test 20 20.40 3.82 .85
EG Pre-test 20 36.10 4.48 1.00
Post-test 20 37.00 4.80 1.07
Muscular Endurance (Number)
G Pre-test 20 33.45 6.44 1.44
Post-test 20 32.65 6.67 1.49
Pre-test 20 18.65 2.28 .51
EG
Post-test 20 19.60 1.96 44
Flexibility (centimetre)
G Pre-test 20 18.30 2.47 .55
Post-test 20 18.50 2.31 .52
Pre-test 20 1.88 .28 .06
EG
Post-test 20 1.91 25 .06
Power (meter)
Pre-test 20 1.96 .10 .02
CG
Post-test 20 1.94 .10 .02
Pre-test 20 12.18 .97 22
EG
Post-test 20 12.11 95 21
Agility (second)
Pre-test 20 11.96 48 A1
CG
Post-test 20 12.01 .50 A1
Pre-test 20 7.60 1.50 .34
EG
Post-test 20 8.20 1.47 .33
Balance (second)
Pre-test 20 7.05 1.10 25
CG
Post-test 20 7.00 92 21
Pre-test 20 15.75 1.02 23
EG
Post-test 20 15.45 95 21
Reaction Time (millisecond)
Pre-test 20 16.35 1.04 23
CG
Post-test 20 16.20 1.06 24
Pre-test 20 21.15 2.64 .59
EG
Post-test 20 20.85 2.38 .53
BMI (kg/m?)
Pre-test 20 21.92 2.26 .51
CG
Post-test 20 21.74 2.42 .54
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Table 3. Paired t-test 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 1.65 1.42 .32 5.18 19 .000*
Post-test
Muscular Strength
Pre-test
CG .30 2.72 .61 49 19 627
Post-test
Pre-test
EG .90 1.45 32 2.78 19 .012*
Post-test
Muscular Endurance
Pre-test
CG .80 1.88 42 1.90 19 .072
Post-test
Pre-test
EG 95 .83 .19 5.15 19 .000*
Post-test
Flexibility
Pre-test
CG .20 .62 .14 1.45 19 .163
Post-test
Pre-test
EG .03 .06 .01 2.51 19 .021*
Post-test
Power
Pre-test
CG .01 .04 .01 1.46 19 159
Post-test
Post-test
EG .07 .14 .03 2.14 19 .046*
Acil Post-test
ilit
sy Pre-test
CG .05 .19 .04 1.09 19 .288
Post-test
Pre-test
EG .60 .94 21 2.85 19 .010*
Post-test
Balance
Pre-test
CG .05 .83 .19 27 19 .789
Post-test
Pre-test
EG .30 .57 13 2.35 19 .030*
) ) Post-test
Reaction Time
Pre-test
CG .15 .59 13 1.14 19 267
Post-test
Pre-test
EG .30 42 .09 3.18 19 .005*
Post-test
BMI
Pre-test
CG .19 1.20 27 .69 19 .498
Post-test

*Significant at 0.05 level

for the EG, t) = 3.18, p = .005. In contrast, the control group
(CG) did not exhibit significant changes in these parameters:
muscular strength, t4 = .49, p = .627; muscular endurance,
tagy = 1.90, p = .072; flexibility, t,q = 1.45, p = .163; power,
tas = 146, p = .159; agility, tys = 1.09, p = .288; balance,
tug = .27, p = .789; reaction time, tq = 1.14, p = .267; and
BMLI, t¢)= .69, p = .498 remained statistically insignificant.
These results strongly suggest that the intervention had a
statistically significant impact on the experimental group’s (EG)
physical fitness outcomes. In contrast, the control groups (CG),
which did not receive the intervention, showed no improve-
ments across the same parameters. Consequently, this analysis
underscores the efficacy of the intervention in enhancing physi-
cal fitness parameters specifically within the experimental group.

The independent t-test results presented in Table 4
show comparisons between the experimental group
(EG) and control group (CG) for pre-test and post-test
scores across multiple physical fitness variables, including
muscular strength, muscular endurance, flexibility, power,
agility, balance, reaction time, and BMI. In the pre-test, no
significant differences were found between EG and CG in
any of the variables. Muscular strength showed t; = 1.56,
p =.128; muscular endurance tug = 1.51, p = .139; flexibility
tas = 47, p = .644; power tug = 1.19, p = .243; agility
tas) = .91, p =.370; balance tg = 1.32, p = .194; reaction time
tas) = 1.84, p = .073; and BMI t = .99, p = .328. However,
in the post-test, several variables showed significant
differences favoring the experimental group. Muscular
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Table 4. Independent t-test of pre-test and post-test between experimental and control groups

Independent t-test between EG and CG of pre-test Independent t-test between EG and CG of post-test

Variables Mean Difference t df Sig. Mean Difference t df Sig.
(2-tailed) (2-tailed)

Muscular Strength 2.10 1.56 38 128 3.45 2.96 38 .005*
Muscular Endurance 2.65 1.51 38 .139 4.35 2.37 38 .023*
Flexibility .35 47 38 .644 1.10 1.63 38 112
Power .08 1.19 38 243 .04 .61 38 .549
Agility 22 91 38 370 11 45 38 652
Balance .55 1.32 38 .194 1.20 3.09 38 .004*
Reaction Time .60 1.84 38 .073 .75 2.37 38 .023*
BMI 77 99 38 .328 .89 1.17 38 251

*Significant at 0.05 level

strength increased significantly in EG compared to CG with
tag) = 2.96, p = .005, as did muscular endurance tg = 2.37,
p =.023, and balance t = 3.09, p = .004, and reaction time,
tas) = 2.37, p =.023. No significant post-test differences were
found for flexibility tsg = 1.63, p = .112, power tsg = .61,
p = .549, agility tuy = 45, p = .652, and BMI t(38) = 1.17,
p = .251.

These findings suggest that the experimental
intervention led to significant improvements in muscular
strength, endurance, balance, and reaction time in the
experimental group, while other physical variables did not
differ significantly between groups post-intervention.

Discussions

The results in Table 3 demonstrate significant
improvements in muscular strength following the yoga
intervention, particularly within the experimental group
(EG) during both the pre-test and post-test stages. These
findings align with a growing body of research that
underscores yoga’s effectiveness in enhancing muscular
strength and overall physical fitness. For example, yogic
practices can significantly enhance muscular strength,
particularly in the upper body and core muscles, due to the
intensity levels achieved through specific yoga postures (Lau
et al., 2015). Moderate benefits of yoga practice on muscle
strength, balance, mobility, and flexibility have also been
observed (Shin, 2021). Additionally, yoga poses typically
engage multiple muscle groups, contributing to overall
strength gains (Sivaramakrishnan et al., 2019). Significant
increases in muscular strength and endurance were noted
following an 8-week yoga program for players, emphasizing
yoga’s utility in improving muscular capabilities across
different populations (Singh et al., 2015). Furthermore,
yogas emphasis on alignment and posture plays a crucial role
in optimizing muscular engagement and strength efficiency
(Woodyard, 2011).

Building on these findings, the current study suggests
that the yoga intervention led to significant improvements
in muscular endurance for the EG compared to the CG.
These findings align with earlier research on yoga’s effects
on muscular endurance. A 6-week yoga program notably
enhanced upper limb and abdominal muscular endurance
in young women (Shiraishi & Bezerra, 2016), and a 12-week

yoga intervention improved abdominal endurance in young,
healthy participants (Shiraishi et al., 2017). Consistent yoga
practice over several weeks resulted in significant increases in
both muscular endurance and flexibility, further supporting
the link between yoga and physical fitness (Kame, 2018).
Additionally, a 12-week yoga program significantly improved
muscular endurance among working women in the textile
industry, with gains linked to the regular practice of yoga
asanas and Surya Namaskara (Kumar & Madaan, 2024).

Moreover, consistent research has demonstrated the pos-
itive effects of yoga interventions on flexibility among col-
lege students. Luo and Huang (2023) reported a significant
improvement in flexibility, as measured by the sit and reach
test, with p-values indicating statistical significance (p < 0.05).
Similarly, Raja and Balaji (2024) found that participants in
an experimental group engaging in yoga exhibited notable
enhancements in flexibility compared to a control group. Fur-
ther supporting these findings, Polsgrove et al. (2016) noted
that students who participated in a structured yoga program
showed significant improvements in flexibility over those
who did not engage in yoga, suggesting that the dynamic and
structured elements of yoga training are more effective for en-
hancing flexibility than traditional warm-up routines. Collec-
tively, these studies highlight the efficacy of yoga as a benefi-
cial practice for improving flexibility among college students.

Additionally, Studies have highlighted yoga’s effective-
ness in enhancing muscle power, with participants showing
significant improvements after just six weeks of practice.
For instance, Ghosh et al. (2023) observed substantial gains
in muscle power, while Singh et al. (2021) found that even
brief yogic interventions can produce measurable results.
Similarly, Wankhade (2020) reported marked improvements
in explosive power among college students, and Sandhyarani
& Shenbagavalli (2014) noted significant gains in an experi-
mental group practicing yoga, contrasting with a control
group that showed no notable change.

In terms of agility, the current study indicated that
participants who engaged in a yogic practice intervention
experienced significant improvements in agility compared to
a control group, with results showing statistical significance
at the 0.05 level, highlighting that traditional training alone
did not produce similar benefits (Singh, 2019). Similarly,
another study found that practicing yogic techniques like
asanasand pranayamaledto significantagilityimprovements,
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reinforcing yoga’s potential to enhance physical fitness for
both athletes and younger individuals (Sharma, 2019).
Furthermore, an additional study revealed that a several-
week yoga program could significantly enhance agility
across various groups, including college students and general
fitness enthusiasts.

In relation to balance, a study of a yoga intervention
revealed that participants practicing yogasana showed
significant improvements, suggesting that consistent yoga
practice can lead to measurable enhancements in this area
(Bhowmik & Ray, 2024). This finding is further supported by
a systematic review and meta-analysis, which demonstrated
significant improvements in balance from yoga interventions
compared to inactive controls, while those engaged in
alternative physical activities or no interventions did not
experience similar benefits (Sivaramakrishnan et al., 2019).

Moreover, the results shown in Table 3 indicate a
notable difference in visual reaction time (VRT) between
the experimental and control groups. This observation
aligns with prior studies, such as one by Madanmohan et
al. (1992), which found that yoga practices significantly
enhance reaction time. Furthermore, a meta-analysis by
Ghuntla and Dholakiya (2023) supports this by confirming
the beneficial effects of yoga on reaction time across various
populations. Additionally, other research has indicated that
short-term yoga training can effectively decrease baseline
visual reaction times in healthy individuals (Begum et
al., 2012). Interestingly, another study revealed that hand
quickness in simple visual reaction tasks was comparable
between university athletes and sedentary students (Rahman
et al., 2020), suggesting that the benefits of yoga may
extend beyond traditional athletic training. The observed
reduction in VRT within the yoga group further suggests
an improvement in sensorimotor skills and a greater
processing capacity of the central nervous system among
yoga practitioners, as indicated by Shobana et al. (2021).
Physiologically, this improvement is evident in the time it
takes for stimuli to reach the brain, which typically ranges
between 20-40 ms for visual stimuli (Kemp, 1973; Marshall
et al., 1943). Overall, these findings illustrate that yoga not
only positively influences reaction time but also enhances
sensorimotor skills and improves central nervous system
processing capacity as a result of regular practice.

Finally, the findings from the current study align with
the growing body of research supporting yoga as an effective
intervention for reducing BMI and improving overall
body composition. A systematic review and meta-analysis
demonstrated that yoga is a safe and beneficial approach
for addressing weight-related outcomes, particularly in
individualswhoareoverweightorobeseandhighlightedyoga’s
potential as a complementary strategy to traditional weight
management methods (Lauche et al., 2016). Consistent yoga
practice over 8 to 12 weeks resulted in notable reductions
in both BMI and body fat mass, which aligns with the
current study’s findings of significant improvements in body
composition through regular yoga practice (Na Nongkhai
et al., 2021). Decreases in BMI and other anthropometric
measures were observed after a 1-month yoga program in
obese individuals, reinforcing yoga’s efficacy in managing
obesity (Kumari et al., 2011). Yoga also significantly
alleviated symptoms of anxiety and depression in overweight
and obese individuals, alongside improvements in obesity,

without dietary changes (Dhananjai et al., 2013). Consistent
with these findings, the current study revealed a significant
reduction in BMI (from 26.4 + 2.5 to 25.22 + 2.4) in the EC,
with no changes seen in the CG, suggesting that yoga can
effectively regulate BMI without requiring pharmacological
intervention (Chauhan et al., 2017). Potential mechanisms,
through which yoga might reduce BMI, such as increased
energy expenditure during practice, add another dimension
to understanding how yoga contributes to overall body
composition improvements (Batrakoulis, 2022).

In summary, this study’s findings align with existing
literature demonstrating yoga’s positive impact on muscle
strength, muscle endurance, flexibility, power, agility,
balance, reaction time, and BMI, further supporting its role
as a holistic intervention for physical and mental well-being.

Conclusions

Based on the results, the experimental intervention is
a robust method for improving key fitness parameters—
muscular strength, muscular endurance, flexibility, power,
agility, balance, reaction time, and BMI. The significant im-
provements observed in the experimental group, but not in
the control group, confirm that these gains were due to the
intervention itself. These findings highlight the interven-
tion’s potential utility in programs aimed at comprehensively
enhancing physical fitness, offering both performance-relat-
ed and health-related benefits. Future studies could inves-
tigate the long-term sustainability of these improvements
and whether further enhancements could be achieved with
extended or modified versions of the intervention.
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MoriuHi npakTnKn AK AONOMiXKHNI NiaXig A0 po3BNTKY
$i3nuHoil nigroroBneHocTi: IHTepBeHUiNHe AOCNigKEHHA

Tapak Harx IIpamanik'A*“PE, Aminyp Paxaman'ABCPE,

Toman Yaugpa Caxa* 8Pk, Anymam Poir*AP“PE, TIynam IIpagxan'ABCPE

!leniiicbKnit yHiBepcuTeT

*YuiBepcuret BimBa-bxapati

*YuiBepcurer Kanbsani

ABTOpPCHKMIT BKTAJ: A — Au3aitH gocnipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pegepar. Crarrsa: 11 c., 4 Tabn., 2 puc., 82 mxeperna.

Icropis mutanHs. Vora € 1aBHBOIO TIPAKTUKO, KA PUBEPTAE yBATy CBOIMU TIOTEHIIIHUMY MepeBaraMu 3 TOUKHU 30Dy
BIUIMBY Ha PO3BUTOK M 30BOI CM/IU Ta BUTPUBAJIOCTI, THYYKOCTI, CM/IM, CIIPUTHOCTI, PIBHOBATY, Yacy peaxliiii Ta iHfeKcy Macu
tina (IMT), mo jae 3Mory BUKOPUCTOBYBATH 1[I0 METOAMKY AK eeKTUBHMUII JOMOMDKHMI ITifIXif] 1[0f{0 MOKpallleHHA 3araTbHOTO
CTaHy 30pOB’si Ta Pi3NYHOI Mi/fTOTOB/IEHOCTI.

Merta gocnipkeHHA. MeTa 11bOTo IOC/i/KEHHA MO/ATa/A B OLiHLi BIVIMBY IIECTUTVYKHEBOTO PEXXVMMY 3aHATD JIOTOI0 Ha 3a-
TaJIbHUIL CTaH 3[0POB’s Ta (Pi3sUYHY Mi/ITOTOB/IEHICTb CTY[CHTIB YHIBEPCUTETY YOIOBIYOI CTaTi.

Marepianu ta MeTomu. Y JOCTiPKeHHI B3A/mM y4acTb 40 CTyeHTiB-40/0BiKiB BikoM Bif 18 10 24 pokis 3 [leniiicbkoro yHiBep-
CHTETY, SIKUX OY/I0 PO3IIOJIZIEHO 32 METOLOM PAHAOMI3allil 10 eKCIIePMMEHTATbHOI Ta KOHTPOIBHOI IPYII, KOXKHA 3 SIKMX CK/Iajja-
nacs 3 20 yyacHMKiB. ExcriepuMeHnTanbHa rpyna IpoxXoan/ia IeCTUTVYKHEBII KypC 3aHATD 10T 010, 1110 BK/IIOYaB aCaHM, IPAaHAAMY
Ta MEAMTALI0, SKi IPOBOJAVIIMCS LIOHS I1ifi KePIBHUIITBOM cepTu(diKOBaHMX incrpykropis. KoHTpo/bHa Ipymna NpofoBKyBana
BMKOHYBATy CBOI 3BMYHI 1ofieHHi nponenypu. Ha nepen- i mocTiHTepBeHLiTHOMY eTalnax JOC/i/[)KeHH: IPOBeJeHO OL[iHKY I10-
KasHMKIB M'sI30BOI CMJIV, M’ SI30BOI BUTPUBAJIOCTI, THYYKOCTI, IIOTYXXHOCTI, CIIPUTHOCTI, pIBHOBAIH, Yacy peakxiiii Ta iHaeKcy Macu
tima (IMT). 3 MeToro aHasi3y HaHMX 3aCTOCOBYBA/IM AK ONMCOBY CTATUCTHUKY, TaK i iHpepeHuiiiHy cTaTucTuky (t-xpurepii misa
HapHIX i He3a/IOKHNX BUOIPOK) i3 BUKOPMUCTaHHAM IIPOrpaMHOro 3abesmnedeHns SPSS (Bepcis 25), 3 piBHeM sHauymocTi a = 0,05.

Pesynpraru. B ekcriepyMeHTaIbHIN IPYIIi CIIOCTEPiranocs sHaYHe MMOKPAIeHHs IOKa3HMKIB M 30BOI CU/IM, M’5130BOI BU-
TPUBAIOCTI, THYYKOCTi, CUJIM, CIIPUTHOCTI, piBHOBAry, 4acy peakiiii Ta ingexcy Macu tina (p < 0,005). HaToMicTb Y KOHTpPOJIbHIl
rpymi He Oy/10 BUSB/ICHO YKOIHMX 3HAYYIVX 3MiH y BUIL[eBKa3aHNUX ITapaMeTpax. [IopiBHANIbHMII aHATII3 Ha IIepeTeCTOBOMY eTarti
He TI0Ka3aB CYTTEBUX BiIMiHHOCTeN MK eKCIlepMMeHTAIbHOI Ta KOHTPOJIbHOIO IPYIIaMI 3a XKOIHOIO 3i 3MiHHMX. OfHaK IIpo-
BEJIEHHA IiC/IATECTOBOTO IIOPiBHANIBHOIO aHa/Ii3y MiXK IPyIaMy IPOJAEMOHCTPYBAIO CYTTEBI BiIMiHHOCTI B Ki/IbKOX KIHOYOBIX
acIeKTax: M’sA30Ba CIJIa, M A30Ba BUTPUBAIICTD, piBHOBAra Ta 9ac peakuii (p < 0,005). 3 inmoro 60Ky, He cIrocTepiranocs JOCTo-
BipHMX Bi]MiHHOCTeJ1 y TOKa3HMKaX IHYYKOCTI, CU/IM, CIPUTHOCTI Ta iHfexcy Macu Tina (p > 0,005).

Bucnoku. [llecTnTiKHEBa iHTepBEHLIIis i3 MPaKTUKM J1OTU CIIpysie epeKTUBHOMY ITi/{BUIICHHIO TOKa3HNUKIB M 30BOI CIIN,
M’5130BOI BUTPUBAJIOCTI, THYYKOCTI, HOTY>KHOCT], CIIPUTHOCTI, PIBHOBATH Ta Yacy peakiiii, a TaKOX 3MeHIIeHHIO iH/IeKCY Macy Tina
Y CTyHeHTiB yHiBepcuTeTy. BK/ItoueHHs ifory 10 mporpam (isMyHOro BUXOBAaHHA Ta IHAMBIyaTbHUX TPEHYBaHb MA€ MOTEHIia
IIS 3HAYHOTO TOJIIIIeHHA pe3ybTaTiB (isMyHOI MATOTOBKM Cepefi PisSHMX IPYII HaCe/eHHS.

KnrouoBi coBa: jioriuHa npakTuka, M’ A30Ba CIJI4, M A30Ba BUTPUBAJICTD, CTYIeHT yHiBepcuTeTy, hisiyHa Mi[rOTOB/IEHICTb.
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Abstract

Background. Linear programming, with its ability to account for multiple constraints and optimize linear objective
functions, is a promising tool for solving training planning tasks. This method enables the development of
individualized plans tailored to the specific goals of each player and the team as a whole.

Objectives. This study aimed to develop linear programming variants for automating the planning process of esports
teams’ training schedules, enabling the allocation of workloads and determining the optimal distribution of time
across various types of training while considering the individual characteristics of esports athletes, constraints, and
diverse strategic goals.

Materials and methods. A comprehensive analysis of scientific, methodological, and specialized literature was
conducted to ascertain the optimal use of resources, expert evaluation methods, linear programming, as well as statistical
methods. Reliable statistical methods were employed: the dichotomous scale (results were processed using Cochran’s Q
concordance coefficient, which determined the consistency of expert opinions regarding each type of training); and the
ratio scale (ranking) - the consistency of opinions was analyzed using Kendall's W concordance coefficient.

Results. An algorithm for determining the distribution of training workloads was proposed, which takes into
account expert-defined ratios and constraints. To optimize the planning of the training process for esports teams,
linear programming variants were developed, describing the distribution of time between different types of training
as a linear programming task. Variant 1 serves for static time allocation between various training types without
optimizing the distribution for specific goals. Variant 2 optimizes the time allocation, considering the individual
characteristics of athletes and the strategic goals of the team. It incorporates constraints such as the total weekly
training hours, the minimum required time for each type of training, and other limitations. The MS Excel Solver
linear optimizer was used to find the optimal time distribution. Variant 2 facilitates the investigation of different
scenarios for planning the training process of esports teams, demonstrating how the distribution of time across
training types changes depending on set goals and preparation phases.

Conclusions. Based on the proposed algorithm, linear programming variants were developed, successfully addressing
the task of automating the planning of esports team training. In contrast to Variant 1, Variant 2 offers an optimal
distribution of time among different types of training (team training, individual training, physical activity sessions, etc.),
considering the individual characteristics of players and the strategic goals of the team. It demonstrates high flexibility
and adaptability to various esports disciplines, thereby allowing the investigation of different scenarios. The proposed
approach can serve as a foundation for creating more advanced systems for managing the training process. Future
research prospects include expanding the functionality of linear programming by incorporating additional factors such
as psychological aspects, social dynamics within the team, and the physiological indicators of athletes.

Keywords: esports, management, training process, linear programming, workload, optimization.
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Introduction

Esports, as one of the most dynamic sports disciplines,
is characterized by rapid development and intense
competition. However, despite significant progress,
the training process for esports athletes still largely relies
on the intuition of coaches and the individual experience of
players, as noted by Chyzmar (2021) and Shynkaruk (2024).
The lack of scientifically grounded methods that consider
the individual characteristics of athletes and the fast-paced
development of esports limits their potential and leads
to inefficient use of time and resources. This inefficiency
manifests in overtraining or undertraining, difficulty
adapting to changes in the game, and decreased motivation.

The optimal distribution of training workloads is an
important yet underexplored area of modern scientific
research. One of the promising approaches is the use of linear
programming. Linear programming enables the optimization
of training programs, prediction of outcomes for various
scenarios, and the creation of personalized training plans.
The use of innovative tools based on linear programming
will enhance the efficiency of planning the training process
for esports athletes, ensure their sustainable development,
and help achieve higher performance outcomes.

An analysis of recent studies and publications reveals that
Bahrololloomi (2023), Nagorsky, and Wiemeyer (2020), and
Novak et al. (2020) investigated phenomena and processes in
sports, including esports, applying mathematical and statistical
methods to confirm or refute hypotheses and identify new pat-
terns. Several authors, including Shynkaruk et al. (2024), Byshe-
vets et al. (2024), and Lazko et al. (2021), proposed predictive
models and identified factors most influencing team victory.

Zhuk (2023) provides evidence of using mathematical
modeling methods to develop simulation models aimed at
improving the efficiency of detecting potentially suspicious
match-fixing in football. According to Zhuk (2023), these
methods can be adapted for identifying suspicious matches
in other sports. Modeling issues have been addressed in
works by Kostiukevych et al. (2023, 2024), Bezmylov (2024).

Chyzmar (2021) proposed a clear logic for formalizing
the processes of esports development in Ukraine, revealing
the basic mechanisms of the evolution of its subsystems
(developers/publishers of games classified as esports
disciplines, esports events, esports disciplines). Thisapproach
allows for assessing the impact of esports subsystems on
the emergence of new communities and target formal groups
and on diversifying esports disciplines.

Additionally, van Doornmalen (2023) and others
highlighted the use of integer programming methods for
tournament scheduling under a round-robin system,
proposing solutions for cases of double round-robin systems
where pairs meet twice in competitions.

A review of the scientific literature shows that existing
mathematical models for optimizing the training process
are often too complex for practical use in esports due to
intricate mathematical apparatus and a focus on a narrow
circle of specialists. This complexity arises from numerous
formulas, abstract concepts, and the need for deep
mathematical knowledge, as highlighted by Chyzmar (2023)
and Shynkaruk et al. (2024).

On the other hand, Byshevets and co-authors (2020), as
well as Hepler, Thangarajah, and Zizler (2016), demonstrate

the successful application of linear programming methods
using the MS Excel Solver optimizer in the training of spe-
cialists in physical culture and sports. Given the versatility
and accessibility of this tool, we propose its use for solv-
ing similar tasks in esports. The MS Excel Solver allows
for easy formulation of optimization problems in tabular
form, parameter adjustments, and obtaining results in an
understandable format. Furthermore, Techawiboonwong
and Yenradee (2023) highlight that the linear programming
algorithm employed by MS Excel Solver is well-studied and
widely used in various fields, ensuring its reliability and ef-
ficiency. This approach enables coaches and athletes to inde-
pendently create individual training plans without requiring
specialized expertise, thereby simplifying the preparation
process and increasing its effectiveness.

Despite significant progress in esports development,
there remains a shortage of scientific research dedicated to
creating individualized training plans that consider not only
gaming skills but also the physical and psychological state of
the athlete. While studies have been conducted on statistical
data analysis and forecasting in esports, the potential of
other mathematical methods, such as game theory, machine
learning, and optimization, remains underexplored.

Linear programming, with its ability to account for mul-
tiple constraints and optimize linear objective functions, is a
promising tool for solving training planning tasks. This method
enables the development of individualized plans tailored to
the specific goals of each player and the team as a whole.

The research hypothesis suggests that the application of
linear programming using the MS Excel Solver optimizer will
enable eflicient planning of training workloads, potentially
enhancing the performance of esports teams.

The purpose of the study was to develop linear
programming variants for automating the planning process
of esports teams’ training schedules, enabling the allocation
of workloads and determining the optimal distribution of
time across various types of training while considering the
individual characteristics of esports athletes, constraints,
and diverse strategic goals.

Materials and Methods

Research Methods

The study involved a review and analysis of scientific,
methodological, and specialized literature on the optimal
use of resources, identifying the prospects for applying linear
programming in the practice of esports.

Expert Evaluation

Expert evaluation played a key role in identifying
the main types of training workloads in esports, their
relative importance, and time constraints. This stage of the
study involved professional esports athletes and specialists,
providing a reliable foundation for further modeling and
analysis.

Evaluation Parameters

The expert group consisted of 11 individuals: 7 profes-
sional esports athletes and 4 esports specialists. The experts
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provided assessments regarding the importance and dura-
tion of various types of training required for the develop-
ment of both beginner and professional players. The evalua-
tions were conducted based on two main criteria:
1. Selecting the most important types of training from
the proposed options.
2. Assessing the relative importance of each type of
training in the preparation process.

Evaluation Methods

Reliable statistical methods were employed to analyze
the data obtained from the experts:

Dichotomous Scale

Experts assessed training types using “Yes” or “No”
responses. For example, they were asked to select the three
most important types of preparation for beginners from
seven options. The results were processed using Cochran’s Q
concordance coefficient, which determined the consistency
of the experts” opinions on each type of training.

Ratio Scale (Ranking)

Experts ranked different aspects of training preparation
by their level of importance. The consistency of their opinions
was analyzed using Kendall's W concordance coefficient,
enabling the identification of the most prioritized aspects.

Results of the Expert Evaluation

The experts identified the main types of training as
the most crucial for the development of esports athletes,
including:

o Technical training (improving game mechanics).

o Tactical training (strategies and team coordination).

o Psychological preparation (resilience to stress).

Time constraints and priorities were also established for
each type of preparation, forming the basis for constructing
mathematical models. The collected data provided the
foundation for developing training task programs and
optimizing the allocation of time across different types of
workloads in esports.

Linear Programming

Linear programming was employed to design and
optimize training plans for esports athletes. This method
enabled a structured analysis of training processes, taking
into account constraints and numerous variables to ensure
precise and efficient workload distribution (Shynkaruk,
Byshevets, Serhienko, Yakovenko, & Usychenko, 2024). Two
variants of linear programming were developed to address
different levels of complexity:

Linear Algebraic Equations (3x3)

The simpler variant (1) focused on the basic components
of training. It provided insights into the primary relationships
and dependencies between variables in the training process.
By simplifying the system to a 3x3 matrix, variant 1 clearly

visualized the key factors affecting training outcomes and
offered a framework for optimizing these components with
minimal computational complexity.

Linear Algebraic Equations and Inequalities (7x7)

The more complex variant (2) incorporated a broader
range of variables and constraints. These equations described
the intricate structure of the training system, accounting
for complex interrelations and dependencies. Expanding
the system to a 7x7 matrix enabled the simultaneous
evaluation of multiple training scenarios, considering both
fixed parameters and adjustable constraints. The inclusion
of inequalities provided flexibility for exploring various
training approaches and allowed variant 2 to account for
specific limitations, such as maximum available time or
resource constraints.

Linear Programming Approach

Both variants were formulated as linear programming
tasks aimed at the optimal allocation of resources and
workloads. Linear programming systematically supported
decision-making by ensuring compliance with all constraints
and maximizing or minimizing a defined objective function,
such as overall training efficiency or time utilization.

Implementation with MS Excel Solver

The linear programming variants were solved using
the MS Excel Solver optimizer. This tool delivered efficient
computations and visualization of optimal solutions within
the set constraints. The Solver’s functionality allowed
researchers to explore various scenarios by adjusting
parameters and constraints, dynamically enhancing training
plans for esports athletes. The solutions provided practical
recommendations on resource and time allocation across
different training components to achieve strategic goals.

Statistical Analysis

To ensure the reliability of data obtained during the study,
several methods of mathematical statistics were employed.
These methods focused on assessing the consistency of
expert opinions and the significance of the findings.

1. Cochran’s Q Concordance Coeflicient

Cochrans Q criterion was applied to evaluate data
assessed on a dichotomous scale (e.g., “Yes” or “No”). The
primary purpose was to determine the degree of agreement
among expert assessments in tasks requiring the selection of
the most important types of preparation from a predefined
set. The Q formula accounts for the variability in expert
choices and evaluates whether their assessments are random
or consistent. The significance of the results was tested by
comparing the computed Q value with the critical x* value
at a significance level of a = 0.05.

2. Kendall's W Concordance Coeflicient

Kendall's W coefficient was used to measure the
consistency of expert opinions when ranking the importance
of various preparation aspects. Unlike dichotomous
assessments, Kendall W considers the order of importance
assigned by each expert. The W value is calculated based
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on the deviation of individual rankings from the average
ranking, which reflects the level of agreement among experts.
A high W value indicates strong agreement. The significance
of the results was also tested using the x? criterion at a = 0.05.

3. Statistical Verification

All concordance coefficients were subjected to signifi-
cance testing to confirm their reliability. The x* criterion was
used to test the hypothesis of randomness or agreement in
the results. Calculations were automatically performed using
the Statistica software package. The statistical significance of
the concordance results was tested using the x> criterion at a
significance level of o = 0.05. This ensured the accuracy and
reliability of the collected data. All calculations were per-
formed using the Statistica software package (StatSoft, USA).

Results

Given the specifics of esports, planning training sessions
with different focuses is a particularly complex task. Based
on the results of a comprehensive review of scientific and
methodological literature on optimizing various types of
planning tasks under limited material and time resources, as
well as personal experience, we believe that planning diversi-
fied training for esports athletes requires special attention.

We begin with a simplified problem of time allocation
among various types of training for esports players at the
initial stage of preparation. To mathematically describe the
real system that represents the planning of esports athletes’
training processes, experts identified the most effective
training types necessary for successful mastery of an esports
discipline by novice players. They also established the types
of mathematical relationships (equations, inequalities) and
interdependencies among these elements.

Below is an example illustrating the consistency of
expert opinions regarding the most effective types of training
for novice esports athletes and their weekly durations. In
the first case, experts were asked to select the most effective
training types for beginners in esports, and in the second
case, to specify the number of hours needed for each type of
training (Table 1).

Similarly, relationships between the types of training
were identified, confirming the consistency of expert
opinions (p < 0.05).

Then, the problem statement for Variant 1 is as follows:
In the esports training program for novice athletes, there
are three types of training focuses: tactical, technical (game
mechanics), and psychological. The coach plans to allocate
a total of 15 hours to these three types of training as follows:
the time allocated to tactical training should be twice that of
technical training, and the time allocated to game mechanics
training should exceed that of psychological training by
3 hours. How many hours should be allocated to each type
of training?

Solution. To solve the problem, we formulated a
linear programming variant as a system of linear algebraic
equations. Let x, y, z represent the hours allocated to tactical,
technical, and psychological training, respectively. Then, the
SLAE describing the stated requirements is as follows:

x+y+z=15
x:2y (1)
y=z-3

We can write the problem in the form of a system
of linear algebraic equations (SLAE), ensuring that all
unknown variables are on the left side of the equals sign and
all constant terms are on the right side:

x+y+z=15
x—2y =0 (2)
y—z=-3

Here:

x represents the hours allocated to tactical training.

y represents the hours allocated to technical training
(game mechanics).

z represents the hours allocated to psychological
training.

The system of linear equations can be written in matrix
form as AX = B, where:

1 1 1 X 15
A=<1 -2 0)? X=<y>;B=<o> (3)
0 1 -1 z -3

Here:
A is the coefficient matrix.

Table 1. Determination of Linear Programming Variant Parameters

Expert Agreement (Focus Type)

Expert Agreement (Duration)

Training Focus Q=13.309; df = 6, p < 0.0384 weelzg :?1 ‘:Sr)ati"“ Q=16.363; df = 6, p < 0.0119
No, % Yes, % No, % Yes, %

Theoretical Training 54.5 45.5 5 81.8 18.2
Physical Training 45.5 54.5 10 90.9 9.1
Tactical Training 9.1 90.9 15 45.5 54.5
Game Mechanics (Technical Training) - 100.0 20 90.9 9.1
Teamwork and Communication 45.5 54.5 25 100.0 -

Psychological Training 36.4 63.6 30 90.9 9.1
Self-Game Analysis 54.5 45.5 35 100.0 -

Note: Q - Cochran’s concordance coeflicient; df — degrees of freedom calculated as (n—1)(n-1)(n—1), where n is the number of evaluated
objects; “No,” “Yes” - percentage of experts who chose a specific response to a question
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X is the column vector of unknowns (x, z).

B is the column vector of constants.

It should be noted that the elements of matrix A reflect
the relationships between different types of training, while
the elements of matrix B represent the constraints on the
training load times. The main matrix of the system combined
with the matrix of constants forms the augmented matrix of
the system:

1 1 1|15
A=(1 -2 0]o0 (4)
0 1 -11-3

Let us solve the problem using the MS Excel Solver
linear optimizer.

The key parameters for finding solutions are:

Constants — the augmented matrix of the SLAE.

Changing cells - the matrix X, which contains
the unknown variables , representing the distribution of
hoursallocated to different types of training (for convenience,
the matrix X is represented as a row rather than a column).

Objective function (OF) - the resulting indicator for
which the linear optimizer selects the best values (it should
be noted that in the absence of a predefined function to
be optimized, any cell containing a formula can be used as
the objective function).

Constraints — these are the conditions that must be
considered during the optimization of the objective function.

Let us consider the algorithm for applying linear
programming and the MS Excel Solver optimizer, adapted
to our task, which will have the following structure (Fig. 1).

[ Task Setting

1

S ——
;
}::1 Expert Evaluation Method

SZ

] J
Development of a Linear =7
Programming Variant
1

Linear Programming
Method

i
Finding the Distribution of .z ::1
Training Loads
1

Linear Programming
Method

Form a row of unknown

1 Enter initial data in MS
variables X

Excel
| L

Open the "Data" tab in
the main menu and
launch "Solver"

input the mathematical

3 Create a column AX and 4
function SUMPRODUCT

Add constraints AX =B
and impose the condition

X>0
1

Conclusion and
Recommendations Formation

Fig. 1. Algorithm for Determining the Distribution of Training
Loads Considering Expert-Defined Ratios and Constraints

\
b Press the "Solve" button

The result of the training load distribution using MS
Excel tools is presented in the figure (Fig. 2).

Thus, novice esports players at the initial stage of
preparation should allocate 6 hours to tactical training,

Matrix A B AX
Row 1| 1 1 1 15
Row 2| 1 -2 0 0 l Autofill
Row 3 0 1 1 -3,
| 6 3 6|

SUMPRODUCT (Row 1; $ Row $X)

Fig. 2. Result of Training Load Distribution

3 hours to technical training (game mechanics), and 6 hours
to psychological training. Using this approach, we were able
to optimally distribute training time among various types of
loads, considering all imposed constraints.

Let us consider a more complex scenario where various
factors need to be taken into account and multiple indicators
need to be optimized simultaneously.

We adapt the proposed algorithm for determining the
distribution of training loads, taking into account the ratios
and constraints identified by experts. It is important to
emphasize that the parameters of the linear programming
variant were also determined based on expert experience
and the consistency of their opinions on each aspect of the
training process considered in the variant. It should be noted
that as the complexity of the planning task increases, changes
will occur at step 5 of the training load distribution process.
This step will be supplemented by step 6 — the introduction
of an objective function, ensuring the optimal distribution
of time for different types of training and allowing for the
exploration of various scenarios.

Variant 2. A team of 5 esports athletes needs to distribute
time and resources among various types of preparation
to optimize their performance before an important
tournament. Several key areas are involved in preparation:
team training, individual training, match analysis, use of
technical resources, working with the coach, psychological
support, and recovery (physical activity sessions).

Solution. Let us define the following variables: x,- time
for team training (hours); x, - time for individual training
(hours); x; — time for match analysis (hours); x, — use of
technical resources (units); x5 — time for working with the
coach (hours); x, — time for psychological preparation
(hours); x, — time for recovery through physical activity
(hours).

The problem includes the following conditions and
constraints:

Total time and resources are limited to 50 hours per week.
Individual training should take 1.2 times more time than
team training. Time for match analysis should be 5 hours
more than time spent working with the coach. Psychological
support should take 3 hours less than recovery. Technical
resources should be proportional to the time spent on match
analysis, with a coeflicient of 0.8. Time spent on working
with the coach and team training together should be at least
15 hours. Recovery time should not exceed 10 % of the total
time.

Thus, the mathematical model of the problem is a system
of 7 linear algebraic equations and inequalities.

As in the previous case, we will input the initial data and
configure the necessary settings to obtain the solution using
the Solver add-in. Specifically, we will:

Form the column AX: Use the SUMPRODUCT function
to calculate the sum of the products of the rows of matrix A
and the row of unknowns X.
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(X1 +x, +x3+x4 + x5+ x5 +x;, =50
X, = 1,2 x4
X3 = x5 +5
4 X = X7 — 3
x4 = 0,8 x3
x; + x5 =15

\ x;, <01-50=5

Apply the calculation to the entire column: Extend the
formula to include all rows.

Step 5 adjustments (Figure 1) add the constraints to the
Solver configuration:

$J$2:$7$5=$1$2:$1$5 (The first four components of the
system are equations);

$7$6:$1$7>=$1$6:$1$7; $J$8<=$1$8 (The last three
components are inequalities);

$B$9:$H$9>=1 (The esports athlete must complete all
types of training);

$B$9: $H$9>= whole (The training time must be an
integer).

These steps ensure the proper setup of the problem
within MS Excel Solver to find an optimized solution based
on the defined mathematical model and constraints. Click
the “Find Solution” button to obtain the result (Fig. 3).

A B (& D E B G H | J
1 Matrix A B AX
2 Row 1 1 1 1 1
3 Row 2| -1,2 1
4 Row 3 1
5 Row 4
6 Row 5 -0,8 1
7 Row 6 1
8 Row 7| 1 5 4
10 X 15 18 3 8 1 1 4

Fig. 3. Result of weekly training load planning for esports athletes

Thus, each player in the esports team should plan for
15 hours of team training, 18 hours of individual preparation,
3 hours for match analysis, 8 hours of training with technical
resources, 1 hour for working with the coach, 1 hour for
psychological preparation, and 4 hours for physical activity
per week.

The proposed variant is based on linear programming
methods and allows for the exploration of different training
process scenarios, adjusting the balance between team and
individual training, analyzing gameplay situations, physical
activity sessions, and more. However, in real-world tasks,
it is often the case that multiple competing objectives exist,
requiring a compromise solution.

Therefore, in the process of planning training load
durations, we can introduce an objective function that enables
formalizing the set tasks and finding the optimal allocation
of resources. Even if the basic variant has a single solution,
introducing an objective function allows us to make it more
flexible and adaptable to various scenarios. For example,
we may aim to allocate more attention while balancing the

Xy +x, + X3+ x4 + x5+ x5 +x;, =50

X3 — Xs =5

—0,8x3 + x4 =0

x; + X5 > 15
x; <5

duration of activities such as team and individual training
and physical activity sessions. In this case, the objective
function would take the following form:

Z = X1 + X, + X7 > max (5)

It can be observed that the introduction of the objective
function (OF) significantly altered the distribution of time
among different types of training. Specifically, the time
allocated for physical activity increased to 5 hours. With the
time distribution shown in the row in the figure (Figure 4),
the objective function will reach its maximum value of
38 hours allocated to the specified types of training. At
the same time, the total weekly training duration remains
unchanged at 50 hours.

A B € D E F G H | J

1 Matrix A B AX

2 Row 1 1 1 1 1 1 1 1 50 50!

3 Row 2| -1,2 1 0

4 Row 3 1 -1 2 2

5 Row 4 1 -1 -3 -3

6 Row 5 -0,8 1 0 1

7 Row 6 1 1 15 17
| 8 Row?7 1 5 5

9 Z 1 1 1|OF 38

10 X 15 18 4 4 2 2 5

Fig. 4. Result of optimizing weekly training load for esports
athletes

Similarly, the coefhicients in the objective function can
be adjusted to observe how this affects the distribution
of time allocated for training. This approach allows us to
understand how sensitive the result is to changes in the input
data (Fig. 5).

It should be noted that the constraints ensure the
minimum inclusion of all types of loads, while the objective

~

Individual
training

“Team training

Match analysis  Use of technical ~ Work with a
resources coach

Psychological
preparation

Recovery

Number of Hours per Week

- a) without an objective function;

rZZE - b) 7=0,1x1+0,25x2+0,1x3+0,1x4+0,1x5+0,1x6+0,25x 7 (max);
—&— - ) Z=x4-x7 (min);

—a— - d) Z=x3+x7 (max)

Types of Training

Fig. 5. Optimization of time allocation in the training process of
esports athletes: comparison of different scenarios
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function determines which types of loads are prioritized.
The figure sequentially presents the following graphs:

Without an objective function - for distributing
the training load volume under predefined conditions.

With an objective function, that maximizes the overall
effect of the training process, prioritizing individual training
and physical activity.

With an objective function aimed at minimizing
the imbalance between time spent at the computer and
physical activity to ensure balanced athlete development.

With an objective function, that shifts focus toward
maximizing and balancing time spent on match analysis
and physical activity while distributing other types of loads
considering predefined constraints.

The proposed Variant 2 for allocating time to different
types of training can be applied both to an esports team,
taking into account the coach’s objectives, and to individual
players to address weaknesses and develop strengths.

Thus, the developed Variant 2 of linear programming,
aimed at supporting decision-making in the planning
of esports teams’ training, is flexible and accommodates
priority objectives, training phases, and the individual
characteristics of each athlete.

Variant 2 enables the exploration of various training
process scenarios and determines the optimal allocation of
time among training types, considering the individual char-
acteristics of players, constraints, and diverse strategic goals.

Discussion

The study revealed that potential applications of math-
ematical methods in esports include optimizing team com-
position, where the problem can be formulated as a system
of linear equations with unknowns. The coeflicients in these
equations represent the effectiveness of each player for a
specific role. Moreover, this approach opens avenues for
an in-depth analysis of game data, where systems of linear
algebraic equations (SLAE) can be effectively employed to
determine relationships between various game parameters
(e.g., the number of opponents defeated, deaths, assists) and
match outcomes. It has also been demonstrated that linear
programming can be successfully applied to strategy devel-
opment by representing different game scenarios as SLAEs,
with the unknowns being the optimal actions of the players.

The findings from this study highlight the versatility of
linear programming for solving planning tasks in esports
training processes. The proposed approach to workload
distribution allows for easy adjustments of task conditions
and facilitates the exploration of various scenarios depending
on set objectives, making it a practical tool for esports.

An algorithm for distributing training workloads was
proposed, taking into account expert-defined proportions
and constraints. This algorithm is flexible and can be adapted
to address a variety of planning tasks in esports training.

Two linear programming variants were developed to
model the training process of esports players, describing the
allocation of time across different types of training while
considering established constraints, such as the total number
of training hours per week. Using the simplex method of
linear programming, implemented via the MS Excel Solver
add-in, an optimal allocation of time that best aligned with
set objectives was determined in each case.

Further programming, involving adjustments to
the weighting criteria for training duration in the objective
function of Variant 2, enabled an examination of how
priority changes affect the optimal time distribution among
different types of training.

The results align with the findings of Matos et al. (2022),
Techawiboonwong, Yenradee (2023), and Yang et al. (2024).
For instance, Techawiboonwong and Yenradee (2023)
outlined an algorithm for developing an optimal aggregate
production plan that includes data collection, problem
formulation, solution determination using the MS Excel
Solver add-in, solution evaluation, and implementation
in production. This approach demonstrated effectiveness
in project planning, particularly in scheduling tasks to
achieve minimum total project costs. Our findings extend
and validate the work of Valenko and Klansek (2017), who
proposed addressing project time optimization problems
using the MS Excel Solver add-in, with subsequent
data transfer to MS Project for further management and
presentation of optimized time planning solutions.

Authors such as Alexander, Le, Tsiango (2018), and
Minami et al. (2024) share the view, which we fully support,
that implementing linear programming in well-known
software environments enhances its practical applicability.

Summarizing the data from scientific and methodological
literature and our own positive experience in applying linear
programming in physical education and sports (Byshevets
et al,, 2020; Shynkaruk, Lut, Pinchuk, Vasyliyev, 2024), we
proposed employing a similar approach to address practical
challenges in esports. Our previous research demonstrated
the effectiveness of using linear programming with the MS
Excel Solver in decision-making for esports management
(Shynkaruk et al., 2024), enabling continued exploration in
this area.

Conclusions

Linear programming enables the consideration of
multiple constraints, such as time, resources, and players’
physical capabilities, which are inherent to the challenges
of planning training regimens for esports athletes. The use
of the MS Excel Solver add-in automates the search for
an optimal training time allocation plan, allowing esports
coaches and players to make scientifically informed
decisions regarding training schedules, thereby enhancing
their overall efficiency.

Based on the proposed algorithm, linear program-
ming variants have been developed that successfully address
the automation of training plan optimization for esports
teams. Unlike Variant 1, Variant 2 provides an optimal dis-
tribution of time across different types of training (team
training, individual training, physical activity sessions, etc.),
taking into account the individual characteristics of athletes
and the strategic goals of the team. It demonstrates high flex-
ibility and adaptability to various esports disciplines and al-
lows for the exploration of different scenarios. The proposed
approach can serve as a foundation for the creation of more
complex systems for managing the training process.

This study clearly illustrates how linear programming
methods can be utilized to substantiate training plans, paving
the way for new opportunities to improve the preparation of
esports athletes.
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JNliHinHe nporpamyBaHHA AK 3aci6 ynpaBniHHA
TPeHyBaJIbHM NPoOLLeCOM KOMaHA B KibepcnoprTi
Oxkcana Ilunkapyk'A*“PE, Hatamis Bumesens'*5°PE, Ara Anpommua®ABePE,

Onena SIkoBenko'**“PE, Koctsautun Ceprienko'A5CPE,
Banepiit ITinayk'**“PE, Onexcaugp [erpux'*B<PE, Ipan JIy'ABCPE

"HanionanbHmit yHiBepcuteT PisIHOr0 BUXOBAHHA i CIOpTY YKpainn
*BonMHCbKuI HallioHaNbHNUI YHiBepcuTeT iMeHi Jleci Ykpainku

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

Pe¢epar. Crarrsa: 10 ¢, 1 Tabm., 5 puc., 23 mxepena.

Icropia nuranna. JliniliHe mporpaMyBaHHs, 3aB/IAKM CBOIII 3[aTHOCTi BPaXOBYBaT! MHOXXIHHI 0OMeXeHHA Ta ONTUMi3yBa-
TH JIiHIITHI 1i1b0BI PYHKII, € IIepCIeKTUBHIM IHCTPYMEHTOM /IS BUPIIIeHH: 3a/iad IUIAHYBaHHs TpeHyBaHb. Lleit MeTop 103BO-
Jis€ po3pOoO/IATH iHAMBIAYaIbHI IUIAHY, K] BIIOBINAIOTH KOHKPETHNUM Ii/ISIM KOXXHOTO TPaBIisi T KOMaHAM B L{I/IOMY.

Merta. Po3po6utn BapiaHTI JIiHITHOTO IIPOrPaMyBaHH: Il aBTOMATI3ALil [IPOLleCy IIAHYBaHHS TPEHYBATbHOTO IPOLECY
KibepcnopTHBHIX KOMAH/, SIKi ZO3BOJISITh PO3IIOAUISATI HaBaHTXKEHHsI Ta 3HAXOAUTH OITYMAJIbHIIL PO3IIOALT 4acy MK pisHUMMI
BUJIaMJ TPEHYBaHb 3 ypaXyBaHHAM IHAUBITyaIbHIX 0COONMMBOCTEI KibepCropTcMeHiB, 06MeXeHb Ta Pi3HIX CTPATeTiYHNUX LiIelt.

Marepianu i MeTogu. AHajli3 HayKOBO-METOAMYHOI Ta CIellia/IbHOI JIiTepaTypy 3 MUTaHb ONTUMAIbHOIO BMKOPUCTaHHA
pecypciB, METOIM €KCIIEPTHUX OLiHOK, /TiHi/THOTO IPOrpaMyBaHH:, CTATUCTUYHI METOMM. 3aCTOCOBYBA/INCA HalifiHi CTaTUCTUYHI
MEeTO!: AMXOTOMIYHa HIKaja (pe3yn1pTaTu 06pobmamncs 3a JonoMorow Koedilienra koukoppanii Koxpana (Q), sAxuit B3HaYaB
Y3TO/PKEHICTDb IyMOK €KCIIePTiB II0J0 KOYKHOTO BU/Y TPEHYBAHb); IIKasa BiTHOCHH (paH)XyBaHHA) - Y3TOKEHICTh YMOK aHasli-
3yBaJIi 3a JOIIOMOrolo Koedinienta koHKopaauil Kenpamma (W).

PesynpraTu. 3aIpOIIOHOBAHO /ITOPUTM 3HAXOIKEHHS PO3IIOAITY TPEHYBAIbHIX HABAHTAXEHb, SAKMII Iepefdadae ypaxy-
BaHHsI BI3HAYEHNX €KCIIePTaMI CIIiBBiHOIIEHD i 06MexxeHb. [I/Ist onTuMisalil IIaHyBaHHs TPEHYBaIbHOTO IIPOLeCy Kibepcrop-
TUBHOI KOMaH/IU pO3po06JIeHO BapiaHTM JIHIITHOTO IPOTpaMyBaHH:, AKi OMVCYIOTh PO3IOMIN Yacy MiXK pi3SHUMM BUJaMU TPEHY-
BaHb fAK 3aJlauy JiHillHOro IporpaMyBaHHA. BapianT 1 c/ryrye i1 CTaTUYHOTO PO3NOJIiNy Yacy MiX PiSHMMU BUIaMU TPEHYBaHb,
He ONTUMI3yl0un Leil PO3NO/i/I il KOHKpeTHi Ljii. BapianT 2 onTumisye posnofin yacy, BpaxoByloul iHAMBifyanbHi XapaKre-
PUCTVKM CIIOPTCMEHIB Ta CTpaTeriuHi 111l KoMaHAu. BiH BpaxoBye Taki 0OMe>XeHHsI sIK 3arajibHa KiIbKiCTb TOMH TPeHyBaHb Ha
TIDKJIeHb, HeoOXifHIIT MiHIMaIbHIII Yac Ha KOXKeH BIJ] TPEeHYBaHHA Ta iHIIi 06MexXeHHA. [ MOIIYKy ONTYMaIbHOTO PO3IOAiTy
vacy Oy/10 BUKOPUCTaHO JiHiiHWit ontuMisatop MS Excel Posp’sisyBau. BapianT 2 103BoIsI€ JOCTIIXYBaTH pi3Hi clieHapii miaHy-
BaHHsA TPEHYBa/IbHOTO IIPOLeCy KibepCIopTUBHOI KOMaH/Y, TeMOHCTPYIOUN, K 3MIiHIOETbCS PO3MOJLI Yacy Ha BUAM TPEHYBaHb
3aJIeKHO Biff IIOCTAB/IEHNX Iii/elt Ta (asu mifroToBKu.

BucHoBku. Ha 0CHOBI 3aIIpOIIOHOBAHOTO aITOPUTMY PO3POOIEHO BapiaHTM JHITHOrO MpOrpaMyBaHHsA, AKi YCIIIIHO BU-
pilIyIOTH 3aBAHHS aBTOMATK3allii I/IAHYBaHHS TPeHyBaHb KibepcropTuBHUX KoMaHA. Ha BifmiHy Bix Bapianty 1, BapianT 2
IPONOHYE ONTUMAIbHNUII PO3IOALI Yacy MK pisHMMM BUIAaMU TPeHyBaHb (KOMaH/IHI TPeHYBaHHs, IHAMBIyaIbHI TpeHYBaHHS,
3aQHATTS PYXOBOIO aKTMBHICTIO TOILIO) 3 ypaXyBaHHIM iHAMBIAya/IbHUX O0COONMMBOCTEl CIIOPTCMEHIB Ta CTpaTerivHuX IiijIelt Ko-
MaHfu. BiH geMOHCTpye BUCOKY IHYYKICTb Ta aJalITUBHICTD IO PI3HUX AUCLUUIUIH KibepcropTy i f03BoIsIe JOCIIKYBATH pisHi
ClieHapii. 3aIpOIIOHOBAHNIT HiAXif MOXKe 6yTH BUKOPUCTAHUIT K OCHOBA [/IsI CTBOPEHHs OI/IBII CKIaJHUX CHCTeM YIIPaB/IiHHs
TpeHyBa/IbHUM IpolecoM. IlepcrekTuBamMm MOfAbIINX JOCII/PKEHDb € PO3MNPEeHHs (QYHKIIOHATy JTiHITHOTO IpOrpaMyBaHH:A
IIJISIXOM BKJTIOYEHHS JJOFATKOBUX (DAKTOPIB, TAaKMX SIK IICHMXONOTIYHI acIeKTH, ColliabHa AMHAMiKa B KOMaHZAI Ta ¢isionoriuni
ITOKA3HMKI CIIOPTCMEHIB.

KirouoBi coBa: kibepcropT, ynpasliHH:A, TpeHYBaJIbHUI IPOLEC, JIiHilIHe IPOrpaMyBaHHs, HABAHTAXXEHH:, ONITYMIi3allid.
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Abstract

Objectives. This study aimed to examine the impact of inclusion students with motor impairment (MI) into adapted
physical education (APE) and school para-athletics on their feeling of pedagogical and school inclusion, as well as on

their psychological well-being and self-esteem.

Materials and methods. The study involved 96 pupils having motor impairment, aged 16.79 + 0.87, enrolled in
public schools in Morocco. The pupils were divided into three groups according to the para-athletics classification:
30 % (family of 30), 40 % (families of 40) and 30 % (family of 50). The participants were randomly assigned into
three groups: a control group with no specific programme, a group following an APE programme (24 sessions),

and a third group with APE and additional para-athletics sessions (24 sessions), including competitions for three
months. The assessments were carried out before and after the intervention. The scales were employed to gauge
self-esteem, psychological well-being, as well as feeling of pedagogical and schooling inclusion.

Results. The findings indicate that students who engaged in both the APE and para-athletics programmes exhibited
enhancements in their feeling of pedagogical and schooling inclusion, psychological well-being, and self-esteem,
when compared to the control group. The group that participated in both APE and para-athletics demonstrated

the most significant progress in this study.

Conclusions. The findings suggest that the integration of adapted physical education and inclusive sports, including
para-athletics, into school curricula in a systematic manner represents a pivotal element in promoting inclusion,
well-being and self-esteem among students with motor impairments.

Keywords: motor disability, psychosocial development, educational equity, school inclusion strategies, adapted

sports, adapted physical activity.

Introduction

The existing literature on the inclusion of students with
special educational needs (SEN) in education systems world-
wide has become a significant area of concern, supported
by a multitude of international frameworks (Direction des
Curricula, 2019b, 2019¢, 2019a; UNESCO, 2005). The most
significant of these is the United Nations Convention on
the Rights of Persons with Disabilities (2008), which places
particular emphasis on the necessity of inclusive education
for all children (United Nations, 2008). This shift towards in-
clusive education is indicative of a growing awareness of the
importance of equity and equal opportunity in educational

© Ben Rakaa, O., Bassiri, M., & Lotfi, S., 2025.
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environments (Lindsay Smith et al., 2017). Concurrently, the
advantages of physical activity on mental and physical health
are well substantiated in the literature (EI Moutaraji et al.,
2021a, 2021b; WHO, 2020). Such outcomes include a reduc-
tion in stress levels, an improvement in quality of life, and
a general sense of well-being (Biddle & Asare, 2011). Nev-
ertheless, the inclusion of students with motor impairment
(SWMI) into physical education programmes continues to
present a significant challenge (Mokmin & Rassy, 2024).
A review of the literature reveals that SWMD encounter
arange of physical, social, and pedagogical obstacles that re-
strict their participation in traditional sports activities (Bal-
las et al., 2022; Chomistek et al., 2019; Sammon et al., 2020).
To illustrate, a study demonstrated that physical barriers,
including access to infrastructure, and negative social atti-
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tudes impede the capacity of disabled students to participate
in physical activities to their fullest extent (Block & Obrus-
nikova, 2007). Furthermore, the absence of comprehensive
training for educators on the inclusion of SWMD in sports
programmes was identified as a significant barrier to their
participation (Vickerman & Maher, 2019).

It is imperative that physical activities are adapted and
that inclusive school sports programmes are implemented in
order to overcome the aforementioned challenges. Indeed,
research demonstrates that these approaches can not only en-
hance the inclusion of students with motor impairment, but
also facilitate their physical and psychosocial development
(Risyanto et al., 2024). It is thus imperative that educational
organisations modify their curricula to align with the specific
requirements of these students, thus facilitating a more inclu-
sive and equitable educational experience (Stentiford & Kout-
souris, 2022). The particular research context serves to high-
light the significance of adapted physical education (EPA) as
a constituent element of inclusive education (Martin-Rodri-
guez et al., 2024; Torres-Castro et al,, 2021). Students with
motor impairment encounter particular challenges that may
impede their engagement in physical activities (Ben Rakaa et
al., 2024b), such as physical limitations and low self-esteem
(Alhumaid et al., 2021). A recent study has demonstrated that
the incorporation of adapted physical activity can not only
enhance physical capabilities but also foster improvements
in self-esteem and general well-being (Wickman et al., 2018).
The integration of inclusive school sports facilitates the social
and educational inclusion of pupils with impairment (Hov-
dal et al., 2021). The creation of an environment in which
all students, irrespective of their physical abilities, are able to
participate in sporting activities serves to foster the develop-
ment of an inclusive culture that extends beyond the confines
of the classroom (Lieberman et al., 2024).

The evidence indicates that inclusive school sports pro-
grammes have a beneficial impact on the motor and social
skills of students with special educational needs (SEN) (Nal-
bant Correspondence & Sibel Nalbant, 2018). Furthermore,
these programmes have the potential to mitigate feelings of
isolation and cultivate more constructive interpersonal rela-
tionships among students, thereby facilitating their integration
into the school community (Wickman et al., 2018). It is of
the utmost importance to continue researching and develop-
ing strategies for the inclusion of adapted physical education
(EPA) and inclusive school sports, such as para-athletics, to
facilitate the inclusion of students with motor impairment in
mainstream educational settings. These approaches have the
potential to improve not only the physical and mental health of
students with motor disorders, but also their school and peda-
gogical inclusion, as well as their well-being and self-esteem.
In light of the growing emphasis on this topic, it is essential
to examine how school practices can facilitate such inclusion.
In particular, this study examines the influence of the inclu-
sion of children with motor-impaired in APE and school para-
athletics on their feeling of school and pedagogical inclusion,
as well as on their psychological well-being and self-esteem.

Materials and Methods

Study Participants

The study was conducted on a sample of 96 participants
with motor impairment, aged 16.79 £ 0.87, enrolled in regular

public schools in different regional academies in Morocco.
The participants were distributed as follows: 35 % lived in
rural areas and 65% lived in urban areas. The participants
were selected according to the following inclusion criteria:
they were enrolled in a regular class with able-bodied pupils,
they held a disability certificate issued by Entraide Nationale,
and they had a medical certificate of physical fitness allowing
them to participate in physical education classes. Parents
or legal guardians provided informed consent for their
children’s participation in the study and for the publication
of the results. Prior to their inclusion, the participants were
subjected to the International Paralympic Committee’s
disability classification system (International Paralympic
Committee, 2016), which was conducted by volunteer
experts in the field. The classification system revealed that
40% of the participants were eligible to take part in throwing
disciplines (field), while 60 % were able to take part in
running and/or jumping disciplines (track). Of these, 30 %
had cerebral impairment, 40% had amputations or similar,
and 30% had motor impairment due to spinal cord injuries.

Protocol

This study used the randomized controlled trial (RCT)
method to evaluate the impact of two adapted physical
activity (APA) programs : the adapted physical education
(APE) program alone and the combined APE+Para-athletics
program. Participants were randomly divided into three
distinct groups to minimize selection bias.

The first control group did not participate in any specific
program during the study period. The second group (EPA)
followed an EPA program, consisting of two weekly sessions
of one hour each, focused solely on EPA for a period of three
months.The third group (EPA-+Para-athletics) benefited
from the same EPA program as the second group, with
the addition of two extra sessions per week of 1h30 each,
dedicated to performance Para-athletics. This group also
took partin inclusive school sport competitions at provincial,
regional and national levels in school Para-athletics.

The school-based adapted physical activity (APA)
programme has been designed with the specific needs of
students with motor impairment in mind. The programme
focuses on two main athletic disciplines: throwing and
running/jumping. It is designed for educational purposes in
the teaching and learning cycles (APE) as well as for sporting
purposes within the framework of inclusive school sport.
In doing so, it takes into account the classifications of motor
impairment (cerebral deficiencies, amputations, spinal cord
injuries) in order to encourage the practice and physical
participation of students in PE classes, with the ultimate goal
of gradually including them in competitive sports.

The students’ physical education and sports (PE)
teachers devised learning cycles in the form of an APE
programme, tailored to the profile of their students with
motor impairment, as part of their PE teaching cycles.
Subsequently, Para-athletics training programmes were
established with the objective of optimising sporting
performance, and students were integrated into provincial,
regional and national competitions as part of an inclusive
school sport initiative.

The programme is structured in three phases:
initiation, development and consolidation. The intensity of
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the programme is progressive, with the level of difficulty
adapted to the individual abilities of the students. Regular
assessments and individualised progress monitoring
facilitate the adaptation of session content according to
the performance of each participant, while encouraging
participation in inclusive sports competitions to foster
the students’ physical and social development. In both
programmes, a pre-test and post-test were conducted, with
the Psychological Well-Being, Self-Esteem and sense of
pedagogical and school inclusion. Scale administered on
each occasion.

Measuring Instrument

Self-esteem

The Rosenberg Self-Esteem Scale (RSES) is a widely
used instrument for the assessment of global self-esteem.
The scale comprises ten statements, which are rated on
a four-point Likert scale, with the subject indicating the
extent to which they agree or disagree with each statement.
It is a reliable and straightforward measure that is employed
in a multitude of psychological, educational and clinical
contexts (Vallieres & Vallerand, 1990).

Psychological Well-being

The Ryft Psychological Well-Being Scale is a compre-
hensive assessment tool that evaluates six fundamental di-
mensions of well-being, namely autonomy, environmental
mastery, personal growth, positive relationships, purpose in
life and self-acceptance. The scale was developed in 1989 and
employs a Likert scale to quantify the aforementioned as-
pects. This instrument is frequently employed for the assess-
ment of psychological well-being in a multitude of cultural
and clinical contexts (Ryff, 1989).

Pedagogical Inclusion Scale

The current scales, namely the Sense of Pedagogical In-
clusion (SPI) scale and the Sense of school Inclusion Scale
(SSI), are founded upon the Norwegian iteration of Booth’s
Inclusion Index (Booth & Ainscow, 2002). Subsequently,
the data was incorporated into a face-to-face survey of a rep-
resentative sample of students with special educational needs
at various grade levels. The responses were then subjected to
an in-depth thematic analysis, which enabled the identifica-
tion of the principal dimensions of the feeling of pedagogi-
cal inclusion. Six SIP items were conceptualised in a 5-level
Likert format. The resulting items were then validated using
rigorous psychometric methods, including principal com-
ponent analysis and Pearson correlation. The Pedagogical
Inclusion Sentiment Scale (PIS) exhibits robust internal con-
sistency, as evidenced by a high Cronbach’ alpha coefficient
(a=0.83), ensuring that items consistently assess the concept
of inclusion. The factor analysis yielded two principal factors,
which collectively accounted for 60% of the total variance.

School Inclusion Scale

In order to assess the Sense of School Inclusion Scale
(SIS), a comparable methodology was employed to develop

the SIS scale (Booth & Ainscow, 2002), which resulted in a
12-item, 5-level Likert scale. The SIS items were subjected
to rigorous psychometric validation, employing principal
component analysis and Pearson correlation. A high
Cronbach’s alpha coeflicient (a = 0.85) indicates strong
internal consistency, thereby guaranteeing that the items
reliably measure the concept of school inclusion. The results
of the factor analysis indicate the presence of three principal
factors, which collectively account for 65% of the total
variance.

Statistical Analysis

All the variables studied were summarised using
descriptive analyses. A one-factor ANOVA variance test
was then performed to compare the pre- and post-tests of
the variables related to feelings of inclusion, psychological
well-being and self-esteem, and a percentage change was
calculated using the formula (post-test-previous)/previous
*100 if the difference between the pre- and post-tests was
significant. A Bonferroni-corrected repeated measures
ANOVA test was then performed to compare the effects
of each pair of variables between the three groups (control,
EPA, EPA+ para-athletes). Finally, a Pearson correlation test
was performed to assess the strength of the relationships
between the variables studied.

Results

This section presents a three-stage analysis. Firstly,
the study presents descriptive data, including the mean
and standard deviation of SPI, SSI, psychological well-
being and self-esteem, before and after the implementation
of the experimental protocol. Subsequently, the study
analyses the observed variations between the three groups
of participants, both before and after the intervention.
Finally, the study examines the nature of the correlations
between the different variables measured.

Evolution of educational inclusion
and psychological variables

Table 1 shows the comparative analysis of the effects
of three different interventions on parameters related
to educational inclusion and psychological variables.
The control group showed no significant change in any of the
variables studied. However, there was a significant decrease
in SIP (-14 %, p = .004). The Adapted PE group demonstrated
notable enhancements in a number of variables. There was
a statistically significant increase in self-esteem (p < .000),
autonomy (p =.009), and environmental mastery (p =.000)
by 3.25%, 2.775 %, and 4.151 %, respectively. Furthermore,
there was a notable increase in personal growth, with a
3.432 % increase (p =.002). The group that benefited from the
combination of Adaptive PEand Para- Athleticsdemonstrated
significant improvements in nearly all measured dimensions.
There was a statistically significant increase in self-esteem
(p < .000), with a mean change of 3.73 %. Additionally,
there were notable improvements in autonomy (p < .000)
and environmental mastery (p < .000), with mean changes
of 7.646 and 8.824, respectively. Furthermore, this group
demonstrated noteworthy enhancements in their positive
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Table 1. Evolution of pedagogical and school inclusion, self-esteem and psychological well-being before and after

intervention
Experimental protocol
Variables Control (n=33) APE (n=31) APE+ Para-Athletics (n=32) p
Before After F Before After F = Before After F
SPI 3.57+0.65 3.07+0.71 8.862 .0043.68+0.83 3.98+1.04 1.098 .299 3.83%0.70 4.69+0.40 27.866 .000
SSI 2.82+0.59 2.84+0.62 0.041 NS 3.29+0.63 3.82+0.87 3.328 .073 3.30+0.52 4.40+0.54 59.257 .000

Self-Esteem
P-WB Autonomy

1.98+0.45 2.04+0.47
2.18+1.40 2.18+1.40
P-WB Environmental mastery 2.88+1.49 2.76+1.54
P-WB Personal growth

P-WB Positive relations with  2.48+1.52 2.21+1.27
others

P-WB Purpose in life
P-WB Self-acceptance

2.73%11.86 2.48+1.44 0.643

0.057 NS 2.19£0.42 3.25+0.58

2.27+1.26 2.52+1.25 -0.713 NS 2.81+1.64 4.42+2.00

2.39+1.68 2.88+1.58 -1.174 NS 2.61+1.73 4.26+2.28

66.852 .000 2.25+0.50 3.73+0.50 139.932 .000

0.000 NS 4.16+1.44 5.39+1.84 -2.775.009 4.16£1.74 6.50+£0.76 -7.646 .000
0.318 NS 3.45£1.52 5.42%£1.96 -4.151.000 3.72%1.53 6.31+0.78 -8.824 .000
-3.432 .002 3.03+1.75 5.34%1.45 -6.136 .000

0.727 NS 2.84£1.63 4.74£2.02 -4.077 .000 3.28+1.82 5.91%£1.23 -7.501 .000
NS 2.94£1.93 5.90£1.68 -7.178 .000 3.47£1.87 6.28%+1.37 -6.378 .000
-3.437 .002 2.78+1.62 5.13+1.98 -5.850 .000

P-WB. Psychological well-being, All results are written as meantstandard deviation

interpersonal relationships (+7.501, p < .000) and personal
growth (+6.136, p <.000).

Effects of programs on educational inclusion
and psychological parameters

Tables 2 and 3 show the results of an analysis of
variance (ANOVA) used to assess the impact of different
interventions on key variables related to educational
inclusion and psychological well-being. The results show that
all variables show statistically significant differences between
groups, with p-values below 0.05. For example, the “self-
esteem” variable has an F-value of 84.026 with a p-value less
than 0.001, indicating a statistically significant difference
between groups. Similarly, autonomy and environmental
mastery show substantial differences, with high F-values of
85.724 and 39.269, respectively, and p-values less than 0.001.
These results underline the effectiveness of interventions,
particularly those involving adapted physical education

(EPA) and Para-Athletics, in improving participants’
perception of inclusion and psychological well-being.

Relationship between educational inclusion
parameters and psychological

The following table presents the correlation coeffi-
cients between a number of variables related to the field
of educational inclusion and the construct of psychologi-
cal well-being. The variables examined include the sense of
pedagogical inclusion (SPI), the sense of school inclusion
(SSI), self-esteem and various dimensions of psychologi-
cal well-being, such as autonomy, environmental mastery,
personal growth, positive relations with others, Purpose in
life and self-acceptance. The results demonstrate a notable
positive correlation between variables, with the majority of
correlations exhibiting a high level of statistical significance
(p < 0.01). For instance, self-esteem demonstrates robust
correlations with SSI (r = 0.711, p < 0.01) and purpose in life

Table 2. Effect of programs on pedagogical and school inclusion, as well as on self-esteem and psychological well-being,

according to the 3 intervention modes

Variables ANOVAT
SC df Carré moyen F P
SPI 28.982 2 14.491 30.950 .000
SSI 36.161 2 18.081 49.165 .000
Self-Esteem 33.489 2 16.745 84.026 .000
P-WB Autonomy 367.354 2 183.677 85.724 .000
P-WB Environmental mastery 168.935 2 84.467 39.269 .000
P-WB Personal growth 109.262 2 54.631 22.360 .000
P-WB Positive relations with others 168.553 2 84.277 32.563 .000
P-WB Purpose in life 187.625 2 93.812 30.204 .000
P-WB Self-acceptance 57.293 2 28.646 7.804 .001

SC. Sum of Squares Type III, P-WB. Psychological well-being, SPI. Sense of Pedagogical Inclusion, SSI. Sense of school inclusion, NS. Not

Significant, Significant p < .05
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Table 3. Pairwise comparison of variables on pedagogical and school inclusion, self-esteem and psychological well-being

according to the 3 intervention modes

APE+ Para-Athletics

— Control (n = 33) APE (n=31) (n = 32)

APE Aiﬁ:i::?::- Control AAPfl;eI:?s:- Control APE
SPI .000 .000 .000 .002 .000 .002
SSI .000 .000 .000 .020 .000 .020
Self-Esteem .000 .000 .000 .003 .000 .003
P-WB Autonomy .000 .000 .000 NS .000 .000
P-WB Environmental mastery .000 .000 .000 NS .000 .000
P-WB Personal growth .000 .000 .000 NS .000 .000
P-WB Positive relations with others .000 .000 .000 019 .000 .019
P-WB Purpose in life .000 .000 .000 NS .000 .000
P-WB Self-acceptance .000 .001 .000 NS .001 .001

P.WB. Psychological well-being, SPI. Sense of pedagogical inclusion, SSI. Sense of school inclusion, ** Very Significant (p < .01),

* Significant (p <.05)

(r=0.632, p < 0.01), suggesting that elevated levels of school
integration and well-defined Purpose in life are associated
with enhanced self-esteem. Moreover, autonomy is signifi-
cantly correlated with environmental mastery (r = 0.833,
p < 0.01), indicating that individuals who perceive them-
selves as autonomous tend to also perceive a high level of
control over their environment. Moreover, the correlations
illustrate the interconnectivity of the diverse dimensions of
psychological well-being, emphasising the comprehensive
scope of these concepts.

Discussion

The findings of this study underscore the significant
impact of adapted physical education (APE) in conjunction
with para-athletics on the development of mental skills in
students with motor impairments. It is noteworthy that
participants in both APE and para-athletics programmes
demonstrated improvements in skills such as stress
management, self-confidence and concentration. These

findings lend support to the proposition that engagement
in structured physical activities serves as an efficacious
conduit for the cultivation of psychomental skills, which
are indispensable for navigating the quotidian challenges
faced by these young individuals (Bouchard et al., 2012;
Donnelly et al., 2016). Moreover, the findings of this study
are in alignment with those of previous research, which
demonstrate that when physical activities are tailored to the
specific requirements of students, they not only enhance
their physical abilities but also have a considerable impact on
their mental well-being (Shields & Synnot, 2016). The results
of recent research also corroborate these findings, indicating
that APAisaneffectivemethodforreducinganxiety symptoms
in young people with special educational needs (Anker et
al., 2024). The results corroborate the psychosomatic and
cognitive benefits observed in the aforementioned study.
The participants displayed enhanced concentration,
particularly those involved in para-athletics. The capacity
to sustain attention and focus on particular tasks is of para-
mount importance, not only in the context of sporting activ-

Table 4. Correlation matrix for variables relating to pedagogical and school inclusion, self-esteem and psychological

well-being
Variables 1 3 4 5 6 7 8 9
1 SPI 1
2 SSI 6031
3 Self-Esteem 542%% 7111
4 P-WB Autonomy 592%% 463**  580%* 1
5 P-WB Environmental mastery S552%% 408 505% 833 1
6 P-WB Personal growth A34%% 0 392%%  459%*  565%*  565%* 1
7 P-WB Positive relations with others A440*%  345%%  485%%  659%* 587 626" 1
8 P-WB Purpose in life 4424 5476324 L672% 636 .498**  532%* 1
9 P-WB Self-acceptance 319% 275%¢ 305%F  .383** 253 4767 4197 244* 1

P.WB. Psychological well-being, SPI. Sense of pedagogical inclusion, SSI. Sense of school inclusion, ** Very Significant (p < .01), * Significant

(p<.05)
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ities, but also with regard to academic achievement and the
effective management of daily activities (Camacho-Morles et
al., 2021). Prior research has indicated that regular participa-
tion in a sport, particularly when adapted to the individuals
abilities, is associated with enhanced attention regulation
and increased concentration (Hut et al., 2023; Vaughan &
Laborde, 2021; Zimmerman, 2006). The aforementioned
cognitive abilities facilitate more effective navigation of often
challenging school environments, thereby enabling the real-
ization of full academic potential (Camacho-Morles et al.,
2021). The findings of this study serve to reinforce the argu-
ment that APE and para-athletics programs confer benefits
upon students in a number of ways. In addition to promoting
physical development, these programmes have been dem-
onstrated to markedly enhance students” cognitive abilities.
A further central aspect of this study is the significant
improvement in the sense of pedagogical and school
inclusion among students participating in EPA and para-
athletics programmes. A notable difference was observed
in the participation of BEP students in physical sports
activities, as evidenced by one study (Ben Rakaa et al,
2024b). Furthermore, the perceptions of the students’
teachers and their sense of pedagogical competence play
a pivotal role in determining whether these students are
integrated into the classroom (Ben Rakaa et al., 2024c,
2024a). The enhanced feeling of inclusion observed in this
study is of the utmost importance for students with motor
impairment, who frequently encounter physical, social and
pedagogical obstacles that restrict their active involvement
in the conventional school environment (Sammon et al.,
2020). The findings of this study suggest that students in the
experimental groups, particularly those engaged in para-
athletics, not only reported a heightened sense of acceptance
from their peers but also exhibited enhanced inclusion
within the school community (Prince & Hadwin, 2013). This
sense of inclusion extends beyond mere physical presence
in the classroom and encompasses active and meaningful
participation in educational activities, which is vital for the
emotional and social well-being of students with impairment
(Organization World Health, 2003). The findings of a
recent study have confirmed that students with MD have
experienced an improvement in their interpersonal relations
and a greater sense of belonging (Prince & Hadwin, 2013).
The observed correlations between mental abilities and
the feeling of being included in school serve to highlight
the importance of LFS and para-athletics programmes for
the overall well-being of students with motor impairment.
The results demonstrate a significant correlation between
enhanced self-confidence and commitment — two pivotal
skills for academic and personal success — and an improved
perception of academic inclusion (Prince & Hadwin, 2013).
The enhancement of these skills provides students with the
requisite tools to effectively navigate the social and academic
challenges they encounter, thereby optimising their overall
educational experience and long-term success (Song &
Song, 2023). Furthermore, recent research findings suggest
that APA programmes incorporating competitive elements,
such as para-athletics, have a notable impact on enhancing
students’ psychosocial abilities (Puce et al., 2023). The results
corroborate our findings and underscore the necessity of
integrating these interventions into educational systems to
advance global school inclusion, as evidenced in our study.

Furthermore, the findings of this study underscore the
potential benefits of integrating APE with competitive sports
such as para-athletics. This integration could enhance the
development of mental skills and promote educational in-
clusion at both pedagogical and school levels. The combined
APE + school para-athletics programme demonstrated
the most substantial improvements in students, indicating
that the integration of inclusive competitive sports is an effi-
cacious approach to developing skills such as resilience, goal
setting and mental preparation (Martin-Rodriguez et al,,
2024; Weinberg & Gould, 2023). Furthermore, research in-
dicates that competitive sports offer students with MD par-
ticular opportunities to challenge themselves, expand their
abilities and improve their self-confidence while facilitating
greater social inclusion (Ballas et al., 2022). This perspec-
tive is corroborated by evidence indicating that competitive
sports, when adapted to the needs of MD students, have a
significant positive impact on their general well-being and
engagement at school (Shapiro & Martin, 2014).

Inclusion in EPA and para-athletics programmes also
appears to have long-term effects on psychological well-be-
ing, as evidenced by improvements in stress management
and control of distractions. Such abilities facilitate the recon-
ciliation of academic expectations with the obstacles associ-
ated with the disability (Camacho-Morles et al., 2021). The
results demonstrate that these programmes provide a struc-
tured and supportive environment in which students can not
only enhance their physical capabilities but also cultivate ef-
fective strategies for managing stress and distractions, which
are essential for their academic success. This observation is
corroborated by previous research, which also confirms that
interventions combining physical activity with clear goals
and high expectations are particularly effective in develop-
ing resilience and stress management skills in young people
with impairment (Shields & Synnot, 2016). Furthermore, re-
cent research has demonstrated the long-term advantages of
structured physical activity programmes, which not only en-
hance physical health but also foster psychological resilience
and improve academic performance (Andermo et al., 2020).

Conversely, this study underscores the significance
of APE and para-athletics in the advancement of physical
capabilities and their indispensable function in fostering
the mental and social well-being of students with motor
impairment. The results demonstrate that these interventions
should be regarded as indispensable components of any
strategy designed to facilitate school inclusion and enhance
the quality of life of students with special educational
needs. The implications of these results are significant and
suggest that schools should integrate APE and para-athletics
programmes into their curricula in a more systematic
manner in order to optimise the benefits for all students,
particularly those with mobility impairments.

Conclusions

The findings of this study demonstrate the significant
impact of adapted physical education (APE) programmes
and inclusive school sports on the perception of pedagogical
and school inclusion, psychological well-being and self-
esteem among students with motor impairment. The results
demonstrate that students who engage in these programs
exhibit notable enhancements in these domains when
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compared to those who attend conventional physical
education classes. The results of the statistical analyses
indicate that interventions combining APE and para-
sport activities are particularly effective in improving self-
esteem, feelings of inclusion and various dimensions of
psychological well-being, including autonomy, mastery of
the environment and positive relations with others. Such
programmes facilitate not only better inclusion in the school
environment for these students, but also contribute to their
personal development and general well-being. The study,
therefore, emphasises the necessity to maintain and
extend these inclusive methodologies, which appear to
be fundamental instruments for enhancing the quality of
life and social inclusion of pupils with motor impairment.
The results therefore indicate the necessity for a more
comprehensive integration of adapted physical activity
and para-sport into school curricula, with the objective of
facilitating more efficacious school inclusion and enhanced
psychological well-being for these young individuals.

Although the present study focused on a three-month
period, existing literature suggests that the improvements
observed in psychological well-being and sense of inclusion
maypersistbeyondtheinterventionperiod, providedstudents
continue to participate in adapted physical activities. Further
research is required to test this hypothesis. In the Moroccan
context, where the infrastructure for inclusive education is
still under development, the integration of adapted physical
activity plays a pivotal role in enhancing physical abilities
and eliminating residual social and educational obstacles.
The Moroccan experience offers a valuable case study that
illustrates how inclusive education programmes can be
adapted to overcome the aforementioned challenges. In
order to optimise the effectiveness of APA programmes, it is
recommended that educational establishments implement
a system of ongoing training for educators on the most
effective methodologies for inclusion. Furthermore,
the involvement of parents in the process, for instance
through their attendance or participation in particular
activities, can serve to reinforce the student’s commitment
and foster a favourable environment within the home.
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CnpuAHHA iHKN03iT Ta 6Gnarononyydio yepes iHKNO3NBHE
$isnyHe BUXoBaHHA Ta napacnopT: 3aCTOCYBaHHA
nigxoay wWoao NigniTKie 3 NOpywWeHHAMN MOTOPUKIN

Omap ben Pakaa'A®P, Mycrada Bacipi'**“P, Cain /Totdi' B

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

Pedepar. Crarrs: 9 ., 4 Tab1., 47 mKepena.

Mera mocnimxenns. MeTa gocmifykeHHA TOJIATaNa Y BUBYEHH] BIUIMBY 3aTydeHHA YYHIB 3 HopymmeHHAMN MoTopuku (IIM)
o afanToBaHoro ¢isuyHoro BuxosaHHA (ADB) Ta MIKiIbHOI MapaaT/IeTUKY Ha IXHE Bif9yTTs iHK/TIO3i1 B IejaroriyHoOMy Ta IIKi/Ib-
HOMY CepeJoBUIIli, a TAKOXX Ha IXHE IICUMXO/IOTiYHe 6}1ar0n071yqq;1 Ta CaMOIIOBary.

Marepianu Ta MeToay. Y JOCTIIKeHH] B3/ y4acTb 96 y4HiB BikoM 16,79 + 0,87 pokiB, AKi MaloTh HOPYIIEHHA MOTOPHOL
(YHKIT Ta HABYAIOTHCS B IeP>KaBHUX MIKOMaX Mapokko. Y4HiB Oy/10 pO3IIOAiNIEHO Ha TPy IPYIM BiIIOBIHO /1O [TapaaT/Ie TUIHOI
knacuikanii: 30 % (cimerictso 3 30), 40 % (cimericTBo 3 40) Ta 30 % (cimericTBO 3 50). Y4acHUKIB HOCII/KEHHA POSIOfI/IEHO 3a
MEeTOJIOM paH/joMis3alil Ha TPy IPyIN: KOHTPOIbHA IPyIa 6e3 CIerianbHOI Iporpamuy; rpyma, ska saiiMaacs 3a nporpamoro AOB
(24 3aHATTA); a TAKOX TPeTA IPYIIA, AKa BUKOHYBaa mporpamy ADB Ta 1ofaTKOBi 3aHATTA 3 MapaaTneTNKN (24 3aHATTA), BKITIO-
Yaroul 3MaraHH:A BIPOJOBX TPboXx MicALiB. [IpoBefileHHA OL[iHIOBaHHSA 3/1i/ICHIOBAIOCS Ha eTallax Mepefi- Ta IOCTiHTepBeHIiliHO-
ro repiofis. [l BUSHaUYeHHs PiBHS CaMOIIOBArH, IICUXOJIOTIYHOrO GIaTOMONTyYds, @ TAKOXX BifYyTTs IHK/IIO3II B IefaroriyHoMy
Ta WKiTbHOMY CepelOBUILi BUKOPMCTOBYBA/I! BilTIOBiIHI IIKa/IN.

Pesynpraru. OTpyMaHi faHi CBifl4aTh PO NOJINIIEHHA BifuyTTsA iHKIIO3il B IefarorivyHoMy Ta MIKiTbHOMY CepeloBMILi,
IICUXOJIOTiYHOTO 6/1aroo/TyYdsi Ta CAMOIIOBAI B Y4HIB, AKi 3amydanucs o nporpam ADB Ta mapaaTieTnku, IOPiBHAHO 3 KOHTP-
O7IbHOIO TpyIIofo. [pyma, sika 6pasa ydacTs sk y 3auaTTsax 3 ADB, rax i B mapaarmieTuili, mpofeMOHCTPyBaia HaiOiIbI 3HAYHII
IIPOTPecC 3a pe3ynbTaTaMy LbOTO JOC/iPKEHHA.

BucnoBku. IIpencTaBieHi pe3ynibraTu JO3BOJAIOTh CTBEPAXKYBATH, IO CUCTEMAaTUYHA IHTETpaliis afanToBaHOro (PisuYHO-
IO BUXOBaHH:A Ta iHK/IIO3MBHOTO CIOPTY, 30KpeMa IapaaT/leTUKN, O WKiNbHMX HaBYa/JIbHUX IIPOIPaM € K/IIOUOBMM €/1€MEHTOM
y cupusiHHI iHK/TI0311, 6/1aroIo/IyY4s Ta CaMOIIOBAry Ceper] Y4HIB 3 HOPYIIEHHAMI MOTOPYKIL.

KnrodoBi cnoBa: iHBaliIHICTh BHACTIOK IOPYLIEHHS MOTOPUKH, IICMXOCOIiaIbHMIT PO3BUTOK, OCBiTHA PiBHICTb, CTpaTerii
IHIKiNbHOI iHK/II0311, afalITOBaHi BUAY CIIOPTY, alaliTOBaHa (i3N4YHA aKTUBHICTD.
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Abstract

Objectives. The prime objective of the study was to develop a new variation index that can be used to identify

the mechanical variations in the step pattern of the approach run.

Materials and methods. Twelve national-level long jumpers (age 19 + 0.32 years) were analyzed in this study. Five
high-speed action cameras with a resolution of 1920 x 1080 pixels at 120 frames per second were used. The data
obtained were digitized with Quintic Motion Analysis software (v.33). In order to construct a Variation Index,

the method of partial least squares structural equation modeling (PLS-SEM) was used. Additionally, a Principal
Component Analysis (PCA) was applied to construct latent variable for the PLS-SEM.

Results. The results of the study revealed that step variation was started at the last 5th step of the approach run.
Moreover, mechanical variation was observed among the last three steps of the approach run. These findings suggest
that mechanical preparation for the final take-off in the long jump might start during the middle phase of the

approach run.

Conclusions. The Variation Index introduced in this study offers a detailed understanding of an individual’s
approach run technique. Coaches and athletes can use this information to implement precise training strategies for
optimizing the preparation for the final take-off during the approach run.

Keywords: biomechanics, principal component analysis, PLS-SEM method, motion analysis, latent variable.

Introduction

The variation index introduced in this study is based on
the Partial Least Squares Structural Equation Model (PLS-
SEM). This study draws substantial inspiration from the
work of Oliva-Lozano et al. (2024), who developed a similar
synthetic index. Cefis and Carpita (2024) have also showed
the applicability of the PLS-SEM model within the games
and sport. The current study also like to acknowledge the
work of Crocetta et al. (2021) for their valuable contributions
in illustrating various approaches to constructing the PLS-
SEM model under different conditions. In this study, we
apply these established methods specifically to track and
field events, exploring a new perspective within this domain.
To our knowledge, this approach offers a unique application
in track and field, contributing a novel angle to the field of
sports analytics.

© Phukon, A. J., & Dhar, K., 2025.
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The approach run in long jump is a crucial phase that
determines the athlete’sjump performance (Linthorne, 2006).
In order to achieve maximum jumping performance, athletes
must have precise control over their speed, stride length
and stability throughout the approach during the appraoch
run (Linthorne et al., 2005). In the field of sports, slightest
mechianincal variations in thestep pattern of the appraoch
run can have significant impact on take-off Phase (Linthorne
et al,, 2005). Cetin, Ozdemir, and Ozdél (2014) highlighted
the kinematic differences in stride lengths among jumpers,
showing that the last four strides are particularly influential
on the jumper’s transition to take-off (Cetin et al., 2014). As
irregularities might disrupt momentum and reduce jump
effectiveness, optimal velocity and controlled step regulation
require (Yoshida et al., 2018). Ghareb et al. (2016) found that
ground reaction force management during the approach
might enhance the ability to transfer the generated force
to vertical direction as well. This is critical to achieving a
smooth transition during the flight phase (Ghareb et al,,
2016). In the year 1985, Hay and Miller observed that elite
athletes utilize specific techniques to control stride length
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and body posture, which maximizes kinetic energy transfer
at take-off. Similarly, Theodorou et al. (2017) identified
asymmetries in the approach stride as a factor that can impact
take-oft efficiency. The result of the study suggested that even
minor adjustments in approach run can create considerable
alteration in the long jump performance (Theodorou et
al., 2017). Addressing these biomechanical changes might
lead to more refined techniques for optimizing approach
mechanics, potentially offering competitive advantages
(Hay & Miller, 1985b). This understanding not only benefits
coaches in training elite jumpers but also serves as a
foundation for early stages of training (Graham-Smith &
Lees, 2005; McCosker et al., 2021; Scott et al., 1997).

Research on the approach phase in long jump highlights
key biomechanical and performance factors that impact
overall jump distance (Panoutsakopoulos et al., 2010).
Studies reveal that athletes make precise adjustments in
stride length and approach velocity prior to the final take-
off step (Cetin et al., 2014). this adjustment might play a
pivotal role in maximizing jump distance (Cetin et al., 2014).
These adjustments are not random; they are deliberate
actions by the athlete to control the balance of both speed
and precision for optimal performance (Cetin et al., 2014).
Furthermore, their (Cetin et al., 2014) findings also suggest
that the transition from approach to take-oft requires careful
regulation of step length and the position of the centre of
mass. Step regulation in the approach run directly affects the
efficiency of kinetic energy transfer (Bridgett & Linthorne,
2006). Elite athletes distinguish themselves through
biomechanical alterations in the control of approach speed,
balance and body positioning, setting them apart from less
experienced jumpers (Hay & Miller, 1985a). Additionally, the
relationship between preparation steps and ground reaction
forces highlights the importance of force management in
the last few steps. It might enable athletes to approach the
take-off angle with optimal speed and control, enhancing
performance and minimising take-off errors (Ghareb et al.,
2016). Step symmetry is also found to play a crucial role,
as irregularities can disrupt momentum, impacting jump
distance (Panoutsakopoulos et al., 2021). Maintaining
symmetry in the step regulation in the approach run might
results in improved jump performance (Theodorou et al.,
2017). It offers a technical advantage for athletes at all skill
levels (Theodorou et al., 2017). On the other hand, Rhythm
in the approach phase is equally significant (Yoshida et al.,
2018). A consistent rhythm allows for a smooth transition
from the run-up to take-off. As a result athletes are able
to regulate gait patterns and maintain stable speed control,
critical for setting up a powerful and stable take-off (et al.,
2018).

The preparation for the final take-off during the approach
is been a critical area of concern for sports scientists, coaches
and athletes. Most of the studies have primarily highlighted
the mechanics of the final steps before the take-off phase
(Cetin et al., 2014; Panoutsakopoulos et al., 2010; Scott et
al., 1997; Theodorou et al., 2017). Some of the studies have
attempted to understand the mechanical characteristics
and showed mechanical characteristics of these final
steps significantly influence the take-off and overall jump
distance (Graham-Smith & Lees, 2005). The mechanical
changes, especially in the last phase of the approach, also
help in minimizing errors before the final step, aiming to

stabilize the athlete’s position for take-off (Jaitner et al.,
2001; Shimizu et al., 2018). However, while the mechanics
of the three steps are well-studied, there is limited research
on the mid-phase of the approach run, which could offer
insight into the earlier preparatory adjustments that support
the final take-off phase. A smoother transition between the
mid-phase and the last steps might exist to optimise take-oft
mechanics (Graham-Smith & Lees, 2005; Lees et al., 1994).
Past studies indicates that sudden mechanical changes are
unlikely to occur solely in the final phase; instead, it might
initiate in the mid-phase of the approach run, a area largely
absent from existing literature (Shimizu et al., 2018; Zhang,
2016). Latest innovation and advancements in sports science
and technology have enabled more precise analyses of long
jump mechanics (Alexander, 1990; Graham-Smith & Lees,
2005). However, these methods often require costly, high-
tech laboratory environments that may be inaccessible to
grassroots athletes and amateur practitioners (Jaitner et al.,
2001). To address this limitation, developing a theoretical
model based could be very much useful for the coaches and
athletes at all levels. This might create a practical, accessible
framework for training and performance optimization
without the need for expensive equipment.

In order to bridge up forementioned research gap,
the prime objective of the current study was to introduce a
variation index for last 10 step of the approach run. Secondly,
the study also analysed each step to identify to mechanical
changes during the approach run using the new variation
index. This theoretical model that might be accessible for
the coaches and athletes to understand the mechanical
changes during the approach run. Coaches can identify the
specific and individualized nature of the athlete to implant
more precise training programme. Further, this theoretical
model might be also applied for the better understanding
the mechanical characteristics of the walking gait cycle and
running gait cycle.

Materials and Methods:

The participants

The study comprised twelve (12) female Indian national-
level long jumpers, with a mean age of 19 + 0.32 years. All
participants were finalists in the women’s long jump event
at the 22" Junior Federation Athletic Championship 2023,
held in Lucknow, Uttar Pradesh, India. Each athlete was
capable of achieving jumps exceeding six meters, and they
were purposively selected for the study. As data collection
occurred during the official competition, no anthropometric
data were collected. Formal permissions were obtained
from the designated referee, technical delegates, and media
manager before data collection. Consent was also obtained
from the athletes and their coaches. This study received
approval from the Research Advisory Committee of Tripura
University, India.

Procedure for collecting data

A written consent were obtained prior to the data
collection process. Each participant was allowed a maximum
of six trials, only legal attempt was selected for analysis.
The approach runs of the athletes were recorded using five
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high-speed action cameras. All cameras were positioned
in predefined locations to capture the entire approach run
phase. The height of each camera was set between 1.00 meter
and 1.20 meters from ground level, and the perpendicular
distance from the runway to each camera’s position ranged
from 7 to 10 meters.

Tools and instruments used

Five high-speed action cameras (Go Pro Hero 11)
were used to record the movements. All the cameras were
set in linear mode for the recording. The movements
were recorded with a resolution of 1920 x 1080 pixels at
120 frames per second. The camera height was fixed at
1.20 meters. The position of the cameras is presented in the
following Figure (A). A calibration box of length 1 meter was
used as a reference for the recorded videos. The calibration
stick was first set in a perpendicular direction to the surface
(x-axis) and then also set in parallel to the surface (y-axis).
The calibration was done before each optical axis of the three
cameras.

The recorded videos were subsequently digitized and
analyzed using Quintic Motion Analysis software (v.33).
A total of 21 two-dimensional body segments were digitized
to enable linear data transformation. In order to determine
intra-reliability, all the recorded movements were digitized
twice with two different experienced individuals within
two weeks. A total number of 55 officially successful jump
attempts were analysed in this study.

Construction of the Variation Index

At first, we calculated the variation within each step
based on the biomechanical parameters for all athletes.
A correlation analysis was conducted to remove collinearity
to introduce a new variation index. Further, a Principal
Component Analysis (PCA) was performed as an exploratory
analysis to identify primary factors within the biomechanical
parameters for the index and to select the most relevant
variables. As a result, 9 biomechanical parameters were
selected from all three principal components. The analysis
revealed three significant latent components (eigenvalues
greater than 1) that accounted for approximately 83 % of
the original variability. For each latent component, variables
with a loading factor of [A| > 0.65 were selected following a
varimax rotation. In total, 9 variables closely associated with
their respective components (see Table 1) were chosen.

The Variation Index created using biomechanical
parameters through a stepwise approach. Due to the nature of
the data, the PLS-SEM method, a non-parametric approach,
was chosen. A hierarchical Second-Order PLS-SEM model
was employed to consolidate multiple biomechanical
parameters into a single composite index. The model was
executed using smartPLS (version 3.3.7) and the R package

seminR (version 2.3.2), with 3000 bootstrap resamples
performed for result validation. The process followed the
Mixed Two-Step approach, starting with the estimation of
lower-order constructs, which were then utilized to compute
the higher-order construct, the Variation Index.

The index is constructed using three components based
on biomechanical parameters identified by the Principal
Component Analysis. Component 1 includes the Maximum
Amortization Angle (MA), the Height of the Center of Mass
(CM) during the Maximum Amortization Angle (MAH),
the Height of the CM during the initial contact of the foot
with the ground (TDH), and the Height of the CM during
the initial touch-off of the foot from the ground (TOH).
Component 2 consists of the Maximum Amortization Angle
(MA), Step Length (SL), and the Contact Duration of the
foot with the ground (CD). Lastly, Component 3 comprises
the Touch-Down Angle of the Center of Mass (TDA) and the
Touch-Off Angle of the Center of Mass (TOA). In order to
calculate the index for step number ‘0’ with 9 biomechanical
parameters, the following derivations were done(based on
the weights w of Figure 1). The first latent component is
derived from the first principal component, while the second
and third latent components are derived from the second
and third principal components, respectively.

Firstly, three latent components are calculated for each
nth step of the approach run.

Latent Component 1, = (1.087 x MA,) + (-0.812 x MAH,) +
(0.492 x TDH,) + (0.069 x TOH,))

Latent Component 2, = (0.499 x MA,) + (0.123 x SL,) +
(0.548 x CD,)

Latent Component 3, = (-0.383 x TDA,) + (0.777 x TOA,)
[Each step is represented by n, where, n = 1, 2, 3,...9,10]
Finally, with these three latent components, the Variation
index is now calculated as follows

Varijation Index = (0.0174 x Latent component 1,) + (0.526 x
Latent component 2,) + (0.105 x Latent component 3,)

Structural equation Modelling Analysis

The calculated variation index in this study represents
the relationship between the mechanical variation of the
approach run in each step. The score of composite reliability
is 0.957, which more than 0.70. This indicates the trustworthy
of the current model (Hair & Alamer, 2022). Fruther more
this score of the cronbach’s Alpha (0.911), which shows that
calculated index in reliable and and are abopve the required
value of 0.60 (Hair & Alamer, 2022). This is also supported
by the score of Average Variance Extracted (AVE), which
is also greater than 0.50 (table 1 ). The SRMR value of the
model can describe if the variation index is fit for this study
or not. According to the Hu & Bentler (1999) the SRMR
value should be less than 0.10. As shown in the table 1 the
current SRMR value is 0.080 <0.10. which indicates that
model is appropriate for this study (Hu & Bentler, 1999).

Table 1. Measurements of the model estimation value and model FIT validity

- " A o SRMR R-Squared
R omposite verage Variance
Cronbach’s Alpha  Rho-A e i
P reliability Extracted (AVE) Saturated  Estimated R-square R-square adjusted
model model
0.911 0.911 0.957 0.918 0.080 0.080 0.774 0.661
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Furthermore, the coeflicient of the determination of the
model or R-squared value indicates that the introduced
variation index is influenced by 77.4 % from the included
biomechanical variables in the present study.

Results

In this following section the result of the analysis is
being discussed.

In the table 2, average score of the selected biomechanical
parameters is mentioned. The average value of the selected
biomechanical parameters starts from the last 10th step to
last step that is final take-oft step. All the measurements were
mention according to the SI unit.

The table 3 represents the identified major components
found as a result from the PCA analysis. The first Principal
Component includes 4 biomechanical parameters namely,
MA (Maximum Amortization Angle),MAH (Height of the
CM during Maximum amortization Angle), TDH (Height of
the CM during initial contact of the foot with ground) and
TOH (Height of the CM during initial touch off of the foot
from the ground). The first Principal Component explained
more than 83% of the variation. In the second Principal
components includes MA (Maximum Amortization Angle),
SL (Step Length) and CD (ground contact duration). More
over the third principal component was found with two
mechanical parameters which are TDA (Touch down angle
of the CM) and TOA (Touch off angle of the CM).

Table 2. Description of the selected biomechanical variables

TOH Latent Variable 1

0.017

MA
049

SL —0.123 .52

0548

<D

Latent Variable 2 Variation Index

0.105

TDA
T-0383

0777

Latent Variable 3

Fig. 1. Schematic diagram for calculating Raw Variation Index

In the figure 1, the three latent variable and its
connection of the calculated variation index is represented
with a schematic diagram.

In the table 4 calculated score for each three latent
variables along with the variation index for the respective
step is showed. In the last column of the table 4, difference

Step number  CD (Sec) MA (Degree) TDA (Degree)TOA (Degree) SL (meter) TDH (meter) MAH (meter) TOH (meter)
10 0.124 140.325 72.650 54.713 1.679 6.477 7.075 0.896
9 0.120 140.125 74.288 55.113 1.694 6.664 7.202 0.916
8 0.119 139.500 74.975 52913 1.721 6.453 7.076 0.906
7 0.124 135.950 72.113 54.950 1.736 6.655 7.082 0.880
6 0.119 141.163 71.975 56.488 1.740 6.477 7.052 0.897
5 0.116 138.950 74.150 53.600 1.736 6.688 7.192 0.911
4 0.114 138.175 74.138 53.125 1.751 6.453 7.077 0.899
3 0.114 118.680 72.025 55.363 1.754 3.464 4.303 0.883
2 0.157 130.700 68.300 53.613 1.799 8.625 6.981 0.887

¥ inalstT:;e'Off 0.173 118.829 59.300 70.088 1.724 6.171 6.651 1.099

Table 3. Summarization of results from the Principal Component Analysis (PCA)

Component Name Variables

Description of the variables

Height of the CM during initial touch off of the foot from the ground

Component 1 MA Maximum Amortization Angle

Component 1 MAH Height of the CM during Maximum amortization Angle
Component 1 TDH Height of the CM during initial contact of the foot with ground
Component 1 TOH

Component 2 MA Maximum amortization angle

Component 2 SL Step length

Component 2 CD Contact duration of the foot with ground

Component 3 TDA Touch down angle of the CM

Component 3 TOA Touch off angle of the CM
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Table 4. Latent variables for each Phase

Latent Variables Difference
Calculated
Steps L. between the
variation .
Numbers 1,1 12 L3 Index index for
respective steps
10 1.397 1.402 0.304 1.281397
9 0.702 0.609 0.262  0.581808 0.7
8 0.754 1.055 1.430 1.248548 0.67
7 3.623 1.539 0.775  1.419258 0.17
6 0.747  1.235 0.733  1.254895 0.16
5 0.585 1.241 0.698  1.25857 0
4 2.166 0.558 0.434 0.513 0.75
3 3.393 3.306 0.577  2.986758 2.47
2 3.538 2.059 0.854 1.912223 1.07
1 1.895 2,569 0.937  2.462679 0.55

between the variation index with the following index is
displayed. It was found that the difference between the
variation index is very low (less than 1) for the 9%, 8" 7%
and for the 6th step respectively. However, the difference
between the index is increasing from the last 5th step to the
second last step (figure 2).

3
2,5
2

15

Fig. 2. Graphical representation of value of the difference between
the index for respective steps

Discussion

Understanding mechanical variation of the long jump’s
approach run are the key factor for initiating final take-oft
phase. Introducing a Variation Index for the approach run
might help our coaches and athletes to identify the potential
biomechanical. The present study identified four key
kinematic variables that collectively account for over 80 %
of the variation. These variables are Maximum amortisation
angle (MA), Height of the CM during Maximum
amortisation Angle (MAH), Height of the CM during initial
contact of the foot with the ground (TDH) and Height of
the CM during initial touch off of the foot from the ground
(TOH). Secondly, the calculated index observed mechanical
alteration among the step characteristics, especially in the
mid phase of the approach run. Alteration in the mid phase
of the approach might indicates earlier preparation prior to
the final take-off step. The result of the study might provide

coaches and athlete a better understanding of their approach
technique in the long jump.

The result from the first Principal Component Analysis
identified 4 biomechanical parameters. These parameters
are MA, MAH, TDH and TOH and accounted for 83%
of the total variation. The maximum knee flexion angle
during swing phase allows efficient transition in the
support phase. This increases both propulsive forces and
step length of the running gait cycle (Mann & Herman,
1985). However, excessive knee flexion can extend ground
contact time, decrease step frequency and eventually hinder
performance (Mackala et al., 2015). Similarly, a lower center
of mass at touchdown provides more steady and efficient
force application (Mann & Herman, 1985). Position of
the low centre of mass might enhance acceleration during
the approach run (Mann & Herman, 1985). On the other
hand, Mattes et al. (2021) also showed that the angle of
foot touchdown relative to the body’s center of mass is vital
for optimizing ground reaction force application while
minimizing braking forces (Mattes et al., 2021). The current
study also found that the maximum amortization angle
(MA), Step length (SL) and Contact duration of the foot
with the ground (CD) also explained a considerable variance
in the approach run. Increased step lengths are generally
associated with higher running velocities with optimal step
frequency (step per second). As they enable the athlete
to cover more distance in minimum time (Majumdar &
Robergs, 2011). However, the balance between these two
variables, step length (SL) & step frequency (SF), also plays
an essential role in maintaining optimal velocity for the
athletes. Elite sprinters may rely more on either SL or SF
to reach peak velocity, highlighting the need to consider
this variability in training programs (Bezodis et al., 2011;
Salo et al., 2011). Athletes might adjust the SL-SF balance
to maintain velocity with increasing SL and reducing SF
during deceleration (Bezodis et al., 2011). Consequently,
step frequency (SL) becomes an essential variable to achieve
high running velocities. The duration of foot contact with the
ground equally influences the capacity to generate propulsive
forces in the approach run. As observed in elite sprinters,
reduced contact times facilitate greater step frequencies, thus
providing higher running velocities (Mackala et al., 2015).
The Principal Component Analysis (PCA) also identified the
touchdown angle of the centre of mass (TDA) and take-off
angle of the centre of mass (TOA) as important factors in
maintaining optimal velocity during the approach run. The
angles at which the foot strikes and leaves the ground are also
crucial. A sharper touchdown angle, where the foot hits the
ground at a more acute angle, helps facilitate the storage and
release of elastic energy, improving running efficiency and
velocity (Panoutsakopoulos et al., 2021). Similarly, a more
acute take-oft angle, where the foot leaves the ground, allows
for a more efficient transition from braking to propulsion in
the step cycle (Panoutsakopoulos et al., 2021; Theodorou et
al., 2017).

The step variation index created in this study is
very new approach to this field, within our knowledge.
Though the mathematical calculations of this PLS-SEM
structural model is an established approach in the sport
field (Cefis & Carpita, 2024), but has yet to be applied for
the identification for the step variation in the long jump
approach run. This variation index is based on some of
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the prime contributory factors that was computed in PCA.
The variation index indicates the level of variation among the
prime biomechanical contributory factors in each step of the
approach run. On the other hand, the difference between the
variation index denotes the level of variation in between two
consecutive steps. The higher value of difference between
the index indicates lower variation level in between the steps
and vice versa. If the difference between the index for two
consecutive steps is closer to the value of zero or equal to
zero, meaning that those two consecutive steps is similar in
nature. This might be very helpful to identify the variation
among the steps to study the nature of the step characteristic.
Figure 2 shows that from the last 10th step to the last 5th
step, the variation among the steps is very similar. However,
a drastic change is observed after the 5th steps (fig 2). It is
observed that difference between the variation index is
relatively higher specially in the last 4th, last 3rd, last 2nd
and last steps (Take-oft step) of the approach run. This might
indicate that these steps are very much differs from the each
other. They possessed unique mechanical characteristics for
the last phase of the approach run. Additionally, the index
value is found comparatively higher in the last 3rdstep. Past
studies showed that initial preparation for the last 3rdstep
is starts by slightly shortening step length and lowering the
center of gravity (CG) (Panoutsakopoulos et al., 2021). This
adjustment helps the athlete maintain horizontal velocity
while beginning to prepare for the vertical lift needed for
take-oft (Hay & Nohara, 1990; Panoutsakopoulos et al.,
2021). Controlling the velocity in this step is becomes
crucial to make necessary adjustment in running cycle.
Since excessive or insufficient adjustments might affect the
effectiveness of the following steps (Cetin et al., 2014). It
was observed that in athletes tends to lowers the CG with a
slightly lengthened step in the second last step (Linthorne
et al., 2005). This allows the athlete to adjust momentum
while balancing horizontal and vertical components of the
resultant momentum. Absorbing horizontal momentum
creates the required stability for an optimal take-off position.
It provides smooth transition to the final take-off phase
(Béres et al., 2014). In the final take-off step, step length
is shortened to maximize vertical adjustment and prepare
the CG for the jump (Linthorne et al., 2005). This is essential
for effective loading the take-off leg, allowing the athlete
to apply maximum force against the ground (Kariyama
et al,, 2017). This helps to efficiently convert horizontal
velocity into vertical lift, which is critical for jump distance
(Theodorou et al.,, 2017). Together, all these adjustments in
step length and CG positioning ensure a continuous and
efficient transition into take-off phase.

The current study found that the variation of the last
phase of the approach is begins from the last 5th step. This
might be the earlier preparation for the take-off, where
preliminary biomechanical adjustment begins. Initiating
adjustments from the mid phase of the approach run
highlights the importance of progressive biomechanical
preparation before take-off (Panoutsakopoulos et al., 2021;
Theodorouetal.,2017). Hay and Nohara (1990) in their study
mentioned the preparation for the final take-off might begin
several steps before the take-off board. It allows the athletes
to manage their final approach velocity and body positioning
for the final take-off. Adjusting key mechanical parameters
such as step length, velocity, and positioning of the center

of gravity (CG) etc. prior to the final take-off, collectively
contribute for optimum momentum and take-off angle (Hay,
1988; Lees et al., 1994). This adjustment might be crucial for
accurate foot placement on the take-off board for final take-
off. Further, Bridgett and Linthorne (2006) mentioned that
prior to the final take-off, athletes must carefully balance and
maintain horizontal momentum to maximize jump distance.
The mechanical adjustments from the mid approach phase
might help athletes gradually regulate their step pattern for
the final take-off. As a consequence, it reduces the risk of
unexpected changes during last phase of the approach and
enabling athlete for optimum execution of the final take-oft
phase (Arampatzis et al., 1999; Glize & Laurent, 1997).

This study has several limitations worth considering.
Firstly, its observational nature excludes cause and effect
relationship between biomechanical parameters and per-
formance outcomes. The analysis relied solely on two di-
mensional kinematic data, which might be inadequate when
compared to the three dimensional data. Additionally, the
limited sample size and population may constrain the gen-
eralizability of the findings to a broader context. Using PCA
and the newly developed “Step Variation Index” represents
an innovative approach, which might need more replication
and comparison with other established methods. Finally, the
impact of biomechanical adjustments on performance may
vary across different athlete skill levels and training back-
grounds, which was not extensively explored in this study.

Conclusions

The study approached a new theoretical model to
understand the approached run mechanics the long jump
approach run. According to the objective of the study, a
“variation index” is constructed based on the PLS-SEM
model. As a result, this model identified that mechanical
variation in the step characteristic exist in the mid phase
of the approach run. This might be the preparation for the
athlete before the last phase of the approach run in order to
perform precise and controlled final take-off.
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Po3po6ka iHAeKcy Bapiaulii LoAo po3yMiHHA XapaKTepucTuk
BMKOHAHHA KPOKIB Yy CTpMOKax B AOBXWNHY 3 po306iry

1BCD 1ACD

Ankyp Ixitori IIxykon'**°, Kpimnenny [Ixap
"Tpunypcbkuii yHiBepcuTeT

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

Pedepar. Crarts: 8 c., 4 Tabn., 2 puc., 36 mxepern.

Mera gocnimxenHs. OCHOBHA MeTa JOCTIIKEHHsI IIOJIsIraia B PO3poOIii HOBOro inflexcy Bapiamii, AKMi MO>XHa BUKOPMCTO-
BYBATH [/l BUSHAUEHH: MeXaHIYHMX Bapialill MO0 CTPYKTYPH KPOKIB I 4ac BUKOHAHHSA PO36iry.

Marepianu Ta MeTomM. Y 1IbOMY JOCTiPKeHH] IIpOaHaTi30BaHO ABaHAIATD CTPUOYHIB y JOBXIHY HalliOHaJIbHOTO PiBHA
(Bik 19 * 0,32 poky). By/10 BUKOPUCTAaHO II'ATh BUCOKOIIBMUAIKICHMUX €KIIH-KaMep 3 PO3AiNbHOI 3aTHICTI0 1920 x 1080 mikcernis
3 yacTororo 120 kazpi Ha cexkyHay. Orpumani gaHi 6ymu ouudpoBaHi 3a JOIOMOTro0 IIPOrPaMHOro 3abe3nedeHHs /IS aHali3y
pyxiB crioprcmenis “Quintic Motion Analysis” (v.33). [list mo6ymoBu iHfieKCy Bapiaiil 3aCTOCOBAHO CIIOCi6 MOJe/TIOBAHHS CTPYK-
TYPHVMU PIiBHSIHHSMM 32 METOLOM HaliMeHIIMX KBaapariB — “Partial least squares structural equation modelling” (PLS-SEM).
Kpim Toro, sactocoBano MeTox ronoBHux KomrnoneHT (MI'K) 3 metoro mo6ypoBu narentHoi smiHHOI ayist PLS-SEM.

Pesynbrarn. 3a pesyabraTaMy HOCTIIPKeHHs BCTAaHOBJIEHO, IO Bapiallis KPOKY IOYMHAETHCA HA OCTAHHBOMY 5-MYy KpOLi
pos6iry. Kpim Toro, MexaHidyHa Bapialjist crioctepiramacst MK OCTaHHIMM TpbOMa KpoKamit po36iry. Orpumani fasi cBifgars mpo
Te, 1110 MeXaHiuHa MiATOTOBKA 10 (piHaTbHOTO BiIIITOBXYBAHHA Y CTPUOKAX Y OBXIHY MOYKe IIOUMHATUCA TIiJ] 4ac cepegHboI pasn
pos3biry.

BucnoBxu. Inzexc Bapiauii, npescTasnienuit y 4boMy JOCTiIPKeHHI, HaJja€ ieTajlbHe PO3YMiHHA TeXHIKM iHMBiTyalTbHOTO
po36iry. TpeHepu Ta CIOpTCMEHM MOXYTb BMKOPJCTOBYBATH 3a3HadeHy iH(OpMaIlifo 3 METOIO BIIPOBAIKEHHS YiTKUX TPEHYBalIb-
HIVIX CTpATeTiil I0f{0 onTyMisarii mAroToBKy A0 (iHa/TbHOTO BiAUITOBXYBAHHS IIifl YaC BUKOHAHHS PO36iry.

KirouoBi coBa: 6iomexaHika, MeTO FOJIOBHIX KOMIOHEHT, MeTog;, PLS-SEM, aHarti3 pyxiB, 1aTeHTHA 3MiHHa.
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Abstract

Objectives. This study aimed to examine the effects of a 12-week plyometric training program and a Tabata regimen
on cardiovascular efficiency in elite soccer players.

Materials and methods. Sixty male inter-university players, aged 20.79 + 1.75 years, were randomly assigned to

the Plyometric Training Group (PTG, n = 20), Tabata Training Group (TTG, n = 20), or Control Group (CG, n = 20).
Cardiovascular metrics, including vital capacity, resting heart rate, mean arterial blood pressure, breath-holding time,
and respiratory rate, were assessed before and after the program. Both PTG and TTG completed three 90-minute
sessions on a weekly basis.

Results. The results revealed that both the PTG and TTG showed significant improvements in cardiovascular
efficiency. Vital capacity increased by 30.83% (d = 1.24, p < 0.001) in PTG and by 34.61% (d = 1.52, p < 0.001)

in TTG. Resting heart rate decreased by 12.36% (d = 1.74, p < 0.001) in PTG and by 15.18% (d = 1.82, p < 0.001)

in TTG. Breath-holding time increased by 29.86% (d = 2.12, p < 0.001) in PTG and by 34.42% (d = 2.35, p < 0.001)
in TTG. Respiratory rate decreased by 28.07% (d = 1.04, p < 0.001) in PTG and by 28.33% (d = 1.10, p < 0.001)

in TTG. These findings highlight the substantial positive impact of both training methods on cardiovascular
efficiency in elite soccer players.

Conclusions. In conclusion, the implementation of a plyometric and Tabata training program has been found

to produce significant improvements in cardiovascular efficiency in elite soccer players, making them valuable
preseason conditioning strategies to enhance endurance, performance, and overall athletic abilities.

Keywords: soccer training, physiological parameters, HIIT, jumping training, football players.

Introduction the sport is characterized by intermittent outburst of speed,
direction changes, and endurance (Carling et al., 2012;
Radakovi¢ et al., 2024; Stolen et al., 2005). It is necessary to
keep player’s cardiovascular system in top condition, as that is

©  Narayanan, N. M, Sundar, K., Salvi, N. M., Yashpal, Karmakar, D.,, crucial for the best performance possible from soccer players

Athletes must meet high physical demands in football,
especially in terms of cardiovascular endurance, because
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have been developed to increase it, with plyometric training
and high intensity interval training (HIIT), including Tabata,
considered as two of the most efficient measures considering
their benefits (Afyon et al., 2021; Tabata, 2019; Thomakos et
al,, 2023). The logical combination of plyometric training
with high-intensity interval training (HIIT) has been widely
researched and discussed as an effective methodology to
enhance athletic performance, more specifically in what
cardiovascular capacity is concerned (Davies et al., 2015;
Fajrin et al., 2018; Kons et al., 2023; Martin-Smith et al.,
2020). Significantly, they have been proven efficient to
enhance both aerobic and anaerobic capacities of athletes
across different disciplines such as football (Hostrup &
Bangsbo, 2023; Keren & Epstein, 1981; Yan et al., 2022).
However, despite the considerable amount of literature on
each method separately, a direct comparative evaluation
between these two methods on cardiovascular efficiency in
elite football players is still scarce and was the subject of
this study. Plyometric training, characterized by explosive
and power-driven movements including jumps, bounds, and
rapid directional changes, has been extensively documented
regarding its beneficial impacts on athletic performance
(Kons et al., 2023; Sinkovic et al., 2023).

Plyometric training has several merits, such as improve-
ment in muscular power and favourable effects on resting
heart rate and blood pressure (Deng et al., 2024; Ramirez-
Campillo et al., 2015). It makes sense when Faigenbaum
et al. (2007) writes, “Athletes also demonstrate decreases
in resting heart rate and improvements in blood pressure
control following plyometric training suggesting substantial
cardiovascular adaptations. These findings have importance
in particular for football players, who need to keep a high
resistance of the cardiorespiratory system in order to respect
the physical demands of a game (Faigenbaum et al., 2007).
Despite these findings, the impact of plyometric exercise
on a wide range of cardiovascular parameters, such as vital
capacity and respiratory rate, has received little attention,
particularly among professional football players (Singh et al.,
2024; Singh et al., 2021).

As a type of high-intensity interval training, Tabata
training is designed to be one of the quickest way to improve
aerobic and anaerobic parameters. The regimen was
introduced by Tabata et al. (1996) comprises of brief high-
intensity exercise intervals followed by minimize recovery
times. According to the study, athletes on Tabata training
quadratically improved their VO2 max (a key indicator of
cardiovascular health and overall fitness) within a matter
of weeks (Tabata, 2019). There are many studies that
have been conducted to investigate the benefits of Tabata
training, which has been found to improve CV fitness, lower
resting HR and even decrease blood pressure (Milanovi¢
et al.,, 2015). Lu et al. (2023) revealed that Tabata-style
HIIT enhanced cardiovascular capacity alongside energy
efficiency, meaning that competing athletes would be able to
support high-intensity exercise with less of a cardiovascular
drain (Lu et al., 2023). This is important for football players,
as they have to consistently play sprints at high intensity
and recover fast during games. Despite the large increase in
VO2max associated with this type of exercise, most studies
have employed an intensity that is far from what has been
called the maximal production or power output and closely
oriented to football training practice (Sloth et al., 2013).

Though plyometric and Tabata training have been
extensively researched, there is a striking lack of studies
explicitly evaluating their effects on cardiovascular efficiency
in football players. Previous studies have usually focused on
specific aspects of cardiovascular fitness, such as VO, max
or heart rate, while failing to examine a comprehensive
set of cardiovascular indicators that could provide a more
complete knowledge of cardiovascular efficiency (Granero-
Gallegos et al., 2020; Vesterinen et al., 2016). Furthermore,
the enduring impacts of these training modalities,
especially within a soccer-specific framework, have yet to be
thoroughly investigated. Investigations often focus on short-
term interventions; however, there is a paucity of knowledge
regarding the impact of prolonged programs, extending
12 weeks or more, on both aerobic and anaerobic systems
in elite athletes.

Although the current body of research emphasizes the
advantages of plyometric and Tabata training concerning
different facets of physical performance and cardiovascular
fitness, the direct comparison of these training modalities in
elite football players has not been thoroughly investigated.
Furthermore, the incorporation of various cardiovascular
markers, including vital capacity, breath-holding time, and
respiratory rate, in existing studies is limited. Thus this
research seeks to address the existing gap by exploring the
effects of plyometric and Tabata training on cardiovascular
efficiency in football players over a 12-week duration,
thereby contributing valuable insights into the enhancement
of training protocols for elite athletes.

Materials and Methods

Participants

This investigation involved sixty participants, consisting
of young adult male elite soccer players, with a mean age
of (20.73 + 1.83 years) for the Plyometric Training Group
(PTG), (20.80 + 1.69 years) for the Tabata Training Group
(TTG), and (20.85 * 1.72) years for the Active Control
Group (ACG). Participants were recruited from Kerala State.

Inclusion and Exclusion Criteria

All participants were categorized as inter-university
level players with a background of systematic soccer training
averaging 3.6 + 2.4 years, with three to five training sessions
per week required for participation. It is important to note
that all individuals were in good health and had no history of
significant musculoskeletal injuries in the six months prior
to the start of the research. Participants who missed more
than 20% of the total training sessions or two consecutive
sessions were excluded from the study.

Study Design

Participants were randomly allocated to one of
three groups: Plyometric Training Group (PTG) (n = 20;
age = 20.36 = 2.45 years; weight = 71.26 + 4.32 kg;
height = 171.25 + 7.16 cm), Tabata Training Group (TTG)
(n = 20; age = 20.75 + 3.17 years; weight = 72.37 + 2.24 kg;
height =170.36 + 3.37 cm), and Active Control Group (ACG)
(n = 20; age = 20.79 * 3.54 years; weight = 72.49 + 3.57 kg;
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height = 172.12 + 2.14 cm). The anthropometric details for
all groups can be found in Table 1. The study was guided
by the most recent version of the Declaration of Helsinki,
ensuring compliance with approved ethical standards for
research in sport and exercise science.

Table 1. Participant’s demographic of the 3 groups (PTG,
TTG & CG)

PTG TTG CG p

Age (yrs) 20.36 +2.45 20.75+3.17 20.79+3.54 0.426
Weight (kg) 71.26 £4.32 7237 +2.24 7249+3.57 0.230
Height (cm) 171.25+7.16 170.36 + 3.37 172.12+2.14 0.659

PTG: plyometric trained group, TTG: tabata trained group, CG:
active control group

The training intervention lasted for 12 weeks, consisting
of three sessions per week. Environmental conditions
during the training were controlled to ensure consistency,
with sessions conducted in a temperature-regulated indoor
facility to minimize external variables affecting performance.
Prior to commencing the training, participants were
familiarized with the training procedures and outcome
measures to ensure comfort and compliance throughout
the study. Assessments were conducted before and after
the training period, focusing on several outcome measures,
including vital capacity, resting heart rate, mean arterial
blood pressure, breath-holding time, and respiratory rate. To
ensure accurate measurements, all tests were administered
with a rest period of 2 minutes between each assessment.

Training Intervention

The training intervention procedure for both Plyometric
Training Group (PTG) and Tabata Training Group (TTG)
was carefully designed to follow a structured format over
a 12-week period, incorporating appropriate warm-up and
cool-down routines. Each session lasted for 90 minutes
and took place three times a week as shown in Table 2.
The program was split into three phases: weeks 1-4, 5-8, and
9-12, with incremental increases in intensity and volume
to ensure progressive overload while minimizing the risk
of injury. Each training session began with a 10-15-minute
dynamic warm-up aimed at preparing the athletes for the
upcoming high-intensity activities and reducing the risk of
injury. The warm-up included general aerobic exercises such
as jogging or light running, followed by dynamic stretches
targeting major muscle groups, especially those heavily
involved in football performance. Movements such as leg
swings, lunges with a twist, arm circles, and hip rotations
were incorporated. The final part of the warm-up consisted
of sport-specific drills like short sprints, lateral shuftles, and
agility ladder drills to activate neuromuscular coordination.
A well-structured warm-up has been shown to enhance
performance and reduce injury risk in high-intensity
activities (Fradkin et al., 2010).

For the PTG, the focus was on developing explosive
power through high-intensity, low-repetition exercises
targeting the lower body and core. The athletes performed
exercises such as squat jumps, box jumps, tuck jumps,
lateral bounds, and plyometric push-ups. Each session
involved 3-5 sets of 8-15 repetitions, with rest intervals of

1.5 to 3 minutes between sets depending on the week. Work
intensity was progressively increased from moderate (Rating
of Perceived Exertion [RPE] 6-7) in weeks 1-4, to high
intensity (RPE 8-9) in weeks 9-12. Plyometric training has
been shown to improve muscular power and overall athletic
performance in sports requiring explosive movements like
football (Markovic & Mikulic, 2010).

The TTG followed a high-intensity interval training
(HIIT) approach based on the Tabata protocol, which
involves 20 seconds of maximal effort followed by 10 seconds
of rest, repeated for 8 rounds per exercise. Exercises included
burpees, jump squats, push-ups, high knees, and mountain
climbers. As with the PTG, intensity increased across the
phases, starting with moderate intensity (RPE 7-8) in
weeks 1-4, progressing to very high intensity (RPE 9-10) by
weeks 9-12. Rest intervals between exercises ranged from
2-3 minutes, with shorter rest durations in the later weeks.
This form of training has been demonstrated to significantly
enhance both aerobic and anaerobic capacities in athletes
(Tabata, 2019).

After completing the main workout, each session ended
with a 10-15 minute cool-down period. The cool-down in-
volved light jogging or walking to gradually bring down the
heart rate, followed by static stretching exercises for the ham-
strings, quadriceps, calves, hip flexors, and upper body muscles.
Stretching at the end of a workout helps in relieving muscle ten-
sion, improving flexibility, and aiding in recovery (Smith, 1994).

Outcome Measures

Vital capacity

Vital capacity was assessed using a spirometer, which
measures the maximum amount of air a participant can expel
from the lungs after a maximum inhalation. Participants
were instructed to take a deep breath and exhale into the
spirometer as forcefully as possible, following standard
guidelines as referenced (Dridi et al., 2021). This test was
repeated three times, and the highest value was recorded as
the participant’s VC.

Resting Heart Rate

Resting heart rate was measured using a digital heart
rate monitor (Model No. EW 243, National Company, Ja-
pan). Participants were seated comfortably for five minutes,
and the device was placed on their wrist to capture the heart
rate. The lowest stable reading after the rest period was re-
corded, ensuring consistency in line with previous studies
(Brini et al., 2021).

Mean Arterial Blood Pressure

Mean arterial blood pressure was determined by using
the participants’ systolic and diastolic blood pressure
readings. Blood pressure was measured in a seated position
using a standard sphygmomanometer, and the MABP was
calculated using the following formula: MABP = Diastolic
BP + 1/3(Systolic BP - Diastolic BP), as recommended by
Mathews and Fox (Deepa et al., 2009). This provided a more
comprehensive measure of the participants’ average blood
pressure over a single cardiac cycle.
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Table 2. Plyometric Training (PTG) and Tabata Training (TTG) with three weekly sessions for football players 12-week

training schedule

Training Schedule Weeks 1-4

Weeks 5-8 Weeks 9-12

Session Frequency 3 times per week
Training Duration
Work (minutes)

Rest (minutes)

90 minutes per session
30-40 minutes
1-2 minutes between exercises

3 times per week 3 times per week
90 minutes per session
35-45 minutes

1-2 minutes between exercises

90 minutes per session
40-50 minutes
1-1.5 minutes between exercises

Plyometric Training (PTG)

Sets 3 sets

Repetitions 8-10 reps per exercise

4-5 sets
12-15 reps per exercise

4 sets
10-12 reps per exercise

Rest Between Sets 2-3 minutes 2 minutes 1.5-2 minutes
Work Intensity (RPE Scale) Moderate (6-7) Moderate to High (7-8) High (8-9)
Exercises Squat jumps, Box jumps, Tuck  Lateral jumps, Depth jumps, Broad jumps, Bounding, Split
jumps Plyo push-ups jumps
Tabata Training (TTG)
Sets 8 sets 8 sets 8 sets

Work Duration (seconds) 20 seconds per set

Rest Duration (seconds) 10 seconds between sets

2-3 minutes

Moderate (7-8)

Burpees, Mountain climbers,
High knees

Rest Between Sets (minutes)
Work Intensity (RPE Scale)
Exercises

20 seconds per set 20 seconds per set

10 seconds between sets 10 seconds between sets

2-3 minutes 1.5-2 minutes

High (8-9) Very High (9-10)

Jump squats, Push-ups, Speed  Sprint intervals, Plank to push-
skaters up, Jump lunges

Breath-holding

Breath-holding time was measured using a nose clip
and stopwatch to track the time participants could hold
their breath after a maximum inhalation. Participants were
seated and fitted with a nose clip to prevent air from entering
through the nose. They were instructed to take a deep breath,
hold it, and signal as soon as they could no longer continue.
The stopwatch was used to record the duration, and the
procedure was conducted in accordance with Mathew’s
method (Ghavipanje et al., 2022).

Respiratory Rate

Respiratory rate was monitored using a bio-monitor,
which automatically tracks the number of breaths per
minute. Participants were seated, and the bio-monitor was
attached according to the manufacturer’s instructions. The
RR was recorded once the participant was relaxed and
breathing naturally, following the previous study procedure
described by (Govindasamy et al., 2023).

Statistical Analysis

Prior to conducting the main analyses, data were tested
for normality using the Shapiro-Wilk test (Shapiro & Wilk,
1965). All variables met the assumptions of normality
(p > 0.05), allowing for the use of parametric statistical
tests. analyzed using repeated measures analysis of variance
(ANOVA) to assess the effects of group (PTG, TTG, and
Control) and time (pre-training and post-training) on
cardiovascular parameters, including vital capacity (VC),
resting heart rate (RHR), mean arterial blood pressure
(MABP), breath-holding time (BHT), and respiratory rate
(RR). The statistical model tested for the main effects of
group and time, as well as group x time interactions (Park
et al.,, 2009). Effect sizes were reported as partial eta squared

(np?) to quantify the magnitude of group and time effects, as
well as interaction effects. Post-hoc analyses using Cohen’s d
were conducted to examine the magnitude of changes from
pre- to post-training within each group (Cohen, 1988).

Results

All male elite football players successfully completed the
allocated treatments, with no training or test-related injuries
reported. In terms of cardiovascular efficiency, significant
main effects of both group and time were observed across
multiple parameters, as shown in Table 3. For VC, there was
a significant main effect of group (p = 0.031, np* = 0.90) and
time (p < 0.001, np> = 2.54). RHR also showed significant
main effects for group (p = 0.024, np> = 0.74) and time
(p < 0.001, np* = 1.34). BHT presented a significant main
effect for group (p < 0.001, np* = 2.48) and time (p < 0.001,
np?> = 4.12). Similarly, for RR, significant main effects
were found for both group (p < 0.001, np® = 2.34) and
time (p < 0.001, np® = 2.87). Moreover, significant group-
by-time interactions were identified for all variables. VC
demonstrated a significant interaction between group
and time (p < 0.001, np*> = 3.21), as did RHR (p < 0.001,
np? =2.37), BHT (p < 0.001, np* = 2.43), and RR (p < 0.001,
np> = 2.75). These results indicate that the interventions led
to meaningful improvements in cardiovascular efficiency,
with variations across groups over time. In particular, the
groups undergoing PTG and TTG showed significantly
greater improvements from pre- to post-training in various
cardiovascular parameters. For VC, there was an increase of
30.83% (d = 1.24) in the PTG group and 34.61 % (d = 1.52)
in the TTG group. RHR decreased by 12.36% (d = 1.74) in
the PTG group and by 15.18 % (d = 1.82) in the TTG group.
MABP showed a reduction of 1.68 % (d = 1.40) in the PTG
group, while the TTG group experienced a slight increase
of 0.38% (d = 1.36). BHT increased by 29.86% (d = 2.12)
in the PTG group and by 34.42% (d = 2.35) in the TTG
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Table 3. Mean (+ SD) values of cardiovascular efficiency variables for the 3 groups (PTG, TTG & CG)

Before p (Cohen d)
Variables Group . After Intervention % change  Main effect Main effect Interaction
Intervention 5 :
group time group x time
PTG 3152.00 +387.12  4124.00 + 524.16 30.83
VC (mL) TTG  3247.41+501.25  4371.00 +479.15 34.61 0.031 (0.90) <0.001 (2.54)  <0.001 (3.21)
CG 3179.00 +264.34  3879.00 + 157.58 22.01
PTG 69.30 £ 4.15 60.73 + 5.46 -12.36
RHR (bpm) TTG 69.80 £ 7.34 59.20 + 6.37 -15.18 0.024 (0.74) <0.001 (1.34)  <0.001 (2.37)
CG 70.13 £ 4.25 64.80 = 3.83 -7.60
PTG 87.75 + 3.46 86.27 £ 4.52 -1.68
MABP (mmHg) TTG 87.54 +3.52 87.88 £ 1.24 0.38 0.674 (0.74) 0.725 (0.82) 0.214 (0.27)
CG 89.42 +£2.19 88.12 +£3.37 -1.45
PTG 40.31 +6.38 52.35+4.73 29.86
BHT (s) TTG 39.62 +2.54 53.26 £ 5.33 34.42 <0.001 (2.48)  <0.001 (4.12)  <0.001 (2.43)
CG 40.36 +5.16 43.24 +9.64 7.13
PTG 35.12 £ 4.57 25.26 £ 5.54 -28.07
RR (numbers) TTG 36.81 £7.54 26.38 +2.78 -28.33 <0.001 (2.34)  <0.001 (2.87)  <0.001 (2.75)
CG 35.36 + 6.63 30.26 + 6.68 -14.42

Data are mean values (+ SD), VC: vital capacity, RHR: resting heart rate, MABP: mean arterial blood pressure, BHT: breath holding
time, RR: Respiratory Rate, PTG: plyometric trained group, TTG: tabata trained group, CG: active control group

group. Additionally, RR decreased by 28.07% (d = 1.04) in
the PTG group and by 28.33 % (d = 1.10) in the TTG group.
These results emphasize the significant positive impact of
both PTG and TTG on a range of cardiovascular efficiency
metrics in the participants.

Discussion

Soccer is a physically demanding sport requiring ath-
letes to possess technical and tactical skills and superior car-
diovascular fitness to sustain high-intensity actions such as
sprints, jumps, and rapid directional changes throughout a
match (Chaeroni et al., 2024; Ribeiro et al., 2021). Athletes
must improve their anaerobic and aerobic capacity through
targeted conditioning regimens to meet these demands.
While Tabata and HIIT are well-known for improving meta-
bolic efficiency and endurance, plyometric training well-
known for developing explosive power is frequently em-
ployed to improve cardiovascular fitness. This study aimed
to compare the effects of a 12-week plyometric and Tabata
training program on cardiovascular efficiency in elite soccer
players and to provide insight into which method is more
effective for improving key cardiovascular markers such as
VC, RHR, and BHT. The findings offer valuable implications
for athletic training by highlighting both training approach-
es’ strengths and potential synergies in soccer.

The explosive, power-driven motions that PTG
emphasizes, such as jumps and bounds, have improved
cardiovascular indicators like VC, RHR, BHT, and
RR. These improvements are consistent with previous
literature suggesting that plyometric exercises involving
rapid, forceful contractions improve muscle strength,
endurance, and cardiovascular efficiency (Markovic &
Mikulic, 2010; Ramirez-Campillo et al., 2020). Plyometric
movements are vital for soccer players, mainly due to the
frequent acceleration, deceleration, and jumps required
during matches (Negra et al., 2020; Ramirez-Campillo et

al., 2020). The improvements in cardiovascular efficiency
reflect how explosive movements can condition both the
muscular and cardiovascular systems (Hughes et al., 2018;
Nystoriak & Bhatnagar, 2018). On the other hand, Tabata
training, a HIIT technique, emphasizes exercises at total
effort interspersed with brief rest intervals. It is well known
that using this technique can improve both anaerobic and
aerobic performance (Tabata, 2019). In this study, Tabata
training slightly outperformed plyometric in terms of some
indicators like VC, RHR, BHT, and RR, suggesting that it
significantly affects cardiovascular performance. Soccer
players who endure sporadic bursts of intense exertion
followed by quick rest intervals, emulating the dynamics
of a football game, are especially well-suited for Tabata
training. The increase in vital capacity and improvement in
breath-holding time (34.42% in TTG vs. 29.86% in PTG)
can be attributed to the demanding nature of Tabata, which
forces the body to optimize oxygen usage and strengthen
respiratory muscles.

Cardiovascular efliciency is a critical aspect of soccer
performance due to the physical demands of the sport
(Oliva-Lozano et al., 2023; Zouhal et al., 2020). Soccer
players must sustain long periods of moderate-intensity
activity and repeatedly execute high-intensity sprints, jumps,
and directional changes (Ribeiro et al., 2021; Stankovi¢ et
al.,, 2024). Maintaining performance throughout a match
requires cardiovascular adaptations such as increased VO2
max, lowered resting heart rate, and improved respiratory
capacity (Nystoriak & Bhatnagar, 2018). The study’s
conclusions about resting heart rate are noteworthy. RHR
decreased in both training groups; however, TTG showed
a more significant decline (-15.18%) than PTG (-12.36%).
Reduced RHR is a sign of better cardiovascular health since
it shows how well the heart pumps blood. Soccer players,
who must frequently sprint and recover between bouts
of activity, require athletes with lower resting heart rates
to sustain high-intensity activities for longer periods and
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recover more quickly (Hostrup & Bangsbo, 2023). The lower
RHR in both groups emphasizes how plyometric and Tabata
exercise promote cardiovascular adaptations. The slightly
more significant reduction in the TTG group suggests that
HIIT methods like Tabata may provide a more intense
stimulus for cardiovascular adaptations due to the constant
alternation between maximal effort and short rest intervals.
Another necessary cardiovascular adaptation observed was
in BHT. The increase in BHT by 34.42 % in the TTG group
and 29.86 % in the PTG group indicates improved respiratory
endurance and capacity. Increased BHT allows soccer players
to sustain maximal efforts without succumbing to oxygen
debt, which is crucial during the later stages of matches when
fatigue sets in. Increased oxygen delivery and utilization and
improved overall cardiovascular function are the results of
high-intensity training regimens, further supported by these
improvements in BHT (Lu et al., 2023).

The study’s limited effect of both training modalities
on MABP was one intriguing finding. The PTG group
experienced a slight reduction (-1.68 %), while the TTG
group showed a minor increase (0.38%). These minimal
changes suggest that MABP was not a primary area of
adaptation for these young, healthy athletes already in good
cardiovascular health before the intervention. The lack of
significant change in MABP contrasts with findings from
studies involving untrained or less fit populations, where
plyometric and HIIT training often lead to more substantial
reductions in blood pressure (Milanovi¢ et al., 2015). Given
the elite status of the participants, their cardiovascular
systems were likely already highly conditioned, which may
have reduced the potential for further decreases in blood
pressure through these training interventions. This outcome
may not be unexpected since neither plyometric nor Tabata
training directly targets blood pressure reduction.

The study’s findings have significant practical implica-
tions for designing soccer-specific training programs. Both
plyometric and Tabata training significantly improved car-
diovascular efficiency, suggesting that either modality could
be effectively incorporated into the conditioning routines
of elite soccer players. However, the slightly superior results
in the Tabata group suggest that HIIT protocols may offer
additional cardiovascular benefits, particularly in improv-
ing oxygen delivery and utilization (Lu et al., 2023). This
underscores the complementary nature of plyometric train-
ing. While Tabata may offer superior cardiovascular benefits,
plyometric exercises are critical for developing the explosive
power required for jumping, sprinting, and changing direc-
tion, which are critical elements of soccer performance. The
adaptability of a combined approach incorporating plyomet-
ric and Tabata training to provide a more well-rounded con-
ditioning program for soccer players is reassuring, targeting
both muscular power and cardiovascular efficiency.

Conclusion

The study demonstrates that 12-week plyometric and
Tabata training programs can significantly increase the
cardiovascular efficiency of professional soccer players.
Both training approaches significantly improved VC, RHR,
BHT, and RR, indicating their effectiveness in improving
anaerobic and aerobic fitness. Although Tabata training
had marginally better effects, especially regarding resting

heart rate and breath-holding duration, plyometric training
which emphasizes explosive movements crucial for soccer
performance remains a vital part of sports conditioning.
This study emphasizes the importance of incorporating
Tabata and plyometric training into soccer players’
conditioning regimens for real-world applicability. Coaches
and trainers should consider the specific demands of soccer,
incorporating plyometric exercises to build explosive power
and agility while leveraging the cardiovascular benefits of
Tabata to improve players’ endurance and recovery capacity.
Further research is warranted to explore the long-term
effects of combining these training modalities and assess
their impact on match performance, injury prevention,
and player longevity. Furthermore, future research might
examine how these training techniques can be modified
for various demographics, such as female athletes, amateur
players, or those recovering from injuries, to maximize
cardiovascular fitness and overall performance.

Conflict of Interest

The authors declare that there is no conflict of interest.

Acknowledgement

I would like to express my sincere gratitude to all
the participants and their parents for their invaluable
cooperation and support throughout the course of this
study. Their commitment and willingness to contribute to
this research were fundamental to its success.

References

Carling, C., Le Gall, E, & Dupont, G. (2012). Analysis
of repeated high-intensity running performance in
professional soccer. Journal of Sports Sciences, 30(4), 325-
336. https://doi.org/10.1080/02640414.2011.652655

Radakovi¢, R., Katani¢, B., Stankovi¢, M., Masanovic, B., &
Fiser, S. Z. (2024). The Impact of Cardiorespiratory and
Metabolic Parameters on Match Running Performance
(MRP) in National-Level Football Players: A Multiple
Regression Analysis. Applied Sciences, 14(9), 3807.
https://doi.org/10.3390/app14093807

Stolen, T., Chamari, K., Castagna, C., & Wisloff, U. (2005).
Physiology of Soccer: An Update. Sports Medicine, 35(6),
501-536. https://doi.org/10.2165/00007256-200535060-00004

Bush, M., Barnes, C., Archer, D. T., Hogg, B., & Bradley, P. S.
(2015). Evolution of match performance parameters for
various playing positions in the English Premier League.
Human Movement Science, 39, 1-11.
https://doi.org/10.1016/j.humov.2014.10.003

Nystoriak, M. A., & Bhatnagar, A. (2018). Cardiovascular
Effects and Benefits of Exercise. Frontiers in
Cardiovascular Medicine, 5, 135.
https://doi.org/10.3389/fcvm.2018.00135

Afyon, Y. A., Mulazimoglu, O., Celikbilek, S., Dalbudak, I., &
Kalafat, C. (2021). The effect of Tabata training program
on physical and motoric characteristics of soccer players.
Progress in Nutrition, 23(S2), €2021255.
https://doi.org/10.23751/pn.v23iS2.11883

Tabata, I. (2019). Tabata training: One of the most
energetically effective high-intensity intermittent training
methods. The Journal of Physiological Sciences, 69(4), 559-
572. https://doi.org/10.1007/s12576-019-00676-7

152



Narayanan, N. M., Sundar, K., Salvi, N. M., Yashpal, Karmakar, D., Saha, S., Orhan, B. E., Boby, F. A., & Astuti, Y. (2025). The Effect of a
12-Week Plyometric and Tabata training program with three weekly sessions on cardiovascular efficiency in elite soccer players

Thomakos, P, Spyrou, K., Tsoukos, A., Katsikas, C., &
Bogdanis, G. C. (2023). High-Intensity Interval Training
Combined with High-Load Strength Training Improves
Aerobic Fitness, Match Goals and Match Result during
the In-Season Period in Under-19 Soccer Players. Sports,
12(1), 2. https://doi.org/10.3390/sports12010002

Davies, G., Riemann, B. L., & Manske, R. (2015). Current
concepts of plyometric exercise. International Journal of
Sports Physical Therapy, 10(6), 760-786.

Fajrin, E, Kusnanik, N. W,, & Wijono. (2018). Effects of High
Intensity Interval Training on Increasing Explosive Power,
Speed, and Agility. Journal of Physics: Conference Series, 947,
012045. https://doi.org/10.1088/1742-6596/947/1/012045

Kons, R. L., Orssatto, L. B. R., Ache-Dias, J., De Pauw, K.,
Meeusen, R., Trajano, G. S., Dal Pupo, J., & Detanico,

D. (2023). Effects of Plyometric Training on Physical
Performance: An Umbrella Review. Sports Medicine -
Open, 9(1), 4. https://doi.org/10.1186/540798-022-00550-8

Martin-Smith, R., Cox, A., Buchan, D. S., Baker, J. S., Grace,
E, & Sculthorpe, N. (2020). High Intensity Interval
Training (HIIT) Improves Cardiorespiratory Fitness
(CRF) in Healthy, Overweight and Obese Adolescents:

A Systematic Review and Meta-Analysis of Controlled
Studies. International Journal of Environmental Research
and Public Health, 17(8), 2955.
https://doi.org/10.3390/ijerph17082955

Hostrup, M., & Bangsbo, J. (2023). Performance Adaptations
to Intensified Training in Top-Level Football. Sports
Medicine, 53(3), 577-594.
https://doi.org/10.1007/s40279-022-01791-z

Keren, G., & Epstein, Y. (1981). The effect of pure aerobic
training on aerobic and anaerobic capacity. British Journal
of Sports Medicine, 15(1), 27-29.
https://doi.org/10.1136/bjsm.15.1.27

Yan, S., Kim, Y., & Choi, Y. (2022). Aerobic and Anaerobic
Fitness according to High-Intensity Interval Training
Frequency in Youth Soccer Players in the Last Stage of
Rehabilitation. International Journal of Environmental
Research and Public Health, 19(23), 15573.
https://doi.org/10.3390/ijerph192315573

Sinkovic, E, Novak, D., Foretic, N., Kim, J., & Subramanian,

S. V. (2023). The plyometric treatment effects on change
of direction speed and reactive agility in young tennis
players: A randomized controlled trial. Frontiers in
Physiology, 14, 1226831.
https://doi.org/10.3389/fphys.2023.1226831

Deng, N., Soh, K. G., Abdullah, B. B., Huang, D., Xu, E, Bashir,
M., & Zhang, D. (2024). Effects of plyometric training on
health-related physical fitness in untrained participants:
A systematic review and meta-analysis. Scientific Reports,
14(1), 11272. https://doi.org/10.1038/541598-024-61905-7

Ramirez-Campillo, R., Gallardo, F.,, Henriquez-Olguin, C.,
Meylan, C. M. P,, Martinez, C., Alvarez, C., Caniuqueo,
A., Cadore, E. L., & Izquierdo, M. (2015). Effect of
Vertical, Horizontal, and Combined Plyometric Training
on Explosive, Balance, and Endurance Performance
of Young Soccer Players. Journal of Strength and
Conditioning Research, 29(7), 1784-1795.
https://doi.org/10.1519/JSC.0000000000000827

Faigenbaum, A. D., McFarland, J. E., Keiper, E. B., Tevlin,

W,, Ratamess, N. A., Kang, J., & Hoffman, J. R. (2007).
Effects of a short-term plyometric and resistance training
program on fitness performance in boys age 12 to 15
years. Journal of Sports Science & Medicine, 6(4), 519-525.

Singh, L. S., Singh, W. J., Azeem, K., Meitei, N. M., & Mola, D.
W. (2024). Concept of Plyometric Training and Its Effect
on Physiological Parameters of Football Players. Physical
Education Theory and Methodology, 24(4), 609-618.
https://doi.org/10.17309/tmfv.2024.4.13

Singh, S. L., Patir, K., Sarungbam, S., & Meetei, K. R. (2021).
Effect of plyometric training on muscular endurance of
football players. Unpublished.
https://doi.org/10.13140/RG.2.2.27720.44802

Milanovi¢, Z., Sporis, G., & Weston, M. (2015). Effectiveness of
High-Intensity Interval Training (HIT) and Continuous
Endurance Training for VO2max Improvements: A
Systematic Review and Meta-Analysis of Controlled
Trials. Sports Medicine, 45(10), 1469-1481.
https://doi.org/10.1007/540279-015-0365-0

Lu, Y., Wiltshire, H. D., Baker, J. S., Wang, Q., & Ying, S. (2023).
The effect of Tabata-style functional high-intensity interval
training on cardiometabolic health and physical activity
in female university students. Frontiers in Physiology, 14,
1095315. https://doi.org/10.3389/fphys.2023.1095315

Sloth, M., Sloth, D., Overgaard, K., & Dalgas, U. (2013). Effects
of sprint interval training on VO 2max and aerobic
exercise performance: A systematic review and meta-
analysis. Scandinavian Journal of Medicine & Science in
Sports, 23(6). https://doi.org/10.1111/sms.12092

Granero-Gallegos, A., Gonzélez-Quilez, A., Plews, D., &
Carrasco-Poyatos, M. (2020). HRV-Based Training for
Improving VO2max in Endurance Athletes. A Systematic
Review with Meta-Analysis. International Journal of
Environmental Research and Public Health, 17(21), 7999.
https://doi.org/10.3390/ijerph17217999

Vesterinen, V., Nummela, A., Heikura, I, Laine, T., Hynynen, E.,
Botella, J., & Hakkinen, K. (2016). Individual Endurance
Training Prescription with Heart Rate Variability. Medicine
& Science in Sports ¢ Exercise, 48(7), 1347-1354.
https://doi.org/10.1249/MSS.0000000000000910

Fradkin, A. J., Zazryn, T. R., & Smoliga, J. M. (2010). Effects
of Warming-up on Physical Performance: A Systematic
Review With Meta-analysis. Journal of Strength and
Conditioning Research, 24(1), 140-148.
https://doi.org/10.1519/JSC.0b013e3181c643a0

Markovic, G., & Mikulic, P. (2010). Neuro-Musculoskeletal
and Performance Adaptations to Lower-Extremity
Plyometric Training. Sports Medicine, 40(10), 859-895.
https://doi.org/10.2165/11318370-000000000-00000

Smith, C. A. (1994). The Warm-Up Procedure: To Stretch or
Not to Stretch. A Brief Review. Journal of Orthopaedic ¢
Sports Physical Therapy, 19(1), 12-17.
https://doi.org/10.2519/jospt.1994.19.1.12

Dridi, R., Dridi, N., Govindasamy, K., Gmada, N., Aouadi, R.,
Guénard, H., Laher, I, Saeidi, A., Suzuki, K., Hackney, A. C,,
& Zouhal, H. (2021). Effects of Endurance Training Intensity
on Pulmonary Diftusing Capacity at Rest and after Maximal
Aerobic Exercise in Young Athletes. International Journal of
Environmental Research and Public Health, 18(23), 12359.
https://doi.org/10.3390/ijerph182312359

Brini, S., Abderrahman, A. B, Clark, C. C. T, Zouita, S.,
Hackney, A. C., Govindasamy, K., Granacher, U, &
Zouhal, H. (2021). Sex-specific effects of small-sided
games in basketball on psychometric and physiological
markers during Ramadan intermittent fasting: A pilot
study. BMC Sports Science, Medicine and Rehabilitation,
13(1), 56. https://doi.org/10.1186/s13102-021-00285-1

153



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 1

Ghavipanje, V., Rahimi, N. M., & Akhlaghi, F. (2022). Six
Weeks Effects of Dynamic Neuromuscular Stabilization
(DNS) Training in Obese Postpartum Women With Low
Back Pain: A Randomized Controlled Trial. Biological
Research For Nursing, 24(1), 106-114.
https://doi.org/10.1177/10998004211044828

Deepa, M., Faroogq, S., Deepa, R., Manjula, D., & Mohan, V.
(2009). Prevalence and significance of generalized and
central body obesity in an urban Asian Indian population
in Chennai, India (CURES: 47). European Journal of
Clinical Nutrition, 63(2), 259-267.
https://doi.org/10.1038/sj.ejcn.1602920

Govindasamy, K., Suresh, C., Kaur, D., Anitha, J. B., Marwah,
K., Jayasingh Albert Chandrasekar, S., & Lakshmanan,

C. (2023). The effect of 12-week step and floor aerobic
exercise programs on physical and psychophysiological
health parameters in obese men. Sport i Turystyka.
Srodkowoeuropejskie Czasopismo Naukowe, 6(1), 101-117.
https://doi.org/10.16926/sit.2023.01.06

Shapiro, S. S., & Wilk, M. B. (1965). An analysis of variance
test for normality (complete samples). Biometrika, 52(3-
4), 591-611. https://doi.org/10.1093/biomet/52.3-4.591

Park, E., Cho, M., & Ki, C.-S. (2009). Correct Use of Repeated
Measures Analysis of Variance. Annals of Laboratory
Medicine, 29(1), 1-9. https://doi.org/10.3343/kjlm.2009.29.1.1

Cohen, D. (1988). Statistical power analysis for the behaviors
science (2nd ed.).

Chaeroni, A., Nurhasan, N., Ardha, M. A. A, Nur, L., Pranoto,
N. W,, Govindasamy, K., Khishe, M., Ahmed, M., &
Talib, K. (2024). Exploration of branches of physics for
handling several cases in sports applications: A systematic
literature review. Retos, 56, 998-1008.
https://doi.org/10.47197/ret0s.v56.105056

Ribeiro, J., Afonso, J., Camdes, M., Sarmento, H., S4, M.,
Lima, R, Oliveira, R., & Clemente, F. M. (2021).
Methodological Characteristics, Physiological and
Physical Effects, and Future Directions for Combined

Training in Soccer: A Systematic Review. Healthcare, 9(8),
1075. https://doi.org/10.3390/healthcare9081075
Stankovi¢, M., Trajkovi¢, N., Macak, D., Pordevi¢, D., Lazi¢,
A., & Milanovi¢, Z. (2024). Effects of linear and change
of direction high-intensity intervaltraining on physical
performance of elite female soccer players. Biology of
Sport. https://doi.org/10.5114/biolsport.2024.134761
Ramirez-Campillo, R., Castillo, D., Raya-Gonzilez, .,
Moran, J., De Villarreal, E. S., & Lloyd, R. S. (2020).
Effects of Plyometric Jump Training on Jump and Sprint
Performance in Young Male Soccer Players: A Systematic
Review and Meta-analysis. Sports Medicine, 50(12), 2125-
2143. https://doi.org/10.1007/s40279-020-01337-1
Negra, Y., Chaabene, H., Sammoud, S., Prieske, O., Moran, J.,
Ramirez-Campillo, R., Nejmaoui, A., & Granacher, U.
(2020). The Increased Effectiveness of Loaded Versus
Unloaded Plyometric Jump Training in Improving
Muscle Power, Speed, Change of Direction, and Kicking-
Distance Performance in Prepubertal Male Soccer Players.
International Journal of Sports Physiology and Performance,
15(2), 189-195. https://doi.org/10.1123/ijspp.2018-0866
Hughes, D. C., Ellefsen, S., & Baar, K. (2018). Adaptations to
Endurance and Strength Training. Cold Spring Harbor
Perspectives in Medicine, 8(6), a029769.
https://doi.org/10.1101/cshperspect.a029769
Oliva-Lozano, J., Riboli, A., Fortes, V., & M. Muyor, J. (2023).
Monitoring physical match performance relative to
peak locomotor demands: Implications for training
professional soccer players. Biology of Sport, 40(2), 253-
260. https://doi.org/10.5114/biolsport.2023.116450
Zouhal, H., Hammami, A., Tijani, J. M., Jayavel, A., De Sousa,
M., Krustrup, P., Sghaeir, Z., Granacher, U., & Ben
Abderrahman, A. (2020). Effects of Small-Sided Soccer
Games on Physical Fitness, Physiological Responses, and
Health Indices in Untrained Individuals and Clinical
Populations: A Systematic Review. Sports Medicine, 50(5),
987-1007. https://doi.org/10.1007/s40279-019-01256-w

Bnnue 12-Tn>XKHeBOI Nporpamv 3 BUKOHaHHA MAiOMeTPUYHNX
i TabaTa-TpeHyBaHb 3 YacTOTOIO 3-X LWOTVIKHEBUX 3aHATb Ha
NPOAYKTUNBHICTb CepLeBO-CYANHHOI cuctemu enitHux ¢pyroonicris

Hinxin Mytxparxinapam6in Hapasanan'48°PE, Kaam6y Cyngap'ABCPE,
Hipman Maiikn Cansi*P%, Aurmam®cPE, [le6amxut Kapmakap*“PE, Coxom Caxa*“P,
Bekip Epxan Opxan®“P, ®apmxkana Axrep bo6i**“PE, IOHi AcTyTi’A“PF

'YuiBepcuteT Anaramnma

“MixHapopnuuit yHiBepcutetT Cum6iosuc

*ep>xaBauit konemx imeni Yupanmxi /lama Hlapmn
*Harionanpanit iHcTUTYT isndHOro BuxoBaHHs iMeHi Jlakmmi bait
*CtaMOynbCchKuil yHiBepcuTeT AianH

SMixunaponumnit yaiBepcutet Jadbdonin

TlajlaHrCHKUI Jep>KaBHUI YHIBEPCUTET

ABTOpCBHKNMIT BKIIAM: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 9 ., 3 Tab1., 45 KeperL.
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Marepianu Ta MeTogM. Y OCTiPKeHHI B3:/1 y4acTb 60 rpaB1iB 40/10Biu0i cTaTi Mi>kBy3iBcbKOro piBHA BikoM 20,79 £ 1,75 po-
KiB, IKUX Oy/I0 pO3IIOINIEHO 32 METO/IOM paHfioMisallii 1o rpynu wioMeTpuynux TpeHyBanb (ITTT, n = 20), rpynu TpeHyBaHb 3a
meropukoio Tabara (TTT, n = 20) a6o go koutponbHoi rpymu (KT, n = 20). Ilepey moyaTkoM Ta Mic/st 3aBepIIeHHs TPEHYBalIbHOI
IIpOrpaMy OLiHIOBA/IM TIOKa3HMKM CEPLIeBO-CYMHHOI CUCTEMH, Cepefl AKUX )KUTTEBA EMHICTD JIeTe€Hb, 4aCTOTa CEPLIEBUX CKOPO-
YeHb y CTaHi CIIOKOI0, CEPeNHIll apTepiaZIbHuUII TUCK, Yac 3aTPUMKH JMXAaHHA Ta 9acToTa AuxaHH:A. YdacHuku Ak ITTT, Tax i TTT
BUKOHYBa/u 3 TpeHyBa/bHi cecii TpuBamicTio 90 XBUINH Ha WOTV>KHEBiN OCHOBI.

Pesynbraru. Pesynbratu focnifgkeHnsa BuABUAY, o B yyacHuKis Ak ITTT, tax i TTT crocrepiranocs sHauHe NOKpaleHHs
HPOYKTMBHOCTI CepIieBO-CYAMHHOI cucTeMu. II0Ka3HUK XXUTTEBOI EMHOCTI JlereHb 36inpumBcs Ha 30,83 % (d = 1,24, p < 0,001)
y IITT i Ha 34,61 % (d = 1,52, p < 0,001) y TTT. YacToTa cepuieBMX CKOpPOUEHb y CTaHi CIIOKO0 3MeHIIacst Ha 12,36 % (d = 1,74,
p <0,001) y ITTT i Ha 15,18 % (d = 1,82, p < 0,001) y TTT. Yac sarpumku guxaHHs: 36inpmuscs Ha 29,86 % (d = 2,12, p < 0,001) y
ITTT i Ha 34,42 % (d = 2,35, p < 0,001) y TTI. YacToTa ayuxaHH:A 3MeHIIMIacs Ha 28,07 % (d = 1,04, p < 0,001) y ITTT i na 28,33 %
(d =1,10, p < 0,001) y TTT. OrprmaHi faHi cBifuaTh Ipo CyTTEBNII HO3UTUBHNUIT BIVIMB 3aCTOCYBaHHs 000X METOJiB TPEHYBaHb
Ha IPOJIyKTUBHICTD CeplieBO-CyANHHOI CHCTeMM eMiTHUX (yTOOMCTIB.

BucHoBKu. TakuM 41HOM, BIIPOBA/PKEHHS IPOrpaMyl 3 BUKOHAHHSI IUTioMeTpUYHYX i TabaTa-TpeHyBaHb CIPHSIIO 3HAYHOMY
HOJIIIIIEHHIO IPOAYKTUBHOCTI CepIieBO-CYAMHHOI CUCTeMU y eliTHUX GpyTOOMICTIB, 110 H03BOJAE BBAXKATH 3a3HA4YeHI METOIVKI
BAOK/IMBYMU CTPATETiAMM ME€PENCE30OHHOI MiIFOTOBKY MO0 MiIBUIIEHHA ITOKa3HMKIB BUTPUBAJIOCTI, Pe3y/IbTaTUBHOCTI Ta 3a-
raJIbHIX CIOPTUBHUX 3[iO6HOCTEIL.
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Abstract

Objectives. This study aimed to adapt and measure the level of validity and reliability of the Talent Development
Environment Questionnaire (TDEQ-5) for basketball in Indonesia.

Materials and methods. A quantitative approach was employed, using the Exploratory Factor Analysis (EFA)
method and Cronbach’s Alpha test to determine the reliability of the instrument. The sample comprised 420
basketball athletes (212 men, 208 women) from the Developmental Basketball League, distributed across eight
provinces, which were divided into nine major cities in Indonesia. The characteristics of the sample (mean + SD)
were as follows: aged 15 to 18 (17.8 £ 7.2 years old), training experience was 4 to 8 years (5.3 + 8.9 years), and
participating in competitions experience twice to four times a year. The analysis of this study is based on each
factor: Long-term development (LTD), Alignment of expectations (AOE), Communication (COM), Holistic quality
preparation (HQP), and Social network (SN).

Results. The results showed that KMO-MSA was p > 0.5, and Bartlett’s Test of Sphericity was p < 0.05. Furthermore,
Anti-image Correlation, Communalities, and Pattern Matrix Test also exhibited p > 0.5. The Cronbach’s Alpha value
was found to be 0.924.

Conclusions. These findings indicate that the TDEQ-5 is a reliable and valid tool for assessing the talent development

environment of basketball athletes, especially in Indonesia. However, further development of this instrument is
recommended to be adapted to the sports culture in Indonesia and to ensure a more comprehensive and scientific

evaluation of talent coaching in basketball.

Keywords: sports talent, talent coaching, athlete coaching, basketball.

Introduction

The talent development of basketball athletes in Indone-
sia is an important element in improving both national and
international achievements. In recent years, Indonesia has
seen an increasing interest in basketball, both among young
players and the basketball community in general (Indrayana
& Hasibuan, 2021 & Rubiyatno et al., 2022). Nevertheless,
to be able to compete at a global level, a structured and sup-
portive talent development system is needed. Therefore, it is
important to understand and optimize the talent develop-
ment environment, which involves various aspects such as
support from coach competence, quality of service, and also
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motivation and commitment of athletes (Juita et al., 2024).
Based on previous studies, an easy measurement tool has
been found and has a fairly high level of reliability, name-
ly the Talent Development Environment Questionnaire
(TDEQ-5) (Alfermann et al., 2023).

The Talent Development Environment Questionnaire
(TDEQ-5) is a tool that has been proven effective in various
countries in measuring the talent development environment.
Several studies have also shown that TDEQ-5 has been used
on 538 young athletes in China, (Li et al., 2018), analyzing
the perceptions of 92 junior-elite U-19 soccer players about
the talent development environment in Norway (Gangse
et al,, 2021), as well as evaluating the impact of the talent
development environment on team cohesion in water polo
in South Africa (Madi et al., 2023). The results of those
studies highlight that a good and conducive development
environment can have a major effect on the career path of
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athletes in the future. This instrument is also able to evaluate
important dimensions such as social support, training
structure, and development opportunities described in a
study of 146 student golf athletes in Malaysia (Manaf et al.,
2022). However, until now, there has been no study to adapt
or validate TDEQ-5 in various types of sports in Indonesia,
especially Basketball. Given cultural, social, and language
differences, it is important to make adaptations so that this
instrument can provide accurate and relevant results for the
Indonesian basketball community (Deviandri et al., 2023).

Adapting TDEQ-5 to sports in Indonesia not only serves
to accurately measure the talent development environment
but also to provide deeper insights to coaches and sports
organizations about factors that can be optimized (Thomas
et al., 2020). Then, adapting the Talent Development En-
vironment Questionnaire (TDEQ-5) for basketball talent
development research in Indonesia is also very important for
several reasons. According to the results of the research that
has been found, questionnaire adaptation research can en-
sure cultural relevance that accurately reflects the local con-
text and is well understood by athletes, coaches, and sports
organizations (Gledhill & Harwood, 2019, Apollaro et al.,
2022, & Henriksen & Stambulova, 2023), especially in Indo-
nesia. By adjusting the language and context, the validity and
reliability of the data collected will increase, so it provides
more precise insight into the talent development environ-
ment in Indonesia. In addition, the results of this study allow
researchers to identify the specific strengths and challenges
faced by local athletes, so that talent development policies
and programs can be structured more effectively (Gesbert et
al., 2021). Adapted tools also facilitate better communication
between researchers, coaches, and athletes, thus supporting
targeted training strategies to improve the competitiveness
of Indonesian basketball athletes (Megicks et al., 2022).

Therefore, this study aimed to adapt and measure
the validity and reliability of the Talent Development
Environment Questionnaire (TDEQ-5) for basketball in
Indonesia. The exploratory Factor Analysis (EFA) method
was employed because it provided important initial
validation to ensure that TDEQ-5 could be measured
consistently in the local context, especially in Basketball in
Indonesia (Martindale et al., 2010 & Apollaro et al., 2022).
Additionally, the researcher also added a reliability test
to measure the internal consistency of the TDEQ-5 items
within each identified factor. It is expected that the results
of this study will significantly contribute to basketball sports
coaching in Indonesia, ensuring that talented athletes receive
the support they need to achieve their full potential.

Materials and Methods

Study Participants

The research population consisted of high school students
who participated in the Developmental Basketball League
(DBL) competition held in eight provinces spread across nine
major cities in Indonesia. Sample selection was conducted
using purposive sampling, where the selected sample was
basketball players who qualified for the DBL Final round.
Thus, there were 36 high school basketball teams (18 men’s
teams and 18 women’s teams). Data collection was carried
out one day before the start of the final basketball match.

Based on the collected sample player data, the total number
of players as samples was 420 players (212 male players and
208 female players). The sample characteristics (mean + SD)
were age ranging from 15 to 18 years old (17.8+7.2 years),
player training level of 4 to 8 years (5.3 +8.9 years), and par-
ticipating experience in competition of 2 to 4 times in a year.

Study Organizations

This study employed a quantitative method, and the Ex-
ploratory Factor Analysis (EFA) approach was used to test
the level of validity and reliability. The EFA testing method
helped to understand the factor structure of instruments
that have not been adapted before and to allow the identi-
fication of new factors that may arise due to differences in
understanding (Yong & Pearce, 2013). For the results of this
study to produce a reliable questionnaire tool, the researcher
added an unstructured interview method. The purpose of
the unstructured interview method was to analyze responses
or comments to be evaluated in the research results (Susiono
et al., 2024; Wedi et al., 2024).

This study has four stages. The first stage was to analyze
the problems that occur in the basketball environment in
Indonesia and review some scientific literature. In the first
stage, the first problem identified was that many basketball
communities in Indonesia arose from school-age children
(Adiansyah et al.,, 2021; Ningsih et al., 2022; Santoso et al.,
2022; Yuliandra et al., 2023; Nurhabibah et al., 2023; Sastra,
2023). The second problem was the lack of talent coaching
support on basketball, which caused many players in the
basketball community to have skills that go unnoticed. The
second stage was the preparation of scientific articles and the
search for measuring tools. The results of the second stage
were the Talent Development Environment Questionnaire
(TDEQ-5) as a measuring tool to be studied in this study.
After TDEQ-5 was found, it was then translated into
Indonesian based on recommendations of Banville et al.,
(2000). First, two Indonesian researchers who are bilingual
experts in sports science and sports psychology translated
the questionnaire. Second, after the TDEQ-5 was translated,
it was then discussed by the researchers to produce a single
version, conceptually with the original questionnaire and
easy to understand. Third, the evaluation of questionnaires
was conducted by English experts, sports coaching lecturers,
as well as some basketball coaches with a minimum
License B. The third stage was data collection, which was
carried out in August-November 2024. Data collection was
carried out in the Developmental Basketball League (DBL)
competition. DBL is an inter-school basketball competition
held annually in each province in Indonesia (Rahmaniar
& Dewi, 2018; Dikky et al., 2020). The DBL competition
is an official competition under the Indonesian Basketball
Federation (PERBASI). The fourth stage was the preparation
of scientific paper reports, reporting the results of this study
by publishing scientific papers through journals. This study
has been approved with research permit number B/1516/
UN34.16/PT.01.04/2024.

Measurement

At the measurement tool stage, this sub-method section
continued from the second stage of this study. The Talent
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Development Environment Questionnaire (TDEQ-5) was
adopted from research by Martindale et al., (2010), and then
it was developed further by Li et al,, (2015). Thus, TDEQ-5
produced 25 items in 5 factors, namely 1) Long-term
development (LTD), 2) Alignment of expectations (AOE),
3) Communication (COM), 4) Holistic quality preparation
(HQP), 5) Social network (SN). After the TDEQ-5 was
successfully translated into Indonesian, it was then evaluated
in a Focus Group Discussion (FGD) involving English
language experts, sports coaching lecturers, and several
basketball coaches, with a minimum of License B. The results
of the evaluation are stated in the table below.

Statistical Analysis

The data analysis in this study utilized Exploratory
Factor Analysis (EFA) to assess the validity of the instrument.
In the EFA analysis, the analysis stage was divided into five
parts, namely: Kaiser Meyer Olkin Measure Of Sampling
Adequacy (KMO-MSA), Bartlett’s Test of Sphericity, Anti-
image Matrices, Communalities test, and Pattern Matrix
Test. The significance level used for EFA analysis based on
Bartlett’s Test of Sphericity is p < 0.05, while the other four
parts were >0.5 (Yong & Pearce, 2013). Then, reliability
testing used Cronbach’s Alpha with a significance value
of > 0.7 (Amirrudin et al., 2020). The scale used was 1-5;

Table 1. The Translated Talent Development Environment Questionnaire (TDEQ-5) in English-Indonesian

Long-term development (LTD)

My training is specifically designed to help me develop effectively in the long term.

Lot Pelatihan saya dirancang khusus untuk membantu saya berkembang secara efektif dalam jangka panjang.
— My coach emphasizes that what I do in training and competition is far more important than winning.
Pelatih saya menekankan bahwa apa yang saya lakukan dalam latihan dan kompetisi jauh lebih penting daripada menang.
I spend most of my time developing skills and attributes that my coach tells me I will need if I am to compete successfully at
TD3 the top/professional level.
Saya menghabiskan sebagian besar waktu saya untuk mengembangkan keterampilan dan kualitas yang menurut pelatih saya
akan saya perlukan jika saya ingin bersaing dengan sukses di tingkat atas/profesional.
D4 My coach allows me to learn through making my own mistakes.
Pelatih saya memperbolehkan saya belajar dengan membuat kesalahan sendiri.
TDS I would be given good opportunities even if I experienced a dip in performance.
Saya akan diberi kesempatan bagus meskipun saya mengalami penurunan performa.
Alignment of expectations (AOE)
AOEL My coach takes time to talk to my parents about me and what I am trying to achieve.
Pelatih saya meluangkan waktu untuk berbicara kepada orang tua saya tentang saya dan apa yang ingin saya capai.
AOE2 The advice my parents give me fits well with the advice I get from my coaches.
Saran yang diberikan orang tua saya sesuai dengan saran yang saya dapatkan dari pelatih saya.
AOE3 My progress and personal performance is reviewed regularly on an individual basis.
Kemajuan dan performa saya secara berkala ditinjau secara individual.
AOF4 I am involved in most decisions about my sport development.
Saya terlibat dalam sebagian besar keputusan tentang pengembangan olahraga saya.
AOES I regularly set goals with my coach that are specific to my individual development.
Saya secara teratur menetapkan tujuan dengan pelatih saya yang khusus untuk pengembangan individu saya.
Communication (COM)
My coach and I regularly talk about things I need to do to progress to the top level in my sport (e.g., training ethos, competition
CoMI performances, physically, mentally, technically, tactically).
Pelatih saya dan saya, secara teratur berbicara tentang hal-hal yang perlu saya lakukan untuk maju ke tingkat teratas dalam
olahraga saya (misalnya, etos pelatihan, performa kompetisi, fisik, mental, teknik, taktik).
My coach and I talk about what current and/or past world-class performers did to be successful.
COM2  Pelatih saya dan saya, berbicara tentang apa saja yang dilakukan para pemain kelas dunia saat ini dan/atau di masa lalu mereka
untuk meraih kesuksesan.
COMS3 My coach and I often try to identify what my next big test will be before it happens.
Pelatih saya dan saya, kerap kali mencoba mengidentifikasi apa ujian besar saya berikutnya sebelum hal itu terjadi.
COM4 My coach explains how my training and competition program work together to help me develop.

Pelatih saya, menjelaskan bagaimana program pelatihan dan kompetisi saya bekerja sama untuk membantu saya berkembang.
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Table 1 (continued)

Holistic quality preparation (HQP)

My coach rarely talks to me about my well-being.
HQP1 Y y y g

Pelatih saya jarang berbicara kepada saya tentang kesejahteraan/kondisi saya.

My coach doesn't appear to be that interested in my life outside of sport.

HQP2

Pelatih saya tampaknya tidak begitu tertarik dengan kehidupan saya di luar olahraga.

My coach rarely takes the time to talk to other coaches who work with me.

HQP3

Pelatih saya jarang meluangkan waktu untuk berbicara dengan pelatih lain yang juga melatih saya.

I don't get much help to develop my mental toughness in sport effectively.

HQP4

Saya jarang sekali mendapat dukungan untuk mengembangkan mentalitas saya dalam olahraga secara efektif.

I am rarely encouraged to plan for how I would deal with things that might go wrong.

HQP5

Saya jarang didorong untuk merencanakan bagaimana menghadapi situasi yang mungkin tidak berjalan sesuai rencana.

The guidelines in my sport regarding what I need to do to progress are not very clear.

HQP6

Pedoman yang mengatur langkah-langkah untuk berkembang dalam olahraga saya kurang brgitu jelas.

I am not taught that much about how to balance training, competing, and recovery.

HQP7

Saya tidak banyak diajarkan tentang bagaimana cara menyeimbangkan latihan, kompetisi, dan pemulihan.

Social network (SN)

SN1

Currently, I have access to a variety of different types of professionals to help my sports development (e.g., physiotherapist,
sport psychologist, strength trainer, nutritionist, lifestyle advisor).

Saat ini, saya memiliki akses ke berbagai jenis profesional untuk membantu pengembangan olahraga saya (seperti fisioterapis,
psikolog olahraga, pelatih fisik, ahli gizi, dan konsultan gaya hidup).

SN2

I can pop in to see my coach or other support staft whenever I need to (e.g., physiotherapist, psychologist, strength trainer,
nutritionist, lifestyle advisor).

Saya dapat berkonsultasi dengan pelatih atau staf pendukung lainnya (seperti fisioterapis, psikolog olahraga, pelatih fisik, ahli
gizi, dan konsultan gaya hidup) kapan saja.

SN3

My coaches talk regularly to the other people who support me in my sport about what I am trying to achieve (e.g., physiotherapist,
sport psychologist, nutritionist, strength and conditioning coach, lifestyle advisor).

Pelatih saya secara rutin berkomunikasi dengan para profesional yang mendukung saya (seperti fisioterapis, psikolog olahraga,
ahli gizi, pelatih kekuatan dan kondisi, dan konsultan gaya hidup) mengenai tujuan-tujuan yang ingin saya capai.

Those who help me in my sport seem to be on the same wavelength as each other when it comes to what is best for me (e.g.,

coaches, physiotherapists, sport psychologists, strength trainers, nutritionists, lifestyle advisors).

SN4

Para profesional yang membantu saya dalam olahraga tampaknya memiliki kesamaan visi tentang apa yang terbaik bagi saya
(seperti fisioterapis, psikolog olahraga, pelatih fisik, ahli gizi, dan konsultan gaya hidup).

1 (strongly disagree), 2 (disagree), 3 (neutral), 4 (agree), and
5 (strongly agree). The testing of Exploratory Factor Analysis
(EFA) and Cronbach’s Alpha used SPSS 26.

Results

The following are the results of the validity test in
the first stage after data analysis using Exploratory Factor
Analysis (EFA). The first stage of EFA analysis is by analyzing
the value of the Kaiser Meyer Olkin Measure Of Sampling
Adequacy (KMO-MSA) in Table 2.

Based on the results of Table 2, the value of the Kaiser
Meyer Olkin Measure Of Sampling Adequacy (KMO-MSA)
shows 0.852. This KMO-MSA value is greater than p>0.50,
then the significance value of Bartlett’s Test of Sphericity is
p <0.05, so the analysis can be continued.

After the KMO-MSA is known to be 0.852, the next
analysis is by looking at the value criteria in the Anti-image
Matrices in Table 3.

Table 2. KMO-MSA Results

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.852
Bartlett’s Test of Sphericity Approx. Chi-Square 1828.096

df 10
Sig. 0.000

Based on the results in Table 3, the focus is on the Anti-
image Correlation values, denoted by @. The values for
factors LTD, AOE, COM, HQP, and SN are 0.857, 0.864,
0.943, 0.811, and 0.813, respectively. All of these values
are greater than p>0.50. Therefore, these five factors meet
the criteria for Measures of Sampling Adequacy (MSA) as
indicated by the Anti-image Correlation values.

The next step involves analyzing the Communalities test
values, based on the values in the Extraction section. The
results of the Communalities test are shown in Table 4 below.
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Table 3. Anti-image Matrices Results

LTD AOE COM HQP SN
LTD 0.273 -0.138 -0.057 -0.065 0.009
AOE -0.138 0.267 -0.081 -0.012 -0.043
Anti-image Covariance =~ COM -0.057 -0.081 0.441 -0.016 -0.049
HQP -0.065 -0.012 -0.016 0.197 -0.139
SN 0.009 -0.043 -0.049 -0.139 0.215
LTD 0.857a -0.511 -0.163 -0.278 0.038
AOE -0.511 0.864a -0.236 -0.053 -0.178
Anti-image Correlation ~COM -0.163 -0.236 0.943a -0.054 -0.160
HQP -0.278 -0.053 -0.054 0.811a -0.677
SN 0.038 -0.178 -0.160 -0.677 0.813*
a. Measures of Sampling Adequacy (MSA)
Table 4. Communalities Test Results Table 6. Reliability Test Results
Communalities Test Item Results
Item Initial Extraction Cronbach’s Alpha All Ttem 0.924
LTD 1.000 0.798 LTD 0.901
AOE 1.000 0.810 AOE 0.901
COM 1.000 0.689 Cronbach’s Alpha if Ttem COM 0.924
Deleted
HQP 1.000 0.830 HQP 0.906
SN 1.000 0.809 SN 0.898

Based on Table 4, the extraction values for factors LTD,
AOE, COM, HQP, and SN are 0.798, 0.810, 0.689, 0.839, and
0.809, respectively. These extraction values are all greater
than p>0.50, indicating a strong relationship between the
variables and the factors.

Following the Communalities test, the next step is
the Pattern Matrix test, which produces the component ma-
trix (Table 5).

Table 5. Component Matrix Results

Component
Item
1

LTD .893
AOE 900
COM .830
HQP 911

SN .900

Based on Table 5, the values for factors LTD, AOE,
COM, HQP, and SN are 0.893, 0.900, 0.830, 0.911, and 0.900,
respectively. All five factors show values greater than p>0.50
(sample size = 420), and the pattern from the matrix test
also indicates that TDEQ-5 is divided into one component.
Therefore, TDEQ-5 is proven to be valid as each test item is
closely attached to a single instrument.

After conducting the validity test using Exploratory
Factor Analysis (EFA), to ensure that the TDEQ-5 instrument
has a high level of reliability, a reliability test was conducted.
This reliability test uses Cronbach’s Alpha values (Table 6).

Based on the results from Table 6, the Cronbach’s Alpha
value is 0.924, which is greater than 0.7. Additionally, the five

factors, LTD, AOE, COM, HQP, and SN, also show reliability
values greater than 0.7. Therefore, the Talent Development
Environment Questionnaire (TDEQ-5) demonstrates high
reliability.

Discussion

This research demonstrates that the Talent Development
Environment Questionnaire (TDEQ-5) is a suitable and
valid tool when using the Exploratory Factor Analysis
(EFA) method. The analysis of the LTD factor proved valid
for basketball in Indonesia, indicating that a supportive
environment for long-term development is highly relevant
in this context. Based on research in Burundi, an ideal
talent development environment includes providing sports
facilities for young athletes, prioritizing the development of
competencies in all sports personnel, and developing youth
training centers (Hatungimana & Oladipo, 2023). Moreover,
coaches play a crucial role in talent development, as indicated
by several LTD items. Competent and qualified basketball
coaches should possess qualities such as motivation
competency, game-strategy competency, character building,
and technique competency (Juita et al., 2024). Furthermore,
research by Wijayanti et al. (2024) suggests that qualified
coaches should possess mental skills, coaching style,
character building, nutrition knowledge, and coaching
science. Therefore, coaches play a primary role in the context
of talent development in basketball. Organizing age-group
basketball tournaments or inter-school competitions is
also a method for developing talent (Kalén et al., 2021), as
players will continually strive to explore basketball skills
that can then be used to evaluate coaches. The LTD factor
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approach ensures that athletes not only achieve short-term
peak performance but also develop sustainable careers. This
is essential given the need to nurture talent continuously to
contribute at the national and international levels.

The analysis of the AOE factor as a valid factor
underscores the importance of alignment in vision
and expectations among coaches, athletes, and other
stakeholders in Indonesian basketball. Alignment among
coaches, athletes, and stakeholders is crucial for team
sports like football, basketball, volleyball, and handball, as
it is necessary to achieve desired results for all parties (Van
Meervelt et al., 2023). Alignment also creates consistency,
such as the support and advice received by athletes, reducing
confusion and improving athlete performance and self-
confidence (Latief et al., 2024; Mandan et al., 2024). This
alignment ensures that everyone is working towards a
common goal, minimizing conflict, and increasing the
efficiency of training programs. This coordinated approach
is believed to enhance athlete satisfaction and motivation
in the long term. Another advantage of good alignment
between coaches and athletes is that training programs
can be designed more efficiently and measurably, allowing
athletes to focus on achieving success without distractions
(Yietal., 2021). Additionally, customizing training programs
based on individual needs becomes easier, maximizing
the potential of each basketball player.

The analysis of the COM factor emphasizes that
clear and effective communication is a key component
of the basketball environment in Indonesia. Good and
harmonious communication between coaches and athletes,
especially at the beginning of an athlete’s career, is essential,
such as having common and realistic goals, suppressing ego,
and avoiding bringing problems into the work environment
(Karafil & Ulas, 2023). Furthermore, the involvement of
parents with coaches also plays an important role in aligning
perceptions about the future for young athletes (Yabe et al,,
2021; Mandan et al., 2024). Good communication allows
for the exchange of important information and helps
build strong relationships between coaches, athletes, and
support teams. This plays a vital role in helping athletes
understand instructions, receive feedback, and improve
their performance. Moreover, the main benefit of good
communication among basketball players is to improve
teamwork and make it more solid, such as sharing experiences
about specific skills among players (Da Silva et al., 2022;
Wibowo et al., 2024). Previous research also explains that
good communication can lead to creativity in the game,
maintain resilience in athletes, cultivate a cooperative spirit,
and reduce anxiety (Callaghan et al., 2018; Higgins, 2022,
& Luo, 2023). Thus, good communication will influence
the level of success for both athletes and coaches.

The analysis of the valid HQP factor highlights the
importance of a comprehensive and quality preparation
approach in developing basketball athletes in Indonesia.
Holistic preparation ensures that athletes receive training
that covers physical, mental, and emotional aspects, which
is crucial in the early development of a basketball player’s
career (Rodriguez-Cayetano et al., 2023). Holistic training
in basketball teams includes improving technical skills such
as dribbling, shooting, passing, as well as effective game
strategy and teamwork (de Almeida et al., 2024). In addition,
a holistic approach to team sports training also involves

education such as nutrition and recovery methods, ensuring
that athletes get the right intake for energy and adequate
recovery to prevent injuries (Boumosleh et al., 2021; Esen
et al., 2022). Thus, holistically prepared athletes tend to
have better endurance, a lower risk of injury, and a higher
ability to adapt to various on-court situations. Another
advantage of a long-term and systematic holistic preparation
method is that athletes gain mental well-being. Athletes feel
well-cared for and have a sense of satisfaction as athletes,
which will eventually impact their motivation to achieve
(Lima et al., 2020; Juita et al., 2024). All of these methods
support a longer and more successful career in basketball.
This perspective supports the development of athletes who
are not only ready in technical skills but also in facing the
challenges of competition.

The analysis of the SN factor in the TDEQ-5 shows
that social support or social networks play an important
role in supporting the development of basketball players
in Indonesia. Social support from family, friends, and the
community has a positive impact on athletes’ motivation and
well-being. Family support can be in the form of material
support and moral support, such as providing training
equipment and always trying to be present at every practice
session or competition (Mandan et al., 2024; Imtihansyah
et al,, 2024). Support from friends or the community can be
in the form of encouragement before or after a match, joint
training, and easy access, such as borrowing a basketball
court for practice (Haggar & Giles, 2022; Simons & Bird,
2023). In addition, coaches who have extensive relationships
also influence the talent development environment for
basketball players. The manifestation of this relationship
is bringing in nutritionists, physical therapists, sports
psychologists, weight training instructors, and even helping
athletes find schools for their academic future (Peng et al.,
2020, Krommidas et al., 2022; Sridana et al., 2024). Thus,
strong social support can be a source of important moral and
informational support in an athlete’s career. Moreover, social
networks also function as an integral support system, helping
basketball athletes develop their talents more effectively and
sustainably (Benito-Colio et al., 2022).

The reliability analysis results also show that all factors in
the TDEQ-5 have high Cronbach’s alpha values. These results
indicate that the instrument is consistent in measuring the
talent development environment in Indonesian basketball.
High reliability gives confidence that the evaluations
produced by the TDEQ-5 instrument can be trusted and
used as a basis for improving talent development training
strategies in basketball (Thomas et al., 2020). It is crucial to
ensure that the development of training programs is based
on accurate and reliable data through this measurement tool.
In addition, the results of the TDEQ-5 testing also provide an
easy and credible solution for evaluating talent development
systems in Indonesian basketball. Other research suggests
that, in addition to measuring physical skills, techniques,
and anthropometry in athletes, talent in athletes should be
evaluated scientifically (Susanto et al., 2023; Vianna et al,,
2024).

The limitations of this study are that when young
basketball players provide statements, there are shortcomings
such as assessments of basketball organizations and the
quality of services such as schools or clubs. Players also
believe that organizations have a strong influence on
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basketball development in Indonesia, such as through athlete
selection or organizing competitions to form layered local
teams according to age categories. In addition, the schools
that the players attend also need to be assessed regarding
how schools support their basketball players in developing
basketball skills to become professional athletes. Future
research is expected to develop the Talent Development
Environment Questionnaire (TDEQ-5) instrument more
deeply following Indonesian sports culture, with more
detailed analytical methods.

Conclusion

This study concludes that factors such as Long-term
Development (LTD), Alignment of Expectations (AOE),
Communication (COM), Holistic Quality Preparation
(HQP), and Social Network (SN) are proven to be relevant
and play a significant role in supporting the development
and growth of basketball athletes, especially in Indonesia.
The LTD factor emphasizes theimportance ofan environment
that supports the growth of a sustainable career, while the
AOE factor shows that the alignment of expectations between
coaches, athletes, and related parties increases the efficiency
and motivation of training. The COM factor highlights the
role of clear communication in building strong relationships
and improving athlete performance, while HQP ensures
comprehensive and quality athlete preparation, covering
physical, mental, and emotional aspects. Support from
social networks (SN) is proven to boost motivation and
well-being by providing the necessary moral and material
support. The high reliability of the TDEQ-5, with a high
Cronbach’s Alpha value, indicates that the instrument
is consistent and reliable, providing a strong foundation
for improving talent development training strategies in
Indonesian basketball. However, this study also identifies
limitations regarding the assessment of the influence of
organizations and the quality of services from schools or
clubs. Therefore, further development of this instrument is
recommended, adapted to the sports culture in Indonesia,
to ensure a more comprehensive and scientific evaluation of
talent development in basketball.
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AocnigHnubknnm GakTOpHUI aHanNi3 BUKOPUCTaHHA
onuTyBaJibHMNKa WOAO0 BU3HAYEeHHA cepeAoBuLLa PO3BUTKY
o6papoBaHocTi (TDEQ-5) y 6acker6oni B IHaOHESII

Kykyx Xapgomno ITyrpo'48PE, Cyxapmkana'4*“P, Aryc CycBopo [IBi Mapxaengpo'=cP,
daysi'*PE, [Jananr Bikakcono'®“PE, Cy6ario Ipianto'**?, Tpicnap Api IIpa6oso'4P<PE
'VuiBepcurer mrary JI>KoKbsAKapTa

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

Pedepar. Crarrs: 10 c., 6 TabL., 59 mKeper.

Mera mocnigKeHHs. MeToI0 [[bOT0 JOCTII>KeHH: OY/I0 ajaliTyBaT! Ta OLIHUTHU piBeHb Ba/IiJHOCTI Ta HAJITHOCTI BUKOPUC-
TaHHs OIMTYBA/IbHIKA I[OfI0 BUSHAUEHHs cepefioBuILa po3BuTKy obpaposanocti (TDEQ-5) y 6acker6ori B InoHesil.

Marepianu ta MmeTogu. /114 BU3HaYeHHA HaflifIHOCTI iIHCTPYMEHTY 3aCTOCOBAHO Ki/lIbKiCHUMII MifiXif i3 BUKOPUCTAaHHAM Me-
TOZly BOCTiIHNUIIbKOTO (aKkTOpHOTO aHami3y (JPA) Ta koedimienTa anbga Kponbaxa. Bubipka ckmaganacs i3 420 6acker6ormicTiB
(212 yornosikis, 208 xiHoK) 3 BackeT6onbHOI JIirn Po3BUTKY, y4aCHUKIB K01 Oy/10 pO3MIOAiNeHO 3a BiCbMOMa MPOBIHI[isAMM, PO3-
IiNeHVIMU Ha JeB sITh BenuKux Mict [npoHesil. XapakrepucTuku Bubipku (cepente + CB) BK/I04ami HACTYIIHI TOKasHUKM: BiK Bif
15 o 18 pokis (17,8 + 7,2 poky), focBif TpenyBanb — Bix 4 1o 8 pokis (5,3 * 8,9 poky), JOCBIf y4acTi B 3SMaraHHAX — BijJ ABOX
0 YOTMPBOX pasiB Ha pik. [IpoBefeHMiT aHai3 JOCTIIKEHHA IPYHTYETbCA Ha KOXKHOMY i3 IpeficTaBeHNX ¢akTopis: JJoBrocrpo-
koBuii po3BuTok (JJP), ysromxkenicts ogikyBans (YO), komysikanis (KOM), xomictiana sikicHa migroroska (X1II) Ta corianbHa
Mepexa (CM).

Pesynpraru. PesynpraTu mokasar, 1o Kputepin ageksarHocti Bubipku Karisepa-Meitepa-Onkina craHoButs p > 0,5, a Kpu-
Tepiit chepuuanocti Baptinerra — p < 0,05. Kpim TOro, Kopensiiist aHTHIMIKiB, CIIBHOCTI Ta KpUTEPilt MaTpuIji MaTepHiB TAKOX
MaJIi IIOKas3HuK p > 0,5. 3HadeHHst KoedinienTa anbda Kporbaxa craHoBumo 0,924.

BucnoBku. Otpumani faHi cBifyarh npo HafiitHicTh Ta BamigHicTh BuKopuctanusa TDEQ-5 o0 oLiHKM cepesoBuIla pos-
BUTKY 06apoBaHOCTI 6acKeTOONIPHUX CIIOPTCMEHIB, 1110 0COO/IMBO aKTyanbHO Ajst IHoHesii. OgHAK peKOMEHIYETbCS MOfaIb-
Vi1 PO3BUTOK 3a3HAYEHOTO IHCTPYMEHTY 3 METOIO J10T0 afalTallil o CIOPTUBHOI Ky/IbTypy IH/OHesiT Ta 3abe3nedeHHs 6inbIn
KOMII/IEKCHOI i HAYKOBOI OLIiHKY TPEHEPChKOI POOOTH 3 TATAHOBUTUMM CIIOPTCMeHaMM y 6ackeTOOT.

Knro4oBi croBa: ciopTuBHMII TaNaHT, TpeHepCbka poboTa 3 064apOBaHUMM CIIOPTCMEHaMM, 6acKeTOOII.
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Abstract

Objectives. The objective of this study was to verify the impact of the IAAF project “Kids” Athletics” on the physical
performance of pupils in primary education through the design and implementation of an athletics program.
Materials and methods. The present study was conducted using a two-group non-concurrent experiment, in
which the experimental group (decimal age 8.64 years) consisted of 50 probands and the control group (decimal
age 8.55 years) consisted of 60 probands aged 8-9 years. Additionally, 8 physical abilities tests were used to obtain
selected indicators of the level of motor performance and probands’ skill. The effectiveness of the 7-month
experimental program was evaluated using comparative analysis through non-parametric statistical methods:
Wilcoxon and Mann-Whitney U test and substantive significance assessment: Cohen (r). The difference in

the progress of both samples was also determined.

Results. From a total of 8 motor tests in the experimental sample, a progress was observed in all 8 cases, of which

the following changes were significant in 6 tests: Movement Set with Bar (z = 3.84, p < 0.00, r = 0 .54), Static Pull-Up
Hold (z = 3.53, p = 0.00, r < 0.50), Sit-Up (z = 5.29, p < 0.00, r = 0.75), 3-Way Ball Rolling (z = 4.31, p < 0.01, r = 0.61),
the 4x10m Shuttle Run (z = 4.20 m, p < 0.01, r = 0.59) and the Beep Test (z = 4.64, p < 0.01, r = 0.66). In the case of
the control group, there was a progress at the level of statistical significance in the Sit-Up (z = 2.87, p < 0.01, r = 0.37),

in the 4x10 m Shuttle Run (z = 4.94, p <0.01, r = 0.64) and the Beep Test (z = 2.98, p<0.01, r = 0.38).

Conclusions. It has been proven that the “Kids’ Athletics” program, composed of selected disciplines of Kids’
Athletics supplemented by athletic movement games, has a significant impact on a wider range of physical abilities

in 8- to 9-year-old children compared to the traditional content of the ISCED 1 state education program. Based on
the findings of this study, as well as the comparison of other research works devoted to related issues, it is pointed out
the feasibility of implementing such an athletic program into the annual timetables of Physical Education and Sports

in primary education at this particular age period.

Keywords: Kids™ Athletics, physical performance, primary education.

Introduction

Physical education and sport, like all education, is closely
related to the life around us. They influence each other and
are dependent on each other. The educational process in
schools should reflect the needs of society and vice versa,
individual educational constructs should be modified based
on the awareness gained through empirical knowledge from
the surrounding world. Currently, the movement aspect of
youth is one of the most important topics penetrating various
areas. Experts from sports, education, medicine, psychology,
sociology, as well as the lay public are interested in a certain

©  Jakubik, J., & Jaroslav Brod4ni, J., 2025.
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way and devote themselves to this issue. The reason is the
well-known negative phenomena, which we find based on
motor (overall) testing, medical examinations, evaluation of
interpersonal relationships, but also by simple observation
of the way of life of young people.

The findings of the World Health Organization (WHO)
published in the newsletter of the Ministry of Health of the
Slovak Republic from 2020 are alarming, pointing to a high
global incidence of obesity. More than 340 million children
and adolescents between the ages of 5 and 19 suffer from it in
the world. Since the 1970s, this number has almost doubled.
In most European countries, the prevalence of overweight
and obesity is around 50 % in the adult population and
is responsible for the development of up to 80% of type
2 diabetes cases.
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Today, perhaps no one doubts that movement and
its’ lack is one of the main problems of today’s young
population, along with unhealthy eating habits. Therefore, it
is incomprehensible that in several European schools, pupils
of younger school age are only required to have 2 PES lessons,
during which pupils can move actively and do not have to sit
on chairs. The World Health Organization recommends at
least 60 minutes of mild to moderately intense exercise per
day for people of this age (WHO, 2024). Since physical and
sports education is the only or majority source of exercise
for most children, we fear that the recommendation of the
World Health Organization remains largely unfulfilled.
Bielik, Hamar, Penesova, Babjakova, Antala, Labudova and
Koviécs (2017) point to serious facts that speak of a sedentary
way of using free time among school-age children practically
throughout the afternoon, i.e. from the time they arrive
from school to the end of the day (Bielik, Hamar, Penesova,
Babjakova, Antala, Labudova and Kovacs 2017). The overall
problem is wide-ranging and interdisciplinary. When
solving it, we therefore consider it necessary to combine the
knowledge and experience of experts from several fields.

In our work, we focus on the implementation of selected
athletic elements in the teaching of secondary education
with a traditional (2 lesson) time allowance from primary
education. At the same time, the research builds on the
results of the intervention we carried out in 2020 on a sample
of 2nd grade probands. At that time, the high effectiveness of
the experimental stimulus in the form of an athletic program
implemented in the increased (3 hours) time allowance of
the subject of the PES was found. The main reason why we
decided to focus on this issue is the great potential in the
combination of knowledge and experience from the field
of athletics and the education of PES in primary education.
It is necessary to point out the fact that in the current
prevailing time allocation of two or three lessons a week, we
cannot expect miraculous changes in the level of movement
performance, or the health side of pupils. Therefore, we
understand the main role of PES in providing such activities
that, in addition to the development of basic locomotion, will
motivate students to do sports and voluntary movement in
their free time. Through the implementation of the athletics
program in the form of lesson plans, we are trying to provide
teachers of this subject with a way to teach athletics at the
first level of elementary school more attractively, more
efficiently, and considering the age characteristics of the
students. The benefit of athletics lies in the improvement
of basic locomotion, as well as the development of many
movement abilities and skills (Cillik, Blanarov4, Nemec and
Kozolkova, 2018; Katzenbogner et al., 2018; Dolezalova and
Lednicky, 2012; Kuchen, 1986). Often those skills, which are
not at the required level when pupils move to the second
level of primary school. Katzenbogner et al. (2018) adds that
the development of these movement skills is a fundamental
task of athletics for children (Katzenbogner et al., 2018).
When compiling the athletics program, we were inspired
by the practical handbook of team disciplines of the IAAF
Kids’ Athletics project by the authors Gozzolli, Simohamed
and El-Hebil (2006), which serves as a manual for organizers
of athletic team competitions of the youngest to middle age
of school age almost all over the world. Another important
element that we included in the design of the lessons are
movement games focused on athletics. These appropriately

supplement and dynamize the lessons and, as experts say, ina
relatively short time of their application, they also effectively
develop motor skills and contribute to the socialization of
pupils. In their selection and organization, we were inspired
by authors such as Argaj et al. (2009), in addition to our own
experience. Adam¢dk and Nemec (2014) or Katzenbogner,
Killing, Fréhlich, Ulrich and Miiller (2018). In addition to
the mentioned sources, when implementing the athletics
program into the annual time-thematic plan for the subject
PES, we relied on documents issued by the State Institute of
Pedagogy (ISCED 1, 2015) and the Ministry of Education,
Science, Research and Sport of the Slovak Republic (Law on
Education and Training, 2008). and publications by experts
in the field of didactics of PES (Kampmiller, 2002; Simonek,
2005), didactics of athletics (Cillik et al., 2009), as well as in
the field of sports training and development of movement
skills by Friedrich (2007) and a team of experts the concept
of long-term sports training (Balyi, et al., 2013).

Material and Methods

Study Participants

The basis of the study is the motor performance of boys
and girls divided into experimental (n = 50, decimal age
8.64 years, height 134.7 cm, weight 29.9 kg) and control
group (n=60, decimal age 8.55, height 134.8 cm, weight
9.9 kg). Between body height, or weight in the experimental
and control groups, we did not notice significant differences
(p=n.s.).

Study Organization

We used a longitudinal two-group pedagogical experi-
ment to verify the impact of Kids’ Athletics on the motor
performance of the probands.

To diagnose the entry and exit level of the probands’
movement performance, we chose the test battery compiled
by the established commission at the Ministry of Education,
Science, Research and Sports from 2016/2017. Since 2018, it
has been used for full-scale testing of the movement abilities
of students in the first and third year of primary education.

The battery of tests consisted of the: Seated Forward
Bend (cm), Movement Set with Bar (s), Static Pull Up Hold
(s), Standing Long Jump (cm), Sit-up (n/min), 3-Ball Rolling
(s), 4x10 m Shuttle Run (s) and Beep test (n).

Statistical Analysis

We assess the statistical significance of changes and
differences with the Wilcoxon and Mann-Whitney tests
at the significance levels p<0.05 and p<0.01. Material
significance is assessed by Cohen’s (1988) “r” coeflicient: 0.1
- small, 0.3 - medium, 0.5 - large effect. Empirical data were
evaluated in MS Excel and SPSS programs.

Results

As a result of the experimental stimulus containing the
means of the “Kids” Athletics” program, there were signifi-
cant improvements in physical movement performance in
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Table 1. Physical performance level

Experimental sample (n = 50)

Control sample (n= 60)

Indicators Input Output Input Output

M SD M SD M SD M SD
Height (cm) 134.57 5.93 134.83 6.05
Weight (kg) 29.98 6.40 29.93 6.64
Seated F. Bend (cm) -4.06 8.02 -3.48 8.59 0.18 9.17 -1.71 10.34
Movement Set (s) 23.44 5.42 20.98 431 24.43 5.11 26.10 5.90
S. Pull Up Hold (s) 9.90 6.58 12.55 7.67 10.25 6.89 8.98 7.55
Standing L. Jump 135.24 18.37 138.14 16.91 126.63 19.53 127.03 19.13
Sit-Up (n) 34.18 7.47 39.42 7.99 37.88 6.54 40.53 7.08
3-Ball Rolling (s) 27.70 6.05 23.86 5.77 30.85 8.91 28.71 8.46
4x10 m Run (s) 13.90 0.91 13.41 0.77 13.78 0.94 13.35 0.95
Beep Test (n) 26.62 10.08 31.68 11.33 25.00 9.69 28.23 11.85

Performance in individual disciplines (table 1) is characterized by basic descriptive statistics (N — number, M - average, SD - standard

deviation)

Table 2. Statistical significance and effect size of physical performance changes in experimental and control sample

Sample
Indicators Experimental Control
z P r z P r
Seated F. Bend (cm) 1.41 0.16 0.20 3.08 0.00 0.40
Movement Set (s) 3.84 0.00 0.54 1.82 0.07 0.23
Static P. Up Hold (s) 3.53 0.00 0.50 2.99 0.00 0.39
Standing L. Jump (cm) 1.65 0.10 0.23 0.02 0.99 0.00
Sit-Up (n) 5.29 0.00 0.75 2.87 0.00 0.37
3-Ball Rolling (s) 4.31 0.00 0.61 0.82 0.41 0.12
4x10 m Run (s) 4.20 0.00 0.59 4.94 0.00 0.64
Beep Test 4.64 0.00 0.66 2.98 0.00 0.38

Notes: Wilcoxon test, p value, Cohen’s r

Table 3. Statistical significance and effect size of physical performance differences between experimental and control

sample in initial and final testing

Experimental <> Control sample

Indicators Input Output
z P r z p r
Seated F. Bend (cm) 2.85 0.00 0.40 1.06 0.29 0.15
Movement Set (s) 1.37 0.17 0.19 5.33 0.00 0.75
Static P. Up Hold (s) 0.47 0.64 0.07 2.66 0.01 0.38
Standing L. Jump (cm) 2.08 0.04 0.29 2.78 0.01 0.39
Sit-Up (n) 2.36 0.02 0.33 0.31 0.76 0.04
3-Ball Rolling (s) 1.47 1.14 0.22 3.43 0.00 0.49
4x10 m Run (s) 0.40 0.69 0.06 0.45 0.65 0.06
Beep Test 0.55 0.58 0.08 1.38 0.17 0.19

Notes: Mann Whitney test, p value, Cohen’s r

the experimental sample (tables 1 and 2). Performance im-
provements were noted in the following tests: Movement Set
with Bar (z = 3.84, p < 0.00, r = 0.54), Static Hold Pull Up
(z=3.53,p=0.00,r <0, 50), Sit-Up (z =5.29, p < 0.00, r=0.75),
3-Ball Rolling (z=4.31, p <0.01,r =0.61), 4x10 m Shuttle Run
(z=4.20m, p <0.01,r=0.59) and Beep Test (z=4.64, p<0.01,
r = 0.66). The level of Seated Forward Bend and Standing
Long Jump remained unchanged (p>0.05, r < 0.23).

The control sample completed the stimulus with the
traditional teaching content of the state education program.
The control stimulus had a positive effect on the improvement
in the Sit-Up test (z = 2.87, p < 0.01, r = 0.37), r = 0.32), in
the 4x10 m Shuttle Run (z = 4.94, p < 0.01, r = 0.64) and the
Beep Test (z = 2.98, p < 0.01, r = 0.38). Performance level
in Standing Long Jump (z = 0.02, p > 0.05, r < 0.00) and
Movement Set with Bar (z=1.82, p > 0.5, r = 0.23) remained
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unchanged. The control stimulus negatively affected the level
of Seated Forward Bend (z = 3008, p<0.01, r = 0.40) and
Static Hold Pull Up (z = 1.82, p <0.01, r = 0.39).

It has been shown that the “Kids’ Athletics” program,
madeupofselected disciplines of Kids athletics supplemented
with athletic movement games, has a significant impact on a
wider range of physical abilities in 8- to 9-year-old children
compared to the traditional content of the ISCED 1 state
education program (table 1, 2 and 3). From the physical
abilities, positive performance changes were recorded in
coordination skills (Movement Set with Bar and 3-Ball
Rolling), strength abilities (Static Hold Pull Up and Sit-Up),
coordination speed (4x10m) and endurance (Beep Test).
The level of mobility and explosiveness of the lower limbs
remained unchanged, which can be a positive indicator
given the peculiarities of development at this age.

Discussion

The inclusion of athletic elements in the conditions
of school physical education, or in children of younger
school age, can be observed in several research works. Some
are focused on a smaller number of selected monitored
indicators; other studies are more complex. Kremnicky
(2009) observed the influence of athletic equipment on the
development of gymnastic skills. In this work, with the help
of a one-group pedagogical experiment, positive changes in
the acquisition of selected gymnastic skills were recorded
on a sample of 6-7-year-old boys, while among the tools
used were basic athletic elements such as running alphabet,
sprints and jumps. In the case of the work of Cillik and
Willwéber (2018), a positive influence of Kids’ athletics
on individual parameters of body composition was found.
Similarly, in the case of the work of Willwéber (2016), where
a better performance in the general motor performance of
6-7-year-old pupils engaged in athletics was found than in
their peers playing tennis.

A team of experts in a series of research conducted in
2013-2015 under the leadership of Cillik devoted themselves
to verifying the impact of Kids " Athletics on a wider complex
of movement skills. Experiments on younger school-age
probands revealed a significant impact of “Athletics for
children” on general motor performance in children aged
7-9 years. The practical part of these researches was carried
out on athletics rings at selected elementary schools. The
joint results of the works of the involved authors point to
the progress of the level of general physical performance.
These were proven using the EUROFIT and UNIFIT
test batteries. In most cases, the most significant changes
in fitness abilities occurred from a series of experiments.
When testing coordination skills, similar to our case, the
most significant changes in reaction speed and kinesthetic-
differentiation skills were recorded. Compared to the
pedagogical experiments that we carried out as part of the
PES subject at a selected elementary school in the years
2019-2020 and 2023-2024. The subjects of the research
under the leadership of Cillik were pupils attending an
interest club with an athletic focus. Based on this, in this case
we can assume a higher performance homogeneity within
groups than when working with students in compact groups
(school classes). When working with students of individual
classes, in the practice of the subject of PES, we encounter

significantly outlier performances of the probands. For
this reason, the choice of activities and such means for
experimental stimulation, which can be implemented
without substantial modifications by the teachers, is more
demanding. Nevertheless, we consider the acquired findings
of the mentioned team to be beneficial not only for the
comparison of results, but also from a methodological point
of view.

More comprehensive studies can be found by Petros,
Ploutarhos, Vasilios, Vasiliki, Konstantinos, Stamatia and
Christos (2016) or Abhaydev and Bhukar (2021). In their
studies, Petros, Ploutarhos, Vasilios, Vasiliki, Konstantinos,
Stamatia and Christos (2016) devoted themselves to
verifying the influence of “Kids’s Athletics” on the level of
physical skills, performance in selected athletic disciplines
and the degree of motivation to continue competing in
athletic disciplines. The research was carried out on a wide
sample of probands (n = 215) from Greek primary schools
aged 11-12 years. Using the division into experimental and
control groups, not only changes in the level of physical
performance, but also the motivation of the students was
observed. We consider thisresearch tobe the most widespread
pedagogical experiment in natural conditions focused on
the implementation of Kids” Athletics in the teaching of
physical education in schools. Similar to our case, here too
the experimental stimulus was implemented in the form of
modification of the traditional teaching content and then
compared with the usual procedure. Compared to CS, more
significant changes were recorded in the ES probands in the
physical as well as the emotional side, resp. in the motivation
of future continuation in athletic competition. The results
of the experiment showed an increase in the average
motivation of ES probands in performing athletic activities
and in (voluntary) continuation of athletic disciplines in the
next period. From a statistical point of view, there were no
significant changes, however, compared to CS, where a slight
decrease in observed interest was recorded, the initiative
of Kids’ Athletics is evaluated as more successful. When
assessing changes in the level of physical abilities (T'1: Seated
Forward Bend, T2: 10 x 5 m, T3: Standing Long Jump, T4:
20m Shuttle Run, T5: T-Test) as well as performanceinathletic
disciplines (50 m Sprint, Long Jump, High Jump, Shot Put,
Cricket Ball Throw) higher efficiency was recorded in favor
of the experimental stimulus in all cases. In addition to the
more attractive nature, the authors attribute the success of
the experimental program to a higher degree of motivation
of the students as well as the teachers themselves when
teaching using elements of Kids’ Athletics. We agree with
the opinion that it is difficult to evaluate the extent to which
the results of such research are influenced by the personality
of the teachers, their involvement, personal involvement
and affection for the chosen method of teaching athletics.
From this point of view, we can consider the involvement
of a larger number of schools and thus also teachers in the
experiment as a slight disadvantage. On the contrary, we
consider the size of the sample as well as the comprehensive
approach in verifying the effectiveness of research stimuli to
be a big positive.

Abhaydev and Bhukar (2021) conducted a two-group
pedagogical experiment in a selected elementary school in
India on a sample (n = 40) of probands. It was aimed at
verifying the impact of Kids™ Athletics on selected physical
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abilities and skills. Even in this case, statistically significant
changes in favor of the experimental set were recorded
during the 12-week period. According to the authors, these
occurred in all measured indicators (flexibility, explosive leg
strength, speed endurance, agility and speed). We see the
advantage of the shorter and more intensive intervention
period, which was used in the previous two cases, in the
reduction of other influences that can have a disruptive effect
due to the long-term nature of the research. In the case of our
current research in the school year 2023-2024, the effect of
the stimuli is concentrated on a longer period of time. For
this reason, we emphasized the setting of equal conditions
for all “non-experimental” teaching hours of PES and also
thorough statistics when evaluating the results.

Conclusions

The main purpose of the contribution was to point out
the possibilities of use and effectiveness of the “Kids” Athlet-
ics” project in primary education with the help of implement-
ing a special athletics program for 3rd graders. We investigat-
ed the influence of the experimental stimulus on the motor
performance of the students using input and output mea-
surements. As a battery of motor tests, we used selected tests
from the comprehensive testing of movement prerequisites.
As such testing is carried out annually in most schools, the
data obtained thus provide information not only about the
physical level of the probands of both research groups before
and after the introduction of stimuli, but also the possibility
of comparing these results in a long-term time perspective,
or with other sets of tested pupils. While the experimental
stimulus was composed of selected disciplines of Kids’ Ath-
letics supplemented with athletic games, the control stimulus
was based on the original content based on the state educa-
tional plan. In both cases, the initiative was implemented in
the traditional (2-hour) time allowance of the PES subject.

When evaluating the effectiveness of the experimental
stimulus, we start from a comparison of the results achieved
in the physical ability tests. Through mutual comparison,
we found performance homogeneity between the sets at the
beginning of the experimental period using statistical and
substantive assessment. When comparing the output tests,
we observe a more significant progress in the performance of
the experimental sample. We recorded statistically significant
changes in the Seated Forward Bend, Static Pull Up Hold, Sit-
Up, 3-Ball Rolling, 4x10 m Shuttle Run and Beep Test. Thus,
we note the positive influence of Kids" Athletics and athletic
games on physical performance. Based on the above results,
as well as the practical applicability of the individual elements
of Kids’ Athletics, we consider the inclusion of an athletics
program in this age period to be effective and thus recom-
mend the creation of sufficient space in the annual schedules
of Physical Education and Sports in primary education.
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BnpoBag)XeHHA nporpamm «[AAnTaya nerka arieTuka» B CUctemi
niagBULEHHA pPiBHA (i3NYHOI Npaye3aaTHOCTI OHOrO NOKOJIIHHA

An Axy6ik'ABPE, Ipocnas bpomani'APcPE

'VuiBepcuter Kocrsantnna @inocoga B Hirpi

ABTOpPCHKMIT BKIAJ: A — Au3aiiH gocnipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 6 c., 3 Tabm., 24 mxeperna.

Merta gocmimKeHHsa. MeTo 1[bOro HOCTiIKEeHHS 6yno IIepeBipUTY BIUIMB IPOeKTy MiKHapopHOI acomiaii 1lerkoaTieTny-
Hux penepauiit (IAAF) «/lutsada nerka aTaeTnka» Ha MOKa3HUKY (isMYHOI Ipalie3jaTHOCT] Y4HIB OYaTKOBUX KJIaciB Yepe3 po3-
pOOIeHH s Ta BIIPOBA/PKEHHS IIPOTPAMI 3 JIETKOI aT/IeTUKIL.

Marepianu Ta MeTomu. [locifykeHHA IPOBENEHO i3 3aCTOCYBaHHAM METOJY ABOIPYIIOBOTO Hellapaie/IbHOTO €KCIIEPUMEHTY,
B AKOMY eKCIIepYIMeHTasIbHa IpyTa (AerManbHmii Bik 8,64 pokiB) ckmamanaca 3 50 JOCTifKyBaHNUX, a KOHTPOJIbHA Ipyma (Jery-
MaJIbHMIi BiK 8,55 pokiB) — 3 60 JOC/II/PKyBaHNX y4acHUKIB BikoM 8-9 pokis. KpiM Toro, 3acrocoBaHo 8 TecTiB 111 BU3HaYEHHSA
PiBHS pO3BUTKY Bi3MYHMX 3[4i6HOCTEIT 3 METOI OTPUMAHHS OKPEMUX ITOKa3HMKIB PiBHs PyXOBOI aKTMBHOCTI Ta HABUYOK JO-
cmimxyBannx oci6. EQexTuBHICTD 7-MicAYHOI eKcIIepyMeHTaIbHOI IIPOTrpaMyl OLIiHIOBA/IM 3a JOIIOMOTOI0 IIOPiBHA/IBHOTO aHali3y
i3 3aCTOCYBaHHAM HeIlapaMeTPUYHMX CTAaTUCTUYHMX MeToxiB: U-Kkpurepiit Binkokcona, ManHa-YiTHi Ta olLliHKa 3MiCTOBHOI 3Ha-
gymocTi: KoedirieHT gerepminarii Koena (r). Takoxx Bu3Ha4eHO pi3HUIO B Iporpeci 060x BIOipoK.

PesynpraTi. 3arajioM i3 3allpOIOHOBAaHUX 8 PYXOBUX TECTiB B eKCIIepMMEHTaIbHiil BUOIpII IIporpec crocrepiraBcs y BCix
8 BumajKax, 3 AKMX HaBeeHi HyDKYe 3MiHM BUABWINCA 3HAYYIMMY Y BMKOHAHH] 6 TecTiB: KoMIiekc pyXoBux BIIPaB 3i HITAHT OO
(z = 3,84, p < 0,00, r = 0,54), crarnyHe MiATATYBaHHA Ha NepexnaauHi (z = 3,53, p = 0,00, r = 0,50), mipitomn kopmyca (z = 5,29,
p <0,00,r=0. 75), NIPOKOYYBaHHA riMHACTUYHOTO M’ A49a Y HaIpAMKY TPbOX CTOPiH (z=431,p<0,01,r= 0,61), YOBHUKOBMII Oir
4x10 M (z=4,20 M, p < 0,01, r = 0,59) Ta bararocTymnenesuit ¢itHec-TecT (2 = 4,64, p < 0,01, r = 0,66). I1Jo CTOCYETHCST KOHTPOIBHOT
IpyIN, POTPeC CIIOCTEPiraBcs Ha PiBHI CTaTUCTMYHOI 3HAYYLIOCTI y MifJioMaxX KOpIryca (z=2,87, p<0,01,r= 0,37), YOBHUKOBOMY
6iry 4x10 M (z = 4,94, p < 0,01, r = 0,64) Ta BUKOHaHHi 6araTocTyneHeBoro ditHec-recty (z = 2,98, p < 0,01, r = 0,38).

BucnoBku. [loBeseHo, 1m0 nporpama «JIutA4a jierka aTieTuKar, AKa CKIaJAETbCA 3 OKPeMMX OVICLMAIUIIH OUTAYOI JerKol
aT/IeTVKM, TONOBHEHMX CIHOPTUBHYMI PYXIMBUMM irpamMiy, Mae CyTTEBUIT BIUIMB HA PO3BUTOK IIVPIIOTO CIEKTPY (PisnyHMX
3mibHOCTeN y fiiTelt 8-9 poKiB MOPiBHAHO i3 TpaUIiiiHIM 3MiCTOM Jiep>KaBHOI OCBiTHBOI IporpaMu Mi>KHapofHOI cTaHapTHOI
knacuixarnii ocsitu (ISCED 1). Ha ocHOBI pesy/bratiB 1{bOr0 JOC/II/KEHH, @ TAKOX ITOPIBHAIBHOTO aHA/II3y IHIINX HAYKOBUX
Ipallb, IPUCBAYEHNX CYMDKHII Ipo6IeMaTnIi, HaroJIOIYEThCA Ha JJOLIbBHOCTI BIIPOBa/PKeHH: 3aIIPOIIOHOBAHOI JIETKOATIe TN Y-
HOI IIpOrpami 10 pidHOrO PO3K/IaAy 3aHATH 3 (i3MUHOI KY/IbTYPH i CIOPTY B [IOYATKOBIII KO/ Y 3a3HaYeHMII BikoBMIi Iepiof.

KrouoBi cmoBa: nuTs4a jierka aTieTuka, (pisuyHa npauesfjaTHiCTb, OYaTKOBA OCBITa.
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Abstract

Background. Sports biomechanics is an important part of coaching and athlete conditioning. The training process
can be maximised through the implementation of sports biomechanics. Research related to sports biomechanics

has grown significantly in recent years.

Objectives. This systematic review study aimed to analyse the development trend of sports biomechanics research

over the last 20 years.

Materials and methods. This study used a bibliometric approach and a systematic review of the SCOPUS journal
database to analyse research trends in the field of sports biomechanics.

Results. Over a period of twenty years, there were 259 studies that met the inclusion criteria. The analysis results
showed a significant increase in the number of published studies over time, with a total of 2215 citations and

an average of 1237 citation. The research tends to focus on biomechanical principles in the context of sports,

with the keyword “Biomechanics” being the most dominant. The terms “Sport Biomechanics”, “Human’, and “Sports”
were also identified as frequently occurring keywords in the research. In addition, these studies cover various

aspects related to human body movement, including movement analysis, health aspects, and technology applications

in sports.

Conclusions. This study provides insight into the major developments and focal aspects in sports biomechanics over
the past two decades, as well as highlighting the diversity of research subjects within this field.

Keywords: coaching, sport science, training, athlete conditioning.

Introduction

Sports biomechanics research has developed
significantly (Knudson, 2020). This field has played a crucial
role in understanding how the human body interacts
through movement (Yang, 2013), exercise (Patoz et al.,
2023), and sports games (Muioz et al., 2023). Analysis of
research developments in sports biomechanics has brought
us more depth regarding movement efficiency (Mishra,
Singh, Ranjan, Singh, & Vidyarthi, 2019), injury prevention
(Friesen & Oliver, 2022), and increased movement abilities
(Tai et al., 2022).

© Al Ardha, M. A, Nurhasan, Kartiko, D. C,, Yang, C. B,
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Improving athlete performance can be achieved by
understanding the mechanics of movement (Garcia,
Guerefio, Nuilez, & Etxarri, 2023) and how the body interacts
with training loads (D. Zhang & Wang, 2023). Trainers can
use biomechanical analysis to design more effective training
programs (L. Zhang, 2020). This can help athletes reach
their maximum potential in competition (Mujika, Halson,
Burke, Balagué, & Farrow, 2018). The results of relevant
sports biomechanics studies are very necessary to win at
increasingly fierce levels of competition in sports (Barbosa
etal., 2021).

Advances in technology used in sports biomechanics,
such as high-speed cameras and inertial sensors (R. Howard,
2016), have opened the door to very detailed movement
analysis (Hiley, 2012). This is not only relevant in the sports
context, but also in medical rehabilitation and general health
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care (Akiyama, Nakashima, & Ogasawara, 2011). Research
in sports biomechanics requires the ability to manage and
analyze very large and complex data (Pataky et al., 2023).
These data analysis skills can determine the effectiveness of
the follow-up given to athletes (Haralabidis et al., 2021).

Biomechanics research also provides valuable insight
into why injuries occur and how they can be prevented (Jang,
Chang, Chen, Fu, & Lu, 2009). It is important to treat sports
injuries because injuries are a serious problem that can end
an athlete’s career and have long-term impacts (Kent, 2019).
Identifying injury risk factors and developing safer training
techniques is not only important for professional athletes,
but also for those involved in amateur sports.

However, the development of sports biomechanics
research has not yet been systematically mapped. This
bibliometric research and systematic review aim to look at
the development of sports biomechanics research trends in
the last 20 years with the following research questions:

o To analyze sport biomechanics research trends in the

last 20 years.

o To evaluate the most countries contributed sport

biomechanics research in the last 20 years.

o To discover the subject areas related to sports

biomechanics research in the last 20 years.

o Toanalyze the keyword trends of sports biomechanics

research in the last 20 years.

o To analyze the top 10 cited publications in sports

biomechanics research in the last 20 years.

Materials and Methods

This type of research is a Bibliometric Analysis and
Systematic Review. Article searches were carried out using
a comprehensive strategy on SCOPUS research journal
databases. The keyword used during the identification was
“sport biomechanics”. In addition, the exclusion criteria were
journals non-English journals published in the last 20 years
from 2023. There were 544 articles from SCOPUS that were
mined on October 10th, 2023. Therefore, 259 articles were
selected for further analysis by using VOS viewer computer
software. There were 10 articles selected as the most cited
articles and relevance which were selected for this systematic
review. For standard operationalization, this study follows
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Figure 1).

Document were identified from Scopus
Journal Data Base
(n=544)

|

Document type in articles
during2003-2023
(n=1299)

l

Articles were evaluated by Bibliometric
Analysis
(n=259)

}

Articles were reviewed by systematic
review
(n=10)

Identification

Articles were not in English
—> (n=40)

Screening

Articles were excluded based on best 10
most cited and relevance
(n=249)

\ Eligibility |

Included ‘

Fig. 1. PRISMA flowchart of the article selection process

Results

Research Trends of Sport Biomechanics in the Past 20 Years

The number of biomechanics articles published (n)
has fluctuated over this 20 year period. The trend is not
monotonous, with certain years seeing a significant increase
in publications. This suggests that research interest and
focus in sports biomechanics has evolved and changed over
time. However, there has been a significant increase in total
citations since 2017, which may reflect increased interest
and recognition in sports biomechanics research. Overall,
the data in table 1 illustrate significant developments in sport
biomechanics over the past two decades.

Table 1. Document of sport biomechanics identified in the
last 20 years

Year n Total Cited Average Cited
2003 2 45 23.50
2004 0 0 0.00
2005 3 45 24.00
2006 3 69 36.00
2007 5 277 141.00
2008 2 64 33.00
2009 3 35 19.00
2010 7 174 90.50
2011 4 41 22.50
2012 9 141 75.00
2013 16 171 93.50
2014 8 96 52.00
2015 6 85 45.50
2016 7 76 41.50
2017 25 101 63.00
2018 16 175 95.50
2019 27 183 105.00
2020 20 186 103.00
2021 36 189 112.50
2022 33 54 43.50
2023 27 8 17.50
Total 259 2215 1237.00

Biomechanics research developed rapidly in 2013
(Figure 2). This is evidenced by the lack of research on
sports biomechanics before 2013. In early 2003 research
focused more on the variables of distance, height, time and
speed. In early 2012 biomechanics research developed to
involve other variables such as algorithms to see accuracy,
sensor technology for measurements, and the use of IT
technology. However, since 2021 there has still been no
research involving the latest variables. It is possible that
the development of sports biomechanics research will be
affected by the Covid-19 pandemic phenomenon.
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Fig. 2. Research topic trends in sport biomechanics research

Country Contributed to Sport
Biomechanics in the Last 20 Years

Researchers selected the top 10 countries as the countries
that contributed the most in the field of sports biomechanics
(Table 2). Based on these results, one of the countries in Asia,
namely China, dominates with contributions made almost
twice as much as countries in Europe. However, the most
citations are shown by countries in Europe.

Table 2. Top 10 countries contributed to sport
biomechanics research

Country n Total Cited  Average Cited
China 71 308 189.50
United States 47 680 363.50
United Kingdom 30 444 237.00
Australia 18 215 116.50
Japan 17 107 62.00
Canada 14 229 121.50
Italy 13 199 106.00
Indonesia 10 20 15.00
Taiwan 8 19 13.50
Switzerland 8 36 22.00
Total 236 2257 1246.50

Opverall, countries contributing to biomechanicsresearch
are in figure 3. The United States leads in total citations,
while China has the most articles. Almost all continents
contribute to biomechanics research except Africa. However,
various collaborations between countries also occur in
sports biomechanics research. The rapid development of
biomechanics from various countries reflects the urgency
of sports biomechanics in improving athlete performance.

Subject Areas Related to Sport
Biomechanics in the Last 20 Years

In the field of Biochemistry, Genetic, and Molecular
Biology, it was ranked 4th and contributed 66 articles with
a total of 576 citations (Table 3). This illustrates the relevance
of research at the cellular and molecular level in the context
of sports biomechanics. Fields related to medicine and
biomechanics collaborate to maintain the health and
physical fitness of individuals, prevent injuries, understand
the technical aspects of sports, and develop more effective
medical devices. Collaboration between these two fields
is key to providing better care to athletes, patients and the
general public. It also reflects the importance of physical
health and sports injuries in the context of biomechanics.

Table 3. Top 10 subject areas contributed to sport
biomechanics research

Total Average

Subject Areas n Cited  Cited
Medicine 114 (20.99 %) 1386 750.00
Engineering 106 (19.52 %) 853 479.50
Health Professions 81(14.92 %) 811 446.00
f&gfiiﬁ:gi;ﬁ;rylems’ and o (12.15%) 576 321.00
Computer Science 45 (8.29 %) 172 108.50
Social Science 42 (7.73 %) 42.00
Physics and Astronomy 28 (5.16 %) 107 67.50
Materials Science 24 (4.42 %) 62 43.00
Chemical Engineering 24 (442 %) 112 68.00
;\gz;:iural and Biological 13(239%) 104 58.50
Total 543 (100 %) 4183 2363.00
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The field of Engineering has a significant contribution to
sports biomechanics research. Engineering has 106 articles
contributing to sports biomechanics research. With
a total of 853 citations and an average of 479.50 citations.
Biomechanical engineering and technical approaches have
played an important role in understanding human movement
in the context of sport. Followed by Health Professions,
which reflects the close relationship between biomechanics
research and aspects of physical health, especially in treating
and preventing sports injuries.

Computer Science has 45 articles contributing to sports
biomechanics. Thefairlyhighaveragecitation (108.50) reflects
the use of computer technology and modeling in research.
The field of Computer Science also provides sophisticated
data modeling and analysis. With a high average citation,
this reflects technological developments in supporting
biomechanics research. In this series, other fields such as

Materials Science, Physics, and Social Sciences also have a
role in understanding human movement and sports. Overall,
this table reflects the diversity and complexity of research in
sport biomechanics as well as the interconnections between
various scientific fields that support a holistic understanding
of human movement and sport.

Keyword Pattern in Sport Biomechanics Research Trend

The keyword “Biomechanics” dominates this list with
a total of 121 studies (19.39%). This reflects that a basic
understanding of biomechanics is the main foundation
in research in the field of sports biomechanics (Table 4).
Biomechanics is a science that allows researchers to analyze
human body movements scientifically. Using the principles
of physics, mathematics and engineering, this research
covers various aspects related to human movement, from the
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analysis of sports movements to the development of more

Table 4. Top 10 keyword patterns for sport biomechanics

efficient sports equipment. With a total of 1475 citations  research
and an average of 798 citations, the term “Biomechanics” -
consistently appears in the scientific literature and has had Keyword n C(')t i Aé?rage
a major impact on the development of this science. ite ite
Biomechanics research includes aspects such as human  Biomechanics 121 (19.39 %) 1475 798
movement mechanisms, the human body’s response to  gport Biomechanics 97 (1554 %) 1020 5585
physical exercise, and the influence of physical factors on
. . . Human 93 (14.90 %) 1417 755
sports performance mapped by looking at connections in
keywords (Figure 4). In general, there are 5 main keywords  Sports 79 (12.66 %) 645 362
;hat are most domilnant in rele(litionhto other 1;eyworc}lls and  Biomechanical Phenomena 50 (8.01%) 606 328
orm clusters. In cluster 1 (red), the sports biomechanics . . 0
keyword is closely related to velocity (cluster 2/blue) and Kinematics 46 (7.37%) 701 3735
simulation (cluster 3/yellow). This proves that there is  Sports Medicine 44(7.05%) 333 188.5
collaboration between various keywords to dig up deeper  physiology 37 (5.93 %) 749 393
information on biomechanics. Biophysics 29(465%) 334 1815
) o _ , Movement 28 (4.49%) 208 168
Top 10 Cited Publications of Sport Biomechanics
Research in the Last 20 Years Total 624 (100%) 7588 4106
Table 5. Sports biomechanics top 10 cited publications in the last 20 years
Author Total Cited Research Purposes Methods Results

Aguinaldo, 193 To analyse how torso rotation affects Comparative It suggests that certain throwing

Buttermore, shoulder rotational torque during patterns can improve fielding efficiency,

& Chambers, pitching. allowing players to perform better

2007 while reducing the risk of injury.

Glazier, 2010 125 To discuss key issues in the emerging Constraints-based ~ Performance analysis may be more
sports science subdiscipline of approach suitable for sports biomechanics
performance analysis and future analysts and notation analysts than
prospects. for sports scientists from other

sports subdisciplines, such as sports
physiology and sports psychology.

Song, 2013 84 To examine the rationality of the Fosbury =~ Study on the This paper makes a reasonable
flop method and current technology, analysis and analysis of the fosbury flop and
as well as to provide reasonable simulation perfect movement reduction using the
recommendations for building a principles of sports biomechanics.
theoretical and sporting foundation.

Mihalik et al., 69 To determine whether playing position, ~ Prospective Impacts to the side of the head result

2012 match type, or head impact location had  quantitative in much higher rotational acceleration
an effect on head impact biomechanics research than impacts to the top, front, or back.
measured in Bantam (13 and 14 years Impacts to the head are more severe
old) and Midget (15 and 16 years old) ice during matches than during training.
hockey players.

Taborri et al., 56 To provide an overview of sports Literature review  To assess athlete performance, inertial

2020 biomechanics applications found in recent sensors seem to be the most widely
literature that utilize wearable sensors. used. However, force sensors and
The research shows some information electromyography are also used.
related to the sensors used as well as
methods to analyze the data.

Wilson, 2008 56 To improve athlete and coach Mix methods Development areas that will enhance
performance through increasing their the use of video in training include
understanding of every aspect of athlete real-time skill analysis, real-time
performance. automatic coding, and smart systems

for motion analysis.

N. Lietal, 52 To reduce stroke complications and assist Research and The robot can help dyskinesia stroke

2018 body movement, a soft bionic ergonomic  Development patients restore their joint motion

exoskeleton robot with 7 DOF was
proposed.

function and help them complete
leisure activities (ADLs) such as
drinking, eating, etc.
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Table 5 (continued)

Author Total Cited Research Purposes Methods Results
Harpham, 52 To determine how sensory and visual Prospective We found a significant relationship
Mihalik, performance correlates with the quantitative between head impact severity and
Littleton, severity of head impacts of football research visual and sensory performance; lower
Frank, & players and how visual and traditional visual and sensory performance was
Guskiewicz, sensory reaction time measurements are associated with more severe head
2014 measured. impacts.
Pappas, 52 To find out how gender and fatigue Experimental study Landing with a vertical ground reaction
Sheikhzadeh, affect the peak values of biomechanical force and higher peak knee valgus may
Hagins, & variables during landing from a jump. lead to a higher risk of knee injury in
Nordin, 2007 women.
Choppin & 46 To investigate the accuracy of Kinect Comparative Kinect is currently not accurate for
Wheat, 2013 in three domains: body scanning and research that requires high accuracy

anthropometry, segment tracking for

and precision.

motion analysis, and image segmentation

for training and notation analysis.

Biomechanics Optimizing Athletic
Performance and Injury Prevention

Sports biomechanics has experienced significant prog-
ress as a science that combines the principles of physics with
a deep understanding of human body movement. Through
careful analysis, biomechanics helps athletes achieve their
peak performance while minimizing the risk of injury.
Aguinaldo et al. (2007) analyzed how torso rotation affects
shoulder rotational torque during pitching in baseball and
showed that understanding biomechanics can identify ef-
ficient throwing patterns. This not only increases efficiency
on the field, but also allows players to perform better with
a lower risk of injury. These findings make an important
contribution for coaches and players to develop safer and
more effective techniques in their sport. Furthermore, Gla-
zier (2010) discusses key issues in the newly emerging sub-
discipline of sports science, namely performance analysis.
The constraints-based approach used in his research offers a
new perspective in biomechanical analysis and may be more
suitable for sports biomechanics analysts than for sports
scientists from other subdisciplines. This emphasizes the
importance of biomechanics not only as a tool to improve
performance but also as a field of study that continues to
develop and adapt to the needs of athletes and coaches.

Mihalik et al. (2012) revealed that impacts on the side
of the head cause much higher rotational acceleration than
impacts on the top, front, or back of the head. In the context
of the sport of ice hockey, this understanding is crucial
because it provides insight into how playing position, type
of match, and location of head impact influence the impact
biomechanics experienced by players, and this can be used to
develop better protective equipment. Similarly, Taborri et al.
(2020) indicate that inertial sensors appear to be most widely
used to assess athlete performance. This research provides
an overview of how sports biomechanics applications using
wearable sensors can be applied in training and rehabilitation
practices to monitor and improve athlete performance and
reduce the risk of injury. Through the continued analysis and
development of studies such as these, sports biomechanics
continues to make valuable contributions to the world of
sport. The integration of biomechanics in sports has been

and will continue to be a critical pillar in efforts to optimize
athletic performance and prevent injury.

The Development Biomechanics
Methodology in Sports Science

Biomechanics has transformed and developed from
simply the study of movement mechanics to become a criti-
cal foundation in sports science. Through the evolution of
methodologies and interdisciplinary approaches, sports bio-
mechanics now allows a more complex and holistic analysis
of athlete performance. In a broader context, new method-
ologies in sports biomechanics involve the use of advanced
technologies, such as computer modeling and movement
simulation, as illustrated by Song’s (2013) research on
the Fosbury flop technique. The research uses biomechanical
principles to analyze and refine technique in the high jump,
showing how the theory and application of biomechanics
can collaborate to produce recommendations that can form
the theoretical foundation and practice of the sport. Advanc-
es in measurement technology and data analysis have also
enabled researchers such as Mihalik et al. (2012) to study
the impact of biomechanics from different angles. In their
study of ice hockey players, they found that playing position,
match type, and impact location on the head significantly
influenced the measured impact biomechanics. This shows
the importance of a specific and measurable approach in
understanding and applying biomechanical concepts.

Finally, recent developments in biomechanical
methodology include the integration of wearable sensors
in sports research and training, as outlined by Taborri
et al. (2020). This research offers an overview of sports
biomechanics applications found in recent literature,
showing how wearable sensors are used to collect athlete
performance data. Through the integration of new
scientific disciplines, technologies and methodologies,
sports biomechanics continues to evolve and contribute
to increased understanding of athlete performance. This
discussion can be developed further by adding specific data
and examples from the tables provided to support each point
and illustrate how scientific discoveries have been applied in
sports practice.
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The Technological Innovation in Sports Biomechanics

Technological innovations in the field of sports bio-
mechanics have brought about significant changes in
the analysis and understanding of athletic movements.
Advanced tools such as movement monitoring systems and
computer simulations have enabled researchers to measure
and analyze movement with extremely high precision,
providing new insights into performance optimization
and injury prevention strategies. For example, research by
Aguinaldo et al. (2007) who examined the effect of torso
rotation on shoulder rotational torque in pitching found that
“certain throwing patterns can improve fielding efficiency,
allowing players to perform better while reducing the risk
of injury” (Aguinaldo et al., 2007). These findings not only
enrich our knowledge of pitching biomechanics but also
aid in the development of training techniques that can
optimize performance and improve athlete safety. Mihalik
et al. (2012) showed that “impacts to the side of the head
produce significantly higher rotational accelerations than
impacts to the top, front, or back of the head. Impacts to
the head are more severe during competition than during
training” (Mihalik et al., 2012). These findings are important
in understanding the biomechanics of head impacts and can
be utilized to design more effective protective equipment.
Advances in wearable technology have also played an
important role in sports biomechanics. As stated by Taborri
et al. (2020), “inertial sensors appear to be the most widely
used to assess athlete performance, but force sensors and
electromyography are also used” (Taborri et al., 2020).
This information emphasizes the importance of wearable
technology in collecting accurate and real-time data that can
be directly applied in athlete training.

Thus, technology has opened new avenues in sports
biomechanics, not only in research but also in practical
applications. Tools such as real-time video analysis systems,
automatic coding, and smart systems for movement
analysis, as described by Wilson (2008), “develop areas that
will increase the use of video in training including real-
time skill analysis, real-time automatic coding -time, and
intelligent systems for movement analysis” (Wilson, 2008).
The integration of this technology in athlete training and
rehabilitation helps ensure that athletes can reach their full
potential while maintaining their health and safety.

Discussion

Over the past two decades, sports biomechanics has
seen an impressive evolution and diversification. This study
was conducted with the aim of analyzing the development of
research trends in sports biomechanics in the last 20 years.
The research trend shown based on the results of the analysis
is a significant increase dynamically from year to year. The
development trend of sport biomechanics research began
to be shown in 2005. From 2005-2010, the focus of sport
biomechanics research was to discuss the principles or role
of biomechanics in general. Research related to the scope of
sports is still rare.

In 2011-2023, sport biomechanics research developed
fluctuatively and dynamically. In these years, research related
to all aspects of sport began to be conducted frequently,
especially related to the scope of health. The contribution of

sport biomechanics research in the scope of health is 20.99%
of the total number of publications identified in this study.
The role played by several countries in sport biomechanics
research represents the intensity and interest in sport
biomechanics research. China dominates with almost twice
the contribution of European countries. The number of
publications shown is 71 publications, this shows that China
is very enthusiastic in developing sport biomechanics in its
country.

Based on the results of the literature review, sport bio-
mechanics research in the early 21st century was only able to
measure in two dimensions. Currently, sport biomechanics
research is able to measure in three dimensions, and provide
data in real time. This development can occur due to the de-
velopment of technology as well. The era of digitalization
provides benefits with the creation of wearable devices that
are able to measure and analyze the motion of a person in
real time. The role of technology and computational tools
in this growth cannot be overstated. With the adoption of
sophisticated equipment like motion capture systems, force
plates, and advanced simulations, researchers have been able
to dissect athletic movement with unparalleled detail. This
technological leap has allowed for more nuanced biome-
chanical questions to be asked and answered, offering tan-
gible benefits for enhancing sports performance. The per-
formance improvement that occurs in an athlete is related
to the effectiveness of the movements performed. When the
resulting motion is appropriate and effective, the risk of in-
jury will decrease or even be able to avoid sports injuries.

Sports biomechanics research in the last two decades
has experienced rapid progress, especially thanks to the
development of increasingly sophisticated technology and
movement evaluation devices (Howard et al., 2016). This
has allowed researchers to observe and analyze human
body movements with a high level of detail and accuracy
(Amerineni et al., 2021). As a result, we now have a better
understanding of the biomechanics of various sports, starting
with running (Buxadé et al., 2021), swim (Izumi, Hyodo,
Yoshioka, & Wada, 2023), a small ball game (Milanovich &
Nesbit, 2014), big ball game (Slegers, Lee, & Wong, 2021)
to heavy sports such as weightlifting (Sorensen, Haddad,
Campbell, & Mirka, 2011).

Oneofthesignificantimpacts of this research is the ability
to optimize athlete performance (Waters, Phillips, Panchuk,
& Dawson, 2019). With a better understanding of movement
mechanics, trainers can design more effective training
programs (L. Li, 2012). Biomechanical analysis also helps
in preventing sports injuries by identifying potential excess
stress on an athlete’s body (Yan et al., 2023). This way, athletes
can train smarter and safer (Ma & Huo, 2022). Not only in
the world of competitive sports, but sports biomechanics
research also has important implications in injury recovery
(Zhu, Zhang, Sun, & Qi, 2021). A better understanding of
body mechanics helps medical professionals design more
effective rehabilitation programs (C. Zhang, Chen, Cao,
Zhang, & Chen, 2019). This has helped many athletes
overcome their injuries and return to their best performance
(Wei & Yalong, 2021). Over the past two decades, there
have also been developments in in-depth data analysis
(Warmenhoven et al., 2019). Increasingly sophisticated
statistical and computational methods allow researchers to
analyze biomechanical data with greater precision (Knowles
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& Dennison, 2017). This opens the door to more in-depth
and accurate findings about how the human body moves
in various sporting situations (Amarantini, Amarantini,
Martin, Cahouét, & Berton, 2012).

Additionally, developments in communication and
knowledge sharing have enabled sport biomechanics research-
ers to collaborate more effectively (Umek & Kos, 2016). They
can share their discoveries with the wider scientific commu-
nity (Xiang et al., 2022), accelerating the process of discovery
and implementation of these findings in the world of sports
(Amarantini, Rao, & Berton, 2010). However, challenges have
also remained in recent years (Glazier & Mehdizadeh, 2019).
Ethical debates arise with the use of monitoring technology in
sports (Murray & Chuan, 2017). Questions about privacy, data
use, and the influence of technology in sports competitions
have become increasingly relevant topics (Luo, 2021). With
all these developments and challenges, sports biomechanics
remains an interesting and important field in the world of
sports (Bartlett & Bussey, 2013). Research in this area con-
tinues to make valuable contributions to improving athlete
performance, preventing injury, and deeper understanding
of the human potential in sport (Forte, Neiva, & Marinho,
2021). The future of sports biomechanics research promises
many more innovative findings that will help shape the world
of sports in the future (Gutierrez, Walton, & Bezodis, 2023),
(Yan-Xia, Lin, & Chong-Long, 2019), (King & Yeadon, 2015).

Conclusions

Sports biomechanics has witnessed remarkable growth
and diversification in the last 20 years, as evidenced by our
comprehensive bibliographic analysis and systematic review
of the Scopus Journal Database. This study explored the
key research trends, publication patterns, and the evolving
focus of sport biomechanics research during this time frame.
Sports biomechanics research has transcended geographical
boundaries, with contributions from researchers and
institutions worldwide. This global reach underscores
the universal appeal of biomechanical principles in
sports and the need for a comprehensive understanding
of human movement. Furthermore, the collaborative
spirit of sports biomechanics, involving experts from
physiology, engineering, medicine, and coaching, has led to
comprehensive strategies for athlete development and injury
prevention. This confluence of knowledge and expertise has
charted new paths for inquiry and application in the field.

Conclusively, the last twenty years mark a period
of significant advancement in sports biomechanics,
characterized by a broadened scope, integration of cutting-
edge technologies, and substantive contributions to the
realm of athletic performance and safety. This review not
only highlights the robust nature of sports biomechanics as
a field but also its ongoing potential to redefine the contours
of sports science and enhance the athletic journey on a
global scale. The advent of technology and computational
tools has revolutionized sports biomechanics. Researchers
have increasingly relied on sophisticated equipment,
including motion capture systems, force plates, and
computer simulations, to analyze sports movements with
unprecedented precision. This shift has empowered scientists
to explore complex biomechanical questions and provide
practical insights for sports performance optimization.
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y ranysi cnopTuBHOI 6iomexaHikn 3a ocTaHHi 20 poKiB:
bibniomeTpuuHuni aHanis HayKoBUX Ny6nikauin y »KypHanax,
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Icropia nuranHa. CroprTuBHa 6ioMexaHiKa € Ba>K/IMBOI CKIAJOBOK TPEHYBaHHSA Ta (Pi3MYHOI MiTOTOBKY CIIOPTCMEHIB.
Makcumisalii TpeHyBalTbHOTO IIPOoLieCy MO>KHaA JOCATTH 3aBAKU BIPOBAXKEHHIO CIIOPTUBHOI 6ioMexaHiky. [IpoTAroM ocTaHHIX
POKIB CIIOCTEPIraeThCsI 3HAYHE 3POCTAHHS HAYKOBMX JOCTIKEHb, [IOB I3aHNUX i3 raly3s3i0 CIOPTUBHOI 610MeXaHIKIL.

Mera gocmigKeHHA. MeToIo IIbOr0 CUCTeMAaTUYHOTO OIJIAZI0BOTO HOCTIKEeHHA OYII0 TpOaHanisyBaT! TeH/ICHI{I0 PO3BUTKY
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Abstract

Objectives. The study aimed to analyze the effects of training programs that focused on various coordination
exercises to improve the sports performance and coordination of athletes.

Materials and methods. An electronic review was conducted to compile the literature related to this issue, using
Scopus, PubMed, Google Scholar and ProQuest databases. Following a systematic search, eleven studies carried out
between 2014 to 2024 were considered appropriate for meta-analysis and were retrieved and analysed. The studies
included were confined to different coordination interventions, such as balance, rhythm, agility, neuromuscular
training, jump rope ladder exercises, spatial orientation, non-sports specific and proprioceptive training, ranging
from 6 weeks to an annual macrocycle with participants (sub-junior and junior levels) from different sports.
Results. The meta-analysis revealed a small effect size improvement for balance training (E = 0.38;

95 % CI = -0.66-2.54; p = 0.25), a large effect size and significant enhancement for coordination and rhythm
training (E = 2.2; 95 % CI= -0.98-1.45; p = 0.70). Additionally, it was noted a moderate effect size and substantial
improvement for a specific coordinative ability training (E = 1.8; 95 % CI = -0.84-2.99; p = 0.00) when compared the
experimental group with the control group. The results of 11 studies established a significant effect size of various
coordination training interventions in improving motor coordination of athletes. However, the impact of these
interventions on sports skills and performance remains limited and inadequate.

Conclusions. After a thorough analysis, it was concluded that various training regimens involving different stimuli,
means and methods, comprising proprioceptive training, spatial training, motor rhythm training, neuromuscular
training, balance training, coordination training drills using ladders, wobble board, bosu balls, trampoline and
dynamic games, as well as non-specific sports training with basic exercises, have been found to be effective in

enhancing motor coordination and sports skills.

Keywords: systematic review, training, sports, coordination.

Introduction

Sports is a multifaced phenomenon which is governed
by several physical, mental and technical components. Sports
performance depends on the efficiency and effectiveness
of motor Coordination which an athlete performs during
a competition. Coordinative abilities and its implication in
sports has been an area of concern for research scholars and
scientists. Coordinative abilities can be classified into several
categories such as orientation ability, rhythm, balance,
reaction time, coupling and adaptation. These abilities put

©  Saini, A., Dubey, B. K., & Vishwakarma, R., 2025.
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together not only influence the execution of motor movement
and sports skills but also provide a stronger base for other
abilities like strength and power (Mitrousis et al., 2023).
Centre nervous system receives an impetus either from
an external or internal stimuli to perform any movement,
contracting skeletal muscle. Suitable training can enhance
and develop this mechanism. Although several studies
indicated the importance of coordinative ability in sports,
sports specific coordination varies across sports disciplines.
However, the effect of a sports specific coordination training
is still uncertain and under investigation (Latino et al., 2021).

While performing technical skill in open - skills - ori-
ented sports such as football, volleyball, tennis and badmin-
ton, a state of equilibrium is essential for better performance
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and to reduce errors. Moreover, in the close - skills - sports
also balance plays a decisive role. Balance abilities have both
static and dynamic versions that affect not only stability but
also the execution of sports skills. As long as players re-
main stable and focused, they tend to perform better and
demonstrate higher quality of playing ability. Several studies
reported that balance training was found to be effective in
promoting overall stability and better performance in sports
(Ceé et al., 2018; Lu et al., 2022; Mitrousis et al., 2023).

Another vital factor that plays a key role in sports context
is rhythm which requires an external stimulant to execute
controlled and consistent motor movement. Racquets sports
and other team sports also emphasized on the development of
rhythmic ability in young athletes. Several studies formulated
and implemented rhythmic training which was found to be ef-
fective in improving the perception, reception and execution
ability of young children (Sogiit et al., 2012; Yin et al., 2023).

Agility is another essential prerequisite which has
a strong contribution in sports performance. It is the ability
to change direction and to utilize the right muscles at a right
time during the sports performance. In this context Shi et al.
(2023) and several other investigators have studied the effect
of agility training and sport performance. These studies
reported meaningful impact of ladder training and agility
training on sport performance (Bhisaji Pawar & Borkar,
2018; Malwanage et al., 2022a; Yiiksel & Aydos, 2019)

Researchers have investigated the effect of various innova-
tive modalities for instance proprioception and neuromuscu-
lar training on sports skills and coordinative abilities. These
experiments have utilized innovative training protocol and
innovative apparatus to inculcate better motor coordination
and broader proprioception in the athletes (Blasco et al., 2024;
Vasconcelos et al., 2023; Zhao et al., 2021).

Undoubtedly, better coordination led to better sports
performance however, there is yet another issue that needs
clarification and that is whether the coordination training
have a direct impact on the sports skills or not. There are
many studies which indicated the influence of coordination
training in improving coordinative skills of an athlete, how-
ever its direct impact on sports skill is still uncertain. Many
studies reported partial or small significance of these training
modules on sports skills. In contrast, a few studies revealed
that there was no significance of coordination training on
sports skills (Formenti et al., 2021; Knobloch et al., 2005;
H.-G. Lee, 2021; Peker & Taskin, 2016; Visan et al., 2023).

To best of the author ‘s knowledge no systematic review
and meta-analysis have been conducted so far regarding
the effect of coordination interventions of various types
in improving sports skills and enhancing the coordinative
abilities of an athletes. Therefore, keeping this context
in mind this study was proposed to analyse the effect of
different coordination interventions in enhancing sports
performance and coordinative abilities of the sports person.

Materials and Methods

Database and Search Profile

The literature related to the study was accessed using
several electronic data bases primarily Pub med, Scopus,
google scholar and ProQuest. Key words included “coordi-
nation training” “balance” or “footwork” or “coupling” or

» o«

“adaptation” or “hand eye coordination” or “agility”, “ori-
entation” or “rhythmic” or “reaction time” and training or”
intervention” and sports person or “athlete” were utilized.
Additionally, the search was confined to last 10 years, ar-
ticles published from Jan, 2014 to Jan, 2024, and it was also
limited to human participants and scholarly journals. Once
the articles were identified the cited references were also take
in consideration for additional search. The search was also
restrained to the English language literature only.

Eligibility criteria

Popular “PICOS” strategy was utilized to retrieve and to
access articles, which includes participants, Interventions,
comparison, outcome and study designed (Moher et al.,
2009). Table 1. disclose the inclusion and exclusion criteria
in details. This review was chiefly restricted to the effect of
various coordination training on sports performance and
improving coordination of athletes. The PRISMA flow chart
figurel. underline the flow of the exclusion and inclusion of
the studies retrieved and accessed in the present study with
specific rationale.

Methodological Quality Assessment

Methodological quality of the included studies was
ensured with the help of PEDro scale, which is a rating
scale from ranges from 1 to 10 (de Morton, 2009). Higher
rating reflects better methodological quality of training
intervention and research paper. Two authors (AS & BD) have
independently completed the quality check of methodology
for every single study. However, in case of any disagreement,
it was resolved with the consensus form third author (RV).

Data Extraction

A total of 145 studies were initially extracted from
the electronic data based and out of which 69 studies were
excluded based on the title. 76 studies were screened for
further data extraction and out of which another 65 were
excluded because of inclusion criteria and finally only 11
studies meet the inclusion criteria. The data was extracted
from these studies and a summary of which is presented
in table 2 that includes the objective & design, Sample &
analysis method and outcome of the study.

Statistical Analysis

According to the guidelines of the Meta analysis
minimum of three studies were required to compute the
effect size and meta-analysis for the literature review. The
Der Simonian and Laird (DL) model of effect size and meta-
analysis was applied with the help of cumulative difference
between the means, standard errors and Hedges’s g across
the various study and tua-T2 squared was computed to
understand the heterogeneity amongst the groups. Effect
size was computed while keeping the confidence interval
at 95 %. and interpreted as <0.2 trivial, 0.2-0.6 low, 0.6-1.2
modeate, 1.2-2.0 large, 2.0-4.0 very large and 4.0> extremely
large. Figure 2 Forest plot was created to showcase the effect
size of cumulative difference in means of training groups
and control groups Forest plot values are shown as effect size
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Table 1. Inclusion and exclusion criteria utilized in the systematic review

Category Inclusion criteria

Exclusion criteria

Sports person across all disciplines regardless of

Population training age, gender and playing level.

Non-sports persons

Coordination training interventions focusing on,
balance, footwork, coupling, adaptation, hand eye
coordination, agility, orientation, rhythmic and
reaction time workout

Intervention

Training program that does not employ the
coordination training interventions.

At least have one training and control group design to

omparison . S
Comp determine and to compare the significance of effect.

One group study design or non-existence of
control group

Impact of training intervention on coordinative
abilities such as balance, orientation, agility, rhythm,
adaptation, footwork, hand eye coordination

Outcome

Lack of initial or post data

Study design Experimental design

Nonexperimental design

Results

Reviews identified &
collected from Pub Mrd

Reviews
collected from Scoops

(Rene'.\'z identified &

fied & Reviews identified &
collected fror ogle | [collected from Proquest
scholar (N=64) N=25)

N=45)

N=11)

Funnel Plot of Standard Error by Std diff in means

145 articles
retrieve

Excluded 69 based on title and
abstract

Excluded 65 studies as did not meet
inclusion criteria.

Standard Error

o Trining not based on
coordintion (N=43)

76 screened

|

¢ Outcome not related to
coordination (N=18) 1.0
Research desing was different

2 El 0 1 2 3 4

Std diff in means

Full article assessed(N=11)

11 studies retrieved b—b

l |

Full article & studies included. (N=11)

( Included > < Eligibility ) (Screemng) CdennﬂcatloD

Fig. 1. PRISMA inclusion/exclusion flow diagram

(std. diff in means) with 95 % confidence interval (CI). Black
square indicating the individual studies, and their size depict
their relative weight, whereas rhomboid shows the summary
value. whereas figure3 funnel plot was prepared to showcase
the publication bias in the studies.

Fig. 3. Funnel plot indicating the publication bias

Discussion

The systematic review and meta-analysis provide
valuable insight about different types of coordination
training programs and their impact on sports skills as well
as coordinative abilities. Although there are limited reviews
in this area, the overall results of 11 studies demonstrates
a significant effect size (Figure2) of various coordination
training interventions in improving coordinative abilities
such as static and dynamic balance, motor competency,

Study name Cumulative statistics
Standard Lower Upper
Point error Variance limit limit
Mlischenko et al, 2021  1.901 0539 0290 0845 2957
S.Panwar. & P.Borkar,2018 (.387 1480 2191 -2514 3288
Shi et al..2023 1.424 1420 2015 -1.358 4.207
Vlsan et al.2023 0.941 0819 0671 -0664 2547
U. Lee &Chang-HJ00,2024 0.719 0636 0404 -0.527 1.965
Amr A.Shady & A. Mhd..20140.235 0623 0.389 -0.987 1457
Trajkovi'et al., 2020 0.183 0476 0227 -0.750 1.117
Novak et al.2023 0.087 0.401 0.161 -0699 0.874
Malwanage et al..2022 0.027 0360 0.129 -0678 0.733
Formenti et al 2021 0.423 0464 0215 -0486 1.333
Mitrousis et al..2023 0.479 0428 0.183 -0.359 1.317
Pooled 0.479 0428 0.183 -0.359 1.317
Prediction Interval 0.479 0.000 0.000 -2.712 3671

Cumulative std diff in means (95% CI)

Z-Value p-Value

3.528 0.000
0262 0.794
1.003 0316
1.149  0.250
1.130 0.258

—

i
—
0.377
0.385
0.218
0.076
0912
1.120
1.120
0.000

0.000 !

-1.00 -0.50 0.00 0.50 1.00

Favours Control Favours Experiment

Meta Analysis

Fig. 2. Forest plot showing comparison of cumulative standard difference in mean
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Table 2. Included Studies on effect of various Coordination interventions on sports performance and coordination of athletes

Authors

Study -Objective & Design Sample size & analysis method

Outcome and conclusions

Mischenko et al., 2021

Proposed a new methodology for
increasing coordination ability in
acrobatics sports for females; Two
groups, training and control.

N = 20 each in Training and control

coordination were tested.

Result shown significant improvement

group; vestibular stability and dynamic in coordinative abilities & technical

readiness in annual macro-Cyle ; 7 to
10 years is the most suitable age for
improving coordinative abilities.

Smurti Pawar & Pradeep
Borkar, 2018

Ladder training drills to improve
the agility of kabaddi female players;
6 weeks training program with one
experimental and one control group.

N = 24 each in Training and control
group; agility t test was conducted.

Training group improved significantly
in agility; Ladder training for 6 week
was effective for enhancing agility.

Shi et al., 2023

Jump rope training for improving
dynamic balance and stroke ability of
tennis players; 12-weeks training for 3
days a week.

N = 8 in each training and control

ability were tested.

Jump rope training and sequencing the

group; single leg stability test & hitting rope training with technical training

helps to competitive level of tennis
players.

Visan et al., 2023

Coordinative ability drills including, N =21 in both groups; T test (blaze
ladders, dribbling, running, dynamic ~ pod technology) and adam test was
games were implemented on young used for assessment coordinative
football players; annual macro cycle with abilities of the football players.

one experimental and control group.

Intervention program has helped in
improvement of agility test on football
players.

U-Yeong Lee & Chang-
Hwa Joo, 2024

To analyse the effect of proprioceptive N = 10 in training group and N = 9 in
training on skill and physical fitness  control group; Balance measurement
component e.g. balance and agility ~ system consisting of a board MFT

for young football players ; 8-week  challenge disc 2.0, Austria was used,
training for 2 days a week using arrowhead test for agility

balance trainer and bilateral exercises.

Proprioceptive training facilitates
balance and agility, however no
significance improvement in shooting,
dribbling and shot passes; addition in
the frequency and time of proprioceptive
training was recommended.

Amr Ali Shady &

Mohammad Abdel Sattar orientation and motor rhythm

Mahmoud, 2014

To find out the effect of spatial N = 13 each in both experimental
and control group; spatial orientation
(turning to touch the colour test),

motor rhythm ability (drobe,1999),

training on motor speed and skill of
football players; 8-week training for
3 days a week with experimental and

control groups. passing and dribbling were assessed.

motor speed and skill ability (shooting,

Spatial orientation and motor rhythm
training enhanced the motor speed and
skill level of junior football players.

Trajkovic’ et al., 2020

Neuromuscular training was
implemented to ascertain its effect
on motor competence and skill
performance of volleyball players
;10-week training with training and
control group.

N = 32 in training and 34

in the control group; The
Korperkoordinationstest fiir Kinder
(KTk ) Test to know the motor
competency and modified t Test,
10m sprint, plank, vertical jump and
medicine ball throw was tested.

Neuromuscular training not only
helped in the improvement of motor
competency but also the physical skill
of volleyball players. No improvement
in plank performance.

Novak et al., 2023

To assess the effect of balance training
program on the player’s balance and
technical skill of the adolescent soccer
players;8-week training program with
training and control group.

N =17 in training group and 15 in the

and technical skills (passing, shotting
with dominant and nondominant leg)
and juggling were assessed.

Balance training has helped in

control group; Static and dynamic balance improvement of static and dynamic

balance and shooting with dominate
leg. However no significant
improvement in other variables.

Malwanage et al., 2022

To find out the effect of balance
training on static and dynamic
balance and sports specific foot work
performance ; 8-week training with
frequency of 2 days a week with
training and control group.

N = 12 in intervention group and 8
in control group; Static balance and
dynamic balance was tested with

respectively while the sports specific

and push off time during stroke play.

Balance training has enhanced the
dynamic balance and shuttle run time
while no improvement in the other

unipedal stance and stat excursion test variables; It was recommended to have

balance training more challenging by

footwork was assessed with shuttle run increasing the base of support and higher

centre of gravity, removing the visual
feedback and changing the training surface.

Mitrousis et al., 2023

To analyse the effect of balance N = 17 in experimental group while
training on the balance and sports only 15 participants in the control
skills of young football players by using group; Jhonson and nelson test for
Bosu balls, wobbles boards, agility static balance and Lafayette balance
ladders, mini trampoline balance beam device with wooden board for

Balance training has helped in the
improvement of dynamic balance
and shooting skills; No improvement
in other tested variables but it was
recommended to consider the

and obstacle;8-week training with the dynamic balance and sports skills such gender, playing position and different

training and control group; control
group was given a placebo training.

as passing, shooting, juggling and
dribbling were assessed.

competition level for better results.

Formenti et al., 2021

To investigate the influence of non-sports N = 26 in non-sports specific group
specific and sports specific trainingon  and 27 participants in sports specific
the skills and perceptual response and ~ group and 26 in control group; Harre
general motor coordination of football  circuit test for motor coordination,
players:10-week training with three
groups, non-sports specific, sports
specific and control group were utilized.

was used for the skill assessment.

Non-sports specific training was
significantly better than sports
specific training in Haree test and
Y-balance test, however no difference

Y-balance test and linear dribbling test in dribbling; integration of non-sports

specific training was recommended.
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agility, motor coordination, rhythm, single leg and vestibular
stability (Bhisaji Pawar & Borkar, 2018; Johann et al., 2016;
U.-Y. Lee & Joo, 2024; Lu et al., 2022; Shi et al., 2023; Sogiit
et al., 2012; Yin et al., 2023). However, the impact of these
training methods on sports skills and performance is still
confined and inadequate. Among these studies that provide
data for coordinative abilities, the notable large benefit effect
was reported for various playing level (from sub junior to
junior), primarily adolescent (i.e. 9 to 16 years) and different
genders. Majority of studies were confined to 8 to 12 weeks
of training with 2 to 3 days of training days incorporating
both the coordinative abilities and skill training of the sports
person of multiple sports (i.e. Badminton, football, volleyball,
kabaddi and tennis). Additionally, literature review reported
a few longitudinal studies for an annual macro cycle with
several phases of training (Mischenko et al., 2021).

Balance and coordinative abilities

Balance is one of the crucial coordinative abilities that
play a key role in sports performance and eflicient motor
movement. The literature review provides evidence that bal-
ance training provides a small to large effect size improve-
ment in both static and dynamic balance and facilitates skill
development. Novak et al. reported a small effect size (0.38)
(Novak et al., 2023) noting improvement in both static and
dynamic balance and dominant leg shooting of football play-
ers yet not much substantial improvement in other skills
components such as passing and dribbling of football play-
ers. Another study by Malwanage et al. (2022) highlighted
a similar trend with a small effect size of 0.33. Even though
the dynamic balance and shuttle run performance improved
significantly, no improvement in static balance of the foot-
ball players was reported. These studies suggested that the
balance training should be more complex in nature with
integrating lower base of support and higher centre of grav-
ity. Additionally, training can be made more challenging and
yield better results by incorporating varied visual feedback
and more specific training modules keeping in view the gen-
der, training level and position of the players. On the other
hand, Mitrousis et al. reported a large effect size (Figure 2)
and improvement in coordinative abilities (Mitrousis et al.,
2023a). Optimum utilization of appropriate equipment such
as Bosu balls, wobbles boards, agility ladders, mini trampo-
line balance beam and obstacle may further enhance the co-
ordinative abilities of players. Though a traditional training
method, jump rope training can facilitate static and dynamic
balance and support the technical skills of the player. Shi et
al. (2023) reported large effect size with significant results of
jump rope skipping on the single leg stability and skill level
(Yin et al,, 2023). Sequencing of jump rope and integrated
it with technical training could yield better results

Rhythm and motor competency

Motor competency and rhythm plays a pivotal role
in sports and achieving desired performance during
the competition. The central nervous system regulates
rhythm which relies on an external stimulant while
motor competency utilized the optimum activation
neuromuscular junction. Among all studies, few studies
reported a significant influence of neuromuscular, rhythm

and coordinative ability training on motor competency and
rhythm of sports person. Trajkovic’ et al. (2020) reported
a large effect size and significant result of neuromuscular
training on the motor competency of the volleyball players
(Trajkovi¢ & Bogataj, 2020).The Korperkoordinationstest
fir Kinder (KTk) test was used to assess motor competency
and 10 weeks of neuromuscular training may enhance the
motor competency and physical skills of the players. This
training included fundamental exercises like deep squats,
four-way jumps, medicine ball throw, wall sits, box jump,
hurdle jumps, and agility ladders which led to significant
improvement in the motor competency of the players.

Another study by Amr Ali Shady and Mohammad Abdel
Sattar Mahmoud (2014), also highlighted some benefits of
spatial orientation and motor rhythm for sports persons
(Shady & Mahmoud, 2014). An 8 week-long training that
uses spatial orientation and motor rhythm training reported
a large effect size and significant improvement in the spatial
orientation and motor speed of a sports person. These
findings are of great importance as if a player improves these
fundamental abilities they can participate in strength and
more complex conditioning programs.

Agility and coordinative abilities

Agility has been a vital component of sports training
and performance enhancement programs. Change
of direction with precision and efficient utilization of
desired muscle group is essential in achieving success and
consistency in sports performance. Smurti Pawar and
Pradeep Borkar (2018) demonstrated that 6 week of ladder
training significantly improved agility and performance in
the volleyball players. Therefore, Ladder training should be
an integral part of the training regime for sports persons.
To contrast another study by Visan et al. (2023) reported
small size effects of coordinative training that utilized ladder,
dynamic games and dribbling for football players (Visan
et al., 2023). However, it was suggested that 8 to 10 year
is the most suitable training age to train these abilities.
Furthermore, U-Yeong Lee and Chang-Hwa Joo (2024)
emphasised the effectiveness of proprioceptive training. This
study used a MFT challenge disc 2.0, Austria for balance
and arrowhead test for agility (U.-Y. Lee & Joo, 2024).
The training regime incorporated exercises with ball and
without ball for instance standing with one leg and single leg
heading, squat, lunge, jumping and swing forward and back
without ball. Increase in time of training and frequency of
the training was suggested to foster better results.

Sports skills and coordination training

Indeed, coordination influence the sports skills and
technical efficiency of the players. Mastery of sports skills
largely depends on the level and proficiency in coordinative
abilities. Surprisingly, all these studies reported varying
effect sizes for coordination training in sports skills.

Mischenko et al. (2021) proposed a new methodology
for improving coordinative ability in acrobatic sports finding
a large effect size of coordination training on vestibular
stability, dynamic coordination and technical readiness.
This study was completed in an annual macro-cycle that
included the skateboard, agility ladder, trampoline and Bosu
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hemisphere in active game. Another study by Formenti et
al. (2021) which examined the effect of sports specific and
non-sports specific training on the coordination and skill of
football players. Interestingly, non-sports specific training
helped in improvement of perceptual response, motor
coordination and balance of football players (Formenti et
al., 2021). This non-sports specific training regime include
balance drills, SAQ drills and jump rope drills. This means
that balance work on unstable surface, trampoline, basic
skill exercise (split steps, line drills, lateral drills, hopscotch,
in and out drills) and jumps rope exercise (basic bounce
steps, alternate bounce and doubles basic bounce) were found
suitable for improving the sports skills and coordinative
abilities. This may be due to non-sports specific stimuli for
the athlete and enjoyment of the innovative exercise routine.
Still there is a scope to understand the implication of non-
sports specific training on the enjoyment and development
of sports skills and enhancement of coordinative abilities.

Limitation

A key limitation of this literature review was inclusion of
alower number of participants in the study which is why it pro-
duced a lower level of effect size and lower power in the cumu-
lative statistics and resulted in standard error and false negative.
Majority of the study were conducted over 8 weeks and lower
frequency either twice or thrice day a week which is a shorter
duration to produce significant effects on motor abilities This
is an essential factor in all sports-oriented training. Future re-
search should focus on longitudinal studies to achieve more
robust results. Not initiating the coordinative abilities training
at an early age as old as 8 to 10 years is another limitation of this
meat-analysis, which was revealed in many studies. Formula-
tion of training programs according to the age, gender and
training level of the athletes may warrant encouraging results.

Conclusion

The meta-analysis suggested that coordination training
which utilized diverse modalities including neuromuscular
training, rhythm training and proprioceptive training were
significant in improving sports skills and coordinative
abilities in sports persons. Further the current literature
review advocates the use of traditional methodologies for
instance ladder training, jump rope and non-sports specific
basic exercise along with innovative modern technological
bases apparatus to produce effective results. This diverse
approach helps in improving the sports skills as well as the
coordinative abilities of athletes. Additionally, this meta-
analysis recommended that basic sports training and
agility training also enhanced the coordinative abilities and
sports skills of a sports person. Strength and conditioning
coaches should integrate innovative and basic coordination
training mean and method at an early age on or before 8
to 10 years to induce better sports performance. However,
formulation and implementation of the longitudinal studies
and orientation of sports specific and non-sports specific
coordination training may warrant improved perceptual
skill, motor competency and motor coordination of athletes.
Further, future research should use different training terrain
and latest technologies to boost coordinative abilities and to
produce significant results.
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3’AacyBaHHA ePeKTUBHOCTI iHTepBEHLiIN 3 KOOPAMNHALINHOro
TPEeHYyBaHHA WOA0 NOKpaLLeHHA CNOPTUBHOI
pesynbratuBHOCTI: CUCTEeMaTUYHUI OrNAA Ta MeTaaHanis

Amsani Caini'*®*“P, Binin Kymap [Jy6eit'®*P, Pakem Bimsakapma?®P

"YuiBepcurer Amiti
*CikkiMcbKO-MaHinanbcpKuil yHiBepCUTeT

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

Pedepar. Crarrs: 8 c., 2 Tabn., 3 puc., 33 mxeperna.

Mera gocmifKkeHHA. MeTo JOCTiIKeHH: 6y/I0 IpoaHali3yBaTu BIUIUB TPEHYBaIbHNUX IIPOrpaM, CPOKYCOBAHUX Ha BUKO-
HaHHi PiSHOMaHITHMX KOOPAMHALIIHIX BIIPAB, IO0 TOKPALEHHA CIIOPTUBHOI PE3y/IbTaTMBHOCTI Ta KOOPAMHALII CIIOPTCMEHIB.

Marepianu Ta MeTOAM. 3 MeTO 300pY MiTEpPaTyPHUX IXKepPel, OB A3aHNX 3 BUBYCHHAM 3a3Ha4€HOI TeMATUKH, IPOBELEHO
OIJISA] €/IEKTPOHHNUX IYO/IKALIiil i3 BUKOPMCTAHHAM HayKOMeTpU4HUX 6as3 manux Scopus, PubMed, Google Scholar Ta ProQuest.
ITicnst cucTeMAaTMYHOTO MOIMIYKY 6y/I0 OTPMMAHO Ta IIPOAaHaIi30BaHO OAMHAMLATD JOCII/PKEeHb, IIPOBefieHNX Y Hepiof 3 2014 mo
2024 piK, AKi BBaXKa/IMCA JOLIbHIMMY JJ14 3/1iJiICHEHHA MeTaaHasi3y. Y BK/IIOUYEHNX JOC/TiIPKEHHAX PO3IJIAaNoCa IPOBEIeHHA Pi3-
HUX TPEeHYBa/IbHIX iHT€PBEHIIiil, CHPAMOBAaHMX Ha POSBUTOK KOOPAMHAILLii, AK-OT TPEHYBAHHA /I PO3BUTKY PiBHOBArl, pUTMY,
CIIPUTHOCTI, HEPBOBO-M 5130BOI CHCTEMH, BUKOHAHHSI KOMIUIEKCY BIIPaB 3i CTPMOKIB Ha CKaKa/llji Ta i3 BUKOPUCTAHHAM KOOP/-
HauiitHol apabuum (IWBMUAKICHOI HOPIXKKIM), BIPABU JI1 PO3BUTKY IIPOCTOPOBOIO OPiEHTYBAaHHs, HECIIOPTUBHE cleldiiHe Ta
IPOIpIOLeNTYBHE TPeHYBaHH:A, TPUBAICTIO BiJj 6 TV)KHIB JO piYHOTO MaKPOLUKITY i3 3aTy4eHHAM Y4acHMKIB (CyOIOHIOpCHKOTO
Ta IOHIOPCHKOTO PiBHIB) 3 Pi3HMUX BUJIB CIIOPTY.

PesynpraTn. 3a pe3y/nbTaTaMii MeTaaHa/Ii3y BUAB/ICHO He3HAYHe IOKPAIeHH: PO3Mipy e(heKTy LI0fj0 TPEHYBaHb 3 PO3BUTKY
piBroBaru (E = 0,38; 95% I = -0,66-2,54; p = 0,25), Benukuit po3mip edexTy Ta CyTTEBE Mif{BUIEHHS TOKA3HNKIB IJ0/10 TpeHy-
BaHb 3 pO3BUTKY KoopauHarii ta putmy (E = 2,2; 95 % I = -0,98-1,45; p = 0,70). Kpim Toro, BigsHadeHO HOMipHUIT po3Mip edekTy
Ta iCTOTHE MOJINIIEHHA ITOKa3HMKIB II0JJ0 TPEHYBaHHA crienmdivanx KoopauHaniinHux 3gi6rocTeit (E = 1,8; 95 % 11 = -0,84-2,99;
p =0,00) y HOpiBHAHHI eKCIIepUMEHTaIbHOI I'PYIIN 3 KOHTPOJIbHOIO IPYIOI0. 3TiflHO 3 pe3yabraTamu 11 JOCTiIKeHb BCTaHOB/IEHO
3HAYHMIT PO3MIp edeKTy Ipy 3aCTOCYBaHHI Pi3HMX IHTePBEHIIINl 3 KOOPAMHALIIHOIO TPEHYBAHHS I[Ofj0 MOKPAIeHHs PyXOBOI
KoopAMHalii cnoprcMeHiB. OfHaK BUBYEHH:A BIIMBY BUIeBKa3aHUX iHTepBeHIIill Ha CIIOPTUBHI HABUYKI Ta Pe3y/IbTaTUBHICTD
3QIUIIAETHCS OOMEXXEHUM 1 HELOCTATHIM.

Bucnosku. Ilicisa mpoBefieHHA I'PYHTOBHOTO aHa/Ii3y BCTAHOBJICHO, 110 3aCTOCYBAHHA Pi3HMX TPEHYBAIbHUX PEXUMIB, 110
nepepbavae 3ayydeHHs PiSHOMAHITHUX CTUMY/IIOIOYNX YMHHUKIB, 3aCO0iB i METOAIB, a caMe: IIPOIPIOLENTUBHI TPEHYBaHHS,
BIPaBU I/IsI PO3BUTKY IIPOCTOPOBOTO OPIEHTYBAHHS, TPEHYBAHHSA PYXOBOIO PUTMY, BIIPaBM [/Is1 PO3BUTKY HEPBOBO-M sI30BOI
CHUCTeMH, TPEeHYBaHHA Ha PiBHOBAry, KOMIUIEKC BIIPaB Ha KOOPAMHALIIO i3 BUKOPUCTAHHAM ApabuHu, BoOOn-60pay (6amancy-
BaJIBHOI JIOLIKM), Oa/IaHCyBa/IbHUX TiBCdep, 6aTyTy, AUHAMIYHI irpy, a TaKoX HecrenndidHi CHOPTUBHI TPeHyBaHH: 3 6a30BUMU
BIIPaBaMI, JOBEJIO CBOI0 e(peKTUBHICTDb 3 TOUKM 30PY IOKPAIIEHHA PYyXOBOi KOOPAMHALIII Ta PO3BUTKY CIIOPTUBHUX HABUYOK.

Knroyosi cmoBa: cucTeMaTuHWIA OIIAA]], TPEHYBaHHsA, BUIM CIIOPTY, KOOPAMHALLis.

Information about the authors:
Saini, Ashwani: asaini@amity.edu; https://orcid.org/0000-0002-8283-0731; Amity School of Physical Education and Sports
Sciences, Amity University, Sector 125, Express way Noida 201313, Uttar Pradesh, India.
Dubey, Bipin Kumar: bkdubey@amity.edu; https://orcid.org/0000-0003-1392-8222; Amity School of Physical Education and
Sports Sciences, Amity University, Sector 125, Express way Noida 201313, Uttar Pradesh, India.

Vishwakarma, Rakesh: rakesh.v@smit.smu.edu.in; https://orcid.org/0000-0002-9298-8970; Department of Physical Education
and Sports, Sikkim Manipal Institute of Technology, Sikkim Manipal University, Majitar, Rangpo, Sikkim 737136, India.

Cite this article as: Saini, A, Dubey, B. K., & Vishwakarma, R. (2025). Ascertaining the Effectiveness of Coordination Training
Interventions in Enhancing Sports Performance: A Systematic Review and Meta-analysis. Physical Education Theory and
Methodology, 25(1), 183-190. https://doi.org/10.17309/tmfv.2025.1.22

Received: 12.10.2024. Accepted: 10.12.2024. Published: 30.01.2025

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

190



Physical Education Theory and Methodology
Teopis Ta MeToanKa ¢pisSNYHOro BUXOBaHHA

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

Review Article

Unveiling Current and Future Trends in the
Implementation of Teaching Games for Understanding
in Primary School: A Bibliometric Analysis

Irfan Octavianus'A*“PE, Uray Gustian***“"F and Andika Triansyah?AB¢PE

'"Universitas Negeri Padang
*Universitas Tanjungpura

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

Corresponding Author: Irfan Octavianus, e-mail: irfanadhe@fik.unp.ac.id

Accepted for Publication: December 10, 2024
Published: January 30, 2025

DOI: 10.17309/tmfv.2025.1.23

Abstract

Background. Physical Education (PE) often focuses on sports skills through command-based teaching methods,
which can lead to students struggling to understand and effectively play games. To address this issue, Teaching Games
for Understanding (TGfU) has been introduced as a more effective approach to enhance tactical comprehension

and gameplay skills, while also increasing student engagement in physical activities.

Objectives. This study aimed to identify current research trends and future potential for TGfU implementation

in elementary school PE through a bibliometric analysis.

Materials and methods. A bibliometric approach was used by analyzing 977 documents from the Scopus database
published between 2015 and 2024. The data was analyzed using VOSviewer to map bibliographic networks and
conduct keyword analysis. A science mapping approach was applied to identify emerging research trends and predict

the future of TGfU implementation.

Results. The analysis revealed that TGfU implementation effectively improves physical activity, motor skills,

and the well-being of elementary students. However, further research is needed to fully understand and validate
these findings. Current trends emphasize the importance of PE in enhancing physical activity, motor skills, and
student well-being through the TGfU approach. Future trends point towards developing PE curricula that undersore

the integrated use of TGfU and holistic approaches.

Conclusions. Implementing TGfU in elementary schools holds great potential for improving physical engagement,
tactical skill development, and students’ psychological well-being. Challenges include optimizing the role of teachers
as facilitators and adapting the curriculum for broader TGfU application. Further research is required to validate
the application of the TGfU model in PE curricula and to develop approaches relevant to the needs of elementary

students.

Keywords: physical education teaching, teaching game for understanding, primary school, future research trends.

Introduction

PE has traditionally been taught using a command-
based teaching style focused on sports content, but it is now
shifting towards the application of decontextualized sports
techniques (Kirk, 2016). As a result, many students struggle
with learning, and they also find it difficult to play during
games (Harvey et al., 2018). This traditional paradigm
centers PE instruction around multi-activities and sports
techniques, which leads to students developing fewer skills,
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with short teaching sessions and pursuing benefits that
cannot be achieved by all student profiles (Casey & Kirk,
2020). In response, experts have introduced an alternative
model for teaching team games in PE, known as Teaching
Games for Understanding (TGfU). This model allows
students to learn games by focusing on their understanding
of how to play and on skill development (Papagiannopoulos
et al., 2023).

TG{U is described as an alternative to content-oriented
learning models, using an actual gameplay approach in
its implementation (Memmert et al., 2015) and enhanced
students” ability to identify tactical problems that arise
during games and to respond appropriately (Mitchell et
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al., 2020). This is recommended as an effective approach to
promoting motor skills (Dania & Harvey, 2020). This model
is particularly effective in primary schools (Garcia-Lopez
et al., 2019) as students are still developing fundamental
movement skills, and playing games provides an engaging
way for them to learn (Goodway et al.,, 2019). Furthermore,
its can be used as a method to enhance motivation in
students who may be less engaged with physical education
lessons (Garcia-Gonzélez et al., 2020).

Several studies have demonstrated its effectiveness
in developing tactical knowledge, the ability to evaluate
game situations, and in fostering tactical reasoning (Harvey
et al., 2020). It has also been shown to increase engagement,
motivation, and enjoyment (Batez et al., 2021), as well
as improve moderate physical activity levels during lessons
(Wang & Wang, 2018). The application of TGfU has also
been found to enhance decision-making, skill execution,
successful game performance, the number of decisions
made, game involvement, and the intention to remain
physically active (Barquero-Ruiz et al., 2021). It further
aids in the acquisition of students’ critical thinking skills
(Barnabe et al., 2023) and considered more suitable than
direct instruction for increasing light physical activity
(PA) levels during sessions (Sierra-Rios et al., 2020). These
advantages provide a strong basis for teachers to consider
using the TGfU model in PE lessons, particularly in primary
schools.

The main challenges for teachers still revolve around
planning, developing the role of the facilitator to support
learning,and providingsuflicienttimeforapplyingknowledge
during games (Thomas et al., 2013). Additionally, studies
have often focused on secondary classes rather than primary
classes and have primarily aimed at improving motor skills
without assessing students’ understanding. On the other
hand, PE teachers continue to face challenges or difficulties
when using the model (Harvey, 2016; Papagiannopoulos et
al,, 2023), as well as a lack of widespread adoption of TGfU
by teachers (Garcia-Lopez et al., 2019). Many PE teachers
still fail to teach games effectively and comprehensively,
remaining focused on students’ skill development (Ward
& Griggs, 2011) and improving tactical understanding and
decision-making (O’Connor et al., 2017). The practice of
implementing TGfU remains limited and must be adapted to
the PE curriculum in each school (Harvey, Cope, et al., 2016)
and should be designed to suit the context, aligning with
the characteristics of students and the school environment
(Morales-Belando et al., 2022).

Given the challenges faced by teachers, it is crucial to
conduct studies to understand the factors influencing these
issues and to identify alternative solutions for resolving them,
as well as to explore current themes surrounding TGfU im-
plementation. Several studies have been conducted to ex-
amine the implementation of TGfU using systematic review
methods. Ortiz et al. (2023) reviewed 13 articles on the ef-
fects of it interventions on game performance and psychoso-
cial variables. Robles et al. (2020) reviewed 13 studies on the
impact of technical and tactical approach interventions on
skill performance and decision-making, including an assess-
ment of how the management style of the teacher or coach
affects these outcomes. Furthermore, Morales-Belando et al.
(2022) reviewed 20 studies from a practice-based perspec-
tive on how researchers documented their interventions, fo-

cusing on the characteristics of teaching and learning imple-
mentation and their connection to learner outcomes. Yan et
al. (2023) reviewed 17 studies on the impact of game-based
approaches on game performance, fundamental movement
skills, health-related measures, and PA outcomes in children
aged 5 to 12 when implemented in primary school PE set-
tings. These studies highlight important content related to it
implementation, the approaches used, the results obtained,
and gaps for further research.

However, based on the author’s understanding and
knowledge, no studies have yet been found that use
bibliometric analysis. To bridge this gap, bibliometric
analysis is employed to complement traditional literature
reviews through an objective approach to understanding
the current research landscape and future trends (Saini et
al., 2022). This bibliometric analysis study comprehensively
examines the scientific literature on it. The aim of this
bibliometric study is to explore the literature on TGfU
implementation using bibliographic coupling analysis and to
identify potential current and future research trends through
co-word analysis. The study explores emerging and trending
themes while predicting future trends. It presents network
visualisations in cluster analysis using science mapping
techniques, producing a temporal structure and topology
of topics. The results are expected to reveal the intellectual
structure by understanding its development over time and
the richness of research streams.

Materials and Methods

Bibliometric Approach

The bibliometric approach is a scientific method that
assists academics in analysing literature by summarising
and synthesising it (Donthu et al., 2021). Additionally,
bibliometric analysis serves as an essential tool for
systematically investigating publication patterns based
on existing literature by combining quantitative data
and qualitative interpretation (Paul & Barari, 2022).
Furthermore, bibliometric analysis is used to complement
the analysis of the evolution, current state, and future trends
in scientific fields (Mulet-Forteza et al., 2022) and supports
the prioritisation of research, processing, and analysis
at various levels of complexity (Mejia et al., 2021).

Bibliometric analysis is conducted using two approaches:
performance analysis, which examines the number of
publications, citations, and publication productivity, and
science mapping, which identifies the knowledge structure
based on relationships between studies through network
visualisation (Tiberius et al., 2020). In this study, bibliometric
analysis is carried out using a science mapping approach to
identify potential current and future research trends through
co-word analysis. This involves interpreting the current state
and forecasting future trends in published literature through
bibliographic coupling and co-occurrence analysis.

Research Design and Data Collection Procedure

The Scopus database was utilised to search for relevant
documents related to the implementation of TGfU. The
reason for using Scopus is that it is a popular database among
researchers globally (Khan & Muktar, 2020) and allows
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Fig. 1. Flowchart of Study Design

for the export and analysis of documents for bibliometric
studies (Zyoud et al., 2024). The search results were analyzed
using the publication mapping tool VOSviewer version
1.6.20 to create publication maps based on text corpora or
citation networks, providing key insights into the content
of the documents (Sinkovics, 2016). Therefore, in this study,
VOSViewer was used to visualise the bibliographic coupling
and co-occurrence network maps, as illustrated in Figure 1.

The document search was conducted on 4 September
2024, following the criteria outlined in Table 1. The search
yielded 1,899 documents. These were then screened based on
the publication date range of 2015-2024, document type as ar-
ticles, finalised publications, published in journals, and writ-
ten in English. After screening, 977 documents were obtained
and further processed by exporting them in CSV format.

Table 1. Document Search Criteria

Criteria Description

Source Database Scopus

Search string (“physical education” OR “movement
education”) AND (“teaching games
for understanding” OR “tactical
games model” OR “step-game
approach” OR “invasion games
competence model” OR “game sense”
OR “tactical decision learning”) AND
(‘elementary school” OR “primary

school”))
Search in Title, abstract, & Keywords
Source & Document type Jurnal & Article
Publication Language English
Publication stage Final

Dokumen yang diperoleh 977

Results

General Information

An overview and key insights from the documents ob-
tained are presented in Table 2 and serve as the founda-
tion for subsequent analysis. The documents related to the
implementation of TGfU in primary schools were sourced
from 319 publications, with an average annual growth rate of
3.35% and an average of 11.33 citations per year. The publi-
cations involved a total of 3,058 authors, with a collaboration
index of 4.21, meaning that more than four authors contrib-
uted to each published document. Additionally, there were
88 single authors responsible for publishing 99 documents.
In total, the documents referenced 39,710 sources, and 2,181
unique keywords were used by the authors.

Bibliografic Coupling Analysis

Bibliographic coupling analysis is an extension of co-
citation analysis, assuming that two publications share
a connection if they reference the same sources (Donthu
et al., 2021). Bibliographic coupling is a technique that
assumes two publications share a connection if they cite the
same references, with the degree of bibliographic linkage
indicating the more references they share, thereby offering
insight into current trends (Donthu et al., 2021). In this study,
bibliographic coupling analysis was conducted using the
same database of 977 documents, with a minimum citation
count of 35 for each document, resulting in a threshold of 66.

Table 2. General Information

Description Results
MAIN INFORMATION ABOUT DATA
Timespan 2015:2024
Sources (Journals, Books, etc) 319
Documents 977
Annual Growth Rate % 3.35
Document Average Age 3.98
Average citations per doc 11.33
References 39710
DOCUMENT CONTENTS
Keywords Plus (ID) 1922
Author’s Keywords (DE) 2181
AUTHORS
Authors 3058
Authors of single-authored docs 88
AUTHORS COLLABORATION
Single-authored docs 99
Co-Authors per Doc 421
International co-authorships % 24.67
DOCUMENT TYPES
article 977

The visualisation of the bibliographic coupling net-
work, resulting from this analysis, is presented in Figure 2.
The network visualisation reveals five clusters, represent-
ed by different colours: Cluster 1 (red), Cluster 2 (green),
Cluster 3 (blue), Cluster 4 (yellow), and Cluster 5 (purple).
Each cluster is interconnected. A qualitative interpretation
was then conducted by the author, assigning labels to each
cluster based on the emerging themes.

Cluster 1 (red) consists of 21 items labelled “the role of
PE in enhancing PA to support healthy child development”.
PE plays a role in promoting healthy child development by
increasing moderate-to-vigorous PA (MVPA) (Mooses et
al., 2017). Therefore, it is important to boost MVPA and
reduce inactive time (Tanaka et al., 2018). Meeting school
PA guidelines can be achieved through comprehensive
programmes, such as classroom-based physical activities
prioritising the use of classroom space (Carlson et al., 2015).
Additionally, strategies to enhance PA can involve using free
time to engage in organised sports (Hebert et al., 2015). PA
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programmes have a chronic impact on improving children’s
executive function, particularly when they include cognitive
elements (Schmidt et al., 2015). However, limited time is
a major barrier, so additional PA must be implemented in
the classroom with short durations and easy-to-understand
material for students (Van den Berg et al., 2017). In response
to this issue, Riley et al. (2015) revealed that increasing
school-based PA could be integrated into mathematics
lessons, so PA is conducted in line with tasks in maths classes.

Cluster 2 (green) consists of 12 items labelled “learning
strategies and interventions to enhance PA and student
fitness in schools” Several studies have been conducted as
efforts to increase student PA through learning activities.
The integration of different teaching styles, known as
multi-teaching styles and active reflection (MTA), can
improve fitness, motor competence, enjoyment, and the
amount of PA (Invernizzi et al., 2019). A study by Miller,
Christensen, Eather, Sproule, et al. (2015) revealed that
object control FMS proficiency and in-class PA in stage three
students simultaneously improved through the program
intervention The Professional Learning for Understanding
Games Education (PLUNGE). Furthermore, learning that
integrates health- and skill-related fitness components in
primary schools can enhance aerobic capacity and muscle
fitness in children (Faigenbaum et al., 2015). Additionally,
PA programmes can be implemented through learning
strategies that focus on FMS to improve children’s motor
skills and PA behaviour (Lee et al., 2020).
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Fig. 2 Network visualization of bibliographic coupling

Cluster 3 (blue) consists of 10 items focusing on the
role and actions of teachers in delivering lessons. A teacher
must implement student-centred learning by considering the
characteristics of their students, ensuring that the designed
instruction truly accommodates student abilities (Petrie et al.,
2018). Teachers play a key role in providing inclusive learning
by making pedagogical modifications to ensure meaningful
engagement in PE lessons for all students (Overton, 2017). As
a profession, it is our responsibility to ensure that all students
experience quality physical education programmes and that
PE teachers work in ways that maximise the benefits for
students (Dyson etal., 2016). However, teachers face challenges
related to the shift towards outsourcing PE to commercial
sports coaches, which de-professionalises the delivery of PE,
worsening its implementation in primary schools (Jones &
Green, 2017). These coaches often lack pedagogical knowledge,
leading to difficulties in managing student behaviour and
classroom management (A. Smith, 2015).

Cluster 4 (yellow) consists of 9 items labelled “empirical
insight into using a MBP approach involving several
models to teach physical education” To enhance student
PA in PE lessons, teachers are encouraged to use the model-
based practice (MBP) approach. Studies have shown that
the Teaching Game Model (TGM) significantly increases
students MVPA (L. Smith et al., 2015). Furthermore, MVPA
levels can be improved through Game-Centred Approaches
(GCAs), whicharerecommended for PEand health objectives
(Harvey, Song, et al.,, 2016). Additionally, implementing
a hybrid TGfU/SE pedagogical model allows students to
feel motivated, enjoy the competence, develop a positive
image of sports for practice, experience greater enjoyment,
and be physically active (Gil-Arias et al., 2017). Another
study on TGfU implementation found that both students
and teachers reported improvements in decision-making,
technical execution, defence, support, game performance,
game involvement, enjoyment, perceived competence, and
the intention to be physically active (Morales-Belando et al.,
2018). However, teachers still face challenges in adopting the
MBP approach and need to shift their teaching philosophy
(Casey & MacPhail, 2018).

Cluster 5 (purple) consists of 8 items labelled “the TGfU
approach to enhance metacognitive behaviour and social
constructivism in primary schools” TGfU is a pedagogical
approach to teaching that is delivered through games
(Harvey et al., 2018). This game-based approach can be
used to enhance metacognitive behaviour in primary
school students (Chatzipanteli et al., 2016). Furthermore,
TGfU provides significant benefits from the motor-praxis
framework as it fosters an understanding of game concepts,
guiding motor behaviour, and systematically developing
teaching practices (Martinez-Santos et al., 2020). The
implementation of the TGfU approach can be facilitated
through peer interaction, fostering social constructivism
(Koekoek & Knoppers, 2015).

Co-word Occurrence analysis

The co-word occurrence analysis aims to break down the
content of each thematic cluster and provide predictions for
future research (Donthu et al., 2021). The co-word analysis
examined 48 terms that met the threshold out of 3,754, with
a minimum keyword co-occurrence of 30. The results yield-
ed 15 keywords with the highest co-occurrence (Table 4),
a network visualisation forming three clusters (Figure 3),
and representative keywords for each cluster (Table 5). The
qualitative analysis of each cluster is described as follows:

Cluster 1 (red) includes 22 keywords and is labelled
“Enhancing Student Development through Comprehensive
PE Programs in Primary Schools” This cluster highlights
the significance of a well-rounded PE curriculum that not
only focuses on physical skills and fitness but also integrates
effective teaching methods, motivational strategies, and
essential life skills to support holistic student development.
The effective implementation of the primary school PE
curriculum involves a holistic approach, addressing physical,
cognitive, social, and emotional aspects while considering
curriculum flexibility, local needs, and individual students
(Mustafa et al., 2024). Pedagogical interventions such as
game-based approaches, Mastery Teaching, and Sport
Education have been identified as strong investments
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across multiple domains (Dudley et al., 2022). Additionally,
positive psychological changes can be effectively achieved
by students through school-based physical education (Cho,
2020).

Cluster 2 (green) includes 13 keywords and is labelled
“The Impact of Physical Fitness and Health Promotion
on Academic Achievement and Psychological Well-
being in Primary Schools” This cluster focuses on the
interconnectedness of physical fitness, health promotion,
and academic success, emphasizing how comprehensive
physical education can enhance students’ cognitive functions,
psychological health, and overall academic performance. PA
promotion through extracurricular activities significantly
impacts academic achievement, mediated by various
cognitive, psychological, and social factors (Zarazaga-Peléez
et al., 2024). Efforts to improve students’ psychological
well-being can be implemented through various forms and
durations of intervention, particularly for school students
(Pifieiro-Cossio et al., 2021). One such intervention is
integrating physical literacy into Active School Recreation,
which positively affects physical fitness and academic
achievement in children (Zhang et al., 2023). Additionally,
multicomponent and combined PA interventions can
improve psychological well-being and quality of life (Hale
etal., 2021).

Cluster 3 (blue) includes 13 keywords and is labelled
“The Role of PA in Developing Motor Skills and Managing
Obesity in Students.” This cluster highlights the importance
of PA in early childhood for both boys and girls, focusing
on how it enhances motor skills and helps manage body
mass and obesity. Clinically, overweight and obesity can be
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Fig. 3. Network visualization co-word occurence analysis

Table 4. Co-word analysis on GCAs

Table 3. Top 15 keywords in the co-occurrence of keywords
analysis

Rank Keyword Occurrences ’1:':::111:311(
1. physical education 631 5126
2. primary school 425 4487
3. humans 420 5268
4. children 385 4536
5. article 330 4320
6. female 330 4408
7. male 327 4373
8. PA 305 3316
9. schools 276 3524

10.  controlled study 197 2787

11. human experiment 187 2518

12 physical education and training 187 2687

13.  exercise 174 2416

14.  students 150 1866

15.  major clinical study 139 1955

reduced by improving cardiovascular fitness levels (Elagizi et
al., 2020). Thus, promoting PA and fitness through school-
based interventions equips students with knowledge about
the content, quality, duration, and prioritisation of PA (Yuksel
et al,, 2020). School-based PA interventions are particularly
effective strategies for preventing obesity in children aged
6 to 12 years (Podnar et al., 2021). Furthermore, increasing
activity levels in preschoolers can be achieved through
a multicomponent model (Coe, 2018).

Discussion

Findings from the bibliographic coupling analysis
have synthesised research streams on future trends.
This bibliographic result provides significant information
about emerging and future trends related to the importance
of PE in enhancing PA, motor skills, and student well-
being through the TgfU approach. This aligns with the
study by Arufe-Giraldez et al. (2023), which states that PE
teaching by teachers is expected to have positive effects on
students’ psychological, motor, affective-emotional, and
social domain.

Cluster No and Cluster label Number of Representative Keywords
colour keywords
1 (Red) “Enhancing student development through 22 Physical education, primary school, education,

comprehensive physical education programs in
primary schools”.

2 (Green) “The impact of physical fitness and health
promotion on academic achievement and
psychological well-being in schools”

3 (Blue) “The role of PA in developing motor skills and

managing obesity in preschool children”

curriculum, teaching, learning, motivation, skills

13 Schools, physical fitness, academic achievement,
health promotion, psychology, physical education
and training

13 PA, preschool childrens, male, female, body mass,
obesity, motor skill
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As revealed in each formed cluster, Cluster 1 emphasises
the importance of PE in increasing PA and supporting
children’s health development by increasing MVPA and
reducing inactive time. Next, Cluster 2 focuses on learning
strategies to improve students’ PA and fitness, including
the integration of multi-teaching styles and integrative
approaches. Additionally, Cluster 3 highlights the
importance of the teacher’s role in providing inclusive and
student-centred PE. Cluster 4 explores the MBP approach
in PE, which can enhance MVPA, motivation, and students’
physical engagement. Finally, Cluster 5 highlights the use
of TGfU to improve metacognitive behaviour and social
constructivism in primary schools.

These findings provide clear direction regarding
current research trends that point towards the utilisation of
TG1U in PE teaching in primary schools. The use of TGfU,
which employs a game-based approach, has been proven
to improve physical self-perception, intrinsic motivation,
well-being, physiological, and potential psychological
outcomes for children (Yan et al., 2023). In addition, the
approach is believed to enhance outcomes in tactical skills,
skill execution, affective, procedural knowledge, and/or PA,
thereby improving health and technical approaches (Breed et
al,, 2024). The integration of TGfU supports PA enjoyment
and specific self-beliefs and quality of life perceptions that
contribute to children’s subjective well-being (Papadopoulos
et al., 2022). For this reason, it is recommended that
researchers promote new models or approaches that are
easier to apply than the TGfU model (Arufe-Giraldez et
al,, 2023). Regarding the planning of learning programmes
associated with PA, several factors must be considered,
including the role of teachers, the environment, and motor
skill development and competence (Coe, 2018).

Future trends identified in the co-word occurrence
analysis should consider that the PE curriculum should
integrate physical, cognitive, social, and emotional
development, taking into account curriculum flexibility,
addressing local needs, and focusing on individual students
(Cluster 1). A comprehensive curriculum can enhance
physical fitness, health promotion, academic achievement,
and psychological well-being in schools, developing motor
skills and managing obesity (Clusters 2 and 3). The planning
of the PE curriculum is designed holistically through a
school-based multi-component approach. Interventions to
increase PA in schools have been shown to reduce anxiety,
increase resilience, improve well-being, and promote positive
mental health in children and adolescents (Andermo et
al., 2020) and effectively enhance a variety of motivational
outcomes (Kelso et al., 2020). PE is considered important for
fostering lifelong attitudes towards PA, where engagement,
enjoyment, and lasting commitment to PA are influenced
by perceived competence and relatedness. However, these
needs can be hindered by significant variations in maturity
levels (Towlson et al., 2024).

Pedagogical interventions with a game-based approach
like TGfU can be used to foster healthier students, both
physically and psychologically, and support better academic
outcomes. Continued research is needed to understand and
validate theapplication of the TGfU instructional modelin the
PE curriculum (Hodges-Kulinna et al., 2024). Additionally,
future trends related to motivational interventions highlight
girls as participants with special interest, as well as adopting

new methodologies through web-based interventions
and implementing active breaks or mental breaks during
traditional classroom lessons (Vaquero-Solis et al., 2020).

Conclusions

The bibliometric review has provided important insights
for academics and practitioners regarding the knowledge
structure related to the implementation of TGfU in primary
schools. Based on the bibliographic coupling, several themes
relate to the importance of PE in enhancing PA, motor
skills, and student well-being through the TGfU approach.
At the same time, the co-word analysis presents research
streams related to the development of the PE curriculum,
emphasising the use of TGfU and the importance of a
holistic approach that integrates the physical, cognitive,
social, and emotional development of students. The findings
from this research will enable the increased application of
TGfU in enhancing PA, motor skills, and the well-being of
primary school students. Additionally, further research is
needed to understand and validate the application of the
TG1U instructional model in the PE curriculum.

This study has several limitations related to the review
conducted. The qualitative analysis performed by the authors
may contain elements of subjectivity in determining the results.
Therefore, inter-rater or inter-author reliability is needed to re-
duce the possibility of subjectivity in qualitative interpretation.
Additionally, the analysis was only conducted using the Scopus
database. In the future, it is recommended to conduct similar
bibliometric analyses using other databases such as Web of Sci-
ence (WoS) or a combination of Scopus and WoS§, following the
analysis steps recommended by Lim et al. (2024). The authors
also recommend conducting systematic reviews related to the
implementation of TGfU in PE teaching in primary schools.
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3a JIOTIIOMOr0X0 KOMaHJHMX METO/iB HaBYaHHS, 110 MOKE IPU3BECTH /IO BUHMKHEHHA B YYHIB TPYJHOILIB B KOHTEKCTi pO3yMiHHA
Ta e(eKTUBHOrO IPOBEEHHS irop. 3 MeTOK PO3B’sI3aHH: Iji€l mpobieM 3aIIpOBaPKEHO MeTORUKY «HaBuaHHS 3a OIIOMOTrOI0
irpoBMX eneMeHTiB 1A TpeHyBaHHA po3yMiHHA» (Teaching Games for Understanding, TGfU) B sikocTi e eKTUBHiILIOro migxomy
IIOZI0 MOKPAIEHHA TAKTUYHOTO PO3YMiHHA Ta irpOBMX HABMYOK, a TAKOX ITiIBMIIEHHSA 3aTy4€HOCTI YYHIB JIO 3aHATH i3 (bisquo'l'
AKTUBHOCTI.

Merta pgocmimkeHHd. MeTa IIbOro JOC/TIIKEHHA HO/NATaNa Y BU3HAYEHHI CY4aCHUX HAyKOBUX TEHIEHIN Ta Maﬁ6yTHb0ro
noreHuiany supoBapkeHna Metoguky TGfU y npakTuky ¢isnyHOro BUXOBaHHA B IIOYATKOBIII IIKO/I Yepes MpoBeeHH: 6i6i-
OMETPUYHOTO aHaIi3y.

Marepianu Ta MeToau. 3acToCoBaHO 6i6TioMeTpUYHMII MIAXIJ NUIAXOM aHaM3y 977 JOKYMEHTIB 3 HAYKOMETPUYHOI 6a3n
maHux Scopus, ony6ikoBanux y nepiog 3 2015 mo 2024 poxu. AHajIi3 JaHMX IPOBOAMBCS i3 BUKOPUCTAHHAM IIPOIPAMHOIO 3a-
6esneuennsa VOSviewer nys xaprorpadysanHs 6i6miorpadiyHnx Mepex Ta aHasi3y KIIOYOBMX C/TiB. 3 METOI BM3HAYEHHA HOBUX
HTOCIITHUIIBKUX TEH/eHIIil Ta IPOrHO3YBAHHSI IEPCIIEKTUB BIIPOBAKEHHs MOfieNi yu60Boro mporecy «HaBuaHHsI 3a [JOIIOMOr0I0
irpoBUX eeMeHTIB J/I1 TPeHYBaHH: PO3YMiHH:A» OY/I0 3aCTOCOBAHO METOJ| HAYKOBOT'O KapTorpadyBaHH:.

PesynbraTu. 3a pesynbraTamiy aHasIi3y BCTAHOBJIEHO, 110 BipoBapkeHHs Metopukn TGfU cnpusie edekTBHOMY HOKpalieH-
HIO Bi3MYHOI aKTMBHOCTI, PyXOBMX HaBMYOK Ta O/IarOMOYYYI0 YUHIB MOYaTKOBMX K1aciB. OfHaK [yisi 3abe3ledeHHs KOMIUIEK-
CHOTO pO3YMiHHA Ta MiATBep/P)KeHH: 3a3HaYeHNX BUCHOBKIB HeOOXiJHe IPOBeIeHH A MOfja/IbIINX TOCTifkeHb. CydacHi TeHAeHIii
HiIKPECTIOTD BaXXIMBICTD (iSMYHOTO BUXOBAHHS SIK YMHHMKA HiABUIIEHHS (i3NYHOI aKTUBHOCTI, PyXOBMX HABMYOK i 671aro-
Homy44s y4HiB 3a goromororo miaxony TGfU. IlepcriekTuBHI TeHfeHIIIi BKasyIOTh Ha pPo3poOKy HaB4anIbHMX IIporpam 3 OB, mo
HaroJIoNIyloTh Ha iHTerpOBAHOMY BMKOPUCTAHHI METOIVIKI TGfU Ta X0micTUYHMUX IiIXO/iB.

BucnoBku. BriposamkenHs Mogerni yab6osoro npouecy TGfU B mo4aTKoBiil KO/ Ma€e Be/IMKMIT OTEHIIia/I IOJO0 BOCKOHA-
JICHHSI MEXaHI3MY 3a/TyIeHH IO 3aHATb (PISMTHOIO KY/IbTYPOIO, PO3BUTKY TAKTUYHMX HABIYOK Ta IICUXOIOTIYHOTO 6/IarOOTydds
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yuHiB. [lo Hpo6neMme NIMTAHb HaJeXXaTh ONTYUMI3allis poJIi BUNTENIIB K (bacmniTaTopiB Ta afjanTalisg HaB4aJIbHOI IPOTPaMM [/
muproro 3acrocysanHa TGfU. Crin npoBecTy mopanbIii fOCTiPKeHHA 3a//1A MiATBep/pKeHHA 3acTocyBanHa Metopuku TGfU y
HaBYa/IbHYX IPOrpaMax 3 (isMYHOro BUXOBAHHS Ta PO3POOKI MIAXO0AIB, 1[0 BiAMOBIFAIOTH IIOTPebaM yIHIB TOYATKOBMX KIIACIB.
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Abstract

Objectives. This bibliometric study aimed to track the evolution of research trends related to athletic jumps.
Materials and methods. This study was a systematic review with conducting a bibliometric analysis. Using a thorough
approach, articles published since 2014 were found using the keywords “Athletics Jump Training” in research journals
indexed in the SCOPUS database. A total of 222 articles were examined. Ten (10) articles were therefore selected

for additional investigation using SciVal and the VOSviewer computer programs. For standard operationalization,

this study adhered to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA).

Results. The highest number of articles was published in 2021, the highest citations was recorded in 2019, the greatest
number of authors was involved in 2021, and the highest number of readers — in 2015. There were 3 keyword
clusters that reflected various research focusing on athletics jump training for younger players. The most frequently

»

occurring keywords in this study were “Athlete”, “Muscle Strength”, and “Athletic Performance”. The United Kingdom
(30), Brazil (25), and the United States (17) were the three nations with the highest number of publications on jump
training in sports. Factors influencing the development of young jumper athletes and plyometric training for jump
performance were the main themes that covered various aspects of the research trend over the last ten years, based
on the top ten most cited references in athletics training for younger players.

Conclusions. The study focuses on athletics jump training for younger players, with notable publication peaks

in 2021 and citation highs in 2019. Key themes in the most cited references include factors influencing young
athletes’ development and the role of plyometric training. The United Kingdom, Brazil, and the United States led

in publications on this topic. Research on athletics jump for athletes under the age of 18 has grown significantly.

Keywords: athletics, jump, training, bibliographic.

Introduction

Jump training, also known as plyometrics, involves
exercises that train muscles to exert maximum force in
short intervals of time to increase power, strength, and
explosiveness. Young elite long jumpers showed a trend
towards improved vertical jump performance and lower
perceived fatigue during the competitive phase (Franceschi

©  Yuwono, C,, Adi S, Appukutty, M., Setyowati, E., Riyalda, B. F,
Aliriad, H., & Utama, M. B. R., 2025.
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et al,, 2020). Improving technical skills in the long jump
relies on a focus on biomechanical indices such as running
speed, kinetic energy, and sensory system dominance (Wang
et al,, 2021). The event emphasizes explosive strength and
coordination, with the athlete’s natural ability playing a
significant role (Tifrea & Costache, 2015). Elite long jumpers
exhibit enhanced vertical jump performance and reduced
fatigue during competition, with improved technical skills
being closely tied to biomechanical factors like running
speed and kinetic energy. At the same time, explosive
strength, coordination, and inherent athletic ability remain
crucial for success in the long jump event.
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The most common injury in long jumpers was ankle
sprains (23.3%), for high jumpers, flexor hallucis longus
tendinosis (15.8%) (Enoki et al., 2021). Fast stretching
combined exercise can effectively improve lower extremity
explosive power in long jump athletes (Liu et al., 2022).
Understanding research trends in athletics jump training for
young players is essential for optimizing training practices,
enhancing athlete development, and adopting evidence-
based methods to improve performance and safety.

Bibliometric analysis helps identify important research
issues, trends, and gaps in sports, guiding researchers to
focus on relevant topics and gaps in the research (Dindorf
et al., 2023). Bibliometric analysis helps explore and
analyze large volumes of scientific data, shedding light on
emerging areas and highlighting the evolutionary nuances
of a specific field (Donthu et al., 2021). Bibliometric analysis
helps understand the evolution of professional success as a
scientific discipline, identifying patterns of convergence and
divergence in various topics (Pico-Saltos et al., 2021)

Sport biomechanics research should focus on
providing athletes and coaches with feedback based on
biomechanical data, bridge the gap between researchers
and practitioners, and improve performance analysis and
technique improvement (Ae, 2020). The main deficiencies
identified in plyometric jump training research are the lack of
studies in women, individual sports, and high-level athletes,
as well as inadequate descriptions of training prescriptions
(Ramirez-Campillo et al., 2020). Various visual regulation
strategies and movement adaptability are important in
the long jump sprint, which influences the gait regulation
towards the take-off board (McCosker et al., 2021)

Based on previous research: focus on squat style long
jump assessment only (Kastrena et al., 2020), lack of concern
inIndonesian athletic (Daulayetal.,2020),lack of appropriate
training methods for optimal long jump performance (Yani,
2015). This study is crucial as it highlights recent trends
and advancements in jump training for young athletes over
the past decade, providing a comprehensive bibliographic
analysis that can inform coaches, trainers, and researchers
about evolving methodologies, effectiveness, and gaps
in current practices. Its novelty lies in synthesizing a decade’s
worth of research to offer insights into the most impactful
training strategies and emerging trends in the field.

The primary goal of this bibliometric study is to track
the evolution of research trends in athletic jump.

1. To examine the patterns in athletic jump training

research over the previous ten years.

2. To examine the nations that have contributed to
the last ten years’ research trends in athletic jump
training.

3. To examine the pattern of keyword clusters in the
last ten years’ research trends related to athletic
jump training.

4. To evaluate the last ten years’ top ten cited papers in
the field of athletic training research trends.

Materials and Methods

Materials for Analysis

A total of two hundred and twenty two (222) articles
were collected from Scopus. As a result, 139 articles were

chosen for additional examination utilizing scival and VOS
server software. For this systematic review, the top ten
articles that received the most citations were chosen.

Data Source

A bibliometric analysis and systematic review is what
this kind of study is called. A thorough approach was used
to scan SCOPUS research journal databases for articles. The
term “Athletics Jump Training” is utilized. Additionally,
articles published within the previous ten years starting in
2024 were excluded from consideration.

Software

The software used in this research is scival and VOS-
viewer. The ensuing subchapters detail each software’s pur-
pose and applications:

Scival

Finding high-quality research results in literature
reviews requires careful sorting of the articles. On publisher
websites, researchers have the option of manually sorting
articles or using software. SciVal is an analytical tool used
to evaluate and visualize research data and academic
publications. Developed by Elsevier, the tool allows users,
such as educational institutions and researchers, to gain
insights into research performance, collaborations, and
trends across a range of disciplines.

Vos Viewer

In research, novelty is an absolute necessity. A program
called VOSviewer is used to map network-based research
and visualize research mapping. Researchers frequently
use this software to identify gaps in the research topic that
needs to be explored. When gaps in the research topic are
identified, there is a chance that the conducted research will
be novel.

Procedure

As indicated in Figure 1, this study’s standard
operationalization adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA).

Literature search results in
the database using
keywords
(n=222)

Articles are screened based

on publication period (2014-

2024), language and article

type
(n=146)

Articles that were
inaccessible and did not meet
the inclusion criteria (n=76)

Results based on inclusion
criteria, intensive reading
and relevance (n=139)

Articles outside subjective
terms (n=7)

Results based on inclusion
criteria, intensive reading
and relevance CASP (n=10)

| Eligybility” Inclusion H Screening | Idemiﬁcmi‘

Fig. 1.

203

PRISMA flowchart of the article selection process




ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 1

Results Table 2. Top 10 countries contributed to jump trainning

Research trend of jump training for young player. Table 1 research trend over 10 years for young athlete

displays the study trends on jump training for young players Country f Total Cited Views Count
in this evaluation of the literature. There are significant

. . C ited Kingd 352 751
annual fluctuations in the number of publications (f). On United Kingdom 30 >
the other hand, the total citation count, or Total Cited, tends  Brazil 25 268 481
to rise over time. United States 17 388 636
Table 1. Jump training research conducted in young Spain 14 130 201
athletes from 2014 to 2024 China 13 11 280
Year f Total Cited  Author Views Rusia 12 26 374
2014 10 208 53 444 Greece 11 233 327
2015 9 302 47 641 Australia 11 269 397
2016 12 212 53 491 Germany 10 133 528
2017 7 217 31 309 Poland ? ¥ 189
Portugal 8 23 117
2018 6 113 38 290
Total 93 1179
2019 18 305 77 614
2020 10 42 48 272
2021 23 118 113 522 Discussion
2022 18 84 99 465 . Vgrlous blomechamcz.il and .ph.ysmloglcal factors,
including take-off mechanics, flexibility, and the type of
2023 22 49 91 384 obstacles encountered, influence the jumping technique. The
2024 10 4 45 109 take-off phase significantly impacts the flight phase when
jumping. Faster leg placement on the support correlates
Total 145 1654 695 4541 with an increased initial velocity and reduced flight time.

Table 3. Top 10 cited publications in jump trainning research for young athlete

Author/Total Cite Methods Result

Tonnessen et al., 2015/89  Mixed models ~ Usually the primary consider to display supreme and relative yearly execution
improvements in running and hopping occasions for competitive competitors from
early to late youth.

Loturco et al., 2018 / 73 Experiment These discoveries strengthen the mechanical concepts supporting the force-vector
hypothesis, and give coaches and wear researchers with important data almost the
potential utilize and benefits of utilizing vertically- or horizontally-based preparing
works out.

Bogdanis et al., 2014 / 56 Experiment Isometric were more successful than CON and ECC muscle activities in expanding
dangerous leg execution when the motivation of the ground response drive of the
conditioning work out was compared

Chelly et al., 2015/ 49 Experiment Including plyometric preparing moved forward imperative components of athletic
execution relative to standard in-season preparing in youthful competitor

Loturco et al., 2019 / 48 Experiment Quicker competitors performed way better in strength-power tests, in both stacked and
emptied conditions, as affirmed by the solid relationships watched between speed and
control measures.

Veliz et al., 2014 / 48 Experiment Particular quality and high-intensity preparing in male WP players for 18 weeks
delivered a positive impact on execution qualities exceedingly particular to WP.

Zaras et al., 2014 / 47 Experiment Execution increments essentially after decreasing with LT or HT in track and field
hurlers, but HT leads to greater increases in quality, entirety body control, and RFD.

Giroux et al., 2016 / 46 Experiment Differences between measured and optimal force-velocity profiles raise potential sources
of performance improvement in elite athletes.

Fischetti et al., 2018 / 41 Experiment Eight weeks of plyometric training added to the standard program of athletics was
highly likely to improve the lower limbs speed and explosive strength in young athletes

McCosker et al., 2019 / 31 Experiment Jump should not be viewed as a behaviour in isolation, but rather as part of a complex
system of connected performance events which contribute to achievement of competitive
outcomes.
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Fig. 3. Keyword cluster pattern in jump trainning research for
young athlete

At the same time, a greater take-off angle enhances the
total centre of mass velocity during flight (Rozhkov et al.,
2022). Flexibility training, such as static stretching, can alter
movement techniques during jumps. Although it increases
ground contact time and joint flexion, it does not necessarily
enhance performance outcomes (Zhang et al., 2020). In equine
jumping, the type of obstacle affects jumping technique, with
poor jumpers showing lower hindlimb acceleration at take-off.
This highlights the importance of adapting jumping techniques
based on external conditions (Barrey & Galloux, 2010).
Plyometric training provides superior benefits than
strength training for improving vertical jump, linear sprint, and
change of direction performance (Pardos-Mainer et al., 2021).
Strength training with complementary dynamic whole body
electromyostimulation and plyometric exercises improves
maximal strength and jumping performance (Rappelt et al.,
2023). Plyometric jump training can increase muscle activation
during strength and jumping tasks, with a significant positive
relationship between changes in muscle activation and changes
in jumping performance (Ramirez-Campillo et al., 2021).
Young elite long jumpers show an increasing trend in
vertical jump performance and possibly lower perceived fa-
tigue during the competitive phase (Franceschi et al., 2020).
Long jumpers have special muscular capabilities in their
take-off muscles, with greater hip extensor torque and ac-
tive contraction of the knee flexor group being important to
avoid damage to the posterior femoral muscle group (Ren
et al., 2022). Long jumpers need muscle strength training
to develop isokinetic muscle strength, which can effectively
prevent injury to lower extremity joint motion (Yang et al.,
2022). Fast stretching combined exercise can effectively im-

prove lower extremity explosive power in long jump ath-
letes (Liu et al., 2022). Characteristics of long jump athletes
include a focus on biomechanical indices such as running
speed, kinetic energy, and sensory system dominance, with
visual being the primary system in 42.42 % of athletes (Wang
et al., 2021). Weighted squats can increase lower-limb ex-
plosive power in long jumpers, resulting in better athletic
results (Zong, 2022). The front somersault technique, which
involves a frontal flexion movement, has been proposed to
allow for greater horizontal distance in the long jump due to
reduced drag and increased angular momentum at takeoft
(Williams, 2023).

High jumpers can improve their leg support strength
by applying isokinetic knee joint strength training (Li et al.,
2022). High jumpers exhibit lower fascicle shortening veloci-
ties and higher tendon velocities, indicating more efficient
neuromuscular control (Jo & Lee, 2023). The main deficien-
cies identified in plyometric jump training research are the
lack of studies in women, individual sports, and high-level
athletes, as well as inadequate descriptions of training pre-
scriptions (Ramirez-Campillo et al., 2021). Strengthening
psychological training in athletes, along with regular physical
training, is an important factor in increasing competition ef-
fectiveness (Cheng, 2023). The curved approach to the high
jump results in a greater center of mass height without in-
creasing joint kinetic forces during takeoft (Sado et al., 2021).

Triple jump athletes require high physical qualities such
as muscular strength, explosive power, and coordination
capacity, as well as a training plan that enhances adaptability
and self-protection abilities (Cao & Wang, 2023). Three-
step jumpers have a wider take-off range and a longer take-
off time, with a 25 cm platform depth jump exercise that
achieves the best take-off effect (Ma, 2021). Highly skilled
triple jumpers reduce the duration of the flight period in the
final step, increase the takeoff speed, and use different options
for combining takeoff and takeoff (Konestyapin et al., 2022).

Conclusions

The research focuses on athletics jump training for
younger players, with notable publication peaks in 2021
and citation highs in 2019. Key themes in the top-cited
references include factors influencing young athletes’
development and the role of plyometric training. Western
countries such as the United Kingdom, Brazil, and the
United States led in publications on this topic. The current
studies should focus on Functional Movement Screening
(FMS), whereby, in recent years, screening tools like FMS
have been used to assess baseline movement patterns and
identify potential injury risks before implementing jump
training. Another point to look into is the age-specific
periodization training. Tailored jump training programs
based on the developmental stages of young athletes have
gained importance. Lastly, the emphasis is on the gradual
increase in intensity, focusing on biomechanics and injury
prevention. Jump training may reduce injury risks, such as
anterior crucial ligament (ACL) tears, through exercises that
promote better landing mechanics, strength in supporting
muscles (quads, hamstrings, hips), and balance.

Future research should focus on longitudinal studies to
assess the long-term impacts of recent training innovations
on performance and injury prevention. Comparative analy-
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ses of various training methods could reveal the most effec-
tive approaches, while biomechanical studies could explore
how specific techniques affect outcomes. Integrating new
technologies, such as wearable sensors and virtual reality,
may enhance training and performance monitoring. Ad-
ditionally, investigating psychological factors, customizing
training programs, and developing injury prevention strat-
egies are crucial. Exploring cross-sport training compari-
sons, cultural and regional differences, and the relationship
between training load and recovery can further refine and
optimize jump training practices for young athletes. Person-
alized or individually tailored training is the key to better
sporting performance among youth, and this impact can be
maintained throughout adulthood.
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Mera gocmipxenns. e 6i6miomeTpuyHe JOCTIIKEHHs Mao Ha METi BiICTEXXWUTN €BOJIOLII0 HOCTITHUIBKUX TEH/EHIIIl,
II0B’I3aHUX i3 TEMATVKOIO JIETKOAT/IETUIHIX CTPUOKIB.

Marepianu ta MeTopu. [J0CTimKeHHS IPeICTaB/sIO COO0M0 CUCTEMATHYHIIT OIS i3 IpoBefeHHsIM 61671i0MeTPUYIHOTO aHa-
JTi3y. 3aCTOCOBYIOUM IPYHTOBHUII IifIXiJ| ;O IPOBEeHH NOCTIIKEeHHs, Y )KypHa/laX, iHIeKCOBaHUX B HAYKOMETPUYHIl 6a3i JaHux
SCOPUS sHaitneHo cTaTTi, omry6rikoBani 3 2014 poky 3a karoyosumu coBamu ‘Athletics Jump Training” («TpenyBaHHsI cTpuOKiB
y JIerKiit aTmeTui»). 3aranmom 6ymo gocmimkeHo 222 crarti. Y pesybrati 6yo Binibpano gecsats (10) cTaTeil 3 METO JOFATKOBOTO
BUBYEHHS 32 JIOIIOMOTIOI0 KOMIT I0TepHMX mporpaM SciVal ta VOSviewer. lopo cranpapTHOI onepalioHanisanii, ie JOCTiI>KeHH
BifmoBifano cranfapram «IlepeBakKHNX e/IeMEHTIB 3BITyBaHH /1A CUCTeMAaTUYHNUX OIVIAAIB i MeTa-aHanmisiB» (PRISMA).

Pesynbrarn. HaiiBuiuit MoKasHUK KilTbKOCTi OIy6/IiKOBaHUX cTaTell crocrepirascs y 2021 poryi, HalBUIINIT TIOKA3HNK LU~
TOBaHOCTI 3adikcoBaHo y 2019 poui, HaiibinbIIa KimbKicTh aBTOpiB 6yMa 3amydeHa y 2021 poni, a MakcMManbHa KiTbKiCTh YnTayiB
-y 2015 poui. BusBmeHo 3 kmacTepy KIHYOBUX CIIiB, 110 BiT0OpaXkaloTh YMC/IEHHI JOCTIPKEHHs, 30CepepKeH] Ha BUBYCHHI JIETKO-
aT/IeTUYHVX TPEHYBaHb CTPUOKIB IOHUX CHOpTCMeHiB. HailmommpeHimMy KII040BYMY CIOBaMI B PaMKaX 3a3Ha4eHMX TOCIIi/PKeHb
6ymu «CriopTcMen», «M’sA30Ba cuma» Ta « CIIOpTUBHA pe3ynbTaTUBHICTb». Benuka Bpurawnis (30), bpasuis (25) i Cnony4eni Illtatn
(17) cxrmanu TpiiiKy KpaiH 3 HaltO/IBIIIO KiNbKIiCTIO MyO/IiKaLLiil 1070 CTPMOKOBUX TPeHYBaHb y ciopTi. @akTopH, 110 BIUIMBAIOTH Ha
PO3BUTOK IOHVX CIIOPTCMEHIB-CTPUOYHIB Ta IUTIOMeTPUYHI TPeHYBaHHs, CIIPSAMOBaHI Ha IiIBUIEHHS Pe3y/IbTaTMBHOCTI BUKOHAHHA
CTpUOKIB, 6y111/1 TOJIOBHVMMM TEMaMMU, sIKi OXOIUIIOBA/IN Pi3Hi aCIIEKTH NOCTiIHNIBKOI TEH/IEHINI] 32 OCTAHHI IeCATh POKiB, IPYHTYIO-
YIVICh Ha AeCSTY HAMOUIBII IIUTOBAHNX [PKePe/Iax y TaIysi IerKoaTIeTNYHOl MifTOTOBKY IOHIX CIIOPTCMEHIB.

BucHoBku. [locmimpkeHHsT POKYCYETbCs Ha BUBYEHHI JIETKOAT/IETUIHIX CTPUOKOBUX TPeHYBaHb IOHIX CIIOPTCMEHIB, 30KpeMa 3Ha-
YHUIT piBeHb KiIBKOCTI My6riKariiit cioctepiraBcest y 2021 potyi, a MaKCMMa/IbHMII IIOKa3HUK IMTOBAHOCTI — ¥ 2019 pori. [lo Ko40oBux
TEeMaTVK HailOUIbII [MTOBAHNX ITyO/IiKallill Ha/eXarb (PaKTOpy, [0 BIVIMBAKOTb HA PO3BUTOK IOHMX CIIOPTCMEHIB, @ TAKOX POJIb ITIO-
MeTpUYHMX TpeHyBaHb. Jlifepamu 3a KiIbKIiCTIO MyO/IiKalliil Ha 3a3HadeHy TeMaTyky Oymu Bemnka Bpuranis, bpasunis ta CIIA. Big-
3HAYEHO CYTTEBMII PICT KIIbKOCTI JOCTII/KEHD 100 BIBYEHHsI JIETKOAT/IE TUYHIX CTPUOKIB CIIOPTCMEHIB BiKoBOi KaTeropii 5o 18 poxis.

Kmro4oBi cmoBa: nerka aTneTuka, CrpuboK, TpeHyBaHHA, bi6miorpadiynmit.
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Information

IHCTPYKUIT ANA peLeH3eHTiB

Lleit xxypHan € perieHsoBanuM. OpuriHanabHi HayKoBi
CTaTTi, IIOBiIOM/IEHHA Ta OINALM HALCWIAIOTHCA JIIA pO3-
I7A7y IIOHalMeHIe JBOM pelleH3eHTaM. PeljeH3yBaHHA
BiOyBa€eTbCsA 3a IOABINHOW crinolo cxemowo. CrarTTi, AKi
MAalOTh NO3UTVBHI OLIHKM NIPUIIMAIOTBCA [0 My6Omikarii. Pe-
HAKIIist XXYPHAJIy 3a/MIIae 3a cOO00 IPaBO BHECTY 3MiHU
IO TEKCTy, 106 BifNOBiZaTH CTAHAAPTAM CTUIIO KypPHAIY
Ta MOBI.

TonoBHMIT pefakTOp >KypHanAy BU3HAYa€ BifTIOBiTHICTD
cTarTi mpodimo XypHanty, BUMoraMm fo odopmieHHS i
Halpasife I Ha peleH3yBaHHA (axiBLAM, IO MalOTb
Halt01IbIII 6/IM3bKY O TEMI CTATTi HAYKOBY CIIelfiai3aiiio.

Y KOXHINl cTaTTi y mponeci pelleH3syBaHHA 3aBX/IN
PO3IIAIA0THCA:

e EeTUYHI aCIIEeKTI;

e OPWTiHA/bHICTb TBOPY;

o BaxIMBicTh iHpOpManii;

e YiTKiCTb Ta 3pO3yMIi/TiCTh TEKCTY;

e IOLIIbHICTD BUKOPUCTAHH: METO/IB JOCTIKEHH;

o iHTepHpeTalisa pe3ynabTaTiB;

o OOIPYHTOBAHICTb BMCHOBKIB.

TunoBuit mepiof, HeOOXimHMI Isi TPOBeEHHS
peLeH3yBaHHsA CKIa/la€ 4 TVDKHI.

ETvuHi npuHUunn y AianbHoOCTI peLieH3eHTa

PeneHseHT 3pilicHIOE HeymepemKeHe ¢daxose
pelLeH3yBaHHA IIOJAHOI 10 PO3I/IAMY CTAaTTi HA OCHOBI TAKMX
IPUHLAILB:

e PEIEH3eHT IOBMHEH IIOBa)KaTH iHTEIEKTYaJbHY
BJIACHICTD aBTOPIB, 1 pO3I/IAaTH PYKOIMC CTATTI, 110
HAJi/II0OB Ha peljeH3YBaHHsI, K KOHQimeHIiTHMIL,
AKWIT He MOYKHA IIepeflaBaTy IjIsl O3HaIOMJIEHH: ab0
06roBopeHHs TpeTiM ocobam, sIKi He MalTh Ha Iie
TIOBHOBA)XEHD Bifl pelaKIIii;

o peleH3eHT 3000B’s13aHMIl JaBaTU OO €KTUBHY
OLIiIHKY BMK/IAaJeHUM pe3ynbTaTaM J[OCTiJP>KeHH,
II€PCOHA/IbHA KPUTUKA aBTOPA HEIIPUITYCTUMA;

o y pasi KoHQIKTYy iHTepeciB 3 aBTOpPOM, CIif
NOBIIOMUTN IIPO Iie pefaKkTopa 3 INPOXaHHAM
BUK/IIOUUTY JIOTO 3 MPOILECY peljeH3yBaHHA JaHOi
CTaTTi.

MoniTuka wWopo nnariaty

Pemaxiis »xypHany BBa)kae HENPUIHATHUM HasABHiCThb
wiariaty B cTartAx (OIPWIIOZHEHHA Y IUCbMOBiN abo
eIeKTPOHHIN (pOPMi HAYKOBMX Pe3y/IbTaTiB, OTPUMAHUX Ta
OIIPMTIONHEHNX IHIIMMU 0COOaMIL, SIK Pe3y/IbTaTiB BTaCHOTO
TOCTiIKeHH: Ta/ab0 BiATBOPEHHS OIYO/IiKOBAaHMX TEKCTIB
iHImMX aBTOpPiB 63 BiAMIOBIAHOTO IOCKIAHHS).

Y cTarTAX He IOMyCKA€EThCA:

e KOIIIOBAaHHA Ta ONPU/IIJHEHHSA BUMKOHAHOI iHIIUM

aBTOPOM pOOOTH SIK CBOE;

o IOCTiBHE KOIIOBaHHS pparMeHTiB TeKCTy (Bif ppasu
Io Habopy pedeHb) 6e3 HaleXXHOrO 0pOpPMICHHS
LUUTYBaHH;

e BHECEHHS HE3HAYHUX IIPABOK Yy CKONiJIOBaHMII
Matepian (mepedopMynTOBaHHA pedyeHb, 3MiHa
[OPsAAKY C/IiB B HUX TOLO) Ta 6e3 HaJIeXHOTO
oopMIeHHS LIUTYBaHHS;

o IlepeKa3 CBOIMM CIIOBaMUl YY)XXUX AYMOK, ifeit ab6o
TEKCTy 6e3 HaJe>KHOTO 0pOPMIIEHH: MOCUIAHHA Ha
IKepero.

OO60B’A3KOBUM € IOCMIAHHS Ha BJACHI, paHimre

omny6ikoBaHi po6OTIHL.

Pepakuia Bigxmunse momaHMil PYKOINC, AKIO BiH
MICTUTD 3alI03MYeHHs 3 iHIMX my6iKarit 6e3 Hae)XHOrO
IMTYBaHHA, Ta MOXKe CKacyBaTH IyO/iKaliilo 3a CKaprowo B
IIariaTi.

Ak nigroryBaTm peueHsiio?

lMonepeoHiti o2nso

[Tepir HiX mpuUitHATH 200 BIZXMINTY 3alpOLIEHHS Ha
pelleH3yBaHHA, PO3I/IAHbTE TaKi NUTaHHA:

e Ym Bigmomimae crarTA Bamin cmoeianmizamii?
[TpuiimaiiTe 3anpolIeHHs, AKIIO BY BIE€BHEHI, 1110
MOXKeTe HaJlaTu SKiCHUI OIS,

o Uu e y Bac KOHPIIKT iHTepecis? [laiiTe BifmoBiab Ha
1€ MUTaHHA.

o Ynm e y Bac yac? PeneHsyBaHHA MOXe BUMaraTu
6araTo 4acy — Iepul HDK NpUIIMAaTy 3alpOLIeHHS,
[IepEeKOHAIITECs, 110 BV MOXKeTe BUKOHATU PO6OTY /10
BKa3aHOTO CTPOKY.

HaiiTe BifgNOBib Ha 3aNpPOIUEHH:A, fAK TIIBKU BU
3Mo)KeTe. 3aTpMMKa BifNOBifi CIOBINbHIOE Ipollec
posrnAgy marepiamy. SKIIo BU BiIXMauTe 3aIpOLIEHHS,
32 MOX/IMBOCTI, HafayTe INPOIO3ULIil aJbTePHATUBHUX
PpeLieH3€eHTiB.

fAxmo BM mpuiiMaEeTe 3aNnpoOUIEeHHA, TO BJ IOBMHHI
posrasAgaty Marepianm K KOHQifeHLiNHI TOKYMEHTMH.
Le osnavae, 110 B He MOXKETe MOJIMUTICA HUMU 3 KUM-
Hebyzb 6e3 momepefHbOTO JO3BOMY peakTopa. OCKimbKu
eKCIIEPTHMIT OIJIsA] € KOHQIeHI[ITHUM, B TaKOX He
HOBMHHI IepefiaBaTy iHpopMalio mpo peneHsio 6ynb-
KoMy 6e3 J03BOJIy peaKTOPiB Ta aBTOPIB.

[To-mepitte, IpoYNTaliTE CTATTIO, @ IOTIM 3pOOITH IIEpe-
pBy. Posrisanbre cTarTiO 3 B1acHOI TOYKM 30py. Ilepexonaii-
Tecs, W0 BY 3HAETE KpUTEPIl OLIIHKM CTATTi, 3alIpOIIOHOBAHI
JKypPHa7oM.

02150

Bama peneHsia [onoMoke pefaKTOpoOBi BUpIlINTH,
4y CIif my6mikyBaTu crarTio. BakIMBoIO € Ballla 3arajbHa
IyMKa Ta BYMCHOBKM IIPO CTaTTIO. Balli koMeHTapi MOBMHHI
OyTu HO6pPO3SUYNMBYMMU Ta KOHCTPYKTMBHUMM, a TaKOX
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He MICTUTH YXOTHUX OCOOMCTUX 3ayBaXKeHb 94U 0COOMCTUX
JaHVX, BKIIOYAI0YM Ballle iM 4.

BaxxmBo Hagaty iHpopManiio mpo Oynb-sKi HasBHI
Hefo/iKy. By MOBMHHI HOSICHUTY Ballle CY/PKEHHs, {006 sIK
PelaKTOpN, TaK i aBTOPY, MOI/IY IIOBHOK MipOI0 3p0O3yMiTH
Ballli KOMEHTApI.

KoHmponbHut cnucok

OuiniTh Taki acrekTn crarri: (aKmo Bigmosigb «Hi»,
Oyzb 7acKa, 32 MOXX/IMBOCTI, 3aIIPOIIOHYIITE TOKPAIlEHHS)

Uy 3ar0NI0BOK TOYHO BifjoOpaXkae 3MiCT TeKCTy?

o Yu uiTkO 3a3HaYEHO METY?

» Yu cyTTEBUIT BHECOK Y pO3pOOKY 3a3HaUEHOI

mpobsieMyt poOGUTHCSI €0 CTaTTeI0?

o Uy pO3KpMBAE CTATTA METY HOCTI/KEHHA?

o Yu noriyHO BUKIAfIeHNUIT MaTepiai CTaTTi¢

o Yu BuCBiT/ZIeHAa B aHOTALlii CYyTb CTaTTi, aHOTAIlif €

iHpOPMATUBHOIO Ta TAKOHIYHOIO?

o Yu BUCHOBKM aBTOpa aJieKBaTHi

eKCIIepMMeHTa/IbHOMY MaTepiamy?

Haparite KOHKpeTHI KOMEHTapi Ta IPOINO3N1Iil, 30KpeMa,
{00 OOPMIEHHS, Ha3BH, OINCY, BCTYIIY, riltoTe3n Ta/abo
IpeMeTy BOCTiKEHH:, MaTepialiB i METO/IiB, CTATUCTUYHOI
06po6Ku MaTepiarliB, pe3y/IbTarTiB, 00rOBOpPEHHS, BICHOBKIB,
MOBMU Ta IIOCUJ/IaHb.

Skmo Bu BOavaeTe MPOSIBU aKajeMivHOI HeoOpoUec-
HOI, 00roBOPIiTh CBOI IIPUITYIEHHA 3 PeJaKTOPOM, Hajjalite
SIKOMOTA JOK/IafHiNry iHpopmariio.

Bawa pekomeHoayia

Komn Bu paere pexoMeHpanio, To obupaere OfHY 3
KaTeropiii, IKi BUKOPUCTOBYIOTbCS I Kacudikariil crarti:

o IPUIHATY IOJAHHA;

o HeoOXifHi BUIIpaB/IeHHS;

 HeoOXi/{He OaTKOBE pelleH3yBaHH;

e IO iHIIOTO BUJAHHA;

o BiIXMINTU NOJJaHHA.

OcmamoyHe piuweHHA

TonoBHMi1 pemakTop BUpIlIyE, UM NPUIHATU YU Bifj-
XMIUTU CTATTIO. PefakTop, mepm HiXX IpuilHATYH pillleHHs,
3BOXNUTD BCi MOTMIAAM Ta MOXKe 3a)KaJaTu TPeTi0 NYMKY
ab0 mONMpOCUTM ABTOpPA Ieper/sIHYTH JOKYMeHT. Bumas-
HJYa CHCTEMa HaJa€ KOPUCTyBadaM IIOBiJOMJIEHHA PO
OCTaTOYHE pillleHH:.

Pedakuis nyprany
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Information

ETanv pepakuinHoro npouecy

MonepepHin po3rnap nogaHHA (A0 2 TUXKHIB)

e IPU3HAYEHHA PEJAKTOPa;

o IIepeBipKa pyKONNCY LOJ0 BiJIIOBIAHOCTI TEMATUKI
JKypHariy;

o TexHiuHa IepeBipka (06cAT pykomucy, oocsr
aHOTallil, OI[iHKA IOJaHHS I[O/I0 CTU/IICTUIHUX Ta
6i6miorpadiunux Bumor, BuktageHnx y KepiBHuursi
/11 aBTOPIB);

e BIU3HAYEHHA aKTYa/lbHOCTI, HOBU3HM Ta
OpUTiHAIBHOCTI POOOTI;

e HAABHICTD IIEJATOTiYHOIO EKCIIEPUMEHTY, JI0r0
BIJIIOBiIHICTb METOLOJOTII JOCI>)KEHHS,

SIKY MOYKHA IIOBTOPUTH (perpe3eHTaTUBHICTD
BMOIPKIL, OBHOPIAHICTD BUOIPKY 3a BIKOM,
PYXOBOIO IiIFOTOB/IEHICTIO, PiBHEM CIIOPTUBHOI
HiATOTOB/IEHOCTI, CTaXKeM 3aHATb, TOIIO);

o AKIIO PYKOIINC € OITIAZIOBUM, TO IIePeBipAEThCA
BMKOpUCTaHHA nmpoTokony PRISMA, Axuit oxomioe
CHCTEMATNYHi OIVIA/M Ta MeTa-aHaisn. ABTOpam
PEKOMEH/IOBAHO 3aIIOBHUTY KOHTPOJIBHUII CITMCOK 1
6710K-CXeMy Ta BKIIOUUTH iX /1O TOJaHHS.

o IIE€peBipKa Ha IUIariar.

fAxmo pykonmc oTpuMaB HMO3UTUBHY OIIiHKY, TO BiH

CIPAMOBYETbCA Ha peljeH3yBaHHs, iHaKIIe — BiIXM/IAEThCA.

PewueH3yBaHHA

[Tigbip Ta 3ampolleHHs pelleH3eHTiB, OYiKyBaHHS
BigmoBifi Ha 3amut (o 2 TwkHiB). TumoBmit mepiof,
HeOoOXiTHUII JI1 HpOBeJeHHA pelieH3yBaHH:A CKJIaJae
YOTUPU TUKHI.

Bci crarri, 10 ONPUIIONHIOIOTHCA B XKypHali, Ipo-
XOJATD pPeLleH3yBaHHA.

TonoBHMIT pefaKTOp XXypHaNy HalpaBifA€ CTAaTTIO Ha
pelieH3yBaHH:A (axiBIAM, 110 MAIOTh HaNOIIbII OIU3BKY
IO TeMM CTAaTTi HayKOBYy cheliiamisanifo. PereHsyBaHHA
IIPOXOJUTD 32 IOABITHOIO C/IIIIOI0 CXEMOIO.

Y KOXHIiJl CTaTTi B Ipoleci peleH3yBaHHA 3aBXIU
POSITIANAIOTHCA:

e EeTUYHI aCIIeKTH;

e OpUTiHA/IbHICTb TBOPY;

e BAK/IUBICTD iH(bOpMaui'l';

e YiTKICTb Ta 3pO3YMI/IICTh TEKCTY;

e IOLIbHICTb BUKOPUCTAHHS METOJIB HOCTIKEHH;

o iHTepmperalia pesynbTaTiB;

o OOIPYHTOBAHICTb BMCHOBKIB.

MpuitHATY pilueHHA Wopao ny6nikauii (40 2 TUXKHIB)

o 00TOBOpeHHs peleHsiil: 3auT HOBOI Bepcil, mpu-
HATTA a00 BiIXUIeHHA IOLAHHS;

e AKINO IPUIIMAETHCA PillIEeHHA PO 3allAT BUIIPAB/Ie-
HOI Bepcil pyKOINCY, TO aBTOPY Hala€ThCA 2 TUXKHI
Ha MiITOTOBKY PYKOIIICY;

e AKIIO NPUIMAETbCS PIIEHHSA PO IPUITHATTS PyKO-
IIVCY, TO BiH CIPAMOBYETHCA Ha €Tall IiIF0OTOBKY JIO
my6miKaril.

o AKIO IPUIIMAETbCA PillleHHA IPO NPUNHATTA py-
KOICY, TO aBTOpaM 6yhe HeoOXiflHO IepepaxyBaTu
xypHany ITnaTy 3a my6mikanifo cTaTTi A1 KoMIeH-
CYBaHHA BUTPAT Ha BUJIAaHHA.

NigroroBka go ny6nikauii (4 TVKHI)

e JITepaTypHe pefaryBaHHs;

o KOMITIOTE€pHA BEpCTKa;

e O3HAJIOMJ/IEHHA aBTOPiB 3 MaKeTOM;

o BUIIPABJICHHA IIOMIWIOK IPYKY Ta GOpMaTyBaHHS;

e IIJITOTOBKA 1 3aBaHTa)K€HH:sA €JIEKTPOHHOI Bepcil

XKYpPHAIy.

My6nikauia (3a rpagikom)

Pedaxuist sncypnany
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